MANUFACTURI NG METHOD OF SEM CONDUCTOR SUBSTRATE AND SEM CONDUCTOR DEVI CE
BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001] The
present. invention relates to a nethod for nmanufacturing a sem conduct or
substrate provided with a single crystal sem conductor |ayer over a base
substrate 10 having an insulating surface. In addition, the present

I nvention relates to a sem conductor device manufactured using the

sem conductor substrate. 2. Description of the Related Art [0002] 15In

recent years, an integrated circuit using an SO (silicon on insulator)
substrate i n MANFACTURING METHOD O3tSEMECONDI{(NORSUBSERATE ANIbr ned on

an insulating surface, I nste%macgﬁ??&réklﬂméﬂ\afer has been devel oped.

By utilizing characteristics single crystal silicon |ayer forned
over an insulating film transistors fornmed in the integrated circuit can

be electrically separated {1, t ely. Further, each
transi stor can be forned aéAQWe%@gngﬁiﬁgor, and thus a
sem conductor integrated circuit with high added val ue such as high

i ntegration, high ed driving, and | ow voltage consunption can be _
real i zed. [b(gh%‘?‘)f@g&vﬁ’étﬂl?od for manufacturing an SO substrate, a hydrogen

ion inplant@bogn 25 separation nethod in which hydrogen ion inplantation

and separation are conbined i,s known. A net h(tzd for manufacturing an SO
substrate using I hﬁ)pgﬁsg'g dpventipn relates to a method for manufacturing a semiconductor

substrate provided with a single crystal semiconductor layer over a base substrate
10 having an insulating surface. In addition, the present invention relates to a

semiconductor device manufactured using the semiconductor substrate.

2. Description of the Related Art
[0002]

15 In recent years, an integrated circuit using an SOI (silicon on insulator)
substrate in which a thin single crystal semiconductor layer is formed on an insulating
surface, instead of a bulk silicon wafer has been developed. By utilizing
characteristics of a thin single crystal silicon layer formed over an insulating film,
transistors formed in the integrated circuit can be electrically separated from each other

20  completely. Further, each transistor can be formed as a fully-depleted transistor, and
thus a semiconductor integrated circuit with high added value such as high integration,
high speed driving, and low voltage consumption can be realized.

[0003]
As a method for manufacturing an SOI substrate, a hydrogen ion implantation

25  separation method in which hydrogen ion implantation and separation are combined is
known. A method for manufacturing an SOI substrate using a hydrogen ion
implantation separation method is briefly described below. First, by implantation of
hydrogen ions into a silicon wafer serving as a substrate for separation by an ion
implantation method, an ion-implanted layer is formed at a predetermined depth from

30 the surface. Then, the silicon wafer into which the hydrogen ions are implanted is
bonded to another silicon wafer with a silicon oxide film interposed therebetween

(bonding). Then, through heat treatment, the ion-implanted layer serves as a cleavage



I mpl antation separation nmethod is briefly described below First, by
I npl antati on of hydrogen ions into a silicon wafer serving as a substrate
for separation by an ion inplantation nmethod, an ion-inplanted | ayer is
formed at a predeterm ned depth from 30 the surface. Then, the silicon
waf er into which the hydrogen ions are inplanted is bonded to anot her
silicon wafer with a silicon oxide filminterposed therebetween (bonding).
Then, through heat treatnment, the ion-inplanted | ayer serves as a cl eavage
~plane and separation into a thin filmoccurs in the silicon wafer to be
separ at ed i pituee avhl separktycolr iotpem thio idm aceurs irptharsiledn wadeaoodiensgbarated ikbngl e
crystal siligcon.filmcan be.faor over the silicon fer taq.be separated.
Tho hydr ogeltRB AR SRPRTRL, drscorimie A arefehEHoah Fud e &ar ¢ ou
(registeredfotmatienar the siidonodafeb[t0 4 eparated. The Neidaap@dni #on Wiiptdntaiosi ngl e
crystal silicon.filmis, for over se. suhstrate mad f glass by a
hydr ogen ioﬁ‘?p?rﬁtﬂﬁ"am‘%]é?qslﬁﬁg%g%gflé\lé%‘ﬂaq’rg?rﬁ%'atc gzraﬂ"é’éfﬁk)p"f“c’)tﬁ?)‘ged. For exanpl e,
i n Referencgod4) a separation plane is mechanically polished in order to

remove a defect |layer forned by ion inPl,ﬁnt atfqi on or step which is several
to several 10 tedsMghohiRTneh &pinele somiet gHeon Hm g ormed overd base prbsae | n

Ref erence Znadef dreflasd by aPRYdRSdeR o i1 @fiSion R BdratidrCALNBA hasSb&eh Repdséd. adi ating
a single crystal sem conductor layer with a |aser beamor the like is

per f or ned, keiexanplepndipiorrney bfa separatigmplpee isrechanicallynpolishrduiptasder|tayer i s

| mproved. | W I | @k dN W th a
| aser beamrB%erf/‘és?g qg??%f %‘@&%?[’%%ﬁm qondfl?g? (r)fB g ﬁ)ﬁlﬁ%}} Féﬁe%]gg Slévsew

15i npr oMed, tewerad nennetessrincheight it the sapaiation plang. | dy &efesgnge 2, afien A sgrarasion

ool 10 MBS 5 A PR A GG 008
20Ref er encdas®r bkapanesbe Aikel is lpedomeide nwhetghy| plhasritgnofNdhe 20Q0e 29kt 4
semiconductor layer is improved. In Reference 3, after a separation process, by
irradiation with a laser beam, crystal quality of a semiconductor thin film layer is
15 improved, and the semiconductor thin film layer and a transparent insulating substrate
are strongly bonded to each other.
[References]
[0005]
Reference 1: Japanese Published Patent Application No. H11-097379
20 Reference 2: Japanese Published Patent Application No. 2000-294754
Reference 3: Japanese Published Patent Application No. 2005-252244

[0006]
SUMMARY OF THE INVENTION
25
In the case where a thin single crystal semiconductor layer is formed using a
hydrogen ion implantation separation method, planarity of a surface of the single crystal
semiconductor layer which is formed is lost because of ion implantation, a physical
impact in separation, or the like, and crystal defects are increased. For example, in the
30 case where there are a large number of defects in the single crystal semiconductor layer,
a defect level is easily formed at an interface with a gate insulating layer; therefore,

characteristics of a semiconductor element formed using this single crystal



Ref erence 3: Japanese Published Patent Application No. 2005-252244 [0006]
SUWARY OF THE I NVENTION 25 In the case where a thin single crystal

sem conductor ‘| ayer is formed using a hydrogen ion inplantation separation
met hod, planarity of a surface of the single crystal sem conductor |ayer
which is fornmed is | ost because of ion inplantation, a physical inpact in
separation, or the like, and crystal defects are increased. For exanple, in
the 30 case where there are a | arge nunber of defects in the single crystal
sem conductor |ayer, a defect level is easily forned at an interface with a
gat e i nsul atentigpnbegt@riayer oot gonde, Vdivartizxee Brlargt heyewfesworsbrisadard of ther

el ement forned using this . single cryst. m.conductor | ayver IS t good.

When ther o T8l 5558 sk bRddeor t I B R IS Bt U kVE vk e

sem conduct igigh | veistetand i voltage, diabding wl decteasd o pedoganee iafstht aemi@ndwy@r with a
hi gh wi t hst gnd vol tage, ,causin decrease. i n _perfornmanc f th

 gemi conduct SFMEY SHELE AORHE MoK E A SO PR IeBF oA tRRBI TLpEan

i ncreases i Nand thé ke hoihils, edatn®@€ is refuitsddo trbvér degstallihivss and plewdrite b1 thes

required to recover crystgl linity and planarity of the single crystal

seni conductpsle eiysipl sgmicgpductos layst 3fish SePpgHeR] As a solution for the

above probI[gn@; for exanple, heating at a high tenperature (at higher than

or equal to 800 C) or treatnment such as lgri ndi ng and 10 polishing can be
gi ven. However, Heagisoyitian for Hherborpeetierss cfoprexemple: hisptingsgei# Bighgri ndi ng

e conduct SpPyrifete BRALE Bah T eabl ol S0T LR, plineophlied GRURESRG. ) ass
subst r atle hmdisking oppler givenpdicatenere htating bt ohighbouper@sG & tematindnaisuch dsar ger
size than agr?rlid{rlig%g&] pgﬁls ﬁ]tgrisa ltlt'ﬁ aglgr()}t)rri]a e l"oir lérgahn%gl[o%oaosgﬂgle crystal semiconductor

layer formed over a glass substrate. This is because a glass substrate has an upper

temperature limit of about 650 °C and has a larger size than a silicon substrate or the

like.

15  [0008]

In Reference 2 and Reference 3, a method for improving crystallinity or
planarity of a single crystal semiconductor layer by irradiating the single crystal
semiconductor layer with a laser beam afier separation is proposed. However, the
present inventors found through their research that, in the case where the irradiation

20 intensity of a laser beam is too low, crystal defects are not sufficiently repaired, while in
the case where the irradiation intensity of a laser beam is too high, problems occur in
that planarity of a surface is lowered and part of a single crystal semiconductor layer is
microcrystallized.

[0009]

25 Thus, to achieve improvement of crystallinity and planarization of a single
crystal semiconductor layer by laser irradiation treatment, it is necessary to optimize the
irradiation intensity of a laser beam used for irradiation. However, energy of a laser
beam is very unstable, and even when laser beams are applied under the same settings
using the same apparatus, energy of the laser beams varies every time due to apparatus

30 condition. In addition, in accordance with variation in thicknesses of single crystal

semiconductor layers which are irradiated with laser beams, the optimum irradiation



In Reference 2 and Reference 3, a nmethod for inproving crystallinity or

pl anarity of a single crystal sem conductor |ayer by irradiating the single
crystal sem conductor layer with a | aser beam after separation is proposed.
However, the present inventors found through their research that, in the
case where the irradiation 20 intensity of a |laser beamis too | ow,
crystal defects are not sufficiently repaired, while in the case where the
irradiation intensity of a | aser beamis too high, problens occur in that
planarity of a surface is |owered and part of a single crystal

sem conduct mtenkntyytﬁ“ra laser heagn wayiey stchl dubgeitt; tHefd@@ lit 261 easy t© deohinethe

| mprovenent, §, lasl;e' Qéatn}/u E)rmpl anarization of a single crystal

sem conductl e"fl yer FEE " r8di ation treatment, it is necessary to
optim ze th@oio0jr adi atl on intensity of a |aser beam used for irradiation.

However, energy of a beamis., v nstabl e, .and ven beans
are applied unde:f n Yy %iﬁ%al%oé’f’tdle??&ge‘ﬁg%hgmfh lsszairr‘ébjﬁcﬁ Wgh‘ﬁg’ﬁ’étr‘bfs of the
| aser beansthy giréseft RBiwertiont ioMhasiufacting @Qﬂ%[ﬁht;@taﬁ@&ﬁi&dﬂdﬂcﬁ)ﬂ layed gt i on, in
accor dance vvithlévari ahj on %S‘PNt hi ckn ses of % %6 %/s sem conduct or
layers whi cRYPRIC FRPELIGY 8t RlepHity 43P SHRiG uctp RS ﬁﬁfmﬂ}gﬁaa.sraskcon
intensity qf s@al's@x%ﬁtbn&l@ﬂiﬁléﬁ%f b?%pﬁﬂi‘zﬁh&#@ﬁirﬁaﬁiaﬁon Ecﬁlﬂitﬁfn@ff& a laberl BeafiOl easy
to determine the intensity of the laser beamuniformy. [0010] In view of

t he above- deilfevhish ghesingls Wl sgrpicprdugtor @wfré@@d&ahﬁeémaﬁcwd@te 5 the
pr esent |nv[rg@t)| jon to manuf acture a single crystal sem conductor |ayer
havi ng favo e Crcél stallinity and planarity and a sem conductor substrate

includiMg the si h‘g# 1tggnyggsaan abiget elmncdmbodimanhgithe pyesanp inveaticattd proviste
di at
sern conductERRE, fof ARl & SHboRAORL thiha b SREHABAGIHT, ) |

addi tion, |Wh1cmah1gh¢bquwseamoadmerhmﬁnt@mlIelfem]mdesent invention to
provi de rret[@ for manufacturing a sem conductor substrate and a
sem conduct evi ce by which a high-performance sem conductor el enent can

be formed. [0012AnAmbedinedt oPthe padseittiavention énbo deteceatergyndeansityt of 4l Rkeact

energy density of, a | 5 beam w.t h ich the best crystalljnity of a
singl e ryjjt‘aﬂ'f\4 E%%ﬁﬂ@ﬁ é?Stlc talliniy B%a?l?%ﬁw ﬁ iay c

phot oconducibiadiedybyde GaigroMaié @oto&matdtivitg adebdyy nrtheaN $]§Hmﬂisuilb§ ta RioRitdrS
irradiated with a | aser beamunder a plurality of energy density

condi ti ons Su‘éﬁ?@tet‘ﬁ@%‘?‘bvlﬂaéﬂ%sﬁ 9338’f “‘lq‘?éaIPHE%IFY BESHAEh S%F@&ﬁ‘&‘l"f‘?’ of a

reflected mhgHRVGYRy RniNOF @Wlhi@r' Bldnd whBintdnd®y 8f £rofiediad mkesvaRN et or
| ayer of the nonitor subStrate after
maximum in the single crystal semiconductor layer of the monitor substrate after

20 irradiation with the laser beam is detected. Next, with optimum energy density in
consideration of variation in thicknesses of the single crystal semiconductor layers of
each substrate and variation of irradiation of a laser, single crystal semiconductor layers
are irradiated with their respective laser beams, and semiconductor substrates are
manufactured. The details are as follows.

25 [0013]

According an embodiment of the present invention, a method for
manufacturing a semiconductor substrate includes the following steps of: irradiating
surfaces of each of first to n-th (n>2) single crystal semiconductor substrates with ions;
forming embrittlement layers at a predetermined depth from the surfaces of each of the

30 first to n-th single crystal semiconductor substrates; bonding the first to n-th single
crystal semiconductor substrates to first to n-th base substrates, respectively with

insulating layers provided on at least one of the single crystal semiconductor substrates



20 irradiation with the |l aser beamis detected. Next, w th optinmum energy
density in consideration of variation in thicknesses of the single crystal
sem conductor | ayers of each substrate and variation of irradiation of a

| aser, single crystal sem conductor layers are irradiated with their
respective | aser beans, and sem conductor substrates are manufactured. The
details are as follows. 25[0013] Accordi ng an enbodi nent of the
present invention, a nethod for manufacturing a sem conductor substrate
includes the following steps of: irradiating surfaces of each of first to
n-th (rr2) aidntk dasy yetsahtes anerposed ubdrebetwednst Nagie Sirsti tb he-ihosisglef @ystaing

enbrittlenent .l ayers .at a predeterm dept,h fromthe surfaces each of
The 5011 1 cpmios e o BT AT S te 2SR b BPUCoy Ko B8SE gblhe o e
fi [) st to n-firlt ®ixgl s(ing(telr 'Mgﬁt_alltseﬁ@ﬁdufd&?@bﬁam,ubmecme@gsnggg f}ierrsrfsplbctiva{t h bas fe :
substrates, respective i nsul atin ers, proyi on -ea one o
The Si ngh o sty anaent oyt hep tepBispT o; MBXCTRRBY he DS, Sl il

i nterpoged deh@foadiorager ifNesliatell iwitita faserbedh uhlstyl FlulliyySéfdhege Messpduct or

| ayers are fixed to the first to p-th base substrates b paratjon of the
first to n-9oRAiLPRY PR Beak it 2 detretion fignel 2 rsﬁfffquﬂawgf,a‘% aﬁfgsgﬁt veel al ong
their respegdial Cschiidinbihdibre BBt id Q¥BESd by Badicrdwa9d ! pRRcond¥Ritity bR t he

first single crystal sem conductor layer is irradiated with a | aser beam
under a pl unethed pndencemedegyiteliise laserdispas Whemthe psalpralue dhemagmum get ect i on

signal of gy é@éeg%g%imm e eée@e(@to%mtsp%lé&ml seinRehAich YRl arSRRlfRAAUCT O

| ayer is detecte y a m crowave photoconductivity decay nethod, and energy
densi t ylOof wikhe theirs easpdstisgrdasgh dramsh avhoes knaray wensity Ehsatipgiosi hanfollewisgpr essed
by El ., theF Snﬁﬁﬁrid to n-th single crystal sem conductor |ayers are
irradiated L0 W th their respective | aser beans whose energy density E
satisfies t[b@l4foll owing Fornula 1. [0014] [Formula 1] 0.90El. + 3.9a- E Hl.
- 3.90- 15 ﬁNot(f ]hat in Formula 1, a satisfies the followng Forrmula 2.)

[ 0015] [For[ azf = lert2 ce2 (Note that in Fornula 2, at represents a
standard deyo@ti on o ki< engr gg.odensity when 20 the intensity of a

refl ected mcrowave is the maxi mumin each of n pieces of the single

cr yst all15senNoterthiu dd Bormudeyk rossatisfied tleedfoll@ping Femiida 2) st andar d devi ati on of the
ener gy deni'éy of each | aser beamw th which sem conductor substrates are

i rradiat ed.é? 1[5&)016] "Alternatively, in the nethod for manufacturing a

sem conductpsmbmedt r at e
o= 1]0‘,2 +0',2

(Note that in Formula 2, o, represents a standard deviation of the energy density when
20  the intensity of a reflected microwave is the maximum in each of » pieces of the single
crystal semiconductor layers, and o, represents a standard deviation of the energy
density of each laser beam with which semiconductor substrates are irradiated.)
fo016]
Alternatively, in the method for manufacturing a semiconductor substrate
25 according to an embodiment of the present invention, when the thickness of the first
single crystal semiconductor layer is the median of that of the first to n-th single crystal
semiconductor layers or is the closest to the median of thicknesses of # pieces of the
single crystal semiconductor layers, and the energy density of a laser beam whose peak
value is the maximum is expressed by the Elma, the second to n-th single crystal
30  semiconductor layers are irradiated with laser beams whose energy density F satisfies

the following Formula 3.



25 according to an enbodi nent of the present invention, when the thickness
of the first single crystal sem conductor |layer is the nedian of that of
the first to n-th single crystal sem conductor |ayers or is the closest to
t he nedi an of thicknesses of n pieces of the single crystal sem conductor

| ayers, and the energy density of a | aser beam whose peak value is the

maxi mum i s expressed by the Elm the second to n-th single crystal 30

sem conductor |ayers are irradiated with | aser beans whose energy density E
satisfies the followng Fornula 3. [0017] [Formula 3] 0.90El. +3.9c E H.
-3.9c (Mot8 that in Formula 3,a satisfies the followng Formula 4.)
5[0018] [F rrullﬁ %l‘]a C. = V(2.87cr,02 +C7 (Note that in Forrmula 4, ad
represents W¥hdlar d devi ation of thicknesses of n pi eces of the single
crystal sem.oeEdUctNIs kFyEEs, an@ocse represents a-standard devi ation of
the 10 energy density of the Taser beans for irradiati on.) [0019] ,
Not e t hat i(otethat is Permivld 3; at satsfies éhelforelving Fomyda 4.3an be forned not only on
t he surface[ ﬁ{eg the single crystal sem conductor substrate but also on the
surface Sof PH¥lbase substrate. Alter natively, the bonding |ayer can be
formed onl yFemmild4] surface of the 15base substrate. [0020] In this
speci fication, "sili oxynitride filnf neans a filmthat contains nore
oxygen tham#id(@@@em)zamif in the case where neasurenents are perfornmed
using Rutherford backscattering spectronetry (RBS) and hydrogen forward
scat t eri ng (Nelegjat ipBoinidd 4dsesspnie 8 stantlard dguptionsefithigknessea afiz pigdesogen as
conposi tion, rangl I 9 7 £.9 t.,.9 5. at. % .25 at. %
to 35 at. %Qh%%ag‘ 5 2%’5%[! %%lt%gn@%mé?é’gff’ aneaggélc/ fe\%eel} Syg Sﬁé?%rﬁedr%ymgm (s)? fhlecon

ni t ri daooxiedergd derity oetha daser Yeninsfdr v@ddiationt)ai ns nore nitrogen than oxygen
and, in thi ie where nmeasurenments are performed using RBS and HFS,

i ncl udes o 9@3 , hitrogen, silicon, and hydrogen at conposition rangi ng
from5 at. % to 2NoRQh@tin Yhis gfkcification, @ boRdiag 1der & Wt fobmédnad BnBl efheand 15
at.%to 30 at.% respectively. Note that percentages of njtrogen, oxygen,
silicon, asBIRRefdisevinaiepystal sermicondustor subsitate bt olsq on s wrfaggefrthe base t ot al

nunber of  aiRaEeC ORYBINAGELY, thd Bhdiig! 1afe Raf b¥ Thinfdd Uty bh MeldurfabEofinki CON
nitride oxide filmis defined as 150 atom c%
15  base substrate.
[0020]
In this specification, a “silicon oxynitride film” means a film that contains
more oxygen than nitrogen and, in the case where measurements are performed using
Rutherford backscattering spectrometry (RBS) and hydrogen forward scattering (HFS),
| 20 includes oxygen, nitrogen, silicon, and hydrogen as composition ranging from 50 at.%
to 70 at.%, 0.5 at.% to 15 at.%, 25 at.% to 35 at.%, and 0.1 at.% to 10 at.%, respectively.
Further, a “silicon nitride oxide film” means a film that contains more nitrogen than
oxygen and, in the case where measurements are performed using RBS and HFS,
includes oxygen, nitrogen, silicon, and hydrogen at composition ranging from 5 at.% to
25 30 at.%, 20 at.% to 50 at.%, 25 at.% to 35 at.%, and 15 at.% to 30 at.%, respectively.
Note that percentages of nitrogen, oxygen, silicon, and hydrogen fall within the ranges
given above, where the total number of atoms contained in the silicon oxynitride film or
the silicon nitride oxide film is defined as 100 atomic%.
[0021]

30 With the use of an embodiment of the present invention, regardless of variation



[0021] 30Wth the use of an enbodi nent of the present invention, regardless
of variation of a laser and variation in thicknesses of single crystal

sem conductor |ayers, the irradiation intensity of a | aser beamto be
emtted to the single crystal sem conductor |ayers can be optim zed.
Therefore, a single crystal sem conductor |ayer having favorable
crystallinity and planarity can be manufactured efficiently. 5[0022]

A hi gh-performance seni conductor el enment can be efficiently forned using a
sem conductor substrate which is an enbodi mrent of the present invention.
BRI EF DESCRHPA llasht @i THEatiDRAMV thickncs8fsO0R2 ShelF | @y stali smicaidemgoralmyers) thet r at i ng
an exanpl e .of I 2S ens‘é,r at | %Qmpcr GESSiad to th sinFie%?' Ato 2F gr e

di agr anms i 118 ra I Ng manu ur| Nng pr OCeéss 0 LESEM rF&WEtOB?uc%bstrate.
FI GS. 3A tdaﬁla; ichrl (be t optintized. rrﬂhufeﬁmt ud |smglepmqstals semicomiusen layen diavingr

devi GS.,.4A t t f
sg\r%I ggnducttJ Yorﬁbé?/f’ggglhﬁ%@dlés i Ocag%eg}agu aﬁ@? r‘gﬁgsz gro?s-sectional

vi ew of 5a gegixgonductor device, respectively. ‘FIGS. 6Ato 6E are
drawi ngs each illuystrating an el ectronic device usi m conduct or
vt oo 2001 G5, AT PROr R SRR SRt G Ho o Bhicale CURGAREN ey ce

using a serkmdfdicicsuldede Ghich is an embodiment of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
10 [0023]
FIG. 1 is a diagram illustrating an example of a laser irradiation process.
FIGS. 2A to 2F are diagrams illustrating a manufacturing process of a
semiconductor substrate.
FIGS. 3A to 3D illustrate a manufacturing process of a semiconductor device.
15 FIGS. 4A to 4D illustrate a manufacturing process of a semiconductor device.
FIGS. 5A and 5B are a plan view and a cross-sectional view of a
semiconductor device, respectively.
FIGS. 6A to 6E are drawings each illustrating an electronic device using a
semiconductor device.
20 FIGS. 7A to 7C are drawings illustrating an electronic device using a
semiconductor device, '

FIG 8 is a cross-sectional view of a semiconductor substrate used in Example

FIGS. 9A and 9B are graphs illustrating correlations between thicknesses and

25  peak values of single crystal semiconductor layers.

FIG. 10 is a cross-sectional view of a semiconductor substrate used in Example

FIG. 11 is a graph illustrating correlations between a peak value of a detection
signal of a reflected microwave and TFT characteristics.
30 FIG. 12 is a model diagram illustrating correlations between energy density and

a peak value.



FIG 8 is a cross-sectional view of a sem conductor substrate used in
Exanpl e 1. FIGS. 9A and 9B are graphs illustrating

correl ati ons between thicknesses and 25peak val ues of single crystal

sem conductor |ayers. FIG 10 is a cross-sectional view of a sem conduct or
substrate used in Exanple 2. FIG 11 is a graph illustrating

correl ati ons between a peak value of a detection signal of a reflected

m crowave and TFT characteristics. 30FIG 12 is a nodel diagram
illustrating correl ati ons between energy density and a peak val ue.

DETAI LED DESCRI PTI ON ORPETAH.-ENVESTIRIRTIONQ#THE INVENH@GMdi nent s and

Exanpl es ac 854ﬂi ng to the present invention will hereinafter be described.
It is easil@ under stood by those skilled in the art that the present 5
invention can be Bubodinestsemt Bxamples ycodidifgeto eint prasedeinyeriod wihtiesinafe det ail s

di scl osed herein.can be, nodified in ri ous s, W thout departing fromthe
spirit and%cg?f "@%' t Etefsp?aégt‘éﬂ?g?rﬁt\‘?%‘xt 4 oﬁf’s \f!@?{eé'f Gt the ?rﬁégaﬁlrotg‘ééjﬁ?sg‘i’%vent i on
i S not @ONshdition @sn betdrded ouiih @fny Qiffdhat dRd6s, bRl indBesaindtdepilEakedisgent s and
t he Exanples. .Further, the sane portions are denofed by the sanme reference
symbol st hritsidh °h eerpa\ﬂﬁﬁwaraong%$ @HEQWW% ornithe srIft 9 seareeRti al s,
shapes, manyé gréseitl MYertRhNOUBereRY thd Prdskdt Cinténtiom i§ R cohdédlas being

limited to the description of the Embodiments and the Examples. Further, the same
portions are denoted by the same reference symbols through the drawings, and
10  repetition description of materials, shapes, manufacturing methods, and the like is
omitted.
[0025]
(Embodiment 1)
In this embodiment, a laser irradiation process of a single crystal
15 semiconductor layer in a method for manufacturing a semiconductor substrate will be
described.
[0026]
FIG 1 illustrates a process in which a single crystal semiconductor layer 112 is
irradiated with a laser beam 113. In FIG. 1, as for a semiconductor substrate 200 of
20  this embodiment, the single crystal semiconductor layer 112 separated from a single
crystal semiconductor substrate is provided over a base substrate 110 with a first
insulating layer 111 and a second insulating layer 121 interposed therebetween. As
described above, planarity of a surface of the single crystal semiconductor layer 112
which has been separated from the single crystal sémiconductor substrate is lost because
25  of ion introduction, a physical impact in separation, or the like. Note that as the single
crystal semiconductor substrate, a single crystal silicon sﬁbstrate, a germanium substrate,
or a compound semiconductor substrate of gallium arsenide, indium phosphide, or the
like can be used. In this embodiment, as the single crystal semiconductor substrate, a
single crystal silicon substrate is used.
30 [0027}
When the single crystal semiconductor layer 112 is irradiated with the laser

beam 113, the single crystal semiconductor layer 112 absorbs the laser beam 113, and



(Enbodi ment 1) In this enbodinment, a laser irradiation process of
a single crystal 15 sem conductor layer in a nethod for manufacturing a
sem conductor substrate will be described. [0026] FIG1 illustrates
a process in which a single crystal sem conductor layer 112 is irradi ated
with a |aser beam 113. In FIG 1, as for a sem conductor substrate 200 of 20
this enbodinent, the single crystal sem conductor |ayer 112 separated from
a single crystal sem conductor substrate is provided over a base substrate
110 with a first insulating |layer 111 and a second insulating |ayer 121

~.interposed fhbeshgleaiwe efia péAtionl esdiatddevittathelaser bphraridl istiycrodsed sWhémthe of t he

single crystal sem conductor | r 112 which .h been separated fromthe
singl e crysERPCAYH Bg{ﬂ‘lfu%%?n ’ﬁﬂﬁgl{ef ilgag (?rseqf’%lstf’ %@%8’5&?5 po@% ogft § §ipele
introducti ogfystdl spilehdtorilaRACL2, ithe sieflachsiabsemicondudier laydrell2Noweled)at as
the single crystal sem conductor, substrate, a single crystal silicon .
substrat e, #dgiefesisfen A SPpEE at%f?erHFadéFt@BﬁB%‘JHﬁi@%rheéﬁnﬁgdf SPPREbEEr atf e of
gal I'i umar sgpbéeurd BfllaURERICHbAI®T BE sidiRe bivk@l canichRiud®e dayer M10EsS

enbodi ment, as the single crystal sem.conductor substrate, a single crystal
silicon suldscreased, and thmgltedpprigaay polidified and ygeaystallized {repyinele-gryytallized)

sem conducti, L ayer hléorifgly! fRYIMaBE ¥F B silp® LSEN schf@Ndddish 1alheisSi ngl e
crystal sem conductor layer 112 absorbs the l'asef beam 113, and” the

t enper at ur émpfovad.pand icotallinity dieat ke regovered. hBY asive ddast beany e hsgeased.
V\h_en the t CRBSEA HoSs ?lf)t 3in%ct°l R&tld ngd R t@lh?é}%ret R Qhe %H%hbstt@tet he nelting
point of the'single crysta Lem conduct or ayer 112, the single crystal
sem coniductaan bk ayppresdetl? i s nel ted, and defects can be repaired. After
irradiati ortow]h the | aser beam 113 is stopped, the 5 tenperature of a

mel ted port of the single crystal sem conductor |ayer 112 is decreased,
and the nelted pbdiote that itds podférablé itied then single crystal abinicomdhictor layer 112 be

(re-single-crystallized) fore |.aong. cor,di nql th l.angrity. of the
single cr ysl’tag?;‘ﬁ¥ é‘?ﬁltgéﬁﬁﬁl&b‘%ﬁerl ‘;r%“’gs PSP & Sd‘%%%%fﬁ?&%“ﬁ?ﬁ?ﬁ@%an be
recovered. By uSinng prtialyemeleislatet be teae irfidiasdd alith (hdOlaied Bwam di3,ectly
heat ed, and the t_errperatdure ri se_of the biase substrate 110 10can be
suppr esi$ed . Plgngizasipn proceeds dig Q. surige tenpion of o semicondyptor ﬁ’ﬁ%ﬁs hipged iy pe

crystal senjmRngshasd OTAtRY ineltine, REolRRT 41ithé biXglBRlys@sdWicdraaetbARér 112

irradiation.” Wien the single crystal sem conductor |ayer 112 is in a

partial |y redvanses desie thsymalediffssion tadheabasq sibtrster Hi0- | 42 dhe pingh, erystal 15
pl anari zatign: [ ] r at is
Changed” | negisBRAERRESCID, LB aERAIeRNT oot d B (RERANRILET o2
crystal senblidliguid igerfacgyie moved fggy thadwese sibstrate 11k eidade thei suriaes ofitheo t he

base sufstrat I i C{%St ] t Qf:

t enper ?f? ur é”‘&%a%%gfﬁ{ S%}‘s‘gcglgdﬁ‘?r"gg Lr—f')(?ri %pit ﬁgh dg%ﬁg%fggt‘?%lﬁ# %ﬁ{e Sésf'(%%llleg- liquid
i nterface ilonghmiiea growthn debwrs.baBles saehstalligatonlit@deinded vsing dsen ®od hdoeerof t he
20 single crystal.sem conductor.lagyer 112, .and recrystallization which is a
so-cal l ed gAYt Wh]‘lf?‘rfﬁlnob%&i% 3@83%{ o sﬁi}la?h?sgé’roﬁqna 15l F'g%afl %n%a%?anced
using as ayaEeth aryk@lelientRBhOthunhicclryital groih boehdaeyl is foheed themin amd i@d- phase

t hu

ei,ﬁ smgl%:’ no

portion is single crystal ,and has Iformcrystal. orientatiqn
Crystal  gr AMSICOEUHLEITOadRoT BT, Hoy eieh sk THICR RETCE Gapatesp Sing
sen CORGUCTRLtal ARTcodduloRllhyRE Wilhoaf ahy tAYREIENbRIMIGHSS TRANPHS Melidngl e 25
crystal sem’conductor |ayer without, _ané crystal grain boundary. The upper

mel ted por pvieniis recaistallized byibzég wjidibetragdsbsingle Fnet!l samigongusionyhicher yst al
sem conduct,or th;eﬁgalﬁﬂcé@gglmggﬁta%aﬁ% Hx%\)%hﬁlf%;ﬂ:'hcr?{tél SBhRbARRIA S thBFowedrRglincr yst al

sem conductor 1nt ortion remains in a solid phase is
f or med. which remains in a solid phase is formed.
[0029]
30 In the case where the single crystal semiconductor layer 112 is in a completely

melted state, part of a region of the single crystal semiconductor layer is

microcrystallized and crystallinity is reduced because of disordered nucleation of the



[0029] 30In the case where the single crystal sem conductor layer 112 is in
a conpletely nelted state, part of a region of the single crystal

sem conductor layer is mcrocrystallized and crystallinity is reduced
because of disordered nucleation of the single crystal sem conductor |ayer
in a liquid phase. Note that the term"conplete nelting" here neans that
the single crystal sem conductor layer 112 is nelted to the vicinity of the
| ower interface to be nade in a liquid phase. On the other hand, the term
"partial nmelting"” nmeans that the upper part of the single crystal

sem conduct ongls kgl sddiRondactoelayedint @ ligeidnphdec. | MNage khagthiedtephdsempletel e t he

| oner part t re,p{1 I S _not {ted nd. 1.S, Sti-l] .i solig.hae {1030]
177 adi b1 or"EBG b et dF ok Sihe e Shiosnalde el 18 BIRIGL IR on o

cryst al | i ni¢iyinitg iofi hedowercinniavetopleomado imdal titjiid iphysed e Oaytherethho Har(dh éreei naf t er
referred to 10 as .- PCDQ.nef hod).. [0031] A -P thod is net hod for

eval uating B P@T’?lrfﬂcgpﬂgtﬂéa%cﬂ‘%t j prmﬁg’?tﬁgsg‘ggf%%ﬁoﬁmﬁmg ¥i%onduct or
I's irrad atiggerwiibhs selted & bdgadk ii0a JiQURI sHace GBIE iRl bwen pirh hesdMic asrduct or ,
a portion i rra(ai at ed ﬁ“ h the |aser beamin the sem conductor isby the

seni conductBfltedand st iy solid PheseD net hod utilizes the phenonenon that since
the resi st gqpgsgval ue of a sem conductor is decreased when carriers are
generated in the sem conductor, the reflectivity of a mcrowave is

i ncreased in a r&gdiationfcopdifionsenf adawhdean SaRdicedeierminggd, by sraugionedfat ed.

Accordi ngl yoryé.taﬂlil‘ﬁty' ngg ARichRfve bﬁlﬁoéo%dﬁd’tirvﬁg Hé’t%a? %éﬂ%ddllh@ei%ﬁrg%iﬁf wand a

state of intensity ay of the mcrowave refleéecte etinme is
eval uatéd bns pdBERBamicthng).t he intensity of the reflected nmicrowave. It is
known t hat, ngl the case where a semi conductor is a thin film the lifetine
can be evaILJ éd using a peak value of a detection signal of a reflected
m crowave (herei pgi-PED m@h& i athdtiodasr évafRtike ¥ Hfetifk in hiddolldvdningh@k. t he

peak value ,!& zﬁrfz}cg %f la(?:grgief\:(r)nci[ugg)r lisI i];'rg.zlilatrtralcal with a [a(s)g'?i)%ltm to generate carriers in the
semiconductor, a portion irradiated with the laser beam in the semiconductor is

15  irradiated with a microwave, and a state of intensity decay of the microwave reflected
by the semiconductor is detected. A p-PCD method utilizes the phenomenon that
since the resistance value of a semiconductor is decreased when carriers are generated
in the semiconductor, the reflectivity of a microwave is increased in a region of the
semiconductor where carriers are generated. Accordingly, in a p-PCD method, the

20  lifetime is evaluated by detecting the intensity of the reflected microwave. It is known
that, in the case where a semiconductor is a thin film, the lifetime can be evaluated
using a peak value of a detection signal of a reflected microwave (hereinafier referred to
as a peak value), and the higher the peak value is, the Ionger the lifetime is.

[0032]

25 Upon irradiation of single crystal silicon with light, electrons generated in a
valence band and holes generated in a conduction band are recombined and annihilated.
When a single crystal silicon layer has a large number of contaminated portions or
defects, the density of the charge trap center becomes high. Thus, the ﬁrobability of
the recombination of carriers in single crystal silicon becomes high; 'accordingly, the

30 lifetime is shortened. Therefore, the lifetime is used as a parameter to evaluate

whether a crystal structure of a semiconductor such as single crystal silicon is

10



25Upon irradiation of single crystal silicon wth light, electrons
generated in a val ence band and hol es generated in a conduction band are
reconbi ned and anni hil ated. Wien a single crystal silicon layer has a | arge
nunber of contam nated portions or defects, the density of the charge trap
center beconmes high. Thus, the probability of the reconbination of carriers
in single crystal silicon becones high; accordingly, the 30lifetine is
shortened. Therefore, the lifetine is used as a paraneter to eval uate

whet her a crystal structure of a sem conductor such as single crystal
siliconis coomlmfb@timﬂl;hémwmelifedn@éx (thdtds, theflaghomthei pak vdled is), she mbre hi gher
t he peak vq} amehmc glnlre favorable the crystallinity is. [0033] In the
case of Iangméner qﬁn%h i'ch the single crystal sem conductor |ayer is

5 in a part[oedd]y nelted state, as the energy density is high, the single
crystal sem condyctor layer is in a | i state and a re ere a
defect is repair gfﬁsgr% aser qREtay e l%uf‘ 8@6?%‘ a"f"t‘ﬁ%Eﬂ S giqggor B Phe ot her
hand, when ih as;)amaﬂyl flelyd f6,08WR BURP TSI ioHigh, ttﬂf&susgmgiyﬁalcsémsdoahuctor
senlconductor lLayer is.in a conggetel mel t state, the single crystal

d
seni conductla¥eris la‘flfiéwer%r@r 1on| ?P(S‘ﬁeF‘s‘SrfFQar‘rSElFSS%aE‘Q%It rea

therefore, [fhly¢dlad inbrehdey. 1Gn e o&@ﬂmdwaéiﬂa@r BRAKy NRbMEs é)écd's%ldﬁ@ﬂle [ 0034]
In FIG 12, a relation between the energy density of a | aser beamto be

enitted ancfuwiqo'éréfktabmwéé‘it@rckaw is fin tah@nmlﬁaVén@Ws%% the singlsrdydalor | ayer
after | asergifdhadlichliRRr hfer ?&Pﬁ%ﬁz‘aﬁ@d is¥n1b1]0t:r'§f§ttafh§£c? %eréfﬂre nity 13€

F
vertical axis represernts a pedak val ue detected’in the &f% ﬁe crystal
senlcom&ﬂnﬁﬂuﬁﬁwmﬁapwmwﬂéeﬁh@hhgi|zontal axi s represents the ener gy
density of ﬁ“ ser beam As illustrated in FIG 12, the peak val ues detected
in the siné e crystal sem conductor |ayer have a maxi mum val ue. In a region
that is irradi at BuFii 1B aarelaa's:ebetb'eanﬂlhaWrggdcimiIEpf a lvacr termeaq bakmitedan
ener gy densj

peak e is, the Xi.mu
cern eonduceny SPAORR RS el LS ol Rl ot Byl M s intRflion o
crystal sems @dn:duatany illa;mted r fadilal ezl thict verdcal aserrebmaenw\/almhkaoaﬁeeds t he
ener gy dens 1 CLOCr l1ized Th ref or ener densi ty whose
eak v ye delobietin FheSian A7 e oG ton agssy VBl 8 PaGAE 4 TPReEHS i ghest
ener gy den&hetem égytd@nmﬁ» éth lme b&dn19| & Tluyedted inFECI mﬂmamalh@syﬂectea
partially nelted and i s optinmum energy density with which the nunber of

crystal defibéiessiggle t:ffs(étakffmv@ E‘ft%la&‘l"' haxe QaRPEHHAUYSr  [hg &52Ionsthad i§i ni zed.
[ 0035] irradided @uﬁm&sextﬁbsmavﬁg%&a&ml@fe% t&ﬁfeeefg@de tiHoskpags of the

single crystal sem conductor |ayer and the and when the thickness of
t he si ngl e valugds ic meHnBBnthectinsle prryiel sqnyetmﬁ!e?t@a%@r istine mErEatlyi lneltﬂdso

I ncr ea%@d state, and the single crystal semiconductor layer irradiated with a laser beam which

exceeds the energy density is microcrystallized. Therefore, the energy density whose

peak value is the maximum (hereinafier referred to as Epne) is the highest energy density

with which the single crystal semiconductor layer is partially melted and is optimum

energy density with which the number of crystal defects of the single crystal
25  semiconductor layer is minimized.

[0035]

Note that there is a correlation between the thickness of the single crystal
semiconductor layer and the Epna, and when the thickness of the single crystal
semiconductor layer is increased, the En,, is also increased.

30 [0036]
As described above, the energy density whose peak value is the maximum is

calculated using a u-PCD method, whereby the energy density of laser irradiation by

11



30[ 0036] As descri bed above, the energy density whose peak value is
the maximumis cal cul ated using a 1.1.-PCD nethod, whereby the energy
density of laser irradiation by which crystallinity is favorable can be
determ ned by a sinple nethod without damage. [0037] In the case
where n pieces of single crystal sem conductor |ayers are subjected to

| aser treatnent and n pieces of sem conductor substrates are fornmed, one of
n pieces 5 of the sem conductor substrates is used as a nonitor substrate,
and a plurality of regions of the single crystal sem conductor |ayer of the
noni t or subwhichtwystaBinity isdavadbdelcani tehie@mhiaskby beiaplauncbod withdut dahagey of

ener gy densﬂ w,] conditions which are different fromeach other, and then an
optinumirrzg 'altion condition is determ ned by detection of the Err., using
a - PCD net hod. Thethe chse-villerphpiess off sifgiecrgasli semiudrdictdr Isehsire algsctalr e 10
irradiated with their respective,l aser beans, under .the optinmal irradiation
condt t Lon. B BRTMENERGY Rcey P TICaH S RS B PrOFS £BE b PR even

when | aser {FeRdEenidéddd@diet suBdrattd dilised BEa HRAROrSabIiaRySndiSHINMI T reaom
apparatus, the energy density of the |laser beans that are emitted varies

due to appatdhsisinglsfaysal grmicongustos laysn oEthemepios sukstrats is pgadisted B dses of

the singl e jgdey pbadl uffRih pARSIHE bPEnAYRISity ddARitRRS WHidMald Jiftheat G cdh
intensity of the |aser beans varies each substrate due to variation in

t hi cknessestsr, anddhesy anpsimay, stagiatign pendiivaie desermingddnsdaigetion obithe Brexr adi at ed
with their pect | b - hRer: re, +.Lo ol e case
where the t"[?lﬁ%kﬁysg&gf h?%g&.si ngi é (gr@?%lg‘{cgsogmthgo% E%)?‘ g@}t a§/dgrgtr%€50\a}%ded in

t he n-t#0 sdmadietad wadthothe ulespectinteelabdrelreaims atiar the efpginrab drrddiatioa @nditiogl e

crystal sem conductor lfﬁfr 1V)b is small ersgatob?an %he thhckﬁes;’ of the single
20 crystal LERTELSUTEY SF HELGET 8IS Re' RoHTTHS S0P &TFRIaCT lasyr dieAms eis
referred t appledurdemié eanta segingh usiegrihe entleispparatisashe endrdy dénsity vh@e ldséie si ngl e
crystal sem conduct or I.a%ﬁ‘[ N is jrradiated (ﬁvi,th a Jasg{e eaqi’n at_ the Em ax
(her ei naf t ieamp DGt prgrenpitiedyvarigs due to apRyIptus coRdiions; ginge ﬁﬂa epesltio®onduct or
layer Al, eK&@fsinésset afhe SMElOMyHE MnvondasoR M elsh theSbptihen GFridEktfn _
sem conductor layer Nis mcrocrystallized. Since the mcrocrystallization

of 25 IPhe infenglye! dhelases bearmyyasish Gaely Wostralg dve fosvariptiqn thicknesses fhghen-  h
sem conductygoes I RicueRr 18efd GhRA! ¥etiRthdikd@ dyitts tRirdRlRetile Bser
substrate. [5038 Accordi ngly, vhen (n-1) pieces of the substrates are

i rradi at ed bghm#$ tTHereforecpesample indbepaspediers; the Keicknesy of thdsinglet grystli ch i s
| H . - 3 .
over t a“.s&rﬁféﬁlﬁélkc{@@e? Kéo%ﬁiéh i etﬁgy&aﬁfogﬁﬁ(%tﬁpéu%grdt@ (lfegﬂﬁf

] WlpL LD of
variation in ckness. an i ndex e energy density to be

sel ect ed ariol ana daglectrysta semicondetog éayer A} scsnmller tham theahickhest bEthe singlea
Pr 00es%,CaRARL LinichAfiEts BB of B nhASERBARP AR kRTRA FEITEN 2
crystal semiconductor layer M), when the single crystal semiconductor layer N is
irradiated with a laser beam at the Eq.x (hereinafier also referred to as Elma) of the
single crystal semiconductor layer M, excessive laser energy is provided and the single
crystal semiconductor layer N is microcrystallized. Since the microcrystallization of
25  the single crystal semiconductor layer is irreversible, the n-th semiconductor substrate
which is microcrystallized is a defective substrate.
[0038]
Accordingly, when (n-1) pieces of the substrates are irradiated with their
respective laser beams, the energy density which is lower than the Elp.x is required to
30  be selected in consideration of variation in thickness. As an index by which the energy
density to be selected and a defect rate to be generated are evaluated, there is a process

capability index Cpk. The process capability index means that a quality management

12



capability having a process is converted into nunbers in the process, and
as the value is high, the process control capability is high; therefore,
process control is possible in accordance with the val ue. \Wen the | ower
specification |imt, the upper specification |imt, the nean value, and the
standard devi ation of the energy density of a |laser beam 5 are expressed by
LSL, USL, xbar, and a, respectively, the | ower process capability index and
t he upper process capability index are expressed by the flowing Fornula 5
and the follow ng Formula 6, respectively. [0039] [Formula 5] 10 Cpk - xbar
- LSL [ 004Q:]ap£H¥lﬁnyma+iag @Jprdcpds 1§hdﬁh:eutdnfant03ﬁmb[eﬁﬁmﬂﬂe phadess, tid & thebadd kent , LSL

is the mni ner densi t h 1t he.si n | e cryst onduct or
| ayer Mis ’tt Prq %5 a‘iﬂ’&fr? é’ﬂ?\l\g h%’a‘\réw}\ é“ éfﬁﬁ’f&% LBy ?‘ﬁ‘g‘ Ef‘?e‘?cﬁ? eflsity E
wi th whi ch 4cBordanch weiahe @flud. hemﬁrm@m@uqieeﬂﬁcawnstnmatﬂeasu@eespemfadioat ed, a
is a value of the sumqf a $tandard deV|at| of th QﬁﬁﬂéPgn each of n

pi eces of tlHait.dhemean valye pad thesAndyd dadpem ‘P A prergn ST P8y at i on

of the gner 188941, | #3€Tand &, RedRRtWelyD ththioRer BrReSC&Patifityt Ne
senlcon?ﬁcf%?cgﬁgfk§§¥g§;a?gnfrradﬁgted 65%egar @gh: ergﬁer g%ngyty whi ch

is lower tHadexoandeheapper prackss @pability indea ass exRysss it*teyﬂwmg\ wrmad 5t he
single cryst ﬁlthest%ﬂ%&ﬁgﬁﬁﬁuﬁ£6 %&“MI)) s melted is high, the crystallinity

of the si ng e Crys sem coni tor ayer Mis inproved. Therefore, to
obt ai n suf f{0@3Gnt crystalllnlty, the |l ower specification limt is
preferablyéﬁreaH than or equal to 90 % of 25 the Em nore preferably,
greater th é]u to 95 % Accordingly, the lower Iimt of the process
capabiljity i ndexb&a@kLSIs preferably expressed by the follow ng Formula 7,
mor e pr%ﬁer%ﬂﬁ??‘Tﬁ;‘T@lIomﬁng Formula 8. [0042] [Formula 7] Cpk =E"

[0040]
[Formula 6]

USL — xbar

Cpk =
P 3o

[0041]
15 In this embodiment, LLSL is the minimum energy density with which the single

crystal semiconductor layer M is melted. In addition, xbar is expressed by the energy
density E with which (#-1) pieces of the semiconductor substrates are irradiated, ¢ is a
value of the sum of a standard deviation of the Enyax in each of » pieces of the single
crystal semiconductor layers and a standard deviation of the energy density of each laser
20  beam with which » pieces of the semiconductor substrates are irradiated. Regarding
the energy density which is lower than or equal to the Eyax, as the energy density with
which the single crystal semiconductor layer M is melted is high, the crystallinity of the
single crystal semiconductor layer M is improved. Therefore, to obtain sufficient
crystallinity, the lower specification limit is preferably greater than or equal to 90 % of
25  the Emux, more preferably, greater than or equal to 95 %. Accordingly, the lower limit
of the process capability index Cpk is preferably expressed by the following Formula 7,
more preferably, the following Formula 8.
[0042]
[Formula 7}
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0.90- E 3u [0043] [Formula 8] Cpk = 0.95E. - E 30 5[0044] Not e t hat
in Formula 7 and Fornula 8, a is a standard devi ation of the sumof a
standard deviation cre of the Erna, in each of n pieces of the single
crystal sem conductor |ayers and a standard devi ati on ae of the energy
density of each | aser beamw th which n pieces of the sem conductor
substrates are irradiated, and a satisfies the followng 10 Forrul a 9.
[0045] [Fornmula 9] = /2 2 C + Cie [0046] 15In this enbodinent, USL is
the El. and xbar is expressed by the energy density E with which (n-1)

pi eces of the sempgondurtor substrates are irradiated. Wen a is a val ue of
the sum of @ tandard devi ation of the Ereax in each of n pieces of the
single crystal sem conductor |ayers and a standard devi ati on of the energy
density of [8@3h | aser beam with which n pieces of the sem conductor
substrates gr&hlg adiated, the 20 upper limt of the process capability

‘index Cpk | expr ssed by the following Formula 10. [0047]
0.95E_ -E
Cpk=—"™2= —
3o
5 [0044]

Note that in Formula 7 and Formula 8, ¢ is a standard deviation of the sum of a
standard deviation o, of the E,, in each of n pieces of the single crystal semiconductor
layers and a standard deviation o, of the energy density of each laser beam with which #

pieces of the semiconductor substrates are irradiated, and o satisfies the following

10  Formula 9.
[0045]
fFormula 9]
[0046]
15 In this embodiment, USL is the El.,,, and xbar is expressed by the energy

density E with which (#-1) pieces of the semiconductor substrates are irradiated.

When o is a value of the sum of a standard deviation of the Enax in each of n pieces of

the single crystal semiconductor layers and a standard deviation of the energy density of

each laser beam with which » pieces of the semiconductor substrates are irradiated, the
20  upper limit of the process capability index Cpk is expressed by the following Formula

10.

[0047]

[Formula 10}

E..—E
3o

Cpk =

25 [0048]

Note that in Formula 10, o is a standard deviation of the sum of a standard
deviation o, of the Enax in each of n picces of the single crystal semiconductor layers

and a standard deviation o, of the energy density of each laser beam with which »
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[ Formul a 10] Cpk Em- E 3u 25[0048] Note that in Formula 10, a is a
standard devi ation of the sumof a standard deviation at of the Emx in
each of n pieces of the single crystal sem conductor |ayers and a standard
deviation a, of the energy density of each |aser beamw th which n pieces
of the sem conductor substrates are irradi ated, and a satisfies the

followng Fornmula 11. [0049] [Formula 11] 50- = [0050] The relation
bet ween the process capability index and the rate of occurrence of
defective substrates is illustrated in Table 1. [0051] 10[ Table 1] process
capabi ity piagRX%fGRK sBRicofdictod @liBslateY Qire irradiated, and o satisfies the following

Formula 11.

[0049]

[Formula 11]

5 o=.ol+0]
[0050]

The relation between the process capability index and the rate of occurrence of
defective substrates is illustrated in Table 1.
[0051]
10 [Table 1]

process cagzl:llty index percent defective
0.00 50%
0.65 2.60%
1.30 50ppm
1.95 2.7ppb

[0052]
From Table 1, when Cpk is 1.3, the percent defective can be reduced to 50
ppm; therefore, it is preferable that Cpk be greater than or equal to 1.3 to stably perform
15 laser treatment. Therefore, when the energy density whose peak value detected in the
single crystal semiconductor layer M is the maximum is expressed by the Elmay, the
energy density £ of each laser beam with which (n-1) pieces of the semiconductor
substrates are irradiated preferably satisfies the following Formula 12.
[10053]
20 [Formula 12]
0.90E1  +390c<E<E]l_, -39

f0054]
When the energy density when the peak value detected in the single crystal

semiconductor layer M is the maximum is expressed by the Elu,y, the energy density £
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0.00 50% 0.65 2.60% 1.30 5Cppm 1. 95 2. 7ppb [ 0052]
t he percent defective can be reduced to 50 ppm therefore,

Cpk is 1.3,

is preferable that Cpk be greater than or equal

| aser treatnent. Therefore, when the energy density whose peak val ue

detected in the single crystal sem conductor |layer Mis the maximumis
expressed by the E1,., the energy density E of each | aser beam w th which
(n-1) pieces of the sem conductor substrates are irradi ated preferably
satisfies the following Formula 12. [0053] 20 [Formula 12] 0.90El. +3.90-
El. -3.9a [ 06544ch laser bathewithhevhizthe(gl) piecsi ofy thehsmitdndu@enkubsahiee agket ect ed
l'@’%rm%ail% the maxi mnumis expressed by

in the si
the El .,
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A S
[0055]
[Formula 13]

0.95E1, +390<E<El__ -39
[0056]

Note that in Formula 12 and Formula 13, o satisfies the following Formula 14,
[0057]
[Formula 14]

o=vo +o?
[0058]

In Formula 14, o, represents a standard deviation of the energy density when
the intensity of a reflected microwave is the maximum in each of » pieces of the single
crystal semiconductor layers, and o, represents a standard deviation of the energy
density of each laser beam with which the semiconductor substrates are irradiated.
[0059]

As described above, the energy density whose the peak value is the maximum
is calculated using a p-PCD method, whereby optimum energy density of laser
irradiation on the single crystal semiconductor layer can be selected by a simple method
without damage. Accordingly, a semiconductor substrate including a single crystal
semiconductor layer with favorable planarity and crystallinity can be efficiently

manufactured.
[0060]

The energy density E which is selected is selected in consideration of variation
in thicknesses of the single crystal semiconductor layers of each semiconductor
substrate and variation of energy of a laser; accordingly, generation of a defective
substrate can be suppressed in a manufacturing process of the semiconductor substrates.
Therefore, a semiconductor substrate including a favorable single crystal semiconductor
layer can be manufactured at low cost.

[0061] _
Note that this embodiment can be freely combined with any of the other
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of each | aser beamw th which (n-1) pieces of the sem conductor substrates
are irradiated preferably satisfies the follow ng Formula 13. [0055]
[Formula 13] 5 0.95E1. +3.90- E E1. - 3.90- [0056] Note that in Formula 12

and Formula 13, a satisfies the follow ng Fornula 14.

100- =+o0- [

of the energy density when the intensity of a reflected mcrowave is the
each of n pieces of the single crystal sem conductor |ayers,

maxi mum i n

[ 0057] [Fornul a 14]

0058] In Fornmula 14, at represents a standard deviation

and

ue represents a standard deviation of the energy 15 density of each |aser
beam wi t h wihisddithdigs. serm conduct or substrates are irradiated. [0059]

As descri be

is cal cul at

& aﬁove, the energy density whose the peak value is the maxi num
g sing a is-PCD net hod, whereby optinmum energy density of

| aser irradiFitodimeédan2) he single crystal sem conductor |ayer can be selected
by a sinple nmethod 20 wi t hout damage. Accordingly, a sem conductor
D6 SRR

substrate i ncl udifhghia gibadiment aaie

planarity apgheCihiShéthbd Rort Jetdehifl B8 Sphifrial 6itfition FRNUIA&G! bUaRddestAOR0In The
energy densit h I

ich is selected is selected in considerati on of

a sefpepndiicton sphspgtean| e

E wh
variation nggwilﬂ‘ﬁitdm@%@“dbe‘%ﬂﬁh sifergnce te FIaY 2R @ @R conduct or | ayers of

each senicq@ggﬂtor substrate and variation of energy of a |aser;

accordi ngly,

manuf act uri ng pr §érels ¢ sagledpstal spmisondigtor subsratssliOp ds pepariheras Gesingle
Qflstﬁ“%?&iécﬁlhﬁctgr“%ﬁéﬂg@vgé@éIf%}’ UARME, 5 BHIE Fy¥adt BnicRahGGnduct or

sem conduct

| ayer can be’ man
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substrate formed with an element belonging to Group 14 of the periodic table, such as

silicon, germanium, silicon germanium, or silicon carbide can be used. Needless to
say, a substrate made of a compound semiconductor such as gallium arsenide or indium
phosphide may be used. In this embodiment, as the single crystal semiconductor
substrate 100, a single crystal silicon substrate is used. Although there is no limitation
on the shape and the size of the single crystal semiconductor substrate 100, for example,
it is possible to process a circular semiconductor substrate of 8 inches (200 mm) in
diameter, 12 inches (300 mm) in diameter, 18 inches (450 mm) in diameter or the like,
into a rectangle and to use the processed substrate. Note that in this specification, a
"single crystal” has certain regularity in its crystal structure and crystal axes are oriented
in the same direction in any portion. That is, the single crystal semiconductor
substrate may have a few defects. In addition, the term "rectangle” also includes a
square.

[0064]

After the single crystal semiconductor substrate 100 is cleaned, the first
insulating layer 111 is formed over a surface of the single crystal semiconductor
substrate 100. For example, heat treatment is performed on the single crystal
semiconductor substrate 100 under an oxidizing atmosphere, whereby the first
insulating layer 111 can be formed. As thermal oxidation freatment, oxidation in an
oxidizing atmosphere to which halogen (for example, chlorine or fluorine) is added is
preferably performed. Halogen is included in the insulating layer formed by

performing thermal oxidation in which halogen is added, and when halogen is included
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30[ 0061] Note that this enbodi nent can be freely conbined with any of the
ot her enbodi nents.. [0062] (Enbodi nent 2) In this enbodi ment, a
met hod for manufacturing a sem conductor substrate 5 using the nmethod for
detecting an optimal condition for a |aser beam descri bed in Enbodi nent 1
wi |l be described with reference to FIGS. 2A to 2K [0063] First, a
single crystal sem conductor substrate 100 is prepared. As the single
crystal sem conductor substrate 100, for exanple, a single crystal

sem conductor 10 substrate formed with an el ement belonging to Goup 14 of
t he peri odi gt 4 @abeyrafietcst g&t@ith&mmqugeﬁ rani Qiatomi/int el Rey thamnbrégualor
silicon carbide can be usgd. Needl ess to say, a substrate nade of a

conpound selfi €dn claEﬂmSéCthth&smﬂ’é?qngdW%r@%rfP%oﬁras|anEFi°Ffﬁ§1Y?n5§’bﬁYhé‘él may be

-used. In thba%nﬁ&b%ﬁ'lﬂﬁﬁﬁ sheh taeqn&alnmdepfewxﬁé %e 8 Apkcayaweﬂ{m&u@a&ﬁ ate
100, a single crystal icon substrate is used t hough there 1s no

| imitati on Subsigate i%ﬁ@hamgamammteél ze of the single crystal seniconduct or
substratg 1fcsfor exanple, it is possible to process a circular

sem conductor substrate of 8 inches (200 mm in dianmeter, 12 inches (300
m in di arret er I1 gthisn ebedinaB0 thernal exidatione trgatmgnt ih etfoled mdeo @

rectangl e an use the sed sy

SpeciT i cat | BredettSRalite MO A ARl iefoecl B EraPR o N widrsy a
structure afigh icidinglchR¥as iofofnal asaht Gebt #ulafing gerslale The @ibb@turd 6 any
portion. That is, the single crystal sem caonductor substrate may have a few

def ects. | nthadherpbaxideton Teatment, is Seh iy be954) ‘Lo a{l%éhlmavé%mgsswﬁjﬁiﬁeﬁrst[ 0064]
After t angtq% gCIE)Ye?tl@i @&M@@%ﬁﬁ&orm@mﬁ& ?lr&%u!aﬁnglliﬁ@l nef, pdshe first

25 insulating layer” 111 is fornmed over a surface of the Si e crystal
seni conduct singleldyst ﬂalp@quwhlsmmémlf@wemaﬁ mayduvere rstaCR@ grctfuey ofed on

the single conductor substrate 100 under an oxi di zi ng
at nosphere, Mﬁgﬁeﬁyﬁ first insulating |ayer 111 can be forned. As

t her mal oxi[@&66lon treatnent, oxidation in an oxidizing at rmsphere to which
nelogen (10r EXRLE e 0hOE PR o0, PRORRBEALET BB, 1
t her mal 150X Istaini fbnmd’naMnn@imchlafamyeby arselactde digldathdougheahe fest dgelating layarc! uded
111, and an embrittlement layer 102 is formed in a region at a predetermined depth from
the surface of the single crystal semiconductor substrate 100 (FIG. 2A). The depth of
the region where the embrittlement layer 102 is formed can be controlled by the
accelerating energy of the ion beam and the incidence angle thereof. Here, the
20  embrittlement layer 102 is formed in a region at a depth the same or substantially the
~ same as the average depth at which the ions have entered.
[0067]
The thickness of the semiconductor layer which is separated from the single
crystal semiconductor substrate 100 is determined depending on the depth at which the
25  embrittlement layer 102 is formed. The depth at which the embrittlement layer 102 is
formed is greater than or equal to 50 nm and less than or equal to 500 nm, preferably
greater than or equal to 50 nm and less than or equal to 200 nm, from the surface of the
single crystal semiconductor substrate 100.
[0068]
30 - When the single crystal semiconductor substrate 100 is irradiated with ions, an

ion implantation apparatus or an ion doping apparatus can be used. In an ion
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at a concentration of greater than or equal to 1 x 1016 atons/cnB and | ess
than or equal to 2 x 1021 atons/cnB, the insulating |ayer can function as a
protective fil mwhich captures an inpurity such as netal and prevents the
single crystal sem conductor substrate 100 from bei ng contam nated. 5[ 0065]
In this enbodi ment, thermal oxidation treatnment is perforned under an

at nosphere including HClL at 3 volune% with respect to oxygen, and a silicon
oxide filmincluding chlorine is forned as the first insulating |ayer 111.
The tenperature of the thermal oxidation treatnent is set to be 950 C and

t he t hi ckneiagplgnkation @pparated, a sddcd gsus eiditad td pryduce ldilspesies elie groddzed B nm Not e
that the first, insulating |ayer 111 has. a single-layer struycture in this
enbodi ment : PREGE Br MAISTSCRREeh ot PRSIReEiES 458N FRCRS PUPSIERBIS MRS B | ayer s,
[ 0066] NextimpldeedSih APrétess objdca! - 16 @Y 1oR ATHIGE appasatis hpadcessN id &citéd pdi at ed
with an ion 15 heamforned of_ ions accel erated by an e{é_}s{gtr{{c field,

t hrough t hePrPdycs{ion sRag es: th Produged lonspecies e 410t BKBY TPRREHeMY f RREFSS102 i s
formed i &9 AbPr&duek DR spRidsh T AMbh BEpisglifpamtisProdidtd singl e
crystal ﬂe%%ﬁgﬁgﬁﬁétefﬁgtr_atgdu%%%%(ﬁ G 2A). The d?p?% %f thg;_rr_egi on where
the enbri t tWishe sy sgpasaton i implantstipn with Mashieparghen e b peHyrmedsiaidEl) er at i ng
energy of t I @ansh i NCi ; r

enbrittl emﬁﬁhfg%lrﬁﬁ@(% |ls %%t?rﬂ%'%cl %ﬁgﬁgesg%&g{)&:ﬂhgg%% E?t(ﬁlg if{;%e%gr

subst ant i al implantation apgerates anldeandoe depjeg apnaratusas spdsified onbeinithheasp akhereent er ed.
[ 0067] thi f c%ggéjw ; i LS. arat ed
fromthe sior{lgelog%gplyrtsgteg Z’gr%]l‘lse?bﬁh%g?%rﬁrﬁ&seu st rgétrghjfk)%)glﬁét e%lggcr%’%sg% ﬁ%épendi ng
on t he Weptdithet ofilenc may heud tepdrformtibreimadiatibmyer 102 is forned. The depth
at whi ch th@ {tﬂ‘orittlerrent | ayer 102 is formed is greater than or equal to
50 nm and | g than or equal to 500 nm preferably greater than or equal to
50 rim and | ess wmnajondfradigtionl stépoin?he chdel dflysidg anmidnhdoping gpasnafcahte si ngl e
crystal sem conductor substrate 10Q. 068 OWhen the single crystal

sem conductRSF OEH%@"F’%S‘FEG ?%Wi‘rbgclof] 1&8?%?%& ﬁﬁ' ions, an ion inplantation
appar at us Qra@Bletafitn 9S1RIP & ARRGRdNT cGad) 16 €0 WP RAd Ids§thad of &jial toDH &N at i on
apparatus, a source gas is excited to produce ion species, the produced ion
speci eslJar dprederably gisatentharior eanal tp 30 k¥ pad less thap eneqialior’§ kY )pr edet er ni ned
mass 1S 1 DI GRL G olefoPih OF E8B1 801 SCT0' flls I ad LRS! BeARPR! ALUDI 2
process gas is extited 10 produce ion specles, the produc I'on species are
not nass-sdpavated, and a process 5 object is irradiated with the produced

ion species._ln an ion dopj apparatus proyided with, a S, separator, ion
| Dl ant at | GrPRAM ASEELenBh s gD A i CBul 5o L e Curtraby PRhF RS | on
i mpl ant ati %ﬁuﬁlﬁi@ﬁr VAR, aﬂcﬂn&x‘%‘p?eféxﬁﬁl?,‘ I{igl?e"iliﬂaﬁ%r et%d%?toﬂ%ﬁf:m_@)n? of an ion
i npl antati on apparatus and an’i on dOpi hg apparatus is specified only in the

case wW¥re [60]of t hem needs to be used, whereas in the case where there is

not specific des‘fl{ IRChQYr using an ion doping apparatus, a gas containing hydrogen can be

used as a source gas for an ion irradiation step. With the gas containing hydrogen, H',
H,", and Hs" can be produced as ion species. In the case where the gas containing
hydrogen is used as a source gas, it is preferable that irradiation with a large amount of
25 Hs' be performed. Speciﬁcally, the proportion of H3" ions which are included in the
ion beam is preferably greater than or equal to 70 % with respect to the total amount of
H, H,", and Hs"; more preferably, the proportion of Hs" ions is greater than or equal to
80 %. By increasing the proportion of Hs®, the embrittlement layer 102 can contain

0% atoms/em’. Thus,

hydrogen at a concentration of greater than or equal to 1 x 1
30 separation from the embrittlement layer 102 becomes easier. By irradiation with a

larger amount of H3" ions, ion irradiation efficiency is improved compared to the case of
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10 either of themmay be used to performion irradiation. [0069] An
ion irradiation step in the case of using an ion doping apparatus can be
performed under the follow ng conditions, for exanple. Acceleration
voltage is greater than or equal to 10 kV and |l ess than or equal to 100 kV
15 (preferably greater than or equal to 30 kV and | ess than or equal to 80
kV) Dose is greater than or equal to 1 x 1016 ions/cn2 and | ess than or
equal to 4 x 1016 ions/cn® Beam current density is higher than or equal
to 2 Alcn2 (preferably, higher than or equal to 5 AlcnR2, and nore
preferably, iratiigtier wtt]lilBIﬁ icns apd|Hal ioh 1R othecwids,Afind RQUiId for ion irradiftidnhe case
of using an iogn d apparatus, a gas containing hydrogen can be used as
a source ga&npogsh “? nirradiation step. Wth the gas containi ng hydrogen,
Fr, H2+, an@ofid+ can be produced as ion species. In the case where the gas
cont ai ni ng ydro?en is used as a source gas, it |s preferabl e that

i rradiation withIen AoRiag appAEHIRIcs gfe H@quqawe sad peslishtndd usspB dpigE@ERRl v, t he
proportion i d ably

O cat cr § nan ottt AR /ARG FAHIETE) Dl QaabPlh RRBRIE POEMELT 1o
and H3+; novignificast é’f@blsyc;h astee ippentitamseficoBluctonetwricerighiesaareincrehsn or

equal to 8Q (ygreal?y lﬁﬁéu%ﬁs ”c%s&hgncp Rﬁg{a'w?nﬁelﬁfmgb?fodutch eftittdn b ta RNt 1 ayer

102 can contal hy rog centr s equal to 1 x
1020 at ons/ ahna?.nedT h BIse,wnyﬁe&é paglatheomtrbuhmad tah ¢heesdorel tithé ewhen tanl iay etopib@2

beconmes easi er diation wmth.a t

rrad at 1 oreareisaistd; Hsoh SrstAen b RRE e RRR e R S aong Bl 31 on

W t hdHﬂa Oriﬁclﬁdﬁd% bﬂorﬁmméms idmhptehfbbdmrld &gmetebmerse@e Ergstalf semidogductor
irradiation can be shortene 07 | on do a tuses are |nexpenS|ve
and excel | Shpstrats 10Q<an peprescnied fgﬂr@éllag pnalt ﬁ@ﬁ?dueﬁﬁ@@wa%mep i rradiation
with H3+ byoemmg of such an ion doping apparatus, significant effects such

as an i npr ovenment in sem conductor characteristi CcS, an i ncrease in ar ea, a
reduction in cosiWhenghelianimplgntatips mpparatup lpa@du@tm prefesable ¢ énplpnickls} be

bt ai ned.  HEANeSIEh sl HRbiE 'OHLAMCRS B DS R MRS MBEMAT O

dopi ng apparatus S use fon Iry I on’i's orme hrdugh t he
first imssulthd icmg dfayshig ﬂtﬂ.ihoﬂ.ﬁmphn‘ﬂamh Bﬂ)&ﬂiﬂlﬂ)ﬂblﬂéﬂaﬁliﬂfm ¢ffic1t=,1|my3mayrtmd| ment ,

wher eby t he | e crystal sem gonductar suhstrate 100 e prevented

1 om bai ng TeHiSPARTHRRrUogte SR 4B Rgn RRE oopects] THE Is Do iofine. | on
i npl ant ati gpe@@w@udéﬁvdl§lm§ggﬁed it is pref erable to inplant H3+ ions

t hrough naﬁﬁofaparatlon O course, H2+ ions nmay be inplanted. Note that,

in
Although the first insulating layer 111 may be formed after ion irradiation, it is

20  preferable to provide the first insulating layer 111 before ion irradiation in order to
prevent contamination and surface damage of the single crystal semiconductor substrate
100 at the time of ion irradiation. When the first insulating layer 111 is damaged at the
time of ion irradiation, the first insulating layer 111 may be removed after the
embrittlement layer 102 is formed, and another insulating layer may be formed.

25  [0074]

Next, the base substrate 110 is prepared. As the base substrate 110, a
substrate formed of an insulator is used. Specifically, a variety of glass substrates that
are used .in the electronics industry, such as aluminosilicate glass substrates,
aluminoborosilicate glass substrates, and barium borosilicate glass substrates; quartz

30 substrates; ceramic substrates; and sapphire substrates can be given. In this

embodiment, the case of using a glass substrate is described. Cost reduction can be
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15 the case of using an ion inplantation apparatus, ion irradiation
efficiency may be reduced conpared to the case of using an ion doping
apparatus. This is because ion species are selectively inplanted. [0073]
Al t hough the first insulating |ayer 111 nmay be forned after ion
irradiation, it is 20 preferable to provide the first insulating |ayer 111
before ion irradiation in order to prevent contam nation and surface damage
of the single crystal sem conductor substrate 100 at the tinme of ion
irradiation. Wien the first insulating layer 111 is damaged at the tine of
i on irradi achiened when o glasstsubstratel vetichngnlhayea laidet sizayndB inaxpensod isfitedr t he
enbrittlenent, l.ayer ,102 is, fornmed nd anot.her i-psul ating | ayer may be
Formed.  25{BUAPe bt | s PRBarea BIMARNGD pelS f8.00e 2700 e the
base substr[@or]110, a substrate forned of an insulator is used.
Specifically, a riety of .glass substrat that _are used jn the

el ectronics i ndudff purt ‘i?cﬂfg%e if‘ﬁfnf"ﬁétéﬁtﬁ" iligtlé @F@E@E’s ﬁ%‘é"f e gdvance.

al um noBsor cspetificdllye ika6ific Slingatseperforned Al thenbrer abbtdte atlle @himss
substrates; auartz. 3Qsubstrates; .ceram c _substrates; and sapphire,

subst r at es Tygrpcplerig aciddydrpgen perexidepisira M. el idydiegen gerexifeas s
substrate igixAesSPNMEGn aRdnihR etk RIS HOzQE perakibé SMRHNEIMR BILRAS

substrate which can have a I&rj'c};ler_ size and is inexpensive is used as the
base subst rgwgen Hueridec@iHr enthe dikah dipr sxamplecyiaspaicefeqning js pipfepbly 75] The

surface of I : § 5
u pteﬁﬁm%'i’is&l b DB bR thh fdsd s%b@&a@% 3l @Dééﬁ’goﬁ hf(ﬁe ﬁcr‘ac?cg%y@?&é%n

Speci fical l'y, trasonic cleaning is perforne ase substrate 110
usi ng dOnhy derzideanixtnrecikhronglirsugfeslepungpiteativent the gurdaceiabile base subistratei ¢

per oxi de. mnp SR pRFeE ook e SR W R SRNAAR]

exanpl e, ulcan bsmmosyed| eaning is preferably perforned on the surface of the
base substrﬁﬁﬁ 110 using a hydrochloric acid/ hydrogen 10 peroxi de m xture.
Thr ough suc[ I]eani ng treatment, the surface of the base substrate 110 can
be planarized anNeaptsse¢endohhlbiingeytrefll Bnfottial swirfasafmoé of ik base

substrate 110 can d. [,0076 xt . fhe sec insylating |ayer 121
is formed &% ale éﬂff(gfcgo%&'t h _%é%‘]é’“‘ilgmgﬁﬂ?é’gr!i‘?’g igg gy éa‘fB)e.‘t %hé& second
i nsul ati ng slgWekhycdkbrubie &y Sadiel RehctareS | ROARNiticRY Be ESHECISNRING! lagerst acked
structure. In addition, the second insulating layer 121 js not necessarily

formed. As 131 Anneimessssardy forgiedi ngs & weateriad &rdormiag the serend gdatingdlayersi | j con
oxi de, si | i16Mnigtoh k8, sititioh nftfde, SHKEH Slyhflfde, SilibbPRRidAIdxidedst tRXlildEoanOr the
| i ke can be used. In this enbodinent, a nitrogen-containing |ayer (for
exanpl e, areiusedy| dn ithigyembodiment, a nitrogen-containing layer (for example, an insulating
20 film including nitrogen such as a silicon nitride film (SiN,) or a silicon nitride oxide
film (SiN.O,) (x>y)) is formed as the second insulating layer 121.
[06077]
In this embodiment, a nitrogen-containing layer which functions as the second
insulating layer 121 serves as a layer (bonding layer) which is bonded to the first
25  insulating layer 111 provided over the single crystal semiconductor substrate 160. In
addition, when a semiconductor layer having a single crystal structure (hereinafier
referred to as a “single crystal semiconductor layer”) is provided over the base substrate
later, the nitrogen-containing layer also functions as a barrier layer for preventing
impurities such as Na (sodium) contained in the base substrate from diffusing into the
30 single crystal semiconductor layer.
[0078]

Then, the above-described base substrate 110 and the single crystal
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20fi I mincluding nitrogen such as a silicon nitride film (SiNx) or a
silicon nitride oxide film (Si NxOy) (x>y)) is fornmed as the second
insulating layer 121. [0077] In this enbodi nent, a

ni trogen-containing |ayer which functions as the second insulating |ayer
121 serves as a layer (bonding |ayer) which is bonded to the first 25

i nsul ating layer 111 provided over the single crystal sem conductor
substrate 100. In addition, when a sem conductor |ayer having a single
crystal structure (hereinafter referred to as a "single crystal

sem conduct smi¢oayetor) substrapr 600 erechondat to dweh lodiwe (Blh 20).at Specidically, afibre

ni trogen-containi ng | ayer Iso func S arrier er f.or .preventing
Mpur Vo e StoiE07 R RES of i bost Rtaal o B B8 sl e Bl Semina iy
di f fusi ng imbmduheodﬁ@sé mgihed elichsdsallirasedit emmiug;tthxr surfayeof the Gﬁ&&hbsﬂa&n, t he

above-descrj ase substrate 110 and the . single crystal . sem duct or
ohert ot o 1O S AR AP e USalf TR AL DS bt (o e fREPRe S

cl eani ngs t hig cﬁhlﬁétaﬁﬂiseaﬁf othae tm@re pRdlind frédiert 10pafoenéd® ﬂihtﬁﬁlé ﬁuﬁw@ft al
sem conduct or substrate 100 a rret hod such as ul trasonic cleanin t he

surface of Prbassaubstratsydp and @eﬂ@a‘&rﬂf the dngle pysiaksepriconducten syhsteaic Hs

sem conductQk pshRA 6 8ich MY (RIrRatbrSPORAlinkP bBfinel WaBRTHRE andvhidtogdCh
other. Then, pressure treatment is perforned so that the surface of the

base subst rkonging seenniechct ofethis formasion of bendingsi ngl e crystal semi conduct or
substrate 1[@97 re bonded to each other (formation of bonding). Van der
Waal s force and hydrogen bonding seemto act on this formation of bondi ng.
[ 0079] MOBef ore Betorhiwdonding step, the surtace of the bassfsubtiratepbHeor shehsufned of 110 or

e sur ! acauO bR SLROGERNTL! (SRREAREUEL b SURSLEFLS ot ThiGle

subj ected t0 oxygen- plasna nt or ozon
hydr ophi | i ctreaﬁ}yemt br ezome eaatmemt so @& thpd hpdrpphilis.  dhdthis ﬁ&atmdsm, shydragbisof t he

base substr e 1 rface of .the I st a em cpnduct.or
Substrate. fRHE0 L therelod® o7 e, BER hteiCATd B8 v, IRRES iR Mo §YS4E ooso)
Next , heat s‘em&)@hdﬁﬁ:ltﬁr sulssuﬁﬁrlt)o,rmnht@myﬂﬂ@gerbaﬁﬂ csmbéfdi‘mb&efﬁ&ﬁnﬁmd the single

crystal rc?B gnduct or substrate 100 which are bonded to each other, so that
bondi n stronger. At this time, it is necessary that the heating

t enper ature be anNegIMesittdatRerilis Weif&lﬁneaetﬁﬁﬂ@tbag@ silstrhtd €1 164l thé |s§1§lént | ayer
102 i s not advanced. For 20 exanﬁm?, a tengper ature | ower than 4 C, nore
{¢]

pr ef er abl y T semicapdustor SHepiatet hickoapeabonded &vpachyatker, %ﬁ%bq@mgo
particul ar e sthdsadthABerOn Al gAY thﬁ@aﬁ @BEﬁEéaE? tha gk ﬁéhtagttbﬂ?éraﬁpeﬁﬂé tj on may

be set as appropriaté In accordance wt rel ati onshi p between processing
speed and Wempliraiyref ajvduch $qnaltahi>ls aleilip sdibnittlementlayier Weamﬁ%mvan@dpeﬁror med at

200 C f2%r texamp €, a%em}g? ditire 18 e th%nréﬁ)gl . mgre i}%&n gbf}glo%y tha% 3rréq%a ted
300 °C can be employed. There is no particular limitation on heat treatment time, and
an optimal condition may be set as appropriate in accordance with a relationship
between processing speed and bonding force. In this embodiment, heat treatment is
performed at 200 °C for two hours. Here, only a region for bonding may be irradiated

25  with a microwave so that the region can be locally heated. Note that in the case where
there is no problem with bonding force, the above-described heat treatment may be
omitted.

[0081]
Next, the single crystal semiconductor substrate 100 is separated into the single

30 crystal semiconductor layer 112 and a single crystal semiconductor substrate 118 along

the embrittlement layer 102 (FIG. 2D). The single crystal semiconductor substrate 100
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25 with a mcrowave so that the region can be locally heated. Note that in
the case where there is no problemw th bonding force, the above-descri bed
heat treatnment nmay be omitted. [0081] Next, the single crystal

sem conductor substrate 100 is separated into the single 30 crystal

sem conductor |ayer 112 and a single crystal sem conductor substrate 118
along the enbrittlenent layer 102 (FIG 2D). The single crystal

sem conduct or substrate 100 is separated by heat treatnment. The
tenperature of the heat treatnent can be set based on the upper tenperature
limt of the s@msaﬁedsi:&yﬂs:htrta&a&ndﬁ,o THeaemperatoyd o thav@ntreatgkiscan belbatbasde 1 s
used asthebse substrate e.te rature. of. the heat treatnent is
b of er abl y 7 BePPEAERS S e it of B S5 BB L Bricrrot RS S 650" c
However, 5 substheais dstdas thenbase Suliserafeol 10e the temperatups bf fer head trezitnienm t he
tenperature 0 e . heat treatnent pay be higher than or e to 400 C and
| ower than ¢ c@é@&lg%thmr B (0 F 480 lower fRE o sAYg P ﬁéﬁ%?g héa¥eeFeat ment
is perfarmgghadt REPnekt | erfoﬁﬁed‘ﬁyﬁ S$hort YOG oigﬁmgeﬂhE Qéxﬂisewuxteh?f 6 @kat

treatment as descri bed above, vol une change of 10 microvoids formed in the
enbrittl enﬁrﬂahmeaymayb@mlgi@cmas,orm@aﬂébﬁﬂa °@remd|40wq=r thareoredial ta TMN¥Ht | ayer

100 15 o cavan o Al bl v TrinpiCodhitDu cAF L SR THRR. ;0! 7 ©

i nsul ati ng [begmr 111 is bonded to the second insul ati ng Iayer 121 over the
base substrate 1 tal sem con sepa%r at ed

0, sin S a
fromthe single P’y%ﬂtrgﬂfm’élg & el ERtment oL (ESTIPH S0aYs0 omimd REARSE Ph e base

substrafge JdiBrovhids tth@ked i ﬂh@%nﬂﬂtﬂldﬁ&f fidee 102rochandwngchne hakeinsiiestrate
110 to the sin Ie crystal sem conductor substrate 100 is heated by this

heat treat reElrittieasphiaxen 1Goisarengraicd-  6F metgsut thasinglgcaysal semicopdusinidi ng so
that the bopeindg {00ris eleRRlVE&TE &@%mlaﬁ&r%m%ﬂtbﬁwram 14fcand ﬁrEIQnsﬁila’]ﬂﬁbe

crystal sem conductor substrate 100 is further inproved.
Then, the duxegllel isrbpade todkmpecontinetlating layesrl21 prer the baseasab@ta@dll\m the t he

I b t af th
Singl e or ySTE il SERIoRARldr 4R 1P spRla B3t H'sBific BPMBRICohARIR. | TF) g
for detléct isnstrate 19p1s freed to dmtiasa hstfase ItChe Phsthm Snbmammtenfmed‘onigmﬂmgan

enbodi ment %ﬁ ;li:a;[sg bR StE g Ctto%P?e :flré%/ﬁg nltyit%gsegﬁéo% uc or sr%ragw a(t’ed bglitg]fsrleze d

single cry m con can Yreite
and pl anar ikegtdirediiéifid¢ovalent borlinmissfatmbdiae thei mtqﬂlhea‘ ﬁfralhzlnylmg%dthﬁﬂ)ﬁle

irradiatio th the laser m 113. Th| caueahi h- ene ul sed
| aser beam% jng forgebetwegn |tltF)Fs S%fﬁt%‘ tss L }SP tt]l}angng © crystal Lemicondutior”
substrate 100 is further improved.
20 [0083]

Then, the single crystal semiconductor layer 112 is irradiated with the laser

beam 113 for recrystallization, planarization, and the like of the single crystal
semiconductor fayer 112 (FIG. 2E). Here, by using the method for detecting an
optimal condition for the laser beam according to an embodiment of the present
25  invention described in Embodiment 1, the single crystal semiconductor layer 112 can be
efficiently recrystallized and planarized.
[0084]
A pulsed laser is preferably used for irradiation with the laser beam 113. This
is because a high-energy pulsed laser beam can be emitted instantaneously and the
30 partially melted state can be easily obtained. The repetition rate is preferably about
greater than or equal to 1 Hz and less than or equal to 10 MHz, more preferably greater
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30partially nelted state can be easily obtained. The repetition rate is
preferably about greater than or equal to 1 Hz and | ess than or equal to 10
MHz, nmore preferably greater than or equal to 10 Hz and | ess than or equal
to 1 MHz. As exanpl es of the above-described pul sed | aser, an Ar |aser, a
Kr laser, an excimer (ArF, KrF, or XeCl) laser, a CO2 laser, a YAG |laser, a
YV | aser, a YLF laser, a YAIO3 laser, a GdVOQ4 | aser, a Y203 | aser, a ruby
| aser, an alexandrite |aser, a Ti:sapphire |aser, a copper vapor laser, 5
a gold vapor laser, and the |like can be given. Note that the pul sed |aser
is prefer al:xhgm toseaclusflcno 10 Hadarait less thant ér edual kade MHye amsl éimplest ofithe

enbodi nent e sent .i.nvention shoul.d not be cons S 1.ng
ot e hePaysaeseic iled RS b S Jp L AT i en esiBeh sk ed B 360D
excl uded. N@ieﬁ atGG lase§ acaBph@sa YVOgG GHEEII, ) lYQlI*‘SaS&ﬁ‘ﬁQ(AI@§ Rk&, 2 6OV, lak@ser, a

Kr | aser, lI aser YAG Iﬁlser | ase a YLF | aser, a YA103
| aser, a GcPV slBien adHbY lasepayp qxgg%qte Iaée ﬁﬁysqpa i laser, 7 COPBSr AR f‘@rI aser, a

Ti : sapph I & A8 Qhipor dashie hidifie A6 Kb B2 Fa@@r N@B that BR pullded 168NisPReEiNg
[ 0085] The wavel ength of the [aser beam 113 needs to be a vvavel engt h

whi ch i s apsef oegragiption witithedpser beaps { b, butameabrdimentef thepresent inyentipre
vavel engt h JgByd et ﬂ&dﬁ@&&a% @@ﬂﬁ'l%lféﬁ@ﬁér&@&l‘ﬁ&"h afe sDer PERGLEALIRR. depth

of the laser beamor the lik exanple, in the case ere the single
crystal sertstrigneteyplufiedy e Noterthatias cxamplayplecontinuous wawg lapess an [Anyeser, at he

vavel engt h Gk e ¢4 fagh‘?a{:?ﬂ@%sg; adf 98] Ber! Dol 94AI0L BslP) ARNT | €5

than or equal to urther ener gy enS|t’y [ase eam 113
can be l@et éasmnedeQn dasers i algnby ilaser,ofin t dexandnite| gt [ Jii:sappbiré alsser, beam 113,

the materi lli‘?rh c%&qmnﬁgﬁlagg %lﬁcr}(ﬁ@é qlm conductor layer 112, the

t hi ckness o e sin crys seni C CﬁJCt or layer 112, or the |ike.
Speci fi cal I[§985¢pt i me condl ti ons of the energy denS| ty of the | aser beam

which is em'tted an t t hod. . des r| |nE for
exanple, in the évéw n%‘? Qgglber E‘P‘?{a qOHS ¢ G’Owﬁﬁ?ﬂ’f”g’ nﬁ'ﬂfthl Bss than
or equal tab&@B:dnby etmesmgls[&sas%]semnuﬁdt@dlagtéﬂ m WITlhB wilelehghemapdam 113

can be erforned n an sphere contain oxy en such as an air
at mospHer e dgtermige We‘i“f‘s‘g?rﬁb@p‘{féﬁeep%?ﬂ‘% epthyt el beampcibrdke. o8 or der

to performek 1br;ﬁawoa§éwer&\mefsﬁfh€c A88EmRBAM ok $ayeP | BNs ARAle GysESphere,
irradiation i\k/}\nﬁl%h the | aser beam 13% be perf orme\yl‘3 in gn afgret?% ht 30

chanber whisilison lsyergthgyeavelength can benia tbﬁh@ﬁ%? gragfergharcesragpd|tp 880 nmrandhe case
where less than or equal to 700 nm. Further, the energy density of the laser beam 113 can be

determined in consideration of the wavelength of the laser beam 113, the material of the
20 single crystal semiconductor layer 112, the thickness of the single crystal semiconductor
layer 112, or the like. Specifically, optimum conditions of the energy density of the
laser beam which is emitted can be set by the method described in Embodiment 1, for
example, in the range of greater than or equal to 300 mJ/em” and less than or equal to
800 mJ/em®.
25 [0086]

The irradiation with the laser beam 113 can be performed in an atmosphere
containing oxygen such as an air atmosphere or an inert atmosphere such as a nitrogen
atmosphere. In order to perform the irradiation with the laser beam 113 in an inert
atmosphere, irradiation with the laser beam 113 may be performed in an airtight

30 chamber while the atmosphere in the chamber may be controlled. In the case where
the chamber is not used, a nitrogen atmosphere can be formed by blowing an inert gas

such as a nitrogen gas to the surface which is irradiated with the laser beam 113. In
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t he chanber is not used, a nitrogen atnosphere can be forned by bl owi ng an
inert gas such as a nitrogen gas to the surface which is irradiated with
the | aser beam 113. In addition, the irradiation with the | aser beam 113
may be perfornmed in vacuum [0087] After the irradiation with the

| aser beam 113 is perfornmed as descri bed above, a thinning process in which
the thickness of the single crystal sem conductor |ayer 112 is 5 reduced
may be perforned. The thickness of the single crystal sem conductor |ayer
112 can be determ ned in accordance with characteristics of an elenment to
be forned widditidnhe Sriraigdtion ovith Shicelhses Betine D3 Iy pekfoyaed ih ¥dcuudien an active
| ayer or gafﬁ %nsulating | ayer of a sem conductor el enent is thinned,
suppression0 $7la short channel effect, inprovenent in nobility, and

i nprovenent in SlPtﬁeNt@Sﬁéﬁlﬂw%\Mtﬂﬁhé ﬁseta»teatﬂ)uparpeafemt@ a3QBdcABaTabol & a0r der to
forma thin gate insulatin er with excellent step coverage over the

surface of HHENE nseAees igyhig icknessird tha Brels siyetal spapcopducter laxer ddhised t o
the base; sql@ataeatneaylﬂeoperfottﬁe& hltfhts AReRneRd ofth% gi\gt@sﬁr éé%’h@dndﬁ&&? gogduct or

| ayer 112 is preferably |ess than or equal nm and be greater than
or equal tolld %mb&rmterreg@d trhaworstﬂn@qw&t cltaéaoswsnm ofj |y dgae]t to be formedn or der

Lo thin theys nel Singley s ahi SERLSRANMP IR | RYET Wi, a DB 140EY oPlgGlli N0 and
chings

wet etching or a co n t|o th of” the et et ch-back t7reatnent)
may be errpllosté@tmgllweaoaﬂyemtcgmﬂun@r sletrienidis thinedd, sunptkessignof g shért gsanbdr on

chi ori de, sééehggﬁprgpgggnm oBfin Ak Ié)%rév%gtgﬁ’tcﬂsgﬁﬂl%gh(%l?s&ﬂiggg|vnl?1n9 Oxygen

fluoride gas such as su ni'trogen
gas, orl& hebedckievaian liberdasedoms a drin gite nsoptiga fayerwitle meﬂd:r& sigh cavergtechi ng

solutlon that etchl h Iannnnlum
mycir oxt de. (365 R GEEeo e e Bt EriroRReBE IR vich: b bR

enbodi nment ,bass sebsaatel FHOi sheddicknessest the sMigl@ tme;ta;t t‘nemg:oa&mtdrelayéfemz iss
pmfowmdaﬁ however n enmbodi ment of

r.r adl at | on
P o oo an bR IFS oo Sl b b e ey b, BRAEL AR P ofor tr S MEuAA et e 6 por

exanpl e, ettﬁﬂi&@qﬁgﬂ@@ﬂﬂﬁﬂt may be perforned before irradiation with the
| aser beam_ |In this case, unevenness or defects of the surface of the
sentcoﬂéuct@?’ﬂayer can be reduced to sonme extent by the etching treatnent,

and the enbrittl geRt: bakRthdGheb cHRHERsGSicAMiudtor layer 112, one of dry etching

and wet etching or a combination of both of the etchings (etch-back treatment) may be

employed. In a dry etching method, a chloride gas such as boron chloride, silicon

chloride, or carbon tetrachloride, a chlorine gas, a fluoride gas such as sulfur fluoride or

20  nitrogen fluoride, an oxygen gas, or the like can be used as an etching gas. An

example of an etching solution that can be used in a wet etching method is a
tetramethylammonium hydroxide (abbreviation: TMAH) solution.

[0089]

Note that in this embodiment, an example is described in which etching

25  treatment is performed after irradiation with the laser beam; however, an embodiment of

the present invention should not be construed as being limited thereto. For example,

etching treatment may be performed before irradiation with the laser beam. In this

case, unevenness or defects of the surface of the semiconductor layer can be reduced to

some extent by the etching treatment, and the embrittlement layer which remains on a

30  separation plane can be removed. By removal of the embrittlement layer, a surface

planarization effect and a crystallinity recovery effect produced by laser irradiation can

be enhanced. Alternatively, the etching treatment may be performed both before and
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30 separation plane can be renoved. By renoval of the enbrittlenent |ayer,
a surface planarization effect and a crystallinity recovery effect produced
by | aser irradiation can be enhanced. Alternatively, the etching treatnent
may be perforned both before and after irradiation with the | aser beam
Further alternatively, the laser irradiation and the etching treatnent my
be alternately repeated. By using the laser irradiation and the etching
treatnment in conbination as just described, unevenness, defects, and the

| i ke of the surface of the sem conductor |ayer can be significantly
reduced. Nesfttr éssliation sdil thd lhsebbedans rRutthereadtesmtvely, tiealtser freadédtion endithscr i bed

et ching treat,nen heat tr.eat.en or the ljke.is_always per.for . [ 0090]
A Cor Che TP reaeBR b SRR et Ropudf, ' g R %Y s io R e ot
treat ne gt f adshixligeaél atAght & c@nlii@ltmﬁ ?a%usf aesaﬁbedhﬁmhe%daa, EéfB@k,emﬁ theslil@! of

sem conduct or er.is nat nelte el er.1r.or .. For e eat treatnent,
SO TP lane e ke b he sqiaondtor iy e e e EHHGReng fiuesd . Misweraastng

furnace,s ans Rihedfpay alatithe aBovELdERINGY Bichin@ treAiBlerDRekt BbathentOér thOBkd kke can
be used. The heating tenperature is a tenperature at which the single

crystal serAvadsteged) ayer 112 is not nelted and which i's | ower than or
equal to tt'[gggﬂrai n point of the base substrate 110. The heating

tenperature is preferably higher than or 15 equal to 500 C; for exanple,
the heating tenpdéige thedrradigiiop avith the lasertisain,. ibis rsefarpblertbathod teammat faswer t han
or equal t ; < | : | r layer
112°7s hearSa 2 YRRRUREE, Fhel | e b B b0 A
at mosphér e peffornprd. hEert the rhealt ingatment.am diffusion fumeed, aghesting fiosaacuch ava i nert
20 gas ref . ' form an

oxi o 11 1 bR ReR athnch AUBEMLERE, AR UMM DRRR L B0, o

| ayer in tkas baastd.t rkhatheetig temparplreds oftemparaturegatsebich riled sidgle acrysitdl r ogen
gas (N2 gas),.nobl ase uch_ as.argo nd .xenon,.and the ]ike. Further,
Phe oxygon uieRERsRRR TR Ko Beupl 45080 R IO oS (D8 bt gt ower
than or equaint b thid®bappsabstime ¢10r dfhemekting temparatutBpreferablgUnghet thadhQdr25 ppm
Fur t her nor e, sefti ngﬁan at nosphere of the heat treatnent to a

by § :
| ow pr ddsurcudtarBO (ko srimaplet By heging dempeapiutsrcanrhs higher shed Qgrequaldosi ngl e
crystal sem p ept e T SHI.Ee.:l rably 1
103 pa t0 5 G M S e o BB st Rl 20 e
i ncl udi ng aemicoduetoe tayert HE iSk:ated it & tangharatioe of lagksr tHaA@r equahgl 50CCy st al
silicon seirép(‘ggﬂductor | ayer) in which the planarity of the surface is
i nproved a e defects are reduced can be manufactured

An atmosphere of the heat treatment can be an inert gas atmosphere. An inert
20 gas refers to a gas of a molecule or an atom which does not form an oxide film by
reaction with a surface of the single crystal semiconductor layer in this heat treatment,
Examples of inert gases include a nitrogen gas (N, gas), noble gases such as argon and
xenon, and the like. Further, the oxygen concentration in an inert gas atmosphere is
preferably lower than or equal to 30 ppm, more preferably lower than or equal to 10
25 ppm. Furthermore, by setting an atmosphere of the heat treatment to a low-pressure
state (vacuum state), oxidation of the surface of the single crystal semiconductor layer
can be prevented. The pressure is preferably 1 x 107 Pato 5 x 107 Pa.
[0092] '
Accordingly, a semiconductor substrate including a single crystal
30 semiconductor layer 120 (single crystal silicon semiconductor layer) in which the

planarity of the surface is improved and the defects are reduced can be manufactured
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(FIG 2F). [0093] Thi s enbodi mrent can be inplenented in conbination
with any of the other enbodi nents, as appropriate. 5[0094] By
application of this enbodi ment, a sem conductor substrate including a
single crystal sem conductor |ayer with favorable planarity and
crystallinity can be efficiently manufactured. In addition, by application
of this enbodi nent, generation of a defective substrate can be suppressed
in a manufacturing process of the 10sem conductor substrate. Therefore, a
sem conductor substrate including a favorable single crystal sem conduct or
| ayer can hgi@garufactured at | ow cost. [0095] (Embodinent 3) In this
enbodi nment , thod for manufacturing a sem conductor device using 15 the
above-descﬂpﬁ sem conductor substrate will be described with reference to

FIGS. 3A to 3D, Fhisembbbiniént 452 bemeplenefied IcaiibindiBn With eny of Rt ding f or
manuf acturi ng a, sem conductor device including a plurality of transistors

i s descri bedOSMRAISISAPBIWIBE- t he sem conductor device. Note that various
sen conductgpogjevi ces can be formed with the use of transistors described
bel ow i n conbi nati on. 20 [0096] . FIG 3Ais a cross-sectignal view of
a seni conduct or SybapHeation nefniisaembedimentc 8 oiemigogdicoreshbsimtedrfiuding p0097] To

control t hrsﬁfgﬂ@hﬁsﬁpké@%ﬂu%r TdyEs wifh RvOMRE PJIIMHY hd eqshIRRy R3A ¥R, 25
al um num or gal 'fumor an n-typq_lnpur|t¥ such as phosphorus™ or arsenic
may be efficiently manufactured. In addition, by application of this embodiment, generation
of a defective substrate can be suppressed in a manufacturing process of the
10  semiconductor substrate. Therefore, a semiconductor substrate including a favorable
single crystal semiconductor layer can be manufactured at low cost.
[0095]
(Embodiment 3)
In this embodiment, a method for manufacturing a semiconductor device using
15  the above-described semiconductor substrate will be described with reference to FIGS.
3A to 3D, FIGS. 4A to 4D, and FIGS. 5A and 5B. Here, a method for manufacturing a
semiconductor device including a plurality of transistors is described as an example of
the semiconductor device. Note that various semiconductor devices can be formed
with the use of transistors described below in combination.
20 [0096]
FIG. 3A is a cross-sectional view of a semiconductor substrate manufactured
according to Embodiment 2.
[0097]
To control threshold voltages of TFTs, a p-type impurity such as boron,
25 aluminum, or gallium or an n-type impurity such as phosphorus or arsenic may be
added to the single crystal semiconductor layer 120. A region where an impurity is
added and a kind .of the impurity to be added can be changed as appropriate. For
example, a p-type impurity can be added to a formation region of an n-channel TFT, and
an n-type impurity can be added to a formation region of a p-channel TFT. The above

30  impurity may be added at a dose of about greater than or equal to 1 x 10" jons/cm? and

less than or equal to 1 x 10'7 jons/cm®  Then, the single crystal semiconductor layer
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added to the single crystal sem conductor |ayer 120. A regi on where an
inpurity is added and a kind of the inpurity to be added can be changed as
appropriate. For exanple, a p-type inpurity can be added to a fornmation
regi on of an n-channel TFT, and an n-type inpurity can be added to a
formati on region of a p-channel TFT. The above 30 inpurity may be added at
a dose of about greater than or equal to 1 x 1015 ions/cn2 and | ess than or
equal to 1 x 1017 ions/cnR. Then, the single crystal sem conductor |ayer
120 is separated into island shapes, whereby sem conductor |ayers 702 and
704 are f oripedis(ssegatbd @atdBland $APE] wexby semigahduciondayend 70 ahdiyes art06 | S
formed so as to, cov. # e sem conductor 5 layers 702 and 704 (see FIG 30).
Here, a sil 05'8‘?11@?8%9 tmis fornmed in a single layer by a pl asma-enhanced
CVD et hod. [pdbgier natively, a film containi ng silicon oxynitride, silicon

nitride oxi de silicon nitride, hafnjum gq g al um num oxi de, tantal um
oxi de, or the |i RExaygafseinpilatingdaygriigo s 89 AR {RFOVST FhcIeieongdicter st acked

structure agy ér&‘%%'fdemﬂ (b ipat i3ng, | ﬁéﬁ‘@ra st8&n O%Qfem% formed in a sififle fye

manuf act ur i ng net hod ot Rer than a pl asma- enhanced CVD net hod, a sputterl ng

nmet hod and & @eml%maﬁnh@ﬁ@cbuc‘zmgn@ﬂwdn trAIH-’l”WQVﬂy Bi &Hm deonsainipg psilieomn
treatment cgny, creg's‘i‘lﬁ:'an,ﬁ'lhgl@ 6’:8&'@' stlbfcoﬂ' tt{aﬁﬁﬁrﬁﬁ&ldé Fxﬁﬁﬁ;ﬂ{ Bede LY

using, for exanpl e, a mxed gas of nobl'e gas such lum argon,
krypt on, ortantelyonoxidgm dr dheglke M8y é:@dhrrm‘,i mtlygemnglmlawroajelntum(me stagkepdloni a,

ni trogen, o&mpﬁ%graggl%\r;&at 19541%1&%1%'%???6 by exciting plasnma by introduction of
alo ectr

a m crowave ‘on tenperature and high density can be
gener atkd. [E&Qﬂj surface of the sem conductor | ayers is oxidized or nitrided

wi th oxygen radigals radi ca be | ncI ded) I, t icals (NH
radical s may be f Ugg@f"%?gcﬁ’egpga %lé e&gﬁwﬁd f(r)‘ﬂ% ?iicej fsity
pl asma, vxhe;pemtmgmnemw Iaaa ianfhethay eof mﬁdf’mg rmdmtrmlﬂgabye g he:csﬁtpqﬂssmf

ss. than or r ferably

greater than or equal
o cat ot hdTFeTerE gt reB: nNGHIFIFES Bata, reBmea apertgmed bimsuly 32t o be
in contact dihinple! Mg EhEOMibblieas biahels helidn WaQin, REPon s xehdh; amgasnduct or
| ayers obtained by the high-density plasnma treatnent
5 such as oXxygen, nitrogen oxide, ammonia, nitrogen, or hydrogen. In this case, by
exciting plasma by introduction of a microwave, plasma with a low electron
temperature and high density can be generated. Each surface of the semiconductor
layers is oxidized or nitrided with oxygen radicals (OH radicals may be included) or
nitrogen radicals (NH radicals may be included) which are generated by such a
20  high-density plasma, whereby an insulating layer is formed to have a thickness of
greater than or equal to 1 nm and less than or equal to 20 nm, preferably greater than or
equal to 2 nm and less than or equal to 10 nm so as to be in contact with the
semiconductor layers.
[0100]
25 Since the semiconductor layers obtained by the high-density plasma treatment
are oxidized or nitrided by a solid-phase reaction, the interface state density between the
gate insulating layer 706 and each of the semiconductor layers 702 and 704 can be
drastically decreased. Further, by directly oxidizing or nitriding the semiconductor
layers by high-density plasma treatment, variations in thickness of the insulating layer
30 to be formed can be suppressed. Since the semiconductor layers have crystallinity,

even when surfaces of the semiconductor layers are oxidized by a solid-phase reaction

by using high-density plasma treatment, nonuniform oxidation in a crystal grain
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are oxidized or nitride/1li by a solid-phase reaction, the interface state
density between the gate insulating |layer 706 and each of the sem conductor
| ayers 702 and 704 can be drastically decreased. Further, by directly
oxidizing or nitriding the sem conductor |ayers by high-density plasnma
treatnment, variations in thickness of the insulating |layer 30 to be forned
can be suppressed. Since the sem conductor |ayers have crystallinity, even
when surfaces of the sem conductor |ayers are oxidized by a solid-phase
reaction by using high-density plasma treatnent, nonuniformoxidation in a
crystal gr ajonndabpcanct&rsypmme:hehtsu@ pate §seldting layer, with @actneblb malfd)mtn'yr@dl ayer

wi th favorahl e .uni mty and a | i nterface stat can be forned.
A transi st dr WdEtthtﬁe &tet %eélsﬁtyn%atﬁllba?&fl’vw&%r afdfe nf’BtPﬁE'a Rﬁ 'H%tﬁﬁ IYFTol asma
treat ment iforniddite tipidedsity plagme tre@imehhin YRt Rarinds bl wird dslgthb gmermsmtatﬁage

transi stor or as . the whole g;;tte |n ul atln I,%irerogf he tr.ansi stor can have

"slittle varl®gl obHe; trnsiHer of g’ét"é‘?q gﬁltggn e trapsisigt eAnshve i ¢

exanpl e 50f [gldRRifGsh ke dRAMASIEr i Ng an | nsul ating layer by a plasm
treatment is described. The surfaces of the sem conductor |ayers 702 and

704 are oxil@i%éd or nitrided in such a manner that nitrous oxi de (N20) is

diluted to be 10Agﬁ&@"sﬁé’clfic"aﬁmﬁfe o@"ﬂqﬁéthécpfonlmtahﬁ'ﬁctﬁﬂ% Anﬁiﬁﬁn]itﬁ%r}a)% b§qual to
3 times (the flowratio) a mcrowave power 45 GHz)

greater thamplasmadigaiaiontis dgscklwctan a‘hp élgﬁmsr@frth@tenb@pméuct@rdaﬁrkm @déﬁeﬁ)l i ed
under a pr h I ual to
30 pa. Byt Supized SERRCAER oChbflcr iy AR ARE (8 L MR B

wi th alfhi greates shagrazaqesl to Hatimo andelgaathan or ¢quahtap dinies {the tfloanrati) wighal to 10
nm 15 (preferabl re h an S equal to
6 nm is fggﬁ?gz.&j nﬁ %%C?O‘?kgl% ng%z%g)@ﬁllz)té% |a§erq¥&1 qugl 1:§r3rrl§=3 agg G upper

| ayer of t dengateual tlsfuk‘aft:s agaliedyaaderi(iﬁesh;te greati:pthanpheqml o ldvRahanddéskod i n

such a nan er that i us .o N20 |Ia nt r.oduced and
a ni crowav {2‘)@{319 %‘f%ﬁ% %ﬁi y&ﬁ%}gtp g%e S‘k‘@é%llayffrggg t han or
equal to 5“}ilWa$hlalﬂﬁksl gf&ateﬂdlﬁn &r Bdit&SStblrlen@rﬁﬂt B%s tHeanoroéquale@liotem 20 10

Pa and | ess tg?ﬂnior egggﬁpto 30 Pa.. The 8ite i nsul ating layer 706 js forned

by cont? ni RJEEEP]E L AP o i gnd 1558 Mhan R LquriB ) Amist fegBechs
described ahANG;a meﬁtymtrt& fOmtie fored b met &y@rofmf»gaw tntmﬁndgqu'\ym denterface

state denmt@g and an excel lent wi thstand vol tage_ can formed e t hat
in this cad@t byRevagarihashgiphal msthoddy spchypenanper taatt%ousay@qle ) endr e.

25[ 0102] silane (SifYs} 26 ol &l¥ingd b Recddhe lsdwgﬂs 89;) wér%%ﬁomtaﬁs for med

by ther rral y oxidizing the sem conduct or rs 702 I'n the case of
form ng thé k¥aewl kessthirpen aqyalltay W isapplieshundaes pressuoxgreater thin oreqbalde

substrahe Y] AqGONRALAL! Yfilal 138 Ba"CRhe LREIMLANGE 1dydr POEtLHAREY by S€d:

combining solid phase reaction and a vapor-phase growth method as described above,

whereby the gate insulating layer 706 with a low interface state density and an excellent
withstand voltage can be formed. Note that in this case, the gate insulating layer 706
has a two-layer structure.

25 [0102]

Alternatively, the gate insulating layer 706 may be formed by thermally
oxidizing the semiconductor layers 702 and 704. In the case of forming the gate
insulating Iayer by such thermal oxidation, a base substrate with a comparatively high
heat resistance is preferably used.

30 [0103]

Further alternatively, hydrogen contained in the gate insulating layer 706 may

be dispersed in the semiconductor layers 702 and 704 by performing heat freatment at a
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30[ 0103] Further alternatively, hydrogen contained in the gate
insul ating layer 706 may be dispersed in the sem conductor |ayers 702 and
704 by performng heat treatnment at a tenperature higher than or equal to
350 C and | ower than or equal to 450 C after the gate insulating | ayer 706
contai ning hydrogen is fornmed. In this case, the gate insulating | ayer 706
may be formed using silicon nitride or silicon nitride oxide by a

pl asma- enhanced CVD nethod. Note that in this case, a process tenperature
may be 5 set to lower than or equal to 350 C. In this manner, hydrogen is
supplied t Otembaamm' mgml it ey & 35072 arnidwéOrhan vhejuabyy 4$6f°€Cdf§:r 'tha t he
sem conduct or rs 704, .at an interface befween the

i nsul ati ng §4§ 6’@ Eﬁ’&r %ﬁg oFRiting fydrogsn I'Samee}OZ} n HHy cage 4 |gﬁtleerface

bet ween t heinga&tmguﬁs&u 74 | m? Heaﬁzsﬁﬁeﬂ&%gamcdnhﬁmemrfemasyﬁ&ﬁae b3¥€by 404 can
be effectlvely reduced. 10 a conductive layer 1s forned

over the gatiemarsnfimesd YD 559@961 70160*»651#?& i H@nca@%@ RIBgRS empgratyra ey bes
processed (RAtd RFREHan S Qual B BHELET ThNER mAREE, hyﬁ%@%@@s@k%@%gﬂ:‘és 708

are formed over the sem conductor |ayers 702 and see The
conduct i ve searjcondustor liers d02nandl T84, avhexddy rdefeisdn the sqmlt:mreiuctnglazywrﬂﬂd or the

i ke. 15 Th dycti. f I suc

tant al um (105 O ol it G et D Bl TR A8ER Bl Bt e RRRR 1y ()
copper (OJ)layechTQimanm étCm) interfacd @biwmn(ﬂlsb)gateAlinmﬂamagl lagdry 70@rand| they

mat eri al contai n ﬂgovebde cn% cﬁg(@ as a main conponent or a
conpound cc?ﬁ'fléwﬂ 8) PE AHoVROHE ?ﬁt'lv Tl can al so be used. Further

al ternai vgbyi4]a sem conductor material such as polycrystalli ne silicon, 20
iparts a conduohFdh & SOy I6Fe fHBnrcevehiy Sl aLine DEp 896, and ten. that
Al though t hge ebilutiivRIRSer/R8praé@sddofpaRenad intoSh rtﬁé&telnﬁlﬁ@ﬂ saanRduafetabg | ayer

in this enbodi nent, the sem conductor device of this enbodinent is not

limted toelogiodes 798 ape: fagmed overdhe sapicensysier *ﬂaavSnW ad 706 (sreF16s3R).
plurality gfpe %@Cfatsm 193% @M%é fbﬁn&cﬁyﬁé @vd RethbE aGpicerRb nﬁtﬁo\aooﬂ 1Y fike.

structure, for exarrp , dendm f m at|tan|umf| a titani um
nitridd5fi Mhe cordugtive layqzéam ozmeCU&@n aa@teerlal Bisb as faatpdum (&thdurmsteal(%; num

filmor the.like #BY REpHSHth ke L@%]?fio&;plﬂn é'gd cfifdy |(,%?7

three-layer structdre, "a stac ’structur enum
al um num f infamurmaQidb)a aﬂtenatwdﬁyjanwhoﬂlmmrm cemtamklgcthe;abcmetdescmbed na:tatll tani um
film an alumnum

|umf r the Like y eued
[ 0106] T oo P 8 By Bl e e Sl o 6t S8 ey b
formed usi ngeda E‘Bﬁlﬁﬁi‘la&bmsmlﬁlly assemidondestoronitedal Gicls bd pelpetystalling eigicensi de. I n
this c r.o for formn atternjng a silicon OX|def|Im
LT 3 ik BB Reth Y dopied apmiaadicson ViERat LRpHTHY Llenieal ot e,
however, tb@ld@m@@@tty@‘ of the likerhd g@lugdd! m t hi ckness of the rras_k in etchi ng i s
small er than the resist nateria thus, the electrodes 708 with an accurate

shape can H40Pbr ned. Al ternati veI y, the electrodes 708 may be selectively

formed by a dr opAgfou h%@&é%d@??(ﬁpﬁe%ﬁﬁ%ﬁs #8h azéﬂﬁc&m&% s T
dropl et di scharge ne refers to a nmethod in ich d lets contalnlnga
predet er mi thigiem odlment the semiconductor device of this embodiment 1s not limited to the

25  structure. The electrodes 708 may be formed as a plurality of stacked conductive
layers. In the case of a two-layer structure, for example, a molybdenum film, a
titanium film, a titanium nitride film, or the like may be used as a lower layer, and an
aluminum film or the like may be used as an upper layer. In the case of a three-layer
structure, a stacked structure of a molybdenum film, an aluminum film, and a

30 molybdenum film; a stacked structure of a titanium film, an aluminum film, and a

titanium film; or the like may be used.
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10 conposition are discharged or ejected to forma predeterm ned pattern
and includes an ink-jet nmethod and the like in its category. [0107]

Al ternatively, the electrodes 708 can be formed by etching the conductive

| ayer to have a desired tapered shape by an inductively coupl ed plasna
(I1CP) etching nethod 15 with appropriate adjustnent of the etching
conditions (e.g., the anount of electric power applied to a coiled

el ectrode | ayer, the amount of electric power applied to an el ectrode |ayer
on the substrate side, the electrode tenperature on the substrate side, and
the Iike). [Ob&]t aper ed shape can be adjusted according to the shape of the

mask. As the etc hl | ori boron chl ori de,
silicon chlori demog’rgthgt Tlg @Wﬂ%sl? ofleie"trgg?sl W%%E@“@%ﬂﬂ%e car bon
. tetrafl uor lrﬂﬁerlaﬂ Wuthibs fsiliU&{ oglide diarsﬂwohrrﬁgﬂs dxlideor i ehiis Gacg e proks e | i ke
I s used as roprla el enent jmparting one

0 an . i urit
conduct i vi tf§7 g a m%s@érd%aerp gtah% rﬁxé‘??nﬁ‘gb it 1qog,natride pyide 4, onthe i ng
the el egtrafiess 4@fuannyasked BRRvE, GcdMount Bf &2 biliced SR ARiLERSS of AR

inmpurity element inparting n-type conductivity (for exanple, phosphorus or
arseni c) i Snasldaiohimnet Kemalen wamdhscresist malpenl fop, ﬂ’ﬁrf‘ée‘%{ﬁdffsn% thy 8| enent

| nparting pelyhe sﬁ&]ﬁdééﬁtlﬂevfdﬁe(ﬂf NiteFradid Eihe RREREes 1798 é}ﬁ’é}ege EQediiv8l

sem conductor layer 704. Note that when the inpurity elenent |npar¥|ng
n-type condounddvby ¢ dreplatdiseharge méwée‘mﬂwhmgdhe Inagks.  Afeze, a ideoplet

conduct i vi (5 pa8y Sleuiekfy 67 a Qe i SlATOpL, AT o FRRnAgaE- 1 YPe
i mpur i tip elceWMtlomaﬂtsch@qdmypetedmﬂmmta medojeringned gadetn seidgutlidesay
Furt her, eE gmogggi&énmahﬁpe &glnpartlng p-type conductivity is added
f0107] ‘
Alternatively, the electrodes 708 can be formed by etching the conductive layer
to have a desired tapered shape by an inductively coupled plasma (ICP) etching method
15  with appropriate adjustment of the etching conditions (e.g., the amount of electric power
applied to a coiled electrode layer, the amount of electric power applied to an electrode
layer on the substrate side, the electrode temperature on the substrate side, and the like).
The tapered shape can be adjusted according to the shape of the mask. As the etching
gas, a chloride gas such as chlorine, boron chloride, silicon chloride, or carbon
20  tetrachloride; a fluoride gas such as carbon tetrafluoride, sulfur fluoride, or nitrogen
fluoride; oxygen; or the like is used as appropriate.
[0108]
Next, an impurity element imparting one conductivity type is added to the
semiconductor layers 702 and 704 using the electrodes 708 as masks (see FIG. 4A). In
25  this embodiment, an impurity element imparting n-type conductivity (for example,
phosphorus or arsenic) is added to the semiconductor layer 702, and an impurity
element imparting p-type conductivity (for example, boron) is added to the
semiconductor layer 704. Note that when the impurity element imparting n-type
conductivity is added to the semiconductor layer 702, the semiconductor layer 704 to
30  which the impurity element imparting p-type conductivity is added is covered with a
mask or the like so that the impurity element imparting n-type conductivity is added

selectively. Further, when the impurity element imparting p-type conductivity is added
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to the sem conductor |ayer 704, the sem conductor |ayer 702 to which the
inpurity elenment inparting n-type conductivity is added is covered with a
mask or the like so that the inpurity elenment inparting p-type conductivity
i s added selectively. Alternatively, after one of the inpurity el ement
inparting p-type conductivity and the 5 inpurity elenment inparting n-type
conductivity is added to the sem conductor |ayers 702 and 704, the other of
the inmpurity element inparting p-type conductivity and the inmpurity el ement
inmparting n-type conductivity may be added only to one of the sem conductor
layers at aohthghkenicomincentayat 704). thBgerhioendudidi tayen 701 td Im&ndhnuhunhapynityi npurity

regions 710 .and inpurity reqi ornmed in the s n ctor | ayer
10°705° and AR AP oA el & B ETd TN S P0G e ke S0 e
sidewal | s 7thé aliee ifnplipd cRment dﬁpﬁﬂﬁé ameofcoﬁdmenﬁbeq& r aides Jeﬁb%u(zélgee FI G
4B) The sidewal |s 714 can f.orme or exa new y form ng

i nsul ati ng MEGFR3IvEl, afteroge 'mPHréty "éenit eeATeRg nggynegyeﬁu%@f apditehe

el ectrodes ifpdrigNdeddht H’lﬁ)érhﬁ’é hitypel@n@h&ivitds hi®di Bk SdohiBShduBisE Tyt

ani sot ropi c_ et chi nggrral n in a perpendicular direction. Note that the gate

i nsul ati ng 108&yasd 78 h@rﬁgheaPEBwb@p@tﬂaw&w@aﬂmpﬁa&%pwetq@ed@ﬁmowbwc
et ching desgh|, del@rﬁ&ﬁ%mpﬁﬁmk NRtypB Seh@lctiVEy |n?a)$reﬁc a&&edf Y B % teh@f ﬁ]l'edewal I's

714, afllmco aining silicon, "silicon oxide, l'tcon nitri i con
oxyni t ri de,semidopgustpr nlgyars @e aokighRs, cogpensiatern oBmeendChﬂlon of tlnehem]buritje may be

formed to t:

bl asma- enhaRba0 AP B AU SISt HELUEET 2 ard e R IS Byl

enbodi nént ,703 afid the semictidsktos layercid, mspedavely.l mis forned by a

pl asma-enhgp CVvD nmethod. In addition, as an etching gas, a m xed gas of
CHF3 and h can be used. Note that a process for formng the sidewalls

714 is not |im t dext Sidevetllo 714 Btk XojmeAdneside, su&b]ceisl@ﬁﬂfeiele;étrﬁde@ﬁﬂ%l'(seé FE@rting

one conductj vit ded, to th conduyct or ers 702 and 704
nor g the_ dibe TheAFAIR 5T S5Ebe Brsistd b cloL PRCI G AR, B A THERSE denal | s
714 as masKgyet 5€8s t5|c65vc4@)c gabiinSultingtlayteh 06 AAALhE EiécteddesPOB andBattiang t he
sane conduct|V|é§ pe.as the inpurity el enent, which has been added to the

sem corlducte¥hing %P’é“l?%% lawer byomisopopih gtohngvnanly 1p adersadicdlandigrsion.o t he 30

sem conductm\jte {Iﬁyﬁn'ésgat%qas@fﬁﬁg ]Qﬁr q% hab) 1a8RQc FQHRE PR b e d}{@go?rofngat when
the inmpurity el ement E conductivity is ‘added

semi conducte&hlﬂga%?&rlbl?@ﬂbovﬁh eA%é‘?llé g dayer fcaf@?mrrg)ﬂlets@evmhl%wh h@lm npurity
el ement | n@@ﬁtﬁfﬂﬂ% sﬂchﬂ,%lcon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,

an organic material, or the like may be formed to have a single-layer structure or a

20  stacked structure by a plasma-enhanced CVD method, a sputtering method, or the like.
In this embodiment, a 100-nm-thick silicon oxide film is formed by a plasma-enhanced
CVD method. In addition, as an etching gas, a mixed gas of CHF; and helium can be
used. Note that a process for forming the sidewalls 714 is not limited thereto.
[0110]

25 Next, an impurity element imparting one conductivity type is added to the
semiconductor layers 702 and 704 using the gate insulating layer 706, the electrodes
708, and the sidewalls 714 as masks (see FIG. 4C).  Note that the impurity element
imparting the same conductivity type as the impurity element which has been added to
the semiconductor layers 702 and 704 in the previous process is added to the

30 semiconductor layers 702 and 704 at a higher concentration. Note that when the
impurity element imparting n-type conductivity is added to the semiconductor layer 702,

the semiconductor layer 704 to which the impurity element imparting p-type
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conductivity is added is covered wth a mask or the like so that the
inpurity el ement inparting n-type conductivity is added sel ectively.
Further, when the inpurity elenment inparting p-type conductivity is added
to the sem conductor |ayer 704, the sem conductor |ayer 702 to which the
inpurity elenment inparting n-type conductivity is 5 added is covered with a
mask or the like so that the inpurity elenent inparting p-type conductivity
i s added sel ectively. [0111] By the above-described addition of the
inmpurity element, a pair of high-concentration inpurity regions 716, a pair
of | ow Concwmﬁﬁatvﬁtpﬁs hddedrid toverel OVitn® mhbk drlfhe 1ikedo aha Mianinglurifyoelsmedton

region 720 are forned in . the. sem copductor 70 n.addition, by the
above- descr PHEHNEAFYPT CARAUGHVITR IS %dﬁ?iﬂ%ﬂr epively: e%ﬁ{“”r E%L? ingjpurity element

hi gh- concenfypattingn Elt?wrdoh&’uche@ G9SadiRd, to thai derdonti@orC Ayee NYAL tHen
inpurity regions 724, and a channel formation region 726 are formed in the
semi conduct SmiqoRgagiorieyer 7840 Wigihe EpRusity Flgmens AmParing NixpeceRUSHEIL7 86 and

the hi ghs Coé&é@tsrc%%red‘vdatﬁm%ésklbri}é 118 3b ARS theAmpRAG LIEHENE thPi@Sp-Rpsour ce or
a drain, and t | ow- concentration inpurity regions 718 and the

| ow- concentqoati‘ilcélﬁlﬁ’rﬁﬁdﬂﬂ%ﬂeﬁ%‘@i‘bns 724 each function as an LDD (lightly
doped dr ai n%) f?gl on. [0112] Note that the sidewalls 714 formed over the
sem conduct Fayer 702 and the 20 sidewalls 714 forned over the

sem conduct or | ayper the0abaveydaseritfedr additiano ofs theo impwréity t hlemenirea | prigtdf in a

direction "H?%Son%é&{@u&‘i a%ﬁmg 7 g C& bfglln ?f %Wédn@%nﬁtaﬁ?rﬂ ﬁll:ﬁg Ir% Gfo%s channel

| engt h), or rre have erent ngt h of
each ofiot hens; atei/\alchanné'llﬁnnal@n regien F20racoioduast orthe a«ymmoﬂcﬁmowlﬁyeh 702.

constitute t. of ann nsi be | arger than the |.ength of
cach of  nancediieh 0§ BeotBVEReHRADRRIA of M dFapbaTErtaod bl o
constitut e&uglﬁdidncﬁftraﬁm immay Rglonk 7RS4 pdioof lchﬁlcénﬁraﬁacamaeujaeég@:msmi chis

casily. di  1R4oHE e st Arwieh 760 P BEF FomermeERn 8y Mk ng ¢ he

llength of egghhi §h£&v@h&at%ﬂ.41mvanﬁ3heeghﬁ haggahd ttﬁ@whSéanednaﬁ&enmb that of
each sidewal | 4 in the n-channel transistor, boron can be added to the

sour ce 1&nd rem@wd?% sich functien 8pa sowre AR (drain.an4 the iw-gencgntrtign impurity

concentr at ' mnsaﬂ(§ A YRe fot&ecd’n@é'hﬁﬁ@rp ity Fddfons O0h EctARdctiRSsdhaippcan be
reduced. In order to further reduce the resistance of the

sour ce and (hgiéydiomd\drala)@gw@n de layer may be formed by silicification of
parts of t?@ll s¢m conductor layers 702 and 704. The suicide is formed by

pl acing netal 1n contact with the sem conductor |ayers and causing a
reacti on bet weeanﬂeethmheaﬁidwajlsglﬂifmmediqvelttlne sstaicbmhndmda)@r 70hymhsheby heat
5 trea The

o 11 or T b i 78 3 o P o8 TP Mgy B MR o s bRy | 1
the case we@ie ldnath Bemcﬁ:cga@bmctvbere:c@mh S mo2 (anigreé'tﬁml parelld] hbm78<§wlleud$04 s
reaction r to bottans tesem n op |ayers an .
Lo ot bl SR Ry bt BTRed e b BV IR foh Bl R o S,

titani um (§f khe sitiekals LI dver b g&rhiendu¥ior liﬁl&i’ Wbd&ﬂﬁéﬂ (:M%)itute:bop&pbﬁht (Co),
zirconium (Zr), hafnium (HO, tantalum vanad neodym um ( Nd),

chromi um ( &channs| sansistamnastbe langen th%tmh&&ﬁl\gﬁu?f eagh Of Wésadpwis Hdraveethe t he
silicigde | gySbok@BoRfRr B8 Wit SortutcaShirt of ARALARARY tRhsiéhe Thicsis

because boron which is added for forming a source and a drain in the p-channel
transistor is easily diffused and a short channel effect is easily induced. By making the
length of each sidewall 714 in the p-channel transistor larger than that of each sidewall
714 in the n-channel transistor, boron can be added to the source and the drain in the
30  p-channel transistor at a high concentration, and thus the resistance of the source and the

drain can be reduced.
[0113]
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[0114] Through the process descri bed above, an n-channel transistor 728 and
a 15 p-channel transistor 730 are forned. Note that although conductive

| ayers each finttioning as a source electrode or a drain electrode are not
formed in a stage illustrated in FIG 4C, a structure including these
conductive layers each functioning as a source electrode or a drain

el ectrode may also be referred to as a transistor. [0115] 20Next, an
insulating layer 732 is forned to cover the n-channel transistor 728 and

t he p-channel transistor 730 (see FIG 4D). The insulating |layer 732 is not
al ways necessaryjn bmiﬁeweﬁlrthérheddceIthimltei;lﬁzﬂnd&fofttliEESdul’@lﬂndtthe’l@‘ahﬁy{&ﬂlﬁd&Z can

prevent inpuritie ch al, o kalln -earth

Dot rat | noliyer ey betamkal b3 PietBelioft Hos OF i stRisonTichia yars Teand bfor 730,
Speci fi cal I'phe dikidd RS bggpihaugﬁne?aisal bentatd withr thé eérafebyducE 1B@rsf 4n@gm a
mat eri al such .as si Ilcog oxi d silican. nlti‘z‘%ﬁﬂ}ﬁﬁ?\‘s’é“éon oxynitride,
silicon ni t9ePeiRe gysagton betwaem i, mvtel and silicgp ‘éCtorolF‘y?rﬁQY ke, 1 n
thi s enmyodifgaftent (f0f exdAK, At GROA hdytH, #BBRTA nfeodedr Bk 1kep! |'Fh€%ﬂ|cﬂiet ride
oxide filmwith a thickness of about 600 nm In this case,

t

above- descrip¥s&dnayy by Syosd tfiogn cohedculicdds, gy niskel silicidg. rdwy the ease wlwec tiel i con
nitride Ox's@ﬁﬁohﬁd&drqagfe%rmchd P}‘@& ﬁrettﬁ'ﬁ sifBilO RO RS Bceck IS Vot | ayer
732 is fornmed to have sin structure in thi's enbodiment, it is
needl ess tdh@as}mmétwt@mleyfrrﬁg | Ay e merg magrial hspddomthe siliciding, ger uct ur e.
For exanpl f ay el ' ayer 732
may have a%lé(%‘gigéqgn gtg ?’ﬁ%@l}lrt%l%np\qﬂ)’ ’?F%(S)@bu )%l)glﬁr%%{té{’ll(gﬁ ﬂoﬁﬁgﬁ@ 319[ g}’l i con

ni t ri déOoxicdbalf {(Tan Zl[@tmlllﬁ‘] (Zr), haﬁnumle(idlﬂ,, t@walmmiﬂiﬁ)awmiunay‘é} né@lymismf or med

over the i r [ 728 and the
p- channel rhr%éi‘lm stnglr’m?@g %ﬁnum su’l ?(ri\lg I %nﬁl%e #1 H@@Busi ng an
organi c rratlayrerednafmwerfgrmedshyslwmmdmganmhe hbeat, such as poI yi m de,

acrylic, ?Qﬁaiyd obut ene, pol yani de, or epoxy. As an alternative to the
organi c mat | s Iisted above, a lowdielectric constant material (a |l owk
material), a sil mm@agr s Pebce &S Hdkcritidd! hms, exirtléhansdl! irsiBRtoni 1281 g@y aSi | i con
oxyni tr| de, sili nitride oxide, phqsphosilicate glass (PSG

bor ophdSph®s§ tt@naﬁtaé J30 gpedprmed |, Naie, thqsralthﬁgglmowne@vweﬁeewhed

Here, the $ilaymAing-Ras 6urte Siddr6y bLAPARMS elbbirclle’ 881 ddt IBMhdddinNg fagel - O Si
bond which is formed using a sil oxane-based material as a starting

mat eri al . Tiustraied i Ble 46a3 seuatws jineluding there| coaductive kiyers sadhyyndfipaing ast | east
one of 11 uaichiie oAl b4 afdiiPiifbirot nBl SHBbE ferlieN062L RAR;fR. @ Subst i tuent.
Al ter natlvely, e 1 nsulating [ayer 4 may be formed y st acki ng a
plurality t[ﬂllﬁhsul ating layers formed using any 15of these materials.

[0117]

foll ovngg met hoglg'3 %%Pk%gln%laggre;da 2 1§1’orﬁ%@ ﬁg%ﬁ% etfrl'?gTCBX H%Pﬁ%msﬁog [?%gtl ng

| ayer 734: ami ﬂi\a’lb mhm&anmtmpljﬂt(melmq. m)t h&‘ﬂe ilsnlat6¥Jagat13ads net abpays coat i ng

i schar go ARERG (vgver ok ohmlen ofabhatGER: L 774 RN tesPerd B,

printing), s@.:hd@calml Keiaf or afialine}darth GAdtalr fro pehiéttating teOAlcRinnePtriidisi® coater,

and the like,
728 and the p-channel transistor 730. Specifically, the insulating layer 732 is

25 preferably formed from a material such as silicon oxide, silicon nitride, silicon
oxynitride, silicon nitride oxide, aluminum nitride, aluminum oxide, or the like. In this
embodiment, the insulating layer 732 is formed of a silicon nitride oxide film with a
thickness of about 600 nm. In this case, the above-described hydrogenation process
may be performed after the silicon nitride oxide film is formed. Note that although the

30 insulating layer 732 is formed to have a single-layer structure in this embodiment, it is
needless fo say that the insulating layer 732 may have a stacked structure., For

example, in the case of a two-layer structure, the insulating layer 732 may have a
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[0118] Next, contact holes are forned in the insulating |ayers 732 and 734
so that each 25 of the sem conductor layers 702 and 704 is partially
exposed. Then, conductive layers 736 and conductive |ayers 738 are forned
to be in contact with the sem conductor |ayer 702 and the sem conduct or

| ayer 704, respectively, through the contact holes (see FIG 5A). The
conductive |layers 736 and the conductive |ayers 738 each function as a
source electrode or a drain electrode of a transistor. Note that in this
enbodi ment, as 30 an etching gas for formng the contact holes, a m xed gas
of CHF3 and;tdd!aed sruetipd ef\sesilicoh oxmirids filrh endd sihicongritias okide fibh. | i m t ed

t hereto. %ﬁﬁﬁﬁ The conductive |layers 736 and the conductive

| ayers 738 be formed by a CVD nethod, a sputtering nethod, or the I|ike.
Speci fical ly, thalergaslishiatitg lagyters i 3Gmrodvirthe maﬂu@g iayer TRYy@Iever38 can

be formed using, al um num , tungsien (W, ni talum (Ta),
mol ybdenum{4/b haw%wﬂeﬁ?%ﬁ) arﬁﬁﬁ? 2 ﬁﬁ%ﬁﬂ%’ﬁfg’mebm el ahﬂ@@m BAu)

si | ver GAg)mawwq&meusﬁ hn ARG Matital MENing GavidaRe (aghmstShédt CQRh(a3l ), or
the |ike. Moreover, an oy containing the above-descri bed material as its

mai N conporeBtimise, a Wﬁay%wwm%wlﬁ% ORISB0RL d St Hisenative & thel may be
~used. The cpRANChiRals BYEH 3bA30a dWLdlcRurfcosdutad ﬂ(ﬁeljwﬁX@'ic]ﬁv 3Bt %ach have
a single-layer structure or a stacked structure. As a

exanpl e of sslnxaaﬁbéspdcréﬁtl,awhmmmaﬂ@ riilinem nitsidey silipan ﬁxmmﬂan%mon Ritridg| | oy
cont ai ni ng 0 &w@ i | can be
given. In agdfé {T‘)I{Hgﬂﬂogﬁlcgf?%ldg? or@a?ﬁ?ﬂﬁﬁgl?(ﬁﬁlﬂﬁtg 2 (%frgtuﬁ%abm%gﬁent and
al so cdft ailike myyrivecksgd cht‘eothe Sdoxan@{bhsedfreaalcbrmwpam ts|d tesmnndadmg\hso be
given as a 1 he iLnce 1 unlslllco Al -Si)
nave 1 ow 1 SkOSeLRuE ed SCRE uihl ARIRR T RBP4 NaE e

silicon ar @hsuilbednbdased rasimanar inaludé, dresitiey hydnepehnat leasadue tolf fRolifky @hs 736
and the con tive lLa er S 8. articul ar | upd num si | j,.can

oot of abl o AL SE 8F HOMPOE RV ek BT o ahibteeF GG, fEghriines o1

baki ng at tfer 734mapbe mhieerbglsmgkmgtarmmemy of insatatihg &lyedsTorkdaldidglhnks M xed
into aluninun1at 20 .gbout 0.5 % may be used instead of silicon. [0121]

In the leas@ WG BAIEHRE of the conductive |ayers 736 and the conductive
llayers 738pg7formed to have a stacked structure, a stacked structure of a

barrier f|In1 an alumnumsilicon film and a barrier film a stacked
structure of a bhae insilating layerai34 zan be dormed by Any jof ¢ follpyyingamethedsrfindm

nitride fi r e r ,exanpl e.
Note that {REnparbeAdnRie) e dalofll BF d'rsplalife Tk "4 HCRLE ool a TP 2
of titani usputietihg ipethrodnan ISIQG mgthodf aﬁpinymémgjmeﬂmd, & ldip toatieg nByhddpormi ng t he
conduct,jve e 0,S SI f et ween the
barri e?b fi Féns%/ Jogm? ?18?11 of(ﬂﬂ?ﬁ ﬁﬂp%ef k“%fﬂl?ﬁ] M i el}nllgﬂﬁtli}]r)né)s?cfei “on can
be further pﬁﬁhrpg, eweﬁ’deeﬂrthgD exdoetor khife, faablricomert ineuﬂ:mr coatar, 4 kiifa aoaier)g
titaniumtha 4 %2 hi ghly reduci ble elenent, even if a thin oxide filmis

f ormed ovef" ﬁ% %%n1conductor | ayers 702 and 704, the oxide filmis reduced
by the titgmigmcontained in the barrier film whereby

Next, contact holes are formed in the insulating layers 732 and 734 so that each
25  of the semiconductor layers 702 and 704 is partially exposed. Then, conductive layers
736 and conductive layers 738 are formed to be in contact with the semiconductor layer
702 and the semiconductor layer 704, respectively, through the contact holes (see FIG
5A). The conductive layers 736 and the conductive layers 738 each function as a
source electrode or a drain electrode of a transistor. Note that in this embodiment, as
30  an etching gas for forming the contact holes, a mixed gas of CHF3 and He is employed;
however, the etching gas is not limited thereto.
[0119]
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preferabl e contact between the conductive |ayers 736 and the sem conduct or
| ayer 702 and between the conductive |ayers 738 and the sem conductor |ayer
704 can be obtained. Further, it is also possible to stack a plurality of
barrier filnms. In that case, for exanple, each of the conductive |ayers 736
and the conductive layers 738 can be fornmed to have a 5 five-Ilayer
structure of titanium titaniumnitride, alumnumsilicon, titanium and
titaniumnitride in order fromthe bottomor a stacked structure of nore
than the five layers. [0122] As the conductive |ayers 736 and the
conductive | ayer $hd 3ghduttivedsfeen736 ridcthel eordddctiver lapds BYS sarchefonged by apor

deposi tion ho sing.a.\W6 gas and Si ) be .used.

Al ternativetVy, "Eeg(??as? E‘ﬁ'“F'd’?gn‘EB‘%B@s/ %gﬁrlﬁﬁen%@g&epm ONAERe lAygrsfddused as
tﬂe conguctagmu&helt ayﬁustixzeggyaﬁwssf@nwwgﬁw Vﬁiﬁgﬂh@ﬁ%u&3§\1),[t@ﬂg’s@p {\b},%t hat

t he conductjve ers re connected to the high-concentration

Cinmpurity rétﬁ"i‘%‘?@%%éa”&lmfllﬁ Ininelbdgnam Moy ricke! @Y PrsinumdEt ceppaerdtrke | ayers

738 ar e sConRBRCIARY, diled JhathaeRs ,imdbd j i t he

p- channel {grla ang?gt or 7(%%) [%%4] EIGIHG; I%%d)fﬂln}uﬂrsrﬁg gtfg?ogqg}’_ggﬁgﬁgﬁ) ‘of the

n- channel ttheahiks-stMpreovas. amalley containinac tgrabere-tiessriaqds meterizaes il mainar e

I 1l ustratedgys : Walt : | of FIG
5B corresp%ﬁﬂggofeg%%()% hﬁ)ﬁ\(}en\%?lﬁéi n eﬁgaég‘%ﬁb%dﬂg&%}éﬁhﬁgﬁeﬁgéﬁ?a%?s 736,

t he conductcpidictivgy tayers 7236, andrbe jcordiictive tryetsalddr may 3achahave784ingkrdyerhe | i ke
are om tted.faon .S MBbiSh tNactk2125] 25Note that although this embodi ment
descri bes as an exanple the case where each of the n-channel transistor 728
and t hdOp- ¢hixfhel transistor 730 includes one el ectrode 708 functioning as
the gate el ectroge, thi odinent is.not limted to this structure. The
transi st or rranuf‘ggtaﬁrcé ?Igﬁ?ﬁfls{@ﬁtﬁ‘i’aﬁ%‘%ﬁ algiinuTL 6, 145, Mat) FOMRRNERL 3R ot ur e
i n whi ch aafibycaitiibing alunehwen tas ddanaih wosipbmemk Bgd alo gaht@infgesitkad das bar e

i ncl uded 30and ellﬁefg‘fdrj cally lconnec.t ed t.o one angt her,. L0126 In this

embodi nent £"'G8f ¢ o> an ey SORAINE IR IRy as, fi§ main gomponeptpnd also

containing nickel and onc or both of carbon and silicon can also be given as an example
15  thereof. Since aluminum and aluminum silicon (Al-Si) have low resistance values and
are iﬁexpensive, aluminum and aluminum silicon are suitable as a material for forming
the conductive layers 736 and the conductive layers 738. In particular, aluminum
silicon is preferable because a hillock can be prevented from generating in resist baking
at the time of patterning. Further, a material in which Cu is mixed into aluminum at
20 about 0.5 % may be used instead of silicon.
[0121]
In the case where each of the conductive layers 736 and the conductive layers
738 is formed to have a stacked structure, a stacked structure of a barrier film, an
aluminum silicon film, and a barrier film; a stacked structure of a barrier film, an
25  aluminum silicon film, a titanium nitride film, and a barrier film; or the like may be
employed, for example. Note that the barrier film refers to a film formed using
titanium, nitride of titanium, molybdenum, nitride of molybdenum, or the like. By
forming the conductive layers so as to sandwich an aluminum silicon film between the
barrier films, generation of hillocks of aluminum or aluminum silicon can be further
30 prevented. Moreover, by forming the barrier film using titanium that is a highly
reducible element, even if a thin oxide film is formed over the semiconductor layers 702

and 704, the oxide film is reduced by the titanium contained in the barrier film, whereby
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sem conductor |ayer are reduced by perform ng |laser irradiation instead of
perform ng nmechanical polishing treatnent or the |ike. Further, an

enbodi ment of the invention is used; accordingly, laser irradiation
conditions can be optim zed by a very easy nethod. Thus, a sem conduct or
substrate in which defects are reduced sufficiently and planarity 5 is

i nproved can be provided, and cost thereof can be suppressed. Accordingly,
a transistor which can be operated at high speed and driven at a | ow

vol tage and has a | ow subthreshold value and high field-effect nobility can
be manuf act prefeeabid cdntant wweenuye varidngtivieHeyese T ccanddhie samticandnstor aiyer 720127]

10Thi s enbodi t I onbl natio of the ot her
enbodi ment s? d}%% pcPP%"tcgpe Fbef?gféjf('\g% uckyr qﬁ?’%gﬁ?ﬁ ’i‘eddew ce
such as a tFaist, sttmals@porssnla& tﬁ%ﬂi@plht&ﬂn@ﬂbﬂb&trﬁgﬁansl5lﬁﬂm cREdUES@mpRybst rat e
according to rese i.nventi and a variety of

t of
el ectronic W&@Pft’g%c Ctb"g’ E%Y%Fﬁp"hgtaégﬁﬁscp cHffelaxets %ﬁo‘ﬁ‘&@étf?ﬁneﬂéﬂ’/h%’éa Since a

singl e o ysfivallape NitR@ARMI G Qftari@i © kitathlin® Mitide, PhOMIRRE silRoh,NBtafRiM, CaRADUCT OF
substrate accaording, to an enbodi nrent of the Eresent i nvention has_high

pl anarity, t&*“{:}ﬁ?’é“ﬁ"ﬁ%ﬂi‘! Stder omdhe botigm oR ajstacked sirugives plbmor thagtheviivehst and
vol t age caqggg formed over the 20 single crystal sem conductor layer, and
then inprovenent of nmobility and suppression of a short channel effect of a
seni conduct{8F22d] ement which is forned can be achieved. That is, by using

t he sem conduct or, t nt
i nvention, a senf%%ﬁgﬁ%?gﬁﬁeqé%g%ﬂ%ﬂﬁgﬁﬂﬁ@&ﬁﬁgﬁgﬁgﬂ%pZ%fv g%8§g§§§||ty and
hi gh r di0i atfpmetdyb)fcaa(rhemcahmmf éﬁnﬂwlemme&mdasldg AVl gaaand h SFHs guinaydevi ce as
a final pr t f h hi h. hr put and favorable
quality. qg%ﬁlgﬁ%#%%Od %u ,&§H§§§%¥§F ¢l |5ﬁ5%§a 6é§%f§ © 85%GEr oni ¢
devi ces ar ehejmdmtiyedhywst?laﬁ and the eodactice ldyeawaﬁgs. [0129] As electronic

devi ces na&&%g;tured usi ng a sem conductor device (particularly 30 a

di spl ay de the follow ng can be given: canmeras such as a video canera
and a digital caNeteathatohg gbmdcmetag}e@ Pi38 e chEaeted el fHechighlicsiteatyion
naV|gat|on g¥stens audlggr uci dQV|ces such as car, audio

conp ondgt s ) WME&I%I}SS pﬂf ﬁ}nﬁ ansistor 728. The conductive layers 738 are
connected to the high-concentration 1mpur1ty regions 722 of the p-channel transistor
730.
[0124]

FIG. 5B illustrates a plan view of the n-channel transistor 728 and the

20  p-channel transistor 730 which are illustrated in FIG. 5A. Here, the cross section taken

~along line A-B of FIG. 5B corresponds to FIG. 5A. However, in FIG. 5B, the
conductive layers 736, the conductive layers 738, the insulating layers 732 and 734, and
the like are omitted for simplicity.
[0125]

25 Note that although this embodiment describes as an example the case where
each of the n-channel transistor 728 and the p-channel transistor 730 includes one
electrode 708 functioning as the gate electrode, this embodiment is not limited to this
structure. The transistor manufactured in this embodiment may have a multi-gate
structure in which a plurality of electrodes functioning as gate electrodes are included

30 and electrically connected to one another.

[0126]

In this embodiment, defects and surface unevenness of a single crystal
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portable information termnals (such as a nobile conputer, a cellular
phone, a portable gane machi ne, and an e-book reader), and inmage

reproduci ng devices provided with a recording nedium (specifically, a
device provided with a display that can reproduce a recordi ng nmedi um such
as a digital versatile disc (DVD) and display the imge), and the 5Ilike.

[ 0130] FIGG6A illustrates a television set or a nonitor of a
personal conputer. A housing 1001, a support base 1002, a display portion
1003, a speaker portion 1004, a video input term nal 1005, and the like are
i ncl uded. /Asepasrndenteiueyes predediced by fpedorniiGy Bdrodadietinn nfteachel pEroseing

| nvention Ixﬁecillﬁgl%galfpgfi%hti&:treq{rg&lt glyth? ﬂfcé' %r&ﬂl?rogh er&god?rgen% %Pﬁ%'m%%ﬂ ionOfs t he.
present invention, ra television set OF monitor of a pPersonal conputer with
hi gh rel i abiskd;tagcadidglyj gter freadizsiomenciitica gabbe pptovizettly avery @asycasthod.[ 0131]

FIG6B is vi deo caner i.ch ingl.ud di spl a tian 101 an
external - 15T RO g ot n ot b AR e Piciert) a0 preSn 1015,
an i maggs reiceinxdﬁdvgd e }bi: cpaovlﬁeg,ﬂfgpdmest&héfredsf éadySe dpbressa@nd Abb@dinglyea Tge_
sem conduct or devi ce of an enbadi t of the.present invention is used in
e o s IEY tfich Gam S oRE R MG gPcer 2 i foor ot Mt VL AR R sl '

- reliabil it ysyubitshilg Valie ah® high k-6t BRbNIP YAIBI mahuth@ied a8 tow 64 B432]
FIG6C illustrates a notebook personal conmputer. A main body 1021 iIs

provi ded wiwsHeshassicoadistargobstralen ext ernal connection port 1025, and a

poi nting dqyi®eg 1026. A display portion 1023 is attached to the main body
1021. A sem conductor device of an enbodi nent of the present invention is

used fdO the di sphisyenhodimeshcanpbes implemaniedg¢qighination with ambekthsartkasnal

conput er hayiag:-hi reliability and high perfornmance can be provided at

| ow cost . %ﬁf@gi b%gasagélo?'ﬁ%th'strat es a nobile conmputer, which includes a

mai n body 10BB] a display portion 1032, a switch 1033, operation keys 1034,

an infrar egﬁ%ﬁﬁ&imégtg’ , and the 30 like. An active matrix display device is
r e

provi ded f I'splay portion 1032. A sem conductor device of an
enbodi nent of thA gmisadictomiedde orhis asredsiftar canhbe daanpfaatyred using a

15 semiconductor substrate according to an embodiment of the present invention, and a
variety of electronic devices can be completed using the semiconductor device. Since
a single crystal semiconductor layer which is provided in the semiconductor substrate
according to an embodiment of the present invention has high planarity, a gate
insulating layer which is thin and has a high withstand voltage can be formed over the
20  single crystal semiconductor layer, and then improvement of mobility and suppression
of a short channel effect of a semiconductor element which is formed can be achieved.
That is, by using the semiconductor substrate according to an embodiment of the
present invention, a semiconductor element with high current driving capability and
high reliability can be manufactured; accordingly, an electronic device as a final product
25  can be manufactured with high throughput and favorable quality. In this embodiment,
specific application examples to electronic devices are described with reference to
drawings.
[0129]
As electronic devices manufactured using a semiconductor device (particularly
30 a display device), the following can be given: cameras such as a video camera and a
digital camera, goggle-type displays (head mounted displays), navigation systems,

audio reproducing devices (such as car audio components), computers, game machines,
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portion 1032. Accordingly, a nobile conputer having high reliability and
hi gh perfornmance can be provided at |ow cost. [0134] FI G 6E
illustrates a cellular phone, which includes a display portion 1041, an
audi o i nput portion 1042, an audi o output portion 1043, operation keys
1044, an 5 external connection port 1045, and the like. Note that this

cel lul ar phone is manufactured using a light-emtting device which is
formed using an enbodi nent of the present invention in the display portion
1041. Accordingly, a cellular phone having high reliability and high

per f or manc epogtable hieformasiph desthinels (senly as agnobilegemputer, atchllularaphiong.arpoplablee may

i ncl ude an r ion

10r ece ver i ey Yl el B iR rdhsidiBhil AR pribvib ih 3
structural rectadipg enedfuna(spenificlly.ca &vmtprmridaﬂ dﬁvbd@ph&ﬁ&t@w irapgocfmn etions as
a tel ephone_an n nformati o |G 7B is
a back vi eW *ANd fﬂeeu?’cﬂlng %éit/ag Ivgrﬁigf ¢ 955%@%/]%?%“(‘;%%’1%} e ez} r%@l c 15
devi ce ¥10Qikeas functions as both a tel ephone and an information term nal
and is an %hﬁﬁhronlc device so-called a smartphone which is capabl e of

vari ous dat ocessing in addition to voice call. [0136] The portable

ﬁl ectroni c devi CFI%J@QﬂlugﬁdtébFQSelﬁrlmu&tmﬁ alihOditoa rod aali(dﬂwnsi Sdnpuddy. 1402. hThe
ousi ng 1101 i.nc es a displa ortjon 11117, peaker 1112, nlcrop one
1113, oper dPYAE kEYLs 25ympprt Sﬁﬁp .arfbsmv?%orﬁ@ a speakpreportion {45 816, an

external copRChpRRedRhidl1003, ahd ke liRdsretin@udddkeA hiidofdidie 1¢8iofGn1102
includes a keyboard 1121, an external nenory slot 1122, a canera |lens 1123,

a | i ght1011 zmbodimeat op fisnBrescat Agveation ispused efﬂ’a thendisplax gortion 1993 tBvan an
antenna is JReamnRarl @fttﬁgpﬂeghni Hﬁe@tﬁﬂ%’ﬁa‘lé@&wk]sgtlor thbhiRd gf 3 p@ortaPe ter

above-descri bed structu a W rel ess hip, a small Size nenory devi ce,
or the |i kevithdtighesliphilitytand hmh@rarfom[aomp be PfOVldcht bémqsbnduct or device of
an e”bOd'”ﬁQEﬂ_f the present invention is incorporated in the display
portion 11 te that an inmage displayed (and direction

FIG. 6B is a video camera, which includes a display portion 1011, an external

15 connection port 1012, a remote control receiving portion 1013, an image receiving
portion 1014, operation keys 1015, and the like. The semiconductor device of an
embodiment of the present invention is used in the display portion 1011. Accordingly,
a digital camera having high reliability and high performance can be provided at low
cost,

20 [0132]

FIG. 6C illustrates a notebook personal computer. A main body 1021 is
provided with a keyboard 1024, an external connection port 1025, and a pointing device
1026. A display portion 1023 is attached to the main body 1021. A semiconductor
device of an embodiment of the present invention is used for the display portion 1023,

25  Accordingly, a notebook personal computer having high reliability and high
performance can be provided at low cost. ’
[0133]

FIG. 6D illustrates a mobile computer, which includes a main body 1031, a
display portion 1032, a switch 1033, operation keys 1034, an infrared port 1035, and the

30 like. An active matrix display device is provided for the display portion 1032. A
semiconductor device of an embodiment of the present invention is used for the display

portion 1032. Accordingly, a mobile computer having high reliability and high
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30 in which the image is displayed) in the display portion 1111 variously
changes dependi ng on a usage pattern of the portable el ectronic device
1100. Moreover, since the display portion 1111 and the canera |lens 1116 are
provi ded on the sane surface, voice call (so-called videophone) wth
imges is possible. Note that the speaker 1112 and the m crophone 1113 can
be used not only for voice call but also for recording, reproducing, or the
like. In the case where a still inage and a noving i mage are shot by using
the camera lens 1123 (and the light 1124), the display portion 1111 is used
as a 5 firgeprmapsecagdemaevidsd akloyscosti 14 are used for incomi ng/ out goi ng of
phone call,miﬁ@utting sinple information such as e-mail, screen scrolling,
movi ng cursor, "and the like. [0138] Furthernore, the housing 1101 and the
housi ng 1102 ( FI &G AE, illydtiateh agebulacphove rwhighpndivdes hdiepley patioe 104 o ae

devel oped slidin i Str i e d - DO b el ectronic
devi ce cang%gﬁu%gQ:%gﬂgldg%#a}ﬁg&?%#% #g |oﬁgfggﬁiRgggmﬁhk%ﬁiyﬁ%agg, snoot h
operati 6n carrab wmomusition qevrtudD4fy drde theejiboar Nokl At ahid tdilnlapoplvhe nig devi ce

1115. The external connegtion termnal 1117 can be.connected t AC
adapt or anc'in""\ylﬁfr"%lc e Lfsiglggglg}&?e%%tﬁﬂg&v b ‘cﬁés ﬁmﬂ usé%ﬁme?‘ﬁléoﬁ&n?ﬁgfg’leng, dat a
f:om’runi cat ipmten:bi ihvendod In dendisplsr p%rﬁdj‘ld 104te IAickfdﬁll’g@, paglultd phonkWwatingr rTD{je, a
arge anmount .of.data c e stored and nove i nserting a storage nedi um
ot ot e o He R HE pOPpeR Perforianss A e BERYIEN BHion o6 FHRRRRRCGUBRY bed
functions, phodeumay iifdlude ainfRIr&S Som@RatiocacfuneibnDY fatie 6f 8Gtledslanetic
waves such as,infr@é$ﬂ rays, a finiction of receiving television, and the
li ke mdfl b&eeHEL Qe kBy using a seni conductor device of an embodi nent of

20t he presggfzsjnvention, a portable electronic device having high

reliability and hi gh perfornance can be provided at |ow cost. [0139]
As described aboWVi&5. Thdo Jemilegrairue sorctiral exgmplst ofsmparteblsaelentionicaieviche

el ot ronrey SRMEANALD & Y Bpnh il BNARALIGPRILER B0 A8 Sigh0e Used
i mpl ement ediewnFKD Biinabackryvien, aid BIY, 70fis a deyebpbbvieenhbiat pretabk eleatronic
SPPTOPAs 2t B TORRLE b8 AP b AR S RBonBB, S5
density E. glevihsric ddvicepeoaklladd smartphose whick i dapabls bfjvedouofiata processing in
addition to voice call. |
[0136]
The portable electronic device 1100 includes a housing 1101 and a housing
20 1102. The housing 1101 includes a display portion 1111, a speaker 1112, a
microphone 1113, operation keys 1114, a pointing device 1115, a camera lens 1116, an
external connection terminal 1117, and the like, while the housing 1102 includes a
keyboard 1121, an external memory slot 1122, a camera lens 1123, a light 1124, an
earphone terminal 1125, and the like. In addition, an antenna is incorporated in the
25  housing 1101. In addition to the above-described structure, a wireless IC chip, a small
size memory device, or the like can be built therein.
[0137]
A semiconductor device of an embodiment of the present invention is
incorporated in the display portion 1111. Note that an image displayed (and direction
30 in which the image is displayed) in the display portion 1111 variously changes
depending on a usage pattern of the portable electronic device 1100. Moreover, since

the display portion 1111 and the camera lens 1116 are provided on the same surface,
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reflected mcrowave is the maxinumis correlative wth the thickness of the
single crystal sem conductor |ayer, which will be described wth reference
to FIG8 and FIGS. 9A and 9B. To evaluate the correl ati on between the Em
ax and the thickness of the single crystal sem conductor layer, in this
exanple, five types of sem conductor substrates which have different

t hi cknesses of single crystal sem conductor |ayers are formed. 5[0141]

A nmet hod for manufacturing a sem conductor substrate of this exanple is
herei nafter described. FIG 8 is a cross-sectional viewillustrating a
stacked st rwicesak (spfcalied videaphinuk) otitr inggbmsis passibles e¥bté trat theispeabrahiile. The

sem conduct for thod of
Enmbodi nment @ﬁ@%@?ﬁ@éﬁe }il 3t %D%d",'slé gg?ﬁillgefi s(ly'ﬁeg g“éryas%)a ord cr‘?trddli'.ﬁtductor
| ayer .112 ireprbducag, dotht hike.b dsahescHss whatea stilldmapd hndammommglmhgme leoter

(protuct - ndSERTRerL et S b she i AP € Bk o B TR B i o

The AN160 ffﬁﬂexph}l’&nb%’]ﬂerdﬂb@ﬂ&m i1854 Qlre As&P G fmﬁmgtlgwutgomg15f @hore odll, 0/ cnB, a
Poi sson's rati o of, 22, a young' s nody]us of 77 GPa, a two-axes elastic

" coeffici enﬂnWIW"?p'@afonﬁ?Fﬂmawgtbé‘? Fiatle SEregsy sElngOVEIE, SHEofd e 38 x 10
-7/ C. [0143ke. As a single crystal sem conductor substrate for

form ng the si ngI e crystal sem conductor |layer 112, a single crystal
silicon wafl®i38ls used, and a si ngle crystal 20 silicon layer is forned as

the single crystptnh%ﬁmr@ome%gﬁghwﬁ@n&% hotRfgS1109! RIG 5t Anichl 4k cON
wafer is a rectangul ar substrate with 5 square inches. The tonductivity

type of10t hevedapeed wih gagh ethgseare dawelensd byediding, apiiliystreted ie 5IG.i % asoibe 10
Cl-cm ur (100)
and that o%g%%éésaigc é)ms}ﬁdr ?%gg&?i’se %&ﬂg@&ﬁ%&% ﬂjﬁ@%ﬁe Sl ngi?le ?:I?glgtdaa?

semi conducswpotydpstation ean be sorgeted wsing dhet kayboart 1031 diad ﬂmrpmmmgtdwme and a
silicon oXiy fi I e e The

t enper at ur eggsf tThg]e%tg rrétaﬁ}Iﬁ %‘!}@g t‘%}a‘"%tl?ga%a%;blr%t(’%?d%&%gttgtég‘ab a% Tén nd t he
t hi ckness ofriduseymex loﬂeabd;aslwdoas | USBI cﬂBlé amgl chetgirteo déte cafithunicutiohswithe

at m)sph re of the r"t’dqtg EE oxi d eat nent,, an at m)§8here i ncl u&li ng HCl
at 3 v unﬁ@m’e\‘n“?rha pett I 8%, F‘E“"ﬁ%é‘d &F Bpg%yt of data can be store

and moved by inserting a storage medlum into the external memory slot 1122, In

addition to the above-described functions, a function of wireless communication by
using electromagnetic waves such as infrared rays, a function of receiving television,
and the like may be included. By using a semiconductor device of an embodiment of
20 the present invention, a portable electronic device having high reliability and high
performance can be provided at low cost.
[0139]
As described above, the semiconductor device of an embodiment of the present
invention covers a very wide range of applications and can be used in electronic devices
25  in various fields. This embodiment can be implemented in combination with any of
the other embodiments, as appropriate.
(Example 1)
[0140]
In this example, in a single crystal semiconductor layer which is irradiated with
30 a laser beam, energy density En.x when the peak value of a detection signal of a
reflected microwave is the maximum is correlative with the thickness of the single

crystal semiconductor layer, which will be described with reference to FIG. 8 and FIGS.
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In order to forman enbrittlenent layer in the single crystal silicon

waf er, hydrogen ions are added to the single crystal silicon wafer by using
an ion doping apparatus. A 100 % hydrogen gas is used as a source gas, and
the single crystal silicon wafer substrate is irradiated with ions in

pl asma t hat has been generated by excitation of 5 the hydrogen gas and
accelerated by an electric field wthout mass separation. Accordingly, the
enbrittlement |ayer is formed. The condition of the hydrogen ion doping is

set as follows: the %ower out%ut of 100 W the acceleration voltage of 40
kv, and theAese 98t Togvaluato 16 raraiztionthetwesn thx divpl and tho thigknesOof ther t he

base subst rs‘?ﬁ%? Jc?‘y@ta@%@m‘ic%ﬁdtﬁ:'td}gia%rc iy %Li@l ex% qﬂ% 8 of WAk do gal?ctcﬁ*

subj ected to trasoni c cleanin en cl'eane

- 0zone- cont aiubstragespulieh meeilffermhtdhskmdsms@fcsingldmyﬂds%nmmluémutmleyeti@reand t he
silicon oxi il mfornmed on the surface of the single crystal

seni conductor SlUbstrate are arranged in close contact with each other and

bonded tSo dét4l]ot her. Next, to perform separation at the 15 enbrittlenent

| ayer, heat treat,nen erfo med at 200 C . f 2 hoyrs . hea i ng
furnace, and theft Wgéﬂiﬁfﬁ‘pfl?mé %%@g%lav?WC%QP‘%gr ﬂﬁ’a‘fﬂﬁ oédglscexlagllp e4IShours in
t he heati n@af&ﬁﬁfﬂﬁ&escﬁlﬁﬁdor HG@ iy .a dr&i‘@-s&ti’@@hl&u&ﬁﬁﬁls&htn@eﬂbt@@{éd Weh&thire :
substrate ;Pz So?grgrat ed, %lgd t he §7tnigl e cry em cond ctor ayer 112 is
fixed to tHE dsEucandycden sypsrats gses 7pr g “aft Sepieog %\'atec Ke single
crystal senfbefiadidhiz@he rh@ﬁ(ﬁdcttﬁr dthddl TTRAdMhnD2 Piek emwtz@m 21??1 andiRgl e
crystal sem conductor |ayer is treated with a 100-fold diluted

hydr of 1'Qor isthglc parsieb S?"é‘ﬁ?ﬂﬂé“’taf ater Vd2 gxifered rip | the thase sybstrater HEgwith anhe

surface. Thﬁ'é%iat;h@?a SlinfeffoSeOherlth@waln)gl € crystal sem conductor layer 112 is
treated with ozone- contal ning water (03 water), whereby an oxide filmis

fornmed. 25[[B128] Next, the si ngI e crystal sem conductor |layer 112 .is

subj ected to etchipg, V\%]l ﬁtggﬁ bs\ﬁf‘élf?:rg{lJ dufcl‘% éJ dsvibb] W and }aJ‘%‘he Base,

enbrittlement |ayer e sep arati on ane
single cr y§u1a§trawddﬂaothmamplel ayke AN100 hmhyami\pecd:ertienof dnsmecrﬁc@nqmty t he

SePar ason ARl Rkt SuST A oSSR o Bhe L B 0L
subst r at es etstictoctfivicht of 9§ PGPAtand hicodfNcismes RimilRRpaisivalof 38 kBT EHC.
sem conductg 43 5 ayers 112 are forned.
As a single crystal semiconductor substrate for forming the single crystal
semiconductor layer 112, a single crystal silicon wafer is used, and a single crystal
20 silicon layer is formed as the single crystal semiconductor layer 112. The single
crystal silicon wafer is a rectangular substrate with 5 square inches. The conductivity
type of the wafer is a p type, and the resistivity thereof is about 10 Q-cm. In addition,
the crystal orientation on its main surface is (100) and that on its side surface is <110>.
[0144]
25 The single crystal semiconductor substrate is subjected to thermal oxidation
treatment, aﬁd a silicon oxide film 204 functioning as an insulating layer is formed.
The temperature of the thermal oxidation treatment is set to be 950 °C and the thickness
of the oxide silicon film 204 is set to be 100 nm. As the atmosphere of the thermal
oxidation treatment, an atmosphere including HCI at 3 volume% with respect to oxygen
30 isused.
[0145]
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The conditions a to e are as follows. a. a thickness of 110 nmb. a

t hi ckness of 92 nmc. a thickness of 73 nm5 d. a thickness of 58 nme. a

t hi ckness of 51 rim|[0149] Next, the single crystal sem conduct or

| ayers 112 under the conditions a to e are irradiated with their respective
| aser beans. For laser irradiation, a XeCl excinmer 10 |laser which emts a
beam at a wavel ength of 308 nmis used. The repetition rate of each |aser
beamis 30 Hz. Through an optical system the |aser beamis collected such
that it has a |linear beam shape on an irradiation surface, and scanni ng
with the | aser bdawrdes tpdempeamembriflemens byer i the csinigm cxyateb bilicon avefes,

beam 1 5 gr sufdigin RGRAE 88 Sthe hidlE 59Gal SHEnCRERDLy AERD dn/ ol gopll | o€
sen conductapparstmbst AA0@% lsydrcrgeagasants askdwas talsowarcd g&eandhhamnglad@stat ghicatli f f er ent
condi tions of th The Iase |rr dlatlon erformed with a
e oSt e StechpRE i foud Ml hay e e S P By Bre@0n o1 0] 1 &
FI G 9A, sneaks rlﬁ/ﬂﬁigbn rgas Udnkds acekletdn®l oy yai %lelctrial fiyldotvithdv@ ﬁlhﬁgh@aﬁhmt al 20

sen conduct or s 112 | ve .been irradiated, with the | aser beans
under the c‘?ﬁ?ﬂT §h%e‘F‘Brm€' '5‘9‘“;5 aypr.ip 'g]be egrdition| ofthe hydiggen onp) G 9,

the verti calopmglis sdt aPFARKRL fhe %oﬁéaéﬁqﬁﬂbﬂﬁ)(pw thedREQShI Wetagdaf 4Pk v,a
reflected m crowave, and t i gher the peak value is, the Tonger the

lifetime isndthegdoseef2.QxyiQ a‘PHS( {@”P’@ orable. Note that the peak val ue
IS proporti to the thickness of the single crystal sem conductor |ayer;
25 accordingly;, in FIG 9A, a value which is normalized by dividing a peak
val ue HY a thi ckAdssthebasessubistfate I@r@phbe sihgle Ety@agslemicdlﬂuttor substrdtabreaxi s

represents tg‘?ﬁ&[‘ o &Ya{cj)gpcséléa%xrfg Jn é’“ e wgtg néib tﬁgr)l( clﬁ%r#lg Q7o ge-con almgn'g‘ any

gr aphs und&rERe” Condrtrons s
pure water, the surface of the base substrate 110 and the silicon oxide film formed on

the surface of the single crystal semiconductor substrate are arranged in close contact
with each other and bonded to each other. Next, to perform separation at the

15 embrittlement layer, heat treatment is performed at 200 °C for 2 hours in a heating
furnace, and then heating is successively performed at 600 °C for 4 hours in the heating
furnace. Accordingly, the single crystal semiconductor substrate is separated, and the
single crystal semiconductor layer 112 is fixed to the base substrate.

[0147]

20 Next, after the surface of the single crystal semiconductor layer 112 is cleaned
with pure water, the single crystal semiconductor layer 112 is treated with a 100-fold
diluted hydrofluoric acid to remove a native oxide film that is formed on the surface.
Then, the surface of the single crystal semiconductor layer 112 is treated with
ozone-containing water (O3 water), whereby an oxide film is formed,

25 [0148]

Next, the single crystal semiconductor layer 112 is subjected to etching
treatment, whereby the oxide film and the embrittlement layer which has been left on
the separation plane of the single crystal semiconductor layer 112 are removed. In this
example, the separation plane of the single crystal semiconductor layer 112 is subjected

30 to dry etching treatment, and five types (a to e) of the semiconductor substrates which

have different thicknesses of the single crystal semiconductor layers 112 are formed.
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30 This is because in a region where the energy density is |lower than or
equal to the energy density whose peak value is the nmaxi mum the single
crystal sem conductor layer 112 is in a partially nelted state, and a
regi on where defects are repaired by nelting expands as the energy
density is higher, while in a region where the energy density is higher
than the energy density when the peak value is the maxi mum the single
crystal sem conductor layer 112 is in a conpletely nelted state to be

m crocrystallized. It is found fromFI G 9A that as the thickness of the

si ngl e crysThe conditiononthectroas follgwes: is 5 | arger, the energy density when the

peak val ue | gﬁg(f i's increased. [0152] In FIG 9B, the
rel ati ons b%'tsdvf/féig%nt e lequﬁlg}rngy density when the peak value (E.) is the

maxi num andb.taltbickiescdfif@smes of the single crystal sem conductor |ayers
under the conghti%aﬁg% tg e are illustrated. In FIG 9B, the vertical axis
represents il tn e? o the conditions a to e, and the horizontal axis
represerg s 4.lahithicskafes8s@s of the single crystal sem conductor |ayers under
the conditions .a to e._..In addition, in FIG 9B, a dianond shape represents

t he E.'undé?afmggﬁﬁﬁgpﬁpﬁh a, a square represents the E. under the =~
condi tion I?lmg triangul ar shape represents the E. under the condition c, a
bl ack circul ar sgﬁpe regéﬁsents t he Emax under the conditign d, and a white
circul ar 15 shap&ertfhecdglt srypRlsemicondpier laygss [ oheeer thsreopditippsafg e

It is foundyd frRMaddG@BihcheRedRE 14sb KRSS SF&ladeh Bradliafieh, & REVISdx@imer

sem conductor |ayer is increased, the energy density (E.) when the peak

val ue i t Heseprsbhichamitss bagay aaswavelangth ofc308 i dpwied. ohbe ispetitientrate ofness,
and there igeiabdrBeah isfh BL" fﬂlra}gﬁ' QR oBfid W?%bnﬁ faltr BERE i ngl e
crystal seﬁ?%qnddctqulayer and t e.gﬁqf_ en an aﬁprox?ﬁgﬁén%£§$gssion i's
cal cul at ed,thattiehdscd liesai hepniFshapalon anSiriadiatisn stirfacel . ant tscanmingbwitls diedlasanat t he

correlatio %e%g ?%&éﬂ?‘drﬁlﬁ&e er%] I“E-(E{I qﬂl&&iogﬁ? 'ﬁﬁorga)gg fif’il&%oﬁ Bf gﬁ% ﬂeﬁmash%éqeé (é{g? or |ayer

correlation ckness o e single crys Sem <
and the E. mipB454]The enpigprdensity dbiheylaser heBmxis gradidlly @hafged Fayoahokonoul a 15,

then 5. BN il S AORSERLBh e SR ABT e on
i's 30 thougdidifftrait dohditibist s tieagergyidefidig. | Thekaser inudidtion s pesfonadd Ritklie to an
effect suc rrlxit%séeﬁ Qaesrbrlrgvlvn on an irradiated region at a room temperature.
[0150]
In FIG 9A, measurement results of the crystallinity of the single crystal
20 semiconductor layers 112 which have been irradiated with the laser beams under the
conditions a to e by a u-PCD method are illustrated. In FIG. 9A, the vertical axis
represents a peak value of a detection signal of a reflected microwave, and the higher
the peak value is, the longer the lifetime is, that is, crystallinity is favorable. Note that
the peak value is proportional to the thickness of the single crystal semiconductor layer;
25  accordingly, in FIG. 9A, a value which is normalized by dividing a peak value by a
thickness is used for graphs. In FIG 9A, the horizontal axis represents the energy
density of the laser beams.
[0151]
In FIG. 9A, any graphs under the conditions a to e have the maximum values.
30  This is because in a region where the energy density is lower than or equal to the energy
density whose peak value is the maximum, the single crystal semiconductor layer 112 is

in a partially melted state, and a region where defects are repaired by melting expands
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rel ease to the sem conductor substrate. [0156] As a method for
manuf acturing a sem conductor substrate according to an enbodi nent of the
present invention, the energy density El max when the intensity of a
reflected mcrowave is the maxinmumin the nonitor substrate is detected by
a pr-PCD nmethod, and with energy density E which is |lower than the El.,
that is, with the 5 energy density E which preferably satisfies the
following Formula 16, nore preferably the followng Formula 17, (n-1)

pi eces of sem conductor substrates are irradiated with their respective

| aser beansas the ewsrgy degsily is bigher. while ia agegion wherg theomeigy demsity inlighesdhaof t he

single crysigl ey CRRINC ks | RY Pei e 3 1l | RAkifiln! Nfie CURNOYoRNST LY OF

each | aser eam ch [ uctor substratés are Trradlated,
rate of occsemienndecterflayd ld2fienta scanpdeitly medied staferto de meipnetystaliizedg Ipisocess of

the sem con S I S, G pRM.ES t s th or . equal to 50
ppm (that i%&dﬁ{ '8mr§'?§bé1% %caéﬁﬁépglgc%ggsgf&ég %g Fv Slé‘u%%@?%‘%@gmf %ay e¥s than
or equals5 t olafeep ére cAO@HP Aynsity Gy fhe [pEak vahileds 6 mak g Elicréased:3. 9c E El .

- 3. 90- [Olﬁ@]lé;zor mula 17] 095E1l. +3.90- E El. - 3.90- [0159] 20Si nce the
val ue of t x depends on the thickness of the single crystal

sem conduct or | ayeFIGL 9B, the hdatfons Wétiviern thS geedy defisitynehedi thgpeak @ale (2.,
sem conduct,or, | ayer 112 ﬂ%vi. a thjckness OfTﬁf I S eﬁprtessed by A x d + B,
wher o A r g BEAHTEnyn aih e Shieknsssen e SREle caiiel serisnoetprpYess S
i ntercept. cBh@ifiondWeioldvre HneSaed’ ThIFEG.IB)HebreRIcHEL® repRENEAREBE] Qhddrayer 112
i ncluded in the npnitor substrate is equivalent to the nedi an of
10  the conditions a to e, and the horizontal axis represents the thicknesses of the single
crystal semiconductor layers under the conditions & to e. In addition, in FIG. 9B, a
diamond shape represents the En.x under the condition a, a square represents the Epax
under the condition b, a triangular shape represents the En. under the condition ¢, a
black circular shape represents the En. under the condition d, and a white circular
15  shape represents the En,x under the condition e.
[0153]

It is found from FIG 9B, when the thickness of the single crystal
semiconductor layer is increased, the energy density (Emax) when the peak value is the
maximum is increased in direct proportion to the thickness, and there is a linear

20  correlation between the thickness of the single crystal semiconductor layer and the Eygy.
When an approximate expression is calculated, the following Formula 15 is obtained.
It can be said that the correlation coefficient of Formula 15 is 0.99 and there is a strong
correlation between the thickness of the single crystal semiconductor layer and the Eyx.
[0154]

25  [Formula 15]
y=287x+478
[0155]

From Formula 15, when the thickness of the single crystal semiconductor layer
112 is increased by 1 nm, the Ep,x is increased by 2.87 mJ/cm®. In addition, it is

30 thought that the intercept of the linear function is not ¢ due to an effect such as thermal

release to the semiconductor substrate.

[0156]

45



25 thicknesses of the single crystal sem conductor |ayers 112 provided in n
pi eces of the sem conductor substrates, a value, which is cal cul ated such
that a difference between the thickness of the single crystal sem conductor
| ayer 112 (single crystal sem conductor |ayer /V) provided in the n-th

sem conductor substrate and the nedian of the thicknesses is multiplied by
the constant of proportionality A corresponds to a difference between 30
the Emax in the nonitor substrate and the Enax in the single crystal

sem conductor layer N. Therefore, a value, in which the standard deviation
of the thicknesses dfnathqdi for aransfacturing as emjrendoetys subistrate riceardingob o | ayer s
112 is mul tipli - Of | hty 1.0t he
relative st%dr?lg gﬁ‘gﬂ‘zéﬁﬂgﬁ}f‘gﬁgﬁgﬁ%ﬁmﬁﬁg@Eﬁ)@{(&%ﬂgﬁgg%axgﬁ ei}lﬂ%ﬁgdggssl&o % he

si ngl e cr ystefitctegbmicconayads tie hayeus.in Sieunenitdrasubmmatt iadeteatd py apeP€Chonal ity

Ais 2.87 according tg Fornula 15, en .t he st andar.d_deviati.on of the
t hi cknessesm?)tgo‘g ang ‘Bﬂhgléeélgyofients?% s%’,\v/ﬁ'ﬁﬂés &?‘Y/esrttg?n g’érﬁ@@ﬁd@ét'ﬁrwﬁ%%r s is
-expressed banessd, denigityl Brivhizh preforablytsetigies dgyfollewing: t(Ferimlwil 6 hmedi préredablyl)
pi eces of tpe m'.cogduc of ul?st_rat esg are i%adi ted in Fornula 16 and
Formula 17§ %f‘?jﬁjﬁ‘?% “[ﬁ/ % &Y Bt T iEsPINSIon seustraiey asgradiped witha 181
10a = V(2. GReiPrédpdctive ldsbr BeafnsX aABdordidgly,| bR Hiere are variatith IhihfokBe3EHdre,

rel ati ons between a peak value of a detection signal of a reflected
m crowave ithe &NglPBse! EnyjsndncteclyEnamlitaristion et engrexdensiyy eheaghiiastred with
a 15 | aserpchganpiflich R RN SubtHE a(*e_?iﬁﬁ?ia%%) th8fra@ o%%:(ﬁmfehée%f

transistor (hereinafter .referred to as a TF ornmed usin e single
cr yst al 10s erfleésHsubsiratesain armagulactusing dsenesy ¢fettie sgnpipondattor sybsieatesocafilt 10 and

FIG 11. suppressed to less than or equal to 50 ppm (that is, the rate of occurrence of defective

substrates is less than or equal to 1 per 20000).
[0157]
[Formula 16]

15 0.90F1,, +39c<E<El_ -39

[0158]
[Formula 17}
095E1,, +39c<E<El -39

[0159]

20 Since the value of the En.x depends on the thickness of the single crystal
semiconductor layer 112, the Epgy with respect to the single crystal semiconductor layer
112 having a thickness of d is expressed by 4 x d + B, where A represents a constant of
proportionality and B represents an intercept. When the thickness of the single crystal
semiconductor layer 112 included in the monitor substrate is equivalent to the median of

25  thicknesses of the single crystal semiconductor layers 112 provided in # pieces of the
semiconductor substrates, a value, which is calculated such that a difference between
the thickness of the single crystal semiconductor layer 112 (single crystal semiconductor
layer &) provided in the n-th s.emiconductor substrate and the median of the thicknesses
is multiplied by the constant of proportionality 4, corresponds to a difference between

30  the Epax in the monitor substrate and the Enax in the single crystal semiconductor layer

N. Therefore, a value, in which the standard deviation of the thicknesses of » pieces of
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[0162] A nethod for manufacturing a sem conductor substrate used in this
exanple is 20 described. FIG 10 is a cross-sectional viewillustrating a
stacked structure of the sem conductor substrate of this exanple. The

sem conductor substrate of this exanple is fornmed using the manufacturing
met hod described in Enbodi nent 2, and the single crystal sem conductor

| ayer 112 is fixed to the base substrate 110 with a first insulating | ayer
206 forned using two layers of a silicon oxide film 206a and a silicon
nitride 25 oxide film 206b interposed therebetween. [0163] A

‘non- al kal i tht asirgle (ystalasanicondudlat tlayeasrel12 Al @Otiplied u be dthg s cerstanb axfe
substrate I Iz i S,€e e si.nal rystal sem conduct o ubstrate
for form né)w%ogq ()snltaﬁ I’%’ rﬁélig'ltt%fhe?glﬁlg%eoén%ﬁl o?ev?/aglérérd ! ﬁg?,e(@“’”éllnnegafé oi F’yst al

si li con wafpéeces sf thes sidgle andtahsedfisindgdter layeyst dinceithd @mstahtadfropoftionalitged as
the single cry | sem conduct.or | ayer, 112. 64]. . First, _a single
crystal se rﬁc 50@%%?8’&“@&8 % f’%‘%% 5 %@%@?’éjﬂ‘[‘f‘%‘“’f#‘@? H’Eic&’icgﬁ?eB ST #r eat ment
in an a_tsrms,megsfihe_@;ingxéidagstdﬂgamabn&cweh#m% BkprésséEBP S tvaliflidXy Bfthe Wher eby
the silicon oxide film 206a is formed. The tenperatureS of the thernal

oxi dat i on teRe/8Y ety EsWilleivhich (5d) piseesof dicremirondutencbsimics re ivadigiefi con
oxide il mig@Gdnup f6 ARIFAuRE 73 expilssci @Y O following Forhi¥ s, I N order. to form
an enbrittlenent layer in the single crysta SI1ICOI’1 waf er, hydrogen ions
are added tf®l&0he single crystal silicon wafer by using an ion doping

appar at us. [ﬁbr’ierl‘i’a éﬂhydr ogen gas is used as a source gas, and the single
crystal silicon 10 'wafer substrate is irradiated with ions in plasma that
has beqp geong(r}ﬁtﬁ_gﬁlagyﬁagei tation of the hydrogen gas and accel erated by an
electric field wi thout nmass separation. Accordingly, the enbrittl enment

| ayer is f @Examthle The hydrogen ion doping is performed under the follow ng
condi ti ons; t"ﬁf power output of 100 W the accel eration voltage of 25 kV,
and the dod¥ 2.2 x 1016 ions/cnB8. 15[0166] Next, over the silicon
oxi de film 206a, Int thes Snakipks telfibrsi Sbewedn Alpedld VAL QOBR heckiBy sinhhbekness of
50 nmis forped by a plasma-enhanced CVD nget ho?l. A g_roqe,ss gas for

formati on &lepisd niprop@yshing sipglaerysial aemicpndyeiog lager prhich\iy pradiaggdavithad H,

and thesf | gaer BdahP ahd a SubthrdQY aB\Sé(ﬁévﬁu%Q)f?aGt}%Q(ﬁhﬁ%sfﬂ%? (h&BRATAL ure of

thefilm20fornat|onﬁ:rocess|s- :
referred to as a TFT) formed using the single crystal semiconductor layer will be

described with reference to FIG. 10 and FIG. 11.
[0162]
A method for manufacturing a semiconductor substrate used in this example is
20  described. FIG 10 is a cross-sectional view illustrating a stacked structure of the
semiconductor substrate of this example. The semiconductor substrate of this example
is formed using the manufacturing method described in Embodiment 2, and the single
crystal semiconductor layer 112 is fixed to the base substrate 110 with a first insulating
layer 206 formed using two layers of a silicon oxide film 206a and a silicon nitride
25  oxide film 206b interposed therebetween.
[0163]
A non-alkali glass substrate (product name: AN100) is used as the base
substrate 110 in this example. As a single crystal semiconductor substrate for forming
the single crystal semiconductor layer 112, a single crystal silicon wafer is used, and a
30  single crystal silicon layer is formed as the single crystal semiconductor layer 112.
[0164]

47



[0167] After the base substrate 110 and the single crysta

sem conduct or substrate are subjected to ultrasonic cleaning in pure water
and then cl eaned with ozone-contai ning pure water, the surface of the base
substrate 110 and the silicon nitride oxide film 2066 25 forned on the
surface of the single crystal sem conductor substrate are arranged in cl ose
contact with each other and bonded to each other. Next, to perform
separation at the enbrittlenent |ayer, heat treatnent is performed at 200 C
for 2 hours in a_heating furnace, and then heating is successively
performed at 600F&st ppingleigpistat samicendacthesbstrage sspbieeted toAberoabipridation t he

single cry r..S t 81 epar .and the 30singl e
crystal seﬁl}e%%rrllﬁlﬁg% %ﬁ%&%@erﬁg&?@n& gg%ﬁ%é fﬂgﬁ%ég‘gn@lﬁsﬁz (F{a'ioec.’xy 68]
Next ,- af t erwhehebysihe f siliven oéxideh €ilrs i 209k s domnstdal Thenepargunt of theayiermall2 i s

cleaned with.pure water, the si e.crystal. sem conductor layer 112 is
treated wi W‘%H%B‘?EFIBFI&} lﬁf‘qtg? E%B &6‘?&}83}‘%&@ oSt M ptl6ge oxi de
filmthat iisserseEesdmm t he surface. Then, the surface of the single crystal
sem conductor. layer 112 is treated with 5 ozone-containing water (03

water), V\/ne[?@é} an oxide filmis formed. [0169] Next, the single
crystal sem condNgitOm dr@ 8 folrhZanlembeitiRhRAL 18 rtiIPthfe'sfn\%}]ei ﬁsﬁﬂgfsl‘ig%ﬁ {;vgl%f’ment ,

whereby the oxide filmand the enbrittlenment |ayer 1 - been T'eft on
t he separ atyéiege ke asT added tejtheysiaglergrxtall silicom waferd b using [anyien dopidgar e

removed. | 1S 10 W I | ane qof. t he single.crystal
sem conduc'?géen%l a?ierA 127 é/ﬁ@g%?@aéﬁggépgg %?@hr‘%t%%’laﬁg ﬂ?ersén l?v%rﬁ?ﬁ?l %hcé’ eby the
t hi ckndfs ofafdrisebstrateds eradiatedtveith isrninpdasthia cliad had ege perkiated by Geitation dfe about
95 nm [0170 xt, the single crystal sem congdyctor. |layer 112 is

i rradiat ed%?/é fydrgegn, &85 aﬂga%lcgi%{e of¥ ia%r Sl§FHEF; ﬂ#gvﬁv ¥houE Rass o5l a
XeCl exci ncchrdingly, whe Glinteitildntendl IBWMSaTorﬂleanHIhenﬁlﬁdﬂo%B 28 dBpihg Sis used.
The repetitiqn rate,of t{u | aser g_e_amis 30 Hz. Throug an optjcal system
the | aser B&: ‘i’ﬁn}eg updgr the, 058“’ ngifigns: the noxer QuipptREA00p¥dhs asrslseation an

i rradiati opopdseloasekvand aRcRINbLEL Wbl ibfikni?aser beamis performed in a
width direction (a short-axis direction of the beam shape) at 1 mm sec. The

energy 120 §H86lty of the |aser beamis gradual |y changed by about 5 milcn2,
and irradiation r i LI f nt,, .t .1 he .en nsity.
Né{t,pgvefr %cggfliif:gr? oQ%e&}l{nh%éE l't e fi&n %&rl&eb?)g%:,‘ %Llﬂyzggg y

The laser irradiation 1s ne a nitrogen gas
i rradi at edhaving athickness of 66 mnt ie fipmed by p @lash@-tilincée&VD méthat. tAprossss f ace of

the singl e, or ¥ b natSIbFRIMELS nicidY Slidd Hifn S, SRS NH,, and H,, and the
flow ratio is SiHAN2OWH3\H, = 20\36\200\800. The temperature of the film
20  formation process is 300 °C.
[0167]

After the base substrate 110 and the single crystal semiconductor substrate are
subjected to ultrasonic cleaning in pure water and then cleaned with ozone-containing
pure water, the surface of the base substrate 110 and the silicon nitride oxide film 206b

25  formed on the surface of the single crystal semiconductor substrate are arranged in close
contact with each other and bonded to each other. Next, to perform separation at the
embrittlement layer, heat treatment is performed at 200 °C for 2 hours in a heating
furnace, and then heating is successively performed at 600 °C for 4 hours in the heating
furnace. Accordingly, the single crystal semiconductor substrate is separated, and the

30  single crystal semiconductor layer 112 is fixed to the base substrate.

[0168]
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25 with pure water, the single crystal sem conductor |ayer 112 is treated
with a 100-fold diluted hydrofluoric acid to renove a native oxide film
that is formed on the surface. Then, the surface of the single crystal

sem conductor |ayer 112 is treated with ozone-containing water (03 water),
whereby an oxide filmis fornmed. Then, the single crystal sem conductor

| ayer 112 is subjected to second etching treatnent, whereby the 30

thi ckness of the single crystal sem conductor layer 112 is set to be about
60 nm [0172] After the second etching treatnent is finished, the

sem conduct or suB@%ﬁaﬁ@ﬁh%mﬂﬁnbpé@@émgbwnﬁééSGPm@Hhmpnhymnﬂélﬂpkmugen

at mospher e iy furt i ok sHER 3 ACEREANIAT L 175 B ik Tk 2 SBBISTeN!

heat treatnent rTorme nthis
- exanpl e, ardlhtedH‘afldﬂéluofrcFicm so femmvedt mwﬂgx:dhéilmehatamﬁﬂmedi on teubisfacat e 5

made thr Ougll%fhh%eag\ﬁ'}‘a%e fOfgS m%IThS-(yﬂ%al se?r} (1;0 C%OI' tlfﬂ’&f glghanﬂ?egt:ted-r\lzv-&hl S as

fol | ows. dlca I on o Re%%si

sem conductozond-a;umlmﬁgﬁ(ales((pavdm},rwhdrebylan oxidel f1nh isl formddt h a t hi ckness of 10
nmis for ”iﬁ ?nd silicon oxynitride is deposited to a thickness of 10 nm
‘over the o 1363 film whereby a gate insulating |ayer having a 10 two-I ayer
structure is for Neﬂ, tHBusﬁﬂigie E:x;ysﬁallﬁd’mlbdlﬂu&alt RyemEI2! igtsubjgctb@itefirst tcHmEe

el ectrode havin ﬁ uct re in which tané,ggum nitride film has
a thi ckneséreﬁtfnegb V@ﬁd O’fl é fliel‘?‘ﬁ ’é%e“éf’“f hag begpdefioni s
formed. | n meddpirhateh p Im%fft@é 41@%196 gta&eﬁl%ﬂmﬂkorh@régm :{rb}en'iﬁvea heInrlhi@,hann3|
TFT to the channel vm dt h l\%ﬂ e n-channel TFT 10/ 8 pm

15[ 0173p  example,ghesseparatipn plang of the single shistohsenyeqndaeiar lamr léﬁe?WJea@ﬁm ty of
the laser l?@%? Wcﬁﬂg%aﬁﬁbnhk@hééﬂw{h@ thickds@br %l%”hﬁél@%&%‘:a@rseﬁ'l%x%uc{o?

irradi ated and the peak value of "the intensity of a réeflected m crowave,
and rel ati &Y@rbl&lmﬁpbwoéh%?lgv density of the |aser beamw th which the
single crysf sem conductor layer is irradiated and the S value of 20 the
TFT forned SI ]19 the single crystal sem conductor layer. In FIG 11, the
hori zont al axi s Neyirtbsesingls ctysa! emdcaducienigydryl 11s itrhdiated swith alesenbeaand t he

vertic axls. [ epRLesent ak val of .the intenpsjt he refl ected
mcr ovvg%/ Pr frﬁa Na uhe?th&t.1 a%e ){Jgi%?mf% fgser W thﬁ%’Hgfar h?ﬁn?ilaba 11 t hat

t he ener gy wdeslengtly of B08)nmfis td?.ed rrUrhet mpetitwhslfateabﬁ theh Riert B@np@ako\ﬁﬁ ue is
the maximumin this ex Ie [cpR, and. if r am havi ng the
energy den faysh ﬁ’étoPE??il *\‘fﬁ'i g Cé’Hﬁt‘fdeEP"haWé ﬁﬁ‘ﬁaﬂ ﬁ%eaéfl’e%rﬁe TFT is
rapi dly detigipt @hadneEradiafbry) s&rme e @6hnied ithi tAeldseNb&in Isheerfored & gr yst al
sem conductor_ layer. In_addition, since the mcr ocrgst all'ization of the

singl e cry®tdh disecHondashert-gxis sineetiany of e beam shaps) ay banpisece Jlie feaerey at
randonmyg WhghhsirPef te@ies tehik St gladiflly aﬁﬂgéépﬁﬁ BbduR ¥ &hI/RE?, tan? 'rréMfétﬁJﬁ iS

m crocrystallized is used, variation of characteristics o
performed using different types of the energy density. The laser lrradiatlon is

performed with a nitrogen gas blown on an irradiated region at a room temperature.
[0171]
Next, after the surface of the single crystal semiconductor layer 112 is cleaned

25  with pure water, the single crystal semiconductor layer 112 is treated with a 100-fold

diluted hydrofluoric acid to remove a native oxide film that is formed on the surface.

Then, the surface of the single crystal semiconductor layer 112 is treated with

ozone-containing water (O3 water), whereby an oxide film is formed. Then, the single

crystal semiconductor layer 112 is subjected to second etching treatment, whereby the
30  thickness of the single crystal semiconductor layer 112 is set to be about 60 nm.

[0172]

After the second etching treatment is finished, the semiconductor substrate is
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I ncreases. [0177] In this exanple, when variation a of the energy
density E which is emtted to the single crystal sem conductor |ayers (the
sum of variation of En, which depends on 5 the thicknesses of the single
crystal sem conductor |ayers and variation of the energy density of each

| aser beamwi th which sem conductor substrates are irradiated) i s neasured,
the variation is 2.57 m1/cnR. Therefore, the energy density E of each

| aser beamwith which the sem conductor substrates are irradi ated
preferably satisfies the followng Fornula 19 to achieve a process

capabi | i t y subjgeird ¢&f hdat reatn@p0 7@ nitfomon phesphesd 09 OEMivakresisgnee Mafing 10
[0179] In EIG. 11, ;the El.rnax i ml/ X &~ dlal referabl e
that t he errggr 140 s e Mbnl Bed KepMen T herglrieh & QR Cqibta b

sem conduct[for73jubstrates are irradiated be greater than or equal to 744

mJ/ cn?2 and | ess than or ual to 8 [cn?. . When.t he ene density E of
Cacn L acer beam IR sStmpii nstilnne TP e lied v rpiRas PR SR ) of a
defective shdsitirahigh thabbhe plocéshe Bl b of shical-cieand] qOTdsiIgd followayer is

m crocrystal]ized can be suppressed to 50 ppm In addition, it is
preferable[QH%H the 20 energy density of each | aser beamw th which the

sem conduct or sURSditARRIadBdEof the MRt Rehtd BerdlicBAdRior 14N 1 DY isqftHdimdd® (0. 95
El",a,, + 10) mlcnR2, that is, sreater than or equal to 784 mJ/cnR. [0180]

FIG 11 il l2a9ridgdidy vwithathickeessol k) nya isdprmede andsflisppioynitiide s deppsitediie si ngl e
crystal 25 ' b, | | at PR whose
ener gy densa ?@W‘%gg’?gg?{g} Iota%:tﬁe tggﬁgqﬁl}gll’ l“{h%égg?f grfdge/ Eﬂ%lgtélﬂgd ta?‘zlgga‘?%% or
equal tl6 sowotayersiucheaisienndds Fwfthtacovenihg catpvinsughing laien raatecgledtodes ar e

provi ded. LQXE3L 85 EGHIARSANYE » RulTHARE SR bl FRHOBELT Atk

sem conduct or
and a tungsten film has a thickness of 370 nm is formed. In addition, the ratio of the

channel length (L) of the n-channel TFT to the channel width (W) of the n-channel TFT
is: L/'W=10/8 um.

15 [0175]

FIG. 11 illustrates relations between the energy density of the laser beam with
which the single crystal semiconductor layer is irradiated and the peak value of the
intensity of a reflected microwave, and relations between the energy density of the laser
beam with which the single crystal semiconductor layer is irradiated and the S value of

20 the TFT formed using the single crystal semiconductor layer, In FIG 11, the
horizontal axis represents the energy density of the laser beam, and the vertical axis
represents the peak value of the intensity of the reflected microwave or the S value of
the TFT.

[0176]

25 It is found from FIG. 11 that the energy density (£1,:) of the monitor substrate
when the peak value is the maximum in this example is 814 mJ/cm?, and if a laser beam
having the energy density that exceeds the value is emitted, the S value of the TFT is
rapidly deteriorated along the microcrystallization of the single crystal semiconductor
layer. In addition, since the microcrystallization of the single crystal semiconductor

30 layer occurs in a substrate surface at random, when the single crystal semiconductor

layer part of which is microcrystallized is used, variation of characteristics of TFTs
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30 accordi ng an enbodi nent of the present invention is used, whereby a

sem conduct or substrate having a single crystal sem conductor |ayer with
favorable crystallinity and planarity can be formed regardl ess of
variation of the thickness of the single crystal sem conductor |ayer and
variation of a laser. Accordingly, a TFT is formed using the single crystal
sem conduct or | ayer, whereby a TFT having favorable characteristics can be
formed. In addition, by using the method for manufacturing a sem conductor
5 substrate accordi ng an enbodi ment of the present invention, generation of
a def ecti veingngpss.r at e can be suppressed in a manufacturing process.

Ther ef or e, ﬁlpﬂvorable single crystal sem conductor |ayer can be fornmed at
| ow cost. This application is based on Japanese Patent Application
serial No. 10 2008t2beka60lc whed variatin Faaie ergnden@iyf E ovhiahnis Gofitcdden 2,

2008, the eptire contents of ich are here i ncorparated. by reference.
GPaT 1 5 oL Ak ensle SRT Sorieaindl BYerS [ G5 S0V B Bn i bihatbetg Oh
substratse, tHeOMIENnSisBYof the sHigRPGyRil: sehidohddtcrtlhyegs aricvuriafiod bf Gk dnergh-t h

(1@) single crystal sem conductor substrates with ions to form .
enbr | tuené#?flmr?ég;ﬁ%chi fassg heAmovity pehigh sepicprglugtor suksiatgs élr%ﬂ%f{l%wd) is

sen conductRéassredShé drRfion is 2.57 ml/eRAdi THardiite, thé bidrey GerBity I oTieBe Rsepr Yst al
sem conductor subpstrates to first to n-th base substrates, with insulating

| ayers proveaedvigh vhich) e semisprdugtor sestraten gree redipiadapreerabbe ratistisratie t or
substrat es Biifhih ol PRUSREAI Fioldld EpRORBAnSRIMEN the T1Ts! 10 n-th

single cryst sem conduct or substrates and'the first to n-th base

subst r dies,[0F8dpect i vel y; fixing first to n-th single crystal
seniconduc%p&mhﬁﬁﬂ;s to the first to n-th base substrates by separation of
the first to n-t Jingle crystal sem conductor substrates, along the
enbrittl emen®0A1gyen8 <lE<Regf—x0r eat nent, respectively; 15irradiating a
plurality of regions in the first single crystal sem conductor |ayer with

| aser beand01%fher ei n each of the | aser beans has different energy densities

from each other; In FIG. 11, the Eluma is 814 m)/cm?; therefore, it is preferable that the energy
15 density E of each laser beam with which the semiconductor substrates are irradiated be
greater than or equal to 744 mJ/em? and less than or equal to 804 mJ/cm?. When the
energy density E of each laser beam is less than or equal to 804 mJ/cm?, the probability
of a defective substrate in which the single crystal semiconductor layer is
microcrystallized can be suppressed to 50 ppm. In addition, it is preferable that the
20 energy density of each laser beam with which the semiconductor substrates are
irradiated be greater than or equal to (0.95 Elyy + 10) m)/cm?, that is, greater than or
equal to 784 mJ/cm?,
[0180]
FIG. 11 illustrates that the S value of the TFT with the use of the single crystal
25  semiconductor layer that is irradiated with a laser beam whose energy density is greater
than or equal to 784 mJ/cm? and less than or equal to 804 mJ/cm? reaches 85 mV/dec,
and favorable characteristics are provided.
[0181]
As described above, the method for manufacturing a semiconductor substrate
30  according an embodiment of the present invention is used, whereby a semiconductor

substrate having a single crystal semiconductor layer with favorable crystallinity and
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detecting a plurality of peak val ues of detection signals of reflected

m crowaves of the first single crystal sem conductor |layer irradiated with
the | aser 20 beans, by a m crowave photoconductivity decay nethod, wherein
one of the energy densities of the | aser beans whose peak value is a

maxi mumin the plurality of the peak values is expressed by EL.; and
irradiating the second to n-th single crystal sem conductor |ayers with

| aser beans whose energy density E satisfies the follow ng Formula 1: .
25090E1. + 3.90- E El. -3.9a, wherein a satisfies the follow ng Fornula 2:
/ 2 0- = oplagritypcan be formed regiaedlass of wariation pfdbe Higknasssefathel aingledarystalt i on of

ener gy densj W@&? ) . e LGr ES. @, maxi qumin
each of n 3#%%%% 0 ﬁ?ﬁg*gﬁﬁg%émgﬁﬁg?gﬁggogégﬁﬁggﬁﬁﬁg?X§sF&V%%E?“%nﬁ wherein
ae repr eserdinglecrystalrdmiapndisiir disien rwhesfebg nefijyhavingsivoraldé clmadteristisecanbeam
wi th which sem duct or..substrates.are jrradiate 2. A nethod. for

nmahuf act ur il:'%gf‘gzl;?l gd(; mﬁgoa(r%lg ﬁic%;) ’ofﬁg' suﬁﬁlgt i gtrg?th%({) r PETHRC S %tsglﬁléCOB?‘.w%r

5i rradi &t i nybegmtehacodrdingrantentbe@dimednh of the Pressniniglention,yshahtiGeof £ Asfdstbleor
substrates m%th ion% to for%L@nbrhéﬁ% nent | a er%,in each _of the fjrst to
n-th singl e 8P AR ¢ SIRRIEHGLE AIpalgslyrng precess.  Therefoge, 2 fpypyahlp singler ¢ ¢ o
n-th singl ergta séniibomibaioc Rpettal be foembsirlavesstt 0 first to n-th base
substrates, with insulating |ayers provided on at |east one of the single
crystal 10sem conductor substrates and the base substrates interposed

between the firsthikOapplickion is based on Japanese Patent Application serial No.
10 2008-257760 filed with Japan Patent Office on October 2, 2008, the entire contents of

which are hereby incorporated by reference.
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single crystal sem conductor substrates and the first to n-th base
substrates, respectively; fixing first to n-th single crystal

sem conductor |layers to the first to n-th base substrates by separation of
the first to n-th single crystal sem conductor substrates, along the
enbrittlement |ayers by heat treatnent, respectively; 15irradiating a
plurality of regions in the first single crystal sem conductor |ayer having
a nmedi an of thicknesses of n pieces of the single crystal sem conductor

| ayers with | aser beans, wherein each of the |aser beans has different
ener gy densWHAISIS{(HaXiMEARIB:ot her; detecting a plurality of peak val ues of
detection signals of reflected 20 m crowaves of the first single crystal
sem conductor layer irradiated with the |aser beans, by a nicrowave

phot oconducti vi t ¥. dacasthed fdrodanufiveurigne esmeicafduttioe sevsantgy caleprisidg the of t he
| aser beangmyho§e peak value is a maximumin the plurality of the peak

val ues i s ex@?g'sed by El.; and ' ‘irradiating the second'to n-th

single orystal samidpeing eadhost fiy &y A-thA2) kRERI crystal RRAMITBNARAST SuBtREdY
density E satisfies the followng Formula 3: Q090El. +3.9¢c E El. - 3.9c ,
wher ei n cy it jap i‘t@sfomeemfml%"gdam iueachqof ghey first gq oyth) single crystal
wher ei n ad QRLRERN: SuBRnatandard deviation of thicknesses of n pieces of
the 30single crystal sem conductor |ayers, and wherein ae represents a
standard devi at i Bendste the irst fep-gy sigla shsial sgmicendupigy @’fbanj@a'mfgﬁd@ n-th

irradiatio brdiet i i ) SIS e,
conpri si ngrbta?'uegsust eps’ g‘?@ h g{l?tg%inlgi«?%y%%%% %ﬁﬂ%gﬁ%ﬂgﬁ?ﬁﬂe{ ﬁlﬁ%ﬁgzé%rﬁhsi ngl e
cr yst allOserstmisandvcton substibiss and ¢ base substrates interposed between the first to »-th

single crystal semiconductor substrates and the first to #-th base substrates, respectively;

fixing first to n-th single crystal semiconductor layers to the first to »-th base
substrates by separation of the first fo n-th single crystal semiconductor substrates,
along the embrittlement layers by heat treatment, respectively;

15 irradiating a plurality of regions in the first single crystal semiconductor layer
with laser beams, wherein each of the laser beams has different energy densities from
each other;

detecting a plurality of peak values of detection signals of reflected
microwaves of the first single crystal semiconductor layer irradiated with the laser

20  beams, by a microwave photoconductivity decay method, wherein one of the energy
densities of the laser beams whose peak value is a maximum in the plurality of the peak
values is expressed by Elmay; and

irradiating the second to n-th single crystal semiconductor layers with laser
beams whose energy density £ satisfies the following Formula 1:
25 _ 0.90E1,, +39c<E<El__ -390,

wherein ¢ satisfies the following Formula 2:

2 2
0'=-\’O", +T, »

wherein o, represents a standard deviation of energy density whose intensity of
a reflected microwave is a maximum in each of n pieces of the single crystal
30 semiconductor layers, and

wherein o, represents a standard deviation of energy density of each laser beam
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with ions to formthe enbrittlenent |layers in each of the first to n-th
single crystal sem conductor substrates; bonding the first to n-th
single crystal sem conductor substrates to first to n-th base substrates,
with insulating |layers interposed between the first to n-th single crystal
10sem conductor substrates and the first to n-th base substrates,
respectively; fixing first to n-th single crystal sem conduct or
| ayers to the first to n-th base substrates by separation of the first to
n-th single crystal sem conductor substrates, along the enbrittlenent
| ayers by h@ﬁh“@mba@ﬂﬁﬁummpeswé@¥¢W¥ﬁyﬂdmmﬂadlat|ng a plurality of regions
inthe first single crystal sem conductor layer 15 with | aser beans having
different energy densities fromeach other, wherein a thickness of the
first single cry$tah wethvd dordwetufactiringes sérsicordactonisebsirste, comprisirtghthec| osest
to a nedlan of %hlcknesses of n pieces of the single crystal sem conductor
| ayers; detectlng a plurality of peak val ues of detection signals of
reflected nicrowavgitatiaf ebdteof fifssto A4 GQ) einglt @Ystal @BNGBAULEIr Gibstayeer
irradiated with the %F%er 20 beans by, a nlc%EW% E Fhotoconduct|V|ty decay
h I's

met hod, wheVi# onsnie t ebratlemey | HeFs iy Fard Rerthpdngs sidde peak

val ue is a @RtdoAtmdrRubishaes! urality of the peak val ues i s expressed by

El max; and i rradi atlng t he second to n-th single crystal
sem conduct or | apesdingsghe first 43 st pegle TR s iEoRIpelr ﬂ%ﬁ‘ﬁtﬁft‘)@@éﬂﬂﬁl es the

follow ng RQEdmuhiRraes, %v'i_lﬁ’ngﬂﬁillatm l% rE Elv'ﬂied ot %Clea%‘ﬁé%'f'?héjsﬁgﬁs s the

foll ow ng Formul a 4: + 0-e2 ,
repr esdﬁt S samipoRgugtor duwwatan@ rﬁh@obas@ hubﬁkrﬁ@s serpoded rbepiasodhe Gifst tt(hG-tbl ngl e

crystal O@; I%mﬂc@ﬁ' Etor flﬁ)@tge}tgso%gﬂa?lﬁeeﬁrgt 18 n-th %ere%ﬁﬁg?l_taﬁas 8&%@@? d

devi ati on e energ n5| aser beans for irra
4. The net hod foﬁxmgrfmsftamzﬂh |smgleactmhsetnr¢dnducw layaisstbribe Srsaocotidbasg to

Che I "SR ke R b S BBl e
partial |y nikingels siltaittement layers by heat treatment, respectively;

15 irradiating a plurality of regions in the first single crystal semiconductor layer
having a median of thicknesses of » pieces of the single crystal semiconductor layers
with laser beams, wherein each of the laser beams has different energy densities from
each other;

detecting a plurality of peak wvalues of detection signals of reflected

20  microwaves of the first single crystal semiconductor layer irradiated with the laser
beams, by a microwave photoconductivity decay method, wherein one of the energy
densities of the laser beams whose peak value is a maximum in the plurality of the peak
values is expressed by Elpax; and

irradiating the second to n-th single crystal semiconductor layers with laser
25  beams whose energy density E satisfies the following Formula 3:

0.90E1_ +39c <E<El__ -390,

wherein o satisfies the following Formula 4:

o =4(2870,) +0,°,

wherein oz represents a standard deviation of thicknesses of n pieces of the
30 single crystal semiconductor layers, and

wherein o, represents a standard deviation of the energy density of the laser
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5. The method for manufacturing a sem conductor substrate according to
claim2, wherein the |laser beans are emittied with energy density with

whi ch the second to n-th si ngl e crystal sem conductor |layers are in a
partially nelted state. 10 6. The nethod for manufacturing a

sem conductor substrate according to claim3, wherein the | aser beans are
emttied with energy density with which the second to n-th single crystal
sem conductor |ayers are in a partially nelted state. 157. The nethod for
manuf acturi ng a sem conduct or substrate according to claim1, wherein the

| aser beansbeame fqyiirgidiionaser beans. 8. The method for manufacturing
a sem conductor substrate according to claim2, wherein the | aser beans are
pul sed | aser beans. 20 9. The nethod for nmanufacturing a

sem conduct or suBstAw&hmdwr'mmmiglabmﬁonMr substrales coapisingothans ar e
pul sed | aser 10. A sem conductor device forned using
the sem corf&et?étor substrate 25 formed by the manufacturing nethod according

to claiml. irradialibg edclseNfigofdet 2yl eiizleeer @il nmhidesdigort fBstrates
sem conduct or, substrate forned by the manufacturing nmethod according to

Sl ai m 2, 3008 1o8S 4@ fe e Ferbsicaiont JeaR aeh G5 egliehio BEsRBl R
substrate fpn@ddRiorshtraRauf act uri ng method according to claim3.

bonding the first to #-th single crystal semiconductor substrates to first to n-th
base substrates, with insulating layers interposed between the first to n-th single crystal
10  semiconductor substrates and the first to #-th base substrates, respectively;
fixing first to n-th single crystal semiconductor layers to the first to n-th base
substrates by separation of the first to n-th single crystal semiconductor substrates,
along the embrittlement layers by heat treatment, respectively;
irradiating a plurality of regions in the first single crystal semiconductor layer
15  with laser beams having different energy densities from each other, wherein a thickness
of the first single crystal semiconductor layer is the same as, or is the closest to a
median of thicknesses of » pieces of the single crystal semiconductor layers;
detecting a plurality of peak values of detection signals of reflected
microwaves of the first single crystal semiconductor layer irradiated with the laser
20  beams, by a microwave photoconductivity decay method, wherein one of the energy
densities of the laser beams whose peak value is a maximum in the plurality of the peak
values is expressed by El.y; and
irradiating the second to n-th single crystal semiconductor layers with laser
beams whose energy density E satisfies the following Formula 3:

25 0.90E1_ +39c<E<El,, -390,

wherein o satisfies the following Formula 4:

o =J(2.875,) +5,%,
wherein o, represents a standard deviation of thicknesses of » pieces of the
single crystal semiconductor layers, and
30 wherein o, represents a standard deviation of the energy density of the laser

beams for irradiation.
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4. The method for manufacturing a semiconductor substrate according fo
claim 1, wherein the laser beams are emittied with energy density with which the

second to n-th single crystal semiconductor layers are in a partially melted state,

5. The method for manufacturing a semiconductor substrate according fo
claim 2, wherein the laser beams are emittied with energy density with which the

second to #-th single crystal semiconductor layers are in a partially melted state.
6. The method for manufacturing a semiconductor substrate according to
claim 3, wherein the laser beams are emittied with energy density with which the

second to »-th single crystal semiconductor layers are in a partially melted state.

7. The method for manufacturing a semiconductor substrate according to

claim 1, wherein the laser beams are pulsed laser beams.

8. The method for manufacturing a semiconductor substrate according to

claim 2, wherein the laser beams are pulsed laser beams.

9. The method for manufacturing a semiconductor substrate according to

claim 3, wherein the laser beams are pulsed laser beams.

10. A semiconductor device formed using the semiconductor substrate

formed by the manufacturing method according to claim 1.

11. A semiconductor device formed using the semiconductor substrate

formed by the manufacturing method according to claim 2.,

12. A semiconductor device formed using the semiconductor substrate

formed by the manufacturing method according to claim 3.
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