METHOD FOR MANUFACTURI NG SO SUBS | RATE AND SEM CONDUCTCOR DEVI CE BACKGROUND
OF THE INVENTION 5 1. Field of the Invention [0001] The present
invention relates to a nethod for manufacturing a silicon-on-insul ator

(SAO) substrate having a so-called SO structure in which a single 10
crystal sem conductor layer is provided on an insulating surface, and a

nmet hod for manufacturing a sem conductor device having the SO structure.

2. Description of the Related Art [0002] 15Integrated circuits have been
devel oped, in which a sem conductor substrate called a silicon-on-insul ator
(hereinafter also referred to as "SO1") having a thin single crystal

sem conduct or | ay j | &l { ipst of a silicon
waf er manuf act ur e%ﬂﬁ@gﬁbgﬁéﬁ%&ﬁa an%dgg’(ﬁ;m%f% f%gfje crystal
sem conductor is thinly sli cmﬁgxé\gwﬁ?%@ﬁﬁqléﬁr cuit using an SO

a |

substrate has attracted atte ntegrated circuit which reduces
parasitic capacitance between a drain of a transistor and the substrate and
i nproves the performance of a sem conductor integrated circuit.

BACKGROUND OF THE INVENTION

1. Field of the Invention
f0001]
The present invention relates to a method  for manufacturing a
silicon-on-insulator (SOI) substrate having a so-called SOI structure in which a single
10 crystal semiconductor layer is provided on an insulating surface, and a method for

manufacturing a semiconductor device having the SOI structure.

2. Description of the Related Axt
[0002]

15 Integrated circuits have been developed, in which a semiconductor substrate
called a silicon-on-insulator (hereinafter also referred to as “SOI”) having a thin single
crystal semiconductor layer on an insulating surface is used instead of a silicon wafer
manufactured in such a manner that an ingot of a single crystal semiconductor is thinly
sliced. The integrated circuit using an SOI substrate has attracted attention as an

20 integrated circuit which reduces parasitic capacitance between a drain of a transistor and
the substrate and improves the performance of a semiconductor integrated circuit.
{0003]

As a method for manufacturing SOI substrates, a hydrogen ion implantation

separation method is known (e.g., see Patent Document 1). The hydrogen ion



[ 0003] As a method for manufacturing SO substrates, a hydrogen ion

i npl antation separation nethod is known (e.g., see Patent Docunent 1). The
hydrogen ion inplantation separation nmethod is a nethod in which hydrogen
ions are inplanted into a silicon wafer to forman enbrittled region at a
predeterm ned depth froma surface of the silicon wafer, and the silicon
wafer is separated at the enbrittled region, whereby a thin silicon |ayer
is bonded to another silicon wafer. In addition to the heat treatnent 5 for
separation of a silicon layer, it is necessary to performheat treatnment in
an oxidi zing atnosphere to forman oxide filmover the silicon |ayer,
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On the other hand, a semiconductor device in which an insulating substrate
10 made of high heat resistance glass or the like is provided with a silicon layer is
disclosed (e.g., see Patent Document 2). In this semiconductor device, an entire
surface of crystallized glass whose strain point is greater than or equal to 750 °C is
protected by an insulating silicon film, and a silicon layer obtained by a hydrogen ion
implantation separation method is bonded to the insulating silicon film.
16  [0005]

On the surface of the silicon layer obtained by a hydrogen ion implantation
separation method, there exists defects due to an ion implantation step or the like for
forming an embrittled region. Therefore, a technique of removing the defects by
vapor-phase etching is disclosed (see Patent Document 3).

20 [Reference]
[Patent Document]
[0006]
[Patent Document 1] Japanese Published Patent Application No.-2000-124092

[Patent Document 2] Japanese Published Patent Application No. H11-163363



[ Pat ent Docunent 3] Japanese Published Patent Application No. H11-102848
SUWARY OF THE | NVENTI ON [ 0007] 5However, there is a possibility that
metallic contamination is attached to and diffused into the silicon |ayer
in renoving the defects by vapor-phase etching. In addition, there is a
possibility that the netallic contamnation remains in the silicon |ayer
when a sem conductor elenent is forned over the SO substrate. The netallic
contam nati on causes decrease in performance and reliability of a

sem conduct or 10devi ce. [0008] In view of the foregoing problem an
obj ect of an enbodi nent of the present invention is to provide an SO

substrate in which contam nation due to i riti met al el enent
and the | i HRatpn¢ Rogppend S laganesql qd; I3, PLgR@FW¥FS§%ﬁgggoggﬂgn 15 enbodi nent
of the present invention is to prevent decrease in performance and
reliability of a sem conductor device fornmed using such an SO substrate.

[ 0009] An enbodi nent of the_?resentgﬁgﬁgﬁt' nis a nmethod for

manuf acturing an SO subst r 2PMMAR GHTB@E éﬁ of : form ng an oxide
filmon a single crystal sem conductor 20 substrate; introducing

accel er at ed0¢@hs into the single crystal sem conductor substrate through
the oxide filmto forman enbrittled region_in the single crystal
seni conduct or suHQWPﬁ%é?ﬂBdﬁﬂWHﬁﬁ&m§db%d??¢H©CQHEQPW%WQS§H@H%§H%Pm{he
supporting substrate and the single crystal sem conductor substrate face
each ot her diffuspd tinfe the sidieors layes imicatoyBEetie tdelsctspiat mﬁ',l’hﬁérq“g‘r“}ﬁ' né“

separation at the enbrittled_re%ion into the supporting, . .
addition, there is a possibility that the metallic contamination remains in the silicon

layer when a semiconductor element is formed over the SOI substrate. The metallic

contamination causes decrease in performance and reliability of a semiconductor
10  device.

[0008]

In view of the foregoing problem, an object of an embodiment of the present
invention is to provide an SOI substrate in which contamination due to impurities such
as a metal element and the like is suppressed. In addition, another object of an

15 embodiment of the present invention is to prevent decrease in performance and
reliability of a semiconductor device formed using such an SOI substrate.
[0009]
An embodiment of the present invention is a method for manufacturing an SOI
substrate including the steps of: forming an oxide film on a single crystal semiconductor
20 substrate; introducing accelerated ioms into the single crystal semiconductor substrate
through the oxide film to form an embrittied region in the single crystal semiconductor
substrate; bonding a supporting substrate such that the supporting substrate and the
single crystal semiconductor substrate face each other with the oxide film interposed

therebetween; performing separation at the embrittied region into the supporting



substrate to which a single crystal sem conductor |ayer is bonded and part
of the single crystal sem conductor substrate by heating of the single
crystal sem conductor substrate; performng first etching on a surface of
the single crystal sem conductor |ayer bonded to the supporting substrate
wWith a substrate bias applied; irradiating the single crystal 5

sem conductor layer with a |laser beamand nelting and solidifying at |east
part of the surface of the single crystal sem conductor |ayer; performng
second etching on the surface of the single crystal sem conductor |ayer

Wi th no substrate bias applied. [0010] Another enbodi nent of the present

invention is a nethod for manufacturing an, 10 S bst,rate_.i.ncludi ng the
Sepe of | FERHRIRGO Act e RET TR Eo BT L5er oeafe bRt oh e "

substrate; introducing accelerated jions into the single crystal ]

sem conduccostebipgusndtgon yp sthratingat, ngﬁ?‘?'ﬁtalfSS'g‘fﬁoﬁ‘ﬁ‘c\é’ﬁﬁ%Sfrﬁeed regi on
in the single crystal sem conductor_ suhstrate; bondig a suPBor i,ng
substrat e Pedprminmbinst sighing e iriargoldinurgls FrsahyieaduqordrseT aegret i

sem conduct or substrate face, each other,mﬁthH%f_th oxide filminterposed

t her ebet wedk, SUPPPIBE Fbtyratce itk & rubsiralt biaiereHesk i irapape, By ey P82l he
supporting substrate to which a single crystal s%nicondUEtor | a %% IS
bonded &nd spraicendyetor fyeswith pdassk hearhpndsmpiting Aed, seliityiog st {epstnarttf Bizati ng of
the single crystal sem conductor substrate; performng first etchjng on a
surface of swiicesifrihe singleyasysial sswigordsiidevs pegipaming ?tﬁh’{‘%Qns‘{B‘bporti ng
substrate with no substrate bias applied; 20 irradiating the single crystal
seni conduc tswiface 8§ the singlereryptal seaicondugia 1anet it 1o WESERIRPEAPPT yi ng at | east
part of the surface of the single crystal sem conductor |ayer; performng
second et chPHfion the surface of the single crystal sem conductor |ayer
with no substrate bias apined.t£0011] ] .. Further, in_an enbodi nent

of the present iAvetheiesbodiment ofj thepregntmyengionds prgthad s manBRFRERSRY using a
chl orine-based gas. The second etching is preferably perfornmed using a

f1 uori i@- bS8 dsulstzate [miudine G sEPH AL g it oxifectiid drnt iingdt cBiEl present
invention, the first etching and the second etching are preferabl%

per for med semisgnducior ysbstate;hdnEefluging. apqulpraipd ions into the single crystal

semiconductor substrate through the oxide film to form an embrittled region in the
single crystal semiconductor substrate; bonding a supporting subéuate such that the
supporting substrate and the single crystal semiconductor substrate face each other with

15  the oxide film interposed therebetween; performing separation at the embrittled region
into the supporting substrate to which a single crystal semiconductor layer is bonded
and part of the single crystal semiconductor substrate by heating of the single crystal
semiconductor substrate; performing first etching on a surface of the single crystal
semiconductor layer bonded to the supporting substrate with no substrate bias applied;

20  irradiating the single crystal semiconductor layer with a laser beam and meliing and
solidifying at least part of the surface of the single crystal semiconductor layer;
performing second etching on the surface of the single crystal semiconductor layer with
no substrate bias applied.

[0011]



In an enbodi ment of the present invention, a glass substrate can be used as
a supporting substrate. 10[0014] In this specification, the single
crystal neans a crystal in which, when a certain crystal axis is focused,
the direction of the crystal axis is oriented in the sane direction in any
portion of a sanple and which has no crystal grain boundary between
crystals. Note that in this specification, the single crystal includes a
crystal in which the direction 15 of crystal axes is uniformas described
above and whi ch has no grain boundaries even when it includes a crystal
defect or a dangling bond. In addition, re-single-crystallization of a

single crystal sem conductor | ayer s that a single crystal . .

sem conduct or | “hdfi #Hy © b@‘%ﬁ’@i“egg tpéqse‘gt’r“l‘j?f’tt’ﬂa’e%eeﬁ&?n%cw & single
crystal structure after being in a djfferent state from.t he si crystal
structure PEfRyably gerformef; ysipgqa ﬁﬂ'ﬁ’é‘%"' "lsﬁ‘féﬁ‘s.' IRe zaeand ‘i.’)?erg s Wﬁﬁ%ﬁ’so be
said that re-single-crystallli Z%;[i on of a single crystal sem conductor |ayer
means t hat P%Ff%rﬂ’?g%m%? were-hagsd @¥8nduct or layer is recrystallized to forma
single crystal sem conductor |ayer. [0015] The term "sem conductor device"

in this sptll2] cation refers to devices in general that can operate by
utilizing sem conductor characteristics, and display devjces, .sem conduct or
circuit8, and el REPBIRY. B whodipent Pﬁ@?@ﬂ@@til’h"eflﬂ%"‘*é% brighing and,e

sem conduct or device, [0016] 5Furthernore, the term "di splay device" in
this speci fiecgeqng stchingarrgasiembly Rgrfermase wigRflueanseesed g a 1 quid cryst al
display device in its category. Alight-emtting elenent includes, inits
scope, an &%3knt whose |uminance is controlled by current or voltage, and
specifically includes an_inorganic el ectraolumnescent (EL) el enent, an
organi ¢ EL el eneltan eggdimrat pf the prepotgnveption. a glass substiatsi 438 b dsefheseéhbodi ment
of the present invention, an SO substrate in which contam nation of a

si ngl e crystpRPrtEgMEEAGuct or | ayer due to inpurities such as a netal

el enent and the like is suppressed can be manufactured. Further, decrease
in perfldrntf¥dél and reliability of a sem conductor device forned using such

an SO
In this specification, the single crystal means a crystal in which, when a certain

crystal axis is focused, the direction of the crystal axis is oriented in the same direction
in any portion of a sample and which has no crystal grain boundary between crystals.
Note that in this specification, the single crystal includes a crystal in which the direction
15  of crystal axes is uniform as described above and which has no grain boundaries even
when it inc;ludes a crystal defect or a dangling bond. In addition,
re-single-crystallization of a single crystal semiconductor layer means that a single
crystal semiconductor layer having a single crystal structure returns to a single crystal
structure after being in a different state from the single crystal structure (eg., a
20  liquid-phase state). In addition, it can also be said that re-single-crystallization of a
single crystal semiconductor layer means that a single crystal semiconductor layer is
recrystallized to form a single crystal semiconductor layer.
[0015]

The term “semiconductor device” in this specification refers to devices in



15 substrate can be prevented. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] In
t he acconpanyi ng drawi ngs: 20FIGS. 1A-1 to ID are views illustrating a

met hod for manufacturing an SOT substrate according to an enbodi nent of the
present invention; FIGS. 2A to 2E are views illustrating a nethod for
manuf acturi ng an SOT substrate according to an enbodi nent of the present
invention, FIG3 is a viewillustrating an exanple of a plasma CVvD

appar at us; FIGS. 4A-1 to 4D are views illustrating a nethod for
manuf acturi ng an SO substrate according to an enbodi nent of the present

i nvention; FIGS. SAto SE are views illustrating a nethod for

manuf acturin sem conduct or . devi ce. accor di to.an enbadi.nent .of the
present in® ﬁélﬁ’l capqnegte pyutilzngsemicondiciole (ftﬁ%st% ?%t@n%glsgaﬁg?vﬁ%e& f or
manuf act uri ng. a sem conduct o evi ce according .to .an rrbogi ment .of the
present i nyEREPHHctor cmmtSFF"é ?Fef’gmﬁc B8R iﬁea‘a?lﬁ%di B ﬁ?t PG 5 "t r uct ur e
of a mcroprocessor nmanufactured using an SOT substrate according to an
enbodi nent SERCPHECISF &5t i nvent i on:

[0016]

5 Furthermore, the term “display device” in this specification includes a
light-emitting device and a liquid crystal display device in its category. A
light-emitting element includes, in its scope, an element whose luminance is controlled
by current or voltage, and specifically includes an inorganic electroluminescent (EL)
element, an organic EL element, and the like.

10 [0017]
According to an embodiment of the present invention, an SOI substrate in
which contamination of a single crystal semiconductor layer due to impurities such as a
metal element and the like is suppressed can be manufactured. Further, decrease in
performance and reliability of a semiconductor device formed using such an SOI

15  substrate can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]
In the accompanying drawings:
20 FIGS. 1A-1 to 1D are views illustrating a method for manufacturing an SOI
substrate according to an embodiment of the present invention;
FIGS. 2A to 2E are views illustrating a method for manufacturing an SOI
substrate according to an embodiment of the present invention;

FIG. 3 is a view illustrating an example of a plasma CVD apparatus;



10FIG 8 is a block diagramillustrating a structure of a m croprocessor
manuf act ured usi ng an SOT substrate according to an enbodi nent of the
present invention; FIG 9A is a plan viewillustrating a pixel of a
liquid crystal display device and FIG 9B is a cross-sectional view taken
along line J-K of FIG 9A; 15FIG 10A is a plan view illustrating a pixel of
an el ectrol um nescence display device and FIG 10B is a cross-sectional view

taken along line J-K of FIG 10A; FIGS. 11A to 11F are views each
illustrating an el ectronic device according to an enbodi nent of the present
i nvention; FIGS. 12A to 12C are views illustrating an electronic

devi ce accordin n 20 odinment. of the present invention; Fl GS.
13A to 13D are g’f—lbi%r %ﬁgﬁ? ‘g[Fb y ‘é’ﬂ‘@Iﬂgls%?%aafqm%?&?%ro%a%ug C%f“rngtaél Sser ved by
AFM FIG14A is a view.illustrating a MXS .capacitor structure and
FIG 14B i §“@“GF&WI‘§¥%%%§@H§F§EE@%W?%§ 1BYI§8%e wi t hstand vol t ages;

FIG 15 is a gr show ng_results of. anal.yses b econdary.ion nmass
spectrometry; “Hos FﬁOAG Q655 5218 YPuHHILHBHPR o rné%lﬁﬂ%t OroPagﬁ%’F%g% by
secondary ion mass spectronetry; S5FIGS.. 17A and 17B are views illustrating
a capaci toﬁe@E@d““"rE@V‘cﬁla@%’.ﬂg‘%K’ Wﬁéﬁ%?@%?ﬁﬁ%&%%ﬁnhg nmeasur ement

results of the current-voltage (|- characteristjcs; .
5 FIGS. 6A to 6D gare( vie\\rps 1(]:.lustrazt3ing a metflods for manufacturing a

semiconductor device according to an embodiment of the present invention;

FIG. 7 is a block diagram illustrating a structure of a microprocessor
manufactured using an SOI substrate according to an embodiment of the present
invention;

10 FIG 8 is a block diagram illustrating a structure of a microprocessor
manufactured using an SOI subst_rate according to an embodiment of the present
invention;

FIG. 9A is a plan view illustrating a pixel of a liquid crystal display device and
FIG. 9B is a cross-sectional view taken along line J-K of FIG. 9A;

15 FIG 10A is a plan view illustrating a pixel of an electroluminescence display
device and FIG. 10B is a cross-sectional view taken along line J-K of FIG. 10A;

FIGS. 11A to 11F are views each illustrating an electronic device according to
an embodiment of the present invention;

FIGS. 12A to 12C are views illustrating an electronic device according to an

20 embodiment of the present invention;

FIGS. 13A to 13D are AFM images of a single crystal silicon substrate
observed by AFM;

FIG. 14A is a-view illustrating a MOS capacitor structure and FIG. 14B is a

graph showing characteristics of gate withstand voltages;



FI GS. 19A and 19B are graphs show ng neasurenent results of the
current-voltage (I-V) characteristics; and 10FI G 20A and FI G 2013 are a
graph and a table, respectively, show ng neasurenent results of
field-effect nobilities. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0019]
15Herei nafter, enbodi nents and exanpl es of the present invention will be
described in detail with reference to the acconpanyi ng drawi ngs. Note that
it is easily understood by those skilled in the art that the present
invention is not limted to the description below and that a variety of
changes can be made in forns and details wi thout departing fromthe spirit
and the scope of e _present .invention. Thgref re bthe 2% resent invention
shoul d not be ¢ ridelt a<ZH AP IETERS +F PRYST O RTIaN &P £RE

enbodi ment nodes to be given below. Note that, in the structures of the
present i ndRSHFPYAHescri bed bel ow, |ike portions or portions having simlar
functions are denoted by co ref erence nerals,in different draw ngs,
and descripti on B tI%eﬁ"l wafnﬁmg@"ﬁég &3 tét‘gg".ma W60 28] S BB FE)

In this enbodi ment, a nethod for manufacturing an SO substrate according
to an enbodPSFERARCEY: the present invention will be described with reference

to the 5 drawings. [0021]. First,. a m conduct or trate 101 i s prepared
(see FIB 1A-1). gFIGS[. 17A at]1d 17B are views ?1 ustrat?ng a capamtors't‘l]:b(?; prep

FIGS. 18A and 18B are graphs showing measurement results of the
current-voltage (I-V) characteristics;
FIGS. 19A and 19B are graphs showing measurement results of the
current-voltage (I-V) characteristics; and
10 FIG. 20A and FIG 20B are a graph and a table, respectively, showing

measurement results of field-effect mobilities.

DETAILED DESCRIPTION OF THE INVENTION
.[0019]

15 Hereinafter, embodiments and examples of the present invention will be
described in detail with reference to the accompanying drawings. Note that it is easily
understood by those skilled in the art that the present invention is not limited to the
description below and that a variety of changes can be made in forms and details
without departing from the spirit and the scope of the present invention. Therefore, the

20  present invention should not be construed as being limited to the description of the
embodiment modes to be given below. Note that, in the structures of the present
invention described below, like portions or portions having similar functions are
denoted by common reference numerals in different drawings, and description of them

will not be repeated.



[0022] As the sem conductor substrate 101, a single crystal sem conductor
substrate or 10 a polycrystalline sem conductor substrate can be used, and
exanpl es thereof include a single crystal silicon substrate, a

pol ycrystalline silicon substrate, a germani um substrate, conpound

sem conduct or substrates of gallium arsenide, indium phosphide, and the

| i ke. Typical exanples of comercially available silicon substrates are
circular silicon substrates which are 5 inches (125 nm) in dianmeter, 6
inches (150 mm 15 in dianeter, 8 inches (200 my in dianeter, 12 inches
(300 mMm in diameter, and 16 inches (400 ram in dianmeter. Note that the
shape is not limted to a circular shape, and a silicon substrate processed
into a recﬂgﬁﬁhlar shape or the like can also be used. In the description
gi ven below, a case in which a single crystal silicon substrate is used as
the seni cokdmbedimeriUbstrate 101 will be described. 20 [0023] Not e
that it is preferable that a surface of the senic§£1uctor subs.raie 101 be
appropriately cIE@h@&“ﬁﬁﬁgﬁwaﬁE@&Wp@W”BMQ@PFHPﬁén GWWV@Fﬁagﬁ&B%‘bxide

m xture (SPM, an anmoni um hydroxi de/ hydrogen peroxi de m xture ( , a
hydr ochl or iae " eehodimssd o6 b %@P%txlndéﬂqﬁ“x?’ﬂfg’e Wb,eéd‘f‘qﬂhtr WIS o mri c acid
(DHF), ozone water, or the like in terms of renoval of contam nation.
Di |l ute Ryddemingsr i c acid and ozone water may be discharged alternately for
cl eani ng. [0024] Next, an oxide film 102 is forned on the surface
of the seml@®@Alluct or 5substrate 101 (see FIG 1A-2). [0025] As the
oxide film102, for exanple, a single |layer of a silicon oxide film a
si l'icon oxyni t ri Bistfs semicopductqsubstrrie 105 s perared ResF 1Pal/st)-t her eof can be
used. These filnms can be fornmed by a thermal oxidation nethod, a CVD
met hod, a §¢#1ering method, or 10 the like. In addition, when the oxide
film2102 is formed by a CVD nethod, a silicon oxide filE;forQEd by using

I S

or ganosi | ane suchs ths semicpriuictos sypsirata ARL @sEBl Sy HilisgRico B9F Chl
formula: Si (OC2H5)4) is preferably used as the oxide film102 in ternms of
pr oductlvi a}pob{og(;g@}ne semiconductor substrate can be used, and examples thereof include a
single crystal silicon substrate, a polycrystalline silicon substrate, a germanium
substrate, compound semiconductor substrates of gallium arsenide, indium phosphide,
and the like. Typical examples of commercially available silicon substrates are
circular silicon substrates which are 5 inches (125 mm) in diameter, 6 inches (150 mm)
15 in diameter, 8 inches (200 mm) in diameter, 12 inches (300 mm) in diameter, and 16
inches (400 mm) in diameter. Note that the shape is not limited to a circular shape,
and a silicon substrate processed into a rectangular shape or the like can also be used.
In the description given below, a case in which a single crystal silicon substrate is used
as the semiconductor substrate 101 will be described.
20 [0023]
Note that it is preferable that a surface of the semiconductor substrate 101 be
appropriately cleaned in advance with a sulfuric acid/hydrogen peroxide mixture (SPM),
an ammonium hydroxide/hydrogen peroxide mixture (APM), .a hydrochloric

acid/hydrogen peroxide mixture (HPM), dilute hydrofluoric acid (DHF), ozone water, or



15In this enbodinent, the oxide film 102 (here, a SiOx (x >0) film is
formed by perform ng thermal oxidation treatnent on the sem conductor
substrate 101 (see FIG 1A-2). The thermal oxidation treatnent is
preferably perfornmed in an oxidizing atnosphere to which hal ogen i s added.
[ 0027] 20For exanple, the thermal oxidation treatnent is performed on the
sem conduct or substrate 101 in an oxidi zi ng atnosphere to which chlorine
(d) is added, whereby the oxide film 102 is formed through chlorine

oxi dation. Thus, the oxide film 102 contains chlorine atons. [0028]

The chlorine atons contained in the oxide film 102 cause distortions. As a

result, the jsture absorptipn.rate of . the_axjide fidm.102 . s i nproved and
t he di ffusiﬂagﬁl‘%fl’etelnﬁéPgW’%?Vgpf’%‘é‘?%ﬁg T‘CmTh]aDtcl)1 uéegl}yd\r/%délﬁﬂ%f“gtaﬁfle&?%e present
on a surface of the ox{ldeed;gl m 1 2f t he. noi sture present on the surface of
the oxide MA'ThmayPediqhases tB’i“atF{,)V 8r dt@liehed and diffused into the oxide
film 102, [00%1 ] As an exanple of thermal oxidation treatnent,

t her mal  oxild®* on may be perforned in an oxidi zing at nosphere which

cont ai ns hydrogen chl orid Cl)..at roportion of 0 vol .%to 10 vol. %
(preferably, 2 ng’.‘%aﬂvﬁ’%‘fF %E’%é@@-t*st%’“g?éﬁﬁﬁn&ﬁts ace of i AFHERRIECEE 900 C
to 1150 C (typically, 1000 C). Treatnent tinme nmay be set to 0.1 to 6 hours,
pref er affl y su .t%tetlgliseﬁg{ﬁ‘.IAT e thickness of an oxide filmto be forned is
set to 10 nmto 1000 nu (preferably, 50 lamto 300 nm, for exanple, 100
nm [0030] [9%3knot her exanpl e of thermal oxidation treatment, thernal

oxi dation may be . o .
Y As the oxide film 102, for example, a single layer of a silicon oxide film, a

silicon oxynitride film, or the like, or a stacked layer thereof can be used. These films
can be formed by a thermal oxidation method, a CVD method, a sputtering method, or

10 the like. In addition, when the oxide film 102 is formed by a CVD method, a silicon
oxide film formed by using organosilane such as tetracthoxysilane {abbreviation: TEOS,
chemical formula: Si{OC;Hs)s) is preferably used as the oxide film 102 in terms of
productivity.

[0026]

15 In this embodiment, the oxide film 102 (here, a SiOy (x > 0) film) is formed by
performing thermal oxidation treatment on the semiconductor substrate 101 (see FIG
1A-2). The thermal oxidation treatment is preferably performed in an oxidizing
atmosphere to which halogen is added.

[0027]

20 For example, the thermal oxidation treatment is performed on the
semiconductor substrate 101 in an oxidizing atmosphere to which chlorine (Cl) is added,
whereby the oxide film 102 is formed through chlorine oxidation. Thus, the oxide film
102 contains chlorine atoms.

[0028]

10



15 perforned in an oxidi zing atnosphere which contains
trans-1, 2-di chl oroethyl ene (DCE) at a proportion of 0.25 vol.%to 5 vol.%
(preferably, 3 vol.% wth respect to oxygen at a tenperature of 700 Cto
1150 C (typically, 950 C). Treatnent tinme may be set to 0.1 to 6 hours,
preferably, 0.5 to 1 hour. The thickness of an oxide filmto be forned is
set to 10 nmto 1000 nm (preferably, 50 nmto 300 nm, for exanple, 100 nm
Since 20 the deconposition tenperature of trans-1,2-dichloroethylene is

| ow, the thermal oxidation treatnment can be perfornmed at a | ow t enperature.
In particular, when a sem conductor substrate is repeatedly reused,

productivity can.,be io ro%ed and .adver gogﬁg%%g %Qea&%‘hQQ%g%L s@qfk can be
r ﬂa et it Yon rﬁ at™y

reduced by perfo PHERTIE ow tenpéerature. Note
P e Rl HhS bl B NS L AL G e e
atoms 1t Abe RS % PRS2 BT TEONEP BT0BHe FoEooh, 208 Pt S/ B R0 1 X
' the oxi U 10PrRR e, gl Rt PySier o I DBE TR Tantearitn el of “The
b, andot nebredpagtbaed e e PRI { mour i Ty, L0[0053] - The

i nclusion of hﬁlogen such as chlorine in the oxide film 102 by HC1

oxi dati on &Y9%he I'i ke makes it possible to performgettering on an inpurity
(for exanple, novable ions such as Na) which gives an adverse effect on the
seni conduct or sufstapagampiengt thegmalpgxidation treapmgntetherng; exidation Heays by ned
after the oxide film102 is formed, 15 inpurities included in the

seni conducPefforsigd on rait eidizias KEpesphtre With cquipinh Bydsageaerblqrids, (K69 amy
captured by reacting with the hal ogen (e.g., chlorine). Thus, the inpurity
capt ured i prapReEiogyafdes 7¢l1%nta 6@ veld (preferabbed valf1ol withy reepsst EnPiygen 8ha of t he
sem conduct or substrate 101 can be prevented. Accordingly, when bonded to a
gl ass d0bstenperatureiof 98% T éo 11I0MC1EPicedy. ¥00RCEN-onlredmgntftimeymaybe ¢k r al i zi ng

inpurities such as 20 Na included in the glass substrate. [0034]
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film to be formed is

set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm.
[0030]
As another example of thermal oxidation treatment, thermal oxidation may be
15  performed in an oxidizing atmosphere which contains trans-1,2-dichloroethylene (DCE)
at a proportion of 0.25 vol.% to 5 vol.% (preferably, 3 vol.%) with respect to oxygen at
a temperature of 700 °C to 1150 °C (typically, 950 °C). Treatment time may be set to
0.1 to 6 hours, preferably, 0.5 to 1 hour. The thickness of an oxide film to be formed is
set to 10 nm to 1000 nm (preferably, 50 nm to 300 nm), for example, 100 nm. Since
20 the decomposition temperature of trans-1,2-dichloroethylene is low, the thermal
oxidation treatment can be performed at a low temperature. In particular, when a
semiconductor substrate is repeatedly reused, productivity can be improved and adverse
effect due to thermal shock can be reduced by performing thermal oxidation treatment

at low temperature. Note that, instead of trans-1,2-dichloroethylene,

11



In particular, inclusion of halogen such as chlorine in the oxide film 102
by HCl1 oxidation or the like is effective in a case where the sem conduct or
substrate is not sufficiently cleaned or in renoving contam nation of the
sem conductor substrate which is repeatedly reused. [0035] Furt her,
i nclusion of hydrogen in the gas for the thermal oxidation treatnment has an
ef fect of conpensating a defect at the interface between the sem conductor
5 substrate 101 and the oxide film 102 to decrease the |ocalized state
density of the interface. Therefore, it is preferable that the oxide film
102 contain hydrogen atons at equal to or higher than 1 x 1018 at ons/cnB.

[ 0036] Note. that,. although the. case ere the. ther oxi datiop..treat nment
is 10 perfGPﬁégdphgﬁﬁﬁﬁﬁgﬁiEpﬁﬁﬁﬁpﬁﬂ§%ﬂ&fgaﬂﬁ”ﬁﬂ?@%%hVEﬁgdgﬁeSﬁpﬁﬁide or

di chl oroethyl ene s cqontained as a formation nethod of the oxide film 102
cont ai ni ng Ze¥FB¥Y ke Uidons is described in the above description, an

enbodi nent of the present invention is not limted thereto. For exanple, by
perforning[Wﬁé}nal oxi dation treatnment on the sem conductor substrate 101
in an oxidizing atnosphere, the oxide fil 2. (e, g. .SiOx) .15.is_formed on
the surface of t%h@ﬂbe@mfﬂbt%c%ﬁﬂ?gﬁ?%&]%géwgﬁsﬂﬁﬁ %ﬂ?}"oﬂﬂhé&atonﬁ nay
‘be contained in the oxide film 102 by gddition,of chlorine ions accel erated
by an ePeciygontrpliedite 15 k0n ateas/eraetodiX U #OWS88pi ng apparatus or an ion

i npl antation apparatus. Alternatively, after the surface nmay be processed
with a hydt@§éh chloride (HC) solution, thermal oxidation treatment may be
performed in an oxidlzin%iatnnsphere. 20[0037!_ ,hbt? tgﬁt'h | ogen
atons cont ai ned ionaddifiong theqmciusion, ofpehlonmng afeyps i fhe edide fimn2ci 339 ne
atons. The oxide film 102 may contain fluorine atong. In _order tq perform
f1 uori ne offIeRAVF & PECHIHNE S8 OBt tieseRuPRARI FEb BTt s bY HPRPE1, the
follow ng may be perforned: the surface of the sem conductor substrate 101
i s soaked heavemelad(sych anle, &idNi Monand{be Hiq) Wiushds 91 fgoRsie WWRPBY med t her eon
in an oxidation atnosphere; thermal oxidation is perfornmed on the

senm coABucl®B3kubstrate 101 in an oxi di zi ng atmosphere to which NF3 is

added.
The inclusion of halogen such as chlorine in the oxide film 102 by HCI

oxidation or the like makes it possible to perform gettering on an impurity (for example,
movable ions such as Na) which gives an adverse effect on the semiconductor substrate.
That is, by heat treatment which is performed after the oxide film 102 is formed,
15  impurities included in the semiconductor substrate are separated out to the oxide film
102 and captured by reacting with the halogen (e.g., chlorine). Thus, the impurity
captured in the oxide film 102 can be fixed, whereby contamination of the
semiconductor substrate 101 can be prevented. Accordingly, when bonded to a glass
substrate, the oxide film 102 can function as a film for neutralizing impurities such as
20  Naincluded in the glass substrate.
[0034]
In particular, inclusion of halogen such as chlorine in the oxide film 102 by
HCl oxidation or the like is effective in a case where the semiconductor substrate is not

sufficiently cleaned or in removing contamination of the semiconductor substrate which

12



[ 0038] 5Next, accelerated ions 103 are introduced into the sem conductor
substrate 101, whereby an enbrittled region 104 having a damaged crystal
structure is forned at a predeterm ned depth in the sem conductor substrate
101 (see FIG 1A-3). As illustrated in FIG 1A-3, by introducing the
accelerated ions 103 into the sem conductor substrate 101 t hrough the oxide
film102, the ions 103 are added to a region at a 10 predeterm ned depth
fromthe surface of the sem conductor substrate 101, whereby the enbrittled
region 104 can be fornmed. The ions 103 are obtained as follows: a source
gas is excited to generate plasma of the source gas, and ions included in
this plasma are tracted fromthe plasma by the action of an electric
field and grl‘gpqaﬁgﬁ{rg&g | erated. [0039] 15The depth of the region where the
enbrittled rgg]l on 104 is forned can be adjusted by the kinetic energy, the
mass, the H¥83l and the incident angle of the ions 103. The kinetic energy
can be adjusted by accel eratign voltage, or the like. The enbrittled region
104 is formed atF“zEthareH’tCHEtol‘iepfg’é'ﬁ"é’gS‘F “‘sglﬁsgta%uﬁ?ritg? e HeaimgRt qver age
depth at which the igns 103 have entered. Therefore, the thickness of the
singl e crybtsafn shed & opmereting 2 dejst 2k a’tntaf?’«[?ﬁ? PRET e saHedpdiRfct or
substrate 101 is determ ned by the depth to which the ions 103 are added.
The dep?h &bstpdR!tand thasride tleglf%ly dirreptr theslopalizpd glofesdessitn 8t & so t hat
t he thickness of the single crtystal sem conductor | ayer can be greater than
or equal t Bterfage-n Lhergiere, ibisproferghle dhat fig pxfdefims§ig copfpinbydiogengiris a eat er
than or equal to 50 nmand |l egs than,or equal to 200 nm [0040] The
enbri tt| edequaiosy highar thaml vd0t gtomsEby i on dopi ng treatnent. |on dopi ng
treatnment can be performed using an ion doping apparatus. A typical ion
dopi ng app8P8fLis i s a non-mass- separation apparatus w th which an object
placed in a chanber 5 is irradiated with all ion species generated by
excitation of a)p®chals afheughnthy spgsihereTHE Hispaglapxidation Egatmeyf i
non- mass- separati on apparatus because an_object is irradiated with all ions
speci ed0 i npgsfoampd mpn erodigingaguospbers i tvhish hyfisosen ehlprde or dighloreethyless) ant at i on
apparatus is a mass-separation apparatus. An ion inplantation apparatus is
an appar at isogfaingd ah g dormagon Blethe of $he oxideyfila d0P Gantdining chlpnesyems s havi ng
a specific 10 nmass after nass separation of ion species in plasma. [0041]
described in the above description, an embodiment of the present invention is not

limited thereto. For example, by performing thermal oxidation treatment on the
semiconductor substrate 101 in an oxidizing atmosphere, the oxide film 102 (e.g. SiOx)
15 is formed on the surface of the semiconductor substrate 101, and then chlorine atoms
may be contained in the oxide film 102 by addition of chlorine ions accelerated by an
electric field with the use of an ion doping apparatus or an ion implantation apparatus.
Alternatively, after the surface may be processed with a hydrogen chloride (HCI)
solution, thermal oxidation treatment may be performed in an oxidizing atmosphere.
20 [0037]
Note that halogen atoms contained in the oxide film 102 are not limited to the
chlorine atoms. The oxide film 102 may contain fluorine atoms. In order to perform
fluorine oxidation on the surface of the semiconductor substrate 101, the following may

be performed: the surface of the semiconductor substrate 101 is soaked in HF solution
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Mai n conponents of an ion doping apparatus are as follows: a chanber in
whi ch an object is placed; an ion source for generating desired ions; and
an accel eration mechani smfor acceleration of ions for irradiation
therewith. The ion source includes a 15 gas supply device for supplying a
source gas to generate desired ion species, an electrode for exciting a
source gas to generate plasma, and the like. As the el ectrode for
generating plasma, a filanent el ectrode, a capacitively coupled

hi gh-frequency di scharge electrode, or the like is used. The accel eration
mechani smincl udes el ectrodes such as an extraction el ectrode, an

accel eration_ el ectrode,

e, .q deceleration 20 el ectrode, anpd round
el ect rode; 2ad erg’éh?’é@z%rls B ﬁ]@er%\/\}é‘rant%m?ﬂﬁg’é 8&@3&15%?’& al and the
| i ke. These el ectrodes included i.n the accel eratjon nmechani sm are provi ded
with a pl uosidptgn ﬁfpeﬁw?ﬂﬁggg%§°@F?qd§?t0E ﬂ’i’&‘{fﬁ%? PR PREHEGATRAP
generated fromthe ion source are accelerated. Note that conponents of the

i on doping“éﬂbﬁpégﬁ§5§9@inot limted to the above-described conponents and
an as-need%&Bg?chanisn1nay be

5 Next, accelerated ions 103 are introduced into the semiconductor substrate 101,
whereby an embrittled region 104 having a damaged crystal structure is formed at a
predetermined depth in the semiconductor substrate 101 (see FIG 1A-3). As
illustrated in FIG. 1A-3, by introducing the accelerated ions 103 into the semiconductor
substrate 101 through the oxide film 102, the ions 103 are added to a region at a

10  predetermined depth from the surface of the semiconductor substrate 101, whereby the
embrittled region 104 can be formed. The ions 103 are obtained as follows: a source
gas is excited to generate plasma of the source gas, and ions included in this plasma are
extracted from the plasma by the action of an electric field and are then accelerated.
[0039]

15 The depth of the region where the embrittled region 104 is formed can be
adjusted by the kinetic energy, the mass, the mass, and the incident angle of the ions 103.
The kinetic energy can be adjusted by acceleration voltage, or the like. The embrittied
region 104 is formed at a depth the same or substantially the same as the average depth
at which the ions 103 have entered. Therefore, the thickness of the single crystal

20 semiconductor layer separated from the semiconductor substrate 101 is determined by
the depth to which the ions 103 are added. The depth at which the embrittled region
104 is formed is adjusted so that the thickness of the single crystal semiconductor layer
can be greater than or equal to 110 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.
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provi ded. [0042] In this enbodi ment, hydrogen is added to the

sem conduct or substrate 101 with an i on dopi ng apparatus. A

hydr ogen-containing gas is supplied as a plasma source 5 gas. For exanple,
112 is supplied. A hydrogen gas is excited to generate plasma; ions
included in plasnma are accel erated wi thout mass separation; and the

sem conduct or substrate 101 is irradiated with the accelerated ions. [0043]
In an ion doping apparatus, the percentage of H3+ to the total anmount of
ion 10 species (H+, H2+, and H31l that are generated froma hydrogen gas is
set to 50 %or nore. Preferably, the percentage of H3+ is set to 80 % or
nore. Because an ion dopi ng apparatus does not involve mass separation, the
per cent age [#0bne (H3+) of plural kinds of ion species that are generated
in plasma is preferably 50 % or nore, nore preferably, 80 % or npre. By

i rradiati on wit hlhesbriglediragion K& canbe fopmsd by iggrfloppgritepineatdep d9piug 15
concentrated manner to the sane_depth in the sem conductor substrate 101.

[ 0044] treatmeniopaticbe Periqraleth using AN 4eMingy PRI PoWPIcAl Pnstepingw
region, the acceleration voltage for the ions 103 needs to _be |ow By

i nCrease i APRANEUS PABATRAGESpRrafipn annaraus; Withywhishan obipe! PiATES I d FA8EPFRgi on 104
can be formed in a shallow region. Since the mass 20 of an H3+ ion is three
times aé | a gediatediwith albjonsneqigsigenerted by prcitalign of A dIOFGH SO P1SAE | ower
region than H+ ions when an accel eration voltage is the sane. [0045]
Because t h@herapuaraies ig galled-a nogrmass-sengrasion @ppasaiuRecpyse §a oRiect i dgadigtedyy
ion, when one hydrogen atomis added to the sanme depth, the acceleration
vol t age fomwiten ailsiﬂms ispepiasain [ptesonr withqut ypassSePRTalen- as It ($9RI4sE 2 9% i on.
When the accel eration voltage for ions can be increased, the takt tine of
an ion irr adplantatbm appegetus &na BESsSIFHRTAGTERPPATS pr BB IR FpIgnatiaR @PRASIBUghput
can be inproved. Accordingly, by increase in the percentage of H3+ ions,

at om ¢ hydrsogeapp@tjus gl Wack at P%P‘éﬁ% jrpdisgrdewith #n topepecies having a specific

10  mass after mass separation of ion species in plasma.
[0041]

Main components of an ion doping apparatus are as follows: a chamber in
which an object is placed; an ion source for geﬁerating desired ions; and an acceleration
mechanism for acceleration of ions for irradiation therewith. The ion source includes a

15 gas supply device for supplying a source gas to generate desired ion species, an
electrode for exciting a source gas to generate plasma, and the like. As the electrode
for generating plasma, a filament electrode, a capacitively coupled high-frequency
discharge electrode, or the like is used. The acceleration mechanism includes
electrodes such as an extraction electrode, an acceleration electrode, a deceleration

20 electrode, and a ground electrode; a power source for supplying power to these
electrodes; and the like. These electrodes included in the acceleration mechanism are
provided with a plurality of openings or slits, through which ions which are generated
from the ion source are accelerated. Note that components of the ion doping apparatus

are not limited to the above-described components and an as-needed mechanism may be
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5 sem conductor substrate 101. [0046] Because i on dopi ng appar at uses
are i nexpensive and excellent for use in |arge-area treatnent, by
irradiation with H3+ by use of such an ion dopi ng apparatus, significant
effects such as an inprovenent in sem conductor characteristics, an
increase 10 in area, a reduction in costs, and an inprovenent in production
efficiency can be obtained. Further, in the case where an ion doping
apparatus is used, heavy netals may al so be introduced; however, by
irradiation with ions through the oxide film 102 contai ning chl orine atons,
t he sem conduct or substrate 101 can be prevented from bei ng contanm nated
due to these heavy netals as described above. 15 [0047] Note that the
step of ink** ﬁ‘gi ng the accelerated ions 103 into the sem conductor
substrate 101 can al so be perfornmed with an ion inplantation apparatus. An
ion inpl ant®3¢%lon apparatus is a mass-separation apparatus which introduces
specific ion species into an ohject placed in a. chanber after )
separation of plofiasembadyeenthydiperniy addsdlp the S@’@W@P‘i’f&’cﬁ SW“@‘)‘(’(}P@t@on of a
source gas into plasma. Thus, in the case of using._an ion inplantation
Appar at Us, a1 1o dSRUE RTINS 2 A ByGHSEheATIANRS 58 HPHIAY ) PRETRATEN of
hydr ogen gas and PH3 are subjected to nmass separatjon, and either it ions
or H2+ 8 ongesar BorfXampler Hy s quephigdi m PEHOEDES Fegciide SETEDRIGNRE M Ssubst r at e
101. [0048] Next, a supporting substrate 121 is prepared (see FIG 1B-1).
[ 0049] includeds iny plasmay, gisopacelagteduithqus mppsy separation; jidh the; setgcopdnciorof  an
insulator is used. Specifically, a variety of glass substrates that are
used in th@bﬁ%%lqldﬁpﬁ@lqtm%??c%lﬁ&ﬁe@o% al uminosi | i cate gl ass
substrates, alum noborosilicate glass substrates, and barium borosilicate
gl ass subsliP4lles; quartz substrates; ceranmic substrates; and sapphire
substrates can be given. In this enbodi nent, a case of using a gl ass
substrate is dede@npendonng aiarss thy nessentage ef Hat 0 Rpitetpl %%mmhaggma | ar ge
area and is inexpensive as the supporting substrate 121, the cost can be
r educetd asspee eH2't #ndtHie) halage gAnerated fagm g hydragen; gag s sgitpSP % or more.

Preferably, the percentage of Hs' is set to 80 % or more. Because an ion doping

apparatus does not involve mass separation, the percentage of one (H3") of plural kinds

of ion species that are generated in plasma is preferably 50 % or more, more preferably,

80 % or more. By irradiation with ions having the same mass, ions can be added in a
15 concentrated manner to the same depth in the semiconductor substrate 101.

[0044]

In order to form the embrittled region 104 in a shallow region, the acceleration
voltage for the ions 103 needs to be low. By increase in the percentage of H;" ions in
plasma, the embrittled region 104 can be formed in a shallow region. - Since the mass

20 of an H;' jon is three times as large as that of an H' ion, H;" ions are added in a
shallower region than H' ions when an acceleration voltage is the same.
[0045]
Because the mass of an H;* ion is three times as large as that of an H' ion,

when one hydrogen atom is added to the same depth, the acceleration voltage for an H;"
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[ 0050] Further, a surface of the supporting substrate 121 is
preferably cl eaned before the supporting substrate 121 is used.
Specifically, ultrasonic cleaning is performed on the supporting substrate
121 using a sul furic acid/ hydrogen peroxide m xture (SPM, an 15 anmoni um
hydr oxi de/ hydr ogen peroxi de m xture (APM, a hydrochloric acid/ hydrogen
peroxi de m xture (HPM, diluted hydrogen fluoride (DHF), ozone water, or
the like. For exanple, ultrasonic cleaning is preferably perforned on the
surface of the supporting substrate 121 using a hydrochl oric aci d/ hydrogen
peroxi de m xture. By such cleaning treatnment, the surface of the supporting

substrate 121 can pe pl anarj.zed 20 d r asi rticles. remini on the
surf ace carﬂo‘b‘éa“ra@rf&?% mep 6‘°O]I§§1T 8 fhat § aNe@S?“‘t hﬁﬁ&‘?ﬁ&@ae&t‘%ﬁ’gﬁ@rﬁogonduct or
substrate 101 and the surface of. the.supporting substrate 121 are disposed
to face eadﬂ“d@ﬂngngﬁﬂw@h e§ﬂ$ﬁﬁ%%°%?l g fe?ﬁ@ﬁéiséﬂﬁm9%§mgurface
of the supporiing substrate 121 are bonded to each pther.(see .FIG 1C).
Coosa] P produgtid” BT ahiSighett S o naTT IR  hsCrr e Ton TR e Suippor ti ng

substrate 121 are di.spgsed in contagt with each other, pressure of about
o 500 NBEERAg: of cHabiys SR dodyeR (28 Bpphcno gt (B9 of rhe

sem conduct or, supstrate 101, . Fromthe portion where pressure is applied,

t he oxi de FFIUFPR “ﬁﬁﬂmFﬂﬁlghpporting substrate 121 start bonding to each
ot her and the spontaneous bondi ng proceeds throughout al nost the entire
surface. TH?®6bonding step is perforned by the action of van der Waals
force or hydrogen bondi ng and can be perfornmed at roomtenperature w thout
heat treatnent. Becawspuion doping,appastesch A MFXacIst® Heatxcelant SLuMee It such as
a glass substrate, can be used as the supporting substrate 121. [0053]

Not e that, lases-@ice tresimesie by dorialionoviths Hhsby asccofiyeh apdon peping, ppngratysng

substrate 121 are bonded to each other, the oxide film 102 forned on the
seni conducsignificaneffees aich as an improvement in semiconductor characteristics, an increase

10 in area, a reduction in costs, and an improvement in production efficiency can be
obtained. Further, in the case where an ion doping apparatus is used, heavy metals
may also be introduced; however, by irradiation with ions through the oxide film 102
containing chlorine atoms, the semiconductor substrate 101 can be prevented from
being contaminated due to these heavy metals as described above.

15 [0047]

Note that the step of introducing the accelerated ions 103 into the

semiconductor substrate 101 can also be performed with an ion implantation apparatus.
An ion implantation apparatus is a mass-separation apparatus which introduces specific
ion species into an object placed in a chamber after mass separation of plural kinds of

20  ion species generated by excitation of a source gas into plasma. Thus, in the case of
using an ion implantation apparatus, H" ions and H;" ions that are generated by
excitation of a hydrogen gas and PH; are subjected to mass separation, and either H
ions or Hy" ions are accelerated and introduced into the semiconductor substrate 101.

[0048]
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15 101 and the supporting substrate 121 are preferably subjected to surface
treatnent. As surface treatnent, ozone treatnent (such as cleaning with
ozone water), negasonic cleaning, two fluid cleaning (a nethod in which
spraying functional water such as pure water or hydrogen-containi ng water
with a carrier gas such as nitrogen), or a conbination thereof can be
performed. Alternatively, cleaning with ozone water and 20 cleaning with
hydrof l uoric acid may be repeated plural times. In particular, after plasm
treatment is perforned on the surface of the oxide film 102 and the surface
of the supporting substrate 121 as descri bed above, surface treatnent is

perfornmed, wherefpy dust such as qrgani c substan n.the surface of the
oxide film 102 aﬁ 11%%mgﬂ$?%§ S%gc 6585388 %F%gﬁgdgggrate 121 can be
renoved ani %@i surfaces can be made hydrophilic. As a result, bonding
strength b P n the oxide film 102 and the supporting substrate 121 can be

i nproved. [ 0054] te that, after, t sem conduct o ubstrate.101 is bonded
to the supporti n‘als‘\lghesﬂlﬁg? %éuTgit,e ]%Zafl Sn?i’sgrﬁ{én}éﬁ?ec{ gP?ﬂ* EF&‘% b1iS/ 9$58r f or med
in order tq ingcrease the bonding strength between the oxide film 102 and
the. suppor SPRUTETE FAeD Goaess FiyEafe A piedthiribe PECEIe dpistp: dhety

t enperature ere a.crack is not generated in the enbrittled region 104 and
is perf8r n@ﬁ\gﬂ{m‘ﬁosﬁé‘?ﬁﬁe&%ﬁslﬁugsweﬁh@ﬁ“’l’ﬂ?&fﬁmﬁﬂhc@t&Lﬁi"“}ss £BPY135mn ?r@n?fg'r“ﬁ’t ure and

| ower than,400.C, fqr exanple. The oxide film 102 be bonded fo the 10
suppor t i ng PRISILiEate  Eas o fubRiatese et shpstatesy "teéar‘?ﬁ‘érg’gé?aéesqu i fPPHE® above
range. The heat trea%nent cag} e peénﬁ%ged using a diffusion furnace, a
heati ng f ufPREEaes Gt PESEr e S RERodmeRt, Aapq PHATRE Bl Tistate fifral

anneal i ng ((RTA) apparatus, a m crowave heatjn aratus, .or the |ike.
[ 0055] 15l Hesﬁé‘?ii‘éf al%,y e Slasssubstate Wik C?‘bf‘ab’gﬁfalg’%ﬁﬂﬁaé‘?ﬂ thE“PEREY® i ne as

or after the bonding of the oxide film 102 and the supporting subsirate
121, dehydPafhcotyPp ew%%tﬁﬁée cgtt @R ebrsﬁlmeﬁ@swﬁ?@gﬁi&gﬁww bondi ng
surfaces cone clgser. Thus, the bonding is strengthened by strengthening
hydr ogéR by#ae 8rliFR ¥y a coval ent bond. In order to pronote the
dehydration reaction, noisture generated at the bonding 20 interface

t hr ough thglﬁghydration reaction should be renoved by heat treatnent at

hi gh tenperature. In other words, when heat treatnen% atter bonding is

performed at | ow Wihasytitree! hrofueportiae gehtlrigled pretably laeA §eiom er f ace

t hrough a dehydration_ reaction cannqgt bﬁ remgved effectivel t hus, the
?i‘llbgﬁ%l‘i‘sﬁ@“’g

dehydr at i oferBBRATIRESURNEE ek 1S B3l e SRS eﬂ@ﬁgeweey%ﬂm Othe

i nproved sufficiently, 0056
P the supporting s){lbstraLe 121 Jsing a sulfuric acid/hydrogen peroxide mixture (SPM), an

15 ammonium hydroxide/hydrogen peroxide mixture (APM), a hydrochloric acid/hydrogen
peroxide mixture (HPM), diluted hydrogen fluoride (DHF), ozone water, or tﬁe like.
For example, ultrasonic cleaning is preferably performed on the surface of the
supporting substrate 121 using a hydrochloric acid/hydrogen peroxide mixture. By
such cleaning treatment, the surface of the supporting substrate 121 can be planarized
20  and abrasive particles remaining on the surface can be removed.
[0051]
Next, the surface of the semiconductor subsirate 101 and the surface of the
supporting substrate 121 are disposed to face each other, and the surface of the oxide

film 102 and the surface of the supporting substrate 121 are bonded to each other (see
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On the other hand, in the case where an oxide filmcontaining chlorine
atons or the like is used as the oxide film 102, the oxide film 102 can
absorb and diffuse noisture. Thus, even when heat treatnent after bondi ng
is perforned at low 5 tenperature, noisture generated at the bondi ng
interface through the dehydration reaction can be absorbed and diffused
into the oxide film 102, and the dehydration reaction can be pronoted
efficiently. In this case, even when a | ow heat-resistant substrate such as
a glass substrate is used as the supporting substrate 121, the bonding
strength between the oxide film 102 and the supporting substrate 121 can be
sufficientg i& i nproved. [0057] Next, heat treatnent is perforned to
carry out é% 4t i on (cl eavage) along the enbrittled region 104, whereby a
single cry tgé sem conductor |ayer 123 (here, a single crystal silicon

| ayer) is ﬁw ded over the supporting substrate 121 with the oxide film 15

102 e poset SR IEeR5ER e A0S o SRR M T
e TS0 Sl SORCLE M SR o 2
T A e B P o M orblEI S Pl e o

e Ao St TS0k 5 L 6 0 e SRR

sem conduct or | ayer 123 which _ is separated fromthe
start bonding to each other and the spontaneous bonding proceeds throughout almost the

entire surface. This bonding step is performed by the action of van der Waals force or

hydrogen bonding and can be performed at room temperature without heat treatment.

10  Thus, a substrate having a low heat resistance, such as a glass substrate, can be used as
the supporting substrate 121.

[0053]

Note that, before the semiconductor substrate 131 and the supporting substrate

121 are bonded to each other, the oxide film 102 formed on the semiconductor substrate

15 101 and the supporting substrate 121 are preferably subjected to surface treatment. As

surface treatment, ozone treatment (such as cleaning with ozone water), megasonic

cleaning, two fluid cleaning (a method in which spraying functional water such as pure

water or hydrogen-containing water with a carrier gas such as nifrogen), or a

combination thereof can be performed. Alternatively, cleaning with ozone water and

20 cleaning with hydrofluoric acid may be repeated plural times. In particular, after

plasma treatment is performed on the surface of the oxide film 102 and the surface of

the supporting substrate 121 as described above, surface treatment is performed,

whereby dust such as organic substances on the surface of the oxide film 102 and the

surface of the supporting substrate 121 can be removed and the surfaces can be made
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sem conductor substrate 101 is forned over the supporting substrate 121.
This heat treatnent is perfornmed at a tenperature not exceeding the strain
poi nt of the supporting substrate 121. [0059] This heat treatnment can be
performed using a diffusion furnace, a heating 5 furnace such as a

resi stance heating furnace, a rapid thermal annealing (RTA) apparatus, a

m crowave heating apparatus, or the |ike. For exanple, the heat treatnent
can be performed using an RTA apparatus at a heating tenperature of higher
than or equal to 550 C and | ower than or equal to 730 C for greater than or
equal to 0.5 mnute and |l ess than or equal to 60 m nutes. 10[ 0060]

Not e t hat

treatnent’P§¥°ﬁﬂ§?2e %ﬁg&gﬂéW%%hﬁgLﬂgég?éﬁ%$%%gggagéﬁg boﬁg%%%ftn%ged heat

substrate 121 and the o 'fe fil.m 102, the heat treatnent step for
increasingSWﬁ@nﬁﬁﬁﬂFHEB§? ERHMBEYSen the oxide film 102 and the
supporting substrate 121 and the heat treatnment step for 15 causing
separation“@ﬁﬁhg the enbrittled region 104 may be perforned at the sane
time. [0061] Through the above steps, an SO substrate in _which the single
crystal sem cond¥{f dhat) aflpe the semicandpgten fueipin V&L 1 proded, B tsSPPRP™ & bst r at e
121 with the oxide film 102 interposed therebetween can be pmanuf actured.
Wth the neyhstateddh gt batmet idaredadly pedmed it ATdsr M erssahe bondign in t he
case where the oxide film 102 is used as the bonding |ayer, the bonding
strength barspstnbetieens isperids fm siidstdathe syprortng, sphstrate” 121, This heat

treatment is performed at a temperature where a crack is not generated in the embrittled
region 104 and is performed at a temperature higher than or equal to room temperature
and lower than 400 °C, for example. The oxide film 102 may be bonded to the

10  supporting substrate 121 while heating at a temperature within the above range. The
heat treatment can be performed using a diffusion famace, a heating furnace such as a
resistance heating furnace, a rapid thermal annealing (RTA) apparatus, a microwave
heating apparatus, or the like.

[0055]

15 In general, when heat treatment is performed at the same time as or after the
bonding of the oxide film 102 and the supporting substrate 121, dehydration reaction
proceeds at the bonding interface and the bonding surfaces come closer. Thus, the
bonding is strengthened by strengthening hydrogen bond or forming a covalent bond.
In order to promote the dehydration reaction, moisture generated at the bonding

20 interface through the dehydration reaction should be removed by heat treatment at high
temperature. In other words, when heat treatment after bonding is performed at low
temperature, moisture generated at the bonding interface through a dehydration reaction
cannot be removed effectively; thus, the dehydration reaction does not proceed and

bonding strength cannot be improved sufficiently.
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single crystal sem conductor |ayer 123 can be inproved and reliability can
be inproved. As a result, diffusion of inpurities into the single crystal
sem conductor |ayer 123 forned over the supporting substrate 121 can be
suppressed and an SO substrate in which the supporting substrate 121 and
the single crystal sem conductor |ayer 123 are disposed in close contact
firmy can be forned. [0062] In addition, by formng the oxide film
cont ai ning a hal ogen such as chlorine on 5 the sem conductor substrate
side, a manufacturing process can be sinplified and inpurity el ements can
be prevented fromentering the sem conductor substrate before bonding the
supporting &#%ftrate and the sem conductor substrate to each ot her.

Furt her, bi m ng the oxide filmcontaining a hal ogen such as chlorine as

a bonding | ayer ich is provided on the sem conductor supstrate side,

bondi ng strengthgggﬁ”ﬁgxfgmfﬁﬂgﬁﬁﬁﬁ“ﬁﬁeﬁPSHgk%ﬁ§°ﬁ§ﬂ9W58 A5E #16%S Peact i on
efficiently eyen when the heat tre t after bonding is _perforped at |ow
t enper at ur é2© ?%B%YSGR@WFG OF té\lfn 3@%@? Oxdg f&gc%a@sﬂ’é’ e} YR of the
single crystal seni%pnductor Iaﬁgr 123 bonQﬁ% #o t he . supporting substrate
are removed Bt cHiPHY. ©F8 BRyded Healmey 2 IHmE & PP Wfle% ¥ forning
the enbrittled region_104 or the separation step exi st _on the surface of

the singl e [CREFEANE OSMS RFOSRGH 3talhe bonding; inferfags Hirengh; fhepdelydration 5nqg

planarity of the surface of the_singLe crystal senjconduct or .
reaction can be absorbed and diffused into thé oxide film 102, and the dehydration

reaction can be promoted efficiently. In this case, even when a low heat-resistant

substrate such as a glass substrate is used as the supporting substrate 121, the bonding

strength between the oxide film 102 and the supporting substrate 121 can be sufficiently
10  improved.

[0057]

Next, heat treatment is performed to carry out separation (cleavage) along the
embrittled region 104, whereby a single crystal semiconductor layer 123 (here, a single
crystal silicon layer) is provided over the supporting substrate 121 with the oxide film

15 102 interposed therebetween (see FIG. 1D).
[0058]

When the heat treatment is performed, the atom added is separated out into
microvoids which are formed in the embrittled region 104 by increase in temperature,
and internal pressure of the microvoids is increased. By increasing the pressure, the

20  microvoids in the embrittled region 104 are changed in volume and a crack is generated
in the embrittled region 104. Thus, the semiconductor substrate 101 is cleaved along
the embrittled region 104. Because the oxide film 102 is bonded to the supporting
substrate 121, the single crystal semiconductor layer 123 which is separated from the

semiconductor substrate 101 is formed over the supporting substrate 121. This heat
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| ayer is damaged. It is difficult to forma gate insulating |layer which is
thin and has high withstand voltage on such a surface of the single crystal
sem conductor |ayer 123 20 whose planarity is damaged. Wen the single
crystal sem conductor |ayer 123 has defects, performance and reliability of
transi stors may be adversely affected; for exanple, the localized state
density at the interface between a gate insulating |ayer and the single
crystal sem conductor |ayer 123 is increased. Therefore, treatnent for
removi ng the defects of the single crystal sem conductor |ayer 123 is
performed. Note that the uneven shape of the surface of the single
crystal seniconductor. | aye 23 in Fl 2A U hows .char.acteristically
Chat  the SURREB T oo 2 ety it sppécanits S B i BT St ape | s
not limted ther é?. Note that the thickness of the single crystal
seniconducﬁ@@“?ﬁ? " 123 which is obtained by the separation step is about
130 nmto 20%¢ nm [ 0064] In order to renove the defects existing on
t he surfac the single crystal sem conductor layer 123, first etching is

perfornmed on the surface of the single c&ystal s%g%éongﬁctor | ayer 123 (see
FIG 2B). In thisTefee Feagpentigp hepgroraed ysigg PR HFECe 8t BglS uch as
reactive ion etching (Mg), inductively coupled plasma. (1CP) etching,

el ectroft cyematesyrh #adevisince heatingyurapdcent rmgid sl anopalipe AREA) aRpssattst i vel y

coupl ed plasna) etching, nmagnetron_plasma etching, duyal-frequency, plasnma
etching, of MEIYaYR bapiing gpparatus Withlikg jHor sxupple] hpdsgt treatment carl be

performed using an RTA apparatus at a heating temperature of higher than or equal to
550 °C and lower than or equal to 730 °C for greater than or equal to 0.5 minute and
less than or equal to 60 minutes.

10 [0060]

Note that, by the heat treatment of FIG 1D without the above-described heat
treatment for increasing the bonding strength between the supporting substrate 121 and
the oxide film 102, the heat treatment step for increasing the bonding strength between
the oxide film 102 and the supporting substrate 121 and the heat treatment step for

15  causing separation along the embrittled region 104 may be performed at the same time.
[0061]

Through the above steps, an SOI substrate in which the single crystal
semiconductor layer 123 is provided over the supporting substrate 121 with the oxide
film 102 interposed therebetween can be manufactured. With the manufacturing

20  method described in this embodiment, even in the case where the oxide film 102 is used
as the bonding layer, the bonding strength between the supporting substrate 121 and the
single crystal semiconductor layer 123 can be improved and reliability can be improved.
As a result, diffusion of impurities into the single crystal semiconductor layer 123 -

formed over the supporting substrate 121 can be suppressed and an SOI substrate in
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al of the surface of the single crystal sem conductor |ay
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by performng etching on the single crystal sem conductor |ayer 123,
rmed on the surface of the single crystal sem conductor |ayer
can be renpved, and thus surface roughness of the single crystal
sem conductor |ayer 123 can be reduced. For exanple, when ICP etching is
i ng may be perfornmed under the followi ng 20 conditions: the flow
|l orine, which is an etching gas: 40 sccmto 100 sccm power
a coil type electrode: 100 Wto 200 W the power applied to a
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impurity elements can be prevented from entering the semiconductor substrate before
bonding the supporting substrate and the semiconductor substrate to each other.
Further, by forming the oxide film containing a halogen such as chlorine as a bonding
layer which 1s provided on the semiconductor substrate side, bonding strength can be
improved by promoting dehydrogenation reaction efficiently even when the heat
treatment after bonding is performed at low temperature.

[0063]

Next, crystal defects remaining on the surface of the single crystal
semiconductor layer 123 bonded to the supporting substrate are removed by etching.
Defects due to the ion addition step for forming the embrittled region 104 or the
separation step exist on the surface of the single crystal semiconductor layer 123
illustrated in FIG. 2A, and planarity of the surface of the single crystal semiconductor
layer is damaged. It is difficult to form a gate insulating layer which is thin and has
high withstand voltage on such a surface of the single crystal semiconductor layer 123
whose planarity is damaged. When the single crystal semiconductor layer 123 has
defects, performance and reliability of transistors may be adversely affected; for

example, the localized state density at the interface between a gate insulating layer and

. the single crystal semiconductor layer 123 is increased. Therefore, treatment for

removing the defects of the single crystal semiconductor layer 123 is performed. Note
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The first etching illustrated in FIG 2B can be performed as follows: a flow
rate of chlorine, which is an etching gas: 100 sccm power applied to the
coil electrode. 150 10 W power applied to the | ower electrode: 40 W and
reaction pressure: 1.0 Pa to renove the single crystal sem conductor |ayer
123 to about 120 run. [0067] By the first etching perforned on the
surface of the single crystal sem conductor |ayer bonded to the supporting
substrate by separation of the single 15 crystal sem conductor substrate,
the defects due to the ion addition step or the separation step can be
renmoved; thus, surface roughness of the single crystal sem conductor |ayer
can be red 0068 3l CE stal def [ t singl e
crystal se%agglﬁdﬁ‘ or pgogrﬁle Tfé’f ng(f t%%?%ezmgéﬁuag pﬁ%rlszgtl)% rate 121
owi ng to faqrnatipon of |on 4 and sepa atlon at t he
enbrittl edaf&égltsg Vﬁsoczi‘amften&{rg%i totgr e uc%lstrﬂ“ %carnashg e dgiana tlfehe single
crystal sem canductor nd eco tqﬁl init of the singl e
crystal SetbnifEc & npied e REE Rk GRS o bt S e ayer 125
is irradlated.mn as b ustrated in .Fl

rs | nd car stsyditoR i LR RE b PR R RARE, A & o o o

senlconducﬁgé Iayer 123 is irradi ated mnth a | aser beam 107 in such a

manner A& single crystal senmiconductor |ayer 123 is scanned with the
| aser bea mhile the supporting 5 substrate 121 is noved. By
irradiatio Ih the Iaser beam 107, part of the single crystal

ol tod. et hPoTg @ BRL B SR oH %ﬁl@ﬂﬂ H’Faﬂ‘?‘%? @ft el “Pahar i 1y s
part of the% ﬁ%a%fgtﬁﬁfaygr?%sﬁ@watee g osEnn B e gore ot g S Fbdh  cal y
becomes A FUGPEUHELEeh 1 ob (e ot Ay Tt enffioRs: &% Rems & A poi nt of
sthi COQO etching method such as reactive ion etching (RIE), inductively coupled plasma (ICP)
etching, electron cyclotron resonance (ECR) etching, parallel plate (capacitively
| coupled plasma) etching, magnetron plasma etching, dual-frequency plasma etching, or
helicon wave plasma etching is used.
[0065]
15 By removal of the surface of the single crystal semiconductor layer 123 by
performing etching on the single crystal semiconductor layer 123, the defects formed on
the surface of the single crystal semiconductor layer 123 can be removed, and thus
surface roughness of the single crystal semiconductor layer 123 can be reduced. For
example, when ICP etching is used, etching may be performed under the following
20 conditions: the flow rate of chlorine, which is an etching gas: 40 sccm to 100 scem;
power applied to a coil type electrode: 100 W to 200 W; the power applied fo a lower
electrode (on the bias side): 40 W to 100 W; and the reaction pressure: 0.5 Pa to 1.0 Pa,

- For the etching gas, a chlorine-based gas such as chlorine, boron chloride, silicon

chloride or carbon tetrachloride; a fluorine-based gas such as carbon tetrafluoride, sulfur
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[ 0070] By irradiation with the | aser beam 107 from an upper surface
side of the single crystal sem conductor |ayer, the upper surface of the
single crystal sem conductor |ayer 15 can be nelted. After being nelted,
the single crystal sem conductor layer is cooled and solidified, whereby a
single crystal sem conductor layer with inproved upper surface planarity
can be obtained. Wth the use of the | aser beam 107, the supporting
substrate 121 is not directly heated; thus, increase in the tenperature of
t he supporting substrate 121 can be suppressed. Accordingly, a substrate
having a | ow heat resistance, 20such as a gl ass substrate, can be used as

o R R e T e s St b
T gt o H o e B DS R o
e R P A ) AR

ase par 'S not
mel ted and in.a,soli hase.. Pre

i.S, Stil d era he.u r l.ayer (the
superfiCi alﬂufﬁ%{?%sro sfhaesjn‘%lesc Stlalt geén lf%ndﬁcétmf Laygr P%%B?fta‘ep hgghggtaeﬁw &% ower
| ayer (the s ortin ubstrate side) is not nelted to be in a solid phase
so that a ﬁﬂﬁgggﬂﬁbyﬁﬁ egﬁkstate i s obtained, whereby crystal growth
pr oceeds fhﬁglihe solid phase portion. Thus, the defects in the single
crystal se Shduct or | ayer can be reduced. [0072] 10For the

?ﬁ?i?eﬁéééﬁig ﬁ%@%&eﬁ%{%@%&%&ﬁﬁ Fﬂ@?&ﬁ%&ﬁﬁ:siﬁi?r'@a%% foiﬂézg{ﬁeh%%% St beam
Fate i s pr o Enatns Vit et Rof Ehe” Biintor i B A gioeke® 85, or "
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the single crystal semiconductor layer 123 to about 120 nm.

{0067]
By the first etching performed on the surface of the single crystal
semiconductor layer bonded to the supporting substrate by separation of the single
15  crystal semiconductor substrate, the defects due to the ion addition step or the
separation step can be removed; thus, surface roughmess of the single crystal
semiconductor layer can be reduced.
[0068]
Note that crystal defects are formed in the single crystal semiconductor layer
20 123 bonded to the supporting substrate 121 owing to formation of the embrittled region
104 and separation at the embrittled region 104. In order to reduce the crystal defects
in the single crystal semiconductor layer 123 and recover the crystallinity of the single
. crystal semiconductor layer 123, the single crystal semiconductor layer 123 is irradiated

with a laser beam 107 as illustrated in FIG. 2C.
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descri bed above, part or the whole of the single crystal sem conductor
| ayer is nelted and recrystallized, so that a better single crystal
sem conductor | ayer can be obtained (see Fig. 2D). Accordingly, defects
caused by addition of ions can be reduced, and a single crystal
sem conductor |ayer whose crystallinity is recovered can be obtai ned. 20
Moreover, etching is perforned before | aser beamirradi ati on, whereby the
single crystal sem conductor |ayer can be prevented fromincluding defects
or danmage at the tine of being nmelted. [0074] In this manner, the |aser
beamirradiation nakes it possible to heat and cool down a surface of the
supporting &R@ftrate in a short tine; thus, increase in the tenperature of
t he suppprglng substrate can be suppressed, and a substrate having a | ow
heat resistance, \sHei, ﬁ.bg ag'a%%%. FUD & A tfce Qﬁ%lgégﬂtaf&nﬁi dadBporting
substrate. Thus, damage i he 'si ngf e crystal sem tonductor Tayer due to
the ion adglj.t] t.ep.-C. e 5 ficientl. paj 5] 4 _Next ,
t reat ment ?AQ’% }pgir]jf %rlr?rrg%}g[ or [ﬁead%%grﬁagl%‘ﬁg’tl%f’%%na:%é&%{ ﬁ£ nges% r%? grygtra{;gt al
sem conduct or. t N o8ed B i 4 nal
seniconducf%?wéﬁéﬁéﬂé t%lg%ﬁggrneﬁfBgﬁégg?éﬁégg%@lgégaﬁ#ﬁﬁgS&ﬁ%ﬁ%ﬁ%g step
is preferabl erf.or.med b chi J10 . i su rate bjl.as.i s not
appl | et ( arEErRERTITREY BE Mt i B, BBl ion Aok
il ustrat esp%l%l gé(naa’g%ldlexctglf laaFrS Eﬁ“j 8} Hieep fe %P/&a{natlhr!a %le%tglcﬁ}cgtgog'lclaspagl{eﬁl ve
coupl i ng) 6 Sha apparatus—as an exanpte of an apparatus ich is used
inthis e di rent. [The pl.asna D .apparatus.illustrated. in FILG 3 includes
2 or ocess Tasehsinploy AT oR RS IR Moed MR Rt By 0F e
pl ate 623, an. exhauyst port 624, an,upper_ el ectrode 625, .a lLower el ectrode
é?cﬁ aq[)f‘ esg%%ﬁ,e . lg%stlonp %11 Fi&H¢ &eé GC Whith Spateor thd rﬁm%eie FlarFtag

626, an al £ ower “source ;- a na I'ng CO 28, and
t t t | er. 629, . The.di st bet h I de 625

and The. | oRBReGRREPF I detied LipRiGTR I Eh P58 et b Bl

t t t i f ith th I . tus..il tyated in FIG 3,

R R g e e e oA

i ntroduced intq cess chanber 620 through the shower plate 623.

.the.pr
High-frequgﬁévawgﬂgwﬁpgm'ﬁﬁTied by the alternate-current power source 627

connect ed h@ gre upper el ectrode 625 and the | ower el ectrode 626 to excite
the gas in i process chanmber 120, thereby

By irradiation with the laser beam 107 from an upper surface side of the single
crystal semiconductor layer, the upper surface of the single crystal semiconductor layer
15 can be melted. After being melted, the single crystal semiconductor layer is cooled
and solidified, whereby a single crystal semiconductor layer with improved upper
surface planarity can be obtained. With the use of the laser beam 107, the supporting
substrate 121 is not directly heated; thus, increase in the temperature of the supporting
substrate 121 can be suppressed. Accordingly, a substrate having a low heat resistance,
20  such as a glass substrate, can be used as the supporting substrate 121.
[0071]
The melting state of the single crystal semiconductor layer 123 by irradiation
with the laser beam 107 may be either partially-melted state or completely-melted state.

Note that the term “complete melting” here means that the single crystal semiconductor
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generating plasma. Further, the gas in the process chanber 620 is exhausted
t hrough the exhaust port 624 which is connected to a vacuum punp. Further,
the tenperature controller 629 nmakes it possible to performetching while
an object is being heated. Note that the |ower electrode 626 is grounded.

5[ 0078] In the case of using the plasma CVD apparatus illustrated in
FIG 3, the etching of the single crystal sem conductor |ayer 123 is
performed in a mxed gas of NF3 and N2. At this tinme, it is preferable that
the flowratio of N2 to NF3 that are introduced into the process chanber
620 be about 40:1; for exanple, the flowrate of N2 is 400 sccm and 10 t hat

of NS 1 387517 3T o G i aS2BR 4 BRBBL P hoPAGHRS. ' ° 1"
M) e RS R P SRR SHERE R A et BT,
(0,50, B AP BLHA o 5 R RO AR AR R R0, Cocens
ey SRR R T R R
S e s s PR A 5 AR BB o Bl o1 Los ),
el Lo o ] e R Ol a0 DA PSR o2t o0
SO et b SISl Do SIS E Rt BRSO S SiE,
fora s emtlfeod;ge%%stig Ehee&n?g e cg)t/stgl gelgj%ogd?lgtrg}sgyér%ﬁ E)é re%?n’?e%l ]
[0072]
10 ~ For the above-described laser beam irradiation, a pulsed laser is preferably used.
This is because a pulsed laser can instantaneously emit a pulsed laser beam with high
energy and a melted state can easily be obtained. The repetition rate is preferably
about greater than or equal to 1 Hz and less than or equal to 10 MHz.
[0073]
15 The single crystal semiconductor layer 123 is irradiated with the laser beam as
described above, part or the whole of the single crystal semiconductor layer is melted
and recrystallized, so that a better single crystal semiconductor layer can be obtained
(see Fig. 2D). Accordingly, defects caused by addition of ions can be reduced, and a
single crystal semiconductor layer whose crystallinity is recovered can be obtained.
20  Moreover, etching is performed before laser beam irradiation, whereby the single crystal
semiconductor layer can be prevented from including defects or damage at the time of
being melted.
[0074]

In this manner, the laser beam irradiation makes it possible to heat and cool
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When a substrate bias is applied in etching the single crystal

sem conduct or |ayer 123, there is concern that plasm danmage is caused in
the single crystal 5 sem conductor |ayer 123. Further, there is concern
that inpurities are introduced into the single crystal sem conductor |ayer.
However, according to an enbodi nent of the present invention, since the
single crystal sem conductor |ayer 123 is etched with no substrate bias
applied, the single crystal sem conductor |ayer 123 can be etched so that
pl asma danage i s not caused in the single crystal sem conductor |ayer 123.
Further, 10 inpurities present on the surface of the single crystal

seri conductgr, ':?%S&acﬁacf}a:%grs%ﬁor&@%%&sﬁﬁt%m D e QHM;C lgcréa'ééo the single

cryst al sem COI’]dUCt or er nor e ecrease rn or mance and
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inpurities’i I'n sem Co er can eg pr event ed.

15[ 0082] mglaat rem ce sucgl z}s% gcass SI%quFrgtre rE%n Dg 131:". %ts ﬁ{l SNF3 s‘ubs\;ly{] er mti'%lgg 2391/\/: ?ﬁ

bonds for s Srnglre <ry Sefn con

fluorine, that Iect i cal .charac Fur

ol anar vy Sempsioin B PR S ERBRR- It Puf %1&18%"%{‘@%? o G123 can
be i nproved. %é 8083; After the thinnlng step, heat treatnent is
preferaBly®p f 15# the single crystal sem conductor |ayer 123 at

hi gher tha@§ﬁr equal to 500 C and | ower than or equal to 700 C. By this
heat treat ?] the defects of the single crystal sem conductor |ayer 123,

whi ch t repai d t he. | 7 b
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substrate |6 %itrated in FIG 2E can be manufactured. 10[ 0085] In this
enbodlnent %k ase in which the first etching is performed with a substrate

bi as applled IS ri however enbodlne resent. i nvention
s ot i ted tHER ot Wstate 21 PEime S hgrCHe o do SRR BN h o
substrate gcln% aypl?lasma CVD apparatus as an example of an apparatus which is used in this

embodiment. The plasma CVD apparatus illustrated in FIG 3 includes a process

15  chamber 620, a stage 621, a gas supply portion 622, a shower plate 623, an exhaust port
624, an upper electrode 625, a lower electrode 626, an alternate-current power source
627, a matching controller 628, and a temperature controller 629. The distance
between the upper electrode 625 and the lower electrode 626 is about 10 mm to 70 mm.
[0077]

20 When treatment is performed with the plasma CVD apparatus illustrated in FIG.
3, a given gas is supplied from the gas supply portion 622. The gas is introduced into
the process chamber 620 through the shower plate 623. High-frequency power is
applied by the alternate-current power source 627 connected to the upper electrode 625

and the lower electrode 626 to excite the gas in the process chamber 120, thereby
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15[ 0086] When the first etching is also perfornmed with no substrate
bi as applied, the single crystal sem conductor |ayer 123 can be etched so
that plasma damage is not caused in the single crystal sem conductor |ayer
123. Further, inpurities present on the surface of the single crystal
sem conductor |ayer can be prevented from bei ng 20i ntroduced into the
single crystal sem conductor |ayer. Furthernore, decrease in perfornmance
and reliability of a sem conductor device, which is caused by introduction
of inpurities into the single crystal sem conductor |ayer, can be
prevented. [0087] According to an enbodi nent of the present invention, an
801 substr j i.ch ' ' | ] duct or
%%Ser‘atﬁh ei;r‘&sxé' glxé ni.gl[{gﬁ){)lgf:gg chdnd §26t>7 F%e%cfn?ul\gteﬁetﬂ}oﬁ

| ayer due t0 1 npurities suc enent an e 1S suppressed

can be manyf a E ;H&Er [ i f n @ﬂ@ .ahility of a
seniconducﬁ%ﬁg%%%ﬁ %“&Z%c i's® §§ﬁ§%§§§%%69§§8%&§§ % g&%@%%%?%h%%n be
prevented. 5 ” I : . f.or 1 CL UK | n SOT
substrate 68%%$§g§é9PEMF%FQB%%%%E?kgﬁggégﬁ&qug%gF%pr?%Egﬁ@g%%ﬁ%?%éd with a
TR st N BEHAOIBARBRE STRRMLEEN [0 th s Spectficat on, [0089) 10
substrate,éﬁgé h is different fron1that,in Enbodi nent 1, wll be descri bed

with refer to the drawings. [0090] First, the sem conductor substrate

101 whose surf aCFn thg czﬂgg ﬁs?negdth\é“pfagmg E%Doz)l(ﬂpgr%tus illustrated in FIG 3, the etching

of the single crystal semiconductor layer 123 is performed in a mixed gas of NF; and Na.
At this time, it is preferable that the flow ratio of N, to NF; that are introduced into the
process chamber 620 be about 40:1; for example, the flow rate of Ny is 400 sccm and

10  that of NF3is 10 scem.

[0079]

Note that conditions of the second etching can be as follows: the RF power is
15 W to 50 W (the power frequency: 13.56 MHz), the pressure of the process chamber
620 at the time of the second etching is 65 Pa to 100 Pa, the distance between the

15  substrates is 21 mm to 30 mm, and the temperature of the supporting substrate 121 is
200 °C, specifically, the RF power is 50 W (13.56 MHz), the pressure of the process
chamber 620 at the time of the second efching is 65 Pa, the distance between the -
substrates is 30 mm, and the temperature of the supporting substrate 121 is 200 °C.
[0080]

20 By the second etching, the single crystal semiconductor layer is preferably
thinned to a thickness of greater than or equal to 5 nm and less than or equal to 100 nm,
more preferably greater than or equal to 5 nm and less than or equal to 60 nm. By
performing the second etching in this manner, the thickness of the single crystal

semiconductor layer 123 can be reduced to the thickness which is optimum for a
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15 film 102 and in which the enbrittled region 104 is provided at a
predeterm ned depth is prepared (see FIGS. 4A-1 to 4A-3). Note that, steps
illustrated in FIGS. 4A-1 to 4A-3 can be perforned in a manner simlar to
those illustrated in FIGS. 1A-1 to 1A-3. [0091] Next, the
supporting substrate 121 is prepared (see FIG 4B-1). Note that a 20 step
illustrated in FIG 4B-1 can be perforned in a manner simlar to that
illustrated in FIG 1B-1. [0092] Next, an insulating |layer 122 is
formed over the surface of the supporting substrate 121 (see FIG 4B-2).
The insulating |ayer 122 is preferably an insulating |ayer containing

ni trogen, L] A ilm(SiNX) or a silicon nitride oxide
fiIn1(Sihk§§ﬁ§ﬂ§$%é§agh?ﬁgy?%%%%%ggﬁ&this enbodi nent, the insulating | ayer
122 serves &%IE | ayer (bonding layer) 5 which is to be bonded to the oxide
film 102 p!ovi ed on the sem conductor substrate 101. In addition, when a

single crystal s [y e i . Lnali.e.r e
(hereinafter 1 ef SarEd YNGR bib K ppa i Gond WM EENSERaribdE Y ©,

Pt o0 OYer 323 1RRAL S BOhHD A 3hfiulshiifucet oo O GloBY B2 21 0

functions a arrier layer reventing inpurities suc sodi um

cont ai ngd b bGSPROK 39 HIBHPIGR ol ATl WYY oo B0l e

cryst al “sem conduc east one o e surface

of the o1t U6 SHTLAE LTS 1S AR SRSl ok, SHIELEALA b L1

surface of over the su ng substrate

121 T Prebelalit G SEkEt Sufl SRR LESRLIRNG: Ll Y8 ddcsTadirent.

. T
case in whfe he 'surftace orned over the

UPPOT {1 N0 RS LA Sppieh, 1 5] HA o RoRARBI b P2 R bl sbafioscr T bed

plasma damage is not caused in the single crystal semiconductor layer 123. Further,
10  impurities present on the surface of the single crystal semiconductor layer can be
prevented from being introduced info the single crystal semiconductor layer.
Furthermore, decrease in performance and reliability of a semiconductor device, which
is caused by introduction of impurities into the single crystal semiconductor layer, can
be prevented.
15  [0082]

The etching is performed using an NF3 gas, whereby dangling bonds formed in
the single crystal semiconductor layer are terminated with fluorine, so that electrical
characteristics can be improved. Further, planarity of the surface of the single crystal
semiconductor layer 123 can be improved.

20 [0083]

After the thinning step, heat treatment is preferably performed on the single
crystal semiconductor layer 123 at higher than or equal to 500 °C and lower than or
equal to 700 °C. By this heat treatment, the defects of the single crystal semiconductor

layer 123, which are not repairerd by irradiation with the laser beam 107, can be
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[ 0095] The plasma treatnent is performed in a plasnma state which is
produced by 20 introducing an inert gas (e.g., an argon (Ar) gas) and/or a
reactive gas (e.g., an oxygen (02) gas or a nitrogen (N2) gas) into a
chanber in a vacuum state and applying a bias voltage to a surface to be
processed. [0096] For exanple, in the case where oxygen plasma treatnent is
performed, the oxygen plasma treatnent is perforned in a plasm state
which is produced by introducing a gas into a vacuum chanber and applying a
bias voltage to an object to be processed. Oxygen cations are present in
pl asma and accel erated in a cathode direction (to the sem conduct or
substrate il aha alSiACHIhELANE Oty SRR Nye? 159L4d HErbI. t e

e processed, ereby TN

surface to rities such as’ organi ¢ substances of

t he surfac . roc d c d f ocessed
can be act i%\(}%éﬁélg%ef%otgﬁ%gu?st%grl{ ln‘i{‘g&l %ﬁ?ﬁ\éﬁtgggv%élrﬂetﬁp gggrr%wtrafr)«gggrrrgnt IS
performed gn_the inpsul ating.l ayer 2 AP . i ate 121,
SN and si AEPEaan RS PR e Bkl $66; 10 CREerRURAAL bl R BBl P
insulating,a ar 12 £ ai ni ng ni,tno RelSred8Gk &&§dbngq A havi ng
a hydrophi I&F’E&/l ragﬁ%a t(yﬂg B RcY e%s%gg@%er efore, Eon(ﬁ ng-sttength can be
i nproved eyen in the cas ere the insulating |ayer 122 contai.nin

nitroge% iéeﬂﬁeéid ggr %{{aglgﬁed:l”\vﬂanflé?slesr@cel@faﬂﬁ%ﬁ:g ace use/gf 2 F%lgtel,l“? e surface
of the sem con uctgr gbggrq%g 101 and the surface of the supporting
substrate I2RAFE® Wgé sed?td"t8te each other and the surface of the oxide

film 102 aﬂgw%ye surface of the insulating |ayer 122 are bonded to each
ot her (see 4C). Then, separation (cleavage) along the enbrittled region

104 | f by heat 20 wher.eb _singl e. |
seri conduct or | aJBIESE PSS RE DL SRE LT SHG FE R LI 2E 821 it

t he oxi de ihghuaéw%gd the insulating layer 122 interposed therebetween
(see FIG 4bBy. )
10 [0085]

In this embodiment, a case in which the first etching is performed with a
substrate bias applied is described; however, an embodiment of the present invention is
not limited thereto. The first etching can also be performed with no substrate bias
applied.

15  [0086]

When the first etching is also performed with no substrate bias applied, the
single crystal semiconductor layer 123 can be etched so that plasma damage is not
caused in the single crystal semiconductor layer 123. Further, impurities present on
the surface of the single crystal semiconductor layer can be prevented from being

20  introduced into the single crystal semiconductor layer. Furthermore, decrease in
performance and reliability of a semiconductor device, which is caused by introduction
of impurities into the single crystal semiconductor layer, can be prevented.

[0087]

According to an embodiment of the present invention, an SOI substrate in
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[0099] After that, in a manner simlar to the steps illustrated in FIGS. 2A
to 2E, the first etching, the | aser beamirradi ation, and the second
etching are performed, whereby an SOT substrate according to an enbodi nent
of the present invention can be manufactured. [0100] S5Inpurities can be
restrained fromdiffusing into the single crystal sem conductor |ayer
formed over the supporting substrate and bondi ng strength between the
single crystal sem conductor |ayer and the supporting substrate can be

i nproved. Further, even in the case where the insulating film containing
nitrogen is used as a bonding layer in bonding the sem conductor substrate

Accor di ng. toat BRRRARRh bF e EpngRiRs PZE%%’%@‘%@@ o7 SR} Wil Q%?r ate i
whi chcont g, g ééé;n@e&g%({gﬁ%l&' ARl g{@&%ﬁg&%&t %Y Sy

ats
inmpurities suc a i'S suppressed can be MEAUT AC ured

Furt her, decr nance 15 ar e y. @f a.sem conduct or
devi ce whi (Pﬁrfgm’§ %er?r%l e{}aéqnl’ll S d¢ mécr?n@%ﬁo S‘%ﬁ’{tﬂ?? ce l(s:aél eg uﬁlrn vent &Y. [ 0102]

Not e t hat d for, manuf acturing an SOT substrate described in this
%gg% g'atg c%ben% o]

enbodi nment ' REh the manuf act uri ng nmet hod described in

Enbodingnt[&ﬂ%]ln this specification as appropriate.

Note that the method for manufacturing an SOI substrate described in this
embodiment can be appropriately combined with a manufacturing method in another
embodiment in this specification.

[0089]
10  (Embodiment 2)

In this embodiment, a method for manufacturing an SOI substrate, which is
different from that in Embodiment 1, will be described with reference to the drawings.
[00690]

First, the semiconductor substrate 101 whose surface is provided with the oxide

15 film 102 and in which the embrittled region 104 is provided at a predetermined depth is
prepared (see FIGS. 4A-1 to 4A-3). Note that, steps illustrated in FIGS. 4A-1 to 4A-3
can be performed in a manner similar to those illustrated in FIGS. 1A-1 to 1A-3.

0091]

Next, the supporting substrate 121 is prepared (see FIG 4B-1). Note that a

20  step illustrated in FIG. 4B-1 can be performed in a manner similar to that illustrated in
FIG 1B-1.

[0092]
- Next, an insulating layer 122 is formed over the surface of the supporting

substrate 121 (see FIG. 4B-2). The insulating layer 122 is preferably an insulating
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[ 0103] (Enbodi nent 3) In this enbodi ment, a nethod for manufacturing
a sem conductor device using the SOT substrate which is manufactured
according to any of the above enmbodinents w |l be described. [0104]

First, a nethod for manufacturing an n-channel thin filmtransistor and a
p-channel thin filmtransistor will be described with reference to FIGS. 5A
to 5E and 5 FIGS. 6A to 6D. Various kinds of sem conductor devices can be
formed by conbining a plurality of thin filmtransistors (TFTs). Note that
repetitive descriptions for the same conponents as or conponents havi ng
simlar functions to the conponents in Enbodinents 1 and 2 are omtted.

(01057 101 el Guilhind o] S50k THADE 120 AU S FIYRERa SR ONduct o

1ae
| ayer 123 are ftornea”ove e supporting su ah exanpl e

is shown hese i ich an SO substrate having the structure illustrated in
FI G 5A (re&%@‘%@hﬁﬁﬁﬁﬁFﬁé §'1) is used, an SOT substrate having the

structure ?&ﬁﬁribed in Enbodinment 2 in this specification can al so be used.
15[ 0106] 'The single crystal sem conductor layer 123 is etched into

fLend, Shaves | el SRR et 0Pl S BT RROBESASE, ana 206
are for gEd véhfc%els If(l) Eé b(?r@ed t£ %jéoogide film 102 provided on the semiconductor substrate

101. In addition, when a single crystal semiconductor layer having a single crystal

structure (hereinafter referred to as a “single crystal semiconductor layer”) is provided

over a supporting substrate later, the insulating layer 122 also functions as a barrier

layer for preventing impurities such as Na (sodium) contained in the supporting

10  substrate from diffusing into the single crystal semiconductor layer.

[0094]

Next, at least one of the surface of the oxide film 102 formed on the
semiconductor substrate 101 and the surface of the insulating layer 122 formed over the
supporting substrate 121 is preferably subjected to plasma treatment. In this

15 embodiment, a case in which the surface of the insulating layer 122 formed over the
supporting substrate 121 is subjected to plasma treatment will be described (see Fig.
4B-3).
f0095]

The plasma treatment is performed in a plasma state which is produced by

20 introducing an inert gas (e.g., an argon (Ar) gas) and/or a reactive gas (e.g., an oxygen
(0) gas or a nitrogen (N;) gas) into a chamber in a vacuum state and applying a bias
voltage to a surface to be processed.

[0096]

For example, in the case where oxygen plasma treatment is performed, the
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20An oxide filmover the single crystal sem conductor |ayer is renoved, and
a gate insulating |layer 207 which covers the single crystal sem conductor

| ayers 205 and 206 is formed. The single crystal sem conductor |ayers 205
and 206 in this enbodi nent have high planarity. Accordingly, even if the
gate insulating |ayer which covers the single crystal sem conductor |ayers
205 and 206 is a thin film the gate insulating |ayer can cover the single
crystal sem conductor |ayers 205 and 206 with favorabl e coverage.

Therefore, a property defect due to insufficient coverage with the gate

i nsul ating Iayer can be prevented, and a highly reliable sem conductor

the oat e 1 SR e SRR it peloiba hn gV g i”iﬁ'tg Bl
transistor % ?E?thg’.?Xsoi!n a’c’g‘?ac?ﬁm thg:{?ﬂ)& B&? 5%313[119%9 gias volglge to a.n g%g%cke &

i nsul ating or nec on ox or a

structure of COR d |nsula ing | ayer
207 may bepfocggsmli Ux’%}l éean I ng a elg‘%gu]g él ng F ml!l Q%%quatgd met hod
or a Iom1pre y. romgd by S0 |d hase oxi dation
or solid pha §§%n| ggggﬁelggwfg§ﬁgpt¥§a ng nﬁl (xgaaed"ggﬂ%%mﬁ Yat e

i nsul at | | med. b datiaon ar tion.of a S|n crystal
sem conéucfz %1% ‘3@%?‘1 ity %tg gr’a Orcgsés ¢ “%lerebg ué‘%n?‘ees SHCRAS OTRIRICR {"ﬁ%t}“é%
vol t age, an ent in eI| 09] 15As.the ul ating
| ayer 207, gﬂﬁlﬁﬁﬁﬁﬁgl Ocesedc n§%3$9éf é t%?efFF% &ﬁ n%?oxide,
haflnun1OX| tltanlun1d|OX|de or tantalunlpentOX|de may be used. Using a
hi gh dleleé? constant material for the gate insulating |ayer 207 nakes

it possi bl Pz]reduce gate | eakage current. [0110] 20A gate el ectrode | ayer
208 and a g? el ectrode Iayer 209 are forned over the gate insulating

e 20 gf?ﬁg%nﬁ% s e
PRI AL RE e R R R T e E  SC
(A, COppproperty on the surface of the insulating layer 122 containing nitrogen can be decreased,
and SiOx having a hydrophilic property can be increased; therefore, bonding strength
can be improved even in the case where the insulating layer 122 containing nitrogen is
used as a bonding layer.

15 [0098]

After that, the surface of the semiconductor substrate 101 and the surface of the
supporting substrate 121 are disposed to face cach other and the surface of the oxide
film 102 and the surface of the insulating layer 122 are bonded to each other (see FIG.
4C). Then, separation (cleavage) along the embrittled region 104 is performed by heat

20 treatment, whereby the single crystal semiconductor layer 123 is provided over the
supporting substrate 121 with the oxide film 102 and the insulating layer 122 interposed
therebetween (see FIG. 4D).

[0099]

After that, in a manner similar to the steps illustrated in FIGS. 2A to 2E, the
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(Cu), chromum (Cr), or neodymium (Nd); or an alloy material or a conpound
mat eri al containing any of the above elenents as its main conponent.
Alternatively, as the gate el ectrode | ayers 208 and 209, a sem conduct or
| ayer typified by a polycrystalline silicon |ayer doped with an inpurity
el ement such as phosphorus, or an AgPdCu alloy may be 5 used. [0111]
A mask 211 which covers the single crystal sem conductor |ayer 206 is
formed. Wth use of the mask 211 and the gate el ectrode |ayer 208 as masks,
an inpurity element 210 inparting n-type conductivity is added to form
first n-type |npur|ty 10 regions 212a and 212b (see FIG5D). In this
enbodi nent ,. ph e sed as i gas_cont ini.ng,a |npur|ty
ﬁ elc & ne Ielfs '?eé:rnfuraél cfmé %m% ﬁla PIE gttc gare rPeFa {ud gL &l

el enent . or e npur

regi ons 212a 1 n Ie rtln -1

conduct i vi €9 508 RIS 3P o SR TR PR % 11
atons/cnB. In this .enbodi nent, phosphorus (P) is used as an inpurity

el enent 151Wﬁ$5?#Fﬁg n-type conductivity. [0112] Next, a mask 214

whi ch covers ?ﬂe single crystal sem conductor |ayer 205 is forned Wth use
of the mask"Ph and the gate el ectrode layer 209 as masks, an inpurity

pur 1§ r eg Eﬁifréﬂt%ﬁﬁﬁﬁp%ﬁg%'%ﬁﬁéﬂ't&@fﬂ?sﬁgf% e o P, 2
becaube borSRepicIE Ry Oa’ﬁ“?‘ﬁgltﬂpg B3GR An porl b heie ni'li”??

o 1 or el e g'ryS%F%%%‘g@n%affo ergafaﬁsfsﬁm%%%%e%% 00, and
nsul ot g P SE8 5 dhe 8 MR e Fong«ﬁlﬁgeﬁé‘%ﬁwé?“sﬁq wed on

the side surfac of . t ate electrode | ayers 208 and 209

selfoali gnfrgwﬁ rdBiRlein Dot oS on g A 417 THEUFAE PRy er

coverin Pg te electrode | ayers 208 and 209 is fornmed and is processed
tr

by ani ¢ 5 RPAGRIOYHY an RIE (reactive ion etching)

[0101]
According to an embodiment of the present invention, an SOI substrate in
which contamination of the single crystal semiconductor layer due to impurities such as
a metal element is suppressed can be manufactured. Further, decrease in performance
15  and reliability of a semiconductor device which is formed using such an SOI substrate
can be prevented.
[0102]
Note that a method for manufacturing an SOI substrate described in this
embodiment can be combined with the manufacturing method described in Embodiment
20 1 i this specification as appropriate,
[0103]
(Embodiment 3)
In this embodiment, a method for manufacturing a semiconductor device using

the SOI substrate which is manufactured according to any of the above embodiments
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met hod. Here, there is no particular Iimtation on the insulating |ayers
and the insulating |ayers are preferably |layers of silicon oxide with
favorabl e step coverage, which are formed by reaction of TECS (tetraethyl
orthosilicate), silane, or the like with 10 oxygen, nitrous oxide, or the
| i ke. The insulating |ayers can be fornmed by thermal CVD, plasma CVD,

at nospheric pressure CVD, bias ECRCVD, sputtering, or the |ike. The gate
insulating |ayers 233a and 233b can be forned by etching of the gate
insulating |ayer 207 with use of the gate el ectrode |ayers 208 and 209 and
the sidewal |l insulating |ayers 216a to 216d as masks. 15[0114] In this
enbodinentwwg%eﬁéﬁﬁgagithe insulating layer, the insulating |ayer over the
gate el ectrode ['ayefs is renoved to expose the gate el ectrode | ayers.
However, tqg(ﬁidemall insulating |layers 216a to 216d nmay be fornmed to have
a shape in M%I h the insulating | ayer over the gate el ectrode |ayers

remains. In addifion, a protectiv ilm 20 be..fored _over th ate
s e&'?()élr S %ﬁy pgo?ien—rgg‘fymw1 i ﬁlérﬂ%gﬁné“g’f'@&? %

el ectrode | ayers i 49 P. ctTon o rode

I in thi fil duct i f .th t I b
e o IR B b G Sl R ELERIAS R bR P e
¢t ) dide. i . ) ; q dr ai ) )

metal f Bl ey meuorl  RaHRRR of rerpikaRtur (ke p PR by SRMBBIEL ¢ b ¢ he
t | ect . wh terd al,of the. . f.il il

Ol R 8 fin i Rt I B bR Bk S L

reaction or diffusion can be prevented. Var.jo t chi ng nmet hods such as a

dry et ohi ngo e ERBROTERS 25, g8 CORPORTTY LGt S 7 o eioR e BE CPTBORAM . | 1 t hi s

gg?g?:gg?ggggﬁg&%mgaggha%nggﬁﬁgg |s.used. As an etching gas, a

{0105]

10 In FIG. 5A, the oxide film 102 and the single crystal semiconductor layer 123
are formed over the supporting substrate 121. Although an example is shown here in
which an SOI substrate having the structure illustrated in FIG. 5A (refer to Embodiment
1) is used, an SOI substrate having the structure described in Embodiment 2 in this
specification can also be used.

15  [0106]

The single crystal semiconductor layer 123 is etched into island shapes in
accordance with the position of the semiconductor elements, so that separated single
crystal semiconductor layers 205 and 206 are formed (see FIG. 5B).

[0107]

20 An oxide film over the single crystal semiconductor layer is removed, and a
gate insulating layer 207 which covers the single crystal semiconductor layers 205 and
206 is formed. The single crystal semiconductor layers 205 and 206 in this
embodiment have high planarity. Accordingly, even if the gate insulating layer which

covers the single crystal semiconductor layers 205 and 206 i1s a thin film, the gate
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5 gas typified by C12, BCl3, SiCl4, Caa, or the like, a fluorine-based gas
typified by CF4, SF6, NF3, or the like, or 02 can be used as appropri ate.
[01151 Next, a mask 218 which covers the single crystal sem conduct or
| ayer 206 is formed. Wth use of the mask 218, the gate el ectrode | ayer
208, and the sidewall 10 insulating |ayers 216a and 216b as nasks, an
inpurity elenment 217 inparting n-type conductivity is added to form second
n-type inmpurity regions 219a and 219b and third n-type inpurity regions
220a and 220b. In this enbodi ment, PH3 is used as a doping gas contai ning
an inpurity element. Here, the doping is performed so that the second

e T B e

n-type 15 con 2 out atons/ cnB éo 5
1029
¢ 0% COURLERS, A0 AR PMING R0 A Eib o 0 |
9
VPR, P el 0% SR AR B AL SRR By vEe

third n-tyge lﬁaﬁaguu;e\amgal%%h R R A %wgga%g Bl TP 1Y

regi ons and serve as ope draln) regro %hlrd

n-type Lnpurit o) a and 220b o ned n mhlch are
not covér egay %l%ﬂ{a %nfja Ce el per fm%%%m ayer QYI ictargre %g
reduced. ﬁﬁ@gﬂlngly, a senlconductor device with hlgher rellablllty and

| ower powe sunption can be manufactured. [0117]
The gate insulating layer 207 may be formed using silicon oxide or a stacked

structure of silicon oxide and silicon nitride. The gate insulating layer 207 may be
formed by depositing an insulating film by a plasma CVD method or a low pressure

10 CVD method or may be formed by solid phase oxidation or solid phase nitridation by
plasma treatment. This is because a gate insulating layer formed by oxidation or
nitridation of a single crystal semiconductor layer by plasma treatment is dense, has
high withstand voltage, and is excellent in reliability.

[0109] |

15 As the gate insulating layer 207, a high dielectric constant material such as
zirconium dioxide, hafnium oxide, titanium dioxide, or tantalum pentoxide may be used.
Using a high dielectric constant material for the gate insulating layer 207 makes it
possible to reduce gate leakage current.

[0110]

20 A gate electrode layer 208 and a gate electrode layer 209 are formed over the
gate insulating layer 207 (see FIG. 5C). The gate electrode layers 208 and 209 can be
formed by a sputtering method, an evaporation method, a CVD method, or the like.
The gate electrode layers 208 and 209 may be formed of an element selected from

tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), copper
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The mask 218 is renoved, and a mask 223 which covers the single crystal 5
sem conductor |layer 205 is fornmed. Wth use of the mask 223, the gate

el ectrode | ayer 209, and the sidewall insulating |ayers 216c and 216d as
masks, an inpurity elenment 222 inparting p-type conductivity is added to
form second p-type inpurity regions 224a and 224b, and third p-type
inpurity regions 225a and 225b. [0118] 10Doping is performed so that the
second p-type inpurity regions 224a and 224b contain an inpurity el ement
inmparting p-type conductivity at a concentration of about 1 x 1020
atons/cnB to 5 x 1021 atons/cnB. In this enbodinent, the third p-type

G Bewal | 1 (ChP SRR A SR an@%gﬁm‘%@@%g%% A RGAET DY the
concentrat| 8ntﬁ %@.P; Fmésgou@%la?neme%@ ] Gl Bt hot eﬂfté}{}%w%%f%gtﬁ g 224D, I

addi tion, formation regron orne crysta
senlconductor 5 ] n e
impurity reg| ons a anaé‘aggérb Sglrngc duchg ’é' léfH{J'Llr‘BZ"sllt E’%i}%g% &‘%ﬂ Bmtcglp

regi ons ang_serve PR source nd aln an the thlrd 20
o Pype i modpiet JIRd 3R e IBBES AiRaDalthdh hos ﬁ%%%é%%?%’i’fl?%ﬁﬁ?y

reglons and eﬁrve as LDD (Ilghtly doped drain) regions. Since the thlrd
p-type |np y regions 225a and 2256 are formed in Loff regions, which are
not coveregoﬂgih the gate el ectrode |ayer 209, off current can be reduced.
Accor di ngl é sem conductor device with higher reliability and | ower power

and-hear ©1 et mo Tl PR At O I P! ST 287 Bl R
e BB R A e B M
the < ﬁgﬁi%&@ﬁi’%ﬁaﬁ% 1 ARG BRb S i Sa 2 ”S‘ﬁﬁﬁz‘l% /€1 A
10 regions 212a and 212b (see FIG. 5D). In this embodiment, phosphine (PH3) is used as
a doping gas containing an impurity element. Here, doping is performed so that the
first n-type impurity regions 212a and 212b contain an impurity element imparting
n-type conductivity at a concentration of about 1 x 10" atoms/em® to § x 10'®
atoms/cm’. In this embodiment, phosphorus (P) is used as an impurity element
15  imparting n-type conductivity.
[0112]
Next, a mask 214 which covers the single crystal semiconductor layer 205 is
formed. With use of the mask 214 and the gate electrode layer 209 as masks, an
impurity element 213 imparting p-type conductivity is added to form first p-type
20  impurity regions 215a and 215b (see FIG. 5E). In this embodiment, diborane (B;Hs) or
the like is used as a doping gas containing an impurity element because boron (B) is
used as an impurity element.
[0113]

The mask 214 is removed, sidewall insulating layers 216a to 216d with a
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Next, an interlayer insulating |ayer which covers the gate el ectrode |ayers
and the gate insulating layers is formed. In this enbodinent, a stack of an
insulating film 10 227 contai ning hydrogen to serve as a protective film
and an insulating layer 228 is enployed. The insulating film 227 and the
insulating |ayer 228 may be formed using a silicon nitride film a silicon
nitride oxide film a silicon oxynitride film or a silicon oxide film by
sputtering or plasma CVD. Alternatively, a single layer or a stack of three
or nore |ayers using another insulating filmcontaining silicon may al so be
15 enpl oyed. [0122] Furthernore, a step in which heat treatnent is
performed at. 300 Cto 550 C for 1 hour to_12 hours ip a nifroge t nosphere
to hydr ogessigwalf saictirsgfedorged op gidesy Céaﬁﬁtjéetgefﬁeea @Pe lﬁ%e%é(igr %’P%@
Preferably, the tenperature is 400 Cto 500 C, 20 This step is.a step for

t er ni nat i ngvé eatgHBTIAgE davses 432 apd %43&19?% fonmed. (sge g’@fﬁ‘sé‘gndﬁt"t E}fie"f’ai er by
hydrogen contained in the insulating film 227, which is an interl ayer

i nsul at i ng salpERg layarsies t ghesh itk sideywlk stiuctusg maytbe; formse ¢ny @t 450 C
for one hour. [0123] The insulating film 227 and the insulating | ayer 228
can be for sedpcsy ohthe gaicoplpairods daveest B dotioainmishiatenrment Bemenim e al uni num
oxynitride (AION), alumnumnitride oxide in which the anpunt of nitrogen

i s hi gh8r dollavingymennst: ag,iysylating Fyriojoverns e gaelssiress lavraMSandiZ0R & car bon
(DLC), nitrogen-containing carbon (CN), or other substances containing an

i nor gani ¢ ifereer anf g Pragessed hy anjgokenie gishie s s R, (regqlive igns elghiag) A
siloxane resinis a resin including a_Si-OSi bond. Siloxane has a skel etal
structure fusthedd Srea thaspds g B?Wlﬁ‘gﬁfnll’(ﬂgﬁt}onaﬂ’éi ths ypulating))layers apd the
substituent, an organic group containing at |east hydrogen (e.g., an alkyl
group or adnsulaiing lpverssre prsferatdy laysrst of heongidepwith favseable, siER ¢e¥Fags: t he
organi c group. Further, an organic insulating material such as polyim de,
acrylic, poihjmreformpbbyeastipa of HERS (tetemsthyl orthositisaie)y silagp ar dhclikesyith

pol ysil azane may al so be used. A coating filmwth favorable planarity,

whi ch 18 f oxyasd, nifroes exideianghentikeodlhenasulaing dayses carebe fqroped by theomal The
insulating film227 and the insulating | ayer 228 can be formed with use of
di ppi ng, sEVA% plasee iGN, aimewpberdt pRysufecC VR, biay ECREYDs sputigripgor ficdikeoat er, a
knife coater, a 15 CVD nethod, an evaporation nmethod, or the |like. The

i nsul at i ngThe |gaste2ipulating layersi 35al andi AP eapebe Jomnedely gichiepef thergatd by a
dropl et discharge nethod. A droplet discharge nethod requires | ess materi al
sol ution. lnsulatiog layer?207 avithenss od theegaitbtlectiorle {ayar 208 apd AP and e sidewi! a
pattern such as a droplet discharge nethod, for exanple, a printing nethod
(a met hod afsulatingdayrys 3lGade £&9das maskh as screen printing, offset printing,

15 [0114]

In this embodiment, in etching the insulating layer, the insulating layer over the
gate electrode layers is removed to expose the gate electrode layers. However, the
sidewall insulating layers 216a to 216d may be formed to have a shape in which the
insulating layer over the gate electrode layers remains. In addition, a protective film

20  may be formed over the gate electrode layers in a later step. By protection of the gate
electrode layers in this manner, film reduction of the gate electrode layers can be
prevented when the gate clectrode layers are processed by etching. In the case of
forming silicide in a source region and a drain region, since a metal film formed for

formation of the silicide is not in contact with the gate electrode layers, even when a
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20 or the like) can also be used. [0125] Next, contact holes

(openi ngs) reaching the single crystal sem conductor |layers are forned in
the insulating film 227 and the insulating |ayer 228 using a resist mask.

Et ching may be performed once or plural tines depending on the selectivity
of materials to be used. The insulating film 227 and the insulating | ayer
228 are partly renoved by the etching to formthe openings reaching the
second n-type inpurity regions 219a and 219b and the second p-type inpurity
regi ons 224a and 224b, which are source regions and drain regions. The
etching may be perforned by wet etching, thy etching, or both 5 wet etching
and dry etchi Vi fdUorj c-aeid- ad i s.,a.mxed
solution of " hdéan%%ﬁf\g% %é%r%ﬁéle%&felagﬂ I;I}(?Iée)[a‘%ﬁlda %%IT%%I gﬁhg Ié%%rel T OcrIrengy%ré used as
an et chant t.chi,ng, n_e 100 h] orineshased gas typified
by ci, pofiee )« Spdiieal eeibah YRSiolARn B VAT IARR o5 2P,

G4, SF6, NEgho RN i KGen 8L 08080, BS: MM, ASHAPRLORL 3k Gr drther, an
inert gas May be added “Po”an elenrhg’ $as" To e 10 UsEa ™ AT A Tt el enent

b dd . I ity of .el I df . , ,
(002 2y o0l e B GTER APl W MRl 1
th i h tl il m.s.et d.tq f i 14 I 229a,
D PSR A R L YS! UL WA e s 2292

whi ch are e ical ly connected t arts of source regions and drain
r egi ons. Tﬁk’ Pi%gﬁﬁ%%%?Q&E?ﬁ%ﬁgﬁgﬁgﬁ%@nﬁﬁﬂ%ornation of a conductive film

by a PVD n?iggf, a CVD net hod, an evaporation nethod, or the |ike, and
t hen, etchi he conductive filminto a desired shape. Further, a

G opl ot 0 schar Nt ARk 258 BERRG® HEL Tt oSoRL Rt LR GoruBg ot hod,
Used, As &N | e AHE G ABS B0 8p8 bl TR RO EAghe A N
i oy 3P ninpiee Jarei 23 pah 2wl s i FoRB A B RE sy ol 2o
oe oD 014581 i e S L IS s SRRSO 1
transistor 231, whi.ch is apn n-c el thin filmtrapsistor, and a thin film
transi st or 2385 MMRHIRHORE Y48 g%ﬁ@? tIﬁIEIIIS FI”I’WIPPF%In s{dised e dgng or ned
i( Zee FIG gaP (iongirIirIlIgogr?IrInprII?itty I‘,lIarIngrﬁI ' Iﬂ%&jthie Igloi[)iIrIg isdII)’e?'I[(I)II'nI‘IeC‘IcF o t%at e SGC(S)ItI('{ ucture
n-type impurity regions 219a and 219b contain an impurity element imparting n-type
15 conductivity at a concentration of about 5 x 10'° atoms/cm® to 5 x 10*° atoms/cm®. In
addition, a channel formation region 221 is formed in the single crystal semiconductor
layer 205 (see FIG. 6B).
[0116]
The second n-type impurity regions 219a and 219b are high-concentration
20 n-type impurity regions and serve as a source and a drain.  On the other hand, the third
n-type impurity regions 220a and 220b are low-concentration impurity regions and

serve as LDD (lightly doped drain) regions. Since the third n-type impurity regions

220a and 220b are formed in Loff regions, which are not covered with the gate electrode
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5 described in this enbodinment; thus, the thin filmtransistor 231 and the
thin filmtransistor 232 are electrically connected to each other. [0128]

A structure of the thin filmtransistor is not limted to that described in
this enbodinent, and a single gate structure in which one channel formation
region is 10 forned, a double gate structure in which two channel formation
regions are forned, or a triple gate structure in which three channel
formation regions are fornmed may be enpl oyed. [0129] As descri bed above, a
sem conduct or devi ce which has high performance and 15 high reliability can
be manufactured with high yield with use of an SO substrate in which
contam nation qQf a single crystal sem condyctor |ayer due to [npurities
such as a ﬁ@?ﬁ%ogl %mgﬁ@nﬂﬁé“?P%@'i BRI s 8 SHTIPRIHET IS Witk m
transistoriﬁégn Be,ganuf ctured using such an SO substrate. The 20 single
crystal {ehshigtiRhiy apdipayer Bewer gansepptien s e papufagtugeds i ngl e cryst al

sem conductor | ayer with reduced crystal defects and with reduced interface
state densil®y7hith the gate insulating |ayer 207. The single crystal

sem conductor |ayer has a planarized surface and is thinned to a thickness
of less than or sk 310 memeves @ad @i wagky223t Whigh fcpyess theasingle comsel wi t h

excel |l ent characteristics such as |ow driving voltage, high electron field
5 semiconductor layer 205 is formed. With use of the mask 223, the gate electrode layer

209, and the sidewall insulating layers 216c and 216d as masks, an impurity element
222 imparting p-type conductivity is added to form second p-type impurity regions 2244
and 224b, and third p-type impurity regions 225a and 225b.
[0118]
10 Doping is performed so that the second p-type impurity regions 224a and 224b
contain an impurity element imparting p-type conductivity at a concentration of about 1
» 10% atoms/cm’ to 5 x 10*! atoms/cm®.  In this embodiment, the third p-type impurity
regions 225a and 225b are formed in a self-alignment manner by the sidewall insulating
layers 216¢ and 216d so as to have a lower concentration than the second p-type
15  impurity regions 224a and 224b. In addition, a channel formation region 226 is
formed in the single crystal semiconductor layer 206 (see FIG 6C).
[0119]
The second p-type impurity regions 224a and 224b are high-concentration
p-type impurity regions and serve as a source and a drain.  On the other hand, the third
20 p-type impurity regions 225a and 225b are low-concentration impurity regions and
serve as LDD (lightly doped drain) regions. Since the third p-type impurity regions
225a and 225b are formed in Loff regions, which are not covered with the gate electrode
layer 209, off current can be reduced. Accordingly, a semiconductor device with

higher reliability and lower power consumption can be manufactured.
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effect mobility, and a | ow subthreshold value can be fornmed over the
supporting substrate 121. Furthernore, plural transistors with high
performance and | ess variation in characteristics between the transistors
can be fornmed over the sane substrate. In other words, with use of the SO
substrate of the present invention, nonuniformty of the 5 inportant
characteristic value as transistor characteristics, such as threshold
voltage or nmobility, can be reduced and hi gh performance such as high field
effect nmobility can be obtained. [0131] Although the nmethod for
manuf acturing a TFT has been described with 10 reference to FIGS. 5A to 5E
and FIGS. 6A to 6D, a sem conductor device can be manufactured so as to
have hi gh qo®d val ue by form ng a variety of sem conductor el enents such
as a capacitor and a resistor, together with the TFT. Hereinafter, specific
nodes of sem con@hcinask 228\is capsoved,|dnd heatdesimrenty énladaation witef stroeg dightt or t he
drawi ngs. 15[0132] First, as an exanple of a sem conductor device, a
m cr opr oc egsatiation withsdnichbehm nh¥bepdrformedinacder t agivamiic ilnpstityzidmregt. a
structural exanple of a mcroprocessor 500. [0133] The m croprocessor 500
has an ari tAinhé iseméd dgiecasuhe actvation plasher daathge o alse gate 2@uldtihy 14564 andan ALU
controller 502, an instruction decoder 503, an interrupt controller 504, a
timng goniplRnk@amb@bp aa ihefactetwdsathe gate agulatigy lagarind obhd @ngl®0fFstah bus
interface (Bus I/F) 508, a read only nenory 509, and a nmenory interface
510. [ 0134keriondusior lagér can bé rgphikedt 0 t he mi croprocessor 500 through the bus
interface 508 is

[0121]

Next, an interlayer insulating layer which covers the gate electrode layers and

the gate insulating layers is formed. In this embodiment, a stack of an insulating film
10 227 containing hydrogen to serve as a protective film and an insulating layer 228 is
employed. The insulating film 227 and the insulating layer 228 may be formed using a
silicon nitride film, a silicon nitride oxide film, a silicon oxynitride film, or a silicon
“oxide film by sputtering or plasma CVD. Alternatively, a single layer or a stack of
three or more layers using another insulating film containing silicon may also be

15 employed.

- [0122]

Furthermore, a step in which heat treatment is performed at 300 °C to 550 °C
for .1 hour to 12 hours in a nitrogen atmosphere to hydrogenate the single crystal
semiconductor layer is performed. Preferably, the temperature is 400 °C to 500 °C.

20 This step is a step for terminating a dangling bond of the single crystal semiconductor
layer by hydrogen contained in the insulating film 227, which is an interlayer insulating
layer. In this embodiment, heat treatment is performed at 450 °C for one hour.

[0123]

The insulating film 227 and the insulating layer 228 can be formed of a
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input to the instruction decoder 503 and decoded. Then, the instruction is
input to the ALU controller 502, the interrupt controller 504, the register
controller 507, and the timng controller 505. The ALU controller 502, the
interrupt controller 504, the register controller 507, and the timng
controller 505 performvarious controls based on 5 the decoded instruction.
[ 0135] Specifically, the ALU controller 502 generates a signal for
controlling operation of the arithnetic logic unit 501. Wile the

m croprocessor 500 is executing a program the interrupt controller 504
judges an interrupt request froman external input 10 and output device or

a peri pheral cr Ecug&egaﬁced op, -t i.ts p{]ftr?e &X}ﬁﬁyq‘gﬂ@% %;(%;n dea El(ﬁaocesses

t he |nterr e regls cont ene tress of
gggoigghiée%ﬁlﬁ%ﬂgﬂ%%ﬁ dS/ ﬁls d%ﬁ)‘%‘r%{:“ég‘{’ St lég%h {bﬁ{ﬁtﬁ% ontrol | er
ogi o uni © (GBI é’aﬂ%r'niw%‘” (ﬁ : %rr‘?c'gﬁ ot 51%9?4?&) fis %tn'-ct%.ﬁe‘nl’fm A
e, o B b G2 o Lol T wﬁ%’@*ﬁﬁﬁﬁl ofs El&xagnsﬁgsﬁlaféf”r"o?
QK AE | TR R n AP TRBS SR R R G ) B, CORT S Hihput 1 o
2 fanct i onadkaes %r%ﬁ&qfﬂaeé#& t?oﬁee?sarﬂﬁal @i&e Wifr%”% ”d“%% RV oo
havi ng an arlothmetlcfunctlon t dede grrbe GSlsa Iocls .di agram
i |1 ustrati AfOR2RECEHRUP PR ?aé bydrogepe-g- 8% g o W) ¥rhe

per at 0. 1 894 a o E1EHy BEE G PURLRS Coarﬁari’ceafo?## eﬂm&rﬁ%ﬁﬁ%&%ﬂé“

t hrough wrel ess conmmuni ¢ t|on her.ei nafter Ee- onp ter IS referred to as

an RFCPU) . I8 §‘7§ material s ’?’Qﬁe?fr}’lrf Iﬂo BPAEsIE% 1761 | udes an
anal og circuit rtion 512 a d a di al ortr 51 anal og

ci reui tmpoP'P‘izBﬁY tenGPT RPLS! %zaP"eglﬁ‘gfaf’h%’ b%“ %%3%4 WL ltﬁgfa‘éor? $onant
capacrtor a rectifier crrgg 515, a cegstag% EOlt ge circuit 516, a reset
circuit 51planagiy.cehich s ferged by acpatingggetho 3| F%‘ﬁ on circuit 519, and a

nmodul ation circuit 520. The digital circuit portion 513 includes an RF
interface §924a control register 522, a clock controller 523, an interface

gﬁﬁy ﬁeﬁgp;r g.|27pr Ocessgg% ﬁlimli[27%rzléthe msru?ar'gglgrﬁyelggﬁi can e?or%d%v%ﬁl use og a read

dipping, spray coating, a doctor knife, a roll coater, a curtain coater, a knife coater, a
15 CVD method, an evaporation method, or the like. The insulating film 227 and the
insulating layer 228 may also be formed by a droplet discharge method. A droplet
discharge method requires less material solution. In addition, a method capable of
transferring or drawing a pattern such as a droplet discharge method, for example, a
printing method (a method of forming a pattern, such as screen printing, offset printing,
20  or the like) can also be used.
{0125]
Next, contact holes {openings) reaching the single crystal semiconductor layers
are formed in the insulating film 227 and the insulating layer 228 using a resist mask.

Etching may be performed once or plural times depending on the selectivity of materials
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The operation of the RFCPU 511 is roughly described bel ow. The resonance
circuit 514 generates induced el ectronotive force based on a signal
received at an antenna 528. The induced el ectronotive force is stored in a
capacitor portion 529 via the rectifier circuit 515. The capacitor portion
529 is preferably forned using a 15 capacitor such as a ceram c capacitor
or an electric double |ayer capacitor. The capacitor portion 529 is not
necessarily integrated over the sane substrate as the RFCPU 511 and nay be
incorporated into the RFCPU 511 as a conponent. [0139] The reset circuit
517 generates a signal that resets the digital circuit portion 513 20 to be

e BB AR R
i it 51 d t. f I
Ut 510, AP T SRR OB B T

modul at | on 240 8t %%e%%ﬁ%e&@ég@&?%g%“ﬁ%% i P2 e & ”Z‘% o
bi nar | ses 4% B0 FB0R éﬁsﬁ%‘é'ﬁwi% eHEIE S5 R iy “RRGR SR em based
Cransm & L?&#"%&éﬂ%gbv CFCEFIRE | o PRFRR G broost o7 Sk Ped: o r “33FLI of the
" b LR hRE G SR e
communi cat Ie% ant o? nw%% eti:hlng h%s an etching gas, a chlorine-based gas typified by Cly, BCl;,
SiCly, CClg, or the like, a fluorine-based gas typified by CF., SFs, NF3, or the like, or O,
can be used as appropriate.  Further, an inert gas may be added to an etching gas to be
10 used. As an inert element to be added, one ora plurality of elements selected from He,
Ne, Ar, Kr, or Xe can be used.
[0126]
A conductive film is formed so as to cover the openings, and the conductive
film is etched to form wiring layers 229a, 229b, 230a, and 230b which serve as source
15 and drain electrode layers which are elecirically connected to parts of source regions
and drain regions. The wiring layers can be formed by formation of a conductive film
by a PVD method, a CVD method, an evaporation method, or the like, and then, etching
the conductive film into a desired shape. Further, a conductive film can be selectively
formed in a predetermined position by a droplet discharge method, a printing method,
20  an electroplating method, or the like. Moreover, a reflow process or a damascene
process may also be used. As a material for the wiring layers, metal such as Ag, Au,
Cu, Ni, Pt, Pd, I, Rh, W, Al, Ta, Mo, Cd, Zn, Fe, Ti, Zr, or Ba; Si or Ge; or an alloy or
nitride thereof can be used. A stack of these materials may also be employed.

[0127]
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[0141] 10The clock controller 523 generates a control signal for changing
the frequency and the duty ratio of the clock signal in accordance with the
power supply voltage or current consunption in the central processing unit
525. The power supply voltage is nonitored by a power supply control

circuit 530. [0142] 15A signal that is input to the RFCPU 511 fromthe
antenna 528 is denodul ated by the denodulation circuit 519, and then
divided into a control conmand, data, and the like by the RF interface 521.
The control command is stored in the control register 522. The control
command i ncludes reading of data stored in the read only nenory 527,

witing of data t he.random acgess NOLY. c ot I .Cpd ruction
to the 20 centrQ#BBP%pggéﬁﬂag%ﬁ?qméfgggéhJ%?%%ﬁFﬁggég%%f%g?%ElChﬁﬁ#he
O D SRl iy B8 s BT P Bty TR g 50,
ead onl'y MBI R M P he s e ke e AP ESRR i Phab el © 1
Nt e e e R O Y
met hod pay be . 1pl.ayed,in whi t he read.onl LY 527,stpres. an
oper at i Ag éﬁ??gﬁfg@§$¥§H@°%“BW%3E§n$F%&Péi- dF%Fﬁ§p??¥ém§Hh%t tﬁﬂb
operation and.th%ﬁ ut ed Alte%n i vel a nmethod in which a circuit
&5l <4 dps

exe
dedi cat ed (BHFPL @‘@f‘?‘ge‘it‘%capﬁf‘ﬁpélﬁc Tt hnetic processing i s conduct ed

usi ng hard&g&g may be enployed. In a nethod in which both hardware and
software a led, part of arithmetic processing can be conducted by a

cireurt A structure of the thin film transistor is not Iimited to that described in this

embodiment, and a single gate structure in which one channel formation region is
10 formed, a double gate structure in which two channel formation regions are formed, or a
triple gate structure in which three channel formation regions are formed may be
employed.
[0129]
As described above, a semiconductor device which has high performance and
15  high reliability can be manufactured with high yield with use of an SOI substrate in
which contamination of a single crystal semiconductor layer due to impurities such as a
metal element and the like is suppressed.
[0130]
Thin film transistors can be manufactured using such an SOI substrate. The
20  single crystal semiconductor layer of the SOI substrate is a single crystal semiconductor
layer with reduced crystal defects and with reduced interface state density with the gate
insulating layer 207. The single crystal semiconductor layer has a planarized surface
and is thinned to a thickness of less than or equal to 60 nm. Accordingly, thin film

transistors with excellent characteristics such as low driving voltage, high electron field
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10 dedicated to arithnetic, and the other part of the arithmetic processing
can be conducted by the central processing unit 525 using a program [0145]
Next, display devices are described with reference to FIGS. 9A and 9B and
FI GS. 10A and 10B. 15[ 0146] FIGS. 9A and 9B are draw ngs for
describing a liquid crystal display device. FIG9A is a plan view of a

pi xel of the liquid crystal display device, and FIG 9B is a
cross-sectional view taken along a section line J-K of FIG 9A [0147] 20As
illustrated in FIG 9A, the pixel includes a single crystal sem conductor

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

sem conduct | aver.. 320, a; Si | L L nter i Lth the.scan |ine
392 o pi xte BBl an 25100, Moot it cul o ARRR Bt bR
connect s e, B xGb1 ! BEEOMe: 3Rk BnlilierSlitalig, Skth oS8Tl SONduRL 0T 1 aver

320. The si*Rglé crystal sem Folaye i's a layer forned " of the
single crystal sem co ctor.layer. provided over the supporting substrate
121 %and | & I R oo s TR Bt B rortiet oyl e ABR IO SHES [ ac e,
the SOT substrate describ it he abo enbodi.ment. is 5 ed

1T ustr at edtiehoeit GBY et e S0y AR he PERRR et BpmEiondline o
stacked _over the, su rti.ng.substrate 121 wth the oxide .film.102 and the
insulatan“PE?EPI%§§E$%?%58%§%ﬁSWﬂ@?gﬁgﬁﬁggﬁﬁgﬁkmﬁﬁé”é@ﬁﬂﬁ%{Yﬂ Es0bstrate
121, a glass,substrate .can be.used.. The single crystal. sem.conductor |ayer
320 of {he MBI 3" Perepich] and b getfumrncs W at Tigh Bk Srke mONI S s ol
seniconduc%gr.lg%er of the SOT substrate by etching. In 10 the single
crystal se B8¥%tuct or | ayer 320, channel formation regions 340 and n-type
high-conceﬂ@%iiion inmpurity regions 341 to which an inpurity elenent is
added are d. A gate electrode of the TFT 325 is included in the scan

|1 322, and ong ol & BOUSRf S HRUSART 3 TP s S U20Rek Sy ! ved

10 reference to FIGS. 5A to 5E and FIGS. 6A to 6D, a semiconductor device can be
manufactured so as to have high added value by forming a variety of semiconductor
elements such as a capacitor and a resistor, together with the TFT. Hereinafter,
specific modes of semiconductor devices will be described with reference to the
drawings.

15 [0132]

First, as an example of a semiconductor device, a microprocessor is described.
FIG. 7 is a block diagram illustrating a structural example of a microprocessor 500.
[0133]

The microprocessor 500 has an arithmetic logic unit (also referred to as an

20 ALU) 501, an ALU controller 502, an instruction decoder 503, an interrupt controller
504, a timing controller 505, a register 506, a register controller 507, a bus interface
(Bus VF) 508, a read only memory 509, and a memory interface 510.

{0134]

An instruction input to the microprocessor 500 through the bus interface 508 is
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[0149] 15Cver an interlayer insulating film 327, the signal line 323, the
pi xel el ectrode 324, and the el ectrode 328 are provided. Over the
interlayer insulating film 327, columar spacers 329 are fornmed. An
orientation film330 is forned to cover the signal lIine 323, the pixel

el ectrode 324, the el ectrode 328, and the columar spacers 329. On a
counter substrate 332, a counter electrode 333 and an orientation film 334
whi ch 20 covers the counter electrode 333 are fornmed. The col umar spacers
329 are formed to nmaintain a space between the supporting substrate 121 and
the counter substrate 332. In the space formed by the col umar spacers 329,

a liaul d cyt il m BXEhedielde F§U3”%qtdﬁ@$dﬁ8°nﬂ?eﬁt 0 ThsBRL ohqyﬁlﬁge‘ olfle Si gnal

line 323 an ctro h-'cohcentrati on urity regions

341, thereégn? oSt %O rzﬁedmk%mgbs ﬂn%hslr!s@merig{;fewcaﬁ% kb4 r%nﬁ%ﬂ due to

-formation cont act orientatron o rystal in the

[ 9urd or el LaNBIGO35s! Pl RED SO0NAGE 60 RENLLANR DSROTESsHL SRL dor o

easily. Accor & col Umhar spacers ede step

portions t Qeg?srteﬁ 89&01@; "56"}1%% {h%r}mghg thnql%[lexogOS ﬂeﬁg}n&iv&{(}ﬁg E%ﬁolsslgaggdsgll
5  the decoded instruction.
[0135]
Specifically, the ALU controller 502 generates a signal for controlling
operation of the arithmetic logic unit 501. While the microprocessor 500 is executing
a program, the interrupt controller 504 judges an interrupt request from an external input

10  and output device or a peripheral circuit based on its priority or a mask state, and
processes the interrupt request. The register controller 507 generates an address of the
register 506, and reads/writes data from/to the register 506 in accordance with the state
of the microprocessor 500. The timing controller 505 generates signals for controlling
timing of operation of the arithmetic logic unit 501, the ALU controller 502, the

15  instruction decoder 503, the interrupt controller 504, and the register controller 507.
For example, the timing controller 505 is provided with an internal clock generator for
generating an internal clock signal CLK2 based on a reference clock signal CLK1. As
illustrated in FIG. 7, the internal clock signal CLK2 is input to other circuits.

[0136]

20 Next, an example of a semiconductor device having a function of transmitting
and receiving data without contact and also having an arithmetic function will be
described. FIG 8 is a block diagram illustrating a structural example of such a
semiconductor device. The semiconductor device illustrated in FIG. 8 can be called a

computer which operates to transmit and receive signals to and from an external device
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Next, an el ectrolum nescent display device (hereinafter referred to as an
"EL display device") is described with reference to FIGS. 10A and 10B. FIG
10A is a plan view of a pixel of the EL display device, and FIG 10B is a
cross-sectional view taken along a section line J-K of FIG 10A. 10[ 0151]

As illustrated in FIG 10A, the pixel includes a selecting transistor 401
and a display control transistor 402 that are TFTs, a scan |ine 405, a
signal line 406, a current supply line 407, and a pixel electrode 408. Each

pi xel is provided with a light emtting elenment having a structure in which
a layer containing an el ectrol tuninescent material 15 (EL | ayer) is

i nt d ' . ; the |ight
e 111 g el o i Rl B b RIS ngsho R L RER G ARRCRD. M 11O

sem conduc (ﬂgﬁf ayer 403, a channel formation region, a source region, and a
drain region of the selecting transistor 401 are forned. In a single

crystal sem cond . V-2l , rqﬁﬁ{] l. f, qa]p I A _Spurce
region, and a dr%él:frllﬂ%[reagaolﬁ %‘?"%ﬁreﬁ%} sp 2131 %éﬁ‘?ro aB %3%??%‘?@?“2‘6‘ 402 are
formed. Th i M . } C .40 04 are forned
usi ng the g’l’f\%ﬁgkt@rc%%ﬁg%&lgggng% ngit}%%gl% BP glgg‘%ﬁeé(ﬁﬂa?n glsﬂé?lgé?s ed BV t he
supporting.: # I he l.eeting . sistor. 4 a. gate
el ect ro%e F@éﬁlﬂﬁ%ﬁ%‘gﬁg %géstg Igf]é'tg gélt(fri %gecﬁtgeg;mg#ngeﬁg? C(énsgaélm'@geag%fnécatr ode and
a drain el ro i S 1. ded_ | he.si. | . ne - and . other is
formed as gﬁé’&%%tr%agpﬂg.ﬁl %Sc{q]ﬁ{é)r |§‘BP§$§ > ol nr’%“patg%r?glag{ gfg’fﬂg,a a gate
el ectrode 412 s el.ectical onpected to the.electrode.411: of a
source el e%’toé%l%j%onacﬁr ulgg%ﬁaifr?% e %{(‘%F‘rzltr)c g[pfnétwfl 3r1 rgrén(fhué%gs E e|‘1§%‘%¢°8§2ﬁ£13 whi ch
is electricall n ed 5 th ixel elegtr 408 .and the other is

i ncl uded i%O%ttrﬁereg%%F g%%’ as(ﬁl%fgﬁ glon%rf)fr?\eer%}g’fn '[nkﬂéﬁﬁj 85 a centig] PrOFESENMc ont r ol
transi st Ors%ozrainﬁoﬁ%agée(:hﬁnﬁel S'EIgTandAs id |£IIIS'[ r at ed52i7n FIG 10B, in the
single cryth aft e doHauttor™ ayer AJ52C G CHERAE > or mat i on regi on 451 and

p-type ig%—g@ncentration inmpurity regions 452 are fornmed. Note that, as
the SOI" 10 %u strate, the SO substrate manufactured in any of Enbodi nents

AL LT N S pr e R R N
1 G A Rt amb i, Bl 1, 1000 b LE P
o Lo, 45 SO, SRS g R 0P A PP S 05, 4%
Por L 0 ol Sl S55" PO 18Rl APPSR BRI
CBnt ol L SRAGRT % b G g RPE 5 o Bhuf B PRI iR ST
capacitor portion 529 is not necessarily integrated over the same substrate as the
RFCPU 511 and may be incorporated into the RFCPU 511 as a component.
[0139]
The reset circuit 517 generates a signal that resets the digital circuit portion 513
20  to be initialized. For example, a signal which rises with a delay to a rise of the power
supply voltage is generated as a reset signal. The oscillator circuit 518 changes the
frequency and the duty ratioc of a clock signal in accordance with a control signal

generated by the constant voltage circuit 516. The demodulation: circuit 519

demodulates a received signal, and the modulation circuit 520 modulates data to be

48



20substrate 431 is fixed to the supporting substrate 121 with a resin |ayer
432. [0155] The grayscal e of the EL display device is controlled by
either a current drive nethod where the |um nance of the light-emtting

el enent is controlled by the amount of current or a voltage drive nethod
where the lum nance is controlled by the anobunt of voltage. The current
drive nethod is difficult to enploy when transistors have characteristics
which largely vary frompixel to pixel. In order to enploy the current
drive nethod, a correction circuit which corrects characteristic variation
i s needed. Wen the EL display device is manufactured by a manufacturing
nmet hod inc%g%%g N 5 manufacturing process of an SOT substrate, the

sel ecting transistor 401 and the display control transistor 402 do not have
vari ation ngﬁgaracteristics from pi xel to pixel. Accordingly, the current
drive nethé can be enployed. [0156] That is, various el ectronic devices
can be manufact u#o%%ﬁ%%gé%%n%q]%%ia&gn csllr'lctl)n tiriggseigfme dlasgl.glgaﬁ%sng‘%;ssetlmee?%éio nic

devi ces i ncl ude: as video caneras an cane
i gati t ; d. duct | i di { di
oS o DR P B AT
t ' il . : | | . ph t abl . hi :
el cot roff o VEBE" PLERAR IR, fifmp e TRED S Bt e PERSIRVRRE S ovi ded
ith di ng. ' ifically, .deyi whi.ch h bl f
Fepr oduoi ngr bR avATEEPER i aR R R 5] ThelmueCu B BRI o
tile di D whi ch h di spl devi bl f
G pl ayi ng THATbe W MOCTEPRTRE D GRS RETTYE PRk ShieE g ehem ar o
illustrated, in FILLGS. 11A t 1F, and FIGS. .12A t 2C, [ 0157] 20FI G 11A
11 tst r at oSS gAY Sueliideis] Sehevinidten wgul oL, s supporting
base 902, QHﬁplay portion 903, a speaker portion 904, a video input
t erm nal 98&; nd the like. This display device is manufactured using the

transi stors forngd t he n cturing nethod descrjbed i he ot her
erbod! Jhnt for a4 OREIEL et BremIehp SBrel Rebs hahatre He EPIEES Not e
that the dlagcf) lth%ydugyer\éltig %f Eheefc?orc?( stigona?inl éc%glldgnce with the power supply voltage or

current consumption in the central processing unit 525. The power supply voltage is
monitored by a power supply control circuit 530.
[0142]

15 A signal that is input to the RFCPU 511 from the antenna 528 is demodulated
by the demodulation circuit 519, and then divided into a control command, data, and the
like by the RF interface 521. The control command is stored in the control register
522. The control‘ command includes reading of data stored in the read only memory
527, writing of data to the random access memory 526, an arithmetic instruction to the

20  central processing unit 525, and the like.

[0143]
The central processing unit 525 accesses the read only memory 527, the
random access memory 526, and the control register 522 via the interface 524. The

interface 524 has a function of generating an access signal for any of the read omly
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crystal display device, a light-emtting display device, and the |ike, and
all the information display devices for, for exanple, conputers, television
reception, and advertisenent display can be included. Specifically, a

di spl ay, a head-nounted display, a reflection type projector, and the like
can be given. 5[0158] FIG 11B il lustrates a conmputer which includes a
housi ng 911, a display portion 912, a keyboard 913, an external connection
port 914, a pointing device 915, and the like. A transistor forned
according to the present invention can be applied not only to a pixel
portion in the display portion 912 but also to a sem conductor device such

as a 10 driver | r display, a CPU inside.a majin bod a nory.

[o150] " mietoey 62 Fhe fpdtfn sy uciony o2F. 8 R TR RERE R wReTTOR L
exanpl e of ortabl e information processi termnals. This cellular phone
i ncl udes aaﬁ@%??ﬁﬁwafi?yQ@ﬁ%@ﬁﬁ@?m%gngﬁﬁkggz, an operation key 923, and
the Iike. Agﬁ{ansistor formed using the 15 SOT substrate according to the
present in flon can be applied not only to a pixel portion in the display

TerDry. an-audi oApRbBRLERHG MeARAGF e SRS R S FA Samelie B B on 024
por t1 on 502 STPIYES it KB SGF 4L GHY HErRATE LA S TSR R JOThe s tnaor
T P SR NESI oS BE Bf FtBLs A R, S
Formed. aco NS PR EEAEHER ) BHETBHC A0 00 a GRete @ptsstin; o

't or mat  off prouasLpg iR dg e SHRASGH: o LS HEB RBdANS

ol Il af PR EOYEE S5 Hifdh @i Of SATbie GBSt CBb BF yORHEr Bng (Geat
according to_ the present invention toa? functi onal circuitbgggﬁpas a 5 CPy,

a menorf), dedigatediqghmgticsand thetherpar of the grithgpelic prasessipespn ¢edjevi ce or

a driver I1C for display.,[0161£ )
by the central processing unit 525 using a program.

[0145]
Next, display devices are described with reference to FIGS. 9A and 9B and
FIGS. 10A and 10B.

15 [0146]

FIGS. 9A and 9B are drawings for describing a liquid crystal display device.
FIG 9A is a plan view of a pixel of the liquid crystal display device, and FIG. 9B is a
cross-sectional view taken along a section line J-K of FIG. 9A.
[0147]

20 As illustrated in FIG. 9A, the pixel includes a single crystal semiconductor
layer 320, a scan line 322 intersecting with the single crystal semiconductor layer 320, a
signal line 323 intersecting with the scan line 322, a pixel electrode 324, and an
electrode 328 which electrically connects the pixel electrode 324 to the single crystal

semiconductor layer 320. The single crystal semiconductor layer 320 is a layer formed
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FIGS. 11D and 11E illustrate a digital camera. Note that FIG 11E
illustrates a rear side of the digital canera illustrated in FIGI| ID. This
digital canera includes a 10 housing 931, a display portion 932, a |lens
933, an operation key 934, a shutter button 935, and the like. A transistor
formed according to the present invention can be applied to a pixel portion
in the display portion 932, a driver IC for driving the display portion
932, a nenory, and the like. [0162] 15FI G 11F shows a digital video camera.
This digital video canera includes a main body 941, a display portion 942,
a housing 943, an external connection port 944, a renote control receiving

portion 945, .an.i e.neceivi rtion.946 battery 947, a udi o i nput
por 1 on_ 048 tRTnsEA S Sy GaE B Bact el Bhrbiuhy iR 40,0 | e

A transistaor. forned qﬁﬁgg i to the present invention can be applied to a
pi xel portf%ﬁwgﬂgﬁﬂat &gSEﬁﬁy“% rtion 942, a driver IC for driving the

di spl ay por. L&n 942, a nenory, a digital input processing device, and the
i ke. [016é§ ! Besi des, the present invention can be applied to a

Drovided wi th a Pbebea At el B bR SREEARRE SROHERE i act ur ed
GFEO1 10 L0k ML ALGRR o D 00 20 05 PP Sl A X8 (ELILET 0
e M
Do L, A I BRERSTE | RSB BB b i R 1 1
ore 511 el L ar phons, T00 Tt L hotsL e oS toband 8
ORI I S SRR R R AR
variet %OOf tlgea;[iggl E:r?fgtg s?ein;l’]gonggéérdl?ijszerv?:%i(f gha%x?flzllfgfrnaLiQ& ?(35 ions 340 and n-type
high-concentration impurity regions 341 to which an impurity element is added are
formed. A gate electrode of the TFT 325 is included in the scan line 322, and one of a
source electrode and a drain electrode is included in the signal line 323.
[0149]
15 Over an interlayer insulating film 327, the signal line 323, the pixel electrode
324, and the clectrode 328 are provided. Over the interlayer insulating film 327,
columnar spacers 329 are formed. An orientation film 330 is formed to cover the
signal line 323, the pixel electrode 324, the electrode 328, and the columnar spacers 329,
On a counter substrate 332, a counter electrode 333 and an orientation film 334 which
20  covers the counter electrode 333 are formed. The columnar spacers 329 are formed to
maintain a space between the supporting substrate 121 and the counter substrate 332.
In the space formed by the columnar spacers 329, a liquid crystal layer 335 is formed.

At connection portions of the signal line 323 and the electrode 328 with the

high-concentration impurity regions 341, there are steps formed in the interlayer
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The cel lul ar phone 700 has the housings 701 and 702. The housing 701 15

i ncludes a display portion 703, a speaker 704, a m crophone 705, operation
keys 706, a pointing device 707, a front-face canera | ens 708, an external
connection termnal jack 709, an earphone terminal 710, and the like. The
housi ng 702 includes a keyboard 711, an external nmenory slot 712, a
rear-face canera 713, a light 714, and the like. In addition, an antenna is
i ncorporated in the housing 701. 20[ 0166] Further, in addition to

t he above-descri bed conponents, the cellular phone 700 may incorporate a
contactless I1C chip, a small size nenory device, or the like. [0167]

The_hous! ng, 105, B0 2208, 901 61 SUETL SRk 100361 SURROL SEREL G, dPA) can

be slid to De deve oped as i a I'spla ion 703
can incorporate.a.displ . or a display device to ich the .jret hod for
ranut act ur hie i TR 3TF n Bhaech il RE Bk AR S ana 3 1 s
applied. Because the 5 displa ortion 703 and the front-face canera | ens
708 are’ pravetaebn ter et YrdRe L fe IR b HihoRRLS HORH as o

vi deophone. .In addj.tion, .sti.ll inages and noving i nages can be taken wth

t he rear-fQggﬂ@§Wé%?“gﬁ§f%ﬂﬁiVﬁggﬁight 714 by using the display portion 703
as a vigmﬁgﬁsr [0168] 10Wth the use of the speaker 704 and the m crophone
705, thée c H ar phone 700 can be used as a sound recordi ng device

(Loorgen) o SN LeRESIELNg, CBui oy Bt QRELGIL LI 415 Gher ot on
O 0% ShSBASTRE F  MO s  H od YER OB o o
001210 o 1oL, SILH DOHL) e L L B o WL
portabl | Mgy Mekuhd L e AR Lne | L, (he ee of e keyboard 71t I

(FIG %gA)Uﬁ%?}be devel oped

As illustrated in FIG 10A, the pixel includes a selecting transistor 401 and a
display control transistor 402 that are TFTs, a scan line 405, a signal line 406, a current
supply line 407, and a pixel electrode 408. Each pixel is provided with a light emitting
element having a structure in which a layer containing an electroluminescent material

15  (EL layer) is interposed between a pair of electrodes. One of the electrodes of the light
emitting element is the pixel electrode 408. In a single crystal semiconductor layer
403, a channe] formation region, a source region, and a drain region of the selecting
transistor 401 are formed. In a single crystal semiconductor layer 404, a channel
formation region, a source region, and a drain region of the display control transistor

20 402 are formed. The single crystal semiconductor layers 403 and 404 are formed
using the single crystal semiconductor layer that is provided over the supporting
substrate.
16152}

In the selecting transistor 401, a gate electrode is included in the scan line 405;
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20 by sliding as illustrated in FIG 12C. Wen the cellular phone is used
as a portable information termnal, snpboth cursor operation can be
conducted using the keyboard 711 or the pointing device 707. The external
connection termnal jack 709 can be connected to an AC adaptor and vari ous
types of cables such as a USB cable, and charging and data conmmuni cation
with a personal conputer or the like are possible. Further, by inserting a
recording mediuminto the external nenory slot 712, a |larger anount of data
can be stored and transferred. [0170] The housing 702 is provided
with the rear-face canmera 713 and the light 714 on 5 the rear face (FIG

12B), and g&lg 'glf a LIRGSTec RO Jﬁﬁ[\éb@%%m i&@gru?ﬁl ih%eéi‘gnﬂfi%&gﬂfgg}‘ Id%é pl ay

portion 70 Vi ew | nder. er nor e, on to the

above- descr e, ffc&}p:%&ia%’ i ﬂ%ﬁ%&% %ltlb‘u' e hd?éb‘?ay”@&ﬁ{rgi %Qns*ﬂs%&gzrtp;zg tai B ar ed

conmmuni cati on function, or a evirsron one-se

broadcast g%cf%{e%‘]‘é' 9 ik gty Efhned &%%Q%Eekt?%gvz% it & ha %'&B%gﬁ%&t‘%ﬁ@ Jack,

or the lik el ectroni c ces

reference L Elih ohhde K0 RS CRON AR DY SIBhguB IR Od for

manuf acturing a transistor an play devi ce. 73]

Her ei nafter, ex | es th resent. i,nyenti,on will b escribed in nore
ot ai 1 5o B A R G s AR R GRE M ink NG Wl onlity BRORE 0°C Lol o6
and it is ?g%%?us t hat

The display control transistor 402 is a p-channel TFT. As illustrated in FIG.
10B, in the single crystal semiconductor layer 404, a channel formation region 451 and
p-type high-concenfration impurity regions 452 are formed. Note that, as the SOI

10  substrate, the SOI substrate manufactured in any of Embodiments 1 and 2 is used.
[0154]

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

15 In addition, over the interlayer insulating film 427, the pixel electrode 408 that is
electrically connected to the electrode 413 is formed. A peripheral portion of the pixel
electrode 408 is surrounded by an insulating partition layer 428. An EL layer 429 is
formed over the pixel electrode 408, and a counter electrode 430 is formed over the EL
layer 429. A counter substrate 431 is provided as a reinforcing plate, and the counter

20  substrate 431 is fixed to the supporting substrate 121 with a resin layer 432.

[0155]

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

method where the luminance of the light-emitting element is controlled by the amount

of current or a voltage drive method where the luminance is controlled by the amount of
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the present invention is specified by the scope of clainms. In this exanple,
surface 20 roughness of a sem conductor substrate will be described. [0174]
A single crystal silicon substrate is prepared as a sem conduct or

substrate. The single crystal silicon substrate is a p-type silicon
substrate of 5 inches in dianeter, and the plane orientation thereof is
(100) and the side orientation thereof is <100>. [0175] Et chi ng was
performed on a surface of the single crystal silicon substrate. The etching
of the single crystal silicon substrate was performed with a parallel plate
pl asma CVD appar atus under the follow ng conditions: the RF power: 50 W

between el CelTtea oS0 wi 6 meeRtebatiRal cP FhEby e e I8p 3e
[Tow rati o ghtibey mi%ﬁ{?h%}%%f‘ iy W 0B 10 1%00%%%8%9@ o Qg cat e

time: 30 secon ng of single cr

substrate i eltled Ak CTGl SONPKhred 'S IILARE LOURNNE SR80 the

single crys % 8% mas nmeasur e
The surfac h he sin t SI subs nd the
crystal lini fmﬁﬁeredﬁﬂﬂ?havuméﬁa Uﬁdn%% H%%?Wﬁ |on tﬁ‘iﬁ”&@??&b

m cr Oscgpe’ma%quacmrmg process of an SOI substrate, the selecting transistor 401 and the display
control transistor 402 do not have variation in characteristics from pixel to pixel.
Accordingly, the current drive method can be employed.
[0156]
That is, various electronic devices can be manufactured by using SOI
10  substrates. Examples of electronic devices include: cameras such as video cameras
and digital cameras; navigation systems; sound reproduction devices (car audio systems,
audio components, and the like); computers; game machines; portable information
terminals (mobile computers, cellular phones, portable game machines, electronic book
readers, and the like); image reproduction devices provided with recording media
15  (specifically, devices which are each capable of reproducing audio data stored in a
recording medium such as a digital versatile disc (DVD) and which each have a display
device capable of displaying image data stored therein); and the like. Examples of
them are illustrated in FIGS. 11A to 11F and FIGS. 12A to 12C.
[0157]
20 FIG. 11A illustrates a display device which includes a housing 901, a
supporting base 902, a display portion 903, a speaker portion 904, a video input
terminal 905, and the like. This display device is manufactured using the transistors

formed by the manufacturing method described in the other embodiment for a driver IC,

the display portion 903, and the like. Note that the display device refers to a Hquid
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15 atom c force mcroscope (AFM, and a scanning el ectron m croscope (SEM,
by observation of an el ectron back scatter diffraction pattern (EBSP), by
Ranman spectroscopy, or the like. [0178] In this enbodinent, for the

measur enent of the surface roughness of the 20 silicon |ayer, the nean
surface roughness (Ra) of the single crystal silicon substrate, the

r oot - mean- square surface roughness (RVS) thereof, and the nmaxi num

di fference in height between peak and valley (P-V) thereof were neasured
with an atom c force mcroscope (AFM. [0179] In this enbodi nent,
t he nean surface roughness (Ra) refers to a nean surface roughness obtai ned

bt moa by SPERDEDT 0B RR 2o BBy Fmifiof YT (Bie T RBNSR AlMe 071, 2

TeasUr eMent, Sh A S Te ol A U6 LERLAS RGO AY RTRAN Yalie. Olyd he

absolute 5 values o viatron froma ref'ererice surface to a specified

17)- 70" axAehefiy et Bt iR SR et St AR e ey Bty o

surface shomnheggon%e Ig%Jaegt%E%nnngte lﬂgtcaanb%ngqvén.s cal cul ated by the formul a
bel ow. [ Olgﬁ
5 [0158]
FIG. 11B illustrates a computer which includes a housing 911, a display portion
912, a keyboard 913, an external connection port 914, a pointing device 915, and the
like. A transistor formed according to the present invention can be applied not only to
a pixel portion in the display portion 912 but also to a semiconductor device such as a
10 driver IC for display, a CPU inside a main body, or a memory.
[0159]
FIG. 11C illustrates a cellular phone, which is a typical example of a portable
information processing terminals. This cellular phone includes a housing 921, a
display portion 922, an operation key 923, and the like. A transistor formed using the
15  SOI substrate according to the present invention can be applied not only to a pixel
portion in the display portion 922 or a sensor portion 924, but also to a driver IC for
display, a memory, an audio processing circuit, and the like. The sensor portion 924
includes an optical sensor element, by which the luminance of the display portion 922 is
conirolled based on the luminance obtained by the sensor portion 924, and the
20  brightness of the operation keys 923 is controlled based on the luminance obtained by
the sensor portion 924. Thus, the power consumption of the cellular phone can be
suppressed.
[0160]

A transistor formed according to the present invention can be used for
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[Formula 2] 15 Z = F(X, Y) [0183] The specified surface refers to a
surface which is an object of roughness neasurenent, and a rectangul ar
regi on surrounded by four points represented by the coordinates (Xi, Y1),
(X1, Y2), (X2, Y1), and (X2, Y2). The area of the specified surface 20 when
the specified surface is ideally flat is represented by So. Note that So is
obtained by the fornmula below. [0184] [Fornula 3] 50 = (X2 -(Y2 - [0185]
The reference surface refers to a plane surface represented by Z = Zo when
t he mean val ue of the height of the specified surface is represented by 4.
The reference surface is parallel to the XY plane. Note that 4 can be

obtained by LAghil QLS JudSls MPD R L §E 8 nal FQkT YRtk ofa phridbld mfdrftiol) dXdY SO

processing terminals), a digital camera, a compact game machine, or a portable audio
playback device, in addiiion to the above celiuiar phone. For exampie, it is possibie to
apply the transistor according to the present invention to a functional circuit such as a
5 CPU, a memory, or a sensor or to a pixel portion of such an electronic device or a driver
IC for display.
[0161]
FIGS. 11D and 11E illustrate a digital camera. Note that FIG. 11E illustrates
a rear side of the digital camera illustrated in FIG. 11D. This digital camera includes a

10  housing 931, a display portion 932, a lens 933, an operation key 934, a shutter button
935, and the like. A fransistor formed according fo the present invention can be
applied to a pixel portion in the display portion 932, a driver IC for driving the display
portion 932, a memory, and the like.

[0162]

15 FIG. 11F shows a digital video camera. This digital video camera includes a
main body 941, a display portion 942, a housing 943, an external connection port 944, a
remote control receiving portion 945, an image receiving portion 946, a battery 947, an
audio input portion 948, an operation key 949, an eye piece portion 950, and the like.
A transistor formed according to the present invention can be applied to a pixel portion

20 in the display portion 942, a driver IC for driving the display portion 942, a memory, a
digital input processing device, and the like.

[0163]
Besides, the present invention can be applied to a navigation system, an audic

playback device, an image reproducing device provided with a recording medium, and
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[0187] The root-nean-square surface roughness (RVS) refers to a

r oot - mean-square 10 surface roughness obtai ned by three-di nensi onal
expansion of the RM5 of a cross section curve so as to be able to be
applied to the neasurenent surface, simlarly to the mean surface roughness
(Ra). The RMS can be represented by the square root of the nean val ue of
the square of the deviation fromthe reference surface to the specified
surface, and is obtained by the fornmula bel ow. 15[0188] [Fornula 5] R',
={F(X, Y)-Zof deldY [0189] The maxi mumdi fference in hei ght between peak and
valley (P-V) can be 20 represented by a difference between the height of

Lhe I hesty PRpk 2T oo Lhc, el ot oLt e ouest el ey ol 4
G AT WL IO (o R AT T PEATIER SIS
“peak” and r;[lquor;,vz? ld&g?t%i' in(ilag%c ipl%%gssﬁ)lé device, a sensor portion, and the like of those
devices.
5 [0164]
FIGS. 12A to 12C illustrate an example of a cellular phone to which the present
invention is applied. FIG. 12A is a front view, FIG. 12B is a rear view, and FIG. 12C is
a front view in which two housings are slid. A cellular phone 700 has two housings, a
housing 701 and a housing 702. The cellular phone 700 is a so-called smartphone that
10  has both a function as a cellular phone and a function as a portable information terminal
and incorporates a computer provided to conduct a variety of data processing besides
voice calls.
[0165]
The cellular phone 700 has the housings 701 and 702. The housing 701
15  includes a display portion 703, a speaker 704, a microphone 705, operation keys 706, a
pointing device 707, a front-face camera lens 708, an external connection terminal jack
709, an earphone terminal 710, and the like. The housing 702 includes a keyboard 711,
an external memory slot 712, a rear-face camera 713, a light 714, and the like. In
addition, an antenna is incorporated in the housing 701.
20 [0166]
Further, in addition to the above-described components, the cellular phone 700

may incorpbrate a contactless IC chip, a small size memory device, or the like.

[0167]
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5 JI SBO601: 2001 (1504287:1997). The peak is represented by the highest part
of the peaks in the specified surface. The valley is represented by the

| owest part of the valleys in the specified surface. [0192] The
measur enent conditions of the nean surface roughness (Ra), the 10

r oot - nean-square surface roughness (RM5), and the maxi mumdifference in

hei ght between peak and valley (P-V) in this enbodi nent are descri bed

bel ow. Atom c force m croscope (AFM: scanni ng probe m croscope

SPI 3800N SPA500 (rmanufactured by Sei ko Instrunments Inc.) Measurenent node:
dynam c force node (DFM node) 15 Cantilever SI-DF40 (made of silicon,

spring const ant . fr ;

i ncl usi ve, edge g%cé%ﬁgggz°ﬁgaﬁﬂ§p%§§%H?%g$§%§b§&h%§%rb%gﬁggsﬁﬁgﬁ%ﬁ% ar ea:
1 x 1 um S Lt .25 6. paint 0 t E&f de is a
neasurene23%hgﬁgﬂfﬁéﬁ§%%ﬁwgE%J?P%?E%SH%gg?H?cﬁegggfﬁﬁﬁéﬁﬁqe ﬁgpdggtance
bet ween a pr i A ) i l.ev onated at a
certain fr ela%e%ﬁcg%g a(ﬁ%p?ag ueﬁc%%péeisg’ugrir&aé'rvicg go %}ecﬂé%n I Eé{ilgo%n%sng{‘at%ﬁ‘gfl £t he
oscillation,anplitude of the.l.eyver o S stant. _Si.nce the surface of
t he sanpl eq!hes HBH%% g?vé%ﬁ W rﬂ’d%tm c_c?'nfgg?l&l%ﬁmte Ctlgg aﬁﬁ%l I?r[a)ﬂpelfeﬁt h%ecr%%es%l?erre_nt
can Do 82T bR FRLBLP kA el SRS o LGt e s
Counness e S BFgBRHe1 ok 358 SRSt FRuRl 8 Sl b8 ©

bt ai ned.  1FREE cisr BRI B Ra G VAP GRe o 4 (P dagt JL4 v migy g
substrate of. gach obgﬁgned ne;aired imge, all the data of the inmages were
fitted for CREIRERS3ALT VSVIRE by a | east-squares nethod with attached
software tq f rformthe first gradient correction for correcting the

gr adi ent i A0 pl ane, followed by the second gradi ent correction for

10 With the use of the speaker 704 and the microphone 705, the ceflular phone
700 can be used as a sound recording device (recorder) or a sound reproducing device.
By operation with the operation keys 706, operation of incoming and outgoing calls,
simple information input for electronic mail or the like, scrolling of a viewing area
displayed on the display portion, cursor motion for selecting information displayed on
15  the display portion, and the like are possible.
[0169]

If much information needs to be handled in documentation, a use as a portable
information terminal, and the like, the use of the keyboard 711 is convenient. Further,
the housings 701 and 702 which overlap with each other (FIG. 12A) can be developed

20 by shiding as ilustrated in FIG. 12C. When the cellular phone is used as a portable
information terminal, smooth cursor operation can be conducted using the keyboard 711
or the pointing device 707. The extemal connection terminal jack 709 can be
connected to an AC adaptor and various types of cables such as a USB cabie, and

charging and data communication with a personal computer or the like are possible.
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10 correcting the quadratic curve, which was perforned in a simlar
to the first gradient correction. After that, the surface roughness

anal yzed with the attached software,

manner
was

so that each of the nean surface

roughness (Ra), the root-nean-square surface roughness (RM5), and the

maxi mum di fference i n hei ght between peak and valley (P-V) was cal cul at ed.
FIGS. 13B to 13D show results of neasurenent with AFM FIG
13B, FIG 13C, and FIG 13D are an observation image of a point 1 in FIG
13A, an observation image of a point 2 in FIG 13A, and an observation i mge
3 in FIG 13A, respectively. 20[0195] The surface roughness

15[ 0194]

of a point
cal cul at ed
in Table 1

10

15

20

i R L Rt T

amount of data can be stored and transferred.
[0170]

The housing 702 is provided with the rear-face camera 713 and the light 714 on
the rear face (FIG. 12B), and still images and moving images can be taken using the
display portion 703 as a viewfinder.

[0171]

Furthermore, in addition fo the above-described functions, the cellular phone
may also have an infrared communication function, a USB port, a television
one-segment broadcasting receiving ﬁmction, a contactless IC chip, an earphone jack, or
the like.

[0172]
The electronic devices described with reference to FIGS. 11A to 11C can be

manufactured by the above method for manufacturing a transistor and a display device.

(Example 1)
[0173]

Hereinafter, examples of the present invention will be described in more detail.
However, the present invention is not limited by these examples, and it is obvious that
the present invention is specified by the scope of claims. In this example, surface

roughness of a semiconductor substrate will be described.

[0174]

A single crystal silicon substrate is prepared as a. semiconductor substrate.

The single crystal silicon substrate is a p-type silicon substrate of 5 inches in diameter,

and the plane orientation thereof 1s (100) and the side orientation thereof is <100>.
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0.1101 2.839 0.1452 point 2 0.1204 4.011 0.1701 point 3 0.143 8.807 0.2797
average of points 1 to 3 0.125 5.219

[0175]
Etching was performed on a surface of the single crystal silicon substrate.
The 'etchjng of the single crystal silicon subsirate was performed with a paralicl plate
plasma CVD apparatus under the following conditions: the RF power: 50 W (13.56
5 MHz), the pressure in the process chamber: 65 Pa, the distance between electrodes: 30
mm, the temperature of the substrate: 200 °C, the flow ratio of the reaction gas: NF; :N»
= 10 : 400 sccm, and the treatment time: 30 seconds (which enables etching of the
single crystal silicon substrate by about 30 nm).
[0176]
10 Next, the surface roughness of the single crystal silicon substrate after etching
was measured.

[0177]

The surface roughness of the single crystal silicon substrate and the

crystallinity thereof can be analyzed by observation with an optical microscope, an

15 atomic force microscope {AFM), and a scanning eclectron microscope (SEM), by

observation of an electron back scatter diffraction pattern (EBSP), by Raman
spectroscopy, or the like.

[0178]

In this embodiment, for the measurement of the surface roughness of the

20  silicon layer, the mean surface roughness (Ra) of the single crystal silicon substrate, the

root-mean-square surface roughness (RMS) thereof, and the maximum difference in

height between peak and valley (P-V) thereof were measured with an atomic force
microscope (AFM).

[0179]
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0.198 For conparison, surface roughness of a single crystal silicon
substrate on which etching was not perforned is shown in Table 2. Note that
t he surface roughness of the single crystal silicon substrate on which
etching was not performed was neasured 5 at three points which are simlar
to those of the single crystal silicon substrate on which etching was
performed (see FIG 13A). [0197] [Table 2] Ra[nrn] P-VErtn] RMS[ nrn] point
1 0.139 1.482 0.174

In this embodiment, the mean surface roughness (Ra) refers to a mean surface
roughness obtained by three-dimensional expansion of a centerline mean roughness

1:2001 (IS04287:1997) so as to be able to be applied to

[oas}

(Ra) that is defined by JISB06
a measurement surface. The Ra can be represented by a mean value of the absolute
5  values of the deviation from a reference surface to a specified surface, and is calculated

by the formula below.
[0180]
[Formula 1]
R = -SI: [ LIFn-zaxay

10 [0181]

Note that the measurement surface refers to a surface shown by all
measurement data and is calculated by the formula below.
[0182]

[Formula 2]
15 Z=F(X,Y)
{0183]

The specified surface refers to a surface which is an object of roughness
measurement, and a rectangular region surrounded by four points represented by the
coordinates (X1, Y1), (Xi1, Y2), (X2, Y1), and (X2, Y2). The area of the specified surface

20  when the specified surface is ideally flat is represented by Sp.  Note that Sy is obtained
by the formula below.
[0184]

[Formula 3]
So=(X,~ X))y (%-Y)
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point 2 0.135 1.490 0.170 point 3 0.137 1.554 0.172 average of points 1 to
3 0.137 1.509 0.172 10[0198]

[0185]

The reference surface refers to a plane surface represented by Z = Zy when the
mean vaiue of the height of the specified surface is represented by Zy. The reference
surface is parallel to the XY plane. Note that Zy can be obtained by the formula below.

5 [0186]
[Formula 4]

Z, :Sio f j)‘: * F(X,Y)dXdY

[0187]

The root-mean-square surface roughness (RMS) refers to a root-mean-square
10  surface roughness obtained by three-dimensional expansion of the RMS of a cross
section curve so as to be able to be applied to the measurement surface, similarly to the
mean surface roughness (Ra). The RMS can be represented by the square root of the
mean value of the square of the deviation from the reference surface to the specified
surface, and is obtained by the formula below.
15 [0188]

[Formula 5]

1 2 X2 2
R, = \/gu—f [ (Feen) -2, fdxay

[0189]

The maximum difference in height between peak and valley (P-V) can be
20 represented by a difference between the height of the highest peak Zp,, and the height
of the lowest valley Z;;, in the specified surface, and is obtained by the formula below.
f0190]

[Formula 6]
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From the above results, it was found that the surface roughness Ra and the
r oot - mean- squar e roughness RVS of the single crystal silicon substrate on
whi ch etching was perforned were not inferior to those of the single
crystal silicon substrate on which etching was not perfornmed. 15[0199]
Next, conparison results of gate withstand voltage of a MOS capacitor
structure will be described. [0200] FIG 14A il lustrates a MOS
capacitor structure used in this exanple. In the MOS capacitor structure,
an insulating film302 is forned using a silicon oxynitride filmover a
single crystal silicon substrate 301, and a gate electrode 303 is forned
using 5 alqglgqgkovgk_the insulating film 302. [0201] The MOS
capaci tor havi ng the &bove structure was manufactured under the foll ow ng
t hree condiggﬂﬂs. Condition 1 is as follows: after a gate insulating film
was for med (U5 g a silicon oxynitride filmto a thickness of 20 run over a

single crystal 1Q silico ubstrate,, .a te el ect.rode was forned..usin

ol i mum Lo a1 il hesc; B GRhET Y s eRBP BB SRR G Pk RS Seligho)
Condition 2,is. follows: after etching.was perfqrped L he.si.ngl e .
Srvat a1 %0 Pt BypBrr SR B P e tleys BRRdohe ¢ at e
bi as appl i t.h l.] owi conditions: the flow rate of a chlorine
gas: 188 si&ﬂ%gﬁéoorle@%%%ﬁqglr@ssﬁﬂ%pe"’f 5 rﬁ*ﬁ?sef“l‘i‘i by e"Lﬁ)g’rgH?Slﬁ PRLOE hehe | oner
electrode: 7Q C, the RE (13.56 wer applied.to the coil el ectrode:
150 W andPf lﬁd\tweﬁpea@ﬁ isaﬁa%%%"ﬁgﬁw rEERERiES b By lowst Pt € s ge) . 40
W a gate insulating filmwas fornmed using a silicon oxynitride film over
the singleV ?@P%#egF?#%gﬂﬁgﬁBstrate to a thickness of 20 nm and a gate

el ectrode m@gﬁﬁo formed using alumnumto a thickness of 400 nm (el ectrode
area: 0.78 ). [0203]

The measurement conditions of the mean surface roughness (Ra), the
10  root-mean-square surface roughness (RMS), and the maximum difference in height
between peak and valley (P-V) in this embodiment are described below.
Atomic force microscope {AFM): scanning probe microscope SPI3800N/SPAS00
{manufactured by Seiko Instruments Inc.)
Measurement mode: dynamic force mode (DFM mode)
15  Cantilever: SI-DF40 (made of silicon, spring constant of 42 N/m, resonance frequency
of 250 kHz to 390 kHz inclusive, edge of probe R < 10 nm)
Scanning speed: 1.0 Hz
Measurement area: 1 x 1 pm
Measurement point: 256 x 256 points
20  Note that DMF mode is a measurement mode in which a surface shape is measured
while the distance between a probe and a sample is controlled with a cantilever
resonated at a certain frequency {a frequency peculiar to the cantilever) so that the
- oscillation amplitude of the lever becomes constant. Since the surface of the sample is

measured without contact in this DFM mode, the measurement can be carried out while
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Condition 3 is as follows: after etching was perforned on the single
crystal silicon substrate using a plasma CVD apparatus with no substrate
bi as applied under the follow ng conditions: the flowratio of a reaction
gas: NF3 : N2 = 10:400 (sccnm), the pressure in the process chanber: 65 Pa,
t he di stance between electrodes : 30 nm the tenperature of the substrate:
200 C, and the RF (13.56 WMHz) power : 50 W a gate insulating fil mwas
formed using a silicon oxynitride filmover the single crystal silicon
substrate to a thickness of 20 run and a gate el ectrode was fornmed using
alumnumto a 5 thickness of 400 tun (el ectrode area: 0.785 m®). [0204]
A sanpl e nanufactw'é%un%' C tht ].ls r ef rred,to a Sanple A a
sanpl e mandfact ur oicls gb Rartroh fging Qi Syrfacy Of e Jam anple B, and a
sanpl e nangmgﬁﬁured under Condition 3 is referred to as Sanple C. 10[ 0205]
FI G 14B sh esul ts obtained by measuring the current- voltage (1-V)

S BB s b B B B
(Y, Fere, gl OB AL ISPl %a%m@e%@%aa@g% S5 "
It was confirmed fro the results shown .in. FI that th rlse
cur  ont PvalBRI T 3f UARIRG Thive DRSPS FUPSoRape b #slpie B on
e O e 0 e 3% gy o hen o 3
(o 125 R e B L PR o S AR S 0,
(e},]glh Ie,?g AIWa agg%[ugﬁ%%fgﬁ%&l”gw@,[ q?%i ISP eﬁ'e t(; pe Jr%et e %11(‘)5t Iglg\élee?lg <I:o aegt?onl or urities
correcting the gradient in the plane, followed by the second gradient correction for
10  correcting the quadratic curve, which was performed in a similar manner to the first
gradient correction. After that, the surface roughness was analyzed with the aftached
software, so that each of the mean surface roughness (Ra}, the root-mean-square surface
roughness (RMS), and the maximum difference in height between peak and valley
(P-V) was calculated.
15 [0194]
FIGS. 13B to 13D show results of measurement with AFM. FIG 13B, FIG,
13C, and FIG. 13D are an observation image of a point 1 in FIG 13A, an observation
image of a point 2 in FIG. 13A, and an observation image of a point 3 in FIG 13A,
respectively.
20 [0195]

The surface roughness calculated according to the observation images of FIGS.

13B to 13D is shown in Table 1.

[0196]

[Table 1]
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substrate, analysis was perforned using secondary ion nmass spectronetry
(SIM5). [0208] Sanpl es which were used in SIMS will be described. As
Condition 1, a single crystal silicon substrate was prepared. As Condition
2, etching was performed 5 on a single crystal silicon substrate using a

pl asma CVD apparatus with no substrate bias applied under the follow ng
conditions: the flowratio of a reaction gas: NF3:N2 = 10:400 (sccm, the
pressure in the process chanber: 65 Pa, the distance between el ectrodes: 30
mm the tenperature of the substrate: 200 C, and the RF (13.56 MHz) power:
50 W As ndition 3, etching was perforned on a single crystal silicon 10
substrate ysing an | CP et chinga[appd rRVESn]Wi Ras[anBUbsSt r at e bi as appl i ed
under the foffow ng cordrtrong. . g I rat e a chl orine gas: 100 sccm
t he reacti @n prpc‘ii’ - 1.5 Pa 3-11 e fpdnféﬁl “9,1,484": the | ower el ectrode: 40C,
the RF (13}56 MHzpoip@wer whilch.12® gupiliited t0a7@! cpi |l - el ectrode: 1000 W and
t he power |ch |§°lr§léppl i ed tq}lqnl cvvef[soel ectd‘rggﬁ on the bias side): 50W
As Conditi HA- 8P sim-Laf—to—Cordii-en 3, 15 etching was

per f or med anavafa§? Agoistsciipsdt al %26 i dorpAdbstt r&t% wth a substrate bias
applied, and after that, cycle cleaning in which ozone water and

hydr of l uoric acid were aI t er nat el y used was perfornmed. A sanpl e

manuf act ured und Condi.tion ess oF%””f cturea(il nder ition 2, a

sanpl e nanuf act uE%rd W&JélFonCosﬁé%ctel oREF %R a“%golrrp Thufact thder
Condition 4 referre as.,Sa e F._and Sanpl e
O respect i T SRRt pirrF BB i i b o *ﬁaﬁg PR Sorebnie

at m)sphere e det ect ed...on t ut er t surfaces of_.th

Ther of or e, A0S gew%ﬁ%ﬁc?rﬁ@am’???% 5@2@62&@1&8&%&*&%0 FHERRestdt 20 nm
in order to protect e surfac S es Dto ., FIG 15
shows r suft & ec?fpoms%vgﬁifﬁ S S Bions B P By elite et s wieh { o

hori zont al IS sho ection (nm of the sanples, while the
verti cal ?§m§ e éﬁ‘?ﬁgﬁ#rlgﬁon of Al (atons/cnB). Note that the
silicon OX)f(gllgng de f| | m has a depth of about 20 nm The filmfromthe
surface to pth of approximately 20 5 nmis the silicon oxynitride film
[ 0210] enﬂ FI G 15, when the concentrations of Al in the single
crystal si I[Ta(% substrates (at a depth of 30 run) were focused, the
concentratjon of Al in Sarrpl eﬂﬁmmac Lo TRy lgm{gf{;)]lS atons/cnB, while the

£ Al

concent r at Fer—of—A—m—Sanpie—E—was—about *x=+64+4 10 at ons/cnB
(measuremept | imiemsd | ess of %R I V82 whi 84wak the same or
substantial ly thepo&aqe as thatoizn Samplee D. dwmother, it is found that the

J

concentratjons of t3| MSampr & B-ana Sayprje = are 3 or nore digits
different fromed®H 8ther.
average of points 1to 3 0.137 1.509 0.172
10 [0198]

From the above results, it was found that the surface roughness Ra and the
root-mean-square roughness RMS of the single crystal silicon substrate on which
etching was performed were not inferior fo those of the single crystal silicon substrate
on which etching was not performed.

15 [0199]
Next, comparison results of gate withstand voltage of a MOS capacitor

structure will be described.
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[0211] It was found that fromFIG 15 that Al having a concentration of 2 x
1018 15 atons/cnB was detected fromthe outernost surface of Sanple F on
whi ch etching was perforned with a substrate bias applied. Note that it is
considered that since Al enters the single crystal silicon substrate by
collision of ions in the SIMS5, the tail of the profile extends in a depth
direction as conpared to the actual distribution. However, nore Al was
detected from Sanple F on which etching was performed with a substrate bias
20 applied than from Sanpl e D on which etching was not performed. Further,
fromthe result of Sanple G it was found that that Al on the outernost
surface coig e slightly renoved by perform ng cycle cleaning after
etching wi a substrate bias applied; however, at a depth of 20 nmto 80

nm from the Si Spid 462 il COERL, ;@ptgm@cmﬂéu o SHUPEuFidas, e sare or

substantially the sanme as regardless o or not

cycle clea%ﬁﬁg é%%u?ﬁ%%@Eﬂegn1&&&#3%§ﬂ£§i585% q? the result that due to

etching wt ras app Ipur i RPERced to a
depth at \A’{i]ih%%vgrhaesﬁ cl:Jrgzétztil sﬁlscoxg su strate %‘P tli) a gate t%jde%.’i Q’ E’) (P Llls?nagm ng.

5 aluminum over the insulating film 302.
[0201]

The MOS capacitor having the above structure was manufactured under the
following three conditions. Condition 1 is as follows: after a gate insulating film was
formed using a silicon oxynitride film to a thickness of 20 nm over a single crystal

10  silicon substrate, a gate electrode was formed using aluminum to a thickness of 400 nm
(electrode arca: 0.785 mm?).
[0202]

Condition 2 is as follows: after etching was performed on the single crystal

silicon substrate using an ICP etching apparatus with a substrate bias applied under the
15  following conditions: the flow rate of a chlorine gas: 100 sccm, the reaction pressure:

1.2 Pa, the temperature of the lower electrode: 70 °C, the R¥F (13.56 MHz) power

applied to the coil electrode: 150 W, and the power applied to the lower electrode (on

the bias side): 40 W, a gate insulating film was formed using a silicon oxynitride film

over the single crystal silicon substrate to a thickness of 20 nm, and a gate electrode was
20  formed using aluminum to a thickness of 400 nm (electrode area: 0.785 mm?).

[0203]

Condition 3 is as follows: after etching was performed on the single crystal
silicon substrate using a plasma CVD apparatus with no substrate bias applied under the

following conditions: the flow ratio of a reaction gas: NFz : N2 = 10:400 (sccm), the
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[0212] S5Fromthe result, it was found that a single crystal silicon |ayer
can be restrained frombeing contam nated due to inpurities by etching with
no substrate bias applied. By using such a single crystal silicon |ayer,
deterioration in device characteristics, such as defects in wthstand
voltage, due to inpurity contam nation can be prevented, so that a
favorabl e sem conduct or device can be manufactured. 10 (Exanple 2) [0213]
In this exanple, in order to obtain information on inpurities (here, A) in
a single crystal silicon substrate nore accurately, results obtai ned by
anal ysi s using secondary ion mass spectronetry (SIMS) froma substrate side

o1& SoPL bl PR RAERE OB £ 92 ommce LOUPRL FRNE a UE g 11

this exanp@gﬁmnFFn a S|ng e

substrate mas d usin n | CP etching
appar at us \Xﬁ’“ﬁ‘ gger @m%? ?@0% ée]gl ﬁ%é&%‘ig’f Ipf’?zﬁl\fiﬁr hgo S’%r‘?‘dﬁt‘? ons: the
20 flow rate hl or e..react| on [ESs 1.5 Pa,

t he tenper é’i‘sﬂfagn%fl K& fo (?u%?ge%flﬁgo§eoxy % filpy Qvepihe sl%?l—if‘} “Pover
which is supplie coi l-electr de 000 and the his

suppl i ed 18 ffﬁss%é?%s P ol 20 s %%at%f @f'f‘mgtﬁ%’w 8y

Next , as S | e | e st on substrate was prepared on which
etchlng wa nBﬁP ggﬁﬂrgﬁgﬁE;Bzgy g apparatus with no substrate bias
appl.i ed unﬁﬁ@ he follomnng conditions: the flowrate of a chlorine gas:

100 sccm eaction pressure: 2.0 Pa, the tenperature of the |ower

CUTT PO G e PR €057 SRR £
el ectrode Oarrllu agt?u' un ersd‘ongghon?{\s[ referred to as Sample B, and a sample manufactured
under Condition 3 is referred to as Sample C.
10 [0205]

FIG 14B shows results obtained by measuring the current-voltage (I-V)
characteristics of Samples A to C. In FIG 14B, the horizontal axis indicates a voltage
Vg (V) and the vertical axis indicates a current Ig (A). Here, results obtained by
measuring I-V characteristics at each point on the surfaces of the substrates of Samples

15  Ato Care shown.
[0206]

It was confirmed from the results shown in FIG 14B that the rise of a current
value is earlier and the withstand voltage is poorer in Sample B on which etching was
performed with a substrate bias applied than in Sample A on which etching was not

20 performed. On the other hand, the withstand voltage of Sample C on which etching
was performed with no substrate bias applied was the same or substantially the same as
that of Sample A on which etching was not performed.

[0207]

Next, in order to investigate impurities (here, Al} in a single crystal silicon
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[0216] Next, As Sanple J, a single crystal silicon substrate was
prepared on which etching was perfornmed using an | CP etching apparatus with
no substrate bias applied 10 under the following conditions: the flowratio
of a reaction gas: NF3 : N2 = 20:80 (sccm, the reaction pressure: 0.67 Pa,
the tenperature of the |Iower electrode: 40 C, the RF (13.56 MHz) power
which is supplied to a coil-electrode: 2000 W and the power which is
supplied to a | ower electrode (on the bias side): ON [0217] 15Next, As
Sampl e K, a single crystal silicon substrate was prepared on which no
treatment was perfornmed. [0218] Note that in SIMS, absorbed
inpurities froman outer atnospher.e were detected on the nost surfaces
of the sanphbgrater YéFdYaéPe%gT\QEP%‘B%SEGRW PP §8s% ?pﬁ?ﬁof@tvoggﬁg@posi ted to a
thi ckness of 20 run in order to protect each surface of Sanmples Hto K

[ 0219] [02081 G 16 shows results of measuring Sanples Hto K by SIMS. In
FI G 16, the horizontal axis shows_ the_depth directjo (nq% of..t he sanpl es,
Whi | e §he verti capmels) SRIchBRE Wb 7 SRUSRYRPT FCEPean A0areiioBnb)® Not o
that the filmfromthe surface to a depth of_ approximgtely 20 nmis the
silicon oxyHels srygalislicap syRstrate (g prpared; f‘ﬁgoﬁg‘g%?’e 8 %%PWB‘? med from
the back surface of the single crystal silicon substrate in order to
prevent Sef foBck snge canstab slicorhSwbsRio HERE & RlasMaHeY L) PPaas EPna SYP8E% i | m on
the 5 single crystal silicon substrate as nuch as possjble. After the

si ngl e cry$iasiappiied wder e blomdingscopdiiops | the ey ratp of aicadionspsiMedN2Ti ckness,

the nmeasurenent was perforned fromthe back surface of the single crysta
silicon sud8iPltleccm), the pressure in the process chamber: 65 Pa, the distance between

electrodes: 30 mm, the temperature of the substrate: 200 °C, and the RF (13.56 MHz)
power: 50 W. As Condition 3, etching was performed on a single crystal silicon

10 substrate using an ICP etching apparatus with a substrate bias applied under the
following conditions: the flow rate of a chlorine gas: 100 sccm, the reaction pressure:
1.5 Pa, the temperature of the lower electrode: 40 °C, the RF (13.56 MHz) power which
is supplied to a coil-electrode: 1000 W, and the power which is supplied to a lower
electrode (on the bias side): 50W. As Condition 4, in a manner similar to Condition 3,

15  etching was performed on a single crystal silicon substrate with a substrate bias applied,
and after that, cycle cleaning in which ozone water and hydrofluoric acid were
alternately used was performed. A sample manufactured under Condition 1, a sample
manufactured under Condition 2, a sample manufactured under Condition 3, and a
sample manufactured under Condition 4 were referred to as Sample D, Sample E,

20  Sample F, and Sample G, respectively. Note that in SIMS, absorbed impurities from an
outer atmosphere were detected on the outermost surfaces of the samples. Therefore, a
silicon oxynitride film was deposited to a thickness of 20 nm in order to protect each
surface of Samples D to G.

[0209]
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[0220] As shown in FIG 16, the concentration of Al in Sanples | and J on
whi ch 10 etching was perforned with no substrate bias applied is | ower than
that in Sanple H on which etching was performed with a substrate bias
applied, and Al was hardly detected in the single crystal silicon
substrates of Sanmples | and J. (Exanple 3) [0221] 15In this exanple,
results of exam nation on an effect of contam nation of a single crystal
sem conductor |ayer, which is generated in nmanufacturing an SO substrate
dependi ng on whether or not a substrate bias is applied will be descri bed.
[0222] Hereinafter, a nmethod for manufacturing an SOT substrate
of this exanple will 20 be described. [0223] First, a single crystal
sem conduct or suBKl fatkowsassiiis e arcechransht ofiBjreplteD b & dbh8IVMEI ImdEIGat | on
treatment, so that a silicon oxide filmserving as an insulating | ayer was
formed. Thd5] drpetiantal exioihowsehd depthnditecdod (@ar) obthetsumpitsymiiile wasveBdl C, and
the thickness of the insulating |layer was 100 nm |In addition, an
at nospher e akiGhowd thg chiitlen@dtiod of ¢li Yatwinb/bmr)e s potet thitahosiligmnosyasridesiich as t he
at nosphere of the thermal oxidation treatnent. [0224]

has a depth of about 20 nm. The film from the surface to a depth of approximately 20

5 nm is the silicon oxynitride film.
[0210]
In FIG. 15, when the concentrations of Al in the single crystal silicon substrates
(at a depth of 30 nm) were focused, the concentration of Al in Sample F was about 1 x
10" atoms/cm’, while the concentration of Al in Sample E was about 1 x 10"
10  atoms/cm’ (measurement limit or less of the SIMS), which was the same or
substantially the same as that in Sample D. Further, it is found that the concentrations
of Al in Sample F and Sample E are 3 or more digits different from each other.
[0211]
It was found that from FIG 15 that Al having a concentration of 2 x 10"
15  atoms/cm’ was detected from the outermost surface of Sample F on which etching was
performed with a substrate bias applied. Note that it is considered that since Al enters
the single crystal silicon substrate by collision of ions in the SIMS, the tail of the profile
extends in a depth direction as compared to the actual distribution. However, more Al
was detected from Sample F on which etching was performed with a substrate bias
20 applied than from Sample D on which etching was not performed. Further, from the
result of Sample G, it was found that that Al on the outermost surface could be slightly
removed by performing cycle cleaning after etching with a substrate bias applied,;
however, at a depth of 20 nm to 80 nm from the Si surface, the concentration of Al in

Sample G was the same or substantially the same as that of Sample F regardless of

69



5In this exanple, a single crystal silicon wafer was used as the single
crystal sem conductor substrate, and a single crystal silicon |ayer was
formed over a base substrate. The single crystal silicon wafer is a square
substrate having 5 inches on each side. In addition, the crystal
orientation on its main surface is (100) and the crystal orientation on its
side surface is <110>, and the conductivity of the single crystal 10silicon
wafer is p-type. [0225] After the thermal oxidation treatnment of the
single crystal sem conductor substrate, irradiation with hydrogen ions was
performed with an ion doping apparatus in order to forman enbrittled
region in the single crystal sem conductor substrate. 50 15 sccmof a 100%
hydr ogen gasheilgs ouse dyds claarsmg iwespegfasnedandit is hensgieng| feone thg stsalt ke dueonduct or
substrate was irradiated with ions in plasma generated by excitation of the
hydr ogen gas ewhinghwitle n substoe! Basatmpdied) impnrigdse@d)y are iftr@ludedmot & detith mass
separation. Accordingly, the enbrittled region was fornmed. Wen the

hydr ogen gashisiehe exmiritieti(Af) ¢adandtive rerasved bpicnde eippratgt us, three ki nds of ion
species (Fr, it+ H3) were generated, 20 and approxi mately 70 % of the

hydr ogen i ¢o2i2peci es that were generated fromthe hydrogen gas was H3+.
Condi ti ons of hydrogen ion doping were such that the accel eration voltage
was 50 kV, the bEmm thereselntit Wiesfsinid/thwassifglocrpétainticon ket Jag bdoseamed 2. 0 X
1016 ions/cn2. [0226] Next, the base substrate and the single
crystal semfioapbehg taramintsd dat & igpeitisuby echiag with e gaseat Gislappiidng, and
then subjected to cleaning in pure water containing ozone. Then, a surface
of the bas®ysishptsueh £siagid cantal siicdralaieigddiaivedtioh o dBGcehatablerigicaghen cryst al
sem conductor substrate were di sposed in close contact so as to be 5 bonded
to each ot hedefedtsint WiitlStond a0iRdge, dud t6 @fipudltk abritarfihéich &bl breatRed B @dtICt nane:
AN100) was used as the base substrate. The AN10O is a gl ass substrate

havi ng phy sifgakabis Rfdohiesor@kvide SR thiruf@aed. ty of 2.51 g/cnB, a Poisson's
ratio of 0.22, a Young's nodulus of 77 GPa, a two-axes elastic coefficient
of 98. T0CP@Exaniple & coefficient of thermal expansion of 38 x 10-7/C.

10[ 0227] Next, heat treatnment was perfornmed at 200 C for 2 hours in a
heating fufomep to increase the bonding strength between the base substrate
and the silicon oxide film Then, heat treatnment was perfornmed at 600 C for
2 hours in a healithly dxampRCE, oder fohetaih hefofhaidh &nCinipatifls @8R AQNEIUCT Or
substrate was separated using the enbrittled region as a 15 boundary. Thus,
a singl e crygleadrySAniiBandsibbedte Iyt racv@stelyprdsalls QbRInel Y haxgRisSwbhsd rate
with the insulating |ayer interposed therebetween. The thickness of the
singl e crygdcondase WrC MAGUGOForh@S(SINBS fRIDE BbsRtelile £+@ sAMble will be

15  described.
[0214]
Samples which were used in this example will be described. As Sample H, a
single crystal silicon substrate was prepared on which etching was performed using an
ICP etching apparatus with a substrate bias applied under the following conditions: the
20  flow rate of a chlorine gas: 100 sccm, the reaction pressure: 1.5 Pa, the temperature of
the lower electrode: 70 °C, the RF (13.56 MHz) power which is supplied to a
coil-electrode: 1000 W, and the power which is supplied to a lower electrode (on the
bias side): S0W.

[0215]
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[ 0228] Next, first etching, laser irradiation treatnent, and
second etching were 20 perforned on the single crystal sem conductor |ayer.
Specific conditions will be described below [0229] A'will be described in
which the first etching and the second etching were perfornmed with no
substrate bias applied as Condition 1. The first etching was perfornmed on
the single crystal sem conductor |ayer using a plasma CVD apparat us under
the following conditions: the flowratio of a reaction gas- NF3 : N2 =
5:300 (sccn), the pressure in the process chanber: 50 Pa, the distance

bet ween el ectrodes : 30 mm the tenperature of the substrate: 200 C, and

the RF (13.56 NHEI% gy\s{im%lgq Wsm%g"@?&%z%hé& kg} ek%SE%re}%e& Shlrigl €

crystal seni conducy °f Padi 4 I ng the

ingle cr yStalSEI SONING ol AYRIP Mol WBSEIud LillLo dAG.REGONA ELENI NG vas

per f or med an sare con I'ons as TSt etchlng per under

Condition 1 ckn SS.. Of he Si e cLysia con uct or

| ayer was %%%ﬁ%%l? n% e fiow tt%gtsaecvmg'infe B& Sc??linbg"a r?aﬁ %hich the
first etchin ned mnth strate bj as, app t second

et chi ng. vadRarF o gt i onrgreied Beeieh Hegels Do M&%ﬂﬁ% %, The

f t h f t

an' 1Cp & cHPRG ADpaP SrOLD bR a9 %w%%?‘w%r" FiramR o ot o
of a chlori a ] ction pressure: 1.5 Pa, the tenperature
of the Iom@?o%%E%?F%%ﬂ?nﬁﬁq%fS?ﬁko (13.56 MHz) power which is supplied to
a coil-ele %ﬁgfe: 1000 W and the power which is supplied to a | ower

el ectrode E he bias side): 50VV whereby the thickness of the single

Che singr e oryot NP arS R Far ety ep e P or s i pippred {Dﬁg"l’lg‘élbgzdm
et chi ng was rforne er.the condltl ns t hose of .the first
ct chi ng. porFBIERt P EIR e TR o B ARBYrEE AP GUNGEE ‘B‘I‘S qvﬁ gl e
el i e o SSrn Lozai Meesc ] 1o
the reaction pressure: 0.67 Pa, the temperature of the lower electrode: 40 °C, the RF
(13.56 MHz) power which is supplied to a coil-electrode: 2000 W, and the power which
is supplied to a lower electrode (on the bias side): OW.
[0217]
15 Next, As Sample K, a single crystal silicon substrate was prepared on which no
treatment was performed.
[0218]
Note that in SIMS, absorbed impurities from an outer atmosphere were
detected on the outermost surfaces of the samples. Therefore, a silicon oxynitride film
20  was deposited to a thickness of 20 nm in order to protect each surface of Samples H to
K.
[0219]
- FIG. 16 shows results of measuring Samples H to K by SIMS. In FIG 16, the

horizontal axis shows the depth direction (nm) of the samples, while the vertical axis
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substrate bias applied and the second etching was performed with a
substrate bias applied as Condition 3. The first etching was perfornmed on a
single crystal sem conductor |ayer under the sane conditions as those of
the first etching perfornmed under Condition 1, whereby the thickness of the
single crystal sem conductor |ayer was 5 about 120 nin. Next, after
irradiation of the single crystal sem conductor |ayer with laser light, the
second etching was perforned under the sane conditions as those of the
first etching treatnment performed under Condition 2, whereby the thickness
of the single crystal sem conductor |ayer was about 60 nm [0232] 10A case

will be de%ﬁ{gvksbﬁg cblgbse?%@g og!]ﬁ <L£gf51§fome)t. CRioROmaNGle HiG t?o%?%%gsuﬁ&agﬂorhg ver e

performed w a su i as I'ted as Condition 4. rst etching

Soncl 1 ons (2 (o BpRs Ry 4 Bt (BETNRER G Rl HET P Bl o 3V,
shoreby NekllEATSAs BlidhEs BUAThEEEYALAL P ETLONUELRLL VS, about

120 rim Next, after | Ion o e sing sem conduct or

I ith, | i f

condi 11 ons "hau 8k ofelE of 8BRS BRI BBl L LA HE RER oh i 57
e DY b Sipk I\ G ichh skia! Aot Ly Bl MO MG L ol BMP LS about

60 nm [02 I't1ons aser i rradiatron ¢onditions

Were as fo'.‘.‘ﬂ!lbcegl dte gxfa% pg%iégg'ééﬁfﬁrrede%n%(ﬁ% ﬂgér‘]%fegﬁéhe' n%éa%ﬁre%"‘%xiuc&r‘a\hsgé@r}os g beam

. C
havi ng a wav was use l'asér am cgﬁd%nsed by

an opti cal t . h 0, jrradiation surface was a

| i near shagﬁxﬁ%gggﬁgﬁﬁgg°iﬁg%ﬁﬁﬁgﬁ%%%§@§% %w%gm#he pul se wi dth of |aser

i ght was ﬁﬁzagnoseconds, and the repetition rate was 30 Hz. The | aser
Wwer

irradiatio performed while a nitrogen gas was sprayed on an irradi ated
region at a room{ goper f%itlk‘ﬁle'm,[ t?lg %%chentration of Al in Samples I and J on which

10  etching was performed with no substrate bias applied is lower than that in Sample H on
which etching was performed with a substrate bias applied, and Al was hardly detected
in the single crystal silicon substrates of Samples I and J.

(Example 3)
[0221]

15 In this example, results of examination on an effect of contamination of a
single crystal semiconductor layer, which is generated in manufacturing an SOI
substrate depending on whether or not a substrate bias is applied will be described.
[0222]

Hereinafter, a method for manufacturing an SOI substrate of this example will

20  be described.

[0223]
First, a single crystal semiconductor substrate was prepared and subjected to
thermal oxidation freatment, so that a silicon oxide film serving as an insulating layer

was formed. The temperature of the thermal oxidation treatinent was 950 °C, and the
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A capacitor TEG was manufactured using an SOT substrate manufactured under
5 each of Conditions 1 to 4. FIGS. 17A and 17B illustrate a structure of
the thin filmtransistor manufactured in this exanple. FIG 17A is a top
view of a capacitor TEG and FIG 178 illustrates a cross section taken al ong
line A-B of FIG 17A. [0235] A silicon oxide film 801 (having a thickness
of 100 nnm) forned by an 10 oxidation treatnent was fornmed over a gl ass
substrate 800. In addition, a gate insulating |layer 804 (having a thickness
of 20 nm was fornmed over the silicon oxide film 801, and a gate el ectrode
| ayer 805 (a stack of a tantalumnitride |ayer having a thickness of 30 nm

and a tungst.en |l a havi t hi ck s_of . 370,.n was. forned over the gate
i nsul ati ng%Tlgl%?S. Xfﬁhe t‘rﬁgfagﬁgq ?‘é’%rnwﬁ ?@Zmpi | @%it,m@a S 8??%%3§ﬁ°é%a“ % rd%ll

el ectrode | ayers, 807, (a stack of a titani um.layer havi a .t hi ckness of
50" e G MAatRyes wderhyen oFRl SieSheiy i dobrnrn i

| ayer having..a.thickness of 300 um and a titanium | ayer having a thickness
of 100 nm PRUEPRTBIEE) which were connected to a source and drain regions

803 (inpuri& egi ons cont ai ni ng phosphorus as an inpurity el enent
i mparting 54%§Le conductivity) were forned. In addition, the source

5 In this example, a single crystal silicon wafer was used as the single crystal
semiconductor substrate, and a single crystal silicon layer was formed over a base
substrate. The single crystal silicon wafer is a square substrate having 5 inches on
each side. In addition, the crystal orientation on its main surface is (100) and the
crystal orientation on its side surface is <110>, and the conductivity of the single crystal

10 silicon wafer is p-type.
[0225]

After the thermal oxidation treatment of the single crystal semiconductor
substrate, irradiation with hydrogen ions was performed with an ion doping apparatus in
order to form an embrittled region in the single crystal semiconductor substrate. 50

15 sccm of a 100% hydrogen gas was used as a source gas, and the single crystal
semiconductor substrate was irradiated with ions in plasma generated by excitation of
the hydrogen gas which were accelerated by an electric field without mass separation.
Accordingly, the embrittled region was formed. When the hydrogen gas was excited
with the ion doping apparatus, three kinds of ion species (H', Hy", H;") were generated,

20 and approximately 70 % of the hydrogen ion species that were generated from the
hydrogen gas was H;'. Conditions of hydrogen ion doping were such that the
acceleration voltage was 50 kV, the beam current density was 5 p.A/cmz, and the dose
was 2.0 x 10'® jons/cm®.

[0226]
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20 and drain electrode |ayers 807 (a stack of a titaniumlayer having a

t hi ckness of 60 nm a titaniumnitride |layer having a thickness of 40 nm
an alum num | ayer having a thickness of 300 nm and a titaniumlayer having
a thickness of 100 nmin this order) which were connected to a source
region and a drain region (inpurity regions containing boron as an inpurity
el ement inparting p-type conductivity) of the oxide silicon film801 were
formed. Further, an interlayer insulating |layer 806 (a stack of a silicon
oxide filmhaving a thickness of 50 nm a silicon nitride oxide film having
a thickness of 300 nm and a silicon oxynitride film having a thickness of
450 nmin this order%}lﬁ s fornmed oyer the thin fil.mtransistor. The

capaci tor TEG ackBfd \&%ffbs Rirade 5“% P GREat BFHERdugot SRR &Lt ea of
the gate electrode was 0.66 m®. [0236 ) FIGS, 18A and 18B and FI GS
19A and 19BMRFSRH f JBFEAOT, COPHES 69‘13 ﬁiﬁ‘aﬂsaw‘w&dt e CleaPPE - DYFL XHE" (1 - V)
characteristics of Sanples L tg 0. In FIGS, 18A and .18B and FIGS. 19A and
19B, the h&PREBImEAroney; Shens gsudengof thyhose %ﬁ%@@%\?& %W}a“a%g"yibf%ﬁ vertical

axis represents gate current Ig (A). Here, resulés bt ai ned by measuring
| -V _char aceatheyngle coyptalbasmicondictor spbstraterivese fispessd & JoferqrEcisP asihbi es L t o
0 are shown. [0237] Fromthe results of FIGS. _18A and 18B and FI GS.

19A and519Bonded tge£ack gthge dh A KEAMElL SEMHPKAL SBsS Shstae (prodpst memeat chi ng
and the second etching were perforned 15 with no substrate bias applied,

the rise ofANLOBlragsed, a5 (ke brser wbstrafe s Thet AN19G &y 8 glass SUPHTAts, AaY1%g | ons,

and the withstand vol tage thereof was favorablg. Further, also in Sanple M
on whi ch t pBysigat gropettishichg WELTp & Fvdy il - ety & Jlotseomt &9 2fs0-4h# i ed and
t he second etching was perforned with no substrate bias applied, although
variation iYeurg'saodplug ofuft &, \aFUaten eflar ?%Eﬁﬁﬁ%é’é,98t-£é}Pﬁ it a
current value was |ate and 20 favorabl e characteristics were obtained. On
t he ot her kesflcientof hgmmal stprasionaf 3§ 1 1€4pl e N on which the first etching
was performed with no substrate bias applied and the second etching was
perfor@d@d ARl a substrate bias applied and Sanple 0 on which the first
etching and the second etching were performed with a substrate bias

appl i ed, the ri shiexifhest Eeptpenitway geifermer af 2QF “GEps 2dioursyin grhatingefugagth st and

vol tage thereof was goon. : . ,
to increase the bonding strength between the base substrate and the silicon oxide film.

Then, heat treatment was performed at 600 °C for 2 hours in a heating furnace, so that
the single crystal semiconductor substrate was separated using the embrittled region as a
15 boundary. Thus, a single crystal semiconductor layer was formed over the base
substrate with the insulating layer interposed therebetween. The thickness of the
single crystal semiconductor layer was approximately 140 nm.
[0228]
Next, first etching, laser irradiation treatment, and second etching were
20 performed on the single crystal semiconductor layer. Specific conditions will be
described below.
[0229]
As-case will be described in which the first etching and the second eiching

were performed with no substrate bias applied as Condition 1. The first etching was
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[ 0238] FI GS. 20A and 20B show results of field-effect nobilities of
Sanples L to O described above. Fromthe results of the field-effect
nobilities, it was found that in Sanple L on which the first etching and
t he second etching were performed with no 5 substrate bias applied and
Sampl e Mon which the first etching was performed wth a substrate bias
applied and the second etching was perforned with no substrate bias
applied, there was | ess variation and higher field-effect nobilities were
obtained than in the other sanples. [0239] 10From the above results, it is
considered that in Sanples L and M on which at |east the second etching was
performed with no substrate bi applied, little contam Lon due to the
et chi ng tré’&fg‘?}gﬁ‘ﬁd% eé&lﬁi‘“e&‘yéﬁﬁs?ﬁ%“gﬂg“r ‘al‘t?éf@s%é’L“W BPHYEE cryst al
silicon | ayers were reduced; th&r E{Lor e, favorable w1 hstand V8| t ages and
hi gh fi el d-u@fershe follgwingicondifiensethg Howirainet agsiaior gas: N3 | N2 t o0 &SFBY t hat in
Sanples N 15 and 0 on which at |east the second etching was performed with
a subst r at ehHPESUEDY| the arocess shamberat( Bh g diskarcs brevesn dcHgdes S Bt was
caused and the surfaces of the single crystal silicon |ayers were
roughened; thé&narestae offhe W?W%@éﬁgo vbt eadjdle Rietléap MEZE PPYGH: 20d™: he
field-effect nobilities thereof were reduced. [0240] 20Fraom the above
resul t s5 i tWheaebyrthe sckngss ofabe Shglenefyetel tHUCARAWERR 1agsit Wost ahoke 14 8@ent
i nvention, contam nation of a single crystal silicaon substrate which was
gener at ed iNeXhafies Fadiging ge snsleerysiad sramitopductoplaysr dthdayr lighty haescond ¢ was
found that performance and reliability of a sem conductor device using such
an SO sub$tehigevargicEormgsd werthe same conditiop pg the fisph tehingoppriogmerhundsr on
Japanese Patent Application serial no. 2009-011425 filed wi th Japan Patent
Offi ce on jGonfitiapy. wherelytiho thighnessefihe ingle iveink ssmigondppteraysr @an ahavhy
i ncor por at %((:I] by reference.

nm.

10 [0230]

A case will be described in which the first etching was performed with a
substrate bias applied and the second etching was performed with no substrate bias
applied as Condition 2. The first etching was performed on a single crystal
semiconductor layer using an ICP etching apparatus under the following conditions: the

156  flow rate of a chlorine gas: 100 sccm, the reaction pressure: 1.5 Pa, the temperature of
the lower electrode: 40 °C, the RF (13.56 MHz) power which is supplied to a
coil-electrode: 1000 W, and the power which is supplied to a lower electrode (on the
bias side): S0W, whereby the thickness of the single crystal semiconductor layer was
about 120 nm. Next, after irradiation of the single crystal semiconductor layer with

20 laser light, the second etching was performed under the same conditions as those of the
first etching performed under Condition 1, whereby the thickness of the single crystal
semiconductor layer was about 60 nimn.

[0231]

A case will be described in which the first etching was performed with no
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CLAWS 1. A nethod for manufacturing an SOT substrate conprising the
steps of: formng an oxide filmon a single crystal sem conductor

substrat e; i ntroduci ng accelerated ions into the single crystal
sem conduct or substrate through the oxide filmto forman enbrittled region
in the single crystal sem conductor substrate,; bondi ng a supporting

substrate such that the supporting substrate and the single crystal

sem conductor substrate face each other with the oxide filminterposed

t her ebet ween; formng a single crystal sem conductor |ayer bonded to
t he supporting substrate by heating the single crystal sem conduct or

substrat e Pﬁjsul% rlfn?s( Hﬁ)ﬁgd a%ﬁ%@tsé Hd ae’ich#r&t nggéllf(;rftllegglifllgheg 'sfibstrate bias

perfor mng tirs on a sur ace sem conduct or

ayer bondedoh bhegip ggfsl gy3 URSE LARS was ﬁf@ﬁ@ear {eegfs il Bl 117t

et chi ng, single crysta m con ayer a | aser

beam and el bicng A0S S0 Lol Wi teohRRgls e OF gk tﬁége&{]%es affpbdie singl e

crystal senicon I'Fra Single crysta

sem conduct Oé%r (%%%tlgpq L&%@ tﬂ? ﬁhl ot Ogsnsd f%% X hl gglzlyglalt sgrem(isolrjchiII ?orelay%]; wtag € 'Sl'lh ngl e

crystal se Iaye Su

et hod_Gor ofRIUERGHT i AR STl BB LE Aled ggé,geaﬂgmm%&omaga%zhre'n the

first ePchi¥ usinga ch of Niee e met hod

eching 1 o et A BRsEeg Sﬂané PRReREnE g%%%ﬁe"san% Bllins BRSO
fact bst ) he f t

St ahi g ot ARt e rge SR Chifidn, iR b ARGR bt Sas.

5. The net hod ufa turlgggaFggiﬂ substrate accordlng to daiml,

wher ei n thgngﬁéﬁgpgi 5“% BT 1 "8t ass substrate. 6. A met hod
for nanufaigﬂ%;ng a sem conductor device using an SOT substrate

manuf act ur t he net hod for nanufacturing an SOT substrate according to

G aim 11D the met R%gsecv%ﬂ%feld%écrﬁgec{

h1ch Rle?jrst etching and the second etching were
performed with a substrate bias applied as Condition 4. The first etching was
performed on a single crystal semiconductor layer under the same conditions as those of
the first etching performed under Condition 2, whereby the thickness of the single
crystal semiconductor layer was about 120 nm. Next, after irradiation of the single
15  crystal semiconductor layer with laser light, the second etching was performed under
the same conditions as those of the first etching performed under Condition 2, whereby
the thickness of the single crystal semiconductor layer was about 60 nm.
[0233]
Note that in Conditions 1 to 4, laser irradiation conditions were as follows: as a
20 laser, a XeCl excimer laser which emits a beam having a wavelength of 308 nm was
used and the laser beam was condensed by an optical system so that the beam shape on

an irradiation surface was a linear shape of 390 pum x 140 mm approximately. The

pulse width of laser light was 20 nanoseconds, and the repetition rate was 30 Hz. The
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form ng a sem conductor el ement conprising the single crystal sem conductor
| ayer over the supporting substrate, wherein the single crystal

sem conductor |ayer is etched by perform ng the second etching. 7.
A met hod for manufacturing an SOT substrate conprising the steps of:
formng an oxide filmon a single crystal sem conductor substrate;

i ntroduci ng accelerated ions into the single crystal sem conductor
substrate through the oxide filmto forman enbrittled region in the single
crystal sem conductor substrate; bondi ng a supporting substrate such
that the supporting substrate and the single crystal sem conductor
substrate face ] i i fl i . -ween;
formng a %F%%ngﬁavg%%ﬁkgﬁﬁ%%%% %3@@?%%35%%Q%%ﬁ§§%P@§ e8§%%8§%¥fng
substrate anﬂa%%tti lirrllgergtgﬁisi ngl e crystal sem conductor substrate and

perform ng Separa the enbrittled region: performng first
et ching on @ﬁ frface of the single crystal sem conductor |ayer bonded to
t he suppor{ 3 substrate with no substrate bias applied, after

R RINE T A R
T o o ngeebre GIRRES 01 & aFREG i RO TRt sEre of e BB
oL 19, bl g8 oL LBSIRLE RS Th S MRS b el "
csi ng o on FIe) DL o sedtog gt 3 oG g e sor
substrate acchding to Claim?7, wherein the second etching is perforned

using a f 1 ¥Prhe- based gas. 10. The nmethod fo- r manufacturing an SOT

substrate according.to Caim?7, wherejn the first hi ng_and, the second
etching are perfor nu%"il%grtl‘]g“fqodo AHEE A 8“”@%?391‘%8 Dmn) formed by an

10  oxidation tréatment was formed over a glass substrate 800. In addition, a gate
insulating layer 804 (having a thickness of 20 nm) was formed over the silicon oxide
film 801, and a gate electrode layer 805 (a stack of a tantalum nitride layer having a
thickness of 30 nm and a tungsten layer having a thickness of 370 nm) was formed over
the gate insulating layer. In the silicon oxide film 801, a source and drain electrode
15  layers 807 (a stack of a titanium layer having a thickness of 60 nm, a titanium nitride
layer having a thickness of 40 nm, an aluminum layer having a thickness of 300 nm,
and a titanium layer having a thickness of 100 nm in this order) which were connected
to a source and drain regions 803 (impurity regions containing phosphorus as an
impurity element imparting n-type conductivity) were formed. In addition, the source
20  and drain electrode layers 807 (a stack of a titanium layer having a thickness of 60 nm, a
titanium nitride layer having a thickness of 40 nm, an aluminum layer having a
thickness of 300 nm, and a titanium layer having a thickness of 100 nm in this order)
which were connected to a source region and a drain region (impurity regions

containing boron as an impurity element imparting p-type conductivity) of the oxide
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11. The method for manufacturing an SOT substrate according to Caim?7,
wherein the supporting substrate is a glass substrate. 12. A nmet hod
for manufacturing a sem conductor device using an SOT substrate
manuf actured by the nethod for manufacturing an SOT substrate according to
Caim?7, the nmethod conprising the step of: form ng a sem conduct or
el ement conprising the single crystal sem conductor |ayer over the
supporting substrate, wherein the single crystal sem conductor |ayer is
etched by perform ng the second etching 13. A nethod for manufacturing an
SOT substrate conprising the steps of: formng an oxide filmon a single
crystal sem conductor substrate; ~introducing accel erated ions into
t he singl e sticys fikih 88k wexedpmmas: o Furthebsnriatedayeh insulghng laper P destadd oha o form
an enbrittled region in the single crystal sem conductor substrate; form ng
an i nsul at isiigot gyide fibndweving suibishnass af 59 wos tar slicen nitride oxide fdingvinge
supporting substrate such that the supporting substrate and the single
crystal setiickonesiaft300 ngubed 2 sificorf exyaitadcitimoldaying awhidimaesh ef 630 »fn inf fhigm
i nt er posed t herebet ween; formng a single crystal sem conductor |ayer
bonded t o bhisnswupplorméduayes theshindilm tansiswat i Thy cepasitel FEG ecending &b this
sem conduct or substrate and perform ng separation at the enbrittled region:
per f or nbng ekimple wet fonmedsoghatahesaned afdke grfie ¢lbntrode wgs @6¢mpust al  seni conduct or
| ayer bonded to the supporting substrate with no substrate bias appli ed;
after perf ®23bhg the first etching, irradiating the single crystal
sem conductor layer with a |laser beamand nelting and solidifying at |east
part of the surfHEHGS. dBAt el dBBRgind EIGSt HIA auvdn 108nshest oesultnpbrained nhyy
after irradiating the single crystal sem conductor |ayer, perform ng second
et chi ng onnicheiring ticaaerenfvdltage di Vigtheracteyisticalof Sempleo hda . ordn [FEGRrid4 t h no
substrate bias applied. 14. The nmethod for manufacturing an SOT
substrat e astRamgFIGS. [Aeamh 1DB, thatherizintal tikie rdprgssits pate oltage Vg (Wearddor med
using a chlorine-based gas.

10  the vertical axis represents gate current Ig (A). Here, results obtained by measuring

I-V characteristics at 25 points on each substrate surface of Samples L to O are shown.
[0237]
From the results of FIGS. 18A and 18B and FIGS. 19A and 19B, it was found
thatthat in Sample L on which the first etching and the second etching were performed
15  with no substrate bias applied, the rise of a current value thereof was late, there were
few variations, and the withstand voltage thereof was favorable. Further, also in
Sample M on which the first etching was performed with a substrate bias applied and
the second etching was performed with no substrate bias applied, although variation in
rise of a current value thereof is caused, the rise of a current value was late and
20 favorable characteristics were obtained. On the other hand, it was found that in
Sample N on which the first etching was performed with no substrate bias applied and
the second etching was performed with a substrate bias applied and Sample O on which
the first eiching and the second eiching were performed with a substrate bias applied,

the rise of a current value thereof was early and the withstand voltage thereof was poor.
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15. The method for manufacturing an SOT substrate according to C aim 13,
wherein the second etching is perforned using a fluorine-based gas.

16. The method for manufacturing an SOT substrate according to Cl aim 13,
wherein the first etching and the second etching are perforned using a

fluori ne-based gas. 17. The method for manufacturing an SOT substrate
according to Claim 13, wherein the supporting substrate is a gl ass
substrate. 18. A nethod for manufacturing a sem conductor device using

an SOT substrate manufactured by the nethod for manufacturing an SOT
substrate according to Caim13, the nmethod conprising the step of:

formng a ?&ﬁifonductor el ement conprising the single crystal sem conductor
| ayer over 8 supporting substrate, wherein the single crystal

sem conductor | ayRls b3aond 368 shd Pl b hA8 el mobiies of SSmpiedL w0 0

described above. From the results of the field-effect mobiliiies, it was found that in

Sample L on which the first etching and the second etching were performed with no
5  substrate bias applied and Sample M on which the first etching was performed with a

substrate bias applied and the second etching was performed with no substrate bias

applied, there was less variation and higher field-effect mobilities were obtained than in

the other samples.

[0239]

10 From the above results, it is considered that in Samples L and M on which at
least the secoﬁd etching was performed with no substrate bias applied, little
contamination due to the etching treatment was caused and surface roughnesses of the
single crystal silicon layers were reduced; therefore, favorable withstand voltages and
high field-effect mobility were obtained. However, it is considered that in Samples N

15 and O on which at least the second etching was performed with a substrate bias applied,
contamination due to the etching treatment was caused and the surfaces of the single
crystal silicon layers were roughened; therefore, the withstand voltages thereof were
low and the field-effect mobilities thereof were reduced.

[0240]

20 From the above results, it was found that according to one embodiment of the
present invention, contamination of a single crystal silicon substrate which was
generated in manufacturing an SOI substrate was reduced. Further, it was found that
performance and reliability of a semiconductor device using such an SOI substrate were

improved.
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This application is based on Japanese Patent Application serial no.

2009-011425 filed with Japan Patent Office on January 21, 2009, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

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

forming an oxide film on a single crystal semiconductor substrate;

introducing accelerated ions into the single crystal semiconductor substrate through the oxide
film to form an embrittled region in the single crystal semiconductor substrate;

bonding a supporting substrate such that the supporting substrate and the single crystal
semiconductor substrate face each other with the oxide film interposed therebetween;

forming a single crystal semiconductor layer bonded to the supporting substrate by heating
the single crystal semiconductor substrate and performing separation at the embrittled region:

performing first etching on a surface of the single crystal semiconductor layer bonded to the
supporting substrate;

after performing the first etching, irradiating the single' crystal semiconductor layer with a
laser beam and melting and solidifying at least part of the surface of the single crystal semiconductor
layer; and

after irradiating the single crystal semiconductor layer, performing second etching on the

surface of the single crystal semiconductor layer with no substrate bias applied.

2. The method for manufacturing an SOI substrate according to Claim 1, wherein the first

etching is performed using a chlorine-based gas.

3. The method for manufacturing an SOI substrate according to Claim 1, wherein the second

etching is performed using a fluorine-based gas.

4, The method for manufacturing an SOI substrate according to Claim 1, wherein the first

etching and the second etching are performed using a fluorine-based gas.

5. The method for manufacturing an SOI substrate according to Claim 1, wherein the

supporting substrate is a glass substrate.

6. A method for manufacturing a semiconductor device using an SOI substrate manufactured
by the method for manufacturing an SOI substrate according to Claim 1, the method comprising the
step of:

forming a semiconductor element comprising the single crystal semiconductor layer over the
supporting substrate,

wherein the single crystal semiconductor layer is etched by performing the second etching.
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7. A method for manufacturing an SOI substrate comprising the steps of:

forming an oxide film on a single crystal semiconductor substrate;

introducing accelerated ions into the single crystal semiconductor substrate through the oxide
film to form an embrittled region in the single crystal semiconductor substrate;

| bonding a supporting substrate such that the supporting substrate and the single crystal

semiconductor substrate face each other with the oxide film interposed therebetween;

forming a single crystal semiconductor layer bonded to the supporting substrate by heating
the single crystal semiconductor substrate and performing separation at the embrittled region:

performing first etching on a surface of the single crystal semiconductor layer bonded to the
supporting substrate with no substrate bias applied;

after performing the first etching, irradiating the single crystal semiconductor layer with a
laser beam and melting and solidifying at least part of the surface of the single crystal semiconductor
layer; and

after irradiating the single crystal semiconductor layer, performing second etching on the

surface of the single crystal semiconductor layer with no substrate bias applied.

8. The method for manufacturing an SOI substrate according to Claim 7, wherein the first

efching is performed using a chlorine-based gas.

9. The method for manufacturing an SOI substrate according to Claim 7, wherein the second

etching is performed using a fluorine-based gas.

10. The method for manufacturing an SOI substrate according to Claim 7, wherein the first

etching and the second etching are performed using a fluorine-based gas.

11.The method for manufacturing an SOI substrate according to Claim 7, wherein the

supporting substrate is a glass substrate.

12. A method for manufacturing a semiconductor device using an SOI substrate manufactured
by the method for manufacturing an SOI substrate according to Claim 7, the method comprising the
step of:

forming a semiconductor element comprising the single crystal semiconductor layer over the
supporting subsirate,

wherein the single crystal semiconductor layer is etched by performing the second etching.

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

forming an oxide film on a single crystal semiconductor substrate;

82



introducing accelerated ions into the single crystal semiconductor substrate through the oxide
film to form an embrittled region in the single crystal semiconductor substrate;

forming an insulating layer over a supporting substrate;

bonding the supporting substrate such that the supporting substrate and the single crystal
semiconductor substrate face each other with the oxide film interposed therebetween;

forming a single crystal semiconductor layer bonded to the supporting substrate by heating
the single crystal semiconductor substrate and performing separation at the embrittled region:

performing first etching on a surface of the single crystal semiconductor layer bonded to the
supporting substrate with no substrate bias applied;

after performing the first etching, irradiating the single crystal semiconductor layer with a
laser beam and melting and solidifying at least part of the surface of the single crystal semiconductor
layer; and

after irradiating the single crystal semiconductor layer, performing second etching on the

surface of the single crystal semiconductor layer with no substrate bias applied.

14. The method for manufacturing an SOI substrate according to Claim 13, wherein the first

etching is performed using a chlorine-based gas.

15.The method for manufacturing an SOI substrate according to Claim 13, wherein the

second etching is performed using a fluorine-based gas.

16. The method for manufacturing an SOI substrate according to Claim 13, wherein the first

etching and the second etching are performed using a fluorine-based gas.

17.The method for manufacturing an SOI substrate according to Claim 13, wherein the

supporting substrate is a glass substrate.

18. A method for manufacturing a semiconductor device using an SOI substrate manufactured
by the methed for manufacturing an SOI substrate according to Claim 13, the method comprising the
step of:

forming a semiconductor element comprising the single crystal semiconductor layer over the
supporting substrate,

wherein the single crystal semiconductor layer is etched by performing the second etching.
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