METHOD FOR MANUFACTURI NG SO SUBSTRATE AND SEM CONDUCTOR DEVI CE BACKGROUND
OF THE INVENTION 5 I. Field of the Invention [0001] The present invention
relates to a nethod for manufacturing a silicon-on-insulator (801)
substrate having a so-called 801 structure in which a single 10 crystal

sem conductor |ayer is provided on an insulating surface, and a nmethod for
manuf acturing a sem conduct or device having the 801 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 "801") having a thin single crystal

seni conduct or | ayeMEHQR FORSMANUTAG T IRINGROL BHIRATEWNBad of a silicon

waf er manufactured in such a manner that an ingot of a single crystal
sem conductor is thinly slicEBMIGREDUGTOQNR BENICE| rcuit using an 801
substrate has attracted attention as an

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]
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 baving the SOI structure.

2. Description of the Related Art
[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 SOl substrate has attracted aftention 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 knmown (e.g., see Patent Document 1), The hydrogen ion



20integrated 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. [0003] As a method for

manuf acturi ng SO substrates, a hydrogen ion inplantation separation nethod
is knowmn (e.g., see Patent Docunment |). The hydrogen ion inplantation
separation nethod is a nethod in which hydrogen ions are inplanted into a
silicon wafer to fonn an 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 layer is bonded to another

si | i con waf énpladtsicadgetiionmétimdihembbhat intwhahthpdngen idhs kenmgleped mtoison of a
silicon layer, it is necessary to performheat treatnment in an oxidizing

at nospher e sibcdrowaferan formi apeenfhirittierd geeem 4t herraipicingond deatpdiom p sprfoeof he oxi de
film and performheat treatnent at 1000C to 1300C to increase bondi ng

~ strength. [ @cHicornalenandheahoonarider soseBBHFLCY Nuetbsiited 48T VRHeRMH ch an

i nsul ating substrate 10 de of _hi @ heat, r sia}ance lass or the like is
provi ded wi fH® silicomipyeo bpé%to ?@fh&{g fegséH™ ( 3?‘@. ltiondg B feafeamsbunent  2).

Strai n phi nfo PO R A LAY BRTAT D PP T RO BB B
oy atl n9 el il o PRducRl bk O LR%ETe BOLAIAE DA Ai¥LQOEN 1 oD
i npl antation Sé&paration nmethod i's bonded to The insulating sificon film

19[0008)  perrontiled: b bPRoBol 1o S0 1d GO batiitl OBbA ned by a hydr ogen

ion inplantation separation netho ere exists ts due to an ion
inplantatiogxﬁhep or the like for formng an enbrittled region. Therefore,
a techni que of renoving the defects by vapor-phase etching is disclosed

(see Patent Docummne 3jher RALRekGKENMGRI0r 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.
15 [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] Japanesc Published Patent Application No.- 2000-124092

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



[ Pat ent Docunent] [0006] [Patent Docunment 1] Japanese Published Patent
Application No. 2000-124092 [Patent Docunent 2] Japanese Published Patent
Application No. 1-111-163363 |[Patent Docunent 3] Japanese Published Patent
Application No. H11-102848 SUMVARY OF THE | NVENTI ON [ 0007] 5However, there
is a possibility that netallic contamnation is attached to and diffused
into the silicon layer in renoving the defects by vapor-phase etching. In
addition, there is a possibility that the nmetallic contam nation remains in
the silicon |ayer when a sem conductor elenent is formed over the SO
substrate. The netallic contam nation causes decrease in performance and
reliability [Biters Deamec) dapatens Piblsied Patent AppId@8dn No. H11-102848 vi ew of t he
foregoi ng problem an object of an enbodi nent of the present invention is
to provide an SO substrate in which contam nation due to inpurities such
as a netal elenent and the like is suppressed. In addition, another object
of an 15 enbodi nent of the §V%@@H¥fpﬁg‘ tINYBENTEON 0 prevent decrease in
performance and reliability of a sem conductor device formed using such an
SO subst r at@07

However, there is a possibility that metallic contamination is attached to and

<

diffused into the silicon layer in removing the defects by vapor-phase etching. In

addition, there is a possibility that the metallic contamination remains in the silicon

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

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

[0008]

In view of the foregeing problem, an object of an embodiment of the present
invention is to provide an SOI substrate in which contamination due to impuritics 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 ions into the single crystal semiconductor substrate
through the oxide film to form an embrittled region in the single crystal semiconducior
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 scparation at the embriitled region into the supporting



[ 0009] An enbodi nent of the present invention is a nethod for

manuf acturing an 501 substrate including the steps of: form ng an oxide
filmon a single crystal sem conductor 20 substrate; introducing
accelerated ions into the single crystal sem conductor substrate through
the oxide filmto forman enbrittled region in the single crystal

sem conduct or substrate; bonding a supporting substrate such that the
supporting substrate and the single crystal sem conductor substrate face
each other with the oxide filminterposed therebetween; perform ng
separation at the enbrittled region into the supporting substrate to which
a singl e cr yshsrhte seewhiclonelogit cnysthlayeicondsctizonce ¢ tandbdpad parodf thdwangdd ngl e
crystal sem conductor substrate by heating of the single crystal

sem conduct erysglisstiqoadustor pistfaby byihegfing iof b sipgle biveigl somicendycipfsabsdraief t he
single crystal sem conductor |ayer bonded to the supporting substrate with
a subst r at e Meifemringdpiticsling pe ¢ gafaeg 9Lk stgls ceisiibicaticepdistonlayerdordstic onduct or
|l ayer with a | aser beam and nelting and solidjfying at |east partf of the
surface of tHfeSi@Porre stbsiAlt &F‘h%ﬂibgﬁ‘??dﬂést gplipd; igspdiatine the, pipgln 8Bk ond
etching on the surface of .the single crystal sem.canductor |ayer with no
substrat & bisﬁfgw?i%ﬂ?tf’relayer f”b% TSGIAE%Fhaé’ﬁ ffﬁ‘é&f‘%@oﬁ] cfgf'gfl ?sb?aé's‘éﬁ{’e i nvention
is a nethod far uf act uri an. 1 u r i i steps of:
form ng an 5’%‘?25"‘3%?? errslm&%e £y nsﬁ go%(glf/tsgaayasg‘?ﬁ%ogg}r?gﬁg{&gé %gh@ to%g ee;

i ntroduci ng : I I I.0g L. conduct or
substrate tﬁ?ﬁg%ghﬁ%lﬁ%%gﬁrgﬁﬁféﬂn%ﬁg %J&?é%ﬁ%ﬁ%%%{aﬁbgg élg‘?on in the single

crystal semygfnppuctor substrate; bonding a supporting substrate such that
t he supporting substrate and the single crystal sem conductor substrate

face each ot her Vidomer dfoifinOitdSprésedt ivietRPOREEd Behaheiwespan per forn ng
separation at the enbrittled region into the supporting substrate to which

a si ngl eiocr EsY adubder GORdE e sbRy6f formniroadedidanglmpad ta ahglé heysai ngl e
crystal sem conductor substrate by heating of the single crystal

sem conduct eemisatdsdtoratsebstrpey fioratdueigg fdcedtrated clohngnon tie singfeacesef t he
single crystal sem conductor |ayer bonded to the supporting substrate with
no subst r at eetbicasludppiubedte thRgh theadidat filmgtot fran gi ngbettied yegical ingkeri conduct or
| ayer with a |aser beamand nelting and solidifying at |east part of the
surface of shelesiysil scneipapducipr sibyateo RedERGH SUPRYERS Sy sithritatsbt ond
etching on the surface of the single crystal sem conductor | ayer with no
substrate biSH¥ORisH Fybsigpte zlmg(jllel*ngle 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 1o the supporting substrate with no substrate bias applied,

20  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;
performing second etching on the surface of the single crystal semiconductor layer with
no substrate bias applied.

[0011]



Further, in an enbodi nent of the present invention, the first etching is
preferably perfornmed using a chlorine-based gas. The second etching is
preferably performed using a fluorine-based gas. [0012] 5Alternatively, in
an enbodi rent of the present invention, the first etching and the second
etching are preferably performed using a fluorine-based gas. [0013]

In an enbodi nent 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 sanpivethandh whieibofiasntnof dreystaht gveitionbthantralr yicliet ween
crystals. Note that in this specification, the single crystal includes a
crystal in whifgbly herfainedatineon clibriesfbasedygss al Thexsesood staling fig prefessbitiescr i bed
above and which has no grain boundaries even when it includes a crystal
defect or a ra@pEcd M ring-ppselfdht i on, re-single-crystallization of a
single crystal sem conductor |ayer nmeans that a single crystal

seni conduct 8Y%fhyer having a single crystal structure returns to a single
crystal structure after being i.n a different state fromthe, single crystal
structuré (e.g., Ayl &h?’ﬁ‘?"ﬁ)t}‘f&'é%en%‘ffé}?eeﬁr?se?tﬂn‘ﬁ’ﬂg‘ﬁ F’c??“ Stieﬁh’é‘%ﬁg‘lal so be
said that re-single-crystallizatiaon of sj hal | sem conductor |ayer
means t hat §m§$<%@gm%? ?f%?kgéﬁﬂgo% 3%#%?g%§§%$&§%¥$%%?ystalIized to fonn a
single crysg&#BEeniconductor | ayer. [0015] The term sem conductor device"
inthis specification refers to devices in

In an embodiment of the present invention, a glass substrate can be used as a

supporting substrate.
10 [0014]

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 includes a crystal defect or a danghng 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 (e.g., 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 fo devices in



general that can operate by utilizing sem conductor characteristics, and

di spl ay devices, sem conductor circuits, and el ectronic devices are
included in the category of the sem conductor device. [0016] 5Furthernore,
the term"display device" in this specification includes a light-emtting
device and a liquid crystal display device in its category. A
light-emtting elenent includes, in its scope, an el enent whose | um nance
is controlled by current or voltage, and specifically includes an inorganic
el ectrolum nescent (EL) elenent, an organic EL el enent, and the |ike.

10[ 0017] According to an enbodi nent of the present invention, an SO
substrat e i pewil dlat e@orbant batilomgotmaoshcgl danetyrstied, asledidipbordvietsor | ayer
due to inpurities such as a nmetal elenment and the |ike is suppressed can be
manuf act ur edemiBendpdier ¢ircdits raad skecireniq deviass renipeludadding &g jcalseary tof tf a

sem conduct or device fornmed using such an SOT 15 substrate can be
prevent ed. BRAEMIPESARYIPT| ON OF THE DRAW NGS [0018] In the accompanyi ng
drawi ngs: 20FIGS. IA-1 to ID are views illustrating a nethod for
manuf act uri A¢Pl8h SO substrate according to an enbodi nent of the present

i nvention; FIGS. 2A to 2E are,views jllustrati.ng.a nethod for

manuf act &ri ng an @ﬁ’ergﬁ’ﬁst‘?eat“’émac%s@}ﬁi ﬁ‘a’“‘teo An nﬁ’&%}fqg‘%‘ﬁ lg?mcﬁ:’ﬁea pr esent

I nvention; light-emitting device and a liquid crystal display device m its category. A
light-emitting element includes, in its scope, an element whose luminance is controlied
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 SOl 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. TFurther, decrease in
performance and reliability of a semiconductor device formed using such an SOl

156  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,



FIG 3 is aviewillustrating an exanple of a plasma CVD appar at us;

FIGS. 4A-1 to 4D arc views illustrating a nethod for manufacturing an SO
substrate according to an enbodi nent of the present invention; FI GS
SA to SE are views illustrating a nmethod for manufacturing a sem conductor
devi ce according to an enbodi nrent of the present invention; 5FIGS. 6A to 6D
are views illustrating a nethod for manufacturing a sem conductor device
according to an enbodi ment of the present invention; FIG7 is a

bl ock diagramillustrating a structure of a m croprocessor manufactured

usi ng an SOT substrate according to an enbodinent of the present invention;
10FIG 8 is a bl di&kSdtagranDiad visvy dinitrgnga sethod farmeensfactrivg ar &P ocessor
manuf act ured using an SO substrate according to an enbodi nent of the
present i nvewitsicgpaccording to anpodigiantiod thy pisPaRhiny§eRi | | ustrating a pixel of a
liquid crystal display device and FIG 913 is a cro0ss-sectional view taken
along line J-K ofFI‘E$G5A9$& SES‘F’FG"T@A#"ém’é‘%I%ﬁn‘W"é‘ T PEUEEREPH G a pi xel of

an el ectrol um nescence di s devi c nd 10B i s cross-sectional
vi ew t aken AP P?t‘?féie?c%cg‘frg’é? @anfﬁ‘g\"f‘mem l'.'%’EIB?%{ 'n'icfio‘i o | 1F are views

eachlllustratln Lectrqni c device accordin 0.an i.ment of the
pr esent I nvent i Oﬁ?lég 8A 10 68 aré Views 1&113%31118 a mghod for m%m?acgmnng 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 SOl 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 substrate 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 illusirating 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;



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

an 20 enbodi nent of the present invention; FIGS. 13A to 13D are AFM
i mges of a single crystal silicon substrate observed by AFM FI G
14A is a view illustrating a MOS capacitor structure and FIG 14B is a
graph showi ng characteristics of gate withstand volt ages; FIG 15

is a graph showing results of anal yses by secondary ion mass spectronetry;
FIG 16 is a graph showi ng results of anal yses by secondary ion mass
spectrometry; 5FIGS. 17A and 17B arc views illustrating a capacitor TEG

FI GS. 18A and 18B are graphs show ng neasurenent results of the
current -vol t age FIG\)S charmethestiowiigcmsults of analys@EShy 3@Andend iOtBssar e gr aphs
showi ng neasurenent results of the current-voltage (I-V) characteristics;
and 10FI G soArardyFl G 20B are a graph and a table, respectively, show ng

nmeasurenment results of field-effect nohilities. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0019] FIG 16 is a graph showing results of analyses by secondary ion mass

spectrometry,;
5 FIGS. 17A and 17B are views illustrating a capacitor TEG;
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 Hereinafier, embodiments and examples of the present invention will be
described in detail with reference to the accompanying drawings. Note that it 1s 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.



15Her ei 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 fonts and details w thout departing fromthe spirit
and the scope of the present invention. Therefore, the 20 present

i nvention should not be construed as being limted to the description of

t he enbodi nent nodes to be given below. Note that, in the structures of the
present invention described below, |ike portions or portions having simlar
functi ons an@2denoted by comon reference nunerals in different draw ngs,
and description of themw Il not be repeated. [0020] (Enbodinent 1)

In this enbdBnbebentd net hod for manufacturing an SOL substrate according
to an enbodi nent of the present invention will be described with reference
to the 5 draw ngdn tfiparfinep; 8 methgd s mepdpdreesn SOLBYsFHe weadipg s prepar ed
(see FIG 1A-1). %ggZZ] As the sem conduyctor substrate 101, a single
crystal semitobadimsrt Sfubstirees Frention 3/ ey desgribed Wity eetaenss dorilfuct or
substrate can be used, and exanples thereof include a single crystal
silicon Sub A&, a polycrystalline silicon substrate, a germani um
substrat e, iﬁ%Pfund sem conductor substrates of gallium arsenide, indium
phosphi de, he |ike. Typical exanples of commercially available silicon
substrates are ciy.cul Sl sl i Dl nches (125 nm in
di aneter, 6 inché§&¥i§%u&§ &%ggwﬁHﬁggﬁgéﬁﬁ%é%%(%%gﬂggA?BOO nm in dianeter,
12 inches ( ) in diameter, and 16 inches (400 mm in dianeter. Note
that the shape 1s not |imted to a circular shape, and a silicon substrate
processed into a A86d RBHEhdH0s ARREOT01 Néndid Kfstdl BlniadnaifQuissbor I N the
description given below, a case in which a single crystal silicon substrate
is used @S thelysephiGanadutdaduct Bsistat CanlRliss, bid Hamgrs Gliebeitlclude 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 subsirates 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 nto 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/hydrogcn peroxide mixture (APM), .a hydrochloric

acid/hydrogen peroxide mixture (HEM), dilute hydrofluoric acid (DHF), ozone waler, or



20[ 0023] Note that it is preferable that a surface of the

sem conduct or substrate 101 be appropriately cleaned in advance with a

sul furic acid/ hydrogen peroxide m xture (SPM, an amoni um

hydr oxi de/ hydr ogen peroxi de m xture (APM, a hydrochloric acid/ hydrogen
peroxi de m xture (HEM, dilute hydrofluoric acid (DHF), ozone water, or

the like in ternms of renoval of contam nation. Dilute hydrofluoric acid and
ozone water nay be discharged alternately for cleaning. [0024]

Next, an oxide film102. is formed on the surface of the sem conductor
5substrate 101 (see FIG 1A-2). [0025] As the oxide film 102, for
exanpl e, a gsheniiteeinl tayerof oémavaiséfl doominationd e Dilive hydwmflsirci wainandxozmict ride film
or the like, or a stacked layer thereof can be used. These filns can be
formed by a vtakepwabe dschetatdiabermately bodleangCVD net hod, a sputtering nethod, or
10 the like. In addition, when the oxide film102 is fornmed by a CVD

met hod, a sit?42ébn oxide filmformed by using organosilane such as

t etraet hoxysi |l ane_(abbreyi atjon; TEQS, ihem’ cal formul a: Sj% H5)4) is
preferably used 3%%tHE deqaing jlPmis dome OfletP?rsg“I&cep‘?Tg BSEPPIY] 0026] 151 n
t hi s enbaqdi nent e oxl fi.lm 102 (here, a SIO" (x > 0) film is formed
by perf ofni ﬁbbs{rﬂéﬁ@éfee@ﬁggﬁf%}on treatnent on the seniconductor substrate
101 (see FI gbo #A 2). The thermal oxidation treatnent is preferably
perforned i § oxi di zing atnosphere to which hal ogen i s added.

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;H;)s) is preferably used as the oxide film 102 in terms of
productivity.

[0026]

15 In this embodiment, the oxide film 102 (here, a Si0, (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.

(60273

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

[0028]

i0



[ 0027] 20For exanple, the thermal oxidation treatnment is performed on the
sem conduct or substrate 101 in an oxidi zi ng at nosphere to which chlorine
(d) is added, whereby the oxide film 102 is fonned 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 noisture absorption rate of the oxide film 102 is inproved and
the diffusion rate thereof is increased. That is, when noisture is present
on a surface of the oxide film 102, the noisture present on the surface of
the oxide film 102 can be rapidly 5 absorbed and diffused into the oxide
film 102, [0029] The chioringhgtomm cantamd|ie tefoxidedBimali02 gxuse distostipns.r et arent |

t hermal oxidation may be perfornmed in an oxidi zing atnosphere which

cont ai ns hydesslethe wpistyre aeorgtioeiyte at the opdopsy 12 dhingproved snaBs ddipsion 10 vol . %
(preferably, 2 vol.% wth respect to oxygen at a 10 t nl)g{ tur,g of 900C to
1150 C (t ypiretarheqeof poeracaged.  Fhab 4 whei mePHE HRYSBLOLB IS B Be P59 hours,
preferably, 0.5 to 1 hour. The thickness of an _gxide filmto be.forned is
et to 20" dicbaBOaT PRaE oh 4t Prssot PO 55 0 POFEhnpl 0. 100

not [ 003Q] _anat her. .ex l.e of . thermal oxidation treatnent, thermnal
oxi dat i ot n@bogbeegfgfe%g?s orire e‘l)xﬁde’atﬂn’nolg?‘di zi ng at nosphere whi ch contai ns

trans-1, 2-di[5@b€roet hyl ene (DCE) at a proportion of 0.25 vol.%to 5 vol.%
(preferably, ol.% with respect to oxygen at a tenperature of 700 Cto

1150 C (typicallya, 3% tdsie If SRR WidadidlP oo Cinsih bliakkioh ha B hour s,

preferably, 0.5 to ness of an ox I'mto ornmed is

set to 10 tup:d0 1000, bilbhRrBhepRb) ¥hic otk hirddR Bk iRy sxanpl e, 100

am Since
proportion of 0.5 volL.% to 10 vol.% (preferably, 2 vol.%) with respect to oxygen at a

10 temperature of 900 °C 1o 1150 °C (typically, 1000 °C). Treatment time may be sct 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.

[0030}
As another example of thermal oxidation treatment, thermal oxidation may be

16 performed in an oxidizing atmosphere which contains trans-1,2-dichlorocthylene (DCE)
at a proportion of 0.25 vol.% to § 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 (o
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 treatrnent

at low temperature. Note that, instead of frans-1,2-dichloroethylene,
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20 the deconposition tenperature of trans-1,2-dichloroethylene is |ow, the
thermal oxidation treatnent can be perforned at a | ow tenperature. In
particul ar, when a sem conductor substrate is repeatedly reused,
productivity can be inproved and adverse effect due to thermal shock can be
reduced by performng thermal oxidation treatnent at | ow tenperature. Note
that, instead of trans-1, 2-diehl oroethylene, «cis-1,2-dichloroethylene,

1, 1-dichl oroet hyl ene, or a m xed gas of two or nore of these gases may be
used. [0031] In this enbodi nent, the concentration of chlorine
atons in the oxide film 102 5is controlled to 1 x 1012 atons/cnB to 1 X
1021 at ons/ cis8l,2-fi00B@}thylene, 1,1-dichlomdtiiylchopr a toired igarcdfuwd onmofe dllkesy | ne at ons
in the oxide film102 is also effective in preventing contam nation of the
sem conduct aesesgbybeesed 101 by trappi ng heavy netal (such as Fe, Cr, N,

Mo, and the |ike) which is an extrinsic inpurity. 10[0033] The

i ncl usi on ofl®%4l ogen such as chlorine in the oxide film 102 by I|-1Cl

oxi dation or the Jike makes it possible tg perfonn getterjng on an inpurity
(for exanple, novaABPEePETEs) iy Cﬁgceﬁﬁ")t“’ﬂ/r‘??%tﬁorﬁ‘ie\?g’?sgﬁthﬁ(%‘élf” i df% ect on the
senm conduct qr substrate. ;Jhat i s, gal treatnment which is perforned
after the o%?ﬁ@“&%ﬁﬁ?ﬂb%oi?b?gwﬁéﬂ?xl?SaFHB&FTties i ncluded in the
seniconductq&nggbstrate are separated out to the oxide film 102 and
captured by ‘reacting with the halogen (e.g., chlorine). Thus, the inpurity

captured in the oxiggibh ! LRAGEDREIokih §ms WNHLOYaL AR 3T RAkLPN of the

sem conductor substrate 101 can Ee prevented. Accordingly, when bonded to a
gl ass subst regtQive %hgrgﬁaﬁﬁﬁbeogntah@ﬂﬁ%oﬁﬁg séhiBGIah A @Bstdtel ok %Bt%g[iiﬁ@m ralizing

i mpurities such as included in the glass substrate.
heavy metal (such as Fe, Cr, Ni, Mo, and the like) which is an extrinsic impurity.
10 [0033]

The inchusion of halogen such as chlorine in the oxide film 102 by HCI
oxidation or the like makes it possible to performn 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 [02 can be fixed, whereby contamination of the
semiconductor substrate 101 can be prevented. Accordingly, when bonded to a glass
substratc, the oxide film 102 can function as o 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

HCI 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
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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] Not e itraghtediairdub@iugh t he case where the thermal oxidation treatnent
is 10 perfornmed in an oxidi zi ng at nosphere in which hydrogen chloride or

di chl or oet hy%@8hle is contained as a formati on net hod of the oxide filn1102
containing chlorine atons is described in the above description,

enbodi nent of thémﬁhﬁs@ﬁ?m@hvﬂﬂﬁﬁﬁﬂlWéh%EFi?ﬁﬁf@%ﬁ”ﬁﬁéﬁ@ﬁﬁ‘“FBF“%xanple by

perform ng thermal oxidation_ treat . m conductor s bstrate 101
o o ox1 g $Fg 89D SpHaMETHit - Geiedort BT 155" PEVEST & GRFGBNRE | or med on

t he surface f th e ondugct bst ate e atons ma
be cont ai’ned"t® Hm?ﬁgf8§1g5 %fHﬂTogﬂby adﬁ“f%%hmg gh%%?lﬁ%nyéﬁégaccelerateé
by an electrlcefl el]%er‘é‘fo cAittlng{:efQI%ﬁea{attﬁQo ?é‘ﬁ égtmﬁtogur 42N ion

el'y, ace e

i npl ant ati oA appar at u rnativ processed

with a hydr G HGh¥E .80l )kE ON, thernal OX|dat|on treatnment may be
per f or med I%@%gmgﬁbgﬁéﬂﬁa atnnép ere. 20[ 0037] Not e t hat hal ogen

atonms cont aigggh in the oxide film102 are not linmted to the chlorine
atonms. The Oxide film 102 may contain fluorine atons. In order to perform
fluorine oxidati Qm®nhdheususd aee cat whee spivapndustionios ubstieat es 101, the

follow ng may be perforned: the surface of the sem conductor substrate 101
i's soaked i Pedfrmsdinini @Mitizing atmosphere in which hydrogen chloride or dichloroethylene
is contained as a formation method of the oxide film 102 containing chlorine atoms is
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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and then thermal oxidizing is perfornmed thereon in an oxidation atnosphere;
thermal oxidation is perfornmed on the sem conductor substrate 101 in an
oxi di zing atnosphere to which NF3 is added. [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 through the oxide film 102, the ions 103 are
added to a region at a 10 predeterm ned depth fromthe surface of the

sem conduct end b gtered exi@Bhg inhafoohsd thereorerrymi axidated stegipbere;lbadmgln be
formed. The ions 103 are obtained as follows: a source gas is excited to
gener at e pl asidetiopfis pdsirmardipngle gparcondistT PEEEAe HY if de @xidiFing Biesphiciss e ar e
extracted fromthe plasma by the action of an electric field and are then
accel er at ed o VoS 95AE depth of the region where the enbrittled region
104 is faulted can be adjusted by the kinetic energy, the mass, the nass,
and the i nci®efk angle of the ions 103. The kinetic energy can be adjusted
by accel eration |tage, or .th i ke he it regl is forned
at a depgh t he Séﬁ%agggﬁagéf%ﬁﬁ?%T?gm?‘E“%%%%hgﬁﬂTﬁ%h§§8?§§3&3eéth at which
the ions 103,h e . Jhen i t: Lngle crystal
20" sem condibtay PSR eFOFAS! il 4 Mkl GE0AT M BB RS 10171 6

det er m ned pgegété}%i&@p&é%mt &% Vﬁth ChnitfRudi@nsbl@Re a6 @ddets M) depth at which

the cnbritt region 104 1s formed is adjusted so that the thickness of

the single Qrysddd in e A EY GlrBiuckBYRY ac6IatBEiody BBLIRHG HeaRicokduegrial to 110
nm and | ess than or equal to 500 nm preferably greater than or equal to 50

run and | essudshad 101 t6ligalhd 6xidOBINI02, thi RD4AD3 are added ea @bdidd 4ttd ed regi on
104 can be fornmed by ion doping treatnment. |on doping treatnent can be

per for mad Ugichgerained dapthl Gpinnte appar dtthessemAotdupioc albstraonidopherepyalxpar at us i s
a non-mass-separation apparatus with which an object placed in a chanber 5
i s irradi at edbmilechregioh 19bradpdoimed. JHnarmt!€d atsyebtakei eafollows: efsowcpr ocess gas
into plasma. The apparatus is called a non-nass-$eraraﬁiqn appar at us
because an ebyjieetcitedtoigerendi ploswn ofithetsowpe gasmd agip sluded inghipplasiferrr t hout
mass separation. In contrast, an ion inplantation apparatus is a
mass- separ at¥Baed Fpathpniasma hy the gppquehpmsiecss sk aé‘ﬂﬁ‘éfr‘&t“ti‘%"e?"éat‘éln appar at us
wi th which %%3%bject is irradiated with an ion species having a specific
15 The depth of the region where the embrittled region 104 is formed can be
adjusted by the kinetic cnergy, 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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10 mass after nass separation of ion species in plasma. [0041] Mai n
conponents of an ion doping apparatus are as follows: a chanber in which an
object is placed; an ion source for generating desired ions; and an

accel eration nechanismfor acceleration of ions for irradiation therewth.
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 plasm, a
filament el ectrode, a capacitively coupled high-frequency discharge

el ectrode, or the like is used. The accel erati on nmechani smi ncl udes

el ectrodes gooah] as an extraction el ectrode, an acceleration electrode, a
decel eration 20 el ectrode, and a ground el ectrode; a power source for

suppl yi ng power tiheehbsdedsegion Hddes be farmedtbhidon dokvg tFiaew. dlordeningdes
included in the accel eration nechanismare provided with a plurality of
openi ngs or trshtivgrf cap fhe dGHAMGA | veiRE i 4B nien Whpieh aphae e nd ridie 9% denitethe i on
source are accel erated. Note that conponents of the ion doping apparatus
are not | i NePREGAUSES § FE-BBEVRAGEACIPHEYS WEkBidR At Qbicshplackd 1y P*ffg’é’a‘gd

mechani sm may, be rovi ded. [0042 In. thi,s enbodi nent, hydrogen is
nddeq t oot ne? wanre el o SR krE b oIt Sh PORAGH TE HBB at 0s. A
hydr ogen- cont ai ni n as..is supplied as a . y exanpl e,
H2 is suppl %ﬁ?ppﬂragfgs/gsr%ﬂdeena Iéogélgﬁsss'se@?(réﬁ?ueaﬁg %I%E%%ﬁéuggg [ggbﬂ%ég%%?dh?%{ls i ncl uded
in plasma are,a r ' - arat.i.on d sem.conduct or
substrate 10" thi %P?an‘r%a%}e‘g eg] \tf\)nntgﬂ; tvﬁgﬁgtc?gfgeéci%ggg& oﬂjs]. °"?‘g§s&3 Iuﬁ] an ion
dopi ng appas i i S o1 AP . LB idnQnBlandf ar@fis 1 On 10
speci es (Fr?ﬂ&%ﬁ?mgEﬁmﬁg%gg?%ggggﬁiwééﬁgég%gd ??gﬁlaﬁthggggﬁ gas is set to
50 % or nor & 4 RLeffheRlY whith & B8éS anhagReOkitHatioh SpesRE hdving&Gpdeify nor e.
Because an ion dopi ng apparatus does not involve mass separation, the

per cent age @fassuMer (438 tepa@fionfinabedids ifigasefa. | on speci es that are generated
in plasma is preferably 50 % or nore, nore preferably, 80 % or nore. By
irradiation[e@4th ions having the same nass, ions can be added in a

Main components of an ion doping apparatus are as follows: a chamber in
which an object is placed; an ion source for generating 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 generale 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 ton 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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15 concentrated manner to the same depth in the sem conductor substrate
101. [0044] In order to formthe enbrittled region 104 in a shallow
region, the acceleration voltage for the ions 103 needs to be |ow. By
increase in the percentage of H3+ ions in plasma, the enbrittled region 104
can be forned in a shallow region. Since the mass 20of an H3+ ion is three
tinmes as large as that of an H+ ion, H3+ ions are added in a shall ower
region than 1-1+ ions when an acceleration voltage is the sane. [0045]
Because the mass of an H3l ion is three tines as |arge as that of an Wi on,
when one hydrogen atomis added to the same depth, the acceleration voltage
for an ionpoaidede three tinmes as high as that of an Ir ion. Wen the

accel eration voltage for ions can be increased, the takt time of an ion
irradi ati on[®#&p can be shortened and productivity and throughput can be

i nproved. Accordingly, by increase in the percentage of Hf. jons, atomc
hydrogen (H) canlp 1@#@%‘#’@#’5h@f%ﬁ’a’éadqeé“t‘ﬁéseﬁg‘é’ﬁﬁh{?@ﬁ&ﬁ’é?ﬁ1%‘1]’65’%rate 101.
[ 0046] Because i on dopiﬁg appar at uses_ are iqe pens%ve and excel | ent
for use in PRIYeloRME LPREELE b fi“’%%})"‘ioflﬁaﬁlﬁigagtaf‘ SR H3 PV §%E%f such an

i on dopi ng appatatus, .significant fects such as,.an_inpr nment in
o om0, SRP2RE SEou ) ShSREY, RHAEE g0 AR BB SAETE

. i .
sem condactﬁ I'n ar€a, a reauction i1n

costs, a“;’n%i%}gdé? Enog&%“&e 10 RGN B deSdr SREY afiPhe angaﬁa&&ed-

Furt her, e cas ere an 1 on doping apparatus 1s us eavy netals

may al so be i nLLOMGEHasRENEUR he aB¥icltdiddkat i on with ions through the oxide
film 102 contalning chlorine atons, the sem conductor substrate 101 can be

prevented fr peing contam nated due to these heavy netals as descri bed
above. 15[05%@?

In an ion doping apparatus, the percentage of Hi' (o the total amount of ion
10 species (H', Hy', and H;") that are generated from a hydrogen gas is set to 50 % or more.
Preferably, the percentage of Hi' is sct to 80 % or more. Because an jon doping
apparatus does not involve mass separation, the percentage of one (Hs") of plural kinds
of jon 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  concenirated 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
voliage for the ions 103 needs to be Jow. By increase in the percentage of H;" fons in
plasma, the embrittled region 104 can be formed in a shallow region. Since the mass

20  of an Hs' jon is three times as large as that of an H' ion, Hs" ions are added in a
shallower region than H' ions when an acceleration voltage is the same.
{0045]
Because the mass of an Hi' 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 Hs"
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Note that the step of introducing the accelerated ions 103 into the
sem conduct or substrate 101 can also be performed with an ion inplantation
apparatus. An ion inplantation apparatus is a mass-separation apparatus
whi ch introduces specific ion species into an object placed in a chanber
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
i npl antation apparatus, Hl ions and H21- ions that are generated by
excitation of a hydrogen gas and PH: r are subjected to nmass separation, and
either 1-11- ions or H21 ions are accelerated and introduced into the
sem conduct ofon satbistthm ¢mdsOb highGO 48] of aNgXtign. a V8up poraticivgptioubsitagate 121 i s
prepared (see FIG 1B-1). [0049] As phe_supporting substrate 121, a
substrat e foloneeindfe ingredsers dheateldriines oflaredn iSpéation isien oy be ghoyignddemng of gl ass
substrates that are used in the electronics industry, such 5 as
al umi nosi | i crredicHYitys ands thsiehat can bg| WFEH or dePIdinelt dygingsesesiip®er at es, and
bari um borosilicate ﬁla§s substrates; quartz subs%;ateﬁ; ceram
substrat es; ReF§IEEpFhile G At JYIREH B §rY Y. Siinertl; addfp8aifent, a
case of usiQ% a %+ass %ub tﬂﬁte is described. By using a glass substrate
whi ch can® hatvB g usPE¥ 5" %And i s i nexpensive as the supporting substrate
121, the cos &ﬁn be reduced as conpared to the case of 10using a silicon
waf er . [0050[%)0 Further, a surface of the supporting substrate 121 is
preferably cleane efore the s I ate 1 I ed. .
Speci fically, uItggg%%i?ncogﬁﬁfﬁégﬁékégg?%%ﬁ%%£%hgph§&gk%b%$igﬁdnsubstrate
121 using a Lfuri.c i ; oXil i re : y ammoni um
hydroxide/hf 86%%t%gggﬁgégxﬁéggﬁggﬁf%ﬁﬁ?ﬁgg%E§%¥é§ﬁ%%?@%m%ﬁﬁﬂ%ﬁidrogen
peroxi de m Xfurgahdditi subth hiingRpRYGEQ0BRehcHRIbEe it sticQ 4PRENRt er,  or
the like. For exanple, ultrasonic cleaning is preferably perforned on the
surface of tiHer&URReddiidOinSttRs] hall & kikowmbnginaprbydi@CEHicEi® @givd/ hydr ogen
peroxi de m xture. By such cleaning treatnment, the surface of the supporting
substrate 12Zbtaed. beirbapothe 26d WARreamdioakicgsg wepapaistis cledsheagmaimisng on t he
surface can be renoved.

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

[0048]
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[ 0051] Next, the surface of the sem conductor substrate 101 and the
surface of the supporting substrate 121 are di sposed to face each ot her,
and the surface of the oxide film 102 and the surface of the supporting
substrate 121 are bonded to each other (see FIG 1C). [0052] Her e,
after the sem conductor substrate 101 and the supporting substrate 121 are
di sposed in contact with each other, a pressure of about 1 to 500 N cn®,
preferably, 5 1 to 20 NcnR is applied to a portion of the sem conductor
substrate 101. Fromthe portion where pressure is applied, the oxide film
102 and the supporting substrate 121 start bonding to each other and the
spont aneous bondi Ngxtprsogeedy sthstrge ddigeprepdraigsde l{GéBelnt i re surface. This
bondi ng step is perfornmed by the action of van der Waals force or hydrogen
bondi ng and [8e4¥1be perforned at roomtenperature w thout heat treatnent.
10Thus, a substrate having a | ow heat resistance, such as a gl ass
substrate, can beAugEcupdTeSURYRISORL hErbsials farmed of o insylgprsjused. Not e
that, before the sem conducgtor substrate 101 and the supportingwgubstrate

121 are bond@acicaliaacrrey RE glassspstaiRy (at 2t psgi #o2e elsriragies SHustye
i duct hst t 15 101 th ti 1 1 121
o0 o0l T URRRUEHS e O bR BRI A S e
1 t 1 h. | i R ) ) i i , t
oo b iR SHRETLOG (a0 E AL L TEARIANLE o8 SRS, (1O

wat er or hy%@&g@g ggyaggﬁagg 1m§@mw&§fae,§u acesst:io@rusﬁ?;d SMEN.AS.@1iL rogen), or

a conbi nati on thereo e perforne ternative cleaning wth ozone

water and ZQLhe&ANBYGsik b 18V SbatcUpidiCoaf Ghet IBMe Bfa hEPRAL&HeRIEI al ti mes.
In particular, after plasma treatnment is performed on the surface of the

oxi de film 1Q2ha88pdrihg SMEdRCE10fhetdd ahlBP @filibdd hs SURSIERTEhd 2de @8 descri bed
above, surface treatnent is perfonned, whereby dust such as organic

subst ancas aRing Aeilisdrwage of the oxide film 102 and the surface of the
supporting substrate 121 can be renoved and the surfaces can be nade
[00507
Further, a surface of the supporting substrate 121 is preferably cleaned before
the supporting substrate 121 is used.  Specifically, ultrasonic cleaning is performed on
the supporting substrate 121 using 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 the like.
For example, ultrasonic cleaning is preferably performed on the surface of the
supporting substrate 121 using a hydrochloric acid/hydrogen peroxide mixtare. By
such cleaning treatment, the surface of the supporting substrate 121 can be planarized
26  and abrasive particles remaining on the surface can be remeved.
[0051]
Next, the surface of the semiconductor substrate 101 and the surface of the

supporling 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

18



hydrophilic. As a result, bonding strength between the oxide film 102 and
the supporting substrate 121 can be inproved. [0054] Note that, after the
sem conductor substrate 101 is bonded to the supporting 5 substrate 121,
heat treatnment is preferably perfornmed in order to increase the bonding
strength between the oxide film 102 and the supporting substrate 121. This
heat treatnment is perforned at a tenperature where a crack is not generated
in the enbrittled region 104 and is perforned at a tenperature higher than
or equal to roomtenperature and | ower than 400 C, for exanple. The oxide
film 102 may be bonded to the 10 supporting substrate 121 whil e heating at
a tenperat u@GViiCh.hi n t he above range. The heat treatnent can be perforned
using a diffusion furnace, a heating furnace such as a resistance heating
furnace, a &Pt thermal annealing (RTA) apparatus, a mcrowave heating
apparatus, or the like. [0055] 15l n general, when heat treatnment is
perforned at the Bafrefies e sepaioquuciaresibstratsd Oh apehiibA GuRpPriog Sutsierted2k i | m 102
and the supporting substrate 121, dehydrati reactj roceeds. at the
bondi ng i nt é‘F?‘Hﬁ’@gﬁQﬁ’HCW“B ‘Eﬁc%&‘bgru? g"ﬁ%@ 08%?%“ gfoo}’sOg&/grﬁ’hﬁ?g‘a?’We bondi ng

i s strengthene sf r engt heni ng hyd en bo r.form a-coval ent bond.
I'n order%t oqptszﬁg%émtﬁé‘pﬁbeﬁﬁ%?g%né’% Ogglgcs ]fl%%ﬂ%ﬁt%i %’Eosg?ag g)ghelilg ed at the

bonding 20 i Q{tl%ljal Ivﬁl&rl% 5&6@{[12&%%%?%{%@ tgt? E',%{QJ | 2 4§ ﬂ%tslqg;&ﬁgl%% Ha.P§,1 emoved by

heat treat rré)n ure. n ot her words, eat treatnent

after bondi [ I S prdRER Y frat at the
bondi ng int gfg?gglgﬁt t&gicgﬁqigﬁ%gﬁ%gpgﬁngﬁ{s?’gﬁﬁ%n canngfghglg@rennt\ﬁ/gd

ef fectivel YiendAWSeact herndaladdh @b il pbreaatd BNhel88isn BPfanRcOwmeedioraded bondi ng
strength cannot be inproved sufficiently. [0056] On the ot her hand,

in the case e RAAIBX kitiecahite PefOitiediaNiods tEhipeddtird &vidbaMBatafeatfaer. | | ke 1S
used as the oxide film 102, the oxide film 102 can absorb and diffuse
noi st ur elo THnss, aewetatehainghelaty hesteaismmat, sahtien ghondbagte] @npenfednsred at | ow
the supporting substrate 121.
[0653]
Note that, before the semiconductor substrate 101 and the supporting substrate
121 are bonded to each other, the oxide film 102 formed on the semiconductor substrate
16 101 and the supporting subsirate 121 are preferably subjected to surface treatment. As
surface treatment, ozone freatment {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 nitrogen), 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 supporling substrate 121 can be removed and the surfaces can be made
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5 tenperature, noisture generated at the bonding 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 gl ass 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 i nproved.
[ 0057] Next, heat treatnent is performed to carry out separation
(cl eavage) along the enbrittled region 104, whereby a single crystal
sem conductor |ayer 123 (here, a single crystal silicon |ayer) is provided
over the suppdrepiiyg sishs tresalt.,eboanghgwitiereth hetwesi dhe Hiidanfilnd 1102 andtths posed
t herebetween (see FIG 11.)). [0058] Wen the heat treatnment is perforned,
t he at om adderportise §dsEtatd $abbr MPHVeEd-m crovoi ds which are fornmed in the
enbrittled r&gion 104 by increase in tenperature, and internal pressure of
the mcrovoil®#®4 s increased. By increasing the pressure, the 20 nicrovoids
in the enbrittled region_104 are changed in volunme and a crack is generated
B Heusise 8 duwar

in the embrittled"¢elroATYFORe sorHtIduca Subsie UBS EPRREIE 01 | 5
REUIE Bt TSR SRR I R CR TR
layer 123 V\’fyrgn%lhi Betweed dh& tO%QC fﬁrhg WOE ha?ld the supporting substrate 121. This heat

treatment is performed at a temperature where a crack is not generated in the embrittied

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 {reatment can be performed using a diffusion furnace, 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 inlerface 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
femperature, moisture generated at the bonding inferface 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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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]
Note that, kgoache heat treatnment of FIG |ID w thout the above-descri bed
heat treatment for increasing the bonding strength between the supporting
substrate 121 andOt He othzi ided.fi therras@ wherg reodidediimicorigiping phloredfpnfsor
i ncreasing the bondi ng strength_between the oxide film 102 and the
supporting shhike it eed 23 hgnexidendimn b ther eadendit 1 &9 $8v® 15¢ iffsnhg
separation along the enbrittled region 104 may be perforned, at .the sane
tinme. [0061]mHPEugRPhevehahen deapleatment &fpr bomslier . BSTORGh AL O he i ngl e
crystal sem conductor Jayer 123 .is provided. over Ehﬁhe u rfing substrate
121 wi t h & he B e f“f’ﬁ‘l“{eoﬁmleﬁfegr%otg%g’o?cﬂ‘égr é“geé{%\?\e/ee % En‘ggceée%dﬁagif’ Act ur ed.
Wth the manyf act uring, vcorbed and diffused into the oxide fitm 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 {reatment is performed to camry 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 treatiment is performed, the atom added 1s 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
26  microvoids in the embrittled region 104 are changed in volume and a crack is generated
in the embrittled region 104. Thus, the semiconductor subsirate 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

21



20 met hod described in this enbodi nent, even in the case where the oxide
film102 is used as the bonding | ayer, the bonding strength between the
supporting substrate 121 and the single crystal sem conductor |ayer 123 can
be inmproved 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 SOT substrate in which

t he supporting substrate 121 and the single crystal sem conductor |ayer 123
are disposed in close contact firmy can be forned. [0062] hi addition, by
formng the oxide filmcontaining a hal ogen such as chlorine on 5 the

sem conduct afeasndask patemsad de tenspermpuneifica etaedimgthpstooassnt ohthe repsitingl | fi ed and
inmpurity elenments can be prevented fromentering the sem conductor
substrat e befubstwied®hdi ng t he supporting substrate and the sem conduct or
substrate to each other. Further, by formng the oxide filmcontaining a
hal ogen sucHO@&¥ichl ori ne as a bondi ng | ayer which is provided on the

sem conductor substrate side, bonding strength can be 10 i nproved by
pronoti ng dehydr o§eindedt sreatmspiceandis reffpimadeittiey? diflsioniieprcen bediEe ¢ r eat nent
after bonding is perforned at Iom1tenperat&re. Next, crystal

def ects renefmpergudinse B s@prerbsume Sk &yt @F@%g’g’gﬁ‘!ﬁg (REW2RgHdtet or | ayer
123 bonded to the SURBOLS hid-2uPS LahE. 358 SEMBCHe Alar Fhei:R%an 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 minuies.
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

26 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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5 Defects due to the ion addition step for formng the enbrittled region
104 or the separation step exist on the surface of the single crystal
sem conductor layer 123 illustrated in FIG 2A, and planarity of the
surface of the single crystal sem conductor |ayer is damaged. It is
difficult to forma gate insulating |layer which is thin and has high

w t hst and vol tage on such a surface of the single crystal sem conductor
| ayer 123 20 whose planarity is danaged. 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 tdigch the erppbaces bbbvae1ang siteasinglesury e issngcdrdyeter lad 123wee si ngl e
crystal sem conductor |layer 123 is increased. Therefore, treatnent for
renovi ng t helighefed at Josekontdvefimiineandedompsd.al sem conductor | ayer 123 is
performed. Note that the uneven shape of the surface of the single crystal
sem conduct dP042yer 123 in FIG 2A just shows characteristically that the
surface i s rough and_has_poor planarit and the actual Iai/g‘?e. i S not

limted theret o Woddition By farmise e oxjds Sl copptaipipgea bloggP snch ne on

sem conductor |ayer 123 which obt ai ned t he separat 9 e s about
130 nm thJJ’ 5 Y9G 5‘5@4?"““&*6 ISB‘F n? &aé'é[g tt'%‘}/gr BiERE © F’h ; r]mte(ti g&‘: st i nguon
t he surface .of the si.n sta emc etching is
per f or med Onlmtnh%y §lfF‘F‘ég I% Q’ ven ed%ro ermg { aI scmlcg%{(ﬁactoila.l%ftrafté ?e%re 9

e single cr em conduc ayer 123 (see

RTS8 Ml teranax . Y B 8EGh1 a0, BBLpOd such as

reactive ion e uctive y coupl ed plasma (1CP) etching,

el ectron cyGhotLoR, oﬁﬁﬁg%%d(e%ﬁ?ﬁ%)cm%&hg mamg@rsﬁéﬂ %'ch?)hﬁé & {GRRAgi tively

coupl ed pl asma) et'chi ng, magnetron plasia etching, dual-frequency plasnma

etching, or helieen Vel S8 sahicdididor sibdtaRide] ROERE &I dagBVal of the
surface of the single crystal sem conductor |ayer 123 by perform ng etching

on the singligpfRis bl pr&@dting OMHydb@hatlody RhctibR Lffididnely dete atisn fiby ied on t he
surface of the single crystal sem conductor |ayer 123 can be renoved, and

t hus sur f acardammghufesisontihg isherfsimedhdow tepgembursem conduct or | ayer 123 can be
reduced. For exanple, when ICP etching is used, etching nmay be perforned
under the fdbb@h ng 20 conditions: the flowrate of chlorine, which is an
etching gas: 40 seemto 100 sccm power applied to a coil type el ectrode:
100 Wto 200 W tNextpowestal ajsfcts etpmapning |owéxe sirpet rddée( onele hey$tlas side):
40 Wto 100 W and the reaction pressure: 0.5 Pa to 1.0 Pa, For. the etching
gas, a chl orﬁeﬁéﬂ%‘h’é‘éﬂlagﬁsl%dl‘?ﬁdcé@é]mWPP‘H%“g %‘Bi‘t@f‘f’ FRFEvekdy sehipgon

chloride or carbon tetrachl orj de ori.ne-bas s such ar bon
tetrafl udti &gefecéququp the ion addngm step for L% orming the em % tt%g regsion 104a or Ehe

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. 1t is difficult to form a gale insulating layer which is thin and has
high withstand voltage on such a surface of the single crystal semiconductor layer 123
26  whose planarity is damaged. When the single crystal semiconductor layer 123 has
defects, performance and reliability of transistors may be adversely affected; for
exaraple, 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



fluoride, or nitrogen fluoride; or oxygen is used as appropriate. The size
and depth of the defect of the single crystal sem conductor |ayer results
fromthe anount of energy or the dose of addition of ions. Thus, the

t hi ckness of the single crystal sem conductor |ayer to be renoved by the
first etching may be set as appropriate depending on the 5 thickness of the
single crystal sem conductor |ayer 123 before the first etching and surface
roughness thereof. [0066] The first etching illustrated in FIG 2B can
be perforned as follows: a flowrate of chlorine, which is an etching gas:
100 seem power applied to the coil electrode: 150 10 W power applied to

t he | ower eltettheadeen 4QpdNf tiarsdiface at thi einglprregsd gensicotin@oPayet 623rivfive t he
single crystal sem conductor |ayer 123 to about 120 nm [ 0067] By the
first etchi rig ipssliconshatactnistidaby ek thawelzesfis 1ohgh aidhgs Roog pYRarigh amsldhd conduct or

| ayer bonded to the supporting substrate by separation of the single 15
crystal seniae@ridthercois agdisticdtiberetp h Njethsetle thirknesy of Hee Fipsle £861Rt i on step
or the separation step can be rennpved; .thus, surface.rou%hn ss of the

singl e crystsgnicakpten Ay dedvhich yerbiaiund Bydhe e SPah 8% NS ¢hat cryst al
defects are framed in the single crystal sem conductor |ayer 20 123 bonded
to the sdbp&ﬁépﬁg substrate 121 owing to formation of the enbrittled region
104 and seng&%ion at the enbrittled region 104. In order to reduce the
crystal def s'in the single crystal sem conductor |ayer 123 and recover

the crystallini t¥,ofad o -t IR AleySETh GRNDELOL hYRE Lo Lhe Single
ystal sem conductor | ayer Isirradiated with a | aser beam 107 as
illustrated sErﬂicEﬂd@:to:zl%cr 1&9@1@59]etching is performed on the surface of the single crystal
semiconductor layer 123 (see FIG. 2B). In this embodiment, for example, a dry
10 etching method such as reactive ion etching (RIE), inductively coupled plasma (ICP)
etching, electron cyclotron resonance (ECR) efching, 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 erystal 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 scom to 100 scomy
power applied to a coil type clectrode: 100 W to 200 W, the power applied to 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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As indicated by an arrow 108, the surface of the single crystal

sem conductor layer 123 is irradiated with a | aser beam 107 in such a
manner that the single crystal sem conductor |layer 123 is scanned with the
| aser beam 107 while the supporting 5 substrate 121 is noved. By
irradiation with the | aser beam 107, part of the single crystal

sem conductor |ayer 123 or the entire layer in the depth direction is
melted. Wien the single crystal sem conductor layer is nelted, planarity is
i ncreased by an effect of surface tension. In FIG 2C, the state in which
part of the single crystal sem conductor layer is nelted is schematically
shown, and datuotiéast nifyeget flodride; paryget GQused & sppropuaihdddie bige anddispthefl | i ne
beconmes a liquid phase after exceeding 1410 C which is the nelting point of
silicon. [O0FOjefect of the sispie arysiahspagonéiviopiayer rels frefs Bic 2pedei OPEY ©om an upper
surface side of the single crystal sem conductor, |ayer, the upper surface
of the singltee 89s¢ & additior of &dhd fdPsthy hipksess qiche spglp Ervial Fteé’éﬁon‘iﬂoér bei ng

mel ted, the single crystal seniconductor |ayer is cooled and solidified,

wher eby a sili‘Xj’Fg’ E?S‘?E’P&qdaté’e‘ﬁ? ha%G %F“Wé’?/é%/t *\ﬁ%’?{%%&%@@%%‘ﬁe ®surface
| anarity, c e obtained. W t he ys ft er.beam 107 e

g uppor!ti ?'/Pg gﬁﬁge?sa?fzatg%[ﬁ'fg‘le §Wﬁ%r S%?‘?Oélg%ﬁ%)fqﬁye%? g%!bgf?ﬁutg? ?lﬁsﬁg%}gléléea}l (?n t he

tenperatureSof_aée@&ggn%gﬁ%r%gfng substrate 121 can be suppressed. Accordingly,
a substrate "having-a Tow heat resistance, 20such as a gl ass substrate, can

be used as t@@%fupporti ng substrate 121. [0071] The nelting state of
the single c[rys al sem conductor |ayer 123 by irradiation with the |aser

beam 107 may be efjhgé eQﬁiEl% hRkkYed TR kL OB Sl c@e@bmia aPloabwd: Y iew!ded state.
Note that the term"conplete nelting” here nmeans that the single crystal

sem conduct Qjf chib@eeWwhitd 2 ah StchB} k& 1000céGowbiCippliddyto efe chineledt@drrso nt er f ace
to be made in a liquid phase. On the other hand, in this case, the term
"parti al 1o0mel W] gag/er apphdisto tHeddwdr kiRctuppett Waantl ra@btidnlyeessiragl0ePaon yadoat

sem conductor layer is nelted to be nade in a liquid phase while the | ower
part t her eofthd Snghodrysmabbdnéchbndutbrilayesi2B lid abont 12090l | d phase. Preferably, the
upper layer 5 (the superficial layer side) is nelted to be inaliquid
phase and t Hebd7pwer | ayer (the supporting substrate side) is not nelted to
be in a solid phase so that a partially-nelted state i s obtained, whereby
crystal growth prBeebeistipt sivhiehePsbrny sRatde Pt o, hrnsieele twestdief ects in

the single crystal sem conductor |ayer can be r%duced.. 0(%7%(1 .
semiconductor layer bonded to the sipporting substrate by separation ol the single

15  crystal semiconductor substrate, the defects due to the ion addition step or the
separation step can be removed; thus, surface roughness 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 lager beam 107 as tlustrated in FIG, 2C.
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10For the above-described | aser beamirradiation, a pulsed |aser is
preferably used. This is because a pul sed | aser can instantaneously emt a
pul sed | aser beamw th high energy and a nelted state can easily be
obtained. The repetition rate is preferably about greater than or equal to
1 Hz and |l ess than or equal to 10 MHz. [0073] 15The single crystal

sem conductor layer 123 is irradiated with the | aser beam as descri bed
above, part or the whole of the single crystal sem conductor |ayer is
melted and recrystallized, so that a better single crystal sem conductor

| ayer can be obtained (sec Fig. 2D). Accordingly, defects caused by

addi tion of [0@As can be reduced, and a single crystal sem conductor | ayer
whose crystallinity is recovered can be obtained. 20 Mreover, etching is
per f ormed bef or e Auivdicatésicynan arondi08t the purfaphelr bh yingle eygplignisordugisr al

sem conductor |ayer can be prevented fromincluding defects or danmage at
the time of e W miradisged withorrlaser peam R 7sinrpafine panneh ot te sielsenistal 1 r adi at i on

makes it possible to heat _and cool, do sur.fac f the supporting
Substrate | TOHORKEIEr Byerel2d (haeenngd b dciaieh EHE 1PLRBUF St REPGTS he
supporting substr .can he suppr.essed,. and a subs te_hayln | ow heat
resi st ance, Sglif‘gﬁte géFés ’élf’?gs é&ﬁ%ﬁaﬁ%%{%%@ aseefﬁ’gae"at‘é@ pt‘?i ﬁé)?\sﬁlljep%"dﬁ?i ng

TR Lo DB RS P B b GBS BETLARAINELES haar I |0

the i on addit©dn°% €p can ufficiently repalred. ] Next ,

treat ment i%&ﬁ%%ﬁ@g §g}t3{ax LEAUGIRe, bR ihaleRessn Ay fshgcrégsai%yemgryst al

sem conductor Tayer 0 such a thickness that is optinmal for
sem conduct Q|2 TRRkce ksiBe TRIFIB DA, ahE bate S QubihGartZde) the Hﬂ%i@ drRiaNni Ng step

is preferably performed by etching 10in which a substrate bias is not
appl i ed (al $enkefdshchyd & MsiIqs WhGmalceIRi §@Wn, and at least part of a part 109
10  surrounded by a dotted line becomes a liquid phase afler exceeding 1410 °C which is
the melting point of silicon.
[0070]
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
16 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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[ 0076] FIG 3 illustrates an exanple of a structure of a paralle

pl ate (capacitive coupling) plasma CVD apparatus as an exanple of an
apparatus which is used in this enbodi nent. The plasna CVD appar at us
illustrated in FIG 3 includes a process 15 chanmber 620, a stage 621, a gas
supply portion 622, a shower plate 623, an exhaust port 624, an upper

el ectrode 625, a |ower electrode 626, an alternate-current power source
627, a matching controller 628, and a tenperature controller 629. The

di stance between the upper el ectrode 625 and the | ower electrode 626 is
about 10 mmto 70 rinn. [0077] 20When treatnent is performed with the

pl asma CVD alpgan & issndltbd wshe aitiety ofthd-lo@er Bferfacegp bemadas 4 Bquslgpbd. ed from
the gas supply portion 622. The gas is introduced into the process chanber
620 t hr ough ®hikeshewend,ph dtivcagR e teing patiplogdend ynopesibst thesupappiaited by t he

al ternate-current power source 627 connected to the upper electrode 625 and
the | ower elibesipgeevegdaenigonshedt layer fandigd tq be e i Hawd shesh ghtrethe 120,

thereby generating plasma. Further, the gas.in the ocess chanmber 620 is
exhaust ed t HPYS%FQFI‘”‘%W@OEE‘% Refuatitehggidis gillgn Mfiq@wh?sg- c%ﬁfﬁ'g@whe ¥RBeHaXPEcuum punp.

Further, the t t .Qnt.r ol 29 k it i ble t f

e ek STBSAT R SO0 BT 2 TSR0 PN SR ETELS Me o2c
i ded. 5[0078 .,.n. the . i th t
e

illustrated e the sin conduct or
layer 123 is pesford i i o : this tine, ills
pref erabl e tsﬁaget tﬁ%‘g%?(‘;}\}/lv&? t%&%gg' %%S%rggeﬁggfbﬁg@gzdyéppﬁ% P%ﬂ%%e&mgﬁt o the

process chanfeg.;840, Be sARe Uy stdQerkicodd@ioXRIBInGe réddgedf | OW rate of N2 is 400
seem and 10that of NF3 Is 10 seem [0079] Not e that conditions of

the second gbehyng can be as follows: the RF power is 15 Wto 50 W (the
power frequency: 13.56 MHz), the pressure of the process chanber 620 at the
time of ihe secormr gt ebtivegescsbed TasBavedd irkdiRg a pllba 1g Sk plakesbbeisween the 15
substrates is 21 mmto 30 nm and the tenperature of the supporting
substrat e 121hid i8 b2@0seG, pubspe tasdri caid InstgntarichesiRbmip o welsed 8seb BeaW ¢iliBhigh MHz) , t he
pressure of the process chanber 620 at the tinme of the second etching is 65
Pa, the di steamge ahbtwedted sthte can easily be obtained.  The repetition rate is preferably

about greater than or equal o 1 Hz and less than or equal to 10 MHz.
[6073]

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
(sec 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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substrates is 30 mm and the tenperature of the supporting substrate 121 is
200 C. [0080] 20By the second etching, the single crystal sem conductor

| ayer is preferably thinned to a thickness of greater than or equal to 5 nm
and less than or equal to 100 rim nore preferably greater than or equal to
5 run and less than or equal to 60 rim By performng the second etching in
this manner, the thickness of the single crystal sem conductor |ayer 123
can be reduced to the thickness which is optinmumfor a sem conductor

el enent to be fornmed |ater. [0081] When a substrate bias is applied
in etching the single crystal sem conductor |ayer 123, there is concern

t hat pl asnma ddanegeurfage eadsethpportidg eubstrag live acshys ttade; Insemeearducthor | ayer
123. Further, there is concern that inpurities are introduced into the

si ngl e crystiahpesasm: ohthelsippating swpsirate delpesippressed eud ebubefraobamg addyodi ment  of
the present invention, since the single crystal sem conductor |ayer 123 is
et ched wi t h heot resiaes auch abt glass gpirstedan bsedsisi seproripesalstaien Bohduct or

| ayer 123 can be etched so that plasma damage is not caused in the single
crystal seni@BagURIEY sipgly estalxgmicerfueRe fayeridye forigripn pEoR SRR YBn t he
surface of égg,sin | e.crystal sem conductor |ayer can be prevented from
bei ng i ntT oFHEEEIHERIE e singl e crystal semiconductor |ayer. Furthernore,
decrease in &;&orn&nce and reliability of a sem conductor device, which is
caused by i&p GHuction of inpurities into the single crystal sem conductor

| ayer, can be pr eﬁ%,&fe%ﬁneglg%%gggr}ned for dreduc%?%h@hlgm 90}‘ ﬁlegﬁxrgIeOJr%g using an

NF3 gas, whereby I ng ornmed 1n the single cryst sem conduct or

layer are ternl Dat.ed: Md o bUh aNGickSQ thdl MopnBIGhy d SalcofiRROLAEHK Sti CS can
be inmproved. Further, planarity of the surface of the single crystal

seni conduct qf p{ AYREd 1423&a1G 28).1 MMEQNBing A0 QO&&kably performeAfbl @fchiufpe t hi nni ng
step, heat treatnent is preferably perforned on the single crystal

sem conduct Qi whidil @ bubbigate Bks iDh@agsliel (W0 referr@qulad sebdd BRBIEY. and | ower than or
equal. to 700 C. By this heat treatnment, the defects of the single crystal

sem conduct qoodepyer 123, which are not repairerd by irradiation with the
| aser beam 107, can be
FIG 3 illustratcs an example of a structure of a parallel plate (capacitive
coupling) plasma 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
156  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 sapply portion 622. The gas is introduced into
the process chamber 620 through the shower platc 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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elimnated and distortion of the single crystal sem conductor |ayer 123 can
be relieved. For this heat treatnent, as an RTA apparatus, a gas rapid

t hennal anneal (GRTA) apparatus which perfornms heat treatnment using a

hi gh-tenperature gas or a lanp rapid thermal anneal (LRTA) apparatus which
perforns heat treatnent using lanp light can 5 be used. For exanple, when a
resi stance heating furnace is used, heat treatnment nay be perfornmed at 600
C for 4 hours. [0084] Through t he above-described steps, an SO
substrate illustrated in FIG 2E can be manufactured. 10[ 0085] In this
enbodi nent, a case in which the first etching is performed with a substrate
bi as appl i ekehaatth@gtasinhe durthowdv gts, inale eodeschhamber 689 istevbaugtedenighi nvent i on
is not limted thereto. The first etching can also be perforned with no
substrat e bithsexppt patt2418fig0i8 8onected to aaanmt ienpf | Fathew thetitmpprdtge al so
performed with no substrate bias applied, the single crystal seni conductor

| ayer 123 caentydlepf2hmakesdt pdsgible i aghum Fihgeviile Mabicgatidemeitgrtthe singl e
crystal sem conductor layer 123, Further, inpurities present on the surface
of “the si nglM¥otegdhaiovericEeidit & Rdfer can be prevented from being

20i ntroduced into the single crystal sem conductor |ayer. Furthernore,
decrease i n [B&% or mance and reliability of a seniconductor device, which is

caused by introductjon of. inpyrities_into the .single. I m conduct or
| ayer, can be pr e]ﬂ?éh‘? && Of[“é‘ggg‘f pk&‘%?gﬂﬁﬁpaf%“sa{ﬁ“é%%‘gﬁﬁ{éﬁi ﬁ}%feﬁ’ﬁ He present
I nvention, aor} thse?mgﬁel’zl:tr)yss‘ f?égn?coinclﬂmtor layer 123 is performed in a mixed gas of NF; and N».
At this time, il is preferable that the flow ratio of N2 to NF; that are introduced into the
process chamber 620 be about 40:1; for example, the flow rate of N; is 400 scem and
10 that of NF; is 10 sccm.
(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  subsfrates 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 etching 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 Jayer 123 can be reduced to the thickness which is optimum for a
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whi ch contam nation of the single crystal sem conductor |ayer due to
inpurities such as a netal elenent and the |ike is suppressed can be

manuf actured. Further, decrease in perfonnance and reliability of a

sem conductor device which is formed using such an SO substrate can be
prevent ed. 5[ 0088] Note that the nethod for manufacturing an SOT
substrate described in this enbodi nent can be appropriately conbined with a
manuf act uri ng nmet hod i n anot her enbodinent in this specification. [0089] 10
(Enbodi nent 2) In this enbodi nent, a nethod for manufacturing an SOT
substrate, which is different fromthat in Enbodinent |, will be described
wi t h ref er esesicomlutthieclameaii hg&mfd@G0] First, the semiconductor substrate
101 whose surface is provided with the oxide 15film 102 and in which the
enbrittled rMefilbn 104 is provided at a predeternined 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 aVREhh&PsEiHPES PBlidHgShing Ristipels gystplrericeRguc®i 1 (o
1A-3. [0091]

A I = i e G T RN
a manner 55 i T;:rlm%gndtuaort ig}?'etr 1!’.:1.' %su;tlli‘a?‘,ttﬁcg‘e gsr};oncem that impurities are introduced into
the single crystal semiconductor layer. However, according to an embodiment of the
present invention, since the single crystal semiconductor layer 123 is etched 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,
10  impurities present on the surface of the single crystal semiconductor layer can be
prevented from being 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.
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. TFurther, planarity of the surface of the single crystal
serpiconductor 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 treatrnent, 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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FIGIB-1. [0092] Next, an insulating |layer 122 is formed over the
surface of the supporting substrate 121 (see FIG 413-2). The insulating

| ayer 122 is preferably an insulating Layer containing nitrogen, such as a
silicon nitride film (SiNx) or a silicon nitride oxide film (S NxOy where x
>y). [0093] In this enbodinent, the insulating |ayer 122 serves as a |l ayer
(bonding layer) 5 which is to be bonded to the oxide film 102 provided on

t he sem conductor substrate 101. In addition, when a single crystal

sem conductor |ayer having a single crystal structure (hereinafter referred
to as a "single crystal sem conductor layer") is provided over a supporting
substrat e | aliminatet e distletibmof thysihgly enystaizemigpmlyctpruiavey ildhepnds relickrgt her | ayer
for preventing inpurities such as Na (sodium contained in the supporting
10subst r at e Tor ¢fiis dipat figatmen anew RTAesppiayh.ct 83syepid| thaywal awrd USREA) | ayer .

[ 0094] Next, at |east one of the surface of the oxide film 102 formed
on the sem CBPRINIEY WHCISRBETRSHeA gt hbngehi S PREENST82 Ae? PRR G i ng | ayer

LR o e et e PURRY L SR AL o Sl SR BATLST 10
ol o119, e 182 LIRSl YRR A S0 oh b ou0) ot 0
be performed at 600 °C for 4 hours.
[0084]
Through the above-described steps, an SOI substrate illustrated in FIG. 2E can
be manufactured.
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
cansed 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. Furthemmore, 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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The plasma treatnment is perforned 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 perforned,
the oxygen plasma treatnent is perforned in a plasma 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 plasm
and accelerated in a cathode direction (to the sem conductor substrate 101
side). The avdd entambdionefgwringkchoubsemBopdicior Hgengue 1 imheritigp pfchee to be
processed, whereby inpurities such as organic substances of the surface to
be processed e drmepieandied kg nvsuppressedisap e aoapplagigred r JSLBbE L e
activated, [0097] Further, .in the case where plasma_treatnent is perforned
on the i nsulPSEPHEnGeApd reliahifity oS3 sgpiepodupiar g‘iYﬁﬁd’fhﬁ‘i At fenps R ¥R 9 | Si N and
Si 1- 13 each vingﬁa hxpro hq%ic property on the surface of the insulating
| ayer 122 cohbarHBIHEcaNEPEERIYcan be decreased, and Si Ox having a
hydrophig C &&ggerty can be increased; therefore, bonding strength can be

i nproved evén I'nh the case where the insulating |ayer 122 contai ning

nitrogen is used di . 9 o . the
surface of the sg%§g§ﬁ8§§1%Qggtﬁéﬁ%g¥%é%%%=§Lﬁ0ﬁﬂ§“§ﬁf@%§§wg?9t1%
supporting s| - i £.ac . ] surface of
t he oxi de f?#%?%gg&gﬁ%%%ﬁgﬁgﬁgk cgﬁg e?ﬁ%&?hgﬁﬁggﬁﬁgénggﬁgg%%mgie bonded

to each ot he,(s8ent &is sfddcadden, separation (cleavage) along the
enbrittled region 104 is performed by heat 20 treatnent, whereby the

single cryst@hgﬁeniconductor | ayer 123 is provided over the supporting
substrate 151 wth the oxide film 102 and the insulating |ayer 122

interposgd tharahatseen (see FI G 4D)

In this embodiment, a method for manufacturing an SOl substrate, which is
different from that in Embodiment I, will be described with reference to the drawings.
[0090]

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

15 film 102 and in which the cmbrittled 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. IB-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



[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 SO substrate according to an enbodi nent
of the present invention can be manufactured. [0100] S5Inpurities can be
restrained fromdiffiising 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
and t he suppayer congpirsagostregan,eshchll rellicablrde il §iNbeoriapprovedide pgido 1]
According to an enbodi ment of the present invention, an SO substrate in
whi ch cont arfilmdbiNetly where ke yki ngl e crystal semiconductor |ayer due to
inpurities such as a netal elenent is suppressed can be manufact ured.

Furt her, dedP®3e in performance 15 and reliability of a sem conductor

device which is forned using such an S substrate can @@ revented. [0102]
Not e that & met hotl o P BEs i o8 MYt Ste P o e E™] n fhi o
enbodi et can be cpnblned W AR AT LS IRARd Aesaihed T
odi merit

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 inio 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).

[0095]

The plasma treatment is performed in 2 plasma state which is produced by

20 infroducing an inert gas {e.g., an argon (Ar) gas) and/or a reactive gas {e.g., an oxygen
{O2) gas or a nitrogen (N3) 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



201 in this specification as appropriate. [0103] (Enbodi nent 3) In
this enbodi nent, a nmethod for manufacturing a sem conductor device using
the 501 substrate which is manufactured according to any of the above
enbodi ments wi Il be described. [0104] First, a nethod for

manuf acturing an n-channel thin filmtransistor and a p-channel thin film
transistor will be described wth reference to FIGS. 5A to 5E and 5 FIGS.
6A to 6D. Various kinds of sem conductor devices can be formed by combi ni ng
a plurality of thin filmtransistors (TFTs). Note that repetitive
descriptions for the sane conponents as or conponents having simlar

functi ons t @xydre Womponemat iin pEfibwdd mermt plasmagpidtc 2whicle o wraduesd. by 0105] 101 n
FIG 5A the oxide film 102 and the single crystal seniconductor |ayer 123
are fornmed owexiudies gag o viom shagder adéralyine 2 pet HIBghoAR cBiRANDPE is shown
here in which an SOT substrate having the strucéure illustrated. .in FIG 5A
(refer to EmMRSEPHentO9Fen tgsede ﬁrﬁseﬁbi“ i A é"‘ﬁ’%“’rﬁ’g”’t fre® "g’lofl%ct ure

described T gl TR enecaiuckd! sSosSRE Gl 138! | P S80c:8es Bx28n UGG 150 0106]

5  collide with the surface to be processed, whereby impurities such as organic substances
of the surface to be processed can be removed and the surface to be processed can be
activated.

{0097]

Further, in the case where plasma treatment is performed on the insulating layer
10 122 over the supporiing substrate 121, SiN and SiH; each having a hydrophobic
property 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 subsirale 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 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 semjconductor 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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The single crystal sem conductor layer 123 is etched into island shapes in
accordance with the position of the sem conductor el enents, so that
separated single crystal sem conductor |ayers 205 and 206 are forned (see
FIG 5B). [0107] 20An oxide filmover the single crystal sem conductor

| ayer is renoved, and a gate insulating |ayer 207 which covers the single
crystal sem conductor |ayers 205 and 206 is forned. 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 layers 205 and 206 is a thin film the gate

i nsul ati ng | fayestchggnthe bva bedrharadiatigl, endohysbed esbing ewmtfotred, Wigywdys 205 and
206 with favorabl e coverage. Therefore, a property defect due to

i nsuf fi ci entanc 50k rsustsati ackording taine enbpsiimant iohghe Hyesent ciareniien sirebent ed, and
a highly reliable sem conductor device can be manufactured with high yleld
Reduct i on i mupEceRfickness of the gate insulating 5 layer 207 has an effect
of operatingﬂﬁgéhin filmtransistor with | ow voltage at high speed. [0108]
The gate in f ing layer 207 nmay be formed using silicon oxide or a
stacked ructure Ofn£I|ICOH oxi ge. gdﬁg%lhﬁﬁn nitr qg Jhizgat%ﬁlnsulatlng

| ayer nay be ?@? o by débdg? th an |nsuF%§|n5)f|? Igiasna CvD

ot LA A I R BB i

oxi dati on or SO IS 1S because a

gate insul atlb@g%%} §v’éta1f %H%Qd&}ﬁr %%ﬂ@&d' B0 s @borlthd Elpdidid O t%fmﬁro%d“m e

crystal sem con | ayer by plasma treatnent is dense, has high

Wi thstand vohg@geevedng theSca8X 684k ARY inbilatin gl il Riohthindhg JikbkOP)s dsof\ss hhe gate

insulating |ayer 207, a high dielectric constant material such as zirconium
di oxi de, hafyahaing Q@ybzdﬂa, bdniling Nhe Sendicadicde, subbirat anll ahd SoppaahO¥itdedry be

used. Using a high dielectric constant material for the gate insulating
| ayer 201 meddesilitt capos sbgabweedt o reduce gate | eakage current. [0110]
[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 serniconductor 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 inthis 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



20A gate electrode |layer 208 and a gate el ectrode |ayer 209 are forned over
the gate insulating |ayer 207 (see FIG 5C). The gate el ectrode | ayers 208
and 209 can be formed by a sputtering nethod, an evaporation nethod, a CVD
met hod, or the like. The gate el ectrode | ayers 208 and 209 nmay be forned of
an el enment selected fromtantalum (Ta), tungsten (W, titanium (Ti),

nmol ybdenum (Mo), al um num (Al), copper (Cu), chromum (Cr), or neodym um
(Nd); or an alloy nmaterial or a conpound material containing any of the
above elenments as its main conponent. Alternatively, as the gate el ectrode
| ayers 208 and 209, a sem conductor |layer typified by a polycrystalline
silicon | ayewildegedritwilt h an i npurity el enment such as phosphorus, or an
AgPdCu al l oy may be 5used. [0111] A mask 211 which covers the single
crystal semlébHductor |ayer 206 is forned. Wth use of the nask 211 and the
gate el ectrode |layer 208 as masks, an inpurity elenment 210 inparting n-type
conductivity is aéﬂédiF@mﬁéﬁﬁlWﬁW@Fwﬁmgﬁﬁél¢ﬁﬁ@?ﬂ?@‘ﬂ%d“W§§?%ﬁ%lQlZa and

212b FIG_5D). .In this enbodj P d
gas cont ai nimgeB Aol FYSERERInE Seiel wb A e Lo E@Sﬁéi atfhat the
first n-t ' i t 1 2b, cont ty. el t
| mpar 1 gt n EGRE T PR 7t S RO RE AT P el A ‘%&%zb ?{lae o

RN Tk e T T Y e Sl S e deaﬂﬁtgogxg eukP) 13 used

as an inpurit 'npar: ype conductivi t

a mask 214 %‘é%ﬁ?&@ $ ol B cShAALE: GAL BhilSCRRGRRINC b cohBYRH; 305 s

formed. Wth use o nask gate electro | ayer 09 as masks,

an |npurlty]gm%ggghmq%giggga&hk@g p-type conductivity is added to form
first p-type 20 inpurity regions 21 5a and 215b (see FIG 5E). In this

enbodi nent, didsprane (B2H6) or the like is used as a doping gas containing
an |npur|ty elenent because boron (B) is used as an inpurity el enent.
[0113] 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 is a thin film, the gate
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The mask 214 is renoved, sidewall insulating |ayers 216a to 216d with a
sidewal | structure are forned on side surfaces of the gate el ectrode | ayers
208 and 209, and gate insulating |ayers 233a and 233b are fornmed (see FIG
6A). The sidewall insulating |layers 216a to 216d with a sidewall structure
may be formed on the side surfaces of the gate el ectrode |ayers 208 and 209
in a self-alignment manner, in the 5 followi ng manner: an insulating |ayer
covering the gate el ectrode |layers 208 and 209 is formed and is processed
by ani sotropic etching using an RIB (reactive ion etching) nmethod. Here,
there is no particular Iimtation on the insulating |ayers and the

i nsul ati ng lisyktiss Bye gpn eber digl yndlagend sohicgiduptoohyox 28eaw 246 #dvor abl e
step coverage, which are forned by reaction of TEOS (tetraethyl

ort hosi | i catfesprablsidoggnege. oFherdfiere,|aj deeperty dfect Quoyrpaficiens oryegs volithe, or the

| i ke. The insulating |ayers can be forned by thermal CVD, plasma CVD,

at mospher i c gpedasslgiieg exacapboreribwes 2 diglibt ehiabligemigpndugar fgvics cafrhe gat e

i nsul ating layers_233a and 233b c e farned by etching of the gate
i nsul ati ng WSY@W“@@#“&PFWJﬁ@bY%W'?ﬁﬁgﬂﬁ?é“é@%@F%ﬂﬁ%°Fg§g?§‘?ﬁgm d 209 and

the sidewal | insul.ating. |layers 216a.t0 216d as .npasks., [0114] In.,this
enbodineﬁt,l%ﬁrgﬂéﬁﬁﬂl 'ﬁ8¥ﬂﬁ§ﬁﬁ%??ﬁb é?%??mPﬁgﬁ?%gﬂF%?%#J BY8r over the
gate electrigﬁ Layers is renoved to expose the gate el ectrode | ayers.

[

However, ewal | insulating |layers 216a to 216d may be forned to have

t
a shape in which ﬁ%ea!e%smaggéggﬁrggyg{ay%xg%mws i%:sfﬂgms'o%g& Log8adigyer s

. S
remains. In additiomnm a pr may orned over the gate

el ectrode | ayens.ip siﬁcdnfat}xﬁtfr% @hﬁﬁm@){mﬂfeot% $:inQfathR 92y 9R6 RheEL r ode

| ayers in thi's nmanner, eduction of the gate el ectrode | ayers can be

g;g\éeg]E ed Wighicl 6 dghRnehe GhhiDEe AIAVSY Spasis OVDGRSSRGLrRYetHRLRg. I n the
10 CVD method or may be formed by solid phase oxidation or solid phase nitridation by
plasma treatment. This is becausec 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 spuitering method, an cvaporation 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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formng silicide in a source region and a drain region, since a netal film
formed for formation of the silicide is not in contact wth the gate

el ectrode | ayers, even when a material of the netal filmcan easily react
with a material of the gate electrode |ayer, defects such as chem ca
reaction or diffusion can be prevented. Various etching nethods such as a
dry etching nethod or a wet etching nethod nay be used for etching. In this
enbodi ment, a dry etching nmethod is used. As an etching gas, a

chl orine-based 5 gas typified by Cl2, BCl13, SiCl4, CCl4, or the like, a
fluorine-based gas typified by CF4, SF6, NF3, or the like, or 02 can be
used as appr&p) cabwiun] @11 8] ncodymium Q@ or aa aHessikatgrl® owhiapiposshateriaf he si ngl e
crystal sem conductor |ayer 206 is forned. Wth use of the mask 218, the
gat e el ect r cuetainggepy H: abavrdlenivals 8¢ dempin Formppgerin siftestatingy: kalre gge 216a and
216b as masks, an inpurity element 217 inparting n-type conductivity is

added to forseeddnErsO? g0 ripmicoyiur e Bn &rieg &Y A RE oy dHlingRicthi r d n-t ype

inpurity regiong 220a, and 220b. In this enbodi ment, PL43 i useg as a
bt ng. as JEHH R H A TR STk B HOERS O e AL ARy 785 Bt f or red
so t hat Hﬁe second n-type inpurity regions 219a and 219b contain an
inpurity el hiEht inparting n-type 15 conductivity at a concentration of

about 5 x 1 ﬂ tons/cnB to 5 x 1020 atons/cnB. |In addition, a channel
formation region 221 is formed in the single crystal sem conductor |ayer

205 (see FIG 63) 4 o[ QdshflyniA@onBGNGndls LYRE sbiRSHaldidr 15REIRNS 1ot and 21 9b
are high-concentration 20 n-type inpurity regions and serve as a source and

a drain. On Wwie ot behe hand 211 bRt hhigh@ dedh¥RLIaLIIMB] s YindsRYI20NSpEAPa and 220b
are | ow concentration inpurity regions and

element 210 imparting n-type conductivity is added to form first n-type impurity
10 regions 212a and 212b (see FIG. 5D). In this embodiment, phosphine (PH;) 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 I x 10" atoms/em® to 5 x 10

atoms/cm’. In this cmbodiment, 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 ¢lement 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;Hg) or
the like is used as a doping gas confaining 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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serve as LDD (lightly doped drain) regions. Since the third n-type inpurity
regi ons 220a and 220b are fornmed in Loff regions, which are not covered
with the gate el ectrode |ayer 208, off current can be reduced.

Accordi ngly, a sem conductor device with higher reliability and | ower power
consunption can be manufactured. [0117] The mask 218 is renoved, and a nmask
223 which covers the single crystal 5 sem conductor |ayer 205 is forned.
Wth use of the mask 223, the gate el ectrode |ayer 209, and the sidewall
insulating |ayers 216¢c and 216d as masks, an inmpurity el ement 222 inparting
p-type conductivity is added to formsecond p-type inpurity regions 224a
and 224b, ansietvhil stchcimrd arp Brmeiour side\surfegs dinbe fR5dccandt 122543208[6d12®] 10Dopi ng
is perforned so that the second p-type inpurity regions 224a and 224b
contai n an iawpgrietigsudsiingrisyers i23frand 2igb @re {ppeed God BT i0%D-t yThatsidgwall
concentration of about 1 x 1020 atonms/cnB to 5 x 1021 atons/cnB. In this
embodi ment, ltl‘f‘l'@“tlmilab’%rséi@g/ﬁﬁeziﬁﬁirﬁih‘#]iat gdqwalisEpgure 2my berfarrpedsty e d¢ ormed in a
sel f - allgnnent manper by the sidewal | |nsulat|ng | ayers 216¢ and 216d so as
to have a Io"\}b@?“%%@éﬁ?tf’af’hc’é?ﬁetlfﬁﬁ R S0 Pt 3/ Femedi e tyhF egi ons
224a and 224 I.Ln addition, a channel for tlon regi.on armed in the
si ngl e cr¥stiQHOdRsPRE AR IPgyatng e %’6%““6% oBae o “"y"f%%%]“? 2055

formed and is processed by anisotropic etching using an RIE (reactive ion etching)
method. Here, there is no particular limitation on the insulating layers and the
insulating layers are preferably lavers of silicon oxide with favorable step coverage,
which are formed by reaction of TEOS (tetracthyl orthosilicate), silane, or the like with
10 oxygen, nitrous oxide, or the like. The insulating layers can be formed by thermal
CVD, plasma CVD, atmospheric pressurc CVD, bias ECRCVD, sputtering, or the like.
The gate msulating layers 233a and 233b can be formed by etching of the gate
insulating layer 207 with use of the gate electrode layers 208 and 209 and the sidewall
insulating layers 216a to 216d as masks.
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 2106a to 216d may be formed to have a shape in which the
isulating 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 electrode 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 wihen a
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The second p-type inpurity regions 224a and 224b are hi gh-concentration
p-type inpurity regions and serve as a source and a drain. On the other
hand, the third 20 p-type inpurity regions 225a and 225b are

| ow- concentration inpurity regions and serve as LDD (lightly doped drain)
regions. Since the third p-type inpurity regions 225a and 225b are forned
in Loff regions, which are not covered with the gate el ectrode | ayer 209,
of f current can be reduced. Accordingly, a sem cenductor device wth higher
reliability and | ower power consunption can be manufactured. [0120]

The mask 223 is renoved, and heat treatnment, irradiation with strong |ight,
or irradi at imosensl bhthe nleged 8im beogmityarpady evith errhaterizbdf fon e dsetrade layet | vat e t he
inpurity element. At the same tinme as the activation, plasma damage to the
gat e i nsul atdefigts| sagleps ainmigl pragdarporddifagen ¢4 RmpicrEdf a¥aioperEkisy t he gate
insulating layer and the single crystal sem conductor |ayer can be

repai red. [ 0nghqds such as a dixgiching QﬁthP%?ré‘r"Y"éFé*P% metiedpmnks wsedfar etdiiiech covers

the gate electrode | ayers and. the gate insulating.layers is formed. In this
embodi ment , 1 14t SRIeRn A I FSE RS £ 15 10° 23 FERBRES: ST Ggen 1 o

serve as protectiye fi ) insyl ating, | ayer 228 js..enpl ayed. The

i nsul atirfy 8% hﬁpg{f‘ﬂ%{ﬁg %(g?é?asﬁ‘g'%'u é‘t’foﬁéeﬁ%?gglu%%ﬁ%fé Se{yPIgFéTrrg’aeﬁ%i ng a
silicon nitry i Si |y Ll de oxide film a silicon oxynitride
film or a S%P?ﬁg%hgr(r@f"il & Ofbf?n%ﬁ%%ﬁ%?@r%égbr plasma CVD. Alternatively, a

single |ayerpprsya stack of three or nore layers using another insulating
filmcontaining silicon my al so be 15 enpl oyed. [0122] Furt her nor e,

a step in which hRal, 4HERIITERMidhToRES HOLIRE cRlstaBMhilontn@t? 2e2ds0 1 hour to
12 hours in a nitrogen atnosphere to hydrogenate the single crystal

seni conduct Gbredy eWith Sis6f fhe il 218rwd gatakleytrodt NGet 2OM) Ah@tH4r Rdeknall 400 C to
500 C. 20This step is a step for termnating a dangling bond of the single
crystal memis@Rebe a@érs 216a and 216b as masks, an impurity element 217 imparting n-type
conductivity is added to form second n-type impurity regions 219a and 219b and third
n-type impurity regions 220a and 220b.  In this embodiment, PHs is used as a doping
gas coniaining an impurity element. Here, the doping is performed so that the second
n-type impurity regions 219a and 219b contain an impurity element imparting n-type
15  conductivity at a concentration of about § x 10'? atoms/em’ 10 5 x 10% atoms/ers®.  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 21%a 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-iype impurity regions 220a and 220b are low-concentration impurily regions and
serve as LDD (lightly doped drain) regions. Since the third n-fype impurity regions

220 and 2200 are formed in Loff regions, which are not covered with the gate electrode
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| ayer by hydrogen contained in the insulating film 227, which is an
interlayer insulating layer. In this enbodinent, heat treatnent is
performed at 450 C for one hour. [0123] The insulating film227 and the
insul ating | ayer 228 can be fornmed of a material selected from al um num
nitride (AN), alum num oxynitride (AION), alum numnitride oxide in which
the anobunt of nitrogen is higher than that of oxygen (Al NO, alum num
oxi de, dianond-1ike carbon (DLC), nitrogen-containing carbon (CN), or other
substances containing an inorganic insulating material. A siloxane resin 5
may al so be used. A siloxane resin is a resin including a 51-0-Si bond.
Si | oxane haslagr 2R8| &f abret carc buraudedr ndctonlingly, Bosedhiaghdusior idgoee w8h) and
oxygen (0). As a substituent, an organic group containing at |east hydrogen
(e.qg., an alligher whahiliy end lavierapyer cgpsyuiplion «gn hawerufasturadyor o group may be
included in the organic group. Further, an organic insulating material such
as pol yi m de®1&erylic, pol yam de, polyim de am de, resist, 10
benzocycl obut ene, or poI%Si_I azane ngX al so be used. A coating filmwth
favorabl e pl anari T4 ma¥i CR i seooypdyend Bymagk 2ohmbieg %8’8,3%"&%‘@0 be used.
[0124] The insulating fil ?\gj and_.the i | ating .|l ayer, 228 can be
formed with SEEOHCYr BHTAE gé‘ﬁﬂ“ﬁg] c %?Sﬁﬁfaﬁnﬁgﬁn@grt ?(%e}ufgg?cnég? BT coater, a
curtain coategr, Fni.f e caater. 15 @/D : ' t hod, or
the |ike. THE% #8J %%‘?Wd‘ﬁf‘i‘ﬁugf%gyeé%% Chaélg?tr‘éﬂﬁ%a%%%g%?‘?@@?ﬁ%1218‘;‘?#.?5 al so be
formed by a fhsqpl.ehdl SENALAR R!D0M:1 00k Sl U SARPEAS IERDDS, T equi res
| ess materia 520 aﬁ%“l‘g n.% n %%&ﬁ?itlon, ba net hod cgpa Ieg{éﬁt@ns err| ng or
drawi ng a pagyask, %MQEBﬁ B BIARkGLeidHs9850a0ng 8 9ket hod, for exanple, a
printing net og (a met (g%yg? fpgirq!ryri ngg a pattern, such as screen printing,
of fset printppg; 20or the like) can also be used. [0125] Next ,
contact hol es (openings) reaching the single crystal sem conductor |ayers
are formpd in thepbpsts pbirdged id Mat2lseand ptihe iinpeit) dgiong214ayed 222488 using a
resi st mask. Etching may be perfornmed once or plural tines depending on the
sel ecti vity @htafibihenhphaltgelement imparting p-type conductivity at a concentration of about 1
x 107 atoms/em® 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 impurily 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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to be used. The insulating film 227 and the insulating |ayer 228 are partly
renmoved by the etching to formthe openi ngs reaching the second n-type
inmpurity regions 219a and 219b and the second p-type inpurity regions 224a
and 224b, which are source regions and drain regions. The etching may be
performed by wet etching, dry etching, or both 5 wet etching and dry
etching. A hydrofluoric-acid-based solution such as a m xed sol ution of
anmoni um hydrogen fl uoride and anmoni um fl uori de may be used as an et chant
of wet etching. As an etching gas, a chlorine-based gas typified by Cl2,
BC13, CCl 4, or the like, a fluorine-based gas typified by CF4, SF6,
NF3, or the [0i¥é, or 02 can be used as appropriate. Further, an inert gas
may be added to an etching gas to be 10 used. As an inert elenent to be
added, one or a plhampski2g3 sfremovedeand deal eedmerdopdigiondth sNeng lght, oKr , or Xe
can be used. [0126] A conductive filmis fonned so as to cover the
openi ngs, aniFadiptioncafiddeses bram ray bs pefoardre ardeigo poivale ficdmprgity dgieeng 2294,
22% 230a, and 230b which serve as source 15 and drain el ectrode |ayers

whi ch arc el ®cthfiS¥BF e @3 MretetEdon- PR tdempge QT 8UC MsyPtis2¥id™dr ai n
regions. The wiring |ayers can fornmed b rmation.af a conductive film
by 5 PV ot e fb AR Sivisd W Pt thE B Bie Sl RE,  and

then, etchin h i i into a desired shape. Further, a
conducti ve f%?%?%%ﬁgggﬂ%%%§%¥%ﬁg y forned in a predeterm ned position by a

dr opl et disqbﬁgge met hod, a printing nmethod, 20 an el ectropl ati ng net hod,
or the I|ike. eover, a reflow process or a danascene process may al so be

used. As a materi glyf DrintkdgeMhildidy 1:9%a Seh 0L knePHERIRB0dB ayeAlind CU, NI,
Pt, Pd, Ir, Rh, W A, Ta, M, Cd, Zn, Fe, Ti, Zr, or Ba; S or Ge; or an

al l oy or ni tihd gige mhBiRETayEa M 8nddsS €L thibeSbatker®fa dRRSLalBERS Al MY al SO
be enpl oyed. [0127] Through the above-descri bed steps, a

sem conduct @27 demhigRg hawrbgg @ s&MOS 5 protetive Bimabidcdy insutdtivg @Sepo28hikn fil m
transi stor 231, which is an n-channel thin filmtransistor, and a thin film
transi st or 2Bdloywhi dlhe insulaingfidh aihsid thehnsulafing hydradsrgboibmedaninpe f or med
(see FIG 6D). Although not illustrated in the draw ngs, a CMOS structure
is 5 descrisbson pitrideHiin, enbodi mde oxidhdign, & fikconpixpnifide fingransilsbor 231 and
the thin filmtransistor 232 are electrically connected to each other.
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  cmployed.
[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 1s 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 nsulating layer 228 can be formed of a
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[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 formed, or a triple gate structure in which
three channel fonnation regions are forned may be enployed. [0129] As
descri bed above, a sem conductor device which has high perfornmance and 15
high reliability can be nmanufactured with high yield with use of an SOT
substrate in which contam nation of a single crystal sem conductor |ayer
due to inpurities such as a netal element and the |like is suppressed.

[ 0130] Thi n rhdtdri tserered St salwainurb enirdnufsl), unledinusi pgymstiddh @IS0
substrate. The 20 single crystal sem conductor |ayer of the SO substrate
is a single awnyistmahitgderiolo i which the| aanpont ofinittegereid eeder thanytbatall ogegect s and
with reduced interface state density with the gate insulating |ayer 207.
The single dﬁﬁ%@alah@éﬂﬁ%@ﬁ’é&c@%‘ﬂoﬂ%}k@rwﬁ%ﬁ @l@gawg?sez-é@l@mnﬁ dadoand i s

thinned to a thickness of |less than or equal to 60 mn Accor di n%Iy, thin
filmtransi SENHOr AeTuRsARESs cRpEiniEg &1 BERENG Dpyiqtine %@ﬁafasf*ﬁﬁwaafrli ¥Png

't high electron field effect nobil btthdI
can be f df mERGUEYe e s'agwmeaaa%mgs?q%ff@%%i@ B owll SR

f h
TensTotor < ko LA B TEOES TR 63 AL A0 AHEIE
ds, h
\rll\g:]u?]i f\(,)\ﬂr;‘l t u%o%a&tcﬁ[é él%rr%% ta%%sgﬁ)ﬁko%a%g rkreldg': ?‘?Fg%‘ll ue gls%)'tl%%ug)l lgt or

characteri st S S Shol, g YRl hage o 2% Rivb] tBrth&23n BEafi€duced and
hi gh perfor r‘rjg'%i(S:eAsg%O gsuhlblé]a% }%L?el 5 ef f ect O%DIB?% tuyk; can be 8bfga|1ned [0131]

insulating material such as polyimide, acrylic, polyamide, polyimide amide, resist,
10 benzocyclobutene, or polysilazane may also be used. A coating film with favorable
planarity, which is formed by a coating method, may also be used.
[0124]
The insulating film 227 and the insulating layer 228 can be formed with use of
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



Al t hough the nethod for manufacturing 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 high added value by formng a variety of
sem conductor elenments such as a capacitor and a resistor, together with
the TFT. Hereinafter, specific nodes of sem conductor devices wll be
described with reference to the drawi ngs. 15[0132] First, as an exanple of
a sem conductor device, a mcroprocessor is described. FIG 7 is a block
diagramillustrating a structural exanple of a m croprocessor 500. [0133]
The m croprocessor 500 has an arithnetic logic unit (also referred to as an
20 ALU) 501, 0 Buséd U Tho itsuleddgeiim 302 andahe innddting biyerd3 8 degatis rens@8]d ban
interrupt controller 504, a timng controller 505, a register 506, a

regi ster cortha @dhingrto 567, theonsoisgs macking dreccqoBl 8-Lnt FppBIBrespns 2Qd agthl y nenory
509, and a nenory interface 510. [0134] An instruction input to the

i cr opr oces $4¢b B0 HedFHYPHEPEEY regine PR tcd Sot. phichiargrgrres Beiche

i nstruction decoder 503 and decoded Then, ruction is input to the

ALU cont rol 1% d87°giete Thiredhmgmay o REEP ‘}elpye%%g‘,s"}“f’ﬁéh? ¥etige ervUontrol | er
507, 200 e L ILRG 20T OLLSE 08I0 Skl Rl LSt 202, e L er upL
per form vari o, C A Wil BRES e BudiddGind BEAYEH! MBHALEE Busch 3 2P
etchant of wet etching. As an etching gas, a chlorine-based gas typified by Cly, BCls,
SiCly, CCly, or the like, a fluorine-based gas typified by CF4, SFg, NF3, or the like, or Oz
can be used as appropriate. Further, an inert gas may be added to an etching gas to be
160 used. Agsaninerf element to be added, one or a 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 electrically 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 methed, an evaporation method, or the like, and then, etching
the conductive film info 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, P, P4, I, Rh, W, Al, Ta, Mo, Cd, Zz, 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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Specifically, the ALU controller 502 generates a signal for controlling
operation of the arithnetic logic unit 501. Wiile 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 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/wites data fromto the register 506 in accordance with the
state of the mcroprocessor 500. The timng controller 505 generates
signals for controlling timng of operation of the arithmetic |logic unit
501, the ALU cont Floblgbrth&adye-tidsaibed Stepan 8 tseracendostoddepd drvingd3 CMOR | nt er r upt
controller 504, and the register controller 507. For exanple, the timng
control | er 508ctig yindvindedss wi thin Em Tapsierrna}l, shisbkis ge meshanok thirofilngener at i ng
an internal clock signal CLK2 based on a reference clock signal CLKL. As

i 1| ustrated HapsippGug a thip 8lm Fansistep P32 Whigk isgipghannelchigdilp drangigingt car be ot her
circuits. [0136] 20Next, an exanple of a sem conductor_device having a
function of PFALHPEEG §5)-arflbregbarel ilhgraedein theidravings & EMOSY™EHE 1l so havi ng
an arithnetic function will be described. . FIG 8 i bl ock . di agram

i |l ustrat’ ndle%fns?‘ftfc%{fr Spbodiment | this, fhe oy filp E%S@B?&ﬁé{% QB g ' The
sem conduct o, dayi 68 I UBLIRLEH.Lh Bl ofi£an be called a computer whi ch
operates to transm ARG TECErVE S|gna75 and from an external device

t hr ough mﬁr?gggi comuni cation (hereinafter the conputer is referred to as
an RFCPU). | ] As illustrated in FIG 8, an RFCPU 511 incl udes an
anal og circuit pogtiQiedLudRen dudi@hdiddr i€ hbCkthitcaRO il QBcrd3-in THE anal og
circuit portion 512 includes a resonance 5 circuit 514 having a resonant

capaci tor, anh6filnkdil 8ld £isheldi dateOshRcruR BOMASEABK: MRhdeRGSmGlifCHizln3d6, a reset
circuit 517, an oscillator circuit 518, a denodulation circuit 519, and a
modul at i @N  Gbrifet) d dobRAO gatd ficicwliedh twllch 6d didiriel Pohdtion FegbhSark Rehbdjesa an RF
interface 521, a control register 522, a clock controller 523, an interface
524, a cent néagle procesgumagn uwtith &b, channeh ficoatiaacegsss aenfornyedS5as, band a read
only nmenory 527. 10[ 0138] The operation of the RFCPU 511 is roughly
descri bed bedplygyedThe resonance circuit 514 generates induced el ectronotive
force based on a signal received at an antenna 528. The i nduced

el ectronoti V2Pbrce is stored in a capacitor portion 529 via the rectifier
circuit 515. The cagacitor portion 529 is preferably fornmed using a
15capaci t or such Asdescrivet shave acperdusior grvicgnvhinhdes %igl? PESUBFEC 128 er

capacitor. Th
P 15 hig% reliability can be manufactured with high yield with use of an SO! 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 voliage, high electron field
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capacitor portion 529 is not necessarily integrated over the sane substrate
as the RFCPU 511 and may 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 initialized. For exanple, a signal which
rises wth 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
ratio of a clock signal in accordance with a control signal generated by
the constant voltage circuit 516. The denodul ation circuit 519 denodul ates
a received signal, and the nodul ation circuit 520 nodul ates data to be
transm tt ed. effe@1#0Rility, and a l¢wprulgirasipldeyalichendentduéd bye rthe swppuiting 519 i s
formed using a | ow pass filter and binarizes a received signal of an

anpl i t ude sHiupstratedyi ndruinsryressipldmniders with high peréringnce end lofs vetipsiomnpl i t ude.
The nodul ation circuit 520 transm ts transm ssion data by changing the

anpl i tude ofin& ﬁrﬁ%‘fﬁ@%wgw@ﬁﬂ die giatisigF ctthke QRptd Put e SHP SLUREIF- ndn ( ASK)
system The nDduI tion cir 0 cha es t he resonance_point of the
resonance cif¥PP ‘%ﬁ“ﬁﬁgﬁgﬁ§ﬂfﬁ€“§ﬁﬁ ?ﬁaﬁmﬂPw§“@bﬁﬁﬂﬁi@EEWBﬁmgignal i's
changed. [0141 he ck controller 523 generates.a co I 5|gnal for
changi ng % %%%ﬁﬁ%%@mgﬁ x?%ca%u?mm@%gmnm%ﬁ Smcl%é?ESOQ &% accordance

with the poviggbﬂﬁgggé- %_I,E& I8 1 &% {Jn%&te f{c%% 'ﬂ@ﬂtt"eﬁrlﬂ% gﬁ’; car%r g{/ver

processing unit power s age I's non
supply contr@l,fchrcuit 530 [0142]

[0131]
Although the method for manufacturing a TFT has been described with
10 reference to FIGB. 5A to 5E and FIGS. 6A to 6D, a semiconducior device can be
manufactured so as to have high added value by forming a variety of semiconductor
clements such as a capacitor and a resistor, logether 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 5035, a register 506, a register controller 507, a bus interface
(Bus /I 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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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 command, data, and the like by the RE interface 521. The control
command is stored in the control register 522. The control comrmand i ncl udes
reading of data stored in the read only nenory 527, witing of data to the
random access nenory 526, an arithnmetic instruction to the 20central
processing unit 525, and the |ike. [0143] The central processing
unit 525 accesses the read only nmenory 527, the random access nenory 526,
and the control register 522 via the interface 524. The interface 524 has a
function of igenertht inngpctom dcods $03sing dedodédr Thmy thefinstrhaion éadmom e nenory
527, the random access nenory 526, and the control register 522 based on an
addr ess requisi echtivjicrt 198, Gemieralpt prndiobe si0Agthe migistes 2entroller] Y] amsthan
arithmetic nethod of the central processi n unit 525, a nmethod may be 5
enpl oyed i n tkibg lonttelerr &fd e y\hﬁgﬁ‘éﬂ“)?“g?ﬂ s sy iBtTHRl SPERE SRy %“frst em (0S)
and a programis read at the time of starting operation and then executed.
Al ternati velfﬁ'B‘Stg AR s Y7 nangiiectiming &qnﬁrekﬁré%gﬁfoggﬁ’ P 5ol Stbﬁgi‘?gf)f‘c is

f or med and an r| hoeti c. oce55| ng i s conducted using hardware may be

enpl oyed. eﬂg’dmlmﬁo ich both hardware and software are used, part of
arithneti c ptéﬁ%?sm ng can be conducted by a circuit 1l0dedicated to
arithmetic, the other part of the arithmetic processing can be

conducted by the genkral RIOALESAfHN 50P2endRlNd xRl 95 2ol BE45]

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 intemnal clock signal CLK2 based on a reference clock signal CLK1.  As
illustrated in F1G. 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 diapram 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, 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 conductor |ayer 320, a signal line 323 intersecting with the scan line
322, a pixel electrode 324, and an el ectrode 328 which electrically
connect s t haehpighelireddsecthmoshéa @ htrandfreths compuer Gryfetral to sean REGIFdNCt or | ayer
320. The single crystal sem conductor layer 320 is a |layer formed of the
si ngl e crystf@l37sem conduct or | ayer provided over the supporting substrate
121 and is included in a TFT 325 of the pixel. [0148] As an SOT
substrate, the SO dutstedan BIG8serRiSEY 11 ndudentiovelos shbedineion 512 used. As
illustrated in FIG 9B, the single crystal sem conductor |ayer 320 is
stacked overan pdiedphabapit PeTEoTSY st?%etﬂ@aiﬂz@ ilrwttpﬁf%oﬁé%%%%fa. IPR492 and t he
insul ating | ayer 2 |nter osed t her ebet rting substrate
101 a glasSibhye s B RO bt AREOT RGeS yerur L ETRR R o | ayer
320 of the TET 325 enent. Ia ion f t he gle crystal
sem conduct ogr:g-’l aareé?t c(l)r m{)%ﬁe Xcll? 0§t°ﬁr§‘fli 5 y eemﬁdum R RC tgk r§he single

crystal sem condue g e Tﬁz&glggg@%ag%hmw TRk LS 033 49,and n-type

hi gh-concentration inpurity reg an inpurity elénent is

added are fQpiRd rcgété}l@ﬁf a@i&ﬁ%xﬁ@@eﬁ%t&%ﬁgﬁ%e%ﬁ dc%n{reﬁ%&égs%‘fﬁ 'uﬂnt he scan
i ne 322, and one of a source electrode and a drain electrode i's included

in the si 9”%!25,'a'rﬂﬁlox%%3cess[r@érﬁb9?» 5360 GMES realbolynh&kdrayer i nsulating film 327,
the signal line 323, the pixel electrode
10 [0138]

The operation of the RFCPU 511 is roughly described below. The resonance
circuit 514 generates induced electromotive force based on a signal received at an
antenna 528. The induced electromotive force Is stored in a capacitor portion 529 via
the rectifier circuit 515. The capacitor portion 529 is preferably formed using a

156  capacitor such as a ceramic capacitor or an electric double layer capacitor. The
capacitor portion 529 is notl necessarily integrated over the same subsirate 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 1o 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 ratio of a clock signal in accordance with a control signal

geperated by the constant voltage circuit 516, The demodulation circuit 519

demodulates a received signal, and the modulation circuit 520 modulates data to be
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324, and the el ectrode 328 are provided. Over the interlayer insulating
film 327, columar spacers 329 are forned. An orientation film330 is
formed to cover the signal line 323, the pixel electrode 324, the el ectrode
328, and the columar spacers 329. On a counter substrate 332, a counter
el ectrode 333 and an orientation film 334 which 20 covers the counter
el ectrode 333 are forned. The col umar spacers 329 are fornmed to maintain a
space between the supporting substrate 121 and the counter substrate 332,
In the space fornmed by the columar spacers 329, a liquid crystal |ayer 335
is formed. At connection portions of the signal line 323 and the el ectrode
328 wi t h t hershingihedconcentration inpurity regions 341, there are steps
formed in the interlayer insulating film 327 due to formation of contact
hol es; thus,[0W0i entation of liquid crystal in the liquid crystal |ayer 335
in these connection portions becones disordered easily. Accqrdiagly, t he
col umar spacers Bpoxagple, the deraeiuiaton HiseisS Stipprpghsingadot-sespiite e
orientation _disorder of liquid crystal. 5%&%20 Next., an
el eet rol uni TE¥EEHL2 HeeRidagietbf A8 A i ‘F))i’fgef%ﬁl?)eﬁ“‘ff’li st g
di spl ay device") i descri%gd ith referen Fl 10A .and 10B. FI G 10A
Tsh ol art viadbe ohepaneiidy heeri e S frb T it A R s
Cross-sectl %ﬂgnlgin\él iy al}llﬁﬁlﬁfg o?la%gsn%ss%%cs%éngpofl ﬁg'gmr}ﬁt&leosﬁﬁff ﬂce?ing](gé‘{()
system. The modulation circuit 520 changes the resonance point of the resonance
circuit 514, whereby the amplitude of a communication signal is changed.
[0141]
10 The 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 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 arithmelic 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 only
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10[ 0151] As illustrated in FIG 10A, the pixel includes a selecting
transi stor 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 pi xel

el ectrode 408. Each pixel is provided with a light emtting el ement having
a structure in which a |ayer containing an el ectrolum nescent material 15
(EL layer) is interposed between a pair of electrodes. One of the

el ectrodes of the light emtting elenent is the pixel electrode 408. In a
single crystal sem conductor |ayer 403, a channel formation region, a
source region, and a drain region of the selecting transistor 401 arc
formed. | n anshagb¥, deysiiah asess oomaly 6260 and thy emirdD4gister PR daweélon hor mat i on
region, a source region, and a drain region of the display control

transi st or 2Qd#Gemesedtyrtimadntralprecessimgpingt 58byst al seni conductor | ayers 403
and 404 are fornmed using the single crystal sem conductor layer that is
provi ded ovdPl4%he supporting substrate. [0152] In the selecting transistor
401, a gate electrode is included in the scan |ine 405; one of a source

el ectrode and a dfafharElegicmedhodiof the feRplargcssHng Wt ¥ ghFethes &Y #06; and t he
other is fonned as. an .el ectrqde 410. | he di splay. confro ransi stor 402,
O el ciborrayehne BF shd aydimers o et B N AE BB TR LS Cona ot

a source electrode an dr ai a | ectrode 413
z&tg% {nn S84, IAA(% ative g

.ain.electrode i s I
which is el d&HFTRHT et 8%§?§m%9ﬁ3%%?§%{85'éﬁ rode 3t t he ot her

) e AP AL ey iy R 07,

control transistor I ustrate 10B, in

the single ggy H@Jtedstﬁm%%%g%tn% JeRYBloyé04 In 2Bl BEbnbIOBdR hi@Rark €01 On 451
and p-type high-concenfration ifnpurity regions 452 are forned. Note that,

as the SO 104 Suisdré dfeCused, AR lariaREE HadcssiB b 36 tobhRBled My ANYircak
Enbodinents 1 and 2 is used. [0154] An interlayer insulating film

427 is f@n edditOeLOYehmERe agtheoRér@ah bteadiflReiRiprdcBsingcaeayndont r ol
transi stor 402. Over the interlayer insulating film427, the signal |ine
406, the curbsyeldcestehd ployeskihheniT psibdrepregrent r odes 411 and 413, and the |ike
are formed.

[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 lquid 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 ¢rystal semiconductor
layer 320, a scan line 322 intersecting with the single crystal semiconductor layer 320, a
signal line 323 intersccting with the scan line 322, a pixel electrode 324, and an
clectrode 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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15 In addition, over the interlayer insulating film 427, the pixel

el ectrode 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 |ayer 428. An EL |layer 429 is formed over the pixel

el ectrode 408, and a counter electrode 430 is formed over the EL | ayer 429.
A counter substrate 431 is provided as a reinforcing plate, and the counter
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 nmethod where the |um nance of the light-emtting

el enent i s cantestigleatyshysehitendwrouyergtoviiad pentheenpparting bitbamgee liavé net hod
where the lum nance is controlled by the anount of voltage_ The current
drive net hodisimsludedihp THT 823 & hempieby when transi stors have characteristics
which largely vary frompixel to pixel. In order to enploy the current
drive nethod%hﬁicorrection circuit which corrects characteristic variation
i s needed. When the EL display device is manufactured by a manufacturing

met hod i ncl udi ng 43 5" AehiPsiete e P! griseas dessrbedin Sopbeysratbediment i he

| ti t i st 401 t di trol t i . 40 t h
variati oF i Hotharaalnniet Pador it sl el B ioR GO RGP §eehe Cur ront
dri t hod b | oyed. [0156]. That | ' tronic, devi
can be. manuiE: T SEPEYTE SFRGSEE 0 BLtnts bt e P B oni o
devices | ”C'Méﬁbse‘aﬂﬂ&éb%&g%c*}\sa@e ‘é&pga%n%@&&%{nﬁé 1?1“% gdigi h@s'm%acg??%é‘si .
navi gat| on systens; soun repro uctron evli ces car aU(il 0 systens, audi o

conponents, apgl tmﬁsil%gs}smgamm%{t&naﬁ@m TRRIFPaSS 1&8{&@9} SerhfH O MALT ON

termnals (nobile conputers, cellular ‘phones, portable gane machi nes,

el ectronic h@ﬂhmﬁ%ﬁ@@%ﬁgm%ﬂ@wﬁ@%ﬁ%hﬁ@%im&&ﬁﬁﬁm@ﬁﬁ%ﬂﬂuﬁEBQQmﬁﬁ%iQES provi ded
with recording nedia 15 (specifically, devices which are each capabl e of

reproducing Bdsthge B3t@ s3inRbRBhcioNlager 320 0dhahnaD foffBatiol RGE 4@ andn-Hipgi t al
versatile disc (DVD) and which each have a display device capabl e of
di spl ayi ng iHigg@nchatrationtimpatly tdpernei3d) jto aubethtdneimpiukie . eldneanisl sd8edodre t hem ar e
illustrated in FIGS. 11Ato Il F and FIGS. 12A to 12C. [0157] 20FI G 11A
i Il ustrates famdids ph gyte diestiodeoivhe TR 335ch indlededain Heusinrige 922 andone of a
source clectrode and a drain electrode is included in the signal line 323.
[0149]
15 Over an interlayer insulating fibm 327, the signal line 323, the pixel electrode
324, and the electrode 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 colummar spacers 329.
On a counter subsfrate 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 orysial layer 335 is formed.

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

high-concentration irpurity regions 341, there are steps formed in the interlayer
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supporting base 902, a display portion 903, a speaker portion 904, a video
i nput termnal 905, and the like. This display device is manufactured using
the transistors forned by the manufacturing nmethod described in the other
enbodi ment for a driver IC, the display portion 903, and the |like. Note
that the display device refers to a liquid crystal display device, a
light-emtting display device, and the |like, and all the information

di spl ay devices for, for exanple, conputers, television reception, and
advertisement display can be included. Specifically, a display, a

head- mounted di splay, a reflection type projector, and the |Iike can be

gi ven. 5[ 01584ulating film F7@uc llBrmdtion sf soataatshoks;abpuicaatinhefdiquidretsuties a
housi ng 911, a display portion 912, a keyboard 913, an external connection
port 914, a ipdicrtabdgrtayiayer 3315 thavecbontretidn fogtionp\becomps distrdaredf @silyed
according to the present invention can be applied not only to a pixel
portion in UH@MHWSBJéycﬂémﬂﬁdﬁangmﬁdwa3W§%PWdh%°§€ﬁﬂ@6ﬁﬁﬂéIb@“@évice such
as a 10 driver IC for display, a CPU inside a main body, or a nenory.

[ 0159] OWmﬁﬁonff@dPFﬁ&@P¥8?§§-a cel lul ar phone, which is a typical
exanpl e of ﬂ%ﬁ@[table information processing termnals. This cellular phone

i ncl udes %a ng 921, a display portion 922, an operation key 923, and

the like. A transjstaor . using.the , 15 SO. substrate according to the
present inventi oﬁk%‘%nanﬁiee%{éég‘glgﬁgsﬁmggfw%%Idf/wfeoé%relpn?igeélmf%%erd 5 P 62* n™t he displ ay

port1 on 922 (i@ a3RRSAL R0HHh Uk Fkdhenc W piBls SR a R0 iPiérm'A@szﬁ%En di splay, a

menory, an au processi ng circul he sensor portion 924

includes an \mtJ,faagixei%ﬁﬁl@r}aLedis%m?raEvicé?xnmwmstJa%ctdéa%aaﬁée}ﬁﬁxgg& ”ﬁ‘b‘? di spl ay

portion 922 is controlled baséd on the | um nance obt ai t he sensor
portion 924 a,apd sdchéh 1inrdQ-R54 10 pass of the operation keys 923 is controlled
based on the | um nance obtained by the sensor portion 924. Thus, the power
consunptieon [0f51] he cel | ul ar phone can be suppressed. [0160] electronic
devi ces such as a PDA (a personal digital assistant or a portable
i nf ormati on processilngratedimiFiall 83, thapdéighdlales e asiartiag transh@i@ac tndgane
machi ne, or a portable audio playback device, in addition to the above
cel | ul ar phdmglay Fartrobixanptbed02i that b TFas sistindine d0applgpaltline 44, ansirat or
according to the present invention to a functional circuit such as a
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
emitling clement is the pixel clectrode 408. In a single crystal semiconductor layer
403, a channecl 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.

[0152]

In the selecting transistor 401, a gate electrode is included in the scan line 405;
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5 CPU, a nenory, 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 canera. Note that FIG 1lE illustrates a rear side of
the digital canera illustrated in FIG 11D. This digital canmera 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 forned 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

i ke. [0162] 15FI G 11F shows a digital video canera. This digital video
caner a i ncl ushe sf asonmk alebody a8lldraia elditopt Bynchdred indie Bhal ling 4pusd thg 943, an
external connection port 944, a renote control receiving portion 945, an

i mage recei vithey ipdrmpedps 94 GlecigodpatiPerlp e Hisplan coni@l Hansiput4Opot £8®N 948, an
operation key 949, an eye piece portion 950, and the |ike. A transistor
formed accordichede P2 tineleriele pennprvbithosicdads H: gt e clcthdkel porti on
20in the display portion 942, a driver IC for driving.the display portion
542, o memrapd ST GErERe FiptRSl g GF SESTHG URYPED S S ieRbe R o) o

Besi des, the present invention can.be applied to a navi. Lon system an
audi o pi dybabkrigRarcr s 4 mebbe P ute et et BRERRa W tha

recordi ng pﬂg} and the like. A transistor manufactured according to the
present inv I"on can be applied to a pixel portion in a display portion, a

driver 1C for congfo iéé:jéeﬁ%ok@cﬁ ohSRAra2 ROL {,.icpdrane;am@fenm sttt ifirf@l i nput

processi ng device, a sor portion, and the |ike of those devices.
10B, in the single crystal semiconductor layer 404, a channel formation region 431 and

p-type high-concentration 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 kine 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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5[ 0164]

to which the present

function as a cell ul ar

processi ng besi des voice calls.

FIGS. 12A to 12Cillustrate an exanple of a cellular phone
invention is applied. FIG 12A is a front view, FIG
12B is a rear view, and FIG 12Cis a front view in which two housings are
slid. A cellular phone 700 has two housi ngs,
702. The cellular phone 700 is a so-called smartphone that 10 has both a
phone and a function as a portable information
term nal and incorporates a conputer provided to conduct a variety of data
[0165] The cellul ar phone 700 has the

a housing 701 and a housing

housi ngs 701 and 702. The housing 701 15 includes a display portion 703, a

speaker 704,volagu cTbphaonat 408 neged at | difickews emPiBy veheporantistng lthewi ce 707,
front-face canera |l ens 708, an external connection term nal jack 709, an
ear phone t erafupgiprisddsovhicinidrge i eratyi fkam pifido hivelsi Imgerd@ 20 pmplbuithe suenk eyboar d
711, an external nenory slot 712, a rear-face canera 713, a light 714, and
the |ike. | rfrygidreiogns cerechen g Wich patsel SPHREISIN viriEoh dusde
in addition to the above-descrjbed cqnponents,

cel lul ar phoNber7bp Egisolen devissor araaniactussh by & prageactymespsthpd inchadiza 1 s ze

the |ike. 7 The h i 1 d
ivimuBho Tt Giah FPEeriis deaenidig  C oo 4Rped o
D! Gnsidie 02 THE néll SR %gﬁa‘?fa{ltib o Zc?é%sﬁc%“fré NCOLPrate a displ ay
sﬁ1ay devi cé 1o R e et hod for franut a

20[ 0166]

menory devi
overl ap Wl t

illustrated
panel or a di

di splay portion an

10

15

20

Furt her

whi ¢ nu

e front-face ca

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
(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]

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 Hguid

-701.

702 whi ch

a

t he

cturing the display
devi ce descrjhed LR 0¥ R FVPAGHIRAL $e om 43 I's applied. Because the 5
Ad ?B%’ dit& &¥ © ﬁgg%‘lens 708 are provided in the
same plane,{gh@}cellular phone can be used as a videophone. In addition,
still images and noving i mages can be taken with the rear-face canera 713

and the light 714ty jySidngud BRctEInfP @Vl Qah | 10N méRdacddged byl @y BAer .



10Wth the use of the speaker 704 and the m crophone 705, the cellular
phone 700 can be used as a sound recordi ng device (recorder) or a sound
reproduci ng device. By operation with the operation keys 706, operation of

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

or the like, scrolling of a view ng area displayed on the display portion,
cursor notion for selecting informati on di splayed on 15the di splay portion,
and the |like are possible. [0169] I f much information needs to be
handl ed i n docunentation, a use as a portable information termnal, and the
i ke, the use of the keyboard 711 is convenient. Further, the housings 701
and 702 whi chyseldisplap davitd =dighi-cotthey d{splG devizgd) andathe Hdkedendeekidbpbel 20 by
sliding as illustrated in FIG 12C. Wen the cellular phone is used as a
por t abl e i nfigformestiprodispley ievieds, fos oo tremples sompwpsr wlevigian censptse, eahduct ed
usi ng the keyboard 711 or the pointing device 707. The external connection
term nal | ackvergomen display ¢aghp dctuded t Sretically adigpitns beadanarater disglat.ypes of
cabl es such as_a USB cabl e, and %ﬂar ing. and data communi cation with a
personal corptflesiondypepracaiqragd de ‘bﬁg&g‘l"&‘?‘ Further, by inserting a
recording nigggﬂ1into the external nenory slot 712, a |arger anount of data
can be stor d transferred. [0170] The housing 702 is provided

ith th -f 3 _ L gh - . FI G
126) and o1 inggas e A bl MBhac o R L MR BP BT Ly

portion 703 ' ele - Y5 ther nor a,..:ldgdddistion to the
above-descrPg%ég¥%%%¥f%ﬁé${?ﬁ%g%é%+ﬁ?g?pgE?néa' 9 arso have’ an ?ﬁfrared

comuni cat i gRe f UNELRBr fofinddSBoR@RS 10 1Re Sr8leRMhahRsh hRBPSspREDRR BLIyRS 0adcast i ng
receiving function, a contactless |IC chip, an earphone jack, or

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 poriable

information processing temmunals. This cellular phone includes a housing 921, a

display portion 922, an operation key 923, and the like. A transistor formed using the
15 SOl substrate according to the present invention ¢an 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

controlled based on the luminance obtained by the semsor 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 o the present invention can be used for

o
L



the Iike. [0172] The el ectronic devices described with reference to
FIGS. 11A to 11C can be nmanufactured by the above nethod for manufacturing
a transistor and a display device. 15(Exanple 1) [0173] Her ei nafter,
exanpl es of the present invention will be described in nore detail.

However, the present invention is not limted by these exanples, and it is
obvi ous that the present invention is specified by the scope of clains. In
this exanple, surface 20roughness of a sem conductor substrate will be
descri bed. [0174] A single crystal silicon substrate is prepared as a
sem conductor substrate. The single crystal silicon substrate is a p-type
si |l i con subsfatbrec dfvichs suale resPDA (dipeasretl @igitabasslstith er pbambleonfoentiat | on
thereof is (100) and the side orientation thereof is <100>. [0175]

Et chi ng was pyeefsorrthiniy).a dgial eowripp coipact gyl wadkingseral posiphli ewdio subst r at e.
The etching of the single crystal silicon substrate was perforned with a
paral | el pl favbiskdeviee. ovddisppirkaabevensidr vipwe f Bencstinple idopedibledhs: the RF
power: 50 W(13.56 5 M%% the pressure in the process chanber 65 Pa, the
di st ance betWREARerEEEPHiayding ?’%H’ieset“h@"?"é‘ﬁ’bé’r?gf"ﬂ?t}é’ni‘)‘fc‘rf‘ﬁbs%ﬁb%% rate: 200
C, the flow ratio of the reaction gﬁs NF3 :Nﬁ =,10 ﬁoo seem and the
treat ment® t iR 2 FEORCHRFE IR HPIEH RBTULR LV RhIICcEPe YIS PRYTEYeE r y st al
silicon SUb%Hf&td%pﬁy, about 30 nnm).

[0161]
FIGS. 11D and 117 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 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 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 audio

playback device, an image reproducing device provided with a recording mediun, and



[0176] 10Next, the surface roughness of the single crystal silicon
substrate after etching was neasured. [0177] The surface roughness
of the single crystal silicon substrate and the crystallinity thereof can
be anal yzed by observation with an optical mcroscope, an 15 atom c force
m croscope (AFM, and a scanning el ectron m croscope (SEM, by observation
of an el ectron back scatter diffraction pattern (EBSP), by Raman
spectroscopy, or the like. [0178] In this enbodinment, for the nmeasurenent
of the surface roughness of the 20 silicon layer, the nean surface
roughness (Ra) of the single crystal silicon substrate, the

r oot - mean- sghuatile. sartfaadgormanghoess aédaidb)g o lereatbnt imraidnhan Baxpplium

di fference in height between peak and valley (P-V) thereof were neasured

wi th an at onp e pboel petian ig r dspiep eorfidd: Mdrivir @ 7@]controlling the dibmiayt for®nearbodi ment ,

t he nean surface roughness (Ra) refers to a nean surface roughness obtai ned
by t hree- di rressire rfafligiéal pams iporemg adeven tietehion @orieanandothe ke 96 toRa) that is
defined by JI SBO601: 2001 (1S04287:1997) so as to be able to be applied to a
neasur ement %tif¥Sace. The Ra can be represented by a nmean val ue of the

absol ute 5val uef of the deviation froma reference surface to a specified
surface, %and¥1%! cal cul at ed

FIGS. 12A to 12C illustrate an example of a cellular phone to which the present
invention is applied. FIG 12A1s 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 703, 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 incorporate a contactless IC chip, a small size memory device, or the like.

[0167]
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by the forrmula below [0180] [Formula 1] rllF(x,Y)-ZofradY 10[ 0181]

Note that the neasurenent surface refers to a surface shown by al
nmeasurenent data and is calculated by the forrmula bel ow [0182] [Fornula 2]
15 Z = F(X Y) [0183] The specified surface refers to a surface which
I's an obj ect of roughness neasurenent, and a rectangul ar regi on surrounded
by four points represented by the coordinates (X1, Y1), (X1, Y2), (X2, Yi),
and (X2, Y2). The area of the specified surface 20when the specified
surface is ideally flat is represented by So. Note that So is obtai ned by

the formul a bel ow.

The housings 701 and 702 which overlap with each other {see FIG. 12A) can
be slid to be developed as illustrated in FIG. 12C. The display portion 703 can
incorporate a display panel or a display device to which the method for manufacturing
the display device described in any of Embodiments 2 and 3 is applied. Because the

5  display portion 703 and the front-face camera lens 708 are provided in the same plane,
the cellular phone can be used as a videophone. In addition, still images and moving
images can be taken with the rear-face camera 713 and the light 714 by using the
display portion 703 as a viewfinder.

[0168]
10 With the use of the speaker 704 and the microphone 705, the cellular 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 fo 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 sliding as illustrated 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 external connection terminal jack 709 can be
connected to an AC adaptor and various types of cables such as a USB cable, and

charging and data communication with a personal computer or the like arc possible.
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[0184] [Fornula 3] So = (X2 -- [0185] The reference surface refers
to a plane surface represented by Z = 4 when the nean val ue of the hei ght

of the specified surface is represented by 4. The reference surface is
parallel to the XY plane. Note that 4 can be obtained by the fornula bel ow
5[0186] [Fornmula 4] Z0 = Tio r 2F(X Y)d, YdY [0187] The root-nean-square
surface roughness (RVB) refers to a root-nean-square 10 surface roughness
obt ai ned by three-di mensi 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 Kwiberebpinstrhey & quendmg ofediulreintbethe axterorl risnemy slhe7l2ef érgnce surface
to the specified surface, and is obtained by the fornula bel ow. 15[0188]

amoumt of data can be stored and transferred.
[0170]
The housing 702 is provided with the rear-face camera 713 and the light 714 on
5  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 to the above-described functions, the cellular phone
may also have an infrared communication function, a USB port, a television
10 one-segment broadcasting receiving functioq, 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.

15  (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 il is obvious that
the present invention is specified by the scope of claims.  In this example, surface
20  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 is (100) and the side orientation thereof is <100>.



[Formula 5] jyr: kix ftrv, Y)- 7,0}2dXdY [0189] The maxi num difference in
hei ght between peak and valley (P-V) can be 20 represented by a difference
bet ween the hei ght of the highest peak 4,a" and the height of the | owest
valley Z,"0, in the specified surface, and is obtained by the fornula

bel ow. [0190] [Fornula 6] P -V =Zum,-Z.fr, [0191] The peak and the
valley in this enbodinent refer to a peak and a val |l ey obtai ned by

t hr ee- di nensi onal expansion of the "peak"” and the "valley" defined by 5

J1 SB0601: 2001 (I SO4287:1997). The peak is represented by the highest part
of the peaks in the specified surface. The valley is represented by the

| onest part [0t75he valleys in the specified surface. [0192] The
measur enent conditions of the mean surface roughness (Ra), the 10

root - mean- squar e Ewghipgses penlghiee os a($BNBY, ofghel sinhle cmwstel milipandubftesteence i n

hei ght bet ween.peak and vall ey §91V) in this enbodi nent are descri bed
bel ow. The etching of the single crystal silicon substrate was performed with a paralle]l 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 scem, 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 electron microscope (SEM), by
observation of an electron back scatter diffraction pattern (EBSP), by Raman
speetroscopy, 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 silnicon substrate, the
rool-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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Atom c force mcroscope (AFM: scanni ng probe m croscope SPI 3800N SPA500
(manuf actured by Sei ko Instrunments Inc ) Measurenent node: dynam c force
node (DFM node) 15Cantilever: SI-DF40 (nmade of silicon, spring constant of
42 NNm resonance frequency of 250 kHz to 390 kHz inclusive, edge of probe
R 10 nm Scanning speed: 1.0 Hz Measurenent area: 1 x 1 um Measurenent
point: 256 x 256 points 20 Note that DMF node is a nmeasurenent node in

whi ch a surface shape is neasured while the di stance between a probe and a
sanple is controlled with a cantilever resonated at a certain frequency (a
frequency peculiar to the cantilever) so that the oscillation anplitude of
t he | ever beconesinchinshbaiimenSitncacahberfze rdugbesofRa) féers@anphan siefaaeasur ed

wi t hout contact in this DFM node, the neasurenent can be carried out while
mai nt ai ni ng rodpbnes ogleinead by llapedineishoult exganyrgiaig tdaerimemiac eoughndgshe sanpl e.
[ 0193] In this exanple, the surface roughness of three points (see

FI G 13A) orRekibat ydefineddydiSBORR: K0 h HPE42FTIEPAls0 84 Poibe eble sulissppiddo was
measur ed under the above-described 5 conditions, so that inmages of

t hr ee- di mendi BIPAICREH AT sHAPES o Peraraindy. perrcghgiof dreabitie of t he
curvature of a cross, section of a subsjrate of each _obtained nmeasured

i mage, al¥ tAEHHiEe drietondromd Fitente FEReS Pasaed e syfse-ditisfaeyas! pl ane by
a |l east-squ r&sénEtZQt? with attached software to performthe first gradient
correction FPEREPPEFINy the gradient in the plane, followed by the second
gr adi ent corél%ti on for 10 correcting the quadratic curve, which was

per f or med irq a simlar manner to the first gradient correction. After that,
t he surface{ﬁ%?ﬂqzss was analyzed with the attached software, so that each
of the mean sur roughness (Ra), the root-nean-square surface roughness
(RVB), and the fmgi if e in height between peak and valley (P-V)
was cal cul atlgdf S, fWth ZRBE

10 [0181]

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

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

The specificd surface refers to a surface which is an object of roughness
measurement, and a rectangular region swrrounded by four points represented by the
coordinates (X, Y1), (X5, Y2), (Xo, Y1), and (35, Y2). The area of the specified surface

20  when the specified surface is ideally flat is represented by Sg.  Note that S is obtained
by the formula below.
[0184]
[Formula 3]

Sy =X, ~X;» {§ ~ )
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15[ 0194] FIGS. 13B to 13D show results of neasurenent wth AFM FI G
138, FIG 13C, and FIG 13D are an observation inage of a point 1 in FIG
13A, an observation image of a point 2 in FIG 13A, and an observation

i mage of a point 3 in FIG 13A, respectively. 20[0195] The surface
roughness cal cul ated according to the observation inmages of FIGS. 138 to
13D is shown in Table 1. [0196] [Table 1] Ra[nm P-V[nn] RVB[nm point 1

[0185]

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

5 [0186}
[Formula 4]
Z, = SL.J f j: F(X,Y)dXdY
[0187]
The root-mean-square surface roughness (RMS) refers 1o 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.
16 [0188]

[Formula 5]

1 oo, 3 s
Rms ZJ—S.(;'C: _{:I {F(X,Y)”"Zo} dxdy

[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 Zna and the height
of the lowest valley Z,;, in the specified surface, and is obtained by the formula below.
[0190]

[Formula 6]
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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

P-V=2, -Z,.

n

[0191]
The peak and the valley in this embodiment refer to a peak and a valley
obtained by three-dimensional expansion of the “peak™ and the “valley” defined by
5  JISB0O601:2001 (ISO4287:1997). The peak is represented by the highest part of the
peaks in the specified surface. The valley is represented by the lowest part of the
valleys in the specified surface.
[0192]
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 um
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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5.219 0.198 For conparison, surface roughness of a single crystal
silicon substrate on which etching was not perfornmed is shown in Table 2.
Not e that the surface roughness of the single crystal silicon substrate on
whi ch etching was not perforned was neasured 5at three points which are
simlar to those of the single crystal silicon substrate on which etching
was perfornmed (see FIG 13A). [0197] [Table 2] Ra[nn] P-V[nm RMS[nn] point
1

maintaining the original shape without damaging the surface of the sample.
[0193]
In this example, the surface roughness of three points (see FIG. 13A) on the
surface of the single crystal silicon substrate was measured under the above-described
5  conditions, so that images of three-dimensional surface shapes were obtained. In
consideration of the curvature of a cross section of a substrate of each obtained
measured image, all the data of the images were fitted for one-dimensional plane by a
least-squares method with attached software 10 perform the first gradient correction for
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 attached
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 aund valley
{P-V) was calculated.
16 [0194]

FIGS. 13B to 13D show results of measurcment 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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0.139 1.482 0.174 point 2 0.135 1.490 0.170 point 3 0.137 1.554 0.172
average of points 1 to 3 0.137

Ralnm] | P-V[nm] | RMS[nm]
point 1 0.1101 2.839 0.1452
point 2 0.1204 4011 0.1701
point 3 (.143 8.807 0.2797
averags of points 110 3 0.125 52198 0,198

For comparison, surface roughness of a single crystal silicon substrate on
which etching was not performed is shown in Table 2. Note that the surface roughness
of the single crystal silicon substrate on which etching was not performed was measured

5  at three points which are similar to those of the single crystal silicon substrate on which

elching was performed (see FIG 13A).

[0197]
[Table 2]
Rafarm] | P-VInm} { RMS[nm]
point 1 0.138 1.482 0.174
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 0172
10 [019§]

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 to those of the single crystal silicon substrate
on which etching was not performed.

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

structure will be described.
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1.509 0.172 10[0198] From the above results, it was found that the
surface roughness Ra and the root-nean-square roughness RMS of the single
crystal silicon substrate on which etching was perfornmed were not inferior
to those of the single crystal silicon substrate on which etching was not

performed. 15[ 0199] Next, conparison results of gate wthstand
vol tage of a MOS capacitor structure wll be described. [0200] Fl G
14A illustrates 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

el ectrode 3082003 forned using 5 alum num over the insulating film 302.

[ 0201] The MOS capacitor having the above structure was manufact ured
under the foll ow F§. 14 destendi MOB nspaci@ugidnironsed ip shiasxample] olesthe af t er a
gate insulating filmwas forned using a silicon oxynitride filmto a

t hi ckness ofM@ cwm@ﬁumiqﬁgpglqu@g%ﬁm is formed using a silicon oxynitride

film ovex; a single crystal silicon substrate 301, and a gaté elecirode 303 is formed using
5  aluminum over the insulating film 302.
[0201]

The MOS capacitor baving 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 {o a thickness of 20 nm over a single crystal

10  silicon substrate, a gate electrode was formed using aluminum 1o a thickness of 400 nm
(clectrode area: 0.785 mun®).
[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 sccem, the reaction pressure:

1.2 Pa, the temperatare of the lower electrode: 70 °C, the RF (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 gingle crystal
silicon substrate using a plasma CVD apparatus with no substrate bias applied under the

following conditions: the flow ratic of a reaction gas: NFs : Ny = 10:400 (scem), the
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10 silicon substrate, a gate electrode was forned using alumnumto a

t hi ckness of 400 nm (el ectrode area: 0.785 nun2). [0202] Condition 2
is as follows: after etching was perfonned on the single crystal silicon
substrate using an | CP etching apparatus with a substrate bias applied
under the 15 followi ng conditions: the flowrate of a chlorine gas: 100
seem the reaction pressure: 11 Pa, the tenperature of the | ower el ectrode:
70 C, the RF (13.56 MHz) power applied to the coil electrode: 150 W and
the power applied to the | ower electrode (on the bias side): 40 W a gate
insulating filmwas forned using a silicon oxynitride filmover the single
crystal silipasrsibht pates tindet 65 ChNRS Sistafice 2Otwar clandda Jatremethect r ode was
20 formed using alum numto a thickness of 400 nm (el ectrode area: 0.785
mn2). [0203}pmperature of @orsdbstraton2(8 Cs ambsthe &Il (916 Mtz epwet:cHi Woa eets per f or med
on the single crystal silicon substrate using a plasnma CVD apparatus wth
no subst r at déndyiaiing ﬁlﬁpwsef@lrmfﬁ@l@ﬁg%ﬁbcoﬂ@Pi}’fBWﬁghfe‘éWﬁthﬁ’@gig crystaksitfcpmw rati o of
a reaction gas: NF3 N2 = 10:400 (seen), the pressure in _the process

chanber: 65 spastraiefipe Brckpeihel20sen Q%ié‘rﬁa@l P formsg usipg slyRBUR dhder at ure of

the substrate: 200 and_t he (L ) power : 50 W a gate
i nsul ati iy q“f’lfﬁe 599%'?’%&53"?5%‘131?6”" %15 n oxynitridc filmover the single

crystal sili S@IQ' substrate to a thickness of 20 amand a gate el ectrode was
formed usi n Lm numto a 5 thickness of 400 nm (el ectrode area: 0.785

mR) . [ 0204] creligel] Hggg t erred to
as Sanple A a sarrpﬁ/r?il manl??ac ure?ie? éﬂg néglgd{tl og(gég %aglglregapf gr%?l{é‘ggto as
Sanpl e B, agfl h&dz?@&&a‘it{fbﬁtz% RebrAdR el SQHPQ'B': thﬂas% R ofRhGLheH tO as
Sample C. 1 8 FI'G 14B shows results obt ai ne by measuring the

current-vol t@g@cghm}{an3:1Ig@erf§:§gegdsgtah5§(pf Samples Ato C. In FIG 14B, the
horizontal axis indicates a voltage Vg (V) and the vertical axis indi cates

a currenip 1 gofod) . Here, results obtained by nmeasuring |-V characteristics
at each point on the surfaces of the substrates of Sanples

FIG 14B shows results obtained by measuring the cument-voltage (I-V)
characteristics of Samples Ato 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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15 Ato C are shown. [0206] It was confirnmed fromthe results shown
in FIG 14B that the rise of a current value is earlier and the wthstand
voltage is poorer in Sanple B on which etching was perfornmed with a
substrate bias applied than in Sanple A on which etching was not 20
performed. On the other hand, the withstand voltage of Sanple C on which
etching was perfornmed with no substrate bias applied was the sane or
substantially the same as that of Sanple A on which etching was not
performed. [0207] Next, in order to investigate inpurities (here, Al) in a
single crystal silicon substrate, analysis was perforned using secondary
i on mass s peabsterEnilysi{ SsMformed 208 secondary ion Sanpdpesrowhirc{$IMBY.e used in SI M5
will be described. As Condition 1, a single crystal silicon substrate was
prepared. A40208hdition 2, etching was perforned 5 on a single crystal
silicon substrate using a plasm CVD gfsparat us with no substrate bias

appl i ed under t heSamwies ovidhgwerorgsd inoPidS wHebe deppribedt | 63 Sonditionebct i on gas:
NF3: N2 = 10: 400 (seen), the pressure in the process chanber: 65 Pa, the

di st ance betssvé@wrﬁraée l?oacfé%matsovaﬁﬁiw@t% téhgaditieus. ¢ Gms e refiRed at e: 200
C, and the (13.56 MHz w%r Condji.tion 3, etching was
performed5 or‘i’“aa Sé‘?g;\eg?’"émﬁri)’s? -l tf"ﬁ“i'(‘:%%al RS Y P #PRAY W@h 5% S¥Pet chi ng

t L0 .2 d, under the fol d t th
1 ow rate obd G %@%3 e g R S
tenperat ure ,afo4 ?i%czllf Pe %Pe %Oglg ‘\/\?’ngn J&Q or b5 %%h%%&ﬁ&é RQNEL which i's

supplied to a coi e powetr Wwhi I's supplied to a

| over el ect r%g@od(eﬁ%o%}ﬁ tf?é éﬁl §{Jat9§>) Py dg%%te%cuc“a ndrEl (. %’ ﬂﬁ’il'? COI’]SI m | ar

to Condition 15 etching s per orrre on a si ng crysta

substrate WighRed s5URSt XALEndMAS3, ddbleCflas REnRddt &1 a shgle, crfs8icGl €aning in

whi ch ozone vvater and hydrofluoric acid were alternately used was

performed. Auisaip | Bingamuicec bitifd appaders «andi dubfftelbiad agAeP ueddranalf act ur ed
under Condition 2, a sanple manufactured under Condition 3, and a sanple

manuf act ur edollonaier cobfinahist the Mo rie e a cEbxer gast 100 sédn, BanpictoDpreSanpl e E, 20
Sanple F, and Sanple G respectively. Note that in SIMs, absorbed

i mpurities flrsdh te teopteuratitedpharcizcywiect(d€ be REQ1 DI MHe) pukewhidst surf aces
of the sanples. Therefore, a silicon oxynitride filmwas deposited to a

t hi ckness ofis 20pkphth 1 widiecteds: PrOgt¥canddhe hoveay rihaghes gippBediisl @bwBrto G

electrade (on the bias side): S0W. As Condition 4, in a manner similar to Condition 3,

16  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
manofactured 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 impuritics 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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[ 0209] FI G 15 shows results of neasurenent of Sanples Dto G by
SIMS. In FIG 15, the horizontal axis shows the depth direction (nm of the
sanples, while the vertical axis shows the concentration of A (atons/cnB).
Note that the silicon oxynitride filmhas a depth of about 20 nm The film
fromthe surface to a depth of approximately 20 5tun 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 Sanple F was about | x 1018 atons/cnB8, while the
concentration of Al in Sanple E was about 1 x 1014 10 at ons/cnB
(measurenment | i m FIGOL5 HReS rabitstdtectiuMpent MtSambleBSo Iy SIME ™ FIG
substantially the same as that in Sanple D. Further, it is found that the
concent r at i oifsthe horfontalnexSahp¥sahd-depthdiiSaivp |(ien)of deaaBpley, witldy the dértiéal S

different fromeach other. [0211] It was found that fromFI G 15 that Al

havi ng a coreerhewt theronefntiation df il SatdBs/at’d ne¥otnBanths sitkeh @syredidé finm t he

out ernost surface of Sanple F on which etching was perfornmed with a
substrate bitasa dendi ofagout R pm. t Riap filmifransthe i efieraciepth eheppsixireatelALO ent ers the
single crystal silicon substrate by collision of ions in the SIM5 the tail
of the priof iMe!s BesBiResosvpridedlpt h direction as conpared to the actual

di stributi o%zll(-)ij)wever, nore Al

In FIG 15, when the concentrations of Al in the single orystal silicon subsfrates
(at a depth of 30 nm) were focused, the concentration of Al in Sample F was about 1 x
10" atoms/em®, 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 jons 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 eiching 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 outenmnost 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 regardiess of
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was detected from Sanple F on which etching was perfornmed with a substrate
bi as 20 applied than from Sanple D on which etching was not perforned.
Further, fromthe result of Sanple G it was found that that A on the

out ernost surface could be slightly renoved by perform ng cycle cleaning
after etching with a substrate bias applied; however, at a depth of 20 urn
to 80 nmfromthe Si surface, the concentration of Al in Sanple G was the
same or substantially the same as that of Sanple F regardless of whether
or not cycle cleaning was perforned. It is considered fromthe result that
due to etching with a substrate bias applied, inpurities (A) are

i ntroduced twhethedepohexate oanioh whdgerfonmedr | ¥ issongidéryd foanthotestletharsoved by
cycle cleaning. [0212] 5Fromthe result, it was found that a single crystal
silicon | ayep s&hmelyathy eabptainbias npbied. bepwgiot 6Hl awiinstdeckddae depthiapuri ti es
by etching with no, substrate bias applied. By using such a single crystal
si i con | ayeyhichfbe wprgic(4B et bgasmaved bharselesingt i cs, such as defects in

wi t hst and vq@%ﬁ?e, due to inpurity contam nation can be prevented, so that
a favorabl e t conduct or device can be manufactured. 10 (Exanple 2) [0213]

5 From the result, it was found that a single crystal silicon layer can be restrained
from being contaminated due to impurities by etching with no substrate bias applied.
By using such a single crystal silicon layer, deterioration in device characteristics, such
as defects in withstand voltage, due to impurity contamination can be prevented, so that
a favorable semiconductor device can be manufactured.
10 (Example 2)
[0213]

In this example, in order 1o obtain information on impurities (here, Al) in a
single crystal silicon substrate more accurately, results obtained by analysis using
secondary ion mass spectrometry (SIMS) from a substrate side of a sample 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]



In this exanple, in order to obtain information on inpurities (here, A) in
a single crystal silicon substrate nore accurately, results obtained by
anal ysi s using secondary ion nmass spectronetry (SIMS) froma substrate side
of a sanple will be 15described. [0214] Sanpl es which were used in
this exanple will be described. As Sanple H, a single crystal silicon
substrate was prepared on which etching was perforned using an 1CP etching
apparatus with a substrate bias applied under the foll ow ng conditions: the
20 flow rate of a chlorine gas: 100 sccm the reaction pressure: 1.5 Pa,
the tenperature of the |Iower electrode: 70 C, the RP (13.56 MHz) power

whi ch is suppliedNew, & Swiple blacuiglocigstal 5(@0n Wbsaaiel wakh grepovdpn whicbh i s
supplied to a |l ower electrode (on the bias side): 50W [0215]

Next, as Sangithing wasgpesformgl aisiag pu (G cighing enparaty vdthmatsebsiats bipsepeliedd on whi ch
etching was perforned using_an |ICP etchiqg %Fparatus Wi th no substrate bias
appl i ed undetndeimfle fEprEgicrrsitiogs dhe fomete ¢itechiorignesat @ semahepdionne gas:

100 seem the react'%%ﬁﬁressure: 2.0 Pa, the tenmperature of the | ower

f
el ectrode: 7RS¥t 4 ¢ earggtuigehbsloyangectpis IR °Csthe Ripllp €8 M) a
il-el de: 2000, t he i i lied t. .
o eyt CHER Wl 1 et WA LS L SRS 0T,

crystal siligc e, \a. pared on which etching was performnmed using
an | CP etchfwgggﬁﬁggé%géﬂﬁgﬁﬁsﬁ%ggﬁ%strate bi as applied 10 under the

fol l owing cogpgligyions: the flowratio of a reaction gas: NF3 : N2 = 20:80
(seen), the reaction pressure: 0.67 Pa, the tenperature of the | ower

el ectrode: 40 C, Nbe REsinlple 62 Mifdd cHAUNESi1icM is@Rirhes v@ye%é}r@ﬁoﬁ Qhih
coil -el ectrode: 2000W and the power which is supplied to a | ower el ectrode
(on the bi asc@imgeyds feMbrilc@2didg an ICP etching apparatus with no substrate bias applied
16 under the following conditions: the flow ratio of a reaction gas: NF3 : N = 20:80 (scem),
the reaction pressure: .67 Pa, the temperature of the lower elecirode; 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
X.
{0219]
- FIG. 16 shows resulis 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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15Next, As Sanple K, a single crystal silicon substrate was prepared on
whi ch no treatnent was perforned. [0218] Note that in SIMS, absorbed
impurities froman outer atnosphere were detected on the outernost surfaces
of the sanples. Therefore, a silicon oxynitridc film20 was deposited to a
t hi ckness of 20 urn in order to protect each surface of Sanmples Hto K
[0219] FIG 16 shows results of neasuring Sanples Hto K by SIMS In
FIG 16, the horizontal axis shows the depth direction (run) of the
sanples, while the vertical axis shows the concentration of Al
(atonms/cnB). Note that the filmfromthe surface to a depth of

appr oxi mat el spo@Otha percsuttatien sf Al @omsioxy)ni Note det fhiel fimNotetht hedfacher €, t he
measur enent was perforned fromthe back surface of the single crystal
silicon subsiepétd dpprogiataly 20 npr svibatsiliedd exninds fidet Sotd Hgt baapbaents in
the silicon oxynitride filmon the 5 single crystal silicon substrate as
much as posgpespucmenf wasperfpancdifivgl the back syrlape ojthe sggle caisiabtibicgp subsiagie pol | shed
to a predeterm ned thickness, the nmeasurenent was perfornmed fromthe back

surface of tiREMET REFeH Petsit deiering GAmRRYt Pdbesien 2poTHs iehfiici n FI G
10, e comconly S OBl Ml SURLCR e E, B LR e GE0 b0,
111 St 8ulR PERLRIER, L S REPALE R PR s 5 1
from the back surface of the single crystal silicon substrate.
[0220]
As shown in FIG. 16, the concentration 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.
(Bxample 3)
[0221]
15 In this example, results of examination on an effect of contamination of a
single crystal semiconductor layer, which is penerated 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  bedescribed.
[0223]
First, a single crystal semiconductor substrate was prepared and subjected to

thermal oxidation treatment, so that a silicon oxide film serving as an insulating layer

was formed. The temperature of the thermal oxidation treatment was 950 °C, and the



(Exanpl e 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 manufacturing an SO substrate depending on whether or not a

substrate bias is applied will be described. [0222] Her ei nafter,
a nmethod for manufacturing an SOT substrate of this exanple will 20be
descri bed. [0223] First, a single crystal sem conductor substrate was

prepared and subjected to thermal oxidation treatnent, so that a silicon
oxide filmserving as an insulating |ayer was forned. The tenperature of
the thermal oxidation treatnment as 950 C, and the thickness of the

I nsul ati ng |teiviekssvef Shel DRuldtinglaykenwad Hiot daoa N, In addiadnyas phekghetemtiudhgng HCL at 3
vol % with respect to oxygen was used as the atnosphere of the thermal

oxi dat i on t rEEtarSntel%[WigPrkhpell v diyge exawpd 65 e dnpghee of yist hkmsl | | con

waf er was used as the single crystal

oxidation treatment.
[0224]

In this example, a single crystal silicon wafer was used as the single crystal

(14

semiconductor substrate, and a single crystal silicon layer was formed over a base
substrate. The single crystal silicon wafer is a square substrate having § 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 embrittied region in the single crystal semiconductor substrate. 50
15 scom 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 jon species (H', Hy', Hs") 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 pA/em’, and the dose
was 2.0 x 10'® jons/cm’”.

[0226]
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sem conductor substrate, and a single crystal silicon |layer was forned 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 scan of a 100%
hydr ogen gas was Negdhabasa ssauite endyas singhdrishé ssringkectarsysdrate wedn conduct or
substrate was irradiated with ions in plasma generated by excitation of the
hydr ogen gasubjthtah tovergesage elleniag, eehdothemrsubib@at td clehiind dn wintcheuter mass
separation. Accordingly, the enbrittled region was fornmed. Wen the

hydr ogen gasoueisinggeingedrhgp-tarsutiate of Ba babe sihstrtapisanarsylting layes éorachds of i on
species (F11., 112t, H3") were generated, 20 and_ approximately 70 % of the
hydr ogen i orPdisetinedescrysivh penignnducia seshtte eredbreeh & IF8 COEhspde Bils W

Conditi f d j dopi hat th | ti | t
%56'59' ﬁ('?}s %ﬂ@&ﬁgglﬁﬁﬂﬁéﬂtfﬂoﬁ%i %ﬂ?ﬁ@f@%@ﬂﬁ@%ﬁb S?ﬁ*ai?%: eod@é@@%h' O'n_svgl. 0 g
| ONs/ C upstrate .a e SiIn e
coretar e RuthDSRS sed st b ek LEPOANIA o8 B SuRREe hEadi 1Y ©and
crystal semtl st & T _ , :
T he bl e bfhicel pio&RE 0% WRoRUGr I LED T W, 1 PIBHENG, of 0954 8 SUT (808

ser conduct 6, sUDSLAALS 197 Xl SPRRSH.! BuGlosRaReNt 3FssOGRs A be 5 bonded

la
to each ot her. I's exanple, a non-alkali glass substrate (product nane:

AN100) was Usgfl.ias of Me&nBPSBansidh et 18t gy7oEhe AN1OO is a gl ass substrate
havi ng physical properties of a specific gravity of 2.51 g/cnB, a Poisson's

rati o ofyp0. 2827p Young' s nodul us of 77 GPa, a two-axes elastic coefficient
of 98.7 GPa, and a coefficient of thermal expansion of 38 x 10;7/C

10[ 0227] Nexdxt, hiee akatink@ atagparfornedat200 PO forRchoads i26Beating Gmade hOurs in a
heating furnace to increase the bonding strength between the base substrate
and t he sil itcooregitibebahdihgrstrenpd ibetulreathe breatisgat awhthe pdicdrosxidedilat 600 C f or
2 hours in a heating furnace, so that the single crystal sem conductor
substrat e wdbers dpatrattment web ngforhed #9B? ¢ faréchonesgh o heatisg firdde.sotiatlar y. Thus,
a single crystal sem conductor |ayer was fornmed over the base substrate
with the i néisaglesgstabspayvcopdicl pvsiene virarrirdtdson theprmbrtlsd ekivadsa of t he

single crystal sem gonductor |ayer was apl%r oxi mately 140 urn.
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 etching

were performed with no substrate bias applied as Condition 1. The first etching was
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[ 0228] Next, first etching, l|aser irradiation treatnent, and second
etching were 20perforned on the single crystal sem conductor |ayer.

Specific conditions will be described bel ow. [0229] As case will be
described in which the first etching and the second etching were perforned
Wi th no substrate bias applied as Condition I. The first etching was

performed on the single crystal sem conductor |ayer using a plasma CVD

apparatus under the following conditions: the flowratio of a reaction gas:

NF3 : N2 = 5:300 (seem, the pressure in the process chanber: 50 Pa, the

di stance between electrodes : 30 mm the tenperature of the substrate: 200

C, and the Rerfd3d5e tMizhglpenent shicodduchridyer ety & brshhcvibngserant t he

single crystal sem conductor |ayer was about 120 run. Next, after

i rradi at i ng wie th fnlidvengeopditions: Sefve onidw€s oactioayer NKj 1N 34 23@r(sdeinght , t he

second etching was perforned under the sanme conditions as the first etching

per f or med urfiepregpiedn thearocess ohrelesp Hah thetdislapkmiestwecofelettralesi diyier, cr yst al

sem conductor | ayer was about 60 nm 10[0230 %@ A case w |l be

descri bed i rihévimpRratuFe of fhesubspieh 2ot “Gaandpbe R Had6 WA epvatib¥t Mat e bi as

appl i ed and the_ second. etchj erformed with no substrate bias applied

as Condi td onwfffebxﬁlée ‘F‘f"l“%‘*ﬁs gt g‘ﬁ. fevoggs SFTigPITBHOY hyea ‘@ﬁs r%% 12p ya o

sem conduct a , n atus e foll ow ng

cond 1 ons: otk S B0 uRngl el R p R LR iy eteel Bheeatcr on

pressure: rode:.. 40 .C the RF
pe?chﬁ: V% rfgr%g@%c%}; {ﬁggzggg cothg'iﬁoxls \Q@l{ t%rst c?cth g mfwd Wd Ind t he

(1156 MHz) I's suppli to a coil ect T 0d
power which I r 50W
wher eby t he (E(’E:*%E‘*ﬁﬁg‘gﬁ%%’%’%‘mé@%% oL Be3aEld *s‘e%aﬂ’*a%ﬁ%c%ﬁ?eﬁ%%%%waas about

120 nm Nextgppgfter irradiation of the single crystal sem conductor | ayer
with 20 laser light, the second etching was perfornmed under the sane
condi tions gg2iphose of the first etching perfornmed under Condition 1,
whereby the thickness of the single crystal sem conductor |ayer was about
60 rim[0231] A casesewvill bdéeschited rih débhi the it Glthinhevds i pegfbmeti ohiting was
performed with no
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
15  flow rate of a chlorine gas: 100 scocm, 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, whereby the thickness of the single crystal semiconductor layer was
about 120 nm. Next, after irradiation of the single crysial 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 nm.

[0231]

A case will be described in which the first ctching was performed with no



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 nm 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
w Il be desaubdned iz appiigharddn®e kécosd cehiehivag pamidmid evihec aubdtradd blas Nng wer e
performed with a substrate bias applied as Condition 4. The first etching
was perfornegpitd & Sondtie dryShallirgeeiiondae tprioingdern andegle tdystaane
conditions as those of the first etching perfornmed under Condition 2,

wher eby t he semiceidveloslapdr updrs thei sagk eonditipas 2 these 9 dsrittei ctcbng Ipssfemedas about
120 run. Next, after irradiation of the single 15 crystal sem conduct or

|l ayer with edeCondigen L. vhrebybe dicknes ehibpgingla sypar eoicariciohaes Mehe same
conditions as thaose of the first etching perforned under ndition 2,

wher eby HhefPWFé§§é§s B@“tﬂ@‘§?ﬂ&ﬁ@‘8¢§gfﬁﬁb§@ﬁgﬁﬁﬁﬁﬁﬁ‘&F”I%@%W“ﬂas about

60 . [023 t hat i diti I, t | i diati diti

ver e a1 of HELEE iyt PulRF Vs peditnet e s PR S AT BRR AT LS 2 Doam
havi ng a Wavfxe}lst%[e]:gltng trga];tzﬁgrgg%rﬁo% der o%gitigrvg &h@%b% @%g&m@%@'&?ﬁ@%@g ndensed by
an opti cal system So a € Dbeam shape o an 1fradiatron sur ce was a

l'i near shapec,,)g;al ?é%@coh&%l&(lagégva@ wPRPEexi mately. The pul se width of |aser
| i ght was 20 nanoseconds, and the repetition rate was 30 Hz. The
[0232}

10 A case will be described in which the first 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 frradiation surface was a linear shape of 390 um 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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| aser irradiation was performed while a nitrogen gas was sprayed on an
irradiated region at a roomtenperature. [0234] A capacitor TEG
was manufactured using an SOT substrate manufactured under 5each of
Conditions 1 to 4. FIGS. 17A and 17B illustrate a structure of the thin
filmtransistor manufactured in this exanple. FIG |I7A is a top view of a
capacitor TEG and FIG 17B illustrates a cross section taken along line A-B
of FIG 17A. [0235] A silicon oxide film801 (having a thickness of 100 nm
formed 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 urn) was
formed over ldaeirsdibticoouas petfotteed whia8iibgeragd was gadyed el ediridided degiper 805 (a
stack of a tantalumnitride |layer having a thickness of 30 nmand a
tungst en | ayea rdoavengggradure.hi ckness of 370 urn) was fornmed over the gate
insulating layer. In the silicon oxide film801, a source and drain

el ectrode 182¥ayers 807 (a stack of a titaniumlayer having a thickness of
60 inn, a titaniumnitride |ayer having a thickness of 40 run, an al um num
| ayer havi ng a thfl‘*éﬁ@ﬁ‘é@ﬂ%@ “@@@awﬁct"a%’dlsfalgﬁl pahiubsialeayeanfapiseil H@dea t hi ckness
of 100 nn1|n this order) ch were connected to a source and draln regi ons
803 (i nmpui teﬁ*Ghr‘(‘:fqu@ﬁ’é““Eo‘n?’a‘i anl‘@ dﬂé?ﬁ‘l’mé?%é‘h’é@‘%ﬁ sirypate P e die

inparting n-type conductiyi wer e for ?? In addjtiqgn, the source 20 and
drain el ect rE3es P yRPRCEE "(é‘“‘s"t"é‘@ﬁleof I§E A il OV 2 BRACHPIGTEL t hi ckness

ayor navi ﬁ&%‘??“?iﬂlﬁ@s‘ﬁs b S350 CARA Aot AU UIRPaY8r haviny a i hi okness

of 100 nu IE s order) which were connected to a source region and a
drain regio Lpurity regi ons containing boron as an inpurity el enment

inparting p-type £Qngdietkmk tfxﬁl in &Qﬁné))éi fﬂﬁkness of 100 nm) formed by an
10 oxidation treatment 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 msulating layer. In the silicon oxide film 801, a source and drain electrode

156  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 comnected to a source region and a drain region (Impurity regions

containing boron as an impurity element imparting p-type conductivity) of the oxide

-3
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silicon film801 were forned. Further, an interlayer insulating |ayer 806
(a stack of a silicon oxide filmhaving a thickness of 50 nm a silicon
nitride oxide filmhaving a thickness of 300 um and a silicon oxynitride
filmhaving a thickness of 450 nut in this order) was fornmed over the thin
filmtransistor. The capacitor TEG according to this 5 exanple was forned
so that the area of the gate el ectrode was 0.66 mR2. [0236] FI GS.
18A and 18B and FIGS. 19A and 19B show results obtai ned by neasuring the
current-voltage (I1-V) characteristics of Sanples L to 0. In FIGS. 18A and
18B and FIGS. 19A and 19B, the horizontal axis represents gate voltage Vg
W and 10 t rsdlicoe filni 8Q| weax fosmede p Pathentag ingatager gusrlotng layeg 800\ja. stdelery results
obt ai ned by mneasuri ng 1-V characteristics at 25 points on each substrate
surface of SHivpt esidg Iy heyingrsethickesph of $OB73 silicon nitrifly gxide fbn hesdag 2 s of FI GS.
18A and 18B and FIGS, 19A and_19B, it . was found thatthat in Sanple L on

whi ch the fithgkocsd APherat  siisonsaysifile b hirvigg Wbkr&nsserf GP B 155 wi t h no
substrate bias applied, the rise._of a .current value ereof was |late, there
were T ow vartie BRSO 4V Wik G e ol RGP B SRS el il o
Further, also in Samle M on ich the first etchi was performed with a
substrat eébieéasmlg%gfisln@anegﬁ%&fﬂﬁ}é\@as”gacoof&]hcf géi%eg[lef:?\oéiev“ﬁssb'g%ﬁlfn ormed with no

substrate bi gzsjﬁgppl i ed, although variation in rise of a current val ue
thereof is éaus d, the rise of a current value was |ate and 20 favorable

characteristics wapg 9pi ahfedn (N Fok. QbRemahARd il (RS bRMAg bhat in

Sanple N on which the first etching was perfonned with no substrate bias

appl i ed and fidagrisgeRNdmét Shiape (WeSchpasd akibesk Winblas 8 1S Whstl AR, bigas appl i ed
and Sanple 0 on ich the first etching and the second etching were

perfornmed Wahd 188 SdlFsGs.abe i B8, appbiipdal Hxhaeréssis gfte diGa vEM) a¥al ue
thereof was early and the withstand vol tage thereof was poor. [0238]

FI GS. 20w anige 2@Babixisvepresuisteateahnéit @t dAef Hee! repubiobiatried by afeastainpl es L to 0
descri bed above. Fromthe results of the field-effect nobilities, it was
found that ilfV Ganwplastis 0@5 phinte bn tdeb sbstrate suefhehf Agmedesd. tlfkarsdoend et chi ng
were performed with no 5 substrate bias applied and Sanple M on which the
first etchi i¢g3khs performed with a substrate bias applied and the second
etching was perfornmed with no substrate bias_appli t here was | ess

variation and hi Jiep Hrirents & 68 1 8honi | BB rrd Fifer @gg@éﬁﬁeﬂ vEhENnd n t he
other sanpl %hsa'tthflt ?nzgagnlple 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 etching and the second etching 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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10From t he above results, it is considered that in Sanples L and M on which
at least the second etching was perforned with no substrate bias applied,
little contam nation due to the etching treatnent was caused and surface
roughnesses of the single crystal silicon |ayers were reduced; therefore,
favorabl e withstand voltages and high field-effect nobility were obtai ned.
However, it is considered that in Sanples N 15 and 0 on which at |east the
second etching was perfonned with a substrate bias applied, contam nation
due to the etching treatnment was caused and the surfaces of the single
crystal silicon |ayers were roughened; therefore, the wi thstand vol tages

t her eof wer el0RB and the field-effect nobilities thereof were reduced.

[ 0240] 20From the_above results, it was found that according to one

enbodi ment of t heFedehend M Pethey arsultcefrickhtiivat menlitss obSammelletoc? yst al
silicon substrate which was generated i n manufacturing an SOT substrate was
reduced. Furtsibed phoves Frqny thrdeslinie! e deldraigst crobdives: ievasabind 3t tof a

sem conduct of devj ce usin uch .an SO substrate were inproved. Thi s
appl i cation a?pgcaiSSH “’g‘f"f'hj%pérﬁtefé‘ﬂmfﬂaﬂtr‘gﬁ}?e FEPI LAineorere Betfogmed Bith 3909- 011425
filed with J n, Ratent. Xfigce on January. 2 2009, the entire contents of
whi ch ar eyhesr%g"%yeibﬁaég Ilg%?éeganﬂ’gﬂ ]r\é?ne‘rv elﬁl?:/gl?‘ Jﬁ“&f&ﬁ’%“’& perform Wi\ 1t hod f or

manuf act uri r&bsﬁ‘r@tccr ysa?sg{&ﬁtéfngttﬁe G0y ét&i@ﬂgi{f&é@é}?&swﬂ{ ho fsn?t%g%tp giag.n oxi de

filmon a single sem conduct or oduci ng

he oxl de 1o e B e R P R PR gy T oo
sem conduct Ghe SERSAkpMsE;
[0239]

10 From the above results, it is considered that in Samples L and M on which at
least the second 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 SOT substrate was reduced. Further, it was found that

perfonmance and reliability of a semiconductor device using such an SOl substrate were

improved.
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bondi ng a supporting substrate such that the supporting substrate and the
single crystal sem conductor substrate face each other with the oxide film
i nt erposed t herebetween; formng a single crystal sem conductor |ayer
bonded to the supporting substrate by heating the single crystal

sem conductor substrate and perform ng separation at the enbrittled region;
performng first etching on a surface of the single crystal sem conductor

| ayer bonded to the supporting substrate with a substrate bias applied,
after performng the first etching, irradiating the single crystal

sem conductor |ayer with a | aser beamand nelting and solidifying at |east
part of the surface of the single crystal sem conductor |ayer; and

afier irradiating the single crystal sem conductor |ayer, perform ng second
etching on the suTmad@P@ﬁﬁ@héSsWﬁgiemcﬁ$@@ﬁt Basanit coOprdgetioor s¢ralaro-wi t h no
substrate bias a . The _met hod for nanufacturing an SOT
substrate ac®8t Bﬁﬁés filgd (‘f’l“hﬁ?ﬁ‘ipa‘%%‘wnﬂw Hs2008+ EnpHige sagiepisref or med
using a chlori The net hod for manufacturing an SOT

e- bas 3.
substrate ad@ﬂ%& ‘géugP%m?de%ﬁ@WﬂFﬁ t he second etching is performed

using a fluorine- based gas. 4. The nethod for manufacturing an SOT
substrate according to claiml, wherein the first etching and the second
etching are performed using a fluorine-based gas. 5. The method for
manuf acturing an SO substrate according to claim1, wherein the supporting
substrate is a glass substrate. 6. A nethod for manufacturing a

sem conduct or device using an 501 substrate manufactured by the
manuf act uri ng nmet hod according to claim1, wherein a sem conduct or

el enent conprising the single crystal sem conductor |ayer over the
supporting substrate is manufactured, and wherein the single crystal
sem conductor |ayer is etched by perform ng the second etching.
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7. A nethod for manufacturing an SO substrate conprising the steps of:
formng an oxide filmon a single crystal sem conductor substrate;

i ntroducing accelerated ions into the single crystal sem conductor
substrate through the oxide filmto forman enbrittled region in the single
crystal sem conductor substrate; fo€hiAlgSan insulating |ayer over a
supporting substrate; bondi ng the supporting substrate such that the
supporting substrate and the single crystal sem conductor substrate face
each ot her i Amdting fepahahefaciuling andiOl sobstiarswlnatisimgthk asyerofi nt er posed

t her ebet ween,. f. i ingle crystal sem.conductor |ayer bonded to the
supporting sr}a%ﬁé%&{;}t%ﬂggﬂﬁgﬁgiS’r’i’bﬁtcﬁé;{ag?cﬁné(foéld%c(r?%}sS%aQ'Frat%’em' conductor substrate
and per f or mingpdsepas@ticerd ddns the tersbid dysed sevagirdngtopebdtarehiogeH the skide

etchin rfagce Lhe.single crystal.sem conductor |ayer bonded to
the suphSh RBdhtagRal bOf PhORufe SHEl Emip RGP GRS after
perform ng theedifig estuppiredy ndstrite madhi titi fhg wubporsignglbeirae ysd ale siegte eopduct or
| ayer W N |.ti. and, sgli.difyi at | east part of the
sur f ac\e%%?o'@ﬁégiﬁhg{%ge%%g ) 1%3’#%%%‘3‘6%‘3?@?“ ‘gg?ésre!a%gﬁ%’etween’ after

i rradi ati ng ferdengsi sigkle corsigs tabicadnitgoagtu dboded|tayier suppetifoaibsing: Setaridg

et chi ng._on_| [ the.sj.ngle crystal sem conductor |ayer wth no
bi a6 agi Sl st SEoREGaer MO Ferkdt i Srnali A Ui IR Yt o
accordi ng t @edbraiing st aitharedma suhfacd i the siegle hivagl iemi@edicniddr beidagtoahe

chl orine- , ok ef.hod for manufacturing an 501 substrate
accordirgﬁpd}aﬁgﬁgf%ﬁ%el?’,lth\?\ﬁ[ébrsg?tﬁbfaagppglgéfond etching is perforned using a

fl uori ne- baséd ga®rming the first etching, irradiating the single crystal semiconductor layer with a
faser 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 ¢laim 1, wherein the second

etching is performed using & fleorine-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 manufacturing method according to ¢laim 1,

wherein a semiconductor element comprising the single crystal semiconductor layer over the
supporting substrate is manufactured, and

wherein the single crystal semiconductor fayer is etched by performing the second etching.
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10. The nmethod for manufacturing an SO substrate according to claim?7,
wherein the first etching and the second etching are performed using a

fl uori ne-based gas. 11. The method for manufacturing an SO
substrate according to claim7, wherein the supporting substrate is a gl ass
substrate. 7. A methoiZor anmttoods £r080 nabufacbuptisige ée siepd donduct or devi ce

using an 501 substrate Jranufactured t he nuf.acturing method accordi ng
to claim7, forditRoh Oﬁ\ihézrhéllnﬁmgSlé’élrcﬁ“g(%‘r‘?g%&“éjpduecl Oéﬁléiﬁﬁats’onpri sing the single
crystal semigoddticg arxelbayedionswes thehmeBuppod tdnrighrgudet dubdtate throt@intié acitielr ed,

Phe engiR okl g ShRAl& SLYRAhe SRAL GONANERRE RYFLuplR gt Ched By performng

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 and the insulating layer 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 substrale with a 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 bias applied.

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

etching is performed using a chlorine-based gas.

9. The method for manufacturing an SOT substrate according to claim 7, wherein the second

etching is performed using a fluorine-based gas.

10. The method for manufacturing an SOI substraie 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 SOl substrate according to claim 7, wherein the

supporting substrate 5s a glass substrate.

12. A method for manufacturing a semiconductor device using an SOI substrate manufactured
by the manufacturing methed according to claim 7,

wherein a semiconductor element comprising the single crystal semiconductor layer over the
supporting substrate 1s manufactured, and

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