DESCRI PTI ON OXI DE SEM CONDUCTOR LAYER AND SEM CONDUCTOR DEVI CE 5 TECHNI CAL
FI ELD [ 0001] The technical field of the disclosed invention rel ates

to a sem\%ar}ﬁﬁﬁt“gﬁgl ayer including an pxi de sem conduct?ET/ﬁOtl%&q{é vely,

t he technica of the disclosed invention relates to a sem conduct or
devi ce using the sem conductor |ayer. 10 BACKGROUND ART [ 0002] A
field-effect transistor is one of the nost w del y-used sem conduct or

el enents. A variety of materials are used for field-effect transistors
according to their uses. In 15parPFRGRITION i conduct or materials incl uding
silicon are frequently used. [0003] The field-effect transistor
using silicon has characteristics satisfying the needs with respect to a
vari ety of ODE  SEMECONPUCTORDA¥ER ANDSSEMIOONDUGIORDEVHCEan
integrated circuit or the like which needs to be operated at a hi gh speed,
whereby the 20 need with respect to the integrated circuit is satisfied.
Further, 19aiRRCAE FRELbcon is used for an object which needs a | arge area,
such as a display device, whereby the need with respect to the object can
be satisf0@H] [ 0004] As described above, silicon is highly versatile and

can be used for,various pur.poses wever. in recent years,
sem conduct or 2‘?‘%“8?%‘ ﬁglﬂoolfttge agcré’s?%l_‘g’@tvglﬁnqnomﬂaé?fetohq IFOI@’FF’(S rl%ﬁce as
wel | as yeilsdihg lahtokidd-SmiGaiuBloR, Alern@fively, Ghe itedhnieyi figldper fherdigdissed of a
| ar ge- area di splay device, in order to realize high-speed operation of a
swi t chi ndnentag plategtoseseiennduetobdevies esingthe pmicondugton lpyeft es i ncrease of
t he ea of a display device and has hi gher performance than anorphous
silicon is needed.

BACKGROUND ART

[0002]

A field-effect transistor is one of the most widely-used semiconductor elements.

A variety of materials are used for field-effect transistors according to their uses. In
15  particular, semiconductor materials including silicon are frequently used.
[0003]

The field-effect transistor using silicon has characteristics satisfying the needs
with respect to a variety of uses. For example, single crystal silicon is used for an
integrated circuit or the like which needs to be operated at a high speed, whereby the

20 need with respect to the integrated circuit is satisfied. Further, amorphous silicon is
used for an object which needs a large area, such as a display device, whereby the need
with respect to the object can be satisfied.

[0004]

As described above, silicon is highly versatile and can be used for various

25 purposes. However, in recent years, semiconductor materials tend to be expected to
have higher performance as well as versatility. For example, in terms of improving
performance of a large-area display device, in order to realize high-speed operation of a
switching element, a semiconductor material which facilitates increase of the area of a
display device and has higher performance than amorphous silicon is needed.

30 [0005]

Under such conditions, a technique relating to a field-effect transistor (also

called an FET) using an oxide semiconductor has attracted attention. For example, in



30 [0005] Patent Docunment 1, a transparent thin filmfield- effect
transi stor using a honol ogous conpound I nM3(ZnOm (Mis In, G, or A,

and mis \Qaébn{ﬂ%ggél nunber of greater jhan or equal to %C‘i‘ﬂ?ﬁlﬁ/ﬁ&l%ﬁban 50)

is disclose 5n addition, in Patent Document 2 d-effect
transistor is disclosed in which an anorphous oxi de sem conduct or whose

el ectron carrier concentration is |less than 1018/ cn8 and which contains In,
Ga, and Zn is used. Note that in Patent Docunent 2, the ratio of In:G:Zn
equal s td’aleni Dacpmerts), 3 ﬁa@were&#rélvprfdusﬁ@lxér%csgmse%%u%@w haqogpdpgqus

10':“”her IE in‘?\!?b;((?ﬁé?,ggﬂbs? 3 C}ﬁeéﬁaebdiF g% 1starnaiﬂ éxtﬁ{fmﬁe? 0?'g§ Gigsed 1n

whi ch an ous o tot 1'nélu rocrysta I's used for

an actlvehdxﬂ)fe:rqual[tR&faﬁdedsseeﬂan[ﬂﬂahemscl&bmmant] [0008] 15[ Pat ent Docunent 1]
Japanese Publ i shed Pat ent Application No. 2004-103957 [Patent Docunent 2]
PCT I nt edP@8lonal Publicati on No. 05/088726 [ Pat ent Docunent 3] Japanese

Publ i ghed Pat erl'ﬁ a&HH&ﬂ 91‘?'?51‘8& b'ecmﬁé}{?@ &@éﬁz&féél eSS d@élds%@‘@hn@h‘ 20

[ 0009 I'n Patent Docunment 3, a disclosure is given In
conposi t iaoramoerphowsr grsda kersicandudter Wh@e0d¢dnd) carien cmcantratmnegehesmthaber of

e oS0t ol ARG, BaER OGN e RS2
char act eqjSfatic df NAKS: ZAAUquBlReH 1954 3n"E6) BURDabPRoSLEHdO¥dnsi@onductor.
[0007]
10 Further, in Patent Document 3, a field-effect transistor is disclosed in which an
amorphous oxide semiconductor including a microcrystal is used for an active layer.
[Reference]
[Patent Document}
[0008]
15  [Patent Document 1] Japanese Published Patent Application No. 2004-103957
[Patent Document 2] PCT International Publication No. 05/088726
[Patent Documenf 3] Japanese Published Patent Application No. 2006-165529

DISCLOSURE OF INVENTION
20 [0009]

In Patent Document 3, a disclosure is given in which a composition in a crystal
state is InGaO3(Zn0O),, (m is an integer number of less than 6). Further, in Example 1
of Patent Document 3, a case of InGaO3;(Zn0O); is disclosed. However, in the real
condition, adequate characteristics have not been obtained even when such oxide

25  semiconductors are used.
[0010]

In view of the foregoing problem, it is an object to provide an oxide
semiconductor layer having a novel structure which is preferably used for a
semiconductor device. Alternatively, it is another object to provide a semiconductor

30 device using an oxide semiconductor layer having the novel structure.
[0011]

In the disclosed invention, an oxide semiconductor layer having a



25 sem conductors are used. [0010] In view of the foregoing problem
it is an object to provide an oxi de sem conductor |ayer having a novel

struct ur b fihssSsPr ef erably used forza sem conduct or §§¥hﬁﬁnm(m11
Alternatively, 1t 1I's another object to provide a sem conductor %0 J%vice

usi ng an oxi de sem conductor |ayer having the novel structure. [0011]
predeterm ned crystal structure in a vicinity of the surface is provided.

Al ternatively, a sem conductor device including the oxide sem conductor

| ayer i s BEsdsisrandeed caystal strggiirgina yieingty of Srecugltags i previded.y splemativelpyre, a

Crystal Sehidof Q4B ififhht e oxfie! SAEORICloR 19ofoR pribieaNaAL u&! v, @

crystal structure having a function of suppressing Sthe ‘entry of 1npurities

i S gi ven.expRPIE2df the predetetminsd prpdtar sthicture,hatcrystalt steicoie davsgneledridalct or

| ayer, a region other than the Epove crystal structure anor phous.
c

he i nl
Not e t hatanSOUQPY. {SBIYSn. opAlleragfively, a crysta) structure having ¢ “Ct‘ﬁ‘égﬁé‘fp Sriigxanpl e,

a regkon thdledy Stinfpufitisd Apg@en( dept h) fromthe 10 surface is 20 nmor |ess.
In addition, "mainly" neans a state where one occupies 50 % or nore, for

exanpl e. [B@124xanpl es of neans to solve the problem the follow ng can be

gi ven. [0013] e enmpodiment .of, the disclosed invention. s an i d

dem conduct o Todreirami ey of ' HieCramsaTE  dgia e TReieh oty T Bine ai ns
an anor phgyve st stRIUEO HeUfafily GitirplhdtisNI Nofe thad, a ARGy NG Surkdcgst al
regi on containing crystal grains of 1n2Ga2ZnO7 in a vicinity of a surface

of the oXsutface enidginity)d untaps, foagzamplehe regigs timwhychah déstance (deptbhfrenh the t hat
the c¢c-axis is alnost verticaldxﬁfh,;espept to the surface. Note al nost

t
vertil@al SHEaSHS!S 20HmPRlcs ¢ p Additigns sl nean %atﬁtedffﬁrl%f)%ﬂ?cuméglq
In the aboyere e efir@gﬁgéggil??ﬁggt)f 252 e tmEﬁ;éﬁflﬁtm the T8fiowing can

stacked- |l ayer ‘struct | ayer contali ni , a second”l ayer

wi t hout Ibegienthird | ayer without In, 'a fourth layer containing In, a fifth
| ayer mﬁi@&&ﬁ In. Further, one of a 5s orbital of In is preferably

over | app th an adjacent 5s orbital of Inin the first [ayer containing

I'n One embodiment of the disclosed invention is an oxide semiconductor layer
15 including an amorphous region which mainly contains an amorphous oxide
semiconductor containing In, Ga, and Zn and a crystal region containing crystal grains
of In,Ga,ZnO7 in a vicinity of a surface of the oxide semiconductor layer. The crystal
grains are oriented so that the c-axis is almost vertical with respect to the surface.
Note that almost vertical means a state within + 10° from a vertical direction.
20 [0014]

In the above, the crystal grains of In.Ga;ZnO; preferably has a stacked-layer
structure of a first layer containing In, a second layer without In, a third layer without In,
a fourth layer containing In, a fifth layer without In. Further, one of a 5s orbital of In
is preferably overlapped with an adjacent 5s orbital of In in the first layer containing In

25  or the fourth layer containing In.
[0015]

In the above amorphous region, a Zn content (atomic%) is preferably less than
an In content or a Ga content (atomic%). In addition, the length (size) of the crystal
grains in a c-axis direction is preferably less than five times as long as the length (size)

30 thereof in an a-axis direction or a b-axis direction.

[0016]



250r the fourth layer containing In. [0015] In the above anor phous
region, a Zn content (atomc% is preferably less than an In content or a

Ga cont enfoLaIsEXd - |n addition, theylength (size) of pbhgpsti¥ededls 9r ai ns
in a c-axis direction is preferably less than five tines as [ong as the

| ength (size) 30thereof in an a-axis direction or a b-axis direction.
[0016] Anot her enbodi nent of the disclosed invention is a
sem conductor device including a gate electrode |layer, a gate insulating

! ayelr over Ithe Aggthst emhodiment ofather disglosedninveptiRic ioa Seajeqmdycter dexicegat e
ti , | . . '
| nSUL Al | RGNS el e GratRUARE, £ LR RARIMAUT AR uRt gartéuace&@ﬁctaagggs | ayer

whi ch ar & @r y connetted part e sem conduct or 5 The

above oxiseicoadidganidyert ®rer ltiy gite iissubiplgi legerf and hsosreaicendde tayer had ar .
[ 0017 Anot her enbodi nent of the disc]osed inventLoqus a
UEOL {AYEEi ng

e conddEs elegodeclayqrivighiprceleptdeally CORRRFLALIP RaghALthe semyee
| ayer sov qrhe}aBSves&mié: E&iiductdr "P;ﬁ)l%f is a?gﬂ@& o 18t 8GhicBRfuctaifferover the gate

insul ating layer, and a source ectrode |l ayer and a 10drain el ectrode
| ayer whi[@dil7dre el ectrically connected to part of the sem conductor |ayer.

The above oxi de sem condyctor |ayer .is applied.to.the sem conducior |ayer.
[0018] thp OBt ol e CIaRl ISR i AeiTonePHaEetice

i nsul at i RELIhBHEh sEAKBhiNGor 1AFerS 8 gb&qmﬂm@naﬁma theweini®nduétbelasoriace

el ectrode | ayer or the drain 15electrode l'ayer, and the sem conductor |ayer

are el ecigafeceledtipde dayes overitheogasadnsutatingrayes and aspree slectradelayer and awer
surf 16°¢ %];'ai}l Qﬁacfsrgcig l%%]rdw GER glrcI eﬁlgc?ﬁCallgf%g&chted to part of the semiconductor layer.

The above oxide semiconductor layer is applied to the semiconductor layer.
[0018]

The above semiconductor dev‘ice preferably includes an insulating layer

covering the semiconductor layer. Further, the source electrode layer or the drain
15  electrode layer, and the semiconductor layer are electrically connected to each other on

an upper surface or a lower surface of the semiconductor layer.

[0019]

Note that in this specification and the like, terms such as “over” and "below”

are not limited to being directly above or directly beloW. For example, the expression
20  of "a gate insulating layer over a gate electrode layer” does not exclude the case where
another component is interposed between the gate electrode layer and the gate insulating
layer. In addition, "over” and "below” are used only for convenience of the description.
Unless otherwise specified, the case where the positions thereof are interchanged is
included.
25  [0020]

Electric characteristics of an oxide semiconductor layer which employs a
crystal structure having electrical anisotropy in a vicinity of a surface is changed in
comparison with those of an oxide semiconductor layer which does not employ the
crystal structure. For example, conductivity in a direction parallel to the surface of the

30 oxide semiconductor layer is improved, and an insulating property in a direction vertical

to the surface of the oxide semiconductor layer is improved.



Note that in this specification and the |like, terns such as "over" and
"bel ow' are not Iimted to bei ng directly above or directly bel ow. For

exanpl e, P SI on 20 of "a gate pnsulating |ayer 9&%7&?019/@%6?18
el ectrode ayer es not exclude the case where another conponent 1s

i nt erposed between the gate el ectrode | ayer and the gate insulating |ayer.
In addition, "over" and "below' are used only for conveni ence of the
descripti @2 Unl ess ot herw se specified, the case where the positions

t her eof aV821hhter changed is included. 25[0020] El ectric

char act et St 1 0%nQliafiin0i SiPoABSTERRENSIRT ARY WhidlbR BlogRlcAe dubenisd 2!
structure havi ng el ectr| cal ani sotropy in &a vicini ty (0] a surface is

changed ilmvingp furictiom ofiisuppressingethofenty QfxmlbarlsanIn@naducmmy of sheesurfelech does
not enpl g st.ructure. ,For condu t| Vi t irection

th
o a0 g enfte S {p it STrateStd if B arBa St et ik sbiconttkeft fasbrog. ' ond

an i nsul ayhiel d¥e8PRItt ¥mpldyathei Ef&tal QRruvrd. | CPdr tRarhple, the kage off wahe, oxi de
sem conductor layer is Inproved. [0021] In addition, in an oxide

seni condubidergenagnsthotike whighsdygrsely aéfegisanoxida semicenductos is s¥gpEessednct i on of
suppresm[lﬁg éhe entry of inpurities into a vicinity of the surface, the
entry of rerri ties is suppressed in conparison with an oxi de sem conductor

layer 5 which darsefore] acoopdiay td lovae @mpdtimbens oF tiid diselosddoinventiviphe oxidee entry
of water, hydrogen, and the |ike whjch adversely affect an oxide
sem condLﬁ?f'B?O“idECtghl&ﬁ?re@é’&g excolbeps plectric charactpighicsrip pROVidede o IiAdHHeD 2one

emboggerient (ibictd &émeoﬁdwﬁﬂuﬁplsdf?&l ¥l.de seni conductor layer having

excel | ent ctric aracteristics’is ovided. In addition, a 10 highly
reliabl e [0R23e sem conduct or layer is provided. [0023] Accor ding to
anot her enbodi ngnt ﬁgf sclgg) d | nv rﬁbecﬁ » dshem onduct or VI ce

havi ng excel | e M %‘}q i tfedsclpsrddaystiogna S%fmr‘ff’ﬁ

reliabl e @QfeCRAGME leREcIRBY |cﬁﬁabt§r1§t[c@Vilsdl§}dv1d¥5 B GBidieeCR HEhPNrHableRAW NGS

[ 0024]
semiconductor device is provided.

15
BRIEF DESCRIPTION OF DRAWINGS
[0024]
In the accompanying drawings:
FIGS. 1A and 1B are cross-sectional views illustrating a structure of an oxide
20  semiconductor layer;
FIG. 2 is a diagram illustrating a crystal structure of In,Ga;ZnO7;
FIGS. 3A to 3C are cross-sectional views illustrating a method for
manufacturing an oxide semiconductor layer;
FIGS. 4A and 4B are bright-field-TEM images of a vicinity of a surface;
25 FIGS. 5A-1 to 5A-6 and 5B are electron diffraction patterns of a vicinity of a
surface and cross-sectional TEM images illustrating measurement points; A
FIGS. 6A-1 to 6A-3 and 6B-1 to 6B-3 are diagrams for comparing actual
measurement data and simulation results of electron diffraction patterns;
FIGS. 7A and 7B are diagrams for comparing a crystal structure of InGaZnO,
30 and a crystal structure of In,Ga>ZnO7;
FIGS. 8A-1, 8A-2, 8B-1, and 8B-2 show simulation results of HAADF-STEM

images;



I n the acconpanyi ng draw ngs: FIGS. 1A and 1B are

cross-sectional views illustrating a structure of an oxide 20 sem conduct or
layer; Flp3 gdi agramillustratingga crystal struct g 840h0&FR2ZN07;
FIGS. 3Ato gi& are cross-sectional views illustrating a rretJE d Por

manuf acturi ng an oxi de sem conductor |ayer; FIGS. 4A and 4B are
bright-field-TEMinmages of a vicinity of a surface; 25FIGS. 5A-1 to 5A-6
and 5B are el ectron dlffractlon atterns of a vicinity of a surface and
Cross- sect i onal 1GeR) snadtAAD 'gg Maimags Rbds GrostrdRetiqRophceystal grains ¢f] g,
6A-1 to ? g..6B-1 to 6B—3 are diagrans for conparing actual neasurenent
dat a and s mif at 'on results of electron diffraction patterns;

FIGS. 7A and 7WIGr @0 ds agHaSDFNTEM nipage rof aomsy&itcallorsbfmyswiegraﬁlslafGaan
30 and a cr za structure of 1n2Ga2zZn07; FIGS. 8A-1, 8A-2, 8B-1, and 8B-2
show si mIP¥fa26A0Fesul ts of HAADF- STEM i nages: FIG9 is a

HAADFSSTEM | maggGQf m«% 23D RCAihGAmfiNGdd4tingla SysaDSr@turk A2 Seoe
FIG 10 is a HAADF- STEM |1 nage of a cross section of crystal grains of

| n2Gagn0atrutEteGSed farsutface divrgy ealdilatipnans il |l ustrating a crystal structure
and a Surface ﬁéuﬁslfl WS%%FadlS OQCHIC gtfl()aﬂCCeOD IOIlgy cal cul ati on,

FIG. 13 shows calculation results of surface energy;
FIGS. 14A to 14C are diagrams illustrating a formation mechanism and a
10  growth mechanism of the crystal grains of In,Ga>ZnO7;
FIGS. 15A to 15D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
FIGS. 16A to 16D are cross-sectional views illustrating a manufacturing
process 6f a semiconductor device;
15 FIGS. 17A to 17D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
FIGS. 18A to 18D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
FIGS. 19A to 19D are cross-sectional views illustrating a manufacturing
20  process of a semiconductor device;
FIGS. 20A to 20D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
FIGS. 21A to 21D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
25 FIGS. 22A to 22D are cross-sectional views illustrating a manufacturing
process of a semiconductor device;
FIGS. 23A and 23B illustrate an example of a display device; and
FIGS. 24A to 24D are diagrams each showing an application of a display
device.
30
BEST MODE FOR CARRYING OUT THE INVENTION
[0025]



FI G 12 shows details of calculation conditions; FIG 13 shows cal cul ation
results of surface energy; . FIGS. 14A to 14C are di agrans

i 11 ustraty tion mechani smandya 10 grow h nmech crystal
grains opr%g%éd%%ﬁg‘;; FI GS. 1g70\ to 15D are cr os?elsrég%ﬁg/g%:}f\sw e\>//vs

i llustrating a manufacturing process of a sem conductor device;

FIGS. 16A to 16D are cross-sectional views illustrating a manufacturing
process of a sem conductor device; 15FIGS. 17A to 17D are cross-sectional

vi ews i I | ust r atHeseinaftern smbedimants gvily %é@gcrtw ains dfad owmg: tthe dgawings:
Fl GS. 182}?&9 thBPHR" Br Q&RSﬁ.v fohn! gnﬁ{)_;l Eg.%éq %S%%H fih ¥t TROYLAGHN g' ng

process sem cohduct or VI ce; re cross-sect i onal
views i | lentHodahemy aadnmslabpm:mrtonm)sa(ikxbledamﬂm af that medecanbdetdilsrcaddei ce;
FIGS. 20A t ,ch are Cross- se\i]tlo Vi e |IIustrat nlgea manuf act uri ng
process dRodified i vaHeRVaYs ddlhoutsdeparting trom-thesspiny @f ¢l prespns igvention

Cr 0SSSSEeGHidRRRY itV ih?é"ﬁ)ebﬂfichlé&f Ald O liRe. "B BG4 b Bi¥feRnPERBSdiRTen can be

sem conduct or devi ce; GS. 22A to 22D are cross-sectional views
i || ust r atimplegnzentesin i cant apprngrupco@mlsnaﬁona slﬂmectinduntthp stowtures of| B8. 23A
and 23B i.IIutr e of adls 24A to 24D are
& agr ams B0l At BiRh e ST afih: & hlingfevifk® smift runctbn S

denoted by the same reference numerals, and the descnptlon thereof is omitted.

[0026]

10 (Embodiment 1)

‘In this embodiment, an oxide semiconductor layer according to one
embodiment of the disclosed invention, a manufacturing method thereof, and the like
will be described in detail with reference to FIGS. 1A and 1B, FIG. 2, FIGS. 3A to 3C,
FIGS. 4A and 4B, FIGS. 5A-1 to 5A-6 and 5B, FIGS. 6A-1 to 6A-3 and 6B-1 to 6B-3,

15 FIGS. 7A and 7B, FIGS. 8A-1, 8A-2, 8B-1, and 8B-2, FIG. 9, FIG. 10, FIGS. 11A to
11D, FIG. 12, FIG. 13, and FIGS. 14A to 14C. '
[0027]
<Structure of Oxide Semiconductor Layer>
First, a structure of an oxide semiconductor layer is described with reference to
20 FIGS. 1A and 1B and FIG. 2.
[0028]

FIGS. 1A and 1B show an example where an oxide semiconductor layer 100 is
provided on a surface on which a base material 110 is to be formed. Note that any
material may be used for the base material 110 as long as it can support the oxide

25 semiconductor layer 100. The oxide semiconductor layer 100 is not limited to being
provided on the surface on which the base material 110 is to be formed and may be a
self-supported layer.

[0029]

The oxide semiconductor layer 100 includes an amorphous region 120 mainly

30 formed with an amorphous oxide semiconductor and a crystal region 140 including
crystal grains 130 in a vicinity of a surface of the oxide semiconductor layer 100 (see

FIG. 1A). The crystal grains 130 are oriented so that the c-axis is almost vertical with



devi ce. 30 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Her ei nafter,
enbodi nents will be described in detail using the drawings. Note that the

present iWweedil@tAS not limted to the description of pagspsibos g
enbodi ments, and it is apparent to those skilled in the art that nodes and

details can be nodified in various ways w thout departing fromthe spirit
of the present invention 5disclosed in this specification and the |iKke.
Structures of different ephodi nents can be inplenented in an appropy,iate

conbi nat i"6PECiNGtthe shdace of thepxide srmigenductor lpyer liraﬁveﬁ'tef%na]ﬂ'é%s&l"FB@G bel ow,
t he sane IP&BEL?ﬁ?e&fthiﬁ%rid%ﬁ%‘éhf&l Girstiigh! @r function are denoted by the
s, an e

sane reference nunera escriptiron thereof is omtted. [0026] 10
( Embodi ng00301) In this enbodi ment, an oxi de sem conductor | ayer
according to one enbodi nent of the disclosed invention, a panufacturing
met hod t her eof Asappmeples |9fian \gxide semigendyGtese gateriad g formyng, thee P&idence to

FI GS. 1A . -1.to0 5A-6
and 58, FPRGotded? Fiyey f007n  HEGAPOLEE DG Efoohlincbl g b
8A-1, 8AIR-Sn8Hr-0-bmedl SBid2, dehficorducter Gnidieridt) G  Id-AliZm-Q4Hased-| Gxide2, FI G
13, and FIGS. 14A to 14C. [0027]. sStructure af Oxide Sem conduct L >
First, asgxflmeijﬁtﬁf%f d?atﬁrﬁalo% b@rf‘b@gl?ﬂﬁgé o?“fi%\yﬁelrm‘F%‘“ﬁ'&Eo& f"rﬁ‘g“d’a&r taﬂayer

ref erenceyit@a-28-d-bi3ed | dkiddd sdBicBRdLddrC Mateli@028] Sn-Al-ZnFOBased Aogiad 1B

show an exanpl e where an oxi de sem conductor [ayer 100 is provided on a
surface oemigondicter begtsrinht ewni aln-An-Q-based o axédef osamidondystos trhaierialny a

Fﬁéegé ?l:l gl?iln-B?ba%es:c? ((j)xfd% rse}nrllceon%ggtgr rnﬁ%]ée?{ai,%ln Aﬂignﬁ-blasoeia%x? (3 Lémi%gﬁ]dusc%por t
material, an In-O-based oxide semiconductor material, a Sn-O-based oxide
semiconductor material, and a Zn-O-based oxide semiconductor material are given.
[0031]

In particular, an In-Ga-Zn-O-based oxide semiconductor material has

15 sufficiently high resistance when there is no electric field and thus off current can be

sufficiently reduced. In addition, with high field-effect mobility, the

In-Ga-Zn-O-based oxide semiconductor material is suitable for a semiconductor devicé.
[0032]

As a typical example of the In-Ga-Zn-O-based oxide semiconductor material,

20  one represented by InGaO; (ZnO),, (m>0) is given. Note that a composition according

to this representation is based on a crystal structure and is not limited to the above

composition as the whole oxide semiconductor material.‘ Alternatively, in the above,

one represented by InMO3(Zn0O),, (m>0) can be also given using M instead of Ga.

Here, M denotes one or more of metal elements selected from gallium (Ga), iron (Fe),

25  nickel (Ni), manganese (Mn), cobalt (Co), and the like. Ga is selected as M in the

In-Ga-Zn-O-based oxide semiconductor material and the case where the above metal

element other than Ga is selected, such as a combination of Ga and Ni or a combination

of Ga and Fe, as well as the case where only Ga is used is included. In some cases, the

In-Ga-Zn-O-based oxide semiconductor material may contain impurities such as a

30 transition metal element and an oxide thereof in addition to a metal element contained

as M.



25 sem conductor |ayer 100. The oxi de sem conductor |ayer 100 is not
limted to being provided on the surface on which the base material 110 is

to be forwedoamdsitgy be a sel f-supported [ ayer. [0029] Phesp¥i16666118
sem conductor |ayer 100 includes an anorphous region 120 nmainly 30 forned

wi th an anorphous oxi de sem conductor and a crystal region 140 incl udi ng
crystal grains 130 in a vicinity of a surface of the oxide sem conductor
| ayer 108 éﬁ% e FIG 1A). The crystal grains 130 are oriented so that the
c-axis id0 st vertical with respect to the surface of the oxide

sem conduct or Ry ghorbRBus 188io8 1203hdIRS cokiirls andimorPRsioxddeSdeafi€nautbn - 100
froma vertical direction. [0030] As exanples of an oxi de sem conduct or

mat er i al Note tifao maindy "t inearsxa steteSviseerono ndupiesr5S0 Zyer mo) foragxample. In

| n- Ga- Zn- O based .oxi de sem conduct or material, an |n-Sn- analgased oxi de
seni cond s ssenitisd ptate whete the amorphoys. 93ade sy COIWCIOE AEeUpiRS OTRYErial, a
Sn- Gaz Zn- a [ I C t er | -.(A- 7N X1 de
seni c%ndﬁ&@}l%ﬁa @?i‘%%lﬁ%TSn- %H%??%rgg%ne%l %JQ? Z‘%ﬁ’ﬁ{‘%ﬁ%@é&@ﬁﬁg‘é‘?i al, an

| n-Zn- O kapeshodX irélgors @00 Grulstes cpystaI@bean akide dehicohductor i oasecchsey iatd
sem conductor material, an Al -Zn-0O based oxi de sem conductor material, an

| n- 0- bas &k Rex¢eatagsoficonnaiibeispf ismrefeiably, less than &9 fnatarplume hdoswrightthliuct or
materi al y&?cg&a? ié ﬁcgfl %bégﬁ;ﬁgtom e%&n%g (E%( ﬁx%nﬂycci&%ﬁ in Elglt%h "i‘g the rs‘terugtg?{ee th[e 0031]

In parti base e Sem con or  nateri as 15
suf fi ci etysial hiegionr €50;s tiknfere\Re dunefuge icf e emefihous regiehd120nds tiugs of f
current can be_sufficiently reduced. In addition, with high field-effect
mobi 19t y ne¢essarily, limited, tootheaahaye shugwre afilors, a8 se@rirefsgharaciaristics €3ft Pspl e for
a sem copguet.gr device. [0032] As a typical exanple of the In-Ga-Zn-O based
oxi de sem conductor materi al,

[0034]

In the case where the In-Ga—Zn—O-Based oxide semiconductor material is used,
the composition of the above amorphous region 120 is preferably set so that a Zn
15 content (atomic%) is less than an In or Ga content (atomic%). With the use of such a
composition, the crystal grains 130 of a predetermined composition are easily formed in
the crystal region 140.
[0035]
The crystal region 140 in the vicinity of the surface includes the crystal grains
20 130 in which c-axis is oriented in an almost vertical direction with respect to the surface
of the oxide semiconductor layer 100 (see FIG. 1B). For example, in the case of using
an In-Ga-Zn-0O-based oxide semiconductor material, in the crystal region 140, the c-axis
of the crystal grains of In,Ga,ZnQO; is oriented in an almost vertical direction with
respect to the surface of the oxide semiconductor layer 100. Note that a "vicinity of a
25  surface (surface vicinity)” means, for example, a region in which a distance (depth)
from the surface is 20 nm or less. Note that the case where the thickness of the oxide
semiconductor layer 100 is large is not limited to this. For example, in the case where
the oxide semiconductor layer 100 has a thickness of 200 nm or more, a "vicinity of a
surface (surface vicinity)” means a region in which a distance (depth) from the surface
30 is 10 % or lower of the thickness of the oxide semiconductor layer.

[0036]



20 one represented by I1nG03 (ZnO", (nPk0) is given. Note that a
conposition according to this representation is based on a crystal
structureyangiiigasiet limted to the algve conposition agchthe00dsg10xi de
sem conductor material. Alternatively, in the above, one represented by

| nNMD3(ZnO) ", (nmr0) can be also given using Minstead of Ga. Here, M denotes
one or nore of netal elenents selected fromgallium(G&), iron (Fe), 25

ickel (Ni), , t . . and i ke. i | et ed M
"nEhe | i Gae 270 DSREH B IiRCLROT SRS ARY ol B G i Fheeb S Wirer et he
above nmetRhsigéed®s har! § SlackddNRy&estiuetuse b fyBR padalfel tR8-aRisCHRINN-ARk (@R of Ga

and Nl or a conmbination of Ga and Fe, as well ‘as the case where only Ga is
used is iH6l Ahedlhat s, shersrystadeof X7 Chazna Grbetyrsdinowhivh & imstdayrtuct or

material may.contain i rities such as . a 30 A4r i\tion metal t and
o oxi de PREER I A st ey P iR @Redring o S0a: A el b8 fTGRs )
The aBor [(benssiningdGaorl 28), N&i fohith A8YHr addhtaifing aIHD r4pk ol Fifax 14ler Seihcueriduct or .
Note that "mainly" neans a state where gne occupies 50 %or nore, for
exanpl e. (Fontaiping GaereZn)jage stackeddm aceaaxihdiFectioghe anmor phous oxi de

sem condig(t)j); occupies 50 %or nore 5 at volunme% (or weight%. That is,

ot her than ar] anor phous oxi de sem conductor, the anorphous regi on 120

i ncl udes cryst 8liceotlectricalx calrlustivityc ofidtie t aystals ¢fo bmGafAed;, asndorthudled

per cent age .of content thereof .is preferab | ess than 50 .% at vol une% (or
Wi ght % A Rafleptric hprapieristas ! thes it Hves CampaIgy nafd t Jayer

i nvenpi ORoh@idifle I Whid 14 R148dd 18 dretiSd baraR8ll @Nthd 4laxid BRA SAObGixjst A8
structure of the anorphous region 120 is not 10 necessarily limted to the
above st rpueferable. adhisols deeanse egeinf ads onkitad of &n issevedsppredrvitie anladjacers s [ 0034]
In the case re.the Ln-(a-7n- O.bas oxjde sem conduct.or terj,al is
used e nore ORI it U ¢ SR SRS b SoBREl-SH S Ploe R i ey e
so that aadier pRthGORSrRRY. (@naneé 6er hand| REn bBdid ikt bi idulatiag edpettin a
(atomc% . Wth the use of such a conpositiaon, the crystal 3rai ns 130 of a

pr edet er Hifgeliprcysiiicsd tq the abayclagerdthay is; Bierfokis direqtionkisyagreasedegi on 140.
[003§]5 ngojsgrystal region 140 in the vicinity of the surface includes the
crystal grai As 20 130 in which c-axis is oriented in an al nost vertical
direction w t hWiasisach ctystal perissidvinpeeledtritdl andwirogy sre wrientedpat effedt ager 100
(see FIG 1B), For exanple, .in the case of usin n- Ga- Zn- O based oxi-de
sem cond&iﬁ‘zﬂc charagiqrisfics P%th@wé“@r SpEyigendugtor Jaye1 40 alsharses eghics

crystal  goabigngi, dOAGEeRYelistice"ih &NAiRtbh RMIRI WP #le Mfakt o!thdokfet i on
with respect to the surface of the oxide sem conductor |ayer 100. Note that

a "vi ci nisemicopduct@Tagarri08cee (nopabet e Mhicisrhergyse threaasis of the aystalpgrainsa

regi in i di stance .(depth) fromthe surfa i S or .l ess. Note
t hat Pne S SR eis Al iR cuBborvepital e SibnBif coshedde g Pirgas Hoo 1 s

| arge i s todxilié senieshduetor Mdyer 16 ran@ ¢aibhtFlows intaHree86:€ pBEIQo ititCa-axis de

sem conductor |ayer 100 has a thickness of 200 nmor nore, a "vicinity of a

surface (@adthedraxiyicimPanO7eastds.a region in which a distance (depth) from
t he surfellﬁ&g?o is 10 % or |lower of the thickness of the oxide sem conductor
| ayer.

Note that the crystal region 140 may include crystal grains other than the

25  crystal grains 130. The crystal structure of the crystal grains is not limited to the above
structure, and the crystal region 140 may include crystal grains of another structure.
For example, in the case of using an In-Ga-Zn-O-based oxide semiconductor material,
crystal grains of InGaZnO4 may be included in addition to crystal grains of In,Ga;ZnO;.
Needless to say, the case where crystal grains of In,Ga,ZnO> exist in the whole crystal
30 region 140 is more effective and more preferable.
[0040]

The length (size) of the crystal grains in a c-axis direction is preferably less



[ 0036] The crystals of 1n2Ga2Zn0O7 i nclude any of In, Ga, and Zn,
and can be considered to have a stacked-|ayer structure of |ayers parallel
to a-axi sygnghfgks (see FIG 2). Thay is, the crystal §CS} ANesaaO7 have
a structure iIn Ich a first layer containing In, a secon JFayer W thout In
(containing Ga or Zn), a third layer without In 5 (containing Ga or Zn), a
fourth layer containing In, and a fifth layer without In (containing Ga or

Zn) are stacked in a c-axis _ direction, [0037] . Since e| ectri.cal
conduct i Whanfiyg times ag lqng; ag) the é@ngrw&?iz&@v axpxds diseRtion) Qregb3xisilisectgn. | n,

el ect 11 ¢ 08I AR SIS AL B8 (st 1YY bEQILAWHANERRAE R b {heurt h

| ayer 10 cont&ainin Ichis ted to a direction para

a- axi s anwrdystdla@egionxud isteo mr@‘ ehabh ewhél'mtlﬁ ]IeBgthIlfahs erystad gnzima 136 m)labl t al
of Inis overlap ed wlth acent 580 In in.the.first, |ayer
cont ai ni §R%S dGFCHARe 1St 190y g)’ ‘b&ﬁc ’éo‘htpé?ﬁ ‘g‘ﬂraf:??élﬁucas Sgrtﬂ“i 8f19%ath is

formeq. Q@middRd@idielayBANA0 by CRPeRE oRB) éntdnet c@ﬁar RSO0 Gard QRGHY I N a

direction vertical to the above [ayer (that is, "the c-axis direction) is

i ncr easedharadfdsiB8icannot be obiained. such cr ystal grains having electrical

ani sotro% @ﬁe oriented, an effect on electric characteristics of the oxide
sem cond Q | ayer 100 also arises. Specifically, for exanple, electric

characteri sti csi desérisdr ffolt,OWha iRl bdlle bémicbedwtdif laga 10 hdvethexiybeal
sem conductor |ayer 100 are increased. This is because the c-axis of the

crystal degipmsl490inothe HizmizaDhe sudagee foeatably electe Rhatactesisticse gan @Pr ection
Wi thy besgﬁoavédo 40 @M@C@h@ﬁ tﬁéﬂﬁyg;si ?% (?rﬁffhﬁ%"?b&‘}ﬁe%r dd N e |n

curreént WS I1n a rection para e a-axl s an
| N2Ga2ZnCysedl ygiias of I{lz(DEBEI}ONaﬂlesd bamstils&)ribn;edt inl alf a!lgiusn védidalndiyection| ude

crystal gr.ains other than the_ 25 crystal |ns e cr stal. structure
of the cryidt ESPEft 4P fhe jsurfaeq of f T prde emichodudiay et 100 ereelleneleqtig

crystal raghoBridftd dRYbd RGliYIL bG ARbabp G@Ier&trw‘ cRADRtcS I URL Wk Rtal FOT
exanpl e, in the case of using an In- Ga O based oxi de sem conduct or

mat er i al granyeftlabGgyZaOns of | nGGZnO4 may be included in addition to crystal
graieig of&d@iGaZZnOI Needl ess to say, the case where crystal grains of
I n2 Zn ist in the whole crystal 30 region 140 is nore effective and

nmore pref erabl gurth@Of3] crystal region 140 is more stable than the amorphous region 120;
therefore, when the crystal region 140 is included in the vicinity of the surface of the
oxide semiconductor layer 100, thé entry of impurities (e.g., moisture and the like) into
the amorphous region 120 can be suppressed. Thus, the reliability of the oxide

20 semiconductor layer 100 can be increased.
[0043]
<Method for Manufacturing Oxide Semiconductor Layer>
Next, a method for manufacturing the oxide semiconductor layer 100 will be
described with reference to FIGS. 3A to 3C.
25 [0044]
An oxide semiconductor layer 200 which is to be the oxide semiconductor
layer 100 later is formed using the oxide semiconductor material described in <Structure
of Oxide Semiconductor Layer>. The oxide semiconductor layer 200 is formed by a
sputtering method or the like under an atmosphere of a rare gas such as argon, under an
30 oxygen atmosphere, or a mixed atmosphere of a rare gas and oxygen (see FIG. 3A).

When a target including SiO, at 2 weight% to 10 weight% inclusive is used in a



than five times as long as the length (size) in an a-axis direction or a
b-axis direction, nore preferably |less than three tines. This is because

when t he LelknasSc0f the crystal regijgn 140 is too lar | when
t he Iengt‘tﬁBoZ? ?ﬁe grystal grains 130 in a c-axis direct ?g;ﬁ?gﬁ{?/g%ﬁ%][son ),

there is a possibility that characteristics of the oxide 5 sem conductor

| ayer 100 may depend only on the crystal region 140 and desired
characteristics cannot be obtained. [0041] _ As descri bed above, when
t he oxi depettaringanethed,oYiOk &8 islinoluded in the axidesteaticondyrion layan200, spibat
vicinity of the surface, f I ect ] ar,acteristics 0

achi eved.cr)ishat%zaalnpln coéﬁg? ?x1&§\é§ﬁlfcﬁg§%cﬁé/rsl§g f @%?agn&lé@plmggefdgr r?e%?g%ﬁlgéi to

i ncl ude tigiparticyatifleffeciaienin thé chsb2bherénhl owliesemicoadicor layer 2EMdGch 8 an

al nost vertical direction with respect to the surface of the oxide

seni cond @gogphoug jsedesirodto kg@btpineht el ectric characteristics can be realized
by ani sogm in electric characteristics of the crystal grains of

I n2Ga2zn07. ~15[ 0042] Further, the crystal region 140 is nore stable
t han t he anor plFousxanggle,can h2Ga-Znk@batal amonpheus dhide serpicbaduatagaper chd0 | s

included in the vicinity of the surface of the oxi de sem conductaqr. | ayer
100, t he beRbraestasithe axide semicondystor a0 usime-pimefal oRjde d§Tert Ratainias

anmor phoug, r ggi 20 & ANRPHSHEd itibh&ati&lofahidd- 7y of-1ths oxide
20 sem cg?l’dﬁg’t%gtl ?aygﬁa%g can be ?n?r%gsg%éﬁflémg @%\/Et }%d or

Manuf act atoings |OnEa: Be nd- chivdu fdtomnm %] ayad >In:Ga:Zn =NeAt2 [atoreb)otndedr the

manuf acturing the oxi de sem conductor | ayer 100 wil| be described with

r ef ed@ncdoliqyvipg cgnditigny: shesdistancy benwepn Mie Bibstivic aathithoiraret iv 100 gy thooo
S LSS UG PR RO S et o g e
Layer>. ‘hhsospkerdgtirepropaiion of die dxagen fId00isi 190f D). meNotbyha the tdst evhengamet hod
or the | ipEleé‘e udqg%{ cgrr;er?tt gcl))vgghsei\)ru?ceolfs l?serdazrlseag;?oswesrus%?lrc%sisafgr%?e:rrléblg ri)%gzgusgn
powder substances (also referred to as particles or dust) generated in film formation can
15  be reduced and thickness distribution can be evened.
[0046]
| The thickness of the oxide semiconductor layer 200 can be set as appropriate in
accordance with an objective purpose or objective characteristics. For example, it may
be approximately 20 nm to 10 pm. |
20 [0047]
The crystal region 140 is formed through heat treatment after the oxide
semiconductor layer 200 is formed (see FIG. 3B). Note that since H, H, OH, and the
like in the oxide semiconductor layer 200 are eliminated through the heat treatment, the
heat treatment can be called dehydration treatment or dehydrogenation treatment.
25  [0048]
Rapid thermal anneal (RTA) treatment in which a high-temperature inert gas (a
nitrogen gas, a rare gas, or the like) is used can be employed as the above heat treatment.
Here, the temperature of the heat treatment is preferably 500 °C or higher. Note that
there is no requirement for the upper limit of the heat treatment temperature from an

30 essential part of the invention; however, it is required to be in the range of allowable

temperature limit when the base material 110 is used as a support. The length of the



30 oxygen atnosphere, or a m xed atnosphere of a rare gas and oxygen (see
FIG 3A). Wen a target including Si02 at 2 weight%to 10 wei ght % i ncl usi ve

is used iRo3d yftering nethod, SiOxy3z>0) is includedy i
sem condu@?o?llﬁgygr 200, so that crystallization of thepggf%@qg@ﬁlﬁ%nduct or

| ayer 200 can be suppressed. This nmethod is particularly effective in the
case where the oxide sem conductor |ayer 200 which is anorphous is desired
to be obtained. 5[ 0045] For exanple, an | n-G-Zn-O based anprphous
oxi de serfcabowenimeryyis pasferablygreter HinArfaualde k minuss aprd lese thangy et | ayer

200 usi ngna | d hge o} i njNn (su a t ar get
havi ng aglgo%lpq%}st?%‘i ?rﬁd‘r‘g’ﬁ’ﬁ’l%fﬁﬁ: %a?éﬁht:%lb%i%f%y[%ﬁg %ngg §n?0:r 1:1:1
[atontq , appebximately: Znminutesl 1@ 4 ahiaafsd.) Bydempldiengl Ohd ®TAHOWagnad At ons:

t he di stance between the substrate and the target is 100 mm the Bressure

is 0.6 Pdreatmpent gan be perfrmed for ehast time; thensfqrgyadyerge efiect of hpatmdhe bass an
oxygen a I r ton . Ofy t i 9 t hat
LS RSRLS o BE 0R0) i ARPINA il kSl pe
sour ce | saprief aércadasal e hissesp asdermparéd tvetic e Cadeswheref beat eceatmentsis

particles or du enerated_in filmfornmati.on can 15 be reduced and
Phi cknes eHPERST B%@ﬂe?s HE- bgua%n@a.crm%ﬁ ins of a predqigEming SRRCLE G ¢ he

oxi de Se'ﬁe%@l@@ﬁ'&@l?fo&lﬁﬁ%tl%%iﬁﬁf'o%e%ﬁffa&.s appropriate in accordance with
an obj ective purpose or objective characteristics. For exanple, it nmay be

appr oxi md0@49} 20 nmto 10 tun. 20 [0047] The crystal region 140 is

for t hr ough a eat nent ter the oxide_.sem conductor |aver 200 is
for il (cee P Soigihat {EREOT hoaf b ineh{ Bal Bt DEFTIRATR ARY iinfhe WAL AEN i e
seni condyg perforniedfte? Qkk dkide @kinidondt@er 1ae02@Nist foembatiowdventifiinder tbhe heat

treatnment can be called dehydration treatnment or dehydrogenation treatnent.
25 [ 0048]promote dehgdsatign (of cdehpdrogenatian, therieat ticatment i profesahlycperformed

hi ah- t . . ' . .
used can Bt Uy bAGP iRl ReBleh FRRS of fhe Bt AcofckPBatt BB, 2 o1
t he heat Ihndditiorthe heat restirenaitnay bb @erfarnued plughdmes Matead ofiahcet here i s no

requiremigé or the upper Iimt of the heat treatnent tenperature from an
30esdent i8> Bart of the i nvention; however, it is required to be in the

range of al | owaQjieap e prirstable!thaliih O S8bvE MR aORSEMBRL BYdrBEen! &iflcludingsed as
a support. The length of "the
water) and the like be not contained in the treatment atmosphere. For example, the
purity of an inert gas which is introduced into a heat treatment apparatus is set to 6N
(99.9999 %, that is, an impurity concentration is 1 ppm or lower) or more, preferably,
20 7N (99.99999 %, that is, an impurity concentration is 0.1 ppm or lower) or more.
[0051]
| Through the above heat treatment, the oxide semiconductor layer 100 which
includes the amorphous region 120 which is mainly amorphous and the crystal region
140 including the crystal grains 130 which is oriented so that the c-axis is almost
25  vertical wich respect to the surface of the oxide semiconductor layer is formed (see FIG.
3C).
[0052]
Note that the above crystal region 140 has a function of suppressing the entry
of impurities into a film; however, when a large number of impurities exist, it is difficult
30 to suppress the entry completely. Therefore, it is important that the oxide

semiconductor layer 100 be not made in contact with water, hydrogen, and the like after



heat treatnment is preferably greater than or equal to 1 mnute and | ess
than or equal to 10 mnutes. For exanple, RTA treatnent is preferably

per f or e t for approximtely mnutes to 6 mn oyi ng
t he RTA Syge%?ﬁeﬁﬂgf;%eat t r eat ment canqge performed for gk?ﬁg%@f/ml%m

t herefore, adverse effect of heat on the base 5 material 110 can be
reduced. That is, the upper limt of the heat treatnent tenperature can be
increased in this case as conpared with the case where heat treatnent is
per f or medhd ahova heatrfgeatment, aspapahras possifle. ¢ s e beraghieyeddn gughy 2@ARRI i ned

St ruct ur%@ﬁ]&%s L%Cﬁhdetaegb regg{) %ﬂd& m@ﬂz e;ﬂtﬁe gm gfmérn%n&wfaﬂ&ﬁm [ 0049]

10Not e tha ove at any trmng~as |ong
as it is tgepdraturedeatdsarg ploeessxi dor seamplendmchcm tieatn&mt 200 the fbkbuswmg
however, in order to pronote dehé ration oy, dehydrogenati heat

t r eat menfCMRETRUES %ercé‘ii‘ﬁvgﬁ’é??eé?% 6 PcHPENEH e atmg (i%dsé‘ef: F$8 on a
surfase Qfy e M&Iﬂs %f@ 19%\? au!.@ﬂ%erezgﬁ?g g}dées%qﬂé)t bé’ﬂlffe}é?ﬁ’ ﬁ*aﬁame

t r eat nent may e per tI mes |1 nste of orce.
Not e t haﬂleatttraaan:metlmoathlee t ﬂmtthls naseh theztmospheesain the mlmmlre dw:ohaelggn
(1 ncl udi n

t t i t
at nospheP °°°%F“ee9%gfgf gxaqlﬂlg ﬁ‘h Pf‘yge%oggsoﬂqa!ﬁ@?efe Igag'sﬁgﬁ ﬁ?rﬁeﬁ @O?lﬁ'ﬂ odlced
into 3 NGhta br=At TFRingaPRA) il JfS-MELC bOIN:( HSARAR 20 €8t 10w, 30

impurity concéntration is 1 ppmor |ower) or nore, preferably 20
(99. 99999hé3xhkethat is, an inmpurity concentration is 0.1 ppm or Iovver) or
nor e 08@(35] Through t he above heat treatnent, the oxide
sem (1,8nd gI] | ayer 100 which includes the anorphous region 120 which is

mai nly amyH3iPG v MEdhanRYsH@ysthEGtaais>140 i ncl uding the crystal grains
130 which is oriented so that the c-axis is alnmost 25 vertical wth

respect to theAsusxampie of a ghovthyehhasiom efomyisialt grains ay en In-$afdnkbasedee FI G

cuppr csryRioys g B bt FBoifd BiRira, bR AR Ferifls R 6™

nunber 04 Al sHAWR, IFIGS. SAI-Eto 5A16 arfil SB fFIGSJ6IA-B&S 6AS i 684 foleB- snpqus
npl et el Ther ef or e, is inportant that the oxide sem conductor | ayer

100 B3 ndh awde, |F|I|G§o$r‘t\éc18Av@, -heangr8B-Ry HitGe §eRIG. dAFIGTR 1L Aka 14P; EIG
12, FIG. 13, and FIGS. 14A to 14C.

[0054]

First, a state where the crystal grains of In,Ga,ZnO7 are c-axis-oriented in the

vicinity of the surface of the In-Ga-Zn-O-based amorphous oxide semiconductor layer
20 is shown together with results of experimental observation.
[0055]

As the In-Ga-Zn-O-based amorphous oxide semiconductor layer, a film which
is formed with a thickness of 50 nm over the glass substrate by a DC sputtering method
is used. In addition, as a sputtering target, a target having a composition ratio of

25 In:Ga:Zn = 1:1:0.5 [atom%] was used. Other deposition conditions were as follows:
the direct current power was 0.5 kW; the deposition pressure was 0.6 Pa; the deposition
atmosphere was an oxygen atmosphere (the proportion of the oxygen flow is 100 %);
and the substrate temperature was room temperature.

[0056]
30 The In-Ga-Zn-O-based amorphous oxide semiconductor layer was subjected to

RTA treatment so that the crystal grains of In;Ga,ZnO; were c-axis-oriented in the



t he above heat treatnent as nuch as possible. This can be achieved in such
a manner that the substrate is not exposed to the atnosphere in the heat

t reat mentygng; 5Lk oW ng tenperature jgecreasi ng processcripioii&TRl € the
heat treatnment and the follow ng tenperature decreasing process nay be

perfornmed in one atnosphere. It is needless to 5 say that the atnosphere in
the tenperature decreasing process nay be different fromthe heat treatnent
at nosphere.. In this case, the atnosphere in the tenperature decre%si ng

process CAgnyof thesugiacep|The heat gsaiment coaditionsyermay follows: the gtresphere
t h : : e urldapyi i ot aaf, - :
or ot o apis € Bisteeh Anfléopnele’ulda? il kpRe A BAAUE w8 eaffhabarCiab WG

of Cryst ahd @Gietims was set to 6Aninatcanpl e of a growth mechani sm of crystal grains

in an I n-Ga-27Zn- O based anor phous oxi de sem conductor |ayer will be
descri bedO®3ow with reference to FIGS. 4A and 4B, FIGS. 5A-1 to 5A-6 and

o2 g0 1. and a3 S PRET (rgkO sl ofth Rl DA Len Bt L

FI GS. l4AcdwtibrGn thiOkie$§ by an Ar ion fillisg, methed ficeclatative volteges rSykValor gr ai ns
of 1n2Ga2zZn0y. are c:axis-oriented i.n.the vigipity of the surface of the
| n- Ga- Zn-r?é]“ﬁgg’édna%%u@ 3R %mnéowaﬁwﬁo&r?%?é‘fn xgvi a’s?ﬁ?ﬁﬁr"?‘%et her
W th resybliagdfprévebingd MEN k¥ afRP prickin®i 40 ROPRhs performeliSafted @nechanical
I n- Ga- Zn- O based am)rghous oxi de sem conductor layer, a filmwhich is

Y

f or med wipolishing.hi Nitedbat RIPS saanyfactured by Keateyl, dag veashised dn an By ien mdlling
sputtgrin hod S ed. ] itio eri t. rget
navi A0 o iRt AR NEEOUREing 1182306 R By FRELAS T3P oF rB

Q her dep@iflidg methedndi tions were as follows: the direct current power was
0.5 kW the deposition pressure was 0.6 Pa; the deposition atnosphere was -
an oxygerﬁo%gr}osphere (the proportion of the oxygen flowis 100 9% ; and the

substTate t enDei@kUsL RSB AOBHEAIRAL FEN SmabQ0tGhe IRTNG dMnGaidRsQrbased
B &%t e i

anor phous oxi de sem conduct or yer was su to treatnment so that
t he crystisd sgmplens Nafte Itini2 Gh2 ZFEM wagescaraxinsages ivelnitle cir¢ robsdreed windematy of

e qu1 T ac T oGk R, TR0k 5000 e Lo 19" LU, oL MSNAIARP I
650 C anchnbbRtlrkdBy MificRELtd.O fh FIGS!t4ES and 4B, it can be observed that a crystal
region including crystal grains with a width of 1 nm to 3 nm inclusive and a depth of 2
nm. to 4 nm inclusive is formed in the vicinity of the surface of an In-Ga-Zn-O-based
oxide semiconductor layer with a thickness of 50 nm.
20 [0059] |
FIG. 5A-1 is a cross-sectional TEM image of the vicinity of the surface of the
sample. FIG. 5A-2 is an electron diffraction pattern corresponding to reference
numeral 1 in the cross-sectional TEM image. FIG 5A-3 is an electron diffraction
pattern corresponding to reference numeral 2 in the cross-sectional TEM image. FIG
25 5A-4 is an electron diffraction pattern corresponding to reference numeral 3 in the
cross-sectional TEM image. FIG. 5A-5 is an electron diffraction pattern corresponding
to reference numeral 4 in the cross-sectional TEM image. FIG 5A-6 is an electron
diffraction pattern corresponding to reference numeral 5 in the cross-sectional TEM
image. In each of the electron diffraction patterns, an obvious spot in which d value is
30 0.29 nm to 0.30 nm inclusive is shown. A direction of the spots corresponds to the
c-axis direction of the crystal.

[0060]



[ 0057] 5In order to observe a , cross section of the sanple formed in such
a manner, reduction in thickness by an Ar ion mlling nmethod (accel eration
vol t age: K¥71/8% reduction in thickgess by an FIB m |l haek
(irradiap?gnypénf”%a, accel eration voltage: processing aF Qgﬁﬁﬁé??er
processing at 40 kV) was performed after mechanical polishing. Note that

Pl PS manuf actured by Gatan, Inc. was used in an Ar ion mlling 10 nethod
and NB- 5000 and_FB-2100 manufactu y Hitachj, Ltd. s used in an FIB
m | ling nethodFIfodBay a cross-sedopeTEnRImags whhishoHs AJRRLPR of dherefk S nages
of the Videephd/ aff ibRGradt! f 36f00d irt e ERIRESnaibALS il Rl biTRGES are
i mages which are observed under a 15 condition in which the accel eration
vol t age wata @aiksdatieachnpoibt. O FRONARGYAB Ut dscfound thabthetd-axds (4001 btdikectidn) FI GS.
4A and 4B, it can be observed that a_crystal region including ¢rystal

grai ns wilt Almeshivertigaloyith respeat 4o theturfage| Uk iy, alsq iopnd thatsths CoanlSzglﬁ%/ﬁtlpB 4 nm

i ncl ugi V‘?efjle%ts]:j@z{tﬂf?sgoffhetst]ﬁaé’é.Ci nity of the surface of an In-G-Zn-0O based
oxi de sem conductor [ayer wth a thickness of 50 nm 20 [0059] FI G

5A-1 i s 40@41dss-sectional TEMinage of the vicinity of the surface of the
sanple. FIG5A.2 is an.electron diffraction.pattern correspondj ng.to
ref erence nume H’Zﬁ‘f’ i ‘? alfeﬂeané[yélsgs&'stéﬁ teféﬁhgﬁ' %’Iééﬁfftf%%t.e"ﬁ Yﬁagﬁ?rﬁi“icgd {;{ﬂ
el ect r on gdichhimcdrivam ﬁﬁkt@wopﬂrer&gmngﬂanﬁ. t eIGSf GAANRECALBTERGW typikdd t he
cross-sectional TEMinmage. FIG 25 5A-4is an electron diffraction pattern

cor r espongiupgmeasurement oh theeelegtran diffragtion qragems sadt Fl61%a | 6BFENP i6Fade. FI G
5A-5,kS | ectron di i r 0 i . ref enen nuner al
27 n10he S TRUEEPn Heoul YetouRinE i AnGRE SRRT b Bibob i oSl O
pattern eaas@smenddaly tBy c@hparison@f thadtad] neakireinkft ddtdand siecdimatagibn TEM
imge. In each of the electron diffraction patterns, an obvious spot in
whi ch d velfe thecrystabstoustusept thegrysiel graiphean s cpatimaedoRininliadnPact i on of

t he spot zo(y@gresponds to the c-axis direction of the crystal. [0060]

FIG 5B is a cross-sectional TEM inage which shows a relation of the c-axis
directi on and TihEIGSiIrTAarel 7By commparison bhea corstehistmgetine dingGaZa) ) rewbichyi s

di ion of th t al i h.point. F FIG 5B, it is_f d
Chat 1D he ol ik Sopaispus siritude 08 AF0RGZRABeL vt PRUER mmoRD) et 788 e
surface. zhd ak@()sggé%pu&%mm@ﬁgzﬁ@e(sgep}@sggiiisr@g%pn S5reflects flatness of

the surface. [
[0063]

In the structure of InGaZnOy, two layers of GaO or ZnO exist between layers
of In and O (InO layers) which are vertical with respect to the c-axis (<001> direction).
20  On the other hand, in the structure of InyGa,ZnQO7, one layer and two layers of GaO or
ZnO exist alternately and repeatedly between InO layers. A lattice constant in the
c-axis direction of InGaZnQy is 2.61 nm, and that of In,Ga>ZnO; is 2.95 nm.
[0064]
Next, observation of HAADF (high-angle annular dark field)-STEM images in
25  the crystal structure of InGaZnO4 and the crystal structure of InGa;Zn0O5 is described.
FIG. 8A-1 shows simulation results of the crystal structure of InGaZnO4 and FIG. 8A-2
is a HAADF-STEM image of the crystal structure of InGaZnO4. FIG. 8B-1 shows
simulation results of the crystal structure of In,Ga;ZnO; and FIG. 8B-2 is a
HAADF-STEM image of the crystal structure of In,Ga;Zn0O7. Note that FIG 8A-1
30 and FIG. 8B-1 each show the crystal structure seen from a (100) plane.
[0065]



Next, a detailed analysis of the electron diffraction patterns was
conducted to determ ne crystal structures of the crystal grains. FIGS. 6A-1

to 6A-3 5\98‘&)’0{3’0&%' actual neasurenent; data of the el e‘liab'iﬁ?z(ﬂi)/f)ééﬁ?“ on

patterns an 6B-1 to 6B-3 10 show sinulation results (assum ng
| n2Ga7a07 crystals) corresponding to the actual neasurenent data. By
conpari son of the actual neasurenent data and the sinulation results, the
crystal structure of the crystal grains can be_confirmed to be I n2G2zn07.

[ 0062] - InpHAABE-STEM: eagepa cepffgshPropsmicsal to teysgpare of gp iqmice
(1 ”Gazna%qﬂaﬁ E@n%lggiimgiz;]tﬁeﬂeﬁréé tyg)bﬁgﬁﬁpgbtoﬁai&ﬁteﬁ the!Gdid 2m! “fﬁzgég,%'ﬂo) “o(m

is a natura see crystal structure of 2/n07
(see Fl GtiBabowe foliooompdn6 3fructure, brightet Hetssepreséntirie abdms afsh datkér dotso

| ayers of Ga0 or, ZnQ exi st between layers of In and O (In | ayers) which are
v e ol ToREREY Gags n e, cirtadairan, PLGoms A0 mob abhaRR S RS BeMer

hand, s5i n gthenaiiEuet WiRs Qhad MREIABEO dionRNE THAY.CE RAADMSTERY §hagffis @0 or
ZnO exi st alternately and repeatedly between 1n0 |ayers. Al at§| ce const ant

in the c-iendvativé obsarvasionomethodaiintgrms shat, 6 stragtyreanidthehatomid lavebcaRbaO7 i s
2.95 nm 1i4E0064 Next dob§ervati on of HAADF (high-angle annul ar dark
field)-S A ég%a?(h 'ﬁ%clp'he crystal structure of InGaZnat and the crystal
struct ur §0@d6]l n2Ga2Zn07 is described. FI G 8A-1 shows sinulation results of
the crystal structure of InGazZnat and FIG 8A-2 is a HAADF- STEM i mage of the
crystal struct HARABF-SHMZrpges of Teragpsactioniifdhe criistabgrains ofelioGaxdnbys t he

crystgl Cl. = 2 i f the
cr ys?gl Z{l ?%c‘%lg{ngtygiff t+£%@%§&$§h@ﬁ§?ék tg FleggméfdGﬁ]B% 1°3 aﬁgﬁlﬁlp'enﬁgretp each
show t he obsersititn, at Schottity eficdéd emifsianmSAEM Gd}h pl sphericdl Gb6Ghtion correcting | n a
HAADF- STEM i rage, a_contrast pr OEgrti onal to the square of an atom c nunber

i's obt ai herptionH&RLEQ manyfacired, by JHitaghi, Ftdqispherdcal aherration, Cer > WB A That

is, inth urmeo. i ts.r n atomns
and dar kerSHORS B ETRERon St Wa splo St BY R e ERLASE halt
appear asvasneigegrémadhaeot dypyl o 4) mrainmidlless than omsmal tod2iOtrhmdabovEIGt ons.

TS, 2 AR O R b B 1 SRS Sh Rl S0 BRuby Ll et
HAADF- ST ioi8 dfBkLin AIGY. 82S1,56421 8B-10Tand BB-£T YAkiglis &5idefedab HetkisagZnOr
the fact that sufficient signal intensity cannot be obtained because the crystal grains are
minute.
[0067]
20 When FIG. 9 is observed in detail, a structure in which two layers containing
Ga or Zn exist between layers containing In (the distance between the layers containing
In: 0.89 nm) and a structure in which one layer containing Ga or Zn exist between the
layers containing In (the distance between the layers containing In: 0.62 nm) can be
confirmed. In FIG 10, a more characteristic structure can be confirmed. An
25 outermost surface layer does not contain In in most of the region. This indicates that
the outermost surface is a layer containing Ga or Zn. This is an interesting fact to
understand a formation mechanism of the crystal grains.
[0068]
Next, based on the above observation results, a formation mechanism of crystal
30 nuclei and a growth mechanism of the crystals in the vicinity of a surface of the oxide

semiconductor layer were confirmed by computer calculation.

[0069]



10 in the vicinity of the surface of the sanple are showmm in FIG 9 and FIG
10. For the observation, a Schottky field em ssion STEMw th a spheri cal
aberrati qgoSeidsitNY function (HD- 27Q@ nmanuf act ur ed byPHFl‘FJ?EJlb/%G'ﬂSd

spheri cal aberratl on Cs: 5 gmor less) was used. The acceleration voltage
was set to 200 kV and the detection angle was set to greater than or equal
to 40 nrad and less than or equal to 210 nrad. In FIG 15 9 and FI G 10,
intensity difference between In atons, and Ga_atons or Zn atqQnms i s not

obvi ous unl i ke If Qrder g exgmine thgplane gricnfatiopef geed crystal f?léteédﬂsqflﬁﬁé‘i‘led to

be due t t S | ,

because %ﬁ%‘b@f‘ f?@t?%e J}l% yn(g{%l éh%?di%gﬁ?'%kg]ﬁ%m 1@_'&%@&1 3(ngser ed in.

detail, anzﬂ3r(ac§ymmetrya pibpeity bfva drastal R-86QNt GaJONGh ganmtrirprelxar@t obat ween

| ayer s cont ai nlgg; o the di stance between the | a ers c%ntal ning ILn: 0.89
tre

nn) and &%ty ZRR: @rsYaHBEt R DEIPERY 9f & Gy sial BE3MOC) Adaseqlitained dyveen
the | ayer, I t A I ng I n:
0.62 oy SRS cRuloh! Pleid %@%Q%HP%YYE@%% 47 ARG PR Can
be confi meedtd tArcufbut mutyetahesﬂfacmﬁrdracaebdlhyzeystaﬂoe’fhams it oat be¢ maitl thatrasnost of
the region. This indicates that the outernost su&[? ace is a.layer containing
Ga or znSUHRfeserieseYals Ipteeh Aeirfage stuetpre: iy morgdinstabiqinderns REERsY ARL Aani sm
of the crsgéié}g,stglrlguffﬁcul[mrate Next, based on the above observation
results, a formation nechani smof crystal 30 nuclei and a growth nechani sm
of the cr[%'ﬂﬁl sin the vicinity of a surface of the oxide sem conduct or
Iaye wer e conf 0 t cal t| rder to
exam e the pl ane orf'i e%tlch[ gg'eﬁrsgfpnncg)eeega &7 aﬂ?n [Sgﬁwﬁgaet le)%FegooncP&/es ﬁrovvth
surface ¢ngitighalothedrydSuded £f the aBU\VHT&IlélMatRmOpQﬁ tthe Sbove calanidtidh; sd?fa%é MVC) ,

I n203 (a symetry property of a crysta R-3C), Ga203 (a symretry property
of a cry§t‘%ﬂgy‘$@‘3€}led§' &ﬁ@lk%v@&%?fﬁ"ﬂ%/(lﬂroperty of a crystal: P63MC) was
obt ai ned rfys11> first principle calculation. Here, surface energy neans
energy per unit area which is needed to cut out a crystal surface froma
bul k cry¢§Fadmuldhpt is, it can be said that as surface energy is larger, a
surface structure |s nor e unstable |n terns of energy and a seed crystal is

difficul t t ener A ptaks ~
sof t war e(%"ggaé eB?ng T density functi o(lSaffactdmex)y is used for the abdve

cal cykation. In the above calculation, surface energy is obtained fromthe
fol | ow n? forrrul a (1). [0071]

Ga and Zn are adjacent to each other in the periodic table, and atomic radiuses
thereof are almost the same; therefore, arrangements thereof are random. That is, in
some cases, Zn is arranged in a site in which Ga is arranged, and Ga is arranged in a site

20  in which Zn is arranged. In order to deal with such a random arrangement, a virtual
crystal approximation was used in the calculation. That is, a composition ratio of Ga
to Zn is set to 2:1 in a site in which Ga or Zn is arranged, and a virtual atom in which
Ga is 66.7 % and Zn is 33.3 % is arranged. More specifically, pseudopotentials of
atoms were mixed at the above proportion and were assigned to virtual atoms.

25  [0073]

FIG. 11A shows a crystal structure used for the surface energy calculation of
(001) plane of In;Ga,ZnO7 and FIGS. 11B to 11D show the surface structures used for
the surface energy calculation. FIG 11B shows a structure in which O is on the
outermost surface in the (001) plane (denoted by "(001):(Ga, Zn)O"), FIG. 11C shows a

30 structure in which In is on the outermost surface in the (001) plane (denoted by



[ Formul a 1] (Energy of surface structure) - (Energy of crystal structure)
(Surface energy). (1) (Surface area) 15 [0072] Ga and Zn are

adj acent {8 58G%sLEher in the periodiqgotable, and atomi g,c&ﬁg%@g&‘mpereof
om at i

are al nost the sanme; therefore, arrangenents thereof are ran IS,
In some cases, Zn is arranged in a site in which Ga is arranged, and Ga is
arranged in a site 20 in which Zn is arranged. In order to deal with such a
random arrangenent, a virtual crystal approximation was used in the
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atons. 25[0073] FIG 11A shows a crystal structure used for the

surface refigrec thec sizes pbrhoatlicrs1in Hieaineplane diectionzefohea (1) pkme argB t o
11D show ¢ u . struckur t u g a I on.
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which In is on the outernost surface in the (001) plane (denoted by

" (001) : | pn)the gHigrppst, sunfacs BHORKR)-GasTn befose strpgturgertimizatios: hoyeyes, Ghist he

out er nost ' e ted by "(001): Ga, Zn"). Lattices
of FIGS. Oﬁ‘é‘g {)@&%ﬁﬁp%‘?‘Jga%te(g&ggﬁlggletaébgﬁlgﬁe%& are mnimumunits of a periodic
structur g0074]an in-plane direction. Therefore, the sizes of the lattices in
the in-plane directjon of the (001) plane ﬁre 5 different dependi hg on the

surfafe struct die.cakptadion weas reffoged, ethefpliawing marnerr At he moshitalli by
First prisigidteCoCie Gl fHgahi Ui bt o ERBial Qurkddd. is @t 8l Zal S on

the outernost surface in ( n before structure optim zation;
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The details of the calculation conditions are shown in FIG 12. In consideration of no

15  periodicity in a direction vertical to the surface, the number of £ point was 1. Similar
calculations were also performed on the (100) plane of In,Ga;ZnO7, In,03, Ga,03, and
Zn0.

[0075]
| The calculation results of the surface energy are shown in FIG. 13. From FIG

20 13, it can be found that in the surface vstructure of InGa,Zn0, the surface energy of
(001):(Ga, Zn)O is the smallest. In, Ga, and Zn are metallic and become unstable in
terms of energy due to the existence of surface charge. On the other hand, when a
bond is terminated by O, the surface energy can be reduced.

[0076]

25 From the calculation results of the surface energy, it can be easily understood
that (001):In is difficult to form. This can be supported also from the observation
results of FIG. 10 and the like.

[0077]
By comparison of the surface energy of (001):(Ga, Zn)O and the surface energy

30 of the (001) plane of ZnO, a formation mechanism and a growth mechanism of the

crystal grains of InyGa,ZnO; can be understood. The formation mechanism and the



structure of the crystal including lattices is obtained, a crystal surface
Is cut out, and structure optim zation is perfornmed only on atom

arrangene\g}b MitdlsiAe lattices fixed. Mpte that a thi ckng%@J?;Ol@,?é/@%lum

regi on where atons do not exist was set to 1 rim The detal
cal cul ation conditions are shown in FIG 12. In consideration of no 15
periodicity in a direction vertical to the surface, the nunber of k point

was 1. Simlar calculations were also perforned on the (100) pla f
| nzeazzn@row%@efslwn@alzeét eaﬁdstzhssa"{sdéﬂs}éarzﬁeoea'rl&nea'?rﬁ%}y ?@QUP?‘EW&?‘ t he

surface q@%;&%<:ﬁfﬁ@§"i%tbﬁ4a G 13. FromFIG 20 13, it can be found that
in the surface structure of 1n2G2Zn07, the surface energy of (001):(Ga,

Zn)0 is tihe78¢mallest. In, Ga, and Zn are netallic and becone unstable in
terms of energy.due to the e nce of rfac char t he. ot hand,
when'a bond | o TESAPSIRIERHIE, SO ZHO G gl LS BN SYPOCRL bel TisqHbEH heRto0 7o)
25Fr 08 t hgafiidne Ul %Eff@ﬂnédﬂstﬁé tc%nfrﬁ)sﬁlhﬁ ratié fo@% BBEITRRS: sthill GAD tha 6@&al ¥
under st ood t hat ol:In'is icult to form_ This can be supported al so

fromthe b@b@m‘—svlatgedn th@slﬂlmtsy oft the s@faceofghel In-kia-Zi-Kebaspd @mpiplRys osidgar i son

of the surface ener d.th f f th
(001) pi AFERGRASE Merforerlts 33 e WAR e S St o PR Pn0p o
crystal grdishigacef edepgﬁaﬁzm%mrplm uﬂiﬁmmoeﬂomﬁii@d f1ae atao cA&ghati sm and
the growth nechanismof the crystal grains of I'n2Ga2zn0O7 will b€ bri efly

descri bedON)t(Gay 8n)Y) énsmall.o All@Rr containing Za0. ajd)030) IS'fhenmhpmra yurfassur e of
Zno i18 lar geheag}godnt o?%%b l\s/ sma?loornI az gu%ace t CI‘COfWHlCI'CfOI'C a layer containing GaO
is stably formed (see FIG. 14B). Accordingly, the crystal grains of In,Ga,ZnO; are
grown from the above layer containing GaO (see FIG. 14C). That can be easily
understood when it is assumed that the outermost surface is a layer containing Ga and
the second layer is a layer containing In in FIG. 10.
15 [0079] _

Note that the surface energy of (001):(Ga, Zn)O of In;Ga,Zn0; is smaller than
those of the main planes of In,O3, Ga;O3, and ZnO. Thus, it can be said that In,Os3,
Ga;0;, and ZnO are not separated from each other on the surface of the oxide
semiconductor layer as far as it is determined in terms of the surface energy.

20  [0080]

In crystal growth, on a planeihaving small surface energy, crystal grains tend to
be formed more easily and crystals tend to be grown more easily, than on a plane having
large surface energy. Therefore, (001):(Ga, Zn)O of In,Ga,ZnO; is likely to be
crystallized in comparison with In;Os3, Ga;03, ZnO, and the like. In addition, the

25  surface energy of (001):(Ga, Zn)O is smaller than those of the (100) plane of
In,Ga;Zn07, (001):In, and (001):Ga, Zn. Thus, the outermost surface is likely to be
(001):(Ga, Zn)O and be c-axis-oriented.

[0081]

As described above, it can be seen that by heating the surface of the oxide

30 semiconductor layer, the crystal grains of In;Ga,Zn0O; which is c-axis-oriented are

formed in the vicinity of the surface and grown. The oxide semiconductor layer has



5 treatment is perforned, the conposition ratio of Zn becones small and
that of Ga becones large in the vicinity of the surface of the

I n- Ga- Zn- r phous oxi de sem g@g@nduct or |ayer (s When

t he surfa@ggﬁggégggf (001): (Ga, Zn)0 and the surface e%gggtﬁéﬁlﬂ@lles (001)
pl ane of ZnO are conpared, the surface energy of (001):(Ga, Zn)0 is small.
A layer containing ZnO and Ga0 is fornmed on a surface, 10 and the anount of
ZnOis small_on a surface thereof; therefore, a_layer containi n% G0 is
stably f ANt sdectie charasferises, oWhichg P@,SUfth@echfs@aﬁer@wav@t%f FHS®Ga2zn07
ar e gr owny ol tRRRN: deteondieRl BBt R (Al 1BARIG] Ghich duitabitdor gan be
easi |y under st oo en It 1s assuned ‘that the outernost surface 1s a |ayer
cont ai ni sgméeandwciort devickecond | ayer is a layer containing Inin FIG 10.

15[ 0079] Note that the surface energy of (001):(Ga, Zn)0 of

I n2Ga2zn®98d srmller than those of the main pl anes of 111703, Ga203, and
ZnQ. %hus, it qfe H&hedd, rtubRtes]l hdd AR 1if8 2fe3eriteAdinZili3 8mBodigient @R LAt ed
fromeach other on the surface of the oxide sem conductor |ayer as far as
it is detcembineddisiapptopriate with @ of thef metbods strggturezpandythgdike described)in
crystal owt h n | ane having small surface energy, crystal grains tend
to be fo%&(\éﬁi%?gboé@rgg tgs/ and crystals tend to be grown nore easily, than on
a plane hoos3)g | arge surface energy. Therefore, (001):(Ga, Zn)0 of

I n2Ga2zZnO7 is likely to be crystallized in conparison with 1n203, Ga203,
ZnO, and(EWéoqilFll@@.tzi/n addi tion, the 25 surface energy of (001):(Ga, Zn)0 is
smal Lgr than t f : s

(001)1:6<3a, Zn. s %ﬁ%‘ng’ﬁ%’%?%’s‘%@l%?f gctrea!“%]gtgfigfggim’tcé’q‘g@"( &%ﬁ‘??@%? Zn) 0
and be c-nsanufacaringnmethod [tB&8df] will be describéd wids oaferepct @hBIGES. ISA tahSDe seen
that by heat] the s ace of the oxide 30sem conductor |ayer, the crystal
grains oﬁn‘ﬁl&iﬁ-ﬂﬁ}d?ﬁﬂ-ch is c-axis-oriented are fornmed in the vicinity of
t he surf 4nd grown. The oxi de sem conductor |ayer has excellent

el ectric characteristics, which is suitable for a sem conductor device.

Al t er nat i vel y, Firsle a gandiwstive lyeodiPuis fenmedzyer a hebstiategd9O0r(sdei FIG: L5AY, which is
suitq?le[@@ a sem conductor device. [0082] 5The nethods, structures, and
the I'fke sséri bed in this enbodi nent can be conbined as appropriate with
any of the net SsubSfirdtt ahl 'RSused Mor tesiubsldte(3CAd RAg Asnittibe Qibdeite

enbodi nents. [0083]

having an insulating surface, for example, a glass substrate. It is preferable that the
glass substrate be a non-alkali glass substrate. As a material of the non-alkali glass
substrate, a glass material such as aluminosilicate glass, aluminoborosilicate glass, or
20 barium borosilicate glass is used, for example. Besides, as the substrate 300, an
insulating substrate formed using an insulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate, a semiconductor substrate which is formed using a
semiconductor material such as silicon and whose surface is covered with an insulating
material, or a conductive substrate which is formed using a conductive material such as
25 metal or stainless steel and whose surface is covered with an insulating material can be
used. A plastic substrate can also be used as long as it can withstand heat treatment in
a manufacturing process.
[0086]
The conductive layer 302 is preferably formed using a conductive material
30 such as aluminum (Al), copper (Cu), molybdenum (Mo), tungsten (W), or titanium (Ti).
As a formation method, a sputtering method, a vacuum evaporation method, a CVD

method, and the like are given. In the case of using aluminum (or copper) for the



(Enbodi mrent 2) 10l n this enbodi ment, an exanple of a transistor as a
sem conduct or device and a manufacturing nethod thereof will be descri bed

wi th ref apgnee,dii7E! GS. 15A to 15D angyFI GS. 16A to 16DPCEH%§J%E/2§6|1{ 15[0085]

conductive | ayer 2 is fornmed over a substrate 300 (see

Any substrate can be used for the substrate 300 as long as it is a
substrate having an insulating surface, for exanple, a glass substrate. It
is preferable that the glass substrate be a non-alkali glass substrate. As
a mat er i pndyrctive layab02siage plupigum itsglf {or eapper iself) hasdisgdvaptages sueBRS as

al-um nosidy, CaL¢ @Lx@t’iﬁce %lnh'”l E&%R@e&gz fo! Bat orﬁld% ot B ﬁ%sgs%i y YBHRQS q5i | 1 cate

gl ass i s use for esl Cas t e su an 1 nsulating
substr at eoﬁlbﬁﬁﬁdn wsuhrag:oaducttmwaaélﬁm haumg hast xasmtaﬁc&m Cc substrate, a quartz
substrate, or a sapphire substrate, a sem conductor substrate which is

f or med ui@qgﬂ a sem conductor material such as silicon and whose surface is

covered wi th anifs\thiddchde &l e]'nlav1ng"he§t P&ﬁ%@& ' 1Y‘§s gb'slgﬁﬂé G %sé’"ﬁieﬂi i's

formed using a conductive nmateri al met al stainless steel and
whose sucbmteimings anoelement selettednfroms utaaiunmg(Tmhttanuahllm dda), bengsten. (W) pl astic

bst r at | d | t. t and,.h t '
manuf act SRITERPEC0d0): Fooabh (8 oBmiry evihya SaspE S & AR 1 or med
using a combintid M JTRARE ieRimehts a%l{fsf'toﬁﬁ)oﬂklﬂnhrﬂhﬂﬂ)(éﬂn)almﬁg RRSMmbikatbn of

nol ybdenum (M), tungsten (W, or titani um(Tl) As a formation nethod, a
sputteri agy abthesel elementse auminde sootaiting anyref Hisse elgmENtd aveifshenmpenesat ke | i ke

are Qb Vgghe hk% t bI%c: c‘gﬁc?uc%fve atsy’gf;??éi{n'ﬂ?‘b@ Lfgﬁi(e%rb}fsgg(ﬁ(ﬁg tlllxggf)rg?lg&?i Vﬁ?a?&ﬂﬁt Ive

| ayer 3 Sihce alum num’i copper antages such
as | ow haading Geitsésiarceand aliniifosgocsopper)be corroded, it is preferably

formed i ?OOCS%Tbi nation with a conductive material having heat resistance.
Although not shown in the drawings, the substrate 300 may be provided with a
base layer. The base layer has a function of preventing diffusion of an alkali metal (Li,
15 Cs, Na, or the like), an alkaline earth metal (Ca, Mg, or the like), or other impurities
from the substrate 300. In other words, provision of the base layer can realize
improvement in the reliability of the semiconductor device. The base layer may be
formed to have a single-layer structure or a stacked-layer structure using a variety of
insulating materials such as silicon nitride or silicon oxide. Specifically, for example,
20  a structure in which silicon nitride and silicon oxide are stacked in that order over the
substrate 300 is favorable. This is because silicon nitride has a high blocking effect
against an impurity. At the same time, in the case where silicon nitride is in contact
with a semiconductor, there is a possibility that a problem occurs in the semiconductor
element; thus, silicon oxide is preferably applied as a material to be in contact with the
25  semiconductor.
[0089]
Next, a resist mask 304 is selectively formed over the conductive layer 302 and
the conductive layer 302 is selectively etched using the resist mask 304, whereby a
conductive layer 306 which functions as a gate electrode is formed (see FIG. 15B).
30 [0090] ‘

The resist mask 304 is formed through steps such as application. of a resist



[ 0087] 5As the conductive material having heat resistance, it is possible
to use netal containing an elenent selected fromtitanium (Ti), tantalum

(Ta), tu'\?ézz)ﬁﬂ/&W% nol ybdenum (M), ofrom um (Cr), neogywpsibdhs and
, a np

scandi um n all oy containing any of these elenents as I1ts conponent,
an alloy containing a conbination of any of these elenents, a nitride
contai ning any of these elenents as its conponent, or 10 the |ike. The
conductive layer 302 may be formed by stacking the conductive nateri al

havi ng h@wterraishght&ﬁwuamswg @rahetemasky a%ﬂ?)‘@?()ﬁm%%'é?f the applicatiop @§ygh not
shown in | trate:3 Vil A | ayer.
The base ﬂ?%%?{ ﬁgfsc Hgﬁ 1? lﬁ]égﬁ?%ﬁfa%%r \lllgg%tﬁg)f%‘?ﬁ?daé@oé\éj%ﬁp lgk&&z;l ﬁ’é‘f*?g‘ﬁet al
(Li, 15 tkKssresida mask 30demlaykie) seleqtivalyk fdrimed tantdropliet disch&gingMyethod, ahe

i ke), or other, inmpurities fromthe substrate 300. Ln. ot her words,
provi si ofcTEN PHE“’E%W"Q}/QF tlEf’aHi(er'e P 1 ‘faﬁ?)rtg?/éf‘?@ﬁtof H‘ﬁ?‘{ REPISEIC U8 Pty of

the sem gﬁ&%ﬁmr déRYdpnfent, THRI RS Qikk 2% €T ndtBiedded; HerEdre GnippdRnfent in
single-layer .structurée or a stacked-layer structure using a variety of

i nsul at i pepduativty shs beuathieysd.si Npteothahithe resést onaski 304 i rarovkd. after the

Speci ficall for exanpl 2 a structure.in. which,silicon nitride and

oV con- ssadnetiss lev Qs Forrfed b e W6 AINERAR  at e 300 | s

favorabl g¢ooglifpi s is because silicon nitride has a high blocking effect
against an inpurity. At the sane tine, in the case where silicon nitride is

in contact witAhe rews meskidef opay teefosmed usingod smplti-ong magk:  Aloph dbFem
occlig ! ﬂuht*ﬁ-‘?o&eﬁﬁ'al‘s‘lgﬁkd%'gﬁ%k &h%@'I)tf;lighl?\l}lf{)%s?lﬁ]gﬁ@gxnﬂﬁl-fé@el' g%lg:ﬁfeﬁgiﬁbl y

applied as a nater e 1h conta sem con or. |°0089]
Next, a Méish the use ok a Jtidtiitenesmhsk; bne-tiime dxposorel and develdpaman peacess Allbw ayer 302

and the conductjve |ayer, 302 is selectjvely. etched, usin he resi st, mnask
304,  whe @ty esk grt Blorg dbickyessesGepioplse hd dineiad fbickacsde 46 e dpaRtd ode i s
formed ($58isELBthelrilli-tor@mh0 $reasi™ Bleindinbe} bAAREpsLAR B Wiippresikay a

phot omask, and devel opment. For the application of the resist material, a
met hod s{@924s a spin-coating nethod can be enpl oyed. Instead, the resi st

mask, 304 may b | ectively formed by, a opl et di scharqgin t hod, a
sor obh pr it i i 1Bt Ritre Giton BefTFital kR By bt SEHE 20l Tk Ty
eXPOoSUr epeukét anorddiabaipsdie V¥RLE RMANate ARMlatiRE 1dyek 8r Bieclikoivhitagged;
therefore, inprovenment in productivity can be achieved. Note that the

resi st migmeddater and piened dliseparactionethe steding: is weefprablyr pestosmied se dhatsad by
et chi ng tpHSio%? %fl e Lgn%ul(:ﬁyeefaygp 306 L%Oaﬂilred. For example, the end portions are
preferably tapered at a taper angle 20° or more and less than 90°. Here, the “taper
20 angle” refers to an angle formed by a side surface of a layer which is tapered to a
bottom surface thereof when the layer having a tapered shape is observed from a
cross-sectional direction.
[0093]
Next, an insulating layer 308 which functions as a gate insulating layer is
25 formed so as to cover the conductive layer 306 (see FIG. 15C). The insulating layer
308 can be formed using a material such as 'silicon oxide, silicon oxynitride, silicon
nitride, silicon nitride oxide, aluminum oxide, or tantalum oxide. The insulating layer
308 may also be formed by stacking films formed of these materials. These films are
preferably formed to a thickness of 5 nm or more and 250 nm or less by a sputtering
30 method or the like. For example, as the insulating layer 308, a silicon oxide film can

be formed to a thickness of 100 nm by a sputtering method.



The resist mask 304 may be forned using a nulti-tone nmask. Here, the

10mul ti-tone mask is a mask capable of |ight exposure with nmulti-Ievel

i ght inteBShivossMkt h the use of a nulxi -tone mask, oneplifBA¥PQSH € and
devel opment process allow a resist mask with pIuraI thIC nesses (typically,
two kinds of thicknesses) to be fornmed. By use of the nulti-tone nmask,

I ncrease in the nunber of steps can be suppressed. [0092] 15As the above
etching treatnment, dry etching may be used, or wet etching may be used. In
order to[P#flove coverage of a gate insulating layer or the like which is
formed later andbraNeRt ! ms@an ff‘gtldﬂpBOghﬁitl?ta%&gd hadePEﬁﬁgﬁéanX Ryer f or ned
so that end portions o e condutti've |ayer are tapere For exanple
t he end pomtddobyg camsbnmnefx e]fablsputteapgrmcthadl aad taaC¥D aretfios @Ophsmmﬁ‘éDand

| ess than 9 the “taper ngl e" rs an orned by a
i de sur FREPTGEHikph, FokPRaTPIe 3 Qe Tyet ot e guufse O 208 € HERBIR when
t he |9yercoﬂﬁw Psthaht FBRAKYvE h'a%e 30%) 39 $6/n¥eRby aOPThdn£ COAS H&Rdd @Rdlan
direction. [0093] Next, an insulating |ayer 308 which functions as a gate

i nsul at i ngpérelyper qfshezﬁlsﬁlcatmgl:aysb%&cambq:mm bhea S(pmﬁm ngthoflay 8incg@s (see

Gi 11 con Sumagith Joyeabls Hog MTiaicrs Sy dBmal BF s HabE, CYBThERR 400 G2

al um numsg@xatlé forod nie&mdaﬂou mmﬁhge filih@irédigUdbaive i taidactiviOfysm3oa! 9a be
formed by stacking films formed of these materials. These f| | ms are

pr ef er abithe ¢ase REUSING 2sPutierngagOd Silrefhisasyin eedyerihydrogeimsancenteationpy o
sput ygri 0, VPPl I 308,

a sil ?coﬁgg% gﬂ PQPOIB@%%HEQ &gr%%%o{;fo&%&?ﬁ H]ZAZ(S: of i@g& BHE’I& f’s?%ut tering
met hod. f{lﬁOByi]a sputtering Ahdtlmmat aviegipn mhﬁ)ntm u;hdt amgnilelmdnctﬁﬂflaym,t thea

st acked- er structure bef med conbl teri met hod
and a C\/IBy fibdn the b?séf?ﬁ‘& B%/ pg‘ﬁv(gn} k ?mqﬁdﬁ‘g g@%ﬁiﬁé 0attf ower
layer of gtfRohdfidalal 919 ! xaﬁc;ﬁgB if %nr@)ﬁﬂé)@erhféoﬁdlfi%}t RGér, Wrch Hydfogen
conductive |l ayer 306 or med a plasma CVD met hod” and an upper |ayer
of the | rlnsma gtqahglﬂluamomﬂragmmsu@s, itds effertiyg taicmploytsueh agtrettisod. Since a
fi I m, %ﬁorabl e step coverage is easily forned by a plasma CVD net hod,
it sw? e for a nethod for formng a filmdirectly above the

conduct ive | ay®ota3fat i thid §fRciEREBo hindl BieMiked ab Puyhididen@feiStd1adubstinese it is

easy to reduce hydrogen concentration
that contains more oxygen (atoms) than nitrogen (atoms). For example, a silicon

oxynitride is a substance including oxygen, nitrogen, silicon, and hydrogen in ranges of
50 at.% to 70 at.%, 0.5 at.% to 15 at.%, 25 at.% to 35 at.%, and 0.1 at.% to 10 at.%,
20 respectively. Further, nitride oxide refers to a substance that contains more nitrogen
(atorhs) than oxygen (atoms). For example, a silicoﬁ nitride oxide is a substance
including oxygen, nitrogen, silicon, and hydrogen in ranges of 5 at.% to 30 at.%, 20
at.% to 55 at.%, 25 at.% to 35 at.%, and 10 at.% to 25 at.%, respectively. Note that the
above ranges are obtained by measurement using Rutherford backscattering
25 spectrometry (RBS) or hydrogen forward scattering spectrometry (HFS). Moreover,
the total of the content rate of the constituent elements does not exceed 100 at.%.
[0096]
Next, a semiconductor layer 310 is formed so as to cover the insulating layer
308 (see FIG. 15D). In this embodiment, the oxide semiconductor layer described in
30 the above embodiment is applied to the semiconductor layer 310. The above

embodiment can be referred to for details of the oxide semiconductor layer.



10 in the filmas conpared with the case of using a plasma CVD net hod, by
providing a filmby a sputtering nmethod in a region in contact wwth a
sem condugbonil@ayes, the hydrogen in t3ge insul ating | ayerr3eRi1666510e
prevented from being diffused into the sem conductor |ayer. Specifically,
in an oxi de sem conductor |ayer, since hydrogen has a great influence on
characteristics, it is effective to enploy such a structure. 15[0095]
Note that _jn this specification and the Iike, an oxynitride refers to a
substance!ob%a]t contai ns nore oxygen (atons) than nitrogen (atons). For
exanpl e, a silingRd uf ¥R thi§ eA®olindat, SHE Thet e BeleNfit YethRAn@XXSCRyer 10 RIEN,
silicon, and hydrogen in ranges of 50 at.%to 70 at.% 0.5 at.%to 15 at. %
25 at . % tform3& using@4q single 19yer isdesyribed; I®weveg/the2@miesnductor lavey 310-may fver |,

nitride ide, refers to subst gnce at_contains nore,nitroge at ons)
Chan oxydemeyied SapGetafl AN £oFbelRP e RerbRhB oS 310 b

i ncl ugdi NgeOpoyIEED b rb‘tdckﬂ?&ﬁko i hio@@ﬁxid@&@mﬁddﬁﬂ@é}@ﬂldi@rsrai&ﬁ&ﬁ which ha§ a% to 30
at.% 20 at.%to 55 at.% 25 at.%to 35 at.% and 10 at.%to 25 at.%
respect i ffgrent\eprapasition qvse thebiggating, lpyer 30%  opktematiely thesmBigPRIUSHAT usi ng

Rut her f or efi Ctr > .

coar tor i 1y E a0 T E IR R sERE QAIUESY ole BRR: AmiGNRAR Tl RO MBRLY o
t he constwhictehds differeandrystalbiaitly.not exceed 100 at. % [ 0096] Next, a
sem condu§ or. layer 310 is forned so as to cover the insulating | ayer 308
(see FI cl éﬂ] In this enbodi ment, the oxide sem conductor |ayer described
in 3Qot he aboveyghod i%ﬁ&sk‘ﬁﬁ@@élh&ﬁ/eiﬁf&xﬁ%d oeen tﬁQ@E}H&bH&uét&Mﬁiqr%@- The
above enbodi nent can be referred to for details of the oxide sem conduct or
| ayer. [a0@9hE semiconduPlot dayenailli is s¢lectivehbetthednisingt He oesisé miskr 312,he
sem conductor, layer. 310 is .for uUsin Si e er.i s described;
however, VKERY AP EBICHN ‘{ciﬂ’ li‘%{?gﬁqéigowgﬁfiagge %g‘lﬁn]eé USi}Fée’ég%f%féﬁEélb%s}(ayer
struct ur @12kah RXPMREEIn A hanheniiaHRd us tik of MeresRil habRB0S. bRofeothaRGebY
stacking two or nore oxide sem conductor |ayers each of which has a

di f f er entresis mpaski 3120k remestedrafisr thessemieondycton Jayer 3bBis farmed hyetching thet he
sem ggnd y be forned by stacking two or nore oxide

sem ggndégélgcion!j%glg;%g’éﬁﬁof whi ch has different crystallinity. [0098]
10Next, 400%gi st mask 312 is selectively formed over the sem conductor

| ayer 310 and the sem conductaor |ayer 310 is selectively etched using the
resist mask 31FEithGhwrteighing S8 ATY#is StCGP%Fa“'FH)j"@E‘APSi%‘ §ehipg nethedeusel G 164) .
Here, thgor @iglchdnidP o ihd SemidRdRGof RBES10.N 1o RARBIe, 5h Thh@lesdafy plifion0f the
resi st nmas 304. "Note that the resi gt mask 312 ?Hgsre’ermved a tg};bt he

sem condwf ity sémigend@lot layer 33 Onie depyvest bniwey etdhing using a mixed solution of

20  acetic acid, nitric acid, and phosphoric acid, so that the semiconductor layer 314 can be

formed. Note that an etchant (an etching solution) used in the above wet etching may
be any solution which can etch the semiconductor layer 310, and not limited to the
above-described solution.

[0100]

25 When dry etching is performed, for example, a gas including chlorine or a gas
including chlorine to which oxygen is added is preferably used. This is because by
using a gas including chlorine, etching selectivity of the semiconductor layer 310 with
respect to the conductive layer or the base layer can be easily obtained.

[0101] |

30 As an etching apparatus used for the dry etching, an etching apparatus using a

reactive ion etching method (an RIE method), or a dry etching apparatus using a

high-density plasma source such as electron cyclotron resonance (ECR) or inductively



15sem conductor | ayer 310. [0099] Ei ther wet etching or dry etching
can be enpl oyed as an etching nethod used for the etching of the

sem cond I 310. For exanpl e, »n unnecessary POk}

sem condﬁ?%}n{(&%@? 310 is renpoved by 2\%/8'[ et chi ng usi ng@g&aﬁiﬁrgoiﬁﬁuti on of
20 acetic acid, nitric acid, and phosphoric acid, so that the

sem conduct or | ayer 314 can be fornmed. Note that an etchant (an etching
solution) used in the above wet etching nmay be any solution which can etch
t he seni conpigd plsmpLll) ande usedt nda CPI?%CF%GaﬁaélttVﬁb’ compled-phassa

sol ution. 100]. 25 t ghi [ o ftRfim

i ncl udi ndn(g: I gt%wé %Sr}g%tlggz’a)s[na?ng?l}lg?dnéﬁc ﬁ%&‘i llrEIe to &ﬁ?gﬁxgﬁ%ag%e i%%lga ded is
pr ef er abloptdiseadoverhi widesares @awvemphyeduwithginal@Pastching| apparagusc hThis BECPet chi ng
selectivity, of the sem conductor iggy r 310 with respect to the conductive
layer or ™fle Heline pRRASItIS GAN BecTaR F@e\m%{hﬂbﬂ subsirats gt the ket generationng
appar gt ug yagds i the dry etching, an etching apparatus using a reactive
ion etching nethod (an RIE nethod), or a dry etching apparatus using a

hi gh- den401082]pl asma source such as el ectron cyclotron resonance (ECR) or

i nducti vel | ed pl | CP b d. " An_enh d i tivel
coupl ed pl 2 NeRbEHeBR edevsn G B el B R pore BEdt R Harfest AR ¥ or m
el ectric aﬂH&ﬁé‘@érﬁ&oﬁ&Ibt&elég%t 3 efe MIET 18B)V JFhedéRRudSve RIFRARES cih e an | CP

etching apparatus. This E mode et chi ng apparatus can be enpl oyed even
when a sdbrmedansingod material and hygemethedwincls are similar to thope efithe[qaduygtive

Next i I 3 I | NS I I
508 A% TRRYEs cFor RufpIc ik CRabGHITREE 318 far e FOREH 6 REve SSHRRULG VE1 ¢
can be f gtrig&tdreusf Bgmaelybdémum ddyearnd Diitaaivikiliyed wWAltedhativedy,stheidoadudtivet hose

of the conductive 10 | ayer 302. For exanple, the conductive |ayer 316 can
be for medayes 3hamaybedorpedto hays stacked{ayerstgictyye %3 FRRBAYF? ptagkef-layer g
titani um - of\ahe A8 I4vert K1 GO ' aYSRT exAnipleTRY, dto
have a stsgc tg{f- Iog\;grgl{s}?{rl%dél?ur}éerand cglﬁkqﬁigv}dey?egt%gk%d-l éﬁrA?ﬁ%ggﬁtﬁ%e of an
al um numstragtere iarwhieh t ititznium fayeayasr aluhgrunelagep hed a Aitathuedayeaper stackedct ur e

Is'? a\é\ﬁégh irzlsl tﬁils E)r elr umTylbaeye%pIO}z}e%. alAj mrgequy&lara r%lézturésl E‘ndwﬁicrhlat r%giyllj)merlm%){ ?a{yeg re

an aluminum layer, and a molybdenum layer are stacked in this order may be employed.

Further, an aluminum layer containing neodymium (an Al-Nd layer) may be used as the

aluminum layer used for these stacked-layer structures. Further alternatively, the

conductive layer 316 may have a single-layer structure of an aluminum layer containing
20  silicon.

[0103] _

Next, a resist mask 318 and a resist mask 320 are selectively formed over the
conductive layer 316 and the conductive layer 316 is selectively etched using the resisf
masks so as to form a conductive layer 322 which functions as one of a source electrode

25 and a drain electrode and a conductive layer 324 which functions as the other of the
source electrode and the drain electrode (see FIG. 16C). Here, the resist masks 318
and 320 can be formed in a manner similar to that of the resist mask 304. Note that the
resist masks 318 and 320 are removed after the conductive layers 322 and 324 are
formed by etching the conductive layer 316.

30 [0104]

Note that either wet etching or dry etching can be employed as a method for

etching the conductive layer 316.



15 in this order may be enployed. A three-layer structure in which a
nol ybdenum | ayer, an alum num | ayer, and a nol ybdenum | ayer are stacked in

this ordgkpqgﬁﬂegngnployed. Further, ap alum num | ayer 9&2&@%&&@%lﬁpodynium

(an Al -Nd l'ayer) may be used as the al um num | ayer used ese
stacked-| ayer structures. Further alternatively, the conductive |ayer 316
may have a single-layer structure of an alum num | ayer contai ni ng
20silicon. [0103] Next, a resist nmask 318 and a resist nask 320 are
sel ecti vé®PH or ned over the conductive | ayer 316 and the conductive | ayer

316 is sel ecti #é%d’ aﬁtiﬁéﬁ?a‘i'ingﬁilﬂg 3&8% fofikd bo ml%vépthg(z:oé@lcii% 19y3; §oduct i ve

| ayer 322 whic dnctions ds ‘oné of a source electro and drai’n
el ect r odeheabshductiontiyet 324, thaywemi@ddustbi tdyef b4t amhthealske (see dIGel6D). t he

source el ectrode and, the drajn el ectrode (see .FIG 16C). Here, the_resist
masks. 31A1eRHNS SOSUEiRE Y oI HOIETVES 35 ﬁéﬁrfé‘ﬁe‘iilﬁ%& rigsylatng Byen ndhpesi st

mask §04inswfagﬁ§tlﬁ'fetr 3oBecan s gﬂﬂ@@%@ﬁlﬁ%%ﬁﬁﬁl 38 & SilicsovRe, Muhfhurhhe

conductive yers 322 and 324 are fo by etching the conductive |ayer
316. 30[ 0kBi¢] or ftd&h oxide. Theemsylating laysuB26 immay dlsty be fedEed by ftackiegd so as

to cover _the conductjve | ayer. 32 th onductive | ayer .324 he

e cond LTS OGS % mAlHaln o ThoEn BEaoTc Hpy VRS AR AP at i ng

| ayer 32@xaR's¥@fcordudosiayéids t@fpleRigsdeadier 16mpul ating layer. The 5 _

|nsulatlwggkﬁyer 326 can be formed using a material such as silicon oxide,
e

al umi numl or tantal um oxide. The insulating | ayer 326 nmay al so be

formggl by st acﬂs”&séﬂ'lﬁfg‘?inf &Es”@rﬂbé’éimteg?%‘g/ Hﬁﬁ&ﬁgﬂhﬁ% aT{éhﬁb‘&l&u%? Jbye

stepS, a transistor 3 usi ng an oxl dé sem conductor Tayer Is conpﬁeted
(see FI GwithOhe us b e didssedsisonduord layer idbscsibedin dicnabolve embodimmssitaheuri ng a
sem conductor _device with the use of the oxide se 'condu&éPr | ayer

descri be8iry, of HBPYHES dc-EntioRistEAnd the dikghntg ther oxide, semicppductar layer capi st ure

and the b%g'ﬁ)préﬂgf. U 1¥usOth $8iabATTY SPBRUEChRSonlBNET dGA%: OR tRURGERsged. Thus,
the reliability of the sem conduCtor device can be I ncreased. [0107]

15Furt hefQ103y nmanufacturing a seniconductor device with the use of the
I SR A S MR B T R
provi dedsemiconductor layer described in the above embodiment, a semiconductor device with
favorable electric characteristics can be provided.
[0108]
The methods, structures, and the like described in this embodiment can be
20 combined as appropriate with any of the methods, structures, and the like described in
the other embodiments.
[0109]
(Embodiment 3)
In this embodiment, another example of a transistor as a semiconductor device
25 and a manufacturing method thereof will be described with reference to FIGS. 17A to
17D and FIGS. 18A to 18D. Note that many parts of a method for manufacturing a
semiconductor device in this embodiment are common to those in the above
embodiments; therefore, description of the common parts is omitted below and only
different parts will be described in detail. |
30 [0110]
First, a conductive layer 402 is formed over a substrate 400 (see FIG. 17A).

The above embodiments (the description with reference to FIG. 4A and the like) can be



[ 0108] The nethods, structures, and the |like described in this
enbodi nent can be 20 conbi ned as appropriate with any of the nethods,
struct urego0th4i¥e | i ke descri bed in aghe ot her enbodi mpgtrsp2di0déls
(Enbodi ment 3) In this enbodi nent, another exanple of a transistor as a
sem conductor device 25 and a manufacturing nethod thereof wll be
described with reference to FIGS. 17A to 17D and FIGS. 18A to 18D. Note

that many parts of t hod f or nuf act urin sem cond or .devi.ce in
thi's enbasteerio dreiediinh atdht AUETaIn G Fuciy i e he e or o,
descri ptiQp,&f la%}em&)oﬁérﬁi}_r&%rciv%r i Bktdiedobe! P e UmBbdithédt&aR RsoPar t s

W Il be described in detail. 30[0110] referred to for the details of the
subst r at ebeqefgrred e far dimddatailsvaf thehase lay@2, and the |i ke. A base |ayer nmay be
f or med ovgi the substrate 400. The above enbodi ment can also be referred to
for the c{ Hills of the base |layer. [0111] 5Next, a resist mask 404 is

sel ecki vel y fonNexd a0¢ikt hikk 40ang yalbétiwely RYMed 40et thdEoddueticORgercdg2vumdl ayer

402 is selectively etched usi n? t he resi st mask 404, vvhereb% a conductive
| ayer 408heveprductiviedayien 492 4s sgleghivaly etched nstng the eusthmask 483 wheaehy ). The

above e | e, fie LpdlLQr wth refe t. ek ¢ i ke)
can be p%%g?ﬁggtlé§$o¢d%t ﬁgfchg{u g?&%nwoés ¢ gfer éelg‘lggot%enlgsfghgﬁdi%éf he cézgzjct I ve
| ayer 406 hetdbovetmbodithenfl@redescliption tith rffédeh2d to FIG. 15BTdndrthe tike)i daableat i ng
| ayer 408 which functions as . a gate insulating layer is fornmed sqQ.as to
cover t hdeicHRd iR foryhe defils ohths rEgstematka Uty e Covﬁa&aﬁo‘ezéere%omeﬁé@mng’t he
descrppt iaﬁgtl‘{@ﬁ reference to FIG 15C and the like) can be referred to
15for the details of the insulating |layer 408 and the |ike.
[0112]

Then, an insulating layer 408 which functions as a gate insulatihg layer is
formed so as to cover the conductive layer 406 (see FIG. 17C). The above
embodiment (the description with reference to FIG. 15C and the like) can be referred to

15 for the details of the insulating layer 408 and the like.
[0113]

A conductive layer 410 is formed so as to cover the insulating layer 408 (see
FIG. 17D). The conductive layer 410 can be formed using a material and by a method
which are similar to those of the conductive layer 402. In other words, the above

20 embodiment (the description with reference to FIG. 15A, FIG. 16B, and the like) can be
referred to for the details.
[0114]
Next, a resist mask 412 and a resist mask 414 are selectively formed over the
conductive layer 410 and the conductive layer 410 is selectively etched using the resist
25  masks so as to form a conductive layer 416 which functions as one of a source electrode
and a drain electrode and a conductive layer 418 which functions as the other of the
source electrode and the drain electrode (see FIG. 18A). The resist masks 412 and 414
can be formed in a manner similar to that of the resist mask 404. Either wet etching or
dry etching can be employed as a method for etching the conductive layer 410. In
30 other words, the above embodiment (the description with reference to FIG. 15B, FIG.
16C, and the like) can be referred to for the details of the resist masks and the etching.

[0115]



[0113] A conductive layer 410 is forned so as to cover the
insul ating |ayer 408 (see FIG 17D). The conductive | ayer 410 can be forned

usi ng a ngbevidlegd by a method whiclpoare simlar to thpeggrafioh&tgis
conductive |ayer 402. In other words, the above 20 enbodi nent (the

description wth reference to FIG 15A, FIG 16B, and the |like) can be
referred to for the details. [0114] Next, a resist nmask 412 and a

resi st mask 414 are selectively forned qver the conductive | ayer 410 and
t he conductive N&be? S%ﬁ'@"?‘é‘%‘ﬁl%&?i%l?ﬂmﬁ? *E?s'ion“gi)"?hg‘er‘l@%‘ﬁ ngla¥efasks so

as to forqpgaiHeQRadsivy BayeP ¥ 86, tHe ontlittve 1hi1418Aa tRS1iROQeOFI@ 18BY! CR
el ectrode and a drain el'ectrode and a conductive |ayer 418 which functions

as t he otthisrengfodimentstheraxédectesuconsiyeton tayer Hescribed in theaabovo dmbodigwnfisG 18A) .

The resi st s,,412 and.414 can formed in nner si.mlar t hat of
{he resi SPPRELICHEIemERDqIo: BPAB THEBPovT o P BRRReR s Behe Ko a: a
et hod f ahe étaild Hthé beide adicohdlvctor 1ayeer 410. In 30 other words, the above
enbodi nment 1ghe description with reference to FIG 15B, FIG 16C, and the

li ke) carlOb¥lreferred to for the details of the resist masks and the

etching. [0115]y, (3 resist ag}pﬁ%g,eggﬁ% gon GhQel ﬁﬁ‘é%@mﬁ%ﬁ%&o{ lﬁgé%oso as

to cover the insu I'ng Tayer uctive layer conducti ve
| ayer 41&ndnhbe sdmticondoetof $oer BRGisleR)ctivélp etdhied ueinipahie resist matk42Dso gheto

sem conductor | ayer described in the ve odinment is applied tq the
semi condJEEBr 2 | Sgagongygor TRET 2§80 CGBith 800 cdreb BT EmPRimeD! € 5t he
det aijjps esérnﬁioafwiqfreﬁéea&qa G O/B, IFGEf6A, B4 1 like) can be M¥fred B fOERISt NMasSk

422 is selectively formed over the sem conductor |ayer 420 and the

seni condudetasls of thegesigiafasksindgheetthingl y et ched using the resist mask 422 so
as to for Ql]? sem conductor |ayer 424 (see FIG 18C). The above enbodi nent
(the 10 o[ r]i ption with reference to FIG 15B, FIG 16A, and the |like) can

be referred toTheh, dnifsul@iml lagerof26!i forind is6 tas RS en doheu&ivehugremmpll?]
Then, an insulating |ayer 426 is forned so as to cover the conductive |ayer

416, t he thosanductive laysy di8thg, sertieonduior daven d28r anchjher like fee e 48R).1 i ke
(see 15! CH&P) the Rt 1%.?@6}%%@% {'d Jtof’-ﬂé/a‘i’l%fi ARnagdRSul AT 138 © .ed

i nterTayer I’nsula |ng a he I'nsul ati ng Tayer ofmed using a
mat eri al iAsiddtingSlagérl 4260can0ke G@rmed| usiignal mavetial duclo ks tsditbalaxidep dludieinunihe

mac or | al Skiden 05 PO Moy ar s BSURIRE (a8 438 Ty Ao basPREC I Sieckige
sen condyfiRriohAYELHS thesC AERrRIEd MREFh TS ab8M steps, a transistor 450 using an
oxide semiconductor layer is completed (see FIG. 18D).
20 [0118]

As described in this embodiment, by manufécturing a semiconductor device
with the use of the oxide semiconductor layer described in the above embodiment, the
entry of impurities (e.g., moisture and the like) into the oxide semiconductor layer can
be suppressed. Thus, the reliability of the semiconductor device can be increased.

25  [0119]
Further, by manufacturing a semiconductor device with the use of the oxide
. semiconductor layer described in the above embodiment, a semiconductor device with
favorable electric characteristics can be provided.
[0120]
30 The methods, structures, and the like described in this embodiment can be
combined as appropriaté with any of the methods, structures, and the like described in

the other embodiments.



20[ 0118] As described in this enbodi nent, by manufacturing a

sem conduct or device with the use of the oxide sem conductor |ayer

descri bedypnoiitazglove enbodi ment, thegentry of inpuritipes/spfi18o661{01 St ure
and the like) into the oxide sem conductor |ayer can be suppressed. Thus,
the reliability of the sem conductor device can be increased. 25[0119]
Further, by manufacturing a sem conductor device wi'th the use of the oxide
senicond%ﬁigi | ayer described in the above enbodi nent, a sem conduct or
device w Javorabl e el ectric characteristics can be provi ded. [0120]
30The netdegflddimddiy§t ures, and the like described in this enmbodi nent can be
conbi ned as appropriate with any of the nethods, structures, and the |ike
descri bed i n t He this smbodimtandli ametites exanipl¢ 2 p t(aBsisiod asrasemigpnductor devige t hi s

enbodi ment .. anot her, exanpl.e of a transisior.as . a.semconduc ice and a
manut act PP iGPARAG R TR efbot bR RedleRridl it FB-ERECKNERSS 48 &S “T6a
to 5 39D Bmiakd €S 200 t260D. No&d that hahy FaRY oParméthed fér ARhifactufing a

manuf acturing a sem conductor_device in this enbodi nent are common to those
in the alfémicondpeien rsxics; in Hbiseermbedimpas c3E pEOBMOBS ta HBOoARDHEpabAVE | s
omtted . .0 L f 3 | ri ' | [0122]
Toi ot , ettt ASEARiPAE Uk, Wrhingl e S oIl bEIORPRRL bplyt o F PG
19A) . Af tdifferant pasts skillibesksdibéd isdaeil.ect i vel y forned over the sem conduct or

| ayer 52& &ge sem conductor |ayer 502 is selectively etched using the

resi st Qk 04, whereby a sem conductor |layer 506 is formed (see FIG 19B)
I'n thps embodi MBRE .2 sehfeoRthdr RGN KPNEYGHRY dvaY £5ulteak’s d FId hoagbove
enbodi ment is applied to the sem conductor 15 | ayer 502. The above

enbodi memfteram rdsist madskr Y0ddist sslefctively Hormied avérsthefsemhieonduétde layeniS0anthact or

hayer. The aDueSMBYd 9655 sG20inaly Uchl Wehe hedehid ik 568 Shlgsy getalls:

semiconductor layer 506 is formed (see FIG. 19B). In this embodiment, the oxide

semiconductor layer described in the above embodiment is applied to the semiconductor
15 layer 502. The above embodiment can be referred to for the details of the oxide
semiconductor layer. The above embodiments can also be referred to for the other
details.
[0123]
Next, a conductive layer 508 is formed so as to cover the semiconductor layer
20 506 (see FIG. 19C). After a resist mask 510 and a resist mask 512 are selectively
formed over the conductive layer 508, the conductive layer 508 is selectively etched
using the resist masks, so that a conductive layer 514 which functions as one of a source
electrode and a drain electrode and a conductive layer 516 which functions as the other
of the source electrode and the drain electrode are formed (see FIG. 19D). The above
25 embodiments can be referred to for the details.
[0124]

Next, an insulating layer 518 serving as a gate insulating layer is formed so as
to cover the semiconductor layer 506, the conductive layer 514, and the conductive
layer 516 (see FIG. 20A). Then, a conductive layer 520 is formed over the insulating

30 layer 518 (see FIG. 20B). After a resist mask 522 is selectively formed over the
conductive layer 520, the conductive layer 520 is selectively etched using the resist

mask 522, whereby a conductive layer 524 serving as a gate electrode is formed (see



[0123] Next, a conductive |ayer 508 is forned so as to cover the
sem conduct or | ayer 20 506 (see FIG 19C). After a resist mask 510 and a

resi st nqﬁbz§ﬁgmggg sel ectively fornmedjover the conduct@&%uﬁﬁﬁ&ﬁaggg, t he
ayer 8 S,

conductive | Is selectively etched using the resist nas so t hat
a conductive layer 514 which functions as one of a source electrode and a
drain el ectrode and a conductive |layer 516 which functions as the other of
the source el ectrode and the drain el ectrode are forned 4see FIG 19D). The

above 25dHBodRentlde akaveempedigientsap glsodie fefraredciofpr the detailsq) Thesugh' an

I nsul at i r 8 | ' | kS as to
cover t AR SRNEIC s BERUOESHEynd h Sdi gl drdcipPuflr |- TophRITES (R
conduct i \RFIGI 20I¥x 516 (see FI G 20A). Then, a conductive |ayer 520 is forned

over the bnfﬁlating 30 layer 518 (see FIG 20B). After a resist mask 522 is
sel ectivé yf ornmed over the conductive |layer 520, the conductive |ayer 520

i s sekectivel y gt §lieGbddSinthid BRbOGRRL, TRManeRdurind & &iicénduertn Webicke | ayer
524 serving as a gate electrode 1s forned (see FIG 20C). The above

enbodi newith tharusalof thebexide fanicenductorflayer idescribet dn Ithe ablve cmfiedithentatheve
steps, a transistor.550 usin n_oxj,de..sem conductor |ayer is .conpleted
(5ot F1 GobBPT g 8 HESwR BE e TgR P ShE SR erm RRad AReS: ng a
sen condugts@ppre@¥d.C ETNs| thelrbIRabilit§ oFthel dathicvriddetos e icOEMUsE ifErehRUET
described in the above enbodi nent, the entry of inpurities (e.g., noisture

and the I[Pk into the oxi de sem conductor |ayer can
10 Further, by manufacturing a semiconductor device with the use of the oxide

semiconductor layer described in the above embodiment, a semiconductor device with
favorable electric characteristics can be provided.
[0127]
The methods, structures, and the like described in this embodiment can be
15 combined as appropriate with any of the methods, structures, and the like described in
the other embodiments.
[0128]
(Embodiment 5)
In this embodiment, another example of a transistor as a semiconductor device
20 and a manufacturing method thereof will be descfibed with reference to FIGS. 21A to
21D and FIGS. 22A to 22D. Note that many parts of a method for manufacturing a
semiconductor device in this embodiment are common to those in the above
embodiments; therefore, description of the common parts is omitted below and only
different parts will be described in detail.
25 [0129]
First, a conductive layer 602 is formed over a substrate 600 (see FIG. 21A).
After a resist mask 604 and a resist mask 606 are selectively formed over the conductive
layer 602, the conductive layer 602 is selectively etched using the resist masks, so that a
conductive layer 608 which functions as one of a source electrode and a drain electrode
30 and a conductive layer 610 which functions as the other of the source electrode and the
drain electrode are formed (see FIG. 21B). The above embodiments can be referred to

for the details.



be suppressed. Thus, the reliability of the sem conductor device can be
i ncreased. [0126] 10Further, by manufacturing a sem conductor device with

t he use okotifi/Asigde sem conductor |ager described in therapaMeoerodi nent,
a seni conductor device with favorable electric characteristics can be

provi ded. [0127] The nethods, structures, and the |ike described
in this enbodi nent can be 15 conbi ned as appropriate with any of the
met hods, structures, and the |ike described in the other enbodi nents.
[0128] (@ﬁﬁ@ iment . 5) In this enbodi nent, another exanple of a transistor

as a sem conduffQy a%mlso%da&oage%@ﬂpwﬁwwlngth@%ki@&tﬁve%ﬁefsowahh be
described with reference to FI 21A to 21D and FIGS. 22A to 22D. Note

t hat nmanyhepaenductive dayeet Gild i é@nnfdn(sbadflﬁr i21§)a édter comebistt maskdéd4 cie i n

this enbodi n re common to t.hos o] enbodi efore,
descri pt is‘gﬁggﬁc % ﬁ’é‘nfg aﬁ"%’c?%&(g f 1?%3(5 @gr gl}/v v AR ({Te{g’(ﬁlslﬂeé%g% Sparts
will be Gagawetgeétchéu d@ingl the R6EOIABE 614, so tEatrﬁtsemacoﬁaﬁauclayw ellayier 602
is forned over substrate 600 (see FIG 21#0 After a resist mask 604 and a

resi st rrﬁ@mesc(@eeaﬂ;ﬁ é’,éDécth\/@wemmantov@rom%S%Iﬁelreﬂﬂct%axeaﬁéficr@eé t he
Conduct | Y shEUEu Ul Binh G6 phLY (SEL SmBhARbl TuycPHB! | B Kboue LAl
a conductl] v 1“ayer |ch f u

I ons as one rce el ectrode and a
drain el embbmdﬁ:nBGarﬁbd réferted ¢ bdri the dbﬁ)lebf @iOoxible sétmicondiictarriayeas The ot her
of the source el ectrode and the drajn e ctrode are formed (see FIG 21B).
The abové besssarhodimends eamalpRbe eferreddy forthe gther detallet ai 1 s, [0130]

Next 4 ?ﬁ@ onductor layer 612 in contact wwth the conductive | ayer 608
and t e & ctive layer 610 is fornmed (see FIG 21C). After a resist nask
614 is sel ecti Nekty ah nswlading\layer 48 sewimng gyt @msulaaiylgrlaselis farmed so as -

sem condyct or | 612 5 sel el u5| [E€sis sk

so that 1b satar Bt atmionaydgelSE B0 o HF Padhir Sdale & s (hF Bofpclve

enbodi Mefdyer 6@ (Svel BRG. 2N gcomwﬁdﬁf oly, &y esnddesee idyefl 620 it h@meéaoa@raﬁbodl ment
is applied to the sem conduct or | ayer 612. The above enbodi nent can be

r ef er r edinsglating layee6He(sas FIGA2B)h eA@ﬂ 8 eesisk mask fd? és wlectiygly formudoovepov e
enboilg ”Eﬂ{e co%ﬁ@ct@e%gyel?%2b,efh% rc'bﬁ&hcltlge flzgrer BE@ 150§e|i]e%'ixv€ll§fte%ﬂeﬁ ‘using the resist

mask 622, whereby a conductive layer 624 serving as a gate electrode is formed (see
FIG. 22C). The above embodiments can be referred to for the details. Through the
above steps, a transistor 650 using an oiide semiconductor layer is completed (see FIG.
22D).

20 [0132]

As described in this embodiment, by manufacturing a semiconductor device
with the use of the oxide semiconductor layer described in the above embodiment, the
entry of impurities (e.g., moisture and the like) into the oxide semiconductor layer can
be suppressed. Thus, the reliability of the semiconductor device can be increased.

25 [0133]

Further, by manufacturing a semiconductor device with the use of the oxide
semiconductor layer described in the above embodiment, a semiconductor device with
favorable electric characteristics can be provided.

[0134]
30 The methods, structﬁres, and the like described in this embodiment can be
combined as appropriate with any of the methods, structures, and the like described in

the other embodiments.



10[ 0131] Next, an insulating |ayer 618 serving as a gate insulating
| ayer is forned so as to cover the sem conductor |ayer 616, the conductive

| ayer GO&NOQQQﬂhgggconductive | ayer 638 (see FIG 22A). @gg@gﬂ%@&%{

a
conductive | ayer O is formed over the insulating | ayer see EﬁG 22B).
After a resist mask 622 is selectively fornmed over 15 the conductive |ayer
620, the conductive layer 620 is selectively etched using the resist mask
622, whereby a conductive |ayer 624 serving as a gate electrode is forned
(see FI clo . The above enbodi nents -can be referred to for the details.
Thr ough eps, a transistor 650 using an oxi de sem conduct or
| ayer iskggwg @%éaé%see FI G 22D). 20[ 0132] As described in this
enbodi nent, by Inthikiémbédimeny aatraetorecafraddisplay deldive ineludirighart dlectrophomtict he

oxi de sem conductor |ayer descrjbed in bove odi ment, the entry of
Mo ¢ Glertedt i B et e feleace (o BICS. 0 e R rnan sxthelb M uSher | ayer
can bg Swgéﬁé&%ucw?t&vi&r%sfx%edaﬁl iyt oF Bk d08Fe SRIBOARNGUCT NotdeN4tGR can be

i ncreased. 25[0133] ther, by manufacturing a sem conductor device
wi t h t he this embodinimt,con eaamypderof a dipdayodeviiceyimcludingcan tleciraphoretic eldment

enbodi ment. sem gondyctor device with favorable electric characteristics
can be. prtli B deSoripdaioutee Andialats dogef 1BF oY h 5 AEmsraaiRE BHEE T beg
in this qskrdingBb!ofkadmbelifRiDbNEE AScIBsY IREhHE c bb ey iPhot Himitat hods,
structures, and the |ike described in the other enbodi nments. §b0135]

( Enbodi méharetg) The semiqoadueips devio @ceasding @ org gmbadiment of the sHsddgsedevi ce

i ncl ygin . fd o retl - W > L - W eto

F1 023 3Rk f SCMER £ aBpBYphickcludif RRIAY BF ekl okt R

descr i beds ahigaidycr gdtaltdisplabelomentrid ad ichsetrtblimihsicenttelatentn thi s enbodi nent, an
exanpl e zf a_di splay device including an el ectrophoretic elenment wll be
descri be Qtﬁgmever, a display device for which a sem conductor device

according to opfg O ENes Qfpldd Gicdl SCA PBRY of AVEH1APRei&) aRE HIBEI3BS NoOt
limted thereto. The sem conductor device according to one enbodi nent of

t he di sclilbsedtes crosentdtionalceiewbaong dineed-B dnFIGi 2gAay Thedisplay devigdi ng a
varigly of o ol avpelenenl s suchs 8%tk AUlSLLY 566" o UaSBLAY AL of an
capacitor 704 formed over the substrate 700, an electrophoretic element 706 formed
over the transistor 702 and the capacitor 704, and a light-transmitting substrate 708
formed over the electrophoretic element 706. Note that the electrophoretic element
706 is not illustrated in FIG. 23A for simplicity.
20 [0137]
The transistor 702 includes a conductive layer 710, an insulating layer 712
which covers the conductive layer 710, a semiconductor layer 714 formed over the
insulating layer 712, a conductive layer 716 and a conductive layer 718 which are in
contact with the semiconductor layer 714. Here, the conductive layer 710 functions as
25  a gate electrode of the transistor; the insulating layer 712 functions as a gate insulating
layer of the transistor; the conductive layer 716 functions as a first terminal (one of a
source terminal and a drain terminal) of the transistor; and the conductive layer 718
functions as a second terminal (the other of the source terminal and the drain terminal)
of the transistor. The above embodiments can also be referred to for the details.
30 [0138]
Additionally, the conductive layer 710 is electrically connected to a gate line

720, and the conductive layer 716 is electrically connected to a source line 722 in the



[0136] FIG 23A illustrates a plan view of a pixel of a display
device, and FIG 23B illustrates a cross-sectional view along line A-Bin

FI G 23A. Wbeotiiapi7gy device 15 illustrated in FIGS. 23ApardrZiBoédifd udes a
substrate 700, a transistor 702 and a capacitor 704 formed over the

substrate 700, an el ectrophoretic elenent 706 formed over the transistor
702 and the capacitor 704, and a light-transmtting substrate 708 forned

over the el ectrqphoretic el ene 706., Note that .the el ecf.ro retic el ement
206 i s n@boYa | dErardbefus Teyes Bgmas;beoigratel by Be s ime 26, nd
transi st QpndiRéive MEeHFRSmAy 60 NbiErhied SvilhAne sourddlin@m2 nsul ating layer 712

whi ch covers the c¢onductive |ayer 710, a sem conductor |ayer 714 formed

over the[0H9]l ating |ayer 712, a conductive layer 716 and a conductive

| ayer 718 which,are in c ac iLth the sen con r laver 714, e, the
conductive | ayg?je ﬂ?flchﬁﬁg{?ﬂi b"r%iu ggtufsco %ﬁﬁtt“ée %V%rc r ogl?ee WPXI?{ﬁ%g EL"IY Sranigt or;
t he i Bsulagdiangorddayeve Talér 704Ct TR Sapiziter JO4 thab RSEiUnation @f IhdYdifg Qf siFﬁtﬂ f

one o

transistor; the conductive layer 716 functions as a first termna

a sour ce Whiehhishaputdad pixelr aiTheabpys eemponsntstofdhe capasitat H4 cambe farme
conduct i .17 [ a second term nal (the other of the
source tg%#%%%’n%%@?é%%??ﬂ%@?%gﬁgl) of the transistor. The above
enbodi nefost0jan al so be referred to for the details. 30[0138] above. The

conductive layer 710 may be integrated_with the gate line 720, and the
conductive | aydt thep Oﬁﬁy‘hsé‘r"l“?ﬂcé‘g? Taseti Tof i elepigical ponepte 40 POBPAGIPI30] The

capagh! oiyififd 7h6C HEliRARFN B ¥ondiBNE s dikSiemhiel SMRLLALLHSE | axer 712,

5 and a conductive |ayer 724. e capacitor 704 has a function of holding a
si gnal whnsukating layep il 2tfonetiqmsasla difleetrizh oThe congustizatlayen /24 Hundwpaest or 704

can be forned together.with comonents of the tr jstor. .J]01l4 I n,the
Cooves ¢ e S et GERIOEST Mo oSSR O Sorthehli YO IR Bap s bt 1o 1o
W ring 721§=,cagb@1t(ﬁmﬂﬂgvjzae | ayer 718 functions as one term nal of the

= :

capaci tor. e insulating layer 712 functions as a dielectric. The
conduct i V@141dyer 724 functions as the other terninal of the capacitor. The

condyst i ve | ayghe TfchuBlorbAic fthfihl Y06 tathbll b xASIIR! 728, W Bshnddf

electrode 730 (it may be called a counter electrode), and a layer 732 containing charged
particles which is provided between the pixel electrode 728 and the common electrode
730. As the charged particles contained in the layer 732 containing charged particles,
titanium oxide or the like can be used as positively-charged particles, and carbon black
20 or the like can be used as negatively-charged particles. In addition, a single material
selected from a conductor, an insulator, a semiconductor, a magnetic material, a liquid
crystal material, a ferroelectric material, an electroluminescent material, an
electrochromic material, and a magnetophoretic material, or a composite material
formed using any of these materials can also be used.
25 [0142]
In the above, the pixel electrode 728 is electrically connected to the conductive
layer 718 through an opening provided in an insulating layer 734 and an insulating layer
736 which cover the transistor 702 and the capacitor 704. The common electrode 730
is electrically connected to a common electrode of another pixel.
30 [0143]
The above structure makes it pbssible to control an electric field applied to the

layer 732 containing charged particles, and to control the arrangement of the charged



15The el ectrophoretic elenent 706 includes a pixel electrode 728, a conmon
el ectrode 730 (it may be called a counter electrode), and a | ayer 732

cont ai ni ohardsPeParticles which isgrovided between j ctrode
728 and pﬁg coﬁnnn6electrode 730. As the charged partic%gguggﬁﬁg?ﬁgﬁ in the

| ayer 732 containing charged particles, titaniumoxide or the |like can be
used as positively-charged particles, and carbon black 20 or the |ike can
be used as negatively-charged particles. In addition, single materi al

] . a |
sel ect ed RaFtilFsainctBm dier g2 cantamng chargsd pasticlesri cHHgudisplay can badrrlized:
mat eri al , i Q4 rial, rr rds tertal o
el ectrol uTn%&ngggtHn%tﬁ%%ﬁZ% ingil Hﬁgcﬁy e@ec?txr o@%ﬁ o%ﬁcq%t%%lgsf,&g?\% gSIﬂQ the
magnet ophsemidtanductat devied acardiag dowpe sntbedimé¢rd rafahe fdeclosed irsientjommynatf t hese
naterialz.can alﬁo be used. 25[0142] In the above, the pixe
el ect r ode Ml todheabqve SfuchIre; connected to the conductive |ayer 718 through

an opgniqglpqovided in an insulating |layer 734 and an insulating |ayer 736
whi ch cover the transistor 702 and the capacitor 704. The conmon el ectrode
730 is el ectri ddil methodn edruetiresy and dbenlibn dasedbadoitethds embodinant [gax die.

30[ 0143 ticles | | > i ni.ng, ch | cles. . Thus,
i spl ay. cassrascgbplbsRwi ARl of 1 FREpRHCEuRET B helfle dekufiea b 1

di spl ay diybmher ¢tibétimele. sem conduct or devi ce according to one enbodi nent
of the disclosed invention is not |imted to the above structure. 5[0144]
The met hdB¥45lst ructures, and the like described in this embodi nent can be
conbi;ped fjate with any of the nethods, structures, and the |ike

1 ) _any , . ’ .
descrpbeé ?ﬁ%?ﬁéQ@?Ler enbodi ments. [0145] 10 (Enbodi nent 7) In this
enbodi nent, apph itliseinbodinodnt.t dpplicitiopk af tidedisplay ideVias tillwstrectdiin thdrebaisove

C0 24D, (BRI AR IE R SPTGHFC PRI, IR R afPeh

i ncl udes [g1d4musi ng 801, 15a display portion 802, operation buttons 803, and
the Iike.” The display device described in the above enbodi nent can be
appl i ed to the FiGsiftashowsra pastabBOpformation terminal, which includes a housing 801,

15 a display portion 802, operation buttons 803, and the like. The display device
described in the above embodiment cah be applied to the display portion 802.
[0147] '

FIG. 24B is an example of an e-book reader on which the display device

described in the above embodiment is mounted. A first housihg 811 includes a first
| 20  display portion 812 and operation buttons 813, and a second housing 814 includes a

second display portion 815. The display device described in the above embodiment

can be applied to the first display portion 812 or the second display portion 815. In

addition, the first housing 811 and the second housing 814 can be opened and closed

with a support portion 816. With such a structure, the e-book reader can be handled

25 like a paper book.

[0148]

FIG. 24C illustrates a display device 820 for advertisement in a vehicle. In the
case where an advertising medium is printed paper, the advertisement is replaced by
hand; however, by using the display device, the advertising display can be changed in a

30 short time with less manpower. In addition, an image can be stably displayed without
display deterioration.
[0149]



[0147] FIG 24B is an exanple of an e-book reader on which the

di spl ay device described in the above enbodi nent is nounted. A first
housi ng 8%d r2oNGssdes a first 20 displ & portion 812 andpepapafibedsiitt ons
813, and a second housing 814 includes a second display portion 815. The
di spl ay device described in the above enbodi nrent can be applied to the
first display portion 812 or the second display portion 815. In addition,

the first housi nd the secqnd housi 14 n be, opened and.cl osed
with a support Fr OBTBYE i FODReenicl T o 2 Ry BERePEaEF can be
handl ed Zfisphly ldeviee PRP &faniRetired ki) a flexible ShbstrA®Cahdi| ¢ttt eah@feeathidi spl ay
device 820 for advertisenment in a vehicle. In the case where an adverti sing
medi um i sdpertiping ¢ffgetdurbeing wavgdverti senent is replaced by hand; however, by
usi ng thﬁgﬂﬁﬁplay device, the advertising display can be changed in a 30
short ti W'th | ess manpower. In addition, an inage can be stably

di spl gayed wi t haie Methpds\stidetueds, andittho mike [d2d&Ped in this embodilion?4bkh be
illustrates a display device 830 for outdqor advertise t. The display
devi ce | SOMRHISHASAPPEWPTIALS YWih any P& thepmetheds, strugtugesaard @Eﬂﬂ@rﬂaﬁé@dt iRe
adverti si heing waved. [0150] 5The nethods, structures, and the
i ke deségﬁg%tgé;ﬁﬁ%(ﬁ?ég&ghbodi ment can be conbined as appropriate with any
of the methods, structures, and the |ike described in the other

enbodi nment s. . .This application.is based on Japanese Pat.ent

Appl i cation selPs ‘1?8.1”%5’“20895% 507 FPPADESG ?ﬂe?qhéé)f’iﬁ%fW$aﬁegﬁF ¥-fice on
Cct ohgr 009989507 RSN 1he Japdit Paémt Offic¥dn Wctabee 80206 ¥hd Hnfe ReARARI by

reference. CLAINMNS
of which are hereby incorporated by reference.



1. A sem conductor device conprising: a substrate; a gate el ectrode |ayer
over the substrate; 5a gate insulating |ayer over the gate el ectrode |ayer;
an oxi de \%6%?1 tor layer over thesgate insulating | a¢efp (,Iﬁﬁ'/g66118 a
source electro ayer and a drain electrode |ayer electri caf y connected
to the oxide sem conductor | ayer, wherein the oxide

sem conduct or | ayer includes an anorphous region and a 10crystal region,
wherei n the anor phous regi on contains an anor phous oxi de sem conduct or
containing In, Ga, and Zn, EAIMS t he crystal region contains

crystal grains 103513&%@@%@%?7\/&] ;'&eacom'tpﬁjsmggy of a surface of the oxide
e e

seni conduct or layer rein rystal grains are oriented so that
a c-axis is al msabstmm“tl cal with respect to the surface. 2. The
sem conduct or devijc ording to claimil, wherein the crystal grains of
| N2Ga9Zn0O7 has 283kt ?ﬂi’é’ ﬁaé'%gv%’tﬂ% S§deof a first layer containing In, a

second | ayer 29gMetlHQHﬁtlﬂngaYé}oRlQthgh@ﬁéctfﬁﬁ&DBIUF In, a fourth layer
containing In, and ayer wi thout In. 3. The

senmi conduct or devkige sammndmﬁqltayﬁrcilvanhﬁgatwm@ﬂ@mgIayre,-'m‘d a 53 orbital of

I'n is overlapped wth a ac er
cont ai ni g 107 8otk SsBPad RSy ar il ehish R fivet AediRed}edpbditg | e
sem condygidersemM@ondectacaPérdi ng to claim1l, wherein a Zn content is |ess

than an In content- or a Ga content in the anorphous region. 305. The
seni conduct or degredn the ewideisamicogdugtay jayer i 8iaf amorphoushregion prd a

10  crystal region,
wherein the amorphous region contains an amorphous oxide semiconductor
containing In, Ga, ahd Zn,
wherein the crystal region contains crystal grains of In,Ga;Zn07 in a vicinity of
a surface of the oxide semiconductor layer, and
15 wherein the crystal grains are oriented so that a c-axis is almost vertical with

respect to the surface.

2. The semiconductor device according to claim 1, wherein the crystal grains of
In,Ga>ZnO7 has a stacked-layer structure of a first layer containing In, a second layer
20 without In, a third layer without In, a fourth layer containing In, and a fifth layer

without In.

3. The semiconductor device according to claim 2, wherein one of a Ss orbital
of In is overlapped with an adjacent 5s orbital of In in the first layer containing In or the

25  fourth layer containing In.

4. The semiconductor device according to claim 1, wherein a Zn content is less

than an In content or a Ga content in the amorphous region.

30 5. The semiconductor device according to claim 1, wherein a length of the
crystal grains in the c-axis direction is less than five times as long as a length of the

crystal grains in an a-axis direction or a b-axis direction.



crystal grains in the c-axis direction is less than five tines as long as a
| ength of the crystal grains in an a-axis direction or a b-axis direction.

6. The seppGENAHSLer devi ce according3go claim 1, furth%&§§9ﬂﬁﬁﬁéﬁﬂg an

i nsul ating layer covering the oxi de sem conductor |ayer.

sem conduct or device according to claim1, wherein the source el ectrode

| ayer or the drain electrode |ayer, and the oxide sem conductor |ayer are
el ectrically connected to each other on an upper surface or a | ower surface
of the oxide sem conductor |ayer. 108. The sem conductor device according

to claim6, whgrghp dhficaAUtor RVRE! iRIRIRAYS clAm 1hSufled] &nﬁirﬁﬁ{g’ afle

| ayer, and the oxi de sem conductor |ayer are electrically connected to each
ot her onimsnlatipg dayes coviesiog thor oxidé samsicomdmcfosdayenf t he oxi de seni conduct or

| ayer. 159. A sem conductor device conprising: a substrate; an oxide

sem conductor | ayer over the substrate; a gate insulating | ayer over the

oxi dessen condyctige Sa@¥Rbndwdtdalevied aetdie kW MimoerwhéteindMee sbives! ati ng
| ayer; and 20a source electrode |layer and a drain el ectrode |ayer

el ect ri caleriyodsotayer edhe draineslestiode layari awrhdhe Oide| sepeonductor laygearein t he
oxi de SR )(l: Eg{‘\ﬁ'ﬁ%ﬁ 3«15 ﬁé{ﬁﬁ(])tﬁgresnr ﬁgﬁgﬁ? rsgltfg)c%sorrael%lw%p s@r?&eaof%é/ 8%1813

regi on, e regli on contal NS an anor pious oxi de
sem condg&hbndifetdi@iMedi Ni ng In, Ga, and Zn, '

10 8. The semiconductor device according to claim 6, wherein the source
electrode layer or the drain electrode layer, and the oxide semiconductor layer are
electrically connected to each other on an upper surface or a lower surface of the oxide

semiconductor layer.

15 9. A semiconductor device comprising;:
a substrate;
an oxide semiconductor layer over the substrate;
a gate insulating layer over the oxide semiconductor layer;
a gate electrode layer over the gate insulating layer; and
20 a source electrode layer and a drain electrode layer electrically‘ connected to the
oxide semiconductor layer,
wherein the oxide semiconductor layer includes an amorphous region and a
crystal region,
wherein the amorphous region contains an amorphous oxide semiconductor
25  containing In, Ga, and Zn, |
wherein the crystal region contains crystal grains of In,Ga;ZnO7 in a vicinity of
a surface of the oxide semiconductor layer, and
wherein the crystal grains are oriented so that a c-axis is almost vertical with
respect to the surface. |
30
10. The semiconductor device according to claim 9, wherein the crystal grains

of In,Ga>ZnO has a stacked-layer structure of a first layer containing In, a second layer



wherein the crystal region contains crystal grains of I1n2G2zZn07 in a
vicinity of a surface of the oxide sem conductor |ayer, and wher ei n
the crystgh @l@ds5sare oriented so thag a c-axis is al npgs /ﬁﬁflf)/béis{i‘is"“th
respect to the surface. 30 wthout In, athird layer without I'n, a fourth
| ayer containing In, and a fifth |ayer wthout In. 11. The

sem conduct or device according to claim 10, wherein one of a 5s 5orbital of
Inis overIapPed with, an adjacent 5s orbj taI of Inin th%&éiréh | ayer

cont ai ni rgthowt dp. & hird Jayerpwithgid Ine @ fourth Iayer| gpntaining In layer

sem condygityut figvi ce according to claim9, wherein a Zn content is |ess
than an In content or a Ga content in the anorphous region. 10 13.
The seni conductor device according to claim9, wherein a length of the
crystal grains he c-axi,s direction ig.less than five tines |l ong as
the I ength of - the ToF\ReORgRciPr 4eYice Zicording © glppa I0; gyfiegsin Drg_Gip s

di recki Onyrbilar b In Tdﬂ@ve?ﬁsp&pmy Gh QUjadeni sorBRAYTdh I8 theofifst BlyB Sntdidinlgher
conprising an insulating |ayer covering the oxide sem condictor |ayer.

15. The dent therfduith layedeantairingdeording to claim 9, wherein the source
el ectrode |layer or the drain electrode |ayer, and the oxi de sem conduct or
| ayer are 20 electrically connected to each other on an upper surface or a

| ower surface aR. The semicdadsctor dvivdtUadcordih@yetlaim 9, whereid @. Zd B6ntent is
sem conductor device according to C aim 14, mhereln t he source el ectrode
| ayer or lesidhaman I copteat origa cantent in e rmerpheys 98i08eni conduct or | ayer are
25 gpectrically connected to each other on an upper surface or a | ower
surface of the oxide sem conductor |ayer.

13. The semiconductor device according to claim 9, wherein a length of the

crystal grains in the c-axis direction is less than five times as long as the length of the

crystal grains in an a-axis direction or a b-axis direction.

15 14. The semiconductor device according to claim 9, further comprising an

insulating layer covering the oxide semiconductor layer.

15. The semiconductor device according to claim 9, wherein the source
electrode layer or the drain electrode layer, and the oxide semiconductor layer are
20  electrically connected to each other on an upper surface or a lower surface of the oxide

semiconductor layer.

16. The semiconductor device according to claim 14, wherein the source
electrode layer or the drain electrode layer, and the oxide semiconductor layer are
25  electrically connected to each other on an upper surface or a lower surface of the oxide

semiconductor layer.



