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 conductor |ayer including an oxi de sem conductor. Alternatively,
the technical field of the disclosed invention relates to a sem conduct or

devi ce using the seniconductor |ayer. #8 BACKGROUND ART !0002}3{ A
field-effectYPE¥ % or is one of the rost widel y-used eYpetttSor

el enents. A variety of materials are used for field-effect transistors
according to their uses. In 15 particular, sem conductor materials
including silicon are frequently used. [0003] The field-effect
transi stor using silicon has char HEXRIETIAN sat | sfying the needs with
respect to a variety of uses. For exanple, single crystal silicon is used
for an integrated circuit or the |like which needs to be operated at a high
speed, wher ebyPXIE SEMICONDECRORIAYER AND SEMICONDYETOR BEVICUEt i s
satisfied. Further, anorphous silicon is used for an object which needs a
| arge area, such as a display device, whereby the need with respect to the
obj ect dan BRCHMIGAE FEALD [ 0004] As descri bed above, silicon is highly
versatile lgan be used for various 25 purposes. However, in recent
years, semconductor materials tend to be expected to have higher
perfornmance as wdh¢ tegbnivad fishit oflthe giscldsed ixveatigl ejatdsrio heemiconductompayori ng

et o1 el 58 LR LSS Sy B ™ P
facilitat esinvantivereiresad a sdveicadectondevice disiap irsedRuhdietorRgehras hi gher
per f or nghce t han anor phous silicon is needed. 30 [0005]

BACKGROUND ART

[0002]

A field-effect transistor is one of the most widely-used semiconductor elements.
A variety of materials are used for ficld-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 o 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
petformance 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



Pat ent Docunent 1, a transparent thin filmfield-effect transistor using a
honol ogous conpound I nM3(ZnO)", (Mis In, Fe, Ga, or Al, and inis an

i nt eger nunber of greater than or equal to 1 and |less than 50) is

di scl osed. [0006] 5In addition, in Patent Docunent 2, a field-effect
transistor is disclosed in which an anBr phous oxi de sem conduct or whose

el ectron caMli2BP%Yitentration is | ess“than 1018/ cnB ad§THRIENOEHSt ai ns | n,
Ga, and Zn is used. Note that in Patent Docunent 2, the ratio of In:Ga:Zn
equals to 1:1:m(m<6) in the anorphous oxide sem conduct or. [0007]
10Further, in Patent Docunent 3, a field-effect transistor is disclosed in
whi ch an arﬁﬁt@hmumﬂt deaﬁfénfim@ntjﬂlélt fim ifnlﬂl-mbhgalaismrolsi@slaylmlogoss used for

an active | [ current
1] Japanese ﬁﬁf at 'F\%M E)ﬂfl eat |on ”%ﬂ&k,o%%ﬂ%ﬁlﬁ%ﬁ +§g current
2] PCT Int eihnmrleqwéttoPulbllc&sahan(ﬁ@)lﬂailscuﬁ¢d)88726 [ Pat ent Docunent 3] Japanese
Publ i shed P@bﬁt Application No. 2006-165529 DI SCLOSURE OF | NVENTI ON 20

[ 0009] Pat ent Docunent 3, a disclosure is given in which a

conposi t5i on i n alrcadditioca) m%&hEDbamieﬂGB,Q&‘(el’dqéﬁ it tr{nisBtar $s distlosed ﬁgﬂncmurrber of

| ess than 6 Furt her . .in Exanpl ent Docune

| 03 ZnoyH TSGR obidb Gty Wilhe FREFRLeAR IR ion isdes [tk
characteri sll(f%:sf%ﬂ@hﬁtﬁkahﬁﬁi@ 161G iafd &n ¢/68d. W edte $Ha¢ fh Patént ®o2dment 2,

sem conductors are used. il ln view of the_foregoing pr obl em it
i's an obj edbe 1o g G %‘H‘alﬁﬁ? d 7 @< OO e EBPTPP AP Oids TniSgnaiciaby e
structure v is preferably used for a sem conductor device.
Alternatively, "it is another object to provide a sem conductor 30 device
usi ng d% oxi de sEwithesin Betews Dacyipent %aﬂCE’gefEeﬁ*etr@év@r issdigclpsed ingyhich 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 Intemnational Publication No. 05/088726
[Patent Documcnt. 3] Japanese Published Patent Application No. 2006-165529

DISCLOSURE OF INVENTION
20  [0G09]

In Patent Document 3, a disclosure is given in which a composition in a crystal
state is InGa03(ZnQ0),, (m is an integer number of less than 6). Further, in Example- 1
of Patent Document 3, a case of InGaO3(Zn0): 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



[0011] predetermned crystal structure in a vicinity of the surface is
provided. Alternatively, a sem conductor device including the oxide

sem conductor |ayer is provided. As an exanple of the predeterm ned crystal
structure, a crystal structure having electrical anisotropy is given.
Alternatively, a crgstal structure haviing a function of suppressing 5the
entry of inB@4Y7¢ s given. [0012] 3 It is pref dEAPPLINELIS| n t he
oxi de sem conductor |ayer, a region other than the above crystal structure
be mainly anorphous. Note that a "vicinity of a surface (surface vicinity)"
means, for exanple, a regl on in which a distance (depth) fromthe 10
surface is Dredeammined ceysia! strugtugeisiatvicimity ofthe serface ispeavided. sAlieraativelyr® one

occupies 5 e r ol ye.t he

probl em tgseré?&w&(?\l}m{rn(gv%gr{mge gg\lt/lgeno’tb?og?%i @aop%?snnérﬁ%gg eaﬁdl scl osed
i nvent i on iexampleoofi e m@ﬂmﬁd@@t}@ml Ism;c@urc,lﬁ crystl mdumgpealravmgmflqaindnah regi on
whi ch mai nl%zs% %ﬁﬂs l@?veﬁm ﬂ?e%a‘?i} étgl struc | %@ﬁlluct rlict'con?lal ning Ga,

and Zn and a cr region con 1n |n a
vi ci ni typ ofthaersayrdf #npurifes istpiveoxi de sem conduct or I ayer. The cryst aI grains
are orlen}\gﬁ Pzﬁ that the c-axis is alnost vertical wth respect to the
surface. % hat al nost vertical neans a state wwthin - 10 froma
vertical directi ftris pR@erfitd® i} in the oxideeinitenduetn dayet, heregion stk tighahans of

I Nn2Ga2zZn0Or7 ref er abJC has stacked-| ayer structure of a first |ayer

cont ai ni ng ﬂ"c §ysta \éﬁ‘i‘tf‘“lfﬁ r ERUHBRPPhops. o Nofs that jagpasiniy oheuurefe a

fourth layq Eurfa@é‘t/ﬁhﬁi;yf'gmédﬁs far Ek:;ngﬂ?e |aar¥.%5n‘fﬁ What Jh@tanc!é%rggs‘h@r%orﬁ Q% of a 5s

orbital of Tn is preferably overlapped th an a acent Inin
the firldt Isasfege IE%nlalmiqag |lm adkBitiapy, “miiely owwnbsha staywhemmnt ataupieg 50 fa [ 0015]

In the ab z t t ferably |
than an- 1 n SRR Soglecng Bl YRR Bosl ) R filem, B Tofning eon n°°°

(size) of tbegivenystal grains in a c-axis di rectlon is preferably | ess than
five tines [ﬁﬁgbong as the length (size) 30thereof in an a-axis direction or

a b-axis di ion. [0016]
One embodiment of the disclosed invention is an oxide scmlconductor 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,Zn0y 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]



Mot her enbodi nent of the disclosed invention is a sem conductor device

including a gate electrode | ayer, a gate insulating | ayer over the gate

el ectrode | ayer, a sem conductor |ayer over the gate insulating |ayer, and

a source electrode layer and a drain electrode | ayer which are electrically

connect ed t QP 111049176the sem conduct or 4I ayer. 5 The above oxide

sem conduct or fayef Ts applied to the sem conductor | ayBfTReGHGe18

Mot her emnbodi nent of the disclosed invention is a sem conductor device

i ncluding a sem conductor |ayer, a gate insulating |ayer over the

sem conductor layer, a gate el ectrode | ayer over the gate insulating |ayer,

and a source el ecifolge embgdimenthof Hheidscipsad inventien jisoa semispeductani dsicar e

el ectri cal | jhcl@RRaGhREIdHoB aler0h ghtdGnsafithe RYGUNP he! g%%et{!ect%g% %}OX e oxide

sen conductor layer is applied to the sem conductor [Tayer. T ’

The above s¥RIieBHERRItIaYer Quer the gpie disufatig Jayem and) d ssuramelectsnde dayienand ayer

covering t ) . | ect rode. | ayer or

the drain %@%&ﬁ%ﬂ%ﬁ gﬁueép%yiﬂﬁt{fﬁgg ;é!ﬁ{#]etggé‘nﬁl%ﬁ (L)brﬁq%asgrglr%mé&rug%éllaé’% ‘rically

connect € t Bhecaheye axidecseminondustarpyer is applied dethe semichmivetor kyerf ace of t he

sem conduct[@bl-} ayer. [0019] Note that in this specification and the

like, terns suc]h as "over" and "below' are not limted to being directly

above or direct | ysnbeowmbéimemxafnthe ediscidsed dnspntims isom s2ficofducr glatice

i nsul ating ; [ te, el ectrode " does not exclude the case

wher e anot hlé(?ﬁ{%%%%\éeﬁnéﬁ?nd?gmf la gr%@%tgg'sﬁféﬁ%gféﬁcrtol’fﬁr the SmigpnduetPbld¥er 2y er  and

the gate i rgid etdtwde layyeover e gadinsilatng lagatpind aBshrcedabddde dayer aesl only

for co \beniqe;‘,jr}gzlel of dt Iie deicLh&tﬁon. nl ess 811 her wi gﬁ]ﬁs ecified, the case
where the poariIcORE {HEE BB A gchitcally rpmesed toPart F fhg gemicondyclopigyer)

 Electric clicabberdxideisedicohduzior tayerie apizh e0me ihiosndudpLhysdihi ch enpl oys a

crystal strmltgire havi ng el ectrical anisotropy in a vicinity of a surface

i s changed [ onparison with those of an oxi de sem conductor |ayer which

does not enpl oy The abbues bérhicoidubil UleQice FtEfe AR MR Rude$ URAHSHILgl Yaykd @
direction parallel to the surface of the 30oxide sem conductor |ayer is

i nproved, &RETER ?1§E|‘P§PWP§‘%r‘%éy tKprir dhegquaret plemtroge devee ax thodralme sur f ace
of the 18Xi Gecheds IaRRHAG IRY sehAdtRbludisr ThyR aRV&tricalPeonnected to cach other on

2011/ 0431765PCT/ JP2010/ 066118
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 belov(r. 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 clectrical 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.



[ 0021] In addition, in an oxide sem conductor |ayer which enploys a
crystal structure having a function of suppressing the entry of inpurities
into a vicinity of the surface, the entry of inpurities is suppressed in
conpari son with an oxi de sem conductor |ayer 5 which does not enploy the

crystal str r r exanple, the entgy of water, hydrogen, and the |ike
whi ch advers'd‘gﬂ)in{z?‘?@gt an oxi de sem con%uctor i s suppr eR<EH201p08¢213

Therefore, according to one enbodi nent of the disclosed invention, an oxide
sem conductor | ayer having excellent electric characteristics is provided.
In additionﬂxﬁ ﬁo hi ghly reliable oxide sem conductor |ayer is provided.

[ 0023] é ording to anot her enbodi nent of the disclosed invention, a

sem conduct or ~deVinaaditiay, iif @n 6Xi@€ bdnditdndetar BEdrWHiSH drfflosS RYMMisHEdure! N
addi tion, ath hly reliaple sem conductor device is provided. 15 BRIEF
DESCRI PTI ON B:ﬁ?ﬁww PPPUEFsinenthe gatry oF bRRyEHes g o visimityps:the surface,

FIGS. 1A antheldBrfbfifpioties RaGphroviad inY&o%ii‘ﬁrcil%dnl Wwieh 5@#8&&@&%‘&6}’15%;0“ an

oxi de 20_sem conduct or Ia¥er; FIG 2 is a diagram ustrating a crystal

structure ofhichodess seh employ the exystal stmyctyre, 3Fprapxemple stbe smtryi efnwhter;i ews

il lustratin t WBAHY ' | : ) r..l.ayer; FIGS.
4A and 4B a?}é&%érziﬁ ’gﬁt‘aﬁe}(lg‘lrcd-TEMd?fr&agfégﬂ%f’ ﬂ]am@lé%:l&ﬁ’l“t?@mé‘ﬁg‘gggh@ﬁ’ “sted-” o5 cs.

5A-1 to 5A-804%d 5B are electron diffraction patterns of a vicinity of a

G 6ATT o o e Ry aReupoihg o A ST I, oS ARG Bt aBBh -
measur enent set¢andugior layembdvang exgellentelbdiic dfaragteaistios dapravitiéd. adi adidtigpas t er ns;
10  highly reliable oxide semiconductor layer is provided.
[0023]

According to another embodiment of the disclosed invention, a semiconductor
device having excellent characteristics is provided. In addition, a highly reliable
scmiconductor 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;ZnO+;

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;

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 patteras;

FIGS. 7A and 7B are diagrams for comparing a crystal structure of InGaZnO,

30  and a crystal structure of In,Ga;Zn0+;
FIGS. 8A-1, 8A-2, 8B-1, and 8B-2 show simulation results of HAADF-STEM

images;



FIGS. 7A and 7B are diagrans for conparing a crystal structure of InGaZnat
30 and a crystal structure of 1n2G2Z1107; FIGS. 8A-1, 8A-2, 8B-1, and 8B-2
show sinmul ation results of HAADF- STEM i mages; FIG9 is a

HAADF- STEM i mage of a cross section of crystal grains of 1n2Ga2zZn07;

FIG 10 is a_H AADF- STEM i mage of a cross section of crystal grains of

| N2GagnO07; BEMYA o 11D are diagrahs illustrating BCRRIENAEI: r uct ur e
and a surface structure used for surface energy calculation; FIG 12 shows

details of calculation conditions; FIG 13 shows cal culation results of
surface enerqgy; . FIGS, _14A to 14C are diagrans illustrating a.
formati on nechani®f 88 2aHAARF-STEM image 0fi x prass seqtioncofyerystal greiak mf of

| Nn2Ga2Z11071y,Ga,Zn0,; FI GS. 15A to 15D are cross-sectional views illustrating
a manufacturing process of a sen conductor device, FIGS. 16A to 16D
are cross-secti ofaf 10 i HAADESTEM rigage ofiaudresst ssetiongofperygdsgrain of

sem conduct gradeyhce; 15FIGS. 17A to 17D are cross-sectional views
illustrating a manufacturing process of a seniconductor device; Fl GS.
18A to 18D are crid@S- Hecto biihbrevdiagems [llussitingtd onystal smoufeaatdus sighcpr ocess

of a sem cogquet Ol dEY cGSice ener y cal o G5. 19A to 19D are Cross-sectional
views illustrating a nanutac e ng kt% process of a sem conductor device;

. FIG. 12 shows details of calculation conditions;
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,ZnQ;
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 of a semiconductor device;
15 FIGS. 17A to 17D are cross-sectional views illustrating a manufacturing

process of a semiconductor device;

0

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]



FIGS. 20A to 20D are cross-sectional views illustrating a manufacturing
process of a sem conductor device; FIGS. 21A to 21D are
cross-sectional views illustrating a manufacturing process of a

sem conduct or device; 25FIGS. 22A to 22D are cross-sectional views

il lTustrati nqua n?nuf acturing process of, a sem conductor device; FIGS. 23A
and 23B i1 0T PAYYHR exanple of a di sp7l ay device; and PGWE20198%1180 24D are
di agranms each showi ng an application of a display device. 30 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0025] Herei nafter, enbodinents wll be
described in detail using the drawings. Note that the present invention is
not limted to tH&reBaficr phagdiments feoti¢senhredgine Asailiiusingt the daamiings i s
appar ent t ONbROMS: &l prkfdlt ifvehtts AT hot!hAked RAGS, @eaa?-ﬁ{ahgaﬂ ﬁnc%ﬁ?@ilﬁﬁmd' fied

i n various vvagf;s.vmthout_cjepartlng fromthe spirit o presen vention
5 di scl osedembpdisenis, apbitiif apparenidn thosel skitled injtheart et medased datilsdiahber ent

enbodi ment s,caReP6n i ' r Lal & . pnation.. Note that in
the struct uIrIfes 8‘? t hgﬂﬂ%uﬁﬁ% S@ﬁbgleg%ﬁﬁ@ggﬁﬁgIt%wﬁnllﬁﬁé@glgfpé'&%%r’{' F%‘tﬁ‘ "or

port i ons> hadiseleped insthisispenifidatiom anidathe bkee  @omcures obdiffefent gubudimaisame be e

nuner al s, escrl pti J.he f 1.5 omtted.. [0Q26] 1 Emhodi ment 1)
In this enba{(i))%lll%?em%%eg %nd(l)m %Bgét% %)g[%clﬂ}?:lﬁ%r %{%r ata&%o %isﬁtﬁg‘t‘rgs g;ﬁetge

enbodi ment infention deicsibédobdalv,ithe/ sante pmtiora anpottivac havingg similah iglctidiesreof , and

the like wll scribed in detail with reference tao.FIGS., 1A and 1E, FIG
2. FIGS. 3A&?“88§E?Eﬁs%%? ‘“i R AURE SF"P‘&éH"' %eﬁ\glP‘PB?“ﬂ\":"g isomitelk £l Gs. 6A-1
to 6A-3 andi0é®]1 to 6B-3, 15 FIGS. 7A and 7B, FIGS. 8A-1, 8A-2, 8B-1, and

88-2, F|G 9p FIG 10 FIGS. 11A to 11D, FIG 12, FIG 13, and FIGS. 14Ato
14C. " [ otfh7) (Embodinient 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



<Structure of Oxide Sem conductor Layer> First, a structure of
an oxi de sem conductor |ayer is described with reference to 20 FIGS. | A and
1B and FI G 2. [0028] FIGS. | A and 1B show an exanpl e where an oxi de
sem conductor |ayer 100 is provided on a surface on which a base materi al

110 is to f Note that any matgrial may be use t base
material 11 0{122{1?52%56 as it can supportgt he oxi de 25 se%égglﬁaﬂ@%(ﬂlsl ayer

100. The oxi de sem conductor layer 100 is not |limted to being provided on
the surface on which the base material 110 is to be fornmed and may be a

sel f-supported | ayer. [002 l The oxi de sem conductor |ayer 100 includes an
anor phous r&Regothes F?}PE hepxids, semeropsiyctpr dayes H9-p e "glmest veriglconduct or

and a cryStglank §oaRRvithftPs 16CHtH b DEriEd ¥Rb@lopdr @l Ns 130 in a vicinity of a
surface of the oxide sem conductor layer 100 (see FIG 1A). The crystal

grains 130 [88%]ori ented so that the c-axis is alnost vertical with respect

to the surface ofy_t ' 1L.6AN or, layer.. 100, re. "al nos
vertical" neans ?s%%géémdﬁhﬁrgx%ogﬁl (r%%orlrl]dlé‘:t%er alte(r:lg{) f‘HiFf"e“él |goﬁ1.c f’ﬁé%O] As
exanpl e ofsemivondictie Igyari i) dmcIeGaTai@basall dxide komicdmigctoh enaeriallearb

sem conduct,ors | . 100, an |In-Ga-7Zn- O based,oxi de, sem, caonduct or .materi al ,
an I n- Sn- zito™ b@@é’a%e i aoé"%erﬁeglbﬁ?aﬁ%q%r' T o Ié‘n‘g?%“&nb L 0%8%%sed oxi de
seni conductsemicoaduetor atnatedalSne Gn-GarZo-bbssed oriicl esemiuvhdnaUaiaakialyager i al , an
Al - G- Zn- O e i de, semi.conductor material, a -Al -Zn- O based  oxi de
sem conduct@?éﬁg?‘maﬁ?c% Qids . sempcondyeton, ymatenal §e§]é’§‘%‘ﬁ@fl&“ PHMS al . a 10
Sn- Zn- O baseslicoududtor s aiteanduat an-Zme0-Saded! oxitk AemiddnSidiis aaateidl d6a

sem con uctg[ rrggeri al .. an I,n-g- based oxi de sem conductor material, a

sn- O ba¥ed ha3 EtF T Y OPItraRatenal apndl-4n-Shbased, aeidy sepenductor
sem conductmdterit Qhi &h-CBbRedi YABe §ddlebhluctor 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-0O-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 InGaOj; (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(Zn0), (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 sclected 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-0O-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.



In particular, an |In-G-Zn-0-based oxi de sem conductor 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-0-based oxide sem conductor material is suitable for
a sem cond (o] vice. [0032] As a typical exanple of the |In-Ga-Zn-0-based
oxi de seni g@h&ﬂ_gﬂyg?”?mteri al, 20 one rgpresent ed by | n@SFIPINEFIE (np0) s
given. Note that a conposition according to this representation is based on
a crystal structure and is not limted to the above conposition as the

whol e oxi de _sem conductor material. Alternatively, in the above, one

r epr esent edO‘QﬁP]I nMD3(ZnO) ", (nmr0) can be also given using Minstead of Ga.
Here, M denotes . . um (Ga),
Fon (Fey. 25 ni SicaermtioRs fgfeh 170 lnl fahil b SRApHE b ARG O |
sel ect ed adNa# that {rhainlyh m@ansznst@: disechneicopis it % @n duece, dor exatplel aln and t he
case Wneretﬁihe Sab?ve rt%%ah elﬁament ot her. .t han Gﬁ i.s sel ect such as a
conbi nat i ol U3F2EA" B VB e ATINRTONS PHfc dmieandusier qecupies °f ¥ t he case
where ol Y afolufme®IEBOwEIENPB)C! TRIR G, ofhBr HedTEn SAGHRous bifle sbinfeBndibniased
oxi de sem conductor material may contain inpurities such as a 30 transition
net al el en@fOTRAqES aion,di20 dndlytdes exystals of 38 @ride semicendyciop imsoms easgsnandcont ai ned
as M [00 : i { &l i r phous
oxi de seri anrrieriaps SERRDRBROLE pe R el lai'S) 2t vBORER BT P es 50
% or nore, Naty thalkihpgsl b, saidthathinssseaseenf the disgosad stvantionvib @restrnétereasftliephous

oxi de sem upi 0,.% nor e at vol une% (or jght% . That-
is, other 1(:\C ﬁg%ij%&érhg%gh@ﬁé%% & gtré“nclng%n?}ﬁ& eozr"fml?ﬁo Saﬁ%ﬂpﬂhifl)%is & on 120

i ncl udd® cmystsskity bited todicdeboge siraurd ustlong hnreoird clasaterisactOcan e

per cent age g{ain%?ntent thereof is preferably less than 50 % at vol unme% (or,
wei ght 99 . RBPEXfhat it can be said that an essence of the disclosed

i nvention i[803he structure of the crystal region 140; therefore, the
structure of th rphous reqgj o 20 1s not. .10 necessarily limted to the
above structure 3%8‘%@wﬁ%”r‘ﬁ%%‘i&%‘é“'&ih@ﬁ@?’é‘ﬁ? sqmicenducior el isissdg. [ 0034]
In the caseheimiipdsitios of théGabeta-dhdigtas repibil @26 sl kAl soMbes IZal 1S
used, the conposition of the above anorphous region 120 is preferably set

so t hatl®a 2pnta (REWicdis lest ban andn orGq eontent (aiomigth). nWith theause of sushia

(atomi c9 . cMhbditlRetnt $6sl grame I3PoCAITRRNrniRA comPSitfon¥sd @a%i!ﬂfo@hwinl?’o of a
predeterm ned conposition are easily fornmed in the crystal Tegion 140.

[ 0035] The theropwstabregiondid8n 140 in the vicinity of the surface includes the
crystal grmdgﬁ] 20 130 in which c-axis is oriented in an al nost vertical

di rection th  respect to the surface of the oxide sem conductor |ayer 100
(see FI G 1B). FoFheexystadiregion W ihahecsisity bf ths iswdacaindhnleGheZmystl lgeessd  oxi de

cem conaCa BN L s Rebl sl Bhal SR AR i il
wi t h r espeof the oxidh eemmiporidacter afert 198 (sx iIFIE. 19 M Earredampleyin ltieeyease 40BingNot e t hat
a "vicinit ¥n %f-Gg-Zn-O-bascd oxide semiconductor material, in the crystal region 140, the c-axis
of the crystal grains of In,Ga,ZnO; 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 surfacc.(surface vicinity)" means, for exa:ﬁple, 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]



25 surface (surface vicinity)" means, for exanple, a region in which a
di stance (depth) fromthe surface is 20 nmor |less. Note that the case
where the thickness of the oxide sem conductor |layer 100 is large is not
limted to this. For exanple, in the case where t he oxi de sem conduct or

| ayer 100 h ness of 200 nm or "vicinity of a surface
(surface V|§1%n2|%%190§&%r(reans aregionin vg]mch a di stance %&é’ﬁ?%?mqﬁ}]ﬁmthe
surface 30 is 10 % or |Iower of the thickness of the oxide sem conductor

| ayer. [0036] The crystals of 1n2Ga2Zn0O7 i nclude any of In, G,
and Zn, and can t;i_g consi dereig to have a stacked | ayer structure of Iayers
2

paral lel to a-axil8eFFas gkilROendringluds anyiofi In, Go, (aqd Zyyandaran be

| n2Ga2Zn07 éhasﬁﬂerad ﬁ)tmstatsfaekddrlaywlsﬁhbt@fefdfrla%rsl p%i/@la B3 HdPalif(se@ Second
| ayer without (_@ont ai ning Ga | ayer without In'5

(cont ai ni ngF I@a br A 1S, ﬁlef%waéﬁwﬁ h’y@i‘ )Zéemhavw sHudtire imvehich 4 first Hayeny er
wi thout In 4eantid R RedShd B erZﬁS}hoﬁfﬁl(%xﬂ%ﬁn aarm aaamra 1%5/& SfthédRFn [0037]

Since electrical conductivity of the crystal’s of are controlled
mai nly by |(€onteniagtGa or dndr adowt éﬁtypwommmaelnf wm%ta lﬁlyéayecomimunmng I n and

the fourt hxwgﬁlgé%agpg‘h%ghg&ebghy\@?ﬁ L?ctx%ﬁ" ated to a direction parallel

to the a-a t he axis are prefe This is because one of a 5s
orbital of [P37]ls overl apped with an adj acent 5s orbital of Inin the first

I t ai ni . t hat

path i o formed, Sits MechR bothor ity Y e BRHAL e enG ol Eenedpiy ' ©

property i rmznlgibydu,tdlastriochatactendtics of thhdirsilbayeecdnepting [ri dndtthé mnhmqeﬁ axi s

di t st al h

eoyr 0 dofabf A5 i RIABla orecion PABNE P Rt Pl B BRB A 4P

el ectri'cal ani are oriente
of the oxi deefsmbliec Ofids &t tecausaymr of Sk «abim ofiiln B;eﬁerla'f:pai:with @A lalljcent 84

exanpl e, el acteristics.i.n aralle]l to the surface of
t he oxi de S:%I c8ﬁgb'@ é?gsg SFr %%“ﬁ?%& 'ﬁ’&gg"é'@qa centpiging Ip, socthati e - axi s
of the cr ysiaﬁierga‘tmisrf(im&ﬁ 0On tin2(het Ak, itl n 08 kAd thaChn ifsuddling prapefty wed t i cal

di rection rl res eclt t.o the lsurfgce of the $X| de sem conductor |ayer 100,
and current “F? R ettigaldo theabove Iayer fhatds, the c-pxis dippction) isingreassth t he b-axis in

| Nn2Ga24507 [00383t al s. [0039] Note that the crystal region 140 may i ncl ude
crystal grains o&vher than the 25 crystal grains 130. The crystal structure

of the crystal gr&ehsucherysky g‘laf‘ﬁhﬁ‘é‘ﬂg elsctiifal aBseiiepy e Qrienigdean efivat athe

crystal remeeﬂcheﬁQraa@astk@st me%xiaexéahﬁbmgfc@r RyeP100P40Qf A1REs. S tgpbGhEdG, For
exanple, in the case of using an In-G-Zn-0-bBased oxide semi condu tor

material , dPyXpEPlegplaFtHe chradieristion i a fixsction prralipliadhi sutfagelof theoorideo cryst al
grains of |s&3§€1%@@71aﬁmla?§§nc&%e§am& E%e@ﬁé@th%%&% o S %&ﬁﬁsns of

I Nn2Ga2Zn0O7 exi st in the whole crystal regi on I's nore ectlve and
nore pri8f e M262:ZnOp ixgriented in an almost vertical direction w1th respect to the surfacc of
the oxide semiconductor layer 100, and current flows in a direction parallel to the a-axis
and the b-axis in In;GapZnO; crystals.
[0039]
Note that the crystal region 140 may include crystal grains other than the
25  crystal grains 130. The crystal structure of the erystal 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,Zn0s.
Needless to say, the case where crystal grains of In;Ga;ZnO5 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



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 the thickness of the crystal region 140 is too large (that is, when
the length of the crystal grains 130 in a c-axis direction is too |ong),
there is an&ossi bility that charact eriﬁi cs of the oxide 5 sem conductor
layer 100 myY WEY¥N®only on the crystal region 140 andP@é&ERHppec118
characteristics cannot be obtained. [0041] As descri bed above, when
t he oxi de sem conductor |ayer 100 has the crystal region 140 in the
vicinity of the surface, favorable electric characteristics can be 10

achi eved. |HahEY¢ timey a5 longypethe dengthc(size) il anr eegiindirection pra boaxisedirestipnas t o
include th Y, L f Znglr: : A bS i ent in an

Al st ver tros) Peeroll BT Rl ebe RS W RaSuts PALE de ofihBl i

seni conduct@ystalgggion 14Dis tox dasgd @hat in|veen the leogth rod dheeerystali graing 430 bea r eal i zed

by ani sotropy.:l ni: t.L i rsl. St . . grains _of
h2Gnazno7. Ot RS i o SABLAGKE L S pafinftly F kSRS ofe . ¢y apie
_thaln fj hgﬁ armnmr'?’ du_zntqrel_gjtrarnIOfDZﬁiﬁy tdaptmfdf unlg,ofnwthet hmrystgldcgipstl_adlo aradgﬂ?iredldfo is

i ncluded in vi.Ci ni 0 he ,surface o e oxi de sem conductor | ayer
100, the en‘ih%ry&g léqcsrrpcalﬁl?;ttl?eeos&afnén’dg noi sture and the like) into the

anor phous rf@@didn 120 can be suppressed. Thus, the reliability of the oxide
20 sem conductor ,l ayer. 100, can pe | ncreased, 043], < d for

Manuf act uri ng O(i’*ﬁzd%géwgﬁ%ﬁ’c‘? G the X Semmw‘ﬁ&%t‘?yeg@%gﬁo{&e Fhstal

manuf act ur iregiok NE0 cixi tle vieityC of eheC sudfact,afaesrabio Celodtlid cheadteRtes Badbavi t h

reference to, FIGS. 3A to 3C 25 [0044]. An oxi de sem conductqr | ayer 200

whi ch i toacﬁlévegfehbﬁ?‘ﬂ‘é“lgremhﬁ‘bﬂ{fu‘&‘?%;l fF%‘%ﬁ“&d’b%?fa’F 0138 ¢ g i ng the
oxi de sem GytHl Gidiis SBInSG4,ZhOf@R6del Bods islorieatddlUiatal #medt velticdediRead£onduct or
Layer>. The oxi de sem conductor |ayer 200 is forned ba/ a sputtering method

or the |ikeVihEgpechip thentyeiarro Pl ther 0xide, sgmucopductay, tayer, 100, cgerblent gletic an

characteristics can be realized by anisotropy in electric characteristics of the crystal
grains of InoGa,Zn0O-.
15 [0042] ‘

Further, the 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



. 30 oxygen at nosphere, or a m xed atnosphere of a rare gas and oxygen (see
FIG 3A). Wien a target including SSQ2 at 2 weight%to 10 wei ght% i ncl usi ve
is used in a sputtering nethod, Sig (x>0) is included in the oxide

sem conductor |ayer 200, so that crystallization of the oxide sem conductor
| ayer 200 can. be sg}ggressed. Thi s met hgf is particularly effective in the
case where UHEPOKI*YE® semi conduct or 1ayéf 200 which is FEFERYNESHE desired
to be obtained. 5 [0045] For exanple, an |In-G-Zn-0-based anorphous
oxi de sem conductor | ayer can be obtained as the oxide sem conductor | ayer
200 using a netal oxide target containing In, Ga, and Zn (such as a target
havi ng a cofPgteringnagthed 5iQ (5f0) inincludehin-thel oxidOsemigomtionddlayer 230GaoMmt = 1: 1: 1
[aton?4, a - Ca = 1-1; he 10 fol | ow condi tions:
the di st angégy u{ehtl%gﬁgf ng]vg?%a's%f Jrngct%g(m(gqr?)él I@Eg%%%aé@%e PR 'nrﬁ‘qst REhad essur e
is 0.6 Pa; islpartidgulagy tffentive @nthe paseewhers the. dxide\iemaraddidae 1ajeraoPhdich isS an
oxygen at np re (the proporti.on of the oxygen flowis 100 % . Note that
t he case V\h%?%pehé)uf)&l%sem@it?[e%%?bt%lﬂ?q'ent power source is used as a power
source is ppesdrabl e because powder substances (also referred to as

particles or dus enerated j.n_fi fQrmation can 15 be reduced and
t hi ckness distri FS%’E[ pL‘:a'ﬁn ggbg-\;gf{%g};scﬁwgmhous oxide seppcqngducioilayes cat t he
oxi de seni aenBtadedras aymideAMicoaduche 150 20Buship PBfai &li€e fafhesohbligiagice With

an objective Bur pose or objective characteristics. For-exanple, it my be
appr oxi mat &ty U0kl LR dsueh as mtargep) hpyipg 7] composition atioc o) e Ga:Zp egl dD.940 i s

formed thr qughdheat.dargatment t 48 ,5eM.¢9n | ayer. 200 is
f ormed (seg FI (@38). Not e t hat ﬂ%}uﬁ%&, %gl Qﬁbggq glrig'at ﬁ%ﬁg'?’beu? nrtthee oxi de
seni conductfollowing cenddt@ds:athe distaner beawen théswusgite ind tHoaazettis @00 memtthe t he heat
treat ment . 3 ion tr ..or dehydrogenation treatnent.
25 [0048] %Z‘%lstggfsﬁ@rs %ﬁg’ﬁhgﬁ%&gﬁm ﬁ)nﬂ%&etrﬁgﬁa'?mtanfi Fpevﬁlfﬁﬁsr?g °ii Fhox¥éfber at ur e
inert gas (atmospbere@ho pu@srtion of de@xgas, flaw ist 100 %). K Notd Ratisie dase ahehes enpl oyed
as the above hed?ft treatment. Here, the tenperature of the heat treatnent is
preferably PElSH GEeg CurTegh BPWerNERuEFe iR ised AR AePQUET 1$EuTCR dt Predaraile beeause he upper
limt of thewlaaubdtineed @RO reftdN6 adpatti€led 6:QMsH Benerated 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 um. |

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 Hy, 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) trcatment 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 essential part of the invention; however, it is required to be in the
range of allowable tenperature limt when the base material 110 is used as
a support. The length of the heat treatnment is preferably greater than or
equal to 1 mnute and |l ess than or equal to 10 m nutes. For exanple, RTA
treatnment is preferably perforned at 6?9 C for approximately 3 mnutes to 6
m nutes. By YEMIUYPHE the RTA treatnment? heat treat nent PEEFP24806&15f or ned
for a short time; therefore, adverse effect of heat on the base 5 materi al
110 can be reduced. That is, the upper Iimt of the heat treatnent
tenperature can be increased in this case as conpared wth the case where
heat treat nB# trpaimet s prefsebly efeatar thapgr equablo Fminuteand lessethay grsegadl tpai ns of

a predeterm UGH,HT, S I, Vel d in the vicioni of the
surface. [Ooqglﬁm%{\lotcﬁgpteﬁgﬁﬁ? ’hg‘%%btg%@ﬁ ﬂéég'pﬁfgera@ggw m‘):/ Bte%ggr o% d at
any tim ng spriximgelys3 iminugs peré onimetes. af By rentplieyigx klde RTANremneic her | ayer

200 is forngd, however n er .to pronote dehydratjion aor dehydyogenation,
t he heat tpgr%t%ngtcaq % B, rrf é’frré%tgﬁls}t?grtﬁﬁ’ %&‘g?)r&f %rs%féfﬁﬁ O@Eﬁ’ﬁlﬁ‘rféﬁ{@gar e
formed oh amstarifldae caf beleduced.i dFhas Bihe Qs Gty of iy Rt 28@8mert Ferdelinirt on, t he
heat treatnent, may be performed plural tings jnstead of once. 15[ 0050]
Note that iF0% Biééqaﬁﬁdaﬁl s FSE 3Sneompared i t#‘Fe&?SCt‘f’]é%{? Mgt treatent dgen

(i ncl udi ng pefoehgd fnd Idngaintd. K Fufer @t c608E @hiNSOE 4 Preldi@nlinRAtHBGe can

at nosphere. Fo(gr e‘%&qﬁl e,.the purjty of an inert gas which is introduced
into a heatP%¥i5¢ rghin the ignits ofdhe surbesN (999999 9% that is, an
inpurity coposftration is 1 ppmor lower) or nore, preferably, 20 7N

(99.99999 % that is, an inpurity concentration is 0.1 ppmor |ower) or
more. [Hb51] Noterthpt Sheapoynbeas Beaimen aay beperemned at anyHumiog pylong as it

sem conduct9hpel@mill «HeOmMIxelR seRfoHER o 144R, 20F iPRBNS; hEGLAR ihafddphy ch is
mai nl'y anor phous and the crystal region I40 i ncluding the crystzﬁ grains
130 whi ch |EoBetecehidation emdghydmgenationithe heat Ateptment Bopreferably perfomined r espect
to the surf i } I I b Fl 30).
[o0s2] o CeRe Bhel R Farp T 00 hifhee of W o shlcBRcloR e . o
suppr essi ngnafditien theyheaf traatmymt may be pérfarmediplitial fimehiosteadsof onwhen a | ar ge
nunber gf i[fgﬁjﬁities exist, it is difficult 30to suppress the entry
conpletely. T e|]ef ore, it is inportant that the oxide sem conductor |ayer
100 be not nade Natectbattibistpraférable Waet @r the hbaledgattycatmoht,tHydrdgek Gnclbiding

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 with 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



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
treatment and a follow ng tenperature decreasing process. For exanple, the
heat treatnment and the foll ow ng tenperature decreasing process nay be
performed in one atnosphere. It is neeﬂ{)ess to 5 say that the atnosphere in
t he t enper a8 asi ng process may be different frFAHIREIHEEH18t r eat nent
at nosphere. In this case, the atnosphere in the tenperature decreasing
process can be, for exanple, an oxygen gas atnosphere, an N20 gas

at nosphere, an ultra-dry air (having a dew point of -40 C or I|ower,

pr ef er abl y,the gpvehent tiegiment as mychiag possitie. This ¢ap (e Irhieyddo sudraometnenechani sm
of Crystal 1 . i | grains
B T A L

descri bed Bempsumtuiet decreafing processt oFgr @8mpleA thenkkat] Beatfp@SindSthe Toltowvigh- 6 and

5B, FIGS. ekt - F - A d . F 8A-1,
oA 2, oo 1, aferblig el S b P ertild Mg M of Rl 810, 5
and FI GS. Is4athaothg 4@i0spl@DSik]the temperature dhcreasing pros¢sa tray i differdno fromrtyst al
grains of Inn 27n07 are c-axis-oriented in the .vicinity of the surface of
The I n- a- JNAGTRRRGSoSetit 07 B e B bdrmneie s 1 Spsradiy dedaithn
t oget her wigrécesseaunl tes fafexexpler anmexggah gab awrogplicks)an N Q0gds] atmosphere/Asn t he
| n- Ga- Zn- O- based anpr phous, oxi de senm gaondyctor | ayer, filmwhich is
For madl i ¢ I ATEGNS B Ao o ooy e gtease Gl -8 & o loepcor
sputtering tnetikod is used. In addition, as a sputtering target, a target
having a conposition ratio of 25 In:G:Zn = 1:1: 0.5 [atomg was used. O her
deposi ti%n [B$Rdi ti ons were as follows: the direct current power was 0.5 kW
the deposi tdRuPER%sH MEcHARmbI izt drifgs:Jeposi ti on at nosphere was an oxygen
at nosphere (the proportion of the oxygen flowis 100 %; and the substrate
t enper at ure was Assmampepba grawte meLi@ss] o30¥44d grainGa-ainn G4 as-Obasabr phous
oxi de sem : . ' . k Ten t he
crystal gr gﬁﬁg’;&ﬂg{;&@&%ﬁ% %ﬁ%ﬁigﬁeﬁ&gﬁfﬁ’g Edgsrclﬁg% "I(’ae(l]‘g‘la W%feﬁ:@gé{%ﬁl%l@. of the
surface. THA dindaB, FIGRhtsdehto TAHdnd iSBNEIGE vA-h 608 |a0dv6B-1t loesBas,AI6Pher e was
a nitraogen . at h K her L& P X r re_was 650
& and el %a%ng%\%agfo;%égﬂgg sg?im'égaﬁ aid 8B-2DHIG 8, ¥1E: 16, #6$ G1RGE 315G

12, FIG. 13, and FIGS. 14Ato 14C.

[0054]

)

First, a state where the crystal grains of In,Ga;ZnO; 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-0-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 InGa,ZnQ; were c-axis-oriented in the



[ 0057] 5In order to observe a cross section of the sanple forned in such a
manner, reduction in thickness by an Ar ion mlling nmethod (accel eration
voltage: 5 kV) or a reduction in thickness by an FIB mlling nethod
(irradiation ion: Ga, acceleration voltage: processing at 5 kV after
processing at 40 kV% was performed aft d mechani cal polishing. Note that

Pl PS manuf atPHE®HY® Gat an, Inc. was used in an Ar i on RETIPFAYO6SHS et hod
and NB-5000 and FB-2100 manufactured by Htachi, Ltd. was used in an FIB
mlling method. [0058] FIGS. 4A and 4B are bright-field-TEM i mages of
the vicinity of the surface of the sanple. Note that the TEMinmages are

i mges whi cHciaiteofothe sirfase (Fhedeatdreatmesbeenditionnwets agfiollowst the atmasphess at i on
vol t age was,,.30 ' QAB”BEEH . ' ' tdn .o~ N FI GS.
4A and 4B, S‘:’% %gﬁggéehs%@g%%%q at a r%‘gﬁ’g#g“?%g‘!?%ﬁptﬁgﬁ?‘%?ﬁg 6gcr)y(s:t al

grai ns w t land thd tfbdwas sefltordrmingte® nm i ncl usi ve and a depth of 2 nmto 4 nm
i ncl usi ve iﬁo%armed inthe vicinity of the surface of an In-Ga-Zn-0O based
oxi de sem c[on ctor layer with a thickness of 50 nm 20 [0059] FI G
5A-1 i s 5a cross- &eotdeprabbsdied/lai croggesectiont bfethw isample tiyrnel ihvacts Wmia6&, of t he
sanple. FIG5A..2 iLs an electron diffractio ttern corres ing to

ref erence AGHEFSE "‘.Lmi“ilfn?sﬁgy A stogé%’glf“@rfﬁ?tgﬁ%%{cfﬂi‘aﬁl@n ‘fﬂ"@gw ) ‘g'-aan

el ectron dirkducdoi i rhiglaleiseby at FIB eI indgholl Qi AlifoR 160 GiNRicakradod N t he
cross-sectiopal TEM ima%e §Iu'ﬁ$§25 S5A-4 is an electron diffractjon pattern
cor r espondi28% PPOSTSSIng At2 kN ifter processing at #{Lk Y} waspestorpedafir mpehanicghge. FI G

5A-5 is an peligiihg ONo# fhbf FIPS inRiAufclhlay GAL, BRDXAS LA ih an e fi& BNGS numer al
4 in the cross-sectional TEM.inage. FIG 5A-6 is an electron diffraction
pat t er nOc orebasATd: NS00 #161eh-2 HEmamuestared By Ftaghhel i wasussd én AR TEM
image. |In emftheQhethd¥e el ectron diffraction patterns, an obvious spot in
which d value i's 30 0.29 nmto 0.30 nminclusive is shown. A direction of

t he spots c[gf?ﬁgésponds to the c-axis direction of the crystal. [0060] WO
2011/ 04317616PCT ioht-fieldEFEM ] I i M i mage
whi ch shows a r efﬁ%ﬁ%?qtﬁh]a}e@%r}%i iﬁglddi r egltﬁia%e% OSB]% V?ﬁlzﬁygﬁfrq%%gg&%gfom in
t he draw ndhd sempiat elote Hbatcthe xFEM dimagest prsnimszes wéichr gretobiseryedaunder st each

poi nt. 4kro : bbi kS f.0 - Xl Safn< > directd-ahp S al nost
verti ca1 W%Edléﬁé@%cﬁﬁ; % eeuél%%c a%g. Epfagigs% s?(’)daf %S% S'?'ﬁa %q?g&é-R axi s
direction Bmaspfaglyred Hyl Hitachis $tdof InHIGSuA aud4B]0811Ye observed that a crystal '

region including crystal grains with a width of I 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 clectron 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 4 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]



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 show typi cal actual neasurenent data of the electron diffraction
patterns and FIGS. 68-1 to 68-3 10 show sinul ation results (assum ng

I n2Ga2Z, n07_cryst al s% correspondi ng to,t he actual neasurenent data. By
conpari son BP PHE*HR ual neasurenent data and the si mulBATBHEEUBt s, t he
crystal structure of the crystal grains can be confirmed to be I n2G2zn07.
[ 0062] : In FIGS. 7A and 7B, conparison of a crystal structure
(I'nGazZnat) in which in 15 is i n a_honol ogous structure of |1nG03(Zn0O ",
(mis a natural E!ﬁrt?@rlfa(%%~smt@n#/&§ﬁl\énaa@ whigh shgwssa ﬁﬂﬂoﬂrﬂéﬂ@fc‘WQGaZan

(see FI G 7&kireckSorSRaViRe sdrfP83]Arrows in thd Bra{vh'% :ﬁ&;&éi@si tHE % ans dift&im Gline
| ayers of Ga0 or ZnO exi st between |ayers of In and O (InO {ayers Whl ch

are verti cairysidl graimses pash poinb  thiem F1GHHBs it(isfpoad-thf thee-tamsr@)tﬁl)lE@xr@monhe ot her

hand, in t aq:@g ne Ia er G0 or
ZnO exi st talg r(%gf&ﬁéa?gﬁé I‘lsgpea E\E%K{‘f cgt vvleteI%m? athear@]e ?fec{l%p const ant
in the éamﬂecthﬂaam':swfnh@‘urfhcﬁaan is 2.61 nm and that of 1n2Ga2zZn07 is
2.95 nm [ﬁﬁ&@ Next, observation of HAADF (hi gh-angle annul ar dark
field)-STE ges in 25 the crystal structure of InGaZnat and the crystal

structure of | nZGaﬁZl@E’tajlesl aiﬂ@msidﬁelda elEdtﬁl&Kfrictﬁ)lﬁqmﬂcr&b Wb apridatted esUl ts of
the crystal, structure, of FI G 8 M i age of the
crystal st Hﬁ%{fﬂ’,ﬂg oyt ﬁ@ﬁﬁ@%" f’é“@%l %‘%%@E@ ?‘???-’rgbﬁwglca t he
crystal st raonblUimeasofement2date dNHE eidtthofr liEr8&iod pafteras WAABPIGSSGEM itergges of the

crystal str cture of 1n2 2 no7, N&ﬁ ch§ FIG 8A—1 30 and FI G 8B-1 each
show t S LR Al RZpPpBYSIsh AuTespeRsing) to the actual | 5

HAADF- STEMmdmganera de@nt Bﬁ&émﬁu’:ﬁ&obt 1he Bathalleabilt6maf W and theim@hGoH C nunber
is obtained; therefore, e brighter dot indicates the heavier atom That

is, in the fewlivdheqyatal é'ﬁ‘fFBHﬁBm‘e stysigbgraipg candieicgplitaied 4o ba Ing@asZ8Qent | n at ons
and darker fggg2$ represent Ga or Zn atons. In addition, O atoms do not
appear as inmages_because they 5 are smaller in nass than t he above atons.
Thus, a HAADF- STENFIGSa A alil@%zrf:omnwatqf pensik eretre OaGagnuwin Whick ar st hat

a strugiur g %ahanasmar&&a&@bf mo?@{.bgﬂg#% ae@a?ﬁr%ﬂymﬂl% eekﬁid [ 0066]

HAADF- STEM | mages of a cross section crystal gr a| n 2Zn07 10
in the viciahd 8 grygipl simetuesnf fnpCa. 2807 (3ve FEGMB) és shewn.shown i n FI G 9 and FIG
10. For th‘fod@@ ervation, a Schottky field em ssion STEMwi th a spherical
aberration correcting function (HD- 2700 manufactured by Hitachi, Ltd.,
spherical aberr alﬂl tbnsth:tur60f In3aénOl, dws Jayasof 3a€or Zlit(beastdmhweath@rs vol t age

122 5 Qo Rl B AR T PP e e R iy 0
20 On the othcr hand, in the structure of In;Ga;Zn0, one layer and two layers of GaO or
Zn0O exist alternately and repeatedly between InQ layers. A lattice constant in the
c-axis direction of InGaZnOy is 2.61 nm, and that of In;Ga;Zn0O5 is 2.95 nm.
[0064]
Next, observation of HAADF (high-angle annular dark field)-STEM images in
25  the crystal structure of InGaZnO;4 and the crystal structure of In,Ga,Zn0O; is described.
FIG. 8A-1 shows simulation results of the crystal structure of InGaZnQ4 and FIG. 8A-2
is a HAADF-STEM image of the crystal structure of InGaZnQ4. FIG. 8B-1 shows
simulation results of the crystal structure of InyGa;ZnO; and FIG 8B-2 is a
HAADF-STEM image of the crystal structure of In;Ga;Zn0O;. Note that FIG 8A-1
30  and FIG. 8B-1 each show the crystal structure seen from a (100} plane.
[0065]



15 9 and FIG 10, intensity difference between In atons, and Ga atons or Zn
atons is not obvious unlike in FIGS. 8A-1, 8A-2, 8B-1, and 8B-2. This is
considered to be due to the fact that sufficient signal intensity cannot be
obt ai ned because the crystal grains are mnute. [0067] 20When FIG 9 is
observed in_detail, a structure in whi i? two | ayers containing Ga or Zn

exi st bet wed? UL cont ai ning I n (the’distance bet weeRFHR01P/ASH:IBS
containing In: 0.89 urn)-and a structure in which one |ayer containing Ga
or Zn exi st between the layers containing In (the distance between the

| ayers containing In: 0.62 nn) can be confirned. In FIG 10, a nore
characteristic stih adlAMBFSIEM imagsnd contiast. propertitmabigt the spute ofunfagosc| ayer
does not copfen id &téiﬁkdnﬁx%}ef&tz, &l@%ﬁ%}ﬁgfl inchQte% th 3.91%; gt%mt h%attip S0 ..
outernost surface is a [ayer confaling or Zn. IS 1S anintéresting
fact to undéesbewedfonr-fompentit structachbrighten dofs tehesant \bs heimsgmd i dagker J@H68]

Next, base servaiion results, f or mat.i on chanj sm of
crystal SOdIr?ﬁ%f&e'P%g%g%}e{l%@%W#%@g ani gmonbsféotrf?ga re%?salfnsag‘fsrrﬁ%faﬁlée Tinity of
a surface odretsimllexindmassethiag ahel ubder atbmy.erThasy @ MAADFrSEHM biyhago i usk er

cal cul ation._ [ 0069 . In order to exam ne the plane . orjentation of a
seed -cryst a]lﬂnévg it %%sefvgtl%? %ellhé’p lartSWShI,hmsﬁF%ﬁ‘f:tgreeﬂe'ﬁ'é?m&fm |‘?1‘§E5?Zﬁ%)2 (a
symret ry priopged sasibyf and divegtht al : P63/ MMC), 1n203 (a synmetry property of a
crystal : R@g% Ga203 (a symmetry property of a crystal: R-3C), and ZnO (a
symetry pr ff']ty of a crystal: P63MC) was obtained by 5 first principle

cal cul ation. Her IA/GDF-STEM ROBGECH TEBESscERA E)hd ErystalNirhind bEH,BRIZE0, | S
needed fo cut, out. a Céﬁ%t al surface froma bulk crystal. Th is, It can be

t
said thdt 8 W yiFiniy of the sytfaceof the spmiple afe shpymneFIS; P gnd EIG lgs Ferrthe unst abl e

in ternms ofobgéiestiy, arsdhauisensd einigionl STV VAL & Cphérical 22R86R bSrechifl 70]
10CASTEP which is first principle calculation software based on the density

functional frAiepyHDS2T09mamuacturet by bhitaehic hide ipbericah abermatio £5:af ere or
Canga) | ol oL R I8 Sl R CTTL D (PRI (D
st ruct ur e) was set to greater than or equal to 40 mrad and less than or equal to 210 mrad. In FIG
15 9 and FIG 10, intensity difference between In atoms, and Ga atoms or Zn atoms is not
obvious unlike in FIGS. 8A-1, 8A-2, 8B-1, and 8B-2. This is considered to be due to
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 outernmost surface layer does not contain In in most of the regibn. 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]



(Surface energy). (1) (Surface area) 15 [0072] Ga and Zn are

adj acent to each other in the periodic table, and atom c radi uses thereof
are al nost the sanme; therefore, arrangenents 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 afgyanged. In order to deal with such a
random ar r alQAEM37S virtual crystal L%proxi mati on wasPQREREPIP/s6iige
calculation. That is, a conposition ratio of Ga to Znis set to 2:1in a
site in which Ga or Zn is arranged, and a virtual atomin which Ga is 66.7
%and Zn is 33.3 %is arranged. Mre specifically, pseudopotentials of
atons were m xed Iaprdeh® esavee tedpetarisatation ofve seedaerysta reldted do \erystadial

atons. 25 | t e r face
energy cal c%?%ﬂ S‘E&a(% l‘}%@i?f)gﬁgﬁ%ﬁ Q%/@ %@@%ﬁ%ﬁgf%% %tﬁﬂ%g? di')riD show

t he sur f acelng®r (acsymmasdryupreperfyonf & hoeyssalr Re3¢8, 6aghof syalnetdyapropsnty & 5 11B
shows a str Ie 4 [ s on the outernpst .s In the 01) pl ane
(denot ed by&%zgo%gl’:d(l@, %% % 3y“"|n—7q'i§ PEOREY s'ﬁc?v\gy Setlal?»ggé\?%g%?@a‘i" ich In
is on the dikeprimiple clculaion. iHcﬁhﬁvrﬁeﬁéﬁergyl s (ed&gy)tpeldurﬁyareé' waRh)is I n"),
and FIG 11D shows a structure _in I C or Zn_is.on t out er nost
surface in IF’ﬁiﬂr&(tﬂ(’f'f) O%Iamﬁ#a'éﬁﬁﬁé@“bglg“l?am}@'GanI,‘haZﬁ’ )t.callgi’ fpddhatgs F| s,
11B to 11D sarfecet @iy is turgellad surfaey stfcturéris sl inkablk Sn @md oPeadr&dhfd $tructure
in an in-plang direction Therefore, the sizes of the lattices in the

i n-pl ane di FEEEYHRl SHHMHHE 1Q 395! ane are 5 different depending on the
surface strgetgyre. Note that structures after structure optim zation by
first principle calculation are shown in FIGS. 118 to 11D. Ga or Zn is on
the out® most sufFPSTEF;wiiety s firspringiple fafcylagion; spitwarg hasedpen Hhezdansion;

hovever, O fufctidRal P HUREA RS thS W dve CRICRNHGE, I WE b BoPPEAIARL] Qffacd 0074]
10The cal cul ati on was perforned in the foll ow ng manner: after the nost

st abl e energy is obtained from the following formula (1).
[0071]
[Formula 1]
(S rface energy)= (Energy of surface structure) - (Energy of crystal structure)
urface energy)= (Surface area) e ¢y
15
[0072]

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 i1s 60.7 % 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;Zn0, 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



structure of the crystal including lattices is obtained, a crystal surface
Is cut out, and structure optim zation is perfornmed only on atom
arrangenment with the lattices fixed. Note that a thickness of a vacuum

regi on where atons do not exist was set to 1 nm The details of the

cal culation conditions are shown in FIG 12. In consideration of no 15

peri odi ci t yWHIEYPY8ction vertical to'the surface, thePGIIFBMEPOGEISK poi nt
was 1. Simlar calculations were also perforned on the (100) pl ane of

I n2Ga2zn07, 1n203, Ga203, and ZnO [0075] The cal culation results of the
surface ener are shown in FIG 13. FromFIG 20 13, it can be found that in
t he surface"€@Hded.uand FHG. LH2 Ghown @ Biruatire is wrifictc 6a emdingis wf the @DEym¢sEa, Zn) 0

is the smal ] est.. | and ,Zn. ar.e , | )ig an eco le.jn terms
of energy dit}le a§eomttﬁée(0§©| psl?nee(rjfgeén% bé'u@éggatﬁ%ﬁl‘gg[.aqﬁ?s nﬁgftﬁhgﬁ ‘B2 when a
bond i s terare pktesh thyt tRey drb Misimimasts 6N p@iodafrubitrelif dil iLpland diRé@n. 25Fr om
t he cal cul ior} resnl'él t.s of ‘Lh? sur f.ace ene]i&%g/, .1t _can be easily understood
that (001): 1Hrgireyfhessizes qf the Iqtiges, in#he dn-plape directiop i the 40G1) fane rasen ¢ he
obser vatj ondiffegitl Bépeding o tht Osupfek shgthrk K eNoleOdr htriureP TRET bdRAnOf t he
surface energy of (001): . .Zn) 0 and the surface energi/ 30 of the (001)

) : (Ca, 0 ar ,
pl ane of zrGHmizatig By firsbPrinaiRls sieuation str showp dFICSTAER h!1Pn Sfaarifaisr yst al
grains of |48 R0t dRe i Be):65 OAfberdi {Eﬁéﬁk i | the
growt h mechani sm of %She cryétgjlEIJ jgr ains of I%Flrtzl%gZZ OI{;&V?II n@gcgérﬂl gpgy
descri bed vinthe pui¢rmostrodaqedyRtr@Sure ppimizatiael C. [ 0078] The vapor pressure of
ZnOis lar q?ﬂﬁ]d Is easily vaporized. Thus, when heat 5 treatnent is
per f or med, e "conposition ratio of Zn becones small and that of Ga becones
| arge i the vi ciThé¢ talcuddtioniveasqerfbome iofthd fodfowingGaarndar: @ftkcthe thoanmathious
oxi de sem conduct or [y { . FI.G.14A) .. Wien the surface.ener 0
(001) : ( Co. SR ng AUSEL bpifinl it N opiihEE § BSest BrRE iRt otett
conpar ed, tsoectguerdptiodzatine isgyerfokméd 6dly :op Giom Afcafpen@niSwih lthe Wttcesyfixed.

nt ai ni n i r n. rf .
conta 9 Igor'{eo th%pg tlﬁ%c?mﬁssotf & v%ﬂmoreglgn W ereazﬁgﬂls do not exist was set to 1 nm.

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 k point was 1. Similar
calculations were also performed on the (100) plane of In.Ga>Zn0O7, In203, Gaz0s, 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 .stmcture of In,Ga;Zn0y, 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 r_esults 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 InyGazZn0O7 can be understood. The formation mechanism and the



10 and the amount of ZnOis small on a surface thereof; therefore, a |ayer
containing Ga0 is stably forned (see FIG 148). Accordingly, the crystal
grains of In2G27..n07 are grown fromthe above |ayer containing Ga0 (see
FI G 14C). That can be easily understood when it is assuned that the
outernost surface is a |ayer containi ngGGa and the second layer is a |ayer
cont ai ni ng MNP PHEHE 10, " 15[ 0079] Not e that thePGPEHEBs6ERer gy Of
(001): (Ga, Zn)0 of I1n2Ga2zn0O7 is smaller than those of the main planes of
111203, Ga203, and ZnO. Thus, it can be said that 1n203, Ga203, and ZnO are

not separated from each other on the surface of the oxide sem conductor
| ayer as fafoyth mechaaisyeafdheriygial aing of haeGasZnOnevill herbaieBy dessribsd with [ 0080]

In crystal gromchio ABsa14d @yachavi ng small surface energy, crystal grains
tend to be formed nore easily and crystals tend to be grown nore easily,

than on a plO8%4 having | arge surface energy. Therefore, (001):(Ga, Zn)0 of

| Nn2Ga2Zn0O7 is |i | d LA C O AL Wi | n203 203,
ZnO, and the Ii klgﬁk?o#ogggaﬁ?#%ﬁfit ég I%%géahuaril Saé(:?’ie1 en%’rﬁggcdbf &‘Flbqof%?? E%"’l?aZn) Ois
smal | er % hatteathent ds pérfarmed,( the Cpmpbsitien oitio| of 2238 Deddes (sBAll )ank nthatasfdG4 001) : Ga,

Zn. Thus, t - ' kkel v .t 0  (Ga n)0 and be
C- axi S-Ori e%%%@g%gﬁihezgg l%gg(gfrt!’%%d—t agﬁggtélfq?{&%éé}ﬁ%ggse eaér!?r?ztwgif K€ heat i ng
t he sur f aceseoficonthectatiyde(s8OFEER t#AD N dMitdinahe $uafaes enekdyeofq00II{(@h, ZAN@ians Of

| Nn2Ga2zZn0Or7 [ s c-axi.s-orjented are fornmed in the vicinity of the
surface ana‘“gf&&?f? ‘“’_?ﬁrgy&c ita‘é_(@&?i@ﬁcﬂf&@ Wea§RuRPafess theeSiElere ehfrebetric
characteri SﬁnoquaM)ohis isaBUl Aade chitiing TR0 SRNANG {OTorMEY b & surface

Alternatively, the oxide sem conductor |ayer has high reliabi 1 ty, which is
sui t abl ¥ f gndghesamauabofdinQ isrsmall\pnacsurfprobapofs theeeforataloyrs conteiningtGas, and

the like deggiablye@rhdy B FrEmansi RO 'grgﬂl AR, AL e wth
any of the metahgds, stérsuctures,sjand trhe |’E€e g@ggllr eé%?%‘%te’%é ot’hagér ‘
enbodi ment royndes] theerhoye i laxen ccoptpining 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 InyGa;Zn0; is smaller than
those of the main planes of ln;03, Ga;03, and ZnO. Thus, it can be said that In,Os,
Gax0Os, and ZnO are not separated from cach 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 plancl having 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 InpGa;Zn0O; is likely to be
crystallized in comparison with In;03, Ga;0s, 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 (601):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 InyGa,Zn0; which is c-axis-oriented are

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



10l n this enbodi nent, an exanple of a transistor as a sem conductor device

and a manufacturing nethod thereof will be described with reference to
FIGS. 15A to 15D and FIGS. 16A to 16D. [0084] First, a conductive |ayer 302
is formed over a substrate 300 (see FIG 15A). 15 [0085] Any

substrate can be used for the substratg 300 as long as it is a substrate
havi ng an i REOAHYHE surface, for exan@l e, a glass subSTAFPPEIES
preferable that the glass substrate be a non-alkali glass substrate. As a
material of the non-al kali glass substrate, a glass material such as

al um nosi licate gl ass, alum nohorosilicate glass, or 20 barium borosilicate
gl ass i s us@acllepp elegtignghasactqgisticsy sihichy dis « spitalle pfor r aytsemBppductns fewicst at i ng
substrate fAidRAiveig] thY oRile SRS r i ) iBbR fofy quart z
substrate, or a sagphi re esubstr%%%? %ﬁg%gglgﬁéﬁga?g{&g’tﬁoésﬁtq?gl%lg‘m\%ﬁ?c IS
formed usi rigmicosduetaE@ptic:t or material such as silicon and whose surface is
covered wi tjjogy i nsul ating material, or a conductive substrate which is
formed using a conductive material such as 25 netal or stainless steel and
whose surface i sThowethods,ittubtuees, indsiike dikiendgseribied rin ahis cabolimens exh bed pl asti c
Substrate ' | t at.treatoent in a
manuf act ur f‘%g’b%}ﬁ gg%géj.rbi?a B‘gﬁh e&c@%aiﬁghtoﬁggtrp%@lgg aggghﬁq?(epqeé‘?@lgém y forned
usi ng a cornbeathénesbodimenisal 30 such as al umi num (Al), copper (Cu),

nol ybdenum[ , tungsten (W, or titanium(Ti). As a formation nethod, a
sputtering *method, a vacuum evaporation nethod, a CVD nethod, and the like
are given. (Embbdiment®e of using alum num (or copper) for the conductive

| ayer , Since um numitself (o opper. itsel f) .hag di sadvant ages such

ne Fow Wont °r oo 1 Beinel Bn bl St s ot B o e S B A by

forned i n endbfao@tihg meiodth@earontiuet desaibeatvaih aferfiay itd I ats A ®SIsE ance.

[0087] 5As th ct] mat eri al having heat resistance, it is possible
dE16$164% 1615,

to use net dP
[0084]

-

First, a conductive layer 302 is formed over a substrate 300 (see FIG. 15A).
15 [0085}

Any substrate can be used for the substrate 300 as long as it is a substrate
having an insulating surface, for example, a glass substrate. It is preferable that the
glass substrate be a non-aikali 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.

10086}

The conductive layer 302 is preferably formed using a conductive material

30  such as aluminum (Al), copper (Cu), molybdenum (Mo), tungsten (W), or titanjum (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



contai ning an el enment selected fromtitanium (Ti), tantalum (Ta), tungsten
(W, nolybdenum (M), chrom um (Cr), neodym um (Nd), and scandium (Sc), an
al l oy containing any of these elenments as its conmponent, an alloy

contai ning a conbination of any of these elenments, a nitride containing any
of these elenents as its conponent, or,10 the Iike. The conductive | ayer
302 may be ngr%éi"ﬂy stacki ng the condifcti ve material HAIHEEPIPRoKL1S

resi stance and al um num (or copper). [0088] Al t hough not shown in the
drawi ngs, the substrate 300 may be provided with a base |ayer. The base
| ayer has a function of preventing diffusion of an alkali metal (Li, 15

Cs, Na, or qon@crw?@yer 382 sarcaallmn@lmasqlﬂommpr itseH) hayiglisadvantages suckey , or

other i Mpurpdi fse fr Fgmﬁcpemﬁups&ﬁo%@y %90% E'Gh W@fé?e};ab?%%hﬁédoqh of the

base | ayer can realize 1 nprovenent ere abl 1t e sem conduct or
devi ce. ThecoblémetmawéhaQWUUHemmUthMeastmcngl e-layer structure or a
st acked- | a JitrUCt ure using a variety of insulating materials such as
silicon ni tr| silicon oxide. Specifically, for exanple, 20 a structure
in whicl si I i conAsithier cogtductivel nsatdriat bavin hehe rasisened, at:isqxdssimsle tdate meder over

the substrate 300 is avo Thi s 1S .becaus tride has a high
bl ocki ng ef PEaT kgaT if elmegL Sb‘ﬁ%&‘? Q- ttgniym (14 ?FE"%JPWE?PZ‘? n{‘{“ﬁﬂf’fbég@ wher e

silicon ni txmlylﬁemsnl(Mo;t,ou:Hraﬁmnv\m:rbL ﬁéoﬂﬁﬂiuﬁmﬂd@phﬂd scanbiRie (8§, #n PGS bi l ity
that a problem occurs Sr‘?ff‘?%‘? sem conduct or eI I bus, icon oxide is

o of ey abl v RIAPTEATS Of oy s 1 BB, G RS oW P Fompipanion of
sem conductady of (HIQBAEmNRS ta, nidide esmshmgmi( o3€lfl:sd Slemieitead ity EdnypdneatTBd over

the co uct | a 2 an c ive Iayer 302 is selectlvely et ched
using t gée'slllei%et ﬁ"s‘f? gﬁfﬁ“’cyﬂ'}’@i %V betom hvctacking dhe copdyctive matgrial: iy
functlons a.awagmmsﬁiae@etarnedmmlﬁnﬁgfr@sﬁbef)see FIG 15B). 30 [0090]
mat eri al , @ﬁt exposure using a photomask, and devel opment. For the

appl i cat i orﬂ lthe resist material, a method such as a spi n-coati ng net hod

can be enpl oyed. AlRsigR a6k shbW8 if @8 'd?.akmx'i@ﬂﬁc%%trﬁ?@%ﬂ@ﬁm? 8k BRAidéd iul:0r med by
a droplet di schargl ng nethod, a screen printing method r the ltke. In

this case, basedayer.eJehe hsel layen hasadpoetionef peverying dfusivotod amalkali vetab(lopment ,

and thecli ede t her ove n ducti v. can be
achi evgla %t t‘ﬁgﬁé 2 ?"e%f‘%lfnenﬁﬁ {} g‘ﬂ(l & Ve n@éliﬂé?)t 8&'@ "t‘?b'ﬂh?%ti ve

| ayer 306 ifonf érenmibstite S00hi g othbe m”sdtpedmsi@ by b&@ﬂay«{rO&ﬁliealTi’be resist
mask 304 may be forne i

usj.ng. a i -t.on he 10 nmul ti-tone
mask is a AHZRVERELH co@‘ﬁ’%&ﬁt ?f’é’ﬂ?qéﬁb\‘it’f’%g%ﬁﬂet i ﬁ“‘e £ lpyeg may; bs ensi ty.
Wth the usemell i@ hiee 4 ‘smgle-ﬂ@effﬁﬁiétur@ O£ a lstaBRedeld o0 Sthi@urs dind QV-edrie
process al|l O\I\féa resi st1 nma i yral thicknesses (typically, two ki nds
of thi cknedisg 5‘“& pagpalp chiiteaa sl lcon mtnde or silicon oxide. Specifi cally, 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 (sec FIG. 15B).
30 [0090] ‘

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




By use of the nulti-tone mask, increase in the nunber of steps can be
suppressed. [0092] 15As the above etching treatnent, dry etching may be
used, or wet etching may be used. In order to inprove coverage of a gate
insulating layer or the like which is forned |ater and prevent

di sconnectign,_the etching is preferab performed so that end portions of
the conduct WEHRY®306 are tapered. r exanpl e,  the @Wﬁ“ﬁ@@@g%ﬁ% are
preferably tapered at a taper angle 20 or nore and | ess than 90. Here, the
"taper 20 angle" refers to an angle fornmed by a side surface of a |ayer
which is tapered 1o a bottom surface thereof when the |ayer having a

t apered shapaterid, Bd expasyrerusigg, aphotamask.cand dewlopment.; Jtor ithapplicsiosjof Next , an

i nsul ati ng haY&ist R8N Glathbd Bedhl RASpfScodt hSH tgn{],@%' ;J Y efystbal, 25
forned so as to..sz':ovefl t he tconducti_\/epl Zcfgtrl 0%:3(2‘2% t%l G1 &? e@ﬂgﬁ

i nsul ati ng theyesist 38k 394 By boseledlivelyi fegmed hntaedroplet digdiarging gicthedom oxi de,
silicon oxyfjd.ti . Sl { L de, , Shqk L.eangnifri -0 | m num oxi de,
or tantal umﬁg%?{l gsmlﬁ?gulhﬁ&s)’u rg!tl% E‘é& 6{1;/21?1& §%sg trtrlgftegf gghglg egg?sr'rlgéd “ﬁﬁ St acki ng
filnms fornephotsinashedayelopmenti ahd theThike eard inbhweaded; thesfareabhprofawencdnt 0 a

t hi ckness o Helpe 2 ro.Le b uttering 3 t hod or
the |ike. F‘;&?‘ﬁ’égg&n‘gwéag‘ﬂ?%di ﬁgﬂ amf‘?‘n‘g‘,“’|r§§s}setr‘¥§%83,s(ﬁa‘ss‘i°1”i°¥%‘na@%€ i film
can be f or neddictivalayéri 30k isfosnai bylhimthbyonduajppatiidyer 3029 net hod. [ 0094]
Alternativ 5591 the insulating layer 308 with a stacked-layer structure may
be forned gy cgnbi nation of a sputtering nethod and a CVD nethod (a plasma

CVD net hod or t h&ht irésist .mdsbr30dxaaplbe, fofinddoiniig b ayiti-tode ask.| Hewd, ahé Ng | ayer
308 (a fegion.in 5 contact with the_conductive layer 306) is fornmed by a

o i 1470 MeHG A B e ordls B SRR PR s RNk et BbaTban be
formed by awhptictuet ofmaBitacmask, 06EtiRe Exgosurdiahd ddvalopmai Ro&kLAlonOy Er age i s
easily forned %Eé‘@la rmb@{:gnrreth@d,_ 'ht is sujtable for a nethod for
formng a fFYhAe thy @“‘3 SIS arate rodirdg il thidgssepiobsdorigde of
using a spuy e oNge RN nfibk) GRerdabe inThERTNber Bf tGACEELINPPRERA.
concentrat|8 }0 inthe filmas conpared with the case of using a plasna
CvD method,[ 'EV providing a filmby a sputtering nethod in a region in-

contactiswi th a SARGROMGWS teling a¥ffnent S éwﬁrg)ﬂ?ﬂ bé OseldDér \L,asetﬂh%rg @%,yl ayer

308 can be prevented from being diffuséd into the seni conductor [|ayer.
Speci fi cal .Ib§usgdy A opler incinyuonccomerass of 2 Baly insulainglagerrgrdho snwhish im gr eat

i nfluence gpmeRasACIA Sl hiecti + I cture.
15 [0005] DHHEUR ek Bucobboclin, B G plA AW Rk P ML T e
refers to #05198%phieccondustive tayendisaradapsredx y femexamplenthe ¢ndeportinns aogen
(atons). F 1l1co itri i ncg_ i ngl ydi ng oxygen,
ni trogen, g’hf?té%g%pgﬁcga%?déﬁ E%ea%gg?ﬂsfﬁgdé%ggf] g %%S 3#133%0?'0 ﬁrca@.c ft’j?ap at. % to
15 at. %0 2Gngt” %fére t8an ahglRofomnd B 4 sile. Wrface d0a adyePwhRfl i asgReatovel V.
Further, nitride oxide refers to a supstance that contains nopre nitrogen
(atons) t hRAMYR YEACe Retshk Whe ghe By pving 3 t2parsde iepiit opirEveddrom 4 s a
subst ance icres-sudtioghl ayegisRn, nitrogen, silicon, and hydrogen in ranges of 5
at. % to 30 @{.% 20 at.%to 55 at.% 25 at.%to 35 at.% and 10 at.%to 25
at. % respé 9133|/ely. Note that the above ranges are obtained by nmeasurenent

usi ng Rut her f or dNBAC ks GibifaBid Mer 306 MBSH RARIINY a6 RBRte Msuld¥dl 948N i Or war d
scattering spectronetry (HFS). Moreover, _
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 total of the content rate of the constituent el enents does not exceed
100 at.% [0096] Next, a sem conductor layer 310 is fornmed so as to
cover the insulating | ayer 308 (see FIG 15D). In this enbodi nent, the oxide
sem conductor | ayer described in 30 the above enbodinment is applied to the

sem conduct Qr_| ayer 310. The above enbgt_?i ment can be referred to for
details of PRbXIE senmi conductor 1ayéf. [0097] PGESFRIIP/PELISI 0 thi s
enbodi ment, the case where the sem conductor |ayer 310 is fornmed using a
single layer is described; however, the sem conductor |ayer 310 may be
formed using a stacked-layer structure. For exanple, the sem conductor

| ayer 310 n&’? be formed by stacking two or nore oxide sem conductor

| ayers each of whiighhaliasty, and idshighif ayGOs080%ith 'Ot cRUEE: a@mangau%@-wg | ayer
308. Alternatively, the sem conductof |ayer 310 may bg forme st acki ng
two or nor efoFnediby sembimatitaelt pputiggies methedandfa GNDchethed (2l plafor 47D

crystal lini A0 ' L Sr tal r.oed over
the sem con 5‘3?%9%%‘?}' gﬁ&gtegﬁrgplé,ﬁazb?é%ggegﬁg%%?&fnggﬁ&;%% }séggogllﬁergt ively
et ched uUsi nepntaklewith ghes condugtive Jaer @hkiscloymed by @i MondUCYDr mbthydandBad i s

formed (se . S| 1 be farmed.in a manner
simlar toelfpﬁglﬁa%%%ﬁhg Jr;%'ga?ig iﬁgrsi(%él@a&m @&edt% P{étsg 't%%gn # é%ﬂ‘s"? n%lgﬁe’f’,lz S

renoved af tfiim with fawmblo sigdp covaragealy exasiBl forined be ranpldsniny CHYIXT hiettgd) hds 15

sem conduct ot .Layer. 310, . [0Q99]. . -Ei t her t etchi.ng. or t chi ng

can be enpl Sgli}%b&ggosr aalﬁgte?%holr% R ﬁggnﬂrgﬁﬁ)f gtfov\fl\ﬁ?? cé’f'@‘?ﬁ"ﬁ lagpr ?(;% o

sem conducttbe cdsapPusiDspuleringemethinl, sincat it cuae ceRd@e)hyp@Btl Sohcaitratibe .
sem co ctor. layer 310 is r.enpved by wet etchin Si a m xed sol ution of

20 acetit B0 ?Sr‘foé“pg{:e?ld‘;"ﬁ’anﬁﬁCﬁ?déﬂﬁﬂgiacpl%?ﬂaoevﬁémﬁ by REOvIing 2 onduct or
|l ayer 314 dith be afspttihg dethai ilhatregion @ ebiiit Witha etmitbiBiceplafet,aRd used in

t he above t. etchi may be any | uti,on which can_etch_the sem conduct or
ayer 310, FAIPERDID it mpdaing Jaye SO8 1550 e RiEtsnieg o bringi useq datodhe 25vhen

dry et chi ngeinscopdicio@nared, Sposifiedlig) Rl &n oRide 38micBidud@k M cE NiRE IHY8rogEn @ gas
has a great influence on characteristics, it is effective to employ such a structure.
15 [0095]

Note that in this specification and the like, an oxynitride refers to a substance

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
(atofns) than oxygen (atoms). For example, a silicoﬂ 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 obfained 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,



i ncluding chlorine to which oxygen is added is preferably used. This is
because by using a gas including chlorine, etching selectivity of the
sem conductor |ayer 310 with respect to the conductive |ayer or the base
| ayer can be easily obtained. [0101] 30As an etching apparatus used for the
dry etching ng apparatus usingza reactive ion i met hod (an
Rl E nethod)“mﬁﬂ[ﬁﬁggé et chi ng apparatug usi ng a high- de‘%ﬁ&?ﬂ%W§§Wh source
such as el ectron cyclotron resonance (ECR) or inductively coupled plasna
(1CP) can be used. An enhanced capacitively coupled plasma (ECCP) node
et chi ng app@paaus may be used by which uniformelectric discharge can be
obt ai ned ov w de area as conpared with an I CP etching apparatus. This
ECCP npde et chi nQNoippar it tiE adddidRnt TR £xeWheNahe wﬁao@u&abfafy&am 9f the
tenth geneﬂgtlon 5or later is, usedH§£0102 Next, a conductive | ayer
316 is for niogmedusing 3 single layer 1§ descriped; hayevey thespaticogderterayer 340 gembe onduct or
layer 314 (®agedisiagliiickedBferSRRAME! | P‘@r xANBIE tﬁé‘-@nﬁ@tﬂnﬂ@&oﬂc lgffﬁrggﬂ By N9 a

uc

mat eri al_and by a method which are simlar F% t hose of the Tton ve 10
layer 302. lroformsdihpstackieg bve ot oxide seayecrnds%r lazers isechf of whigh th@ have a

si ngl e-| ayedlﬂ%ﬁﬂ&ﬁrgybﬁh&; ofer TR Mgﬂﬁn%rfg}e?%gé &nzﬁfv%@nﬂ]g @:xlnﬁ:&?druttor

Alternati vel onductive | a orne to hav
st acked- | ayleycf S8 wray hedoraned by stackiag dwe op med@ddd Symonducrt@rdamrecaoh ofin

al um num | aygty ads; r&h%ﬁ@hﬁﬂh ayer, for exanple. A three-layer structure
in which a titanium e l umi num | ayer, and a titaniumlayer are

stacked 15 [0898]hi s order may be enpl oyed. A three-layer structure in which
a nol num | a denum l.ayer t acked
ybﬂp y%fe t Qpcs%* S5t B el{ilﬂ@ﬂ% ?«%ﬂ#ﬂ/el?@&mc gDerX.ﬁ) rﬁef“ég;/“é‘?“ (())rrﬁl%elr ﬁ}(i g

in this order an a uni nu
neodym um (aed tAb shbhdoa@meto)r lagy 316 lSSSBﬂ:CﬁB:ljl eeched weing Uuhe Irésyed rmaskesi2f or t hese

mmy have o e PR ilel Bhe & IERPEIseH FIchmomly oRBoRE arsl metl = >°
20si i con. Ilakﬁﬂ]be formed 1Ne>ﬁianner simfarsto thsif telRsistndask 308S i thcﬁﬁéihh@ZO are

sel ectively t he candyctive | ayer 316_and _the co ctlve | ayer
316 is sel er(‘ﬁl \Pé‘?s 32?!?%‘3" g"g‘ #‘ﬁée?lé?gf‘@%t%ﬁ?@ Szi%m’(eﬂiﬁ' 1 Bonduct i ve
| ayer 332 whinionduengldyensicas one of a source el ectrode 25 and a drain

el ectrode 3?&)3 conductive layer 324 which functions as the other of the
source ele Bde and the drain el ectrode (see FIG 16C). Here, the resist

masks 318 and 32@itkafwdpetchiap BBy dﬁclﬁng'f&i\%renﬁilé;eh Ak ah Ctchigmdodldigy r €si st
mask 304. Note that the resist masks 318 and are renoved after the

conduct i ve Phipe etchingpf theseacondyciorriayerdd0.n Fosczample anHmnecssamcpttien | ayer
316. 30 [OXf4fle semiconductor layer 310 is removed by wet etching 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



[ 0105] Next, an insulating layer 326 is formed so as to cover the

conductive | ayer 322, the conductive |ayer 324, the sem conductor |ayer

314, and the like (see FIG 16D). Here, the insulating |ayer 326 serves as a

so-called interlayer insulating |layer. The 5 insulating |ayer 326 can be

formed usin terjal such as sili co&;6 oxi de, alum num oxi de, or tantalum
0

oxi de. The %922811 5% | ayer 326 may al 80 be formed by SHACRIHYCHErs for med

of these materials. Through the above steps, a transistor 350 using an
oxi de sem conductor layer is conpleted (see FIG 16D). [0106] 10As descri bed
in this enbodi nment, bépmanuf acturing a_sem conductor device with the use of

the oxi de seupledRlsme JEF) eandie used c Anydanced eapacitively sowplesorlesma (EECCPhe entry

of i mpuri ti 8§ Gicking apRirsihd! nfayd0 ubddChy Wfifch hrlifoPm! fgctB laflenagMbaOREUCE OF
| ayer can be suppressed. Thus, the reliability of the sem conductor device

can be i ncrebiaieed oveDaovifle aE as tcnmpared ywithgan fCEcetehing gpparatesyi dbindEEEDr devi ce
with the u for il ' ' | [ e

enbodi nent ?rﬁg&%;é%ﬂ%;%ﬁ%@{%g?ﬁﬂ%{/?@@ ' %I’Rl,e gg'%{ %gﬁgﬂet% gg?’? it%t% ar?%(t??ﬂe/ri stics
can be pr owirdater.is §6d.08] The net hods, structures, and the |ike
descri bed iBlé:{ii s enbodi nent can be 20 conbined as appropriate with any of
t he net hods[, Structures, and the |like described in the other enbodi nents.

[ 0109] ( Enbodi nedext3a comluttineslapnmil3ddiisfonted snmtth eovee tieniphdatfy 1ayet B@81Si st or

dascr: bed i S Sy 5 SoTRRY BBy AR’ 1a” ofF st nor e

t hat many [famici Bingan wideHaddnd b armaethddbahich iaregsimil aanithae db ¢Heawondigtivee i n
odi.nen t her ef or e,

LS, TP BERSE oSSR IR LARE Byt NS 2R REP R, Sk DT o,
W || be dessiéthedof 1 nfdgbdedum JEOdd @]titaninm layer. Alternatively, the conductive
layer 316 may be formed to have a stacked-layer structure and can have a stacked-layer
structure of an aluminum layer and a titanium layer, for example. A three-layer
structure in which a titanium layer, an aluminum layer, and a titanium layer are stacked
15  in this order may be employed. A three-layer structure in which a molybdenum layer,
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 sclectively formed over the
conductive layer 316 and the conductive layer 316 is selectively etched using the resisi
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.



First, a conductive |layer 402 is fornmed over a substrate 400 (see FIG 17A).
The above enbodi nents (the description with reference to FIG 4A and the
|ike) can be referred to for the details of the substrate 400, the
conductive |layer 402, and the like. A base |layer nay be fornmed over the

substrate 8% T %ﬂabove enbodi nent caﬁ,also be referred to for the details
of the base"PAEM*D111] 5Next, a resf'st mask 404 is SETEEINYYOS or ned

over the conductive | ayer 402 and the conductive | ayer 402 is selectively
etched using the resist mask 404, whereby a conductive |ayer 406 which
functions as_a_gate electrode is fornmed (see FIG 17B). The above enbodi nent
(the descrlﬂyﬁﬂn with reference to FIG 15B and the like) can be referred to

for the details Qfxid mﬁnglﬁﬁin%tla?ilﬁﬁfﬁ ﬁ@&meﬁ ke asCBf?:GlHﬁt:hé/&mh&’eX"%E 149853201 he
etching, 10and the [ik hen, an insul ating éwﬁer 4D8 whi ch

functi ons dBe gonsiaetive; layes| 334, thy Splagﬂendch)rflwehém sgd ghe tlllse s Gt HD).
d
conduct i ve gay&fe ‘&r@ﬁla& ?ayEJ %3_61%9? .-%QX scé&% Eﬁ%&er | e @@E‘% ' p“ on

with referencé to C an can
det ai | s Sof mﬂwéatmaéa)fﬁa&m@nl ey formek 8singd ntlah@'lal smi; as[ Glicb8]oxide, alumlnumA

conduct | ve ety hula? ol L ohe o ink PS¢ all Sl BBy LEF, 408 (see

FI G 17D). e cton Ive a er or med usin al fand by a
net hod whi dhmafened mof [tizse mateu'ﬂalss eTixough the abodustepsy @ ttaagmor 3MRusidgnamt her

wor ds, the abpve 20 0 e, desgri on with reference to FI G 15A,
FI G 168, afdTREMPK IR R torindiea RESFIC PApPT 1 L0 Lo S [0114]

Next, a reqﬁﬂkﬂnask 412 and a reS|st mask 414 are selectively fornmed over

t he conductive | 0, an ctive layer 410 is s Iectlvely et ched
1o gt r ext st AbgesrHERl B s, S R b heuii e SrieRontE deyitch
functions agthohe uef ofahs exme:@enab@ﬁnmdﬁyamés@béd &i the @b® et dibdeinRaf] tiee
conductive Iﬁy f 418, mh ch functlog aFH%h ﬁ§her of the source el ectrode
and the dr &M 8 E’EH“F’HEfe © e JROIEPTE 2pd e like) into the; axide, sempconductor dayer gapy can be
formed in @e @immgedsn Thbsathelréliabiligy ofahe §didcdn@sdiot deWRS karMincrbistdner wet
etching or etching can be enpl oyed as a nmethod for etching the

conduct i vel Qgﬁ@r 410. In 30 other words, the above enbodi nent (the

descripsi on W t hFgke eNashukR ol Ehicdrlifetdrdovic@ ittt e dsi b€ IheCatiadIe
referred to for the defails of the resist masks and the etching %P 15]
semiconductor layer described in the above embodiment, a semiconductor dev:cc wit

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



Next, a sem conductor |layer 420 is formed so as to cover the insulating
| ayer 408, the conductive |ayer 416, the conductive |ayer 418 and the |ike
(see FIG 1813). In this enbodi nent, the oxide sem conductor |ayer described
in the above enbodinent is applied to the sem conductor |ayer 420. The

above enbodj 11,0588, be referred to fopg5Sthe details of ]
sem conduct or a{/er .6 [0116] Next, a resist nmask P@%@%@ Bctivel y

formed over the sem conductor |ayer 420 and the sem conductor |ayer 420 is
selectively etched using the resist mask 422 so as to forma sem conduct or

| ayer 424 (see FIG.1 .. khe ove e pment (the 10 d ription with

ref erence tlg?elfrleeito i‘g%@ deﬁlg Of%%f&,s‘?bﬁ?ﬁ%gtgﬂ@qﬁf &‘E‘}m‘égﬁ ]lﬂ@r ?@fe‘ﬁ“ﬁéfﬂf {‘)‘E?'f or the
det a: | s of ,f\fbeserlﬁﬁd;gﬁaylmf&n&ﬂd)v&hﬁweﬁlﬁshhﬁagwo.[ Om?]eﬁlbove gmbodifﬁbnﬁlr&an alko 6 th
i nsul ating | ayer 426 i or so as_to cover the conductive |ayer 416, the
conductive ?%%%Feqiﬁ?”?’ﬁgﬂg‘gﬁqé@n%%laﬁ?n | ayer 424, and the like (see FIG
18D). 15 HeHrOQn]t he insulating | ayer 426 serves as a so-called interl ayer
insulating layer._ The insulating | ayer 426 can be forned using a materi al

such as 3ilicon O%itaresist watkftthivsslestively formshpvar the condustive Iaper 40890d at i ng

| ayer 426 nmgy cahdietiiCiaf@r480s R¥lesivakithitd istddbm s Rk bheshtBtgrial s.
Through the above steps, a transistor 450 using an oxi de sem conduct or

layer is cowpfluatise lqysedUbichdmyctionppp z1fe electrode iy farmsd (s ddGi A7Bi s
erbodi ment , ianIAMHRAInn (e AesBRORARMHELIoARMIEE) 1 Ll b0 fren Bf 1 he

oxi de sem conductor |ayer descri in the above enbodi nent, the entry of

i mpurities wekengd to fepihetdgialls ghthe tréndst magle ¥04, theccondustivs layer 4dntheatabingt or | ayer
can be ﬁijpJSg lgee‘% Thus, the reliability of the sem conductor device can be
i ncreased. ? 119] Further, by manufacturing a sem conductor device
with the ud@1¥] t he oxi de seni conductor |ayer described in the above

O e PG TH e St RIS £ BB PR 1
in this entfodnedend asatw bever ohbiweductise dpyprofd Gice FIG HL7aY)y GThe tdbeveret hods,
structures ’emqb%gintlc?lg (tﬁ ! &(cgcn%%%g wit?&gfeii'e?lcé tf(l)eFI&t ﬁpd’an% rll?eolqli(er}%ﬁ 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 16RB, 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 5o 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]



[0121] (Enbodi nent 4) In this enbodi nent, another exanple of a
transi stor as a sem conductor device and a manufacturing nethod thereof
will be described with reference to FIGS. 19A to 5 19D and FIGS. 20A to
20D. Note that many parts of a nmethod for manufacturing a sem conductor
device in tl L ment are common tegthose in the a L jyents;

t herefore, é’:@%?ﬁ%n of the comon pg?ts is omtted mﬁéz}ﬁ@&%ﬁy
different parts will be described in detail. [0122] 10First, a

sem conductor |ayer 502 is formed over a substrate 500 (see FIG 19A). After
a resist mask 50 |§ sel ect&vglé fogt?&d txlg)ver t he sem ca ductlor Ila er 502,
the seni conduct or Ty EGIIYOTIaYeL 427 POimes 0B A0 FOY i ghe ISulpNg layer ppsk
504, wher eby¥08; tizehdueiickiayer 416 akecond0five Sayb 04186 d findikeee FIQBBR).| Mat hi s
enbodi nent, .t he o>éi de sem conduct or, | ayer described. in thﬁﬁg’bo_ve enbodi ment
i s applied 5 ¢pRedmacmt dhger et%ﬁm‘i@d}’ca‘?/‘)e/'?y% scrippfb In 16 gRovE FHRTIEAt Scan be

referred toagpiied td¥he S@hiddndEctof laydi@120X| TR HBGE &RPSHEER cant BY RYerred REfcRDOVE

enbodi ments can al so be referred to for the other details. [0123] Next, a
conduct i ¥e thegetilsefdhe exidesemicgndygtordayes cover the semi conductor |ayer 20
506 (see Flfg11§C). After a resist mask 510 and a resist mask 512 are

sel ectively formed over the conductive |ayer 508, the conductive |ayer 508
is selectively etN#tb@ resdst mysk h&2 1Fé§1Ff§tV°’r¥ﬁ)§/Wﬁ oyer thp semigonduetatleydndd0| ayer
514 whi ch fipché @ﬁﬁcﬁﬁu&&qaﬁfr 480 RUHeCEveh Gl AR AT e tqiaﬁk RaElfLl, ode and
a conductive layer 516 which functions as the otﬁer of the source el ectrode
and t he dr afonmep eemiconiductor elayesr Al (§eseBIGR1 Q)9 DThe Theva sombediznte fhodi nment s
can be {¢f hdstbiioR wiflrerbfcd18 iG] 58 FG 164 I e 1@ chRUERIESE HAKE™ 518
serving as a gate |nsu?at|ng l'ayer s formed so as"'to cover e

sem conduct datailsaf the &6 maskynddbaedchdeg.ve | ayer 514, and the conductive | ayer
516 (see FI@ gﬁA). Then, a conductive |layer 520 is forned over the

i nsul ati ng 6 ayer 518 (see FIG 20B). After a resist mask 522 is

sel ectivel y for nddicmwe insblaing layer 426 is formed so as to cover the conductive layer 416,

the conductive layer 418, the semiconductor layer 424, and the like (see FIG. 18D).

15  Here, the insulating layer 426 serves as a so-called interlayer insulating layer. The
insulating layer 426 can be formed using a material such as silicon oxide, aluminum
oxide, or tantalum oxide. The insulating layer 426 may also be formed by stacking
films formed of these materials. Through the above steps, a transistor 450 using an
oxide semiconductor layer is completed (see FIG. 18D).

20 [0118]

As described in this embodiment, by manufacturing a semiconductor device
with the use of the oxide semiconductor layér 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.



conductive | ayer 520, the conductive |ayer 520 is selectively etched using
the resist nmask 522, whereby a conductive |ayer 524 serving as a gate

el ectrode is forned (see FIG 20C). The above enbodi nents can al so be
referred to for the details. Through the above steps, a transistor 550

usi ng an oxmp? LeEnductor | ayer is npl eted (see FlI 25] 5As
d G%%ﬁ @Q &ﬁ_@:?(;lp/o%fgél

described in I S enbodi nent, by nmanufacturing a sem con 0 ce with
the use of the oxide sem conductor |ayer described in the above enbodi nent,
the entry of inpurities (e.g., noisture and the like) into the oxide
sem conduct 5 yer can be suppressed. Thus, the reliability of the
sem conduct or vice can be increased. [0126] 10Further, by manufacturing a

sem conduct Emistetthar4i th t he use of the oxi de sem conductor |ayer
described in the abave a sem conduct or device with favorable

odi nent_,
el ectric charact ePitut pRROQDENt Aoy GYample ofajfasistor as a semicomquctardeyisys

struct ur es, amiglmahefadtinidy MEB6d tHoRAS Will b isscABIACHIHRM e o PEGS SoaaRbI ned as
appropri te}{%th any of the methods, structures, he [ike described in
e

n and the
the oth &P‘i‘rgﬁ%.mﬁdﬂ!f@P- ( Biofsoliateany Barts|of a RetBods fas seAnkismring Aot her

exanpl e of gnlifcHapsl Abvias iR HRTeABHANEEO Ared QY¥fiRn 20 ARHe ain”ﬁia%&%&buri ng
met hod thereof will be described with reference to FIGS. 21A to 21D and

FI GS. 22A tembulimentgtherefiarey desgriptionapk die spmmonenaptsds pwittedehelovasndioning a

sem conduct @refdaMparS willbd MssritedpPaisiENt are common to those in the above
enbodi nments; therefore, description of the conmon parts is omtted bel ow

and only dif&2ent parts will be described in detail. 25 [0129]
10 First, a semiconductor fayer 502 is formed over a substrate 500 (see FIG. 19A).

After a resist mask 504 is selectively formed over the semiconductor layer 502, the
semiconductor layer 502 is selectively etched using the resist mask 504, whereby a
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 Iayer. 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 sclectively 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



First, a conductive |layer 602 is fornmed over a substrate 600 (see FIG 21A).
After a resist mask 604 and a resist mask 606 are selectively forned over

t he conductive | ayer 602, the conductive |ayer 602 is selectively etched
using the resist masks, so that a conductive |ayer 608 which functions as
one of a source el ectrode and a drain {ectrode 30 and a conductive | ayer
610 whi ch f Ut 0He78s the other of thd'source el ect r od®CHRAWRE B ai n

el ectrode are fornmed (see FIG 21B). The above enbodi nents can be referred
to for the details. [0130] Next, a sem conductor |ayer 612 in
contact with the conductive |l ayer 608 and the conductive |ayer 610 is

formed (seef¥F &6n c)lhe abqvsembofligientsicanalsy be 1eferres! todprothe idetails; Throveh over
the sem congiGheVe sep¥of trfirkitor 556 uSBThE GOASINAE]FIUEE 125 3s bomPeSRGEL i Vel ¥
et ched using the erseegi st rmaskal4,ll SO that a seom' condﬁgt o? ?’é@gr ES% IS
formed (seeFI R @DNUD). In this enbodi ment, the oxide seniconductor |ayer
descri bed iy bHhe above enbodinent is applied to the sem conductor |ayer
612. The above 'enbodi ment can be referred to for the details of the oxide
sem conduct or | ay'srdescrbed db thie emhbdiiente hy snapafactatisg alzemichductozdlevioe f or t he
ot her detai . i ti.ng.layer 6 eryi as a
gate insul a‘%?]?]gtgh]eﬁlg‘géf?&%so x’fdg rsﬁ%@lggﬁs(%mgg%gp%g{:/%}wtl (tahcs%)ﬁ?’ %%rf%%?i?%ﬁ\;’ ‘Sgyer 616,
t he conducténimy df mpurit®e &.g.amdistueeargicthel likd)iinte thayxde fehiicdrdedork(er 224)) .
Accordingly, a conductive ]ayer .620. s fornmed over .the {nsulating |ayer 618
(oo’ FI & 22 ArfPRa g ARG 3 stReBfieBy Frideysn b dttster 15t e
conductive [0a38r 620, the conductive |layer 620 is selectively etched using
t he resjst mask ereby. a conduct.ive |ayer .624 serving _as a gate

el ectrotie is for %ﬁ‘%‘ie(’\é\gemﬂ'éa‘ﬁ'f@g.aﬁ%‘c%fﬂmﬂyg?m%edW MRsuse A Peo¥idt erred to
for the detsivicndddrdagh désedbalia\ie sHoRP SmbaditneMAN 8 issrhibndio@r USiROwan OXi de
sem conduct or Ie}gelr i.s conpl et ed ee FI G 22D). 20 [0132] As

descri bed i AVIAS ClasHB0 ehamstrristics GRFPH8edir i ng a seni conduct or device with
the use of [phgrjoxi de semi conductor |ayer described in the above enbodi ment,
the entry of inpurities (e.g., noisture _and the |like) into the oxide

seni conduct or | ay8F MeHipdpestuigypscandthe likg described ip dhis gmbodiment pan b
sem conguctQmbiRY ias Qp;ﬁ@%}ia@ewitﬂ ¢h P ESRE metolid %ﬁ%&tures, and theilte\feberibRY in

manuf acturing a sem conductor device with the use of the oxi %Ie
seni conduct'®t othefeatbodiarcatsi bed i n the above enbodi ment, a semi conduct or
device wt t'[gjfg\]orabl e electric characteristics can be provided. [0134]
30The net hods, "structures, and the |ike described in this enbodi nent can be
conbi ned adEmbpdimsntAte with any of the methods, structures, and the |ike

described in t hehpﬁ:ﬂeelinb%mm, qﬁtmmér'exmnplc of a transistor as a semiconductor device

20  and a manufacturing method thereof will be described 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.



[ 0135] (Enbodi nent 6) In this enbodi nent, a structure of a display
devi ce including an el ectrophoretic elenent will be described with
reference to FIGS. 23A and 23B, as an exanple of using 5 the sem conductor
devi ce described in any of the above enbodi nents. Note that in this

enbodi nment , e of a display d ce including an electro horetlc

el ement wi | 3%§§§B%|bed however , etgdqlsplay devi ce f diCHARPUHO

sem conduct or device according to one enbodi ment of .t he disclosed invention
can be used is not linmted thereto. The seniconductor device according to
one enbodi nent of the disclosed 10 invention can be applied to a display
devi ce inclgﬁﬁﬂg a variety of display elenents such as a |iquid crystal

di spl ay el enent Rextag sﬁhﬁsﬂduetbmyae@ltzqmcoﬂh&rmmtme k&kidBlve tayer soﬂﬁa 23A
illustrates a plan view of a pixel | ay devi ce, (f

i |1 ust r at eshe, cepdystives layer él{hlls \Wrmda(ls@nglﬁu HA- @pmam@tzwsk ﬂfb l-‘dl spl ay
device 15 i I C St a
transi stor S%%ngﬁ?u glg%dag‘éégﬁ?ma%d?a grn%ggoé}gf htéﬁ%&éﬁgst ratléﬂ;}ga)g%)

el ect r ofhorselettivelyl etaledt usi@sthe oresistdmaskefl4; Ise thatam sémicordud@op layad 61&1@

capaci tor S 4oM.ef,

el gct rophor%g{}ll1 cet&]qerren 19206“@&@% hh{& he %{l&ca%egn&lngg‘rl%?rrlyel 5Sr%ln 706 i's

not il | ust datthel above HndadBhent ds -applinoll tocthkewemi’@m{lﬂi&ﬁ?layer 612. The abbensi st or
702 incl udes,a,conduct.ive. | a 7 2 which covers
(he conductryBBRest prseieny B rof 5t il TR B Sniffeadr Busly Tt

i nsul at i ng abeweambédithen’ canaleknbé fefeerel ay for chbﬁaeaddala. conductive |l ayer 718

whi ch are i ntact with the sem conductor |ayer 714. Here, the conductive
| ayer [ﬁﬁﬁﬁions as 25 a gate electrode of the transistor; the

i nsul ating | ayer Néd2anf idfiditingsyen 61 Biscgaing ad £ gatk afsulagng Ry&lis Brmbd1go as

transistor; the conductive Ia 6 functions as irst termnal (one of
a source t &9 GPYRAItheaSRPICOGpCtPr, at"%rr%]ijﬁné}ﬁ copugtiys l?W&%Q&s?“&r‘ he capductive '

conduct i ve 14yay 810 (s:8 FﬂgnMA)on&caﬁdmg@es Qaﬁhut:ﬁfema@@ 620t RetohdACSvePTthed he
source termnal, and the drain teS of the transistor. The above

enbodi ment dnseknglaygy 618 (el 228 tﬂ%@r?%ﬁ%ﬂ&éké?%sel%wﬂaf@me o¥ffove. The

conductyisve theadbRiuclivd 1aFBY620€ the Rb&ECAYCHlydMe D id J&fecg@élyeett:héa%s&%%e Akg the
conductive |ayer 716 may be integrated with the source |line 722. [0139] The

capacit or iﬁ%lwh%f?ﬁarf@néma ey 624 gyepg 79 8 gatetrdectraduisfpinerg (eyer 712,
5 and a cowtqqtzt:ye mya%ve?%bodm@m@emse lefdred Q4 fhiotfe aetaﬂmcmggfmehol ding a

signal which is input to a pixel he above conponents of the acitor 704
can be f or seeretstsgs areansigior (b'em}ﬁoamefml@a sgmicopductar dayst istcompleted (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, stmcfures, 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.



[0140] In the above, the conductive layer 724 is electrically connected to
a capacitor 10 wiring 726. The conductive | ayer 718 functions as one

term nal of the capacitor. The insulating layer 712 functions as a

di el ectric. The conductive layer 724 functions as the other term nal of the

capaci tor. tive layer 724 be integrated with the capacitor
Wiring 726. ‘T‘J[bngﬁqﬂ?gggme el ect rophorg?%%c el enent 706 i MqTIGEUOAGOHEy g

el ectrode 728, a common el ectrode 730 (it may be called a counter

el ectrode), and a layer 732 containing charged particles which is provided
bet ween the pjxel electrode 728 and the common el ectrode 730. As the

char ged par“ﬁ es contained in the |layer 732 containing charged particles,
titani um oxd oamwmhg | i ke can be used as positively-charged particles, and
carbon bl ack 20 or the |ike can be used as negativel y-charged particles. In
addi tion, a si nglethisgmbedigent @skugturg of o gisplay devieriaelvding ameleeimphercte | a

sem conduct gimend wilPEE\Esérfbe i rbRlencto FIOY! 55 ACIMSBR! 2 HleGhh |e of ﬁsi%% hroni

ferroelectric material, an electrolumnescent material, an electr

mat eri al3,  dhel semigenguetpodevinceddseribed tie php bf thsrabave empekinents. ne¥ade ithsak itf or med
using any qf; tc%%&}fﬂé'ﬁﬁ gﬁ'ﬂ@lg : o atol he
above, the pfisxel e e'ct’ r oge 289?%a{gﬁlg%?g‘irlge;ﬁ’?tyd%gﬁh%?:et%é%pﬁoﬁetlfﬁéen%%duct ive
| ayer 718 twitlobeleseribedyehavweyemaodispliey demicanfor nshithatai sapitandector7 3dviend an

i nsul ating ' cOve . b t 702 .and the capacitor 704.
The conmon Jﬁ%& f gtggn%b%?%&g te‘?:ft?]??é%cfoggfz 6“?1’%%&“&?%% & d?’rﬁ%tnﬁlgﬁ%‘{ct rode of
anot her pi xXbéreto30THeOdetBtondpetpt doliesadenrdingetd ante emB@Bmen ndfashaidiglos&hr ged

particlgs. . i spl av. real i.zed. The above ructure is rely an
exanpl elt,%js aﬁg‘% ﬁ%" ‘%@g Iagéjﬁwgg@? gigplﬁ%?eﬁ’écetlﬁ%mjslw EW&%Q%%PHH%"FEES&E@& ding to
one enbodi resatiquifl ctyswl disslay eemeht onam¢ltdt@iumificsoait eleinditt ed t o t he above
structure. ggﬁ&){é44] The net hods, structures, and the |ike described
inthis er‘rt! I'trent can be conbi ned as appropriate with any of the nethods,

structures, and Fite2BAKiustese niphadviéw of Agiel beh daphodichistaad FIQ12E 10
(o ey s Ay ST LTS0S bl Shi e o
speci fii§ exmusahies in IFIGS CBA 244 BB ddkMes] § kd€ikrate 700, a transistor 702 and a

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



FI G 24A shows a portable information term nal, which includes a housing
801, 15 a display portion 802, operation buttons 803, and the |ike. The
di spl ay devi ce described in the above enbodi nent can be applied to the

di spl ay poryioomia@nazs [ 0147] FIG24B is an exanpl ecqfypafofsigok reader
on which the display device described in the above enbodi nent 1s nounted. A

first housing 811 includes a first 20 display portion 812 and operation
buttons 813, and a second housing 814 includes a second display portion

815. The di y S %gg dipe plied to
the first é@g%?a;ﬂgg?ﬁﬁgn %&ﬁor t %%g% %FWEF?E % rp%%ﬁigfﬁstﬁﬁ

addi ti on, tmadWCIIVShymdﬁlémgbsﬁnem@ﬂwiﬂet!semumjhml ng 814 can be opened
and closedlgiﬁﬁ a support portion 816. Wth such a structure, the e-book

reader can andl ed 25 di ke a paper book. [0148] - FI G 24C
illustrates a di mwpadmﬁ%irﬂﬁﬂeime cautinetite lagarei8, the iuligity laye. 71N t he

ep aced by crorE SR 788 Ul GoRiior aPE RS Tubcioncor Toltfre.asiEtel si ng
di spl ay carwHich shmg@h pirela 3ﬁe abure tcoinpoiinisi df ihd CpacilBRIPOYEN be fofmaridi ti on,

an image can he s dis ed without display deterioration. [0149]
FIG 24D i | It %&W&Ec%fx’@ﬂ@‘ﬂ} 86% E99SSP1830 for out door advertisenent. The

di spl ay deyoew]is manufactured using a flexible substrate and can enhance

t he adverti sing effect by bei ng waved. [0150] 5The net hods, structures, and
the Iike descri bBchg abqvg; the giiyrelayer ﬁt%@ﬂé@%‘ﬁﬁ@ﬂﬂf&@ ADBCARACIER e Wi t h

any of 1ohe wighd'PIbS, ThE EoHaIlistive SayeA NS fuliiohé Ko Q& RfidaP6FkhE BapaliforOt THRY
enbodi nment s. This application is based on_Japanese Patent

Appl i cat i oRisylafing jayeio7121{ynctons 29 3 Alileetric. | The gprdyciveclayayaA fimetiens asc i ce on
Cctober 8, 40fRer thiifnd® BE tHeCapRALE e eénmxﬁhaﬁrexzwﬂ%mé @R WAt €d by

reference.
the capacitor wiring 726.

[0141]

15 The electrophoretic element 706 includes a pixel electrode 728, a common
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 pbssib]e to control an electric ficld applied to the

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



37 EXPLANATI ON OF REFERENCE 100: oxi de sem conductor |ayer; 110: base

mat eri al; 120: anorphous region; 130: crystal grain; 140: crystal region;
200: oxi de sem conductor |ayer; 300: substrate; 302: conductive |ayer; 304:
resi st maskyo3fGisganductive layer; 308 insulating |ayeq, 2’3}(90661@

sem conductor |ayer; 312: resist mask; 314: senlconductor ayer 16:
conductive | ayer; 318: resist mask; 320: resist mask; 322: conductive

| ayer; 324: conductive layer; 326: insulating Iayer 350: transistor; 400:
substrat e; I : conduct.i we Iayer
305: 1§ nsi A iU 182 o Bhme (Hifoed BP0, [R5, alihy STRCNERRNT. ' TSI 5,
mask; 416: 'ﬂmndlnuyblstmctuayés mdrizB' amoerxdmptel, v&ndl mpedgspléﬁodevkzenmi@dhmtor 10
| ayer; 422 Le3 cond ctor Lnsul at.ing, | ayer;
450: transi*Stor né"‘gﬁ)gaisww %s?clpac{l ﬂi“&%‘ﬁa 0418‘1%03%?“"5%‘5’5 15 r"g%i st
mask; 506: lmenrideothdabdvarstrhayrer ; 508 conductlve | ayer; 510: resist mask;
512 regl k; 514: conductive |layer; 516: conductive |ayer; 518:
|nsulat|ng[P§§ r; 520: conductive layer; 522: resist mask; 524: conductive

| ayer; 550: tranﬁehﬁﬁmdmﬂuctmbssﬂdame 1ike Qféscrived du! Ghis \etbbdivRht cA0gk 1 esi st
15 mask; 606: i st mask; 608: conductive |ayer; 610: conductive | ayer;

612+ e cSABIDEDAS FRRRAnalce i anycali b mcthods, sueures, and Ak eurbFAer . 618:
i nsul ati ng thetRéremba@imef@nduct i ve | ayer; 622: resist mask; 624: conductive
| ayer; 650: transistor; 700: substrate; 702: transistor; 704: capacitor;
706: el ect r[%l)retl c el enent; 708: substrate; 710: conducti ve | ayer; 712:
i nsul atjigng (EA¥&dimert : seni conduct or | ayer; 716: conductive 20 |layer; 718:
conductive Iayer 72 gate line; 722: source line; 724: conductive |ayer;

726: capacitor mlnrtﬁﬁgmbPQ@enﬁalaREllca@%@lf thscdisplay3device dhustnted e therabols;, 732

| ayer cont r e i nsul ating
| ayer; 80 1%23%‘3%% %ﬁg?ml‘%%qggﬁgggﬁﬁge&w&ﬁ t"%s*g%%%‘ﬁ%%“‘%ﬁ’?? (])) n, 811:

housi ng; 810%46lii spl ay portion; 813: operation button; 814: housing; 815:

ol 2 por 1 on gL SRR Bt i BN AR RS0
subst r dbe; aadigpite peftivot $02d@pkmtienr bowtens 803 amudbtherlikee; The ghitpdayi dewideat i ng:
gat e i noul PR MBI (RN Bl o GRS R S o 1 el cct 1 pae
| ayer el ec{0i4@hl | y connected to the oxide sem conductor |ayer,
FIG. 24B is an example of an e-book reader or which the display device
described in the above embodiment is mounted. A first housiﬁg 811 includes a first
| 20  display portion 812 and operation buttons 813, and a second housing 814 includes a
sccond 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 vlike 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]




wherein the oxi de sem conductor |ayer includes an anorphous regi on and a
crystal region, wherein the anorphous region contains an anorphous oxi de
sem conductor containing In, Ga, and Zn, wherein the crystal region
contai ns crygh@lyegsial Ns of 1n2Ga2Zn07 3¢ a vicinity of paraphidfeeef the
oxi de sem conductor |ayer, and wherein the crystal grains are oriented so
that a c-axis is alnost vertical with respect to the surface. 2. The
sem conduct or device according to claim1l, wherein the crystal grains of

| Nn2Ga2Zn0O7 has a r. St t i - G aiming In, a
second | ayer w tﬁg%?g Pﬁ?mg@%{ |??§{p§§e¢&\%€ t 383?; Ioﬁ:éito%ll ?%‘ﬁ{r:qsﬁfg a{'yen?héﬂl

cont ai ni ng displayadelice fis fmanufagiyeed wiingh@uiflexihle substrate ZAndTeen smmEnconbhuct or
devi ce accqrdi t i1 rein one of a 5s orbital of In is

over | apped%\?mg‘ltrﬁsqna%&fé’c%i}@c@ﬁlfg %mg‘r bital of Inin the first [ayer containing
In or the fiOL80§ h | ayer containing In. 4. The sem conductor device
according to claijn1l, erein a Zn content is.less than.an In content or a
Ga contént in tﬁtﬂgaf?ﬁpl\é’ﬂ%lfgm&gﬁ?’oﬂd (he' ke descripgdl, 1, A5 55138‘5}5?"8& “PBeWA ce
accor di ng tcombinad B3 dpprofiiatecivith any EMBé Metodd, RRudiings tafd tigrlike desdribed ie Cc- axi s
direction iée%ﬁsse]ﬁ)h%n-five times as long as a length of the crystal grains
in an a-axit TELPPYRCBT a b-axis direction. 6. The seni conduct or
device according to claim1, further conprising an insulating |ayer
covering the oxide sem conductor |ayer. 7. The_ sem conduct or

39 |
devi ce accordi ngThid #PhFsfion i &l Py Hapangts Fateat cApRlSEOn £6E3 3P t he

drai n elpecto00sl23450Y @lled wifFitht DEpaR PadBe OFIFE 6RTEBEOE, 2009 @he HtRe Sty 1 cal |y
connected to each other on an éjdobper surface or a lower surface of the oxide

seni conductobhichyeerhereby incorporated by reference.




8. The sem conductor device according to claim®6, wherein the source

el ectrode layer or the drain electrode |ayer, and the oxide sem conduct or
| ayer are electrically connected to each other on an upper surface or a

| ower surface of the oxide sem conductor |ayer. 9. A semn conduct or
devi ce conprising: a substrate; an oxidé seniconductor |ayer over the
substrate; a gate insulating |layer over the oxide sem-conductor |ayer; a
gate el ectrode | ayer over the gate insulating |ayer; and a source
el ectrode | ayer and a drain electrode |ayer electrically connected to the
oxi de sem conductor |ayer, wherein the oxide sem conductor |ayer includes

an anor phous region and a cryRPRANABONOF REPEEEEE t he anor phous regi on
cont ai ns an apor phous oxi de sem conductor containing In, Ga, and Zn,

wherein the dPsteide semisopdticiop fyss nid O pase tmatergl 21285 aBprphops csgioni 320 n a

vi ci ni Ity of ary§tle§rﬂﬁ?el40fcr§rs|ih$ r@ﬁnﬂ%@@ﬁﬂ@%ﬁé&ﬂﬁor'l@)ﬁﬁﬁoo -amshiribesoei n the
crysta

grains Jare orie at__a c-axi s js al nost vertlcal W th
respect to t A& dugtive Zaé'ér B esis f@gl‘ PRE confhetivByrrt 1S faviptng laxestifi ng to
claimo, \ahfesm:?bntiulrmceryy:sum regisernddk; 31M: deﬂlﬁﬁﬁcﬂﬁﬂb%yé}ﬁﬂ@co‘hﬂ@ﬁﬁ@ﬁyérayer
structure o ir a tain eco without In, a
third | ayer ﬁ‘?ﬂffm g@r feé;ﬁp?’ﬂSkr g%l”%&i?ﬂ"ﬁﬁ 39? ‘a"ea}abferﬂ?ﬁ | ayer
W t hout | n. insulatingldyer; Tﬁ[e trasistee 0100 Lstib stratec 402 e«mdaﬂbelajemguzlt fesicl masky 10,
wherei n one r S,ove p d acent 5s orbita
of Inin the%6 r%(s)5d§ Q, ti 'ggﬁ alf‘sr‘ﬁi]artlmg 3<% 45(? g ‘glgu et'?iy kﬁ‘f)‘rff'%ﬂ"m ng In.
12. The sem dBhdesst masldeﬂﬁ cendctve ¢hycrg 14D qoh@cmeglaymmez(msmraorﬂnctaont ent is

less t hariﬂanlas'é}; @p;eggit.magﬁ; 4%4:%&8%@@; la&/é}; &%elnm{ng *I‘a%é 45¢: g'iar(l)sﬁtor;
500: substrate; 502: semiconductor layer; 504: resist mask; 506: semiconductor layer;
508: conductive layer; 510: resist mask; 512: resist mask; 514: conductive layer; 516:
conductive layer; 518: insulating layer; 520: conductive layer; 522: resist mask; 524:
conductive layer; 550: transistor; 600: substrate; 602: conductive layer; 604: resist
15 mask; 606: resist mask; 608: conductive layer; 610: conductive layer; 612:
semiconductor layer; 614: resist mask; 616: semiconductor layer; 618: insulating layer;
620: conductive layer; 622: resist mask; 624: conductive layer; 650: transistor; 700:
substrate; 702: transistor; 704: capacitor; 706: electrophoretic element; 708: substrate;
7190: conductive layer; 712: insulating layer; 714: semiconductor layer; 716: conductive
20 layer; 718: conductive layer; 720: gate line; 722: source line; 724: conductive layer;
726: capacitor wiring; 728: pixel clectrode; 730: common electrode; 732: layer
containing charged particles; 734: insulating layer; 736: insulating layer; 801: housing;
802: display portion; 803: operation button; 811: housing; 812: display portion; 813:
operation button; 814: housing; 815: display portion; 816: support portion; 820: display

25  device; and 830: display device.



13. The sem conductor device according to claim9, wherein a length of the
crystal grains in the c-axis directionggs less than five times as long as a

- length of the crystal grains in an a-axis direction or a b-axis direction.

40 14. The sem conductor device according to claim9, further
conprising an insulating | ayer covergmgnide oxi de sem conductor | ayer.

15. The sem conductor device according to claim9, wherein the source

el ectrode | ayer or the drain electrode |ayer, and the oxi de sem conductor

llayer are el gctri aakhitosdBRELNVRE cbfp@@fgh Ot her on an upper surface or a
| ower surface of the oxide sem conduct or |ayer. 16. The sem conduct or

devi ce accor &"¥§"#& cl ai m 14, wherein the source el ectrode |ayer or the

drain el ectr gdge bRMRNe a8 GvidiR: QKitAR; sem conductor |ayer are electrically
connected to each ot her on an _upper surface or a lower surface of the oxide

sem conduct of &ttg nsylating layer overthe gate glectrade et or devi ce conprising: a

substrate; aagadi® RmRehdRRL %'éfﬁbeértﬁ)é/@'fe 1h§i;@at1ﬁgllh§&rf ﬁide a gate insulating
| ayer adj acent to the gate_ el ectrode first oxide

sem cond SRt elicHyds lave patiedeinelommme lyst %‘e“éi“é@t/ P@@écwdas?éhe SRiiderpemicandygiop
i nsul at 1pg, | ayer interposed therebetween; and a source el ectrode

layer and a drain electrode Iayer in contact with the first oxide
seni conduct ovhfreipdhe oxigisasmicondpeier layer includes spamemhpesgrgienang 2 cryaipbregione| udes

an anor phous wh&ein e aaldephdusreyish SntaiGh @RorphbRIoRide sénhleoﬁﬁaérmamuﬁm@w
conpri ses an oxide sem conductor containing In, Ga, and Zn, wheréin the

crystal a’fde@aon is formed in a vicinity of a surface of the first oxide
sem conduct Ofyherein the crystal region contains crystal grains of In,Ga,ZnO- 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.

2. The semiconductor device according to claim 1, wherein the crystal grains of
In,Ga,ZnO- 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, and a fifth layer without In.

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

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.

6. The semiconductor device according to claim 1, further comprising an insulating

layer covering the oxide semiconductor layer.



| ayer, wherein the crystal region conprises crystal grains of an

ég oxi de sem conductor containing In, Gagand Zn, and wherein the

crystal grains are oriented so that c- axes of the crystal grains are al nost
vertical with respect to the surface of the first oxi de sem conductor

layer. 7. 18. THOQnIQHECRR dkGdcQcc @M RAIARAO W H-BE tﬁecgoﬁlc@aean%ze lay‘é?%l: ein
the crystal grains include a crystal structure of |In2Ga2Z

The senifesiritilegrods daypre andythe 8?“6? PRiEQdugtey Inyer zre %Ewélﬂmcoﬁlﬂ@teért?/ §%°&I0ﬂ§?r ai ns

i ncl Udeo@arﬁlﬁ%m&ts%}fa&toﬁ'ﬂmf Surfabe driALMRdemicdiuctor layer20. The sem conduct or
devi ce according to claim 17, wherein the crystal grains include a m x of

crystal structures of 1n2G2Zn0O7 and | nGaZnat . 21. The sem conduct or

devi ce accorgi ng trRe ehdoldukior WA BEIMiAg BLIFAR! §Rdreih $hel s@ﬁ%e él%@d@ﬁyér%r
content or, a Ga content in the anorphqus region.

seni conti§Eran claetade dyvere anst b Ayde aﬁnewrivﬁtqﬁayef ﬂlietellf‘éFl‘-‘élb’n‘iﬂ“P@é’Feﬁdo saciotisnd

oxi de sgmifepeiaiiiie ok 8¥%fer AfasaMe dxRelsBRichldusbr Bydrde sem conductor | ayer,
wherein a conposition ratio of In, Ga, and Zn in the first oxide

sem conductor layer is different fron1a conposition ratio of In, Ga, and Zn
in the secongd, oxi dQeRRAROBANSIO borhFikhiy:

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

a source electrode layer and a drain electrode layer clectrically connected to the oxide
semiconductor Iayer,

wherein the oxide semiconductor layer includes an amorphous region and a crystal region,

wherein the amorphous region contains an amorphous oxide semiconductor containing In, Ga,
and Zn,

wherein the crystal region contains crystal grains of In,Ga,ZnO; 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.

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 without In, a
third layer without In, a fourth layer containing In, and a fifth layer without In.

11. The semiconductor device according to claim 10, wherein one of a 5s orbital of In is
overlapped with an adjacent 5s orbital of In in the first layer containing In or the fourth layer

containing In.

12. The semiconductor device according to claim 9, wherein a Zn content is less than an

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

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 a length of the crystal grains in an a-axis

direction or a b-axis direction.
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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 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 electrically connected to each other

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

17. A semiconductor device comprising:

a substrate;

a gate electrode layer over the substrate;

a gate insulating layer adjacent to the gate electrode layer;

a first oxide semiconductor layer adjacent to the gate electrode layer with the gate insulating

layer interposed therebetween; and

a source electrode layer and a drain electrode layer in contact with the first oxide

semiconductor layer,

wherein the first oxide semiconductor layer includes an amorphous region and a crystal

region,
wherein the amorphous region comprises an oxide semiconducior containing In, Ga, and Zn,

wherein the crystal region is formed in a vicinity of a surface of the first oxide semiconductor

layer,
wherein the crystal region comprises crystal grains of an oxide semiconductor containing In,

Ga, and Zn, and
wherein the crystal grains are oriented so that c-axes of the crystal grains are almost vertical

with respect to the surface of the first oxide semiconductor layer.

18. The semiconductor device according to claim 17, wherein the crystal grains include a

crystal structure of In,Ga,ZnO;.

19. The semiconductor device according to claim 17, wherein the crystal grains include a

crystal structure of InGaZnO,.
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20. The semiconductor device according to claim 17, wherein the crystal grains include a

mix of crystal structures of InyGa,Zn0O; and [nGaZnOy.

21. The semiconductor device according to claim 17, wherein a Zn content is less than an

In content or a Ga content in the arorphous region.

22. The semiconductor device according to claim 17, further comprising a second oxide
semiconductor layer adjacent to the first oxide semiconductor layer,
wherein a composition ratio of In, Ga, and Zn in the first oxide semiconductor layer is

different from a composition ratio of In, Ga, and Zn in the second oxide semiconductor layer.



