DESCRI PTI ON DI SPLAY DEVI CE AND ELECTRONI C DEVI CE | NCLUDI NG DI SPLAY DEVI CE 5
TECHNI CAL FI ELD [ 0001] The present invention relates to display

devi ces W@ 2811é88%2dni c devi ces each including the di spl & THBU16/86719h
particul ar, one enbodi nent of the present invention 10 relates to a display
device including a field effect transistor in which an oxi de sem conduct or
is used and a light-emtting elenent, and an el ectroni c device including

t he di splay device. BACKGROUND ART 15[ 0002] A technique for form ng
athin filmtransistor (TFT) by UIESGREPHEEON conductor thin filmforned over
a substrate having an insulating surface has attracted attention. The thin
filmtransi stor has been used in a display device typified by a liquid

crystal tel py$pj 8% DEVICE D EIASCTRONIC DEUCPRINCREUDING DISPKAFWN as a
material of a 20 sem conductor thin filmthat can be used in a thin film

transi stor. Besides, an oxi de sen cBE¥d€Eor has attracted attention as
anot hgr material. [0003] As a material of the oxide sem conductor,
zinc oxide or a substance containing zinc oxide is known. Thin film

t ransi st gqcEERPARFFI®bDCh is forned using an 25 anor phous oxi de (an oxide
sem conductor) having an electron carrier concentration of |ower than
1018/ cnB [89@]di scl osed in Patent Docunents 1 to 3 [0004] A field-effect

transistor in whi Ht %eﬁﬁsé?mt%‘?ﬂg g@ﬁz (LC%](%I sp %"1’& ﬁlcué&gcehre'afol | owi ng

exanple, a dlspla Vi ce exa evi ce

are 30 gnmﬂmdmg tlseetifspllayrﬁemmus Hh papha;laxdene embbdiment sﬁklteypmgpnamuenag:e by

emtting | a
10 d la%s to a display device including a field effect transistor in which an oxide

semiconductor is used and a light-emitting element, and an electronic device including

the display device.

BACKGROUND ART
15 [0002]
A technique for forming a thin film transistor (TFT) by using a semiconductor
thin film formed over a substrate having an insulating surface has attracted attention.
The thin film transistor has been used in a display device typified by a liquid crystal
television. A silicon-based semiconductor material is known as a material of a
20 semiconductor thin film that can be used in a thin film transistor. Besides, an oxide
semiconductor has attracted attention as another material.
[0003]
As a material of the oxide semiconductor, zinc oxide or a substance containing
zinc oxide is known. Thin film transistors each of which is formed using an
25 amorphous oxide (an oxide semiconductor) having an electron carrier concentration of
lower than 10"/cm? are disclosed in Patent Documents 1 to 3.
[0004]
A field-effect transistor in which an oxide semiconductor is used can be used in,
for example, a display device. As examples of the display device, the following are
30 given: a self-luminous display device for displaying an image by emitting light, a
transmissive display device for displaying an image by selectively transmitting part of

light from a backlight, and a reflective display device for displaying an image by



transm ssive display device for displaying an i mage by sel ectively
transmtting part of light froma backlight, and a reflective display

devi ce fdVOAPEPHBRHNg an i mage by WO 2011/ 048924PCT/ JPROTUPYBIIGIIR .
reflecting external l|ight. [0005] The sel f-1um nous di splay device
and the transm ssive display device are insusceptible to external |ight,
emt bright light, and have excellent capability to display 5i mages. [0006]
The reflective display device has a feature in that power saving is easily
achi eved roHedingexiernaldight. not need to incorporate a |ight source. Needl ess
to say, gb@@gayed | mages can be rewitten. Therefore, the reflective

di spl ay e has 10attracted attention as el ectroni c paper substituted

for a print nedipdmdi-RMisos! afs'gr_ea?_ ddvideNgnd Qe SANEABSRE an_@;sm';f AevicgSgHr ces.
[ 0007] However, the visibility of the reflective display device is

decr easednsusceptibiniei axtamma hightesriebright lightoand hafe excelbant géipabilighto displasal | ;

t hus, _li qhtai ng i s needed for 15 using the reflective display device. The
use of Iibnhgf g damages the feature of the reflective display device of |ow
power coregoglti on. Hence, inventions, in each of which a substance that
stores external light such as a light-storing fluorescent nmaterial or a

| i ght-storing rdeerctlastivesdisplay dayice hast p dertiree indithab| poyed esaving ogasily

et k8 Yookl i e oy 5 BLAGEEN Ly BRI GOTNUIBELOR, s,
[ 0008] [ Rispdayed Diwageentanlbe Japsinese Phérkiosd)ethePaifleativeAdisplayatevice Mas
2006-1]0655a%t2acted attention as electronic paper substituted for a print medium from societies
aiming for saving of natural resources.
[0007]
However, the visibility of the reflective display device is decreased in an
environment where the amount of external light is sﬁall; thus, lighting is needed for
15  using the reflective display device. The use of lighting damages the feature of the
reflective display device of low power consumption. Hence, inventions, in each of
which a substance that stores external light such as a light-storing fluorescent material
or a light-storing material is used in a reflective display device for increasing the
visibility in a dark place with power consumption suppressed, are disclosed in Patent
20 Documents 4 and 5.
[Reference]
[0008]
[Patent Document 1] Japanese Published Patent Application No. 2006-165527
[Patent Document 2] Japanese Published Patent Application No. 2006-165528
25  [Patent Document 3] Japanese Published Patent Application No. 2006-165529
[Patent Document 4] Japanese Published Patent Application No. 2006-3924

[Patent Document 5] Japanese Published Patent Application No. 2008-116855

DISCLOSURE OF INVENTION
30 [0009]
Deviation from the stoichiometric composition of an oxide semiconductor

arises when the oxide semiconductor is formed as a thin film. For example, the



[ Patent Docunent 2] Japanese Published Patent Application No. 2006-165528
25 [Patent Docunment 3] Japanese Published Patent Application No.

2006- 165570 2pRAMe Docunent 4] Japanese Publ i shed Pat eRCTApYIP/EEI3 0N No.
2006- 3924 [ Pat ent Docunent 5] Japanese Published Patent Application No.
2008- 116855 DI SCLOSURE OF | NVENTI ON 30 [0009] WO

2011/ 048924PCT/ JP2010/ 067193 3 electric conductivity of the oxide

sem conductor is changed due to excess or deficiency of oxygen. In

addi ti on,eldoyde cgeinctiniiycodf the oxide semicohdudtdreis akanfed sianite exatsc bodeftbignicyg t he

thin filmformatiqn forns an oxygen (0)-hydr.oge H), bond apd the OH bond
serves as°fé1’fy%"?’bc3f‘6ﬂ8‘6‘8ﬂ’orl‘y,drw ‘F}é‘safn’f’égt%tg tF%&’“éﬁéﬂ’@ic ucHs duriBg; ri ¢

conduct i Vit YhinSfilal ¥6fHelo Hofins An s Bnd 24 th yes as a
factor fotPéghlgﬁféllnﬁg cha?gg?er?g?ﬁggg%f(g%hg%r?g?e?g}ej\l?i ge sucth g?zﬁthhi nfilm

t ransi st cervenrasfaactlestrma deviongwhich ieai fdetos doni clomgingt the .elgoid 0yndaetivityvhen t he
el ectronulga rier cgjsgfntratilon iﬁ | ower than 1018/ cnB, tpe PXi e 10

seni cand &@’F‘W%‘% 6k Shei BRI meleqalve and HuS3erYss) 85 £ FASI9T o[O0hAREE i
filmtranhhatRrstid! FenOrade dovitHISuchR WethRptiBh trafQStoRRhsfattiredNisingl@d. The
above low on/off ratio of the thin filmtransistors is caused by% arge

of f - st at eoxddgrsegnieondpgonl] In the case where a thin filmtransistor with a
| ar ge anggmoof off-state current 15 is used in a pixel portion of a
di spl ay V|Je, a capacitor needs to be additionally provided for keeping

si gnal vol t age Bpalwird theelRctpork&drrierlvdicaitanios iio ovak thdnel CHpatithooxids t he
pi xel causes problens such_as a decrease i erture ratiog _of the pixel and

an i N edSBIGHdpIRRS LEREDHBL BrtyRSs aﬂ%é“%?&ﬁéa@“ﬂé&fitﬁ% thip dooranseierst her, a
decrease §;0153850WcSHBY bRthi'dcAntid E&tdxﬁfhb’_‘.' r’ﬁg%'b@f@mn ol)GteWalfrof e 2

sel f-1um nous display device or a transm ssive display device tor reducing
power corthinnflin wansistors ecadsesiiydyrgd effi-state lcagert. si gni fi cant i nfl uence on the
di spl ay Olﬁsillﬂty such as dark display or display disappearance. [0013]
25Fur t herl, e reflective display devices in each of which a |light-storing
materi al In the case where a thin film transistor with a large amount of off-state current

15 is used in a pixel portion of a display device, a capacitor needs to be additionally
provided for keeping signal voltage applied to a pixel. The provision of the capacitor
in the pixel causes problems such as a decrease in aperture ratio of the pixel and an
increase in power consumption of the display device.

[0012]

20 Further, a decrease in energy supplied to a light-emitting element included in a
self-luminous display device or a transmissive display device for reducing power
consumption of the display device has a significant influence on the display quality such
as dark display or display disappearance.

[0013]

25 Further, the reflective display devices in each of which a light-storing material
is used, which are disclosed in the above patent documents, can perform display with
low power consumption even in an environment where the amount of external light is
small; however, the light-storing material needs to be irradiated with external light in
advance in order to store the light. Therefore, such a reflective display device is not

30 suitable for long-term use in a dark place.

[0014]

The present invention is made in view the foregoing technical background.



is used, which are disclosed in the above patent docunents, can perform
display with | ow power consunption even in an environnent where the anount
of exter &P 2011¢HB92Hs smal | ; however, the |ight-storing RETAPREP/0GTA®As t o be
irradiated with external light in advahce in order to store the l'i ght.
Therefore, such a reflective display device is not 30suitable for long-term
use in a dark place. [0014] WO 2011/048924PCT/JP2010/067193 4 Therefore,

an obj ect of one enbodi nent of the present invention is to provide a

di splay dgéidsret B oBEMEST one REIBIRINR oPThe\Wbseht ineMitRNE €5 pRViIdANGEHIEY Obj ect
is to provide a self-1um nous display device the power consunption of which

i s suppr ekvied thedpowiraongimption ¢fswhigh py suppressed. s énotheg obigsuis telipspiidg/a devi ce

| ongr ¢ or iFiaET s SRy g5Pis P b RAART QSR BRIHICT ARl o on

i nvent i Orpbieet & ©Yrbvile! AlsBEUSMHioRp dR)1agaievice thé)pykectondurhpiich bf Whichriansi st or
havi ng stable electric characteristics (e.g., an extrenely small anount of
of f - sPat suppressedend whichde gapablseafilongtgrmyise inp dagk plases - | umi nous di spl ay 10
devi ce, O&H ver circuit of a light-emtting elenment includes a thin film
transi st or |r] whi ch a channel region is fornmed using an oxi de sem conduct or
whi ch i s an i ntOrenshisodientadnbiel piesent fiveation lis b aelf-lahingus dispiapsiecice in

sem conduct.or by_ removal of inpuriti esﬁ&ﬁhat formas an el ectron donor (a

donor) i nvhigle agthiny Bl dransistor raveie siale gcttic gharactenisticy df-ge Al eRIFREIY t han a
silicon SGmyCRRGIHE (ofloff-statk WkEht) is used. ! rsge&iheﬁuw ¥ sdifineRfofn@esthyent of
the present invention, a driver 'circuit of a li'ght-emtting el enent

i ncl udes davichj a drivencirceinsf st lightiemittingcdlementhiagindés & shmafilnp Arapgigtioonn i s
formed usi nghan oxi de senicg)ndugt or film.in which, hydr elg.or Ozl.ﬁr.oups
cont ai ned M A fbamReT Geeian 1§ fosmad MSigE anooXidg sermigoRdyctor o it PRI B b1

hydr ogen sghiconductér 04 Sutssttiany iftiiic sehRbeNRRIrYbydreinolRILSY iwifhrities taver
nore preferably 5 x 1017/cnB or |lower and in which the carrier

concent r £oinyas aw elegtien derpir(a doror) dn tecaride yamicendaptoy and swhickbas angrase | ower .

[ 0017] The _ener ap..4: S V. or e, preferably 2.5 eV or nore, nore
preferabIeﬁcrﬁyzggggl{?%oaPSlfﬁ(i?Pgsfﬁﬁlcr?%g?| ies such as hydrogen that fornms a donor

are rigduqgegiels much as possible, and the carrier concentration is |ower
than 1 x 1014/cnB, preferably 1 x 1012/cnB8 or |lower. [0018] The oxi de
semi conduct or tR&ther FordsyH 9ag,embadimgniLf the presrday AbBYe? fLvaSHaul Af

a light-emitting element includes a thin film transistor in which a channel formation
region is formed using an oxide semiconductor film in which hydrogen or OH groups
contained in the oxide semiconductor is reduced to a concentration of hydrogen of 5 x
20 10*/cm’ or lower, preferably 5 x 10"%/cm® or lower, more preferably 5 x 10'/cm’ or
lower and in which the carrier concentration is lower than 1 x 10*/cm?, preferably 1 x
10'%/cm’ or lower.
[0017]
The energy gap is 2 eV or more, preferably 2.5 €V or more, more preferably 3
25 eV or more, impurities such as hydrogen that forms a donor are reduced as much as
possible, and the carrier concentration is lower than 1 x 10"/cm?, preferably 1 x
10**/cm® or lower.
[0018]
The oxide semiconductor that is highly purified as described above is used in a
30 channel formation region of a thin film transistor, whereby the thin film transistor

functions so that the drain current is 1 x 107*® A or less in a range of a gate voltage of -5



30 channel formation region of a thin filmtransistor, whereby the thin
filmtransistor functions so that the drain current is 1 x 10-13 A or |ess
in a rang®¥ogp11ip4gRRite voltage of -5 W 2011/ 048924PCT/ JPLOHIBZOGTIIB 5 V t O
-20 V when the drain voltage is 1 V and 10 V, even in the case where the
channel width is 10 mm [0019] Further, one enbodi nent of the present

i nvention focuses on power consunmed 5 by a driver circuit included in a
sel f-1um nous display device. In other words, power consumed by the display
devi ce ey tde20 Y¥dubhedthbyrdeeoRaeiing V hed 10 &f) uediciy thé caspeviaid tie chhnidie
driver circuit. In addition, power consuned by the display device may be
reduced iWidduisA0a@Banner that a | ight-storing |layer is provided in a pixel
portion o[b que sel f-lum nous display device, light emtted froma
Iight-errit?l g elenent is stored in 10the light-storing |ayer, and energy
suppl i ed to th&ukthghbaesinbddingnediethe piesest inugpioadoadeswon pewanconsapedi S

di splayed with the use of |ight jtted fromthe light-storing |ayer.
[0020P by 2 dyiyercigcuit inglpded MheTelgraeuseditp ox nge-pﬂem YHORMOMER is a

di spl ay qgyififed P?Lt‘élg'd;&)]{%yi Qie@ic@iﬂﬁ% 'bedred Qe Rg%[b@l'c%sih. Nfie L RedbBh&h g?m sed

DC power 1s.supp light-emtting elenent to i ch power i

suppl i ed dpemtion Ioétlpainbner siopyitl. y bh additiory poimes tontshinad by ltha displayg etior mahi ch
controls switchi,ng of, a circujit ich conngcts. the .pomwer supply.line to the
P ot < e AR sih & mana by & DGR RSl s alot s BEBPadna Rt tng o
second t Rh&sdlf-lumiheRNEpIAPaevidy, ﬁ?htcé?(ﬂité&fr§n§d/\iiglﬁf3nﬂﬁin‘gfelén&it li€stbled Wi Ch

connects the signal lineto the first thin filmtransistor. A channel
f or mel0i orthe dghtesioring laer, gad energpcupplicd to ithadightamittingorlementris spppfesssd ng an

concent r Al Engriagt o ey RRE O Qi o BRI OCT

whi ch of f[pg20gt e current per a channel width of 1 1..tmis suppressed to 1 X
10-16A /gmor lLower holds the first thin filmtransistor in e}n on state and
connects t he pdhdthes yppAs, qnefankadiment qf;the, presprty inyenyiop) ig fediepley dgyise| ay a

still i 250 00 ' : Is 49n.is the
i spl oy RuraBBRPERch e pouth Sy IO TRRIOR phiREd T BBV WM
sem dsnduigheemittiyg elenfent enwehidhhpower ix sdfideddingn th©a®¢r supply line, @Gnfirst

om0, e o N B SRSl AP SRyl Sp LTS 3Bt davLce Raving 2 por o0
still i maggply$ind't& MeaRilemitting clement, a signal line which supplies a video signal, and
a second thin film transistor which controls switching of a circuit which connects the
signal line to the first thin film transistor. A channel formation region in the second
20  thin film transistor is formed .using an oxide semiconductor which has a band gap of 2
eV or more and a hydrogen concentration of 5 x 10" /ecm® or lower. The second thin
film transistor in which off-state current per a channel width of 1 pm is suppressed to 1
x 107°A /um or lower holds the first thin film transistor in an on state and connects the
power supply line to the light-emitting element to display a still image.
25  [0021]
One embodiment of the present invention is the display device which has a
concentration of carriers in an oxide semiconductor layer of lower than 1 x 10"/cm®,
[0022]
One embodiment of the present invention is the display device having a period
30 in which output of a scan line signal is stopped, in a period in which a still image is

displayed.



WO 2011/ 048924PCT/ JP2010/ 067193 6 [ 0023] One enbodi nent of the
present invention is the display device including a |ight-emtting el enent
i ncl udi ngve 2pHiH8YR el ectrodes and a Iéayer cont ai ni ng aPCTgR201&/A67123 ng

organi ¢ substance between the pair of el ectrodes. 5[0024] One
enbodi nent of the present invention is the display device including a
| ight-storing layer in a pixel. [0025] One enbodi nent of the

present invention is an electronic device including the 10di splay devi ce.
[ 0026] [0023]Not e that in this specification, a "light-storing material"”

refers to materials jn_general which absorbs external energy. such as
external |ight OnesepodimeRicpl, the prspent myemtiga g ?@éSPii/’H devdget B‘ﬁij"ﬂi“tg”uaa | ong

life and i which t Ci ! =t iya e i,0 5&ht-835in@n,for a
el at vel iRy DemGHCiqRRE IR o rararster ind el e s i T
a |1 ong | ilight-emitsihg oegniconbstance detweeearthd pdir ghelearodes.when there is no

ext er nal SQ%{ gy. [0027] Note that in this specification, a "pixel"
refers td lei ement group which includes el enments provided in each pixel

of a display deyjcCembédifneRiX8McCpresiht h@dimeidh i Ahé Aspfdnddvidd indtdtigSR! ay in
accordance with electric signals, such as a thin fi Ipmtran5| stor, an

el ect r oddightiatoring iiyeyinaspidelpi xel el ectrode, or a wiring. Note that a pixel
may i ncl U[Sm color filter or the like, and may correspond to one col or
conponent se illum nance can be controlled by one pixel. Thus, for

exanpl e, in thogagfdiméntc?ths piéRlimentley i ¢lbatdnit dgvicoincludignpenent s
of RR, G and B, a mninumunit of an imge 25 includes three pixels of R
G an@ B displaysdeviGPage can be obtained by a plurality of pixels. [0028] Note
that in tbbfq]speci fication, when it is described that "A and B are
connect eo[ , the case where A and B are electrically connected, the case
where A and B 3bteteat fin s spetifidayion,on Miéghit tbringndlatelisl” cefess whasterifisdnd B are
directly connected are ' . . .
general which absorbs external energy such as external light, is relatively stable, and
generates an exciton with a long life and in which the exciton is deactivated after light
15 emission for a relatively long time. The light-storing material in which the exciton
with a long life is stored continues to emit light even when there is no external energy.
[0027]
Note that in this specification, a "pixel” refers to an element group which
includes elements provided in each pixel of a display device, for example, an element
20 for controlling display in accordance with electric signals, such as a thin film transistor,
an electrode functioning as a pixel electrode, or a wiring. Note that a pixel may
include a color filter or the like, and may correspond to one color component whose
illuminance can be controlled by one pixel. Thus, for example, in the case of a color
display device including color components of R, G, and B, a minimum unit of an image
25  includes three pixels of R, G and B and an image can be obtained by a plurality of
pixels.
[0028]
Note that in this specification, when it is described that "A and B are
connected”, the case where A and B are electrically connected, the case where A and B
30 are functionally connected, and the case where A and B are directly connected are

included therein. Here, each of A and B corresponds to an object (e.g., a device, an



I ncluded therein. Here, each of A and B corresponds to an object (e.g., a
device, an WO 2011/048924PCT/JP2010/ 067193 7 elenent, a circuit, a wring,
an el ect r¥Q01IP488 i nal , a conduct i VE7 film or a |ayer PCTIBYAYP67193
Note that in this specification, L layer"” refers to a |layer provided
between a pair of electrodes in a Ilght emtting elenent. Thus, a
light-emtting | ayer containing 5 an organi c conpound that is a
light-emtting substance which is interposed between el ectrodes is an
enbodi merdenxdnt,taeirdait, & ayedng, ah @RBGPde, a termindlpa cdnidectiyeeiiing,iocadayen). in t he
case v\/nerﬁgf9 substance A is dispersed in a matrix fornmed using a substance
B, the su Ance B forni ng the mtrix is referred to as a host 10 material,

and the substa h 1 Rf t
ateri ol Not o Rae B A TR T 5 AR BeleEA,

si ngl e sulmirofedearodes m axlight @mofting\etenomt.noTleusk a hight- m:mxlg)byarmmnlp@OBl]
Notethat inthis s g@gci |cat|oR]ll a"I.iight mttlnH gewce (Lgrsto an

i mage 15 i YFIUS @ that| s gniishliemiting s heloaceevHigh i lvﬁeamse Bivegn

(i ncl udi %cﬁohéggtah@&b@@ﬂ&@bfmk@]ﬁ%rt ion, the light-emtting device
includes any of the following nodules in its category: a nodule in which a

connect or[08¥Jh as an FPC (flexible printed circui t) a TAB (tape aut onat ed
bondi ng) tape, ,or,.a TCP.(tape. carrier acka ched

gt -l t 01 g BeF BCABRTIRERE SR P AR ah® A BRRERA BB mattic i 1 o
printed Z0midd isiep Hodstnet B, i @Bdaﬁd&:em Q@fmmglﬂd: Iaaﬂmcisl Ir@feﬁad/tm @host C
(integrated circuit) directly nounted over a substrate over which a

| i ghtWenineaterin), andothe sbstance ok Aisaerssd B omatiiprebred tass) greshmateriplb032]
Accordin V. | | or med
25" usi ng HOUF L SHAHALE 2k 2R the"SuREREPTH mia AEPh bk el fublduhed 6 &

sem condurtibmrrebﬂtwmadnonMMmﬁhySOMmbé.on of the circuit incl uded in a

di spl ay 38& e can be stabilized. In addition, off-state current reduced to
1 x 10-1 | ower all ows om ssion of a capacitor

Note that in this specification, a “light emitting device” refers to an image
15 display device, a light emitting device, or a light source (including a lighting device).
In addition, the light-emitting device includes any of the following modules in its
category: a module in which a connector such as an FPC (flexible printed circuit), a
TAB (tape automated bonding) tape, or a TCP (tape carrier package) is attached to a
light-emitting device; a module having a TAB tape or a TCP provided with a printed
20 wiring board at the end thereof; and a module having an IC (integrated circuit) directly
mounted over a substrate over which a light-emitting element is formed by a COG (chip
on glass) method.
[0032]
According to one embodiment of the present invention, a circuit is formed
25 using a thin film transistor in which a highly-purified oxide semiconductor is used,
whereby operation of the circuit included in a display device can be stabilized. In
addition, off-state current reduced to 1 x 10> A or lower allows omission of a capacitor
which holds signal voltage applied to a pixel of the display device. In other words, a
storage capacitor does not need to be provided in each pixel, which results in an
30 increase in aperture ratio. When aperture ratio is increased, driving voltage of a

light-emitting element is suppressed, which results in a reduction in power consumption



whi ch hol ds signal voltage applied to a pixel of the display device. In

ot her words, a storage capacitor does not need to be provided in each

pi xel , wiwoloréest2ts in an 30 increasegin aperture rati @CTMREN0/AEEIX ure
ratio is increased, driving voltage of a light-emtting elenent is
suppressed, which results in a reduction in power consunption of the

di spl ay device. [0033] Further, a pixel which is formed using the
thin filmtransi stor according to one enbodi mrent of the present invention
can mai ntcdithe disglayd¢vacd. state (a state in which an 5 inmage signal is
witten), thus can operate stably even in the case where a still inage
IS displ49 7 I'n addition, operation interval of a driver circuit can be

ext ended, whi clryh@sthipsxel WiicH RAUEHdPORsiddthR MBI FiIFORHI4S RBordfngdodnep! ay
device. [0034] Further, according to one enbodi nent of the present

i nvent i orembwdghers|ofiyhel preskny iinventipm carc maintain aseodstant siate dmviateoinrehich wher e

external .light.is .weak can rovided. |n. addit.ion, a display..device that
can dPapmyEarienidt o eEh pd Tk B bSis ot BN Elia b d e USRI REE s
BRI EF DESCRIsPibyed G 20hNGSerdtidrOigszyal lof atdiiveReigQuiPadmybe ektélidedy WHiSh
FIG 1A is a top view of a pixel according to Enbodi nent and FIGS. 1B and 1C
are crosgesdistn ameductipreinpavs cepfumptiowop adisplpytdesices a structure of a
di spl ay gﬁ&"ﬂe according to Enbodi nent; 20FI G 3 shows a period of witing
to a pix and a retention period according to Enbodi nent;

Further, according to one embodiment of the present invention, a display

10  device that can be used in an environment where external light is weak can be provided.
In addition, a display device that can display an image with power consumption

suppressed can be provided.

BRIEF DESCRIPTION OF DRAWINGS
15 [0035]
In the accompanying drawings:
FIG. 1A is a top view of a pixel according to Embodiment and FIGS. 1B and
1C are cross-sectional views thereof;
FIG. 2 illustrates a structure of a display device according to Embodiment;
20 FIG. 3 shows a period of writing to a pixel and a retention period according to
) Embodiment;
FIG. 4A is a top view of a pixel according to Embodiment and FIG. 4B is a
cross-sectional view thereof; '
FIG. 5A is a top view of a thin film transistor according to Embodiment and
25  FIG. 5B is a cross-sectional view thereof;
FIGS. 6A to OE illustrate manufacturing steps of a thin film transistor
according to Embodiment;
FIG. 7A is a top view of a thin film transistor according to Embodiment and
FIG. 7B is a cross-sectional view thereof;
30 FIGS. 8A to 8E illustrate manufacturing steps of a thin film transistor
according to Embodiment;

FIGS. 9A and 9B are cross-sectional views of thin film transistors according to



FIG4A is a top view of a pixel according to Enbodinent and FIG4B is a
cross-sectional view thereof; FIG5A is atop viewof athin
filmtransD200r0482d0r di ng t o Enbodi ne and 25FI G 5B i s PRTEPYYE/067@2Y | onal

vi ew t her eof ; FIGS. 6A to 6E illustrate nmanufacturing steps of a thin
filmtransi stor according to Enbodi nent; FIG7Ais a top view of a
thin filmtransistor according to Enbodinent and FIG 7B is a
cross-sectional view thereof; 30FIGS. 8A to 8E illustrate nmanufacturing

st eps of BEmbddimedt; | m t ransi stor according to Enbodi nent; FIGS. 9A and 9B

are cross-secti | vi ews thin filmtransistors accor.di to .,

Enbodi ment ; F?(D’gFlléé. toléﬁét‘husffﬁée imanpdactunng ﬁtﬁPﬁjf’gc"t 1 n@%étt@]ﬂ%‘“(?f a thin
fil mtranglishel (8 Eatodiméit 0 Embodi ment ; FIGS. 11A to 11E
illustrate manufacturing steps of a thin filmtransistor 5 according to

Enbodi nent ; FIGSFIES. tol 21E tifusten imdnyéacthuing stapufct trin niginsttepsisiof a t hin
filmtransistor a c%rgi n t_to Enbodi nent ; FIGS. 13A to 13D illustrate
nmanuf dct &F?‘?{Sm&‘%ﬁé‘l SF % hin filmtransi stor according to Enbodi nent;

10FI G 14 is a qq@ss13ACH 7B ilMviteme Gharfidhhrhg klep’ tof an$hifit Bin am6SIEGENg t o
Enbodi nent; FIG 15 is a diagramillustrating an equivalent circuit of
a pi xel acewdwigigEmbodimenti ment ; FIGS. 16A to 16C are
Cross-secti onalgMie o] hxe | ' tg . FI G 17A
o aop vi ow rOR IR Ante. EIBCImsBRE Hhithbudeher Sl 8Pl R i rapsisteh i G
17B i s a actqrding3eChibodahentj ew t hereof; FIG 18 is a cross-sectional view of

a pi xel according to Enbodi nent; FIGS. 19A tq . 19C illustrate el ectronic
devi d8s accor difke td Enﬁo‘HPW‘;lonal view of a thin film transistor according to
Embodiment;

FIG. 15 is a diagram illustrating an equivalent circuit of a pixel according to
Embodiment;
FIGS. 16A to 16C are cross-sectional views of pixels according to
15 Embodiment; .
FIG. 17A is a top view of a light-emitting device according to Embodiment and
FIG. 17B is a cross-sectional view fhereof;
FIG. 18 is a cross-sectional view of a pixel according to Embodiment;
FIGS. 19A to 19C illustrate electronic devices according to Embodiment;
20 FIGS. 20A to 20C illustrate electronic devices according to Embodiment;
FIG. 21 is a longitudinal sectional view of an inverted staggered thin film
transistor in which an oxide semiconductor is used;
FIGS. 22A and 22B are energy band diagrams (schematic views) in a cross
section taken along line A-A’ in FIG. 21
25 FIG. 23A shows a state in which positive potential (+Vg) is applied to a gate
(G1) and FIG. 23B shows a state in which negative potential (-~Vg) is applied to a gate
G1); |
FIG. 24 shows a relation between a vacuum level and a work function (¢y) of a
métal and a relation between a vacuum level and an electron affinity () of an oxide
30 semiconductor;

FIG. 25 is a block diagram illustrating a structure of a display device according



20FI GS. 20A to 20C illustrate electronic devices according to Enbodi nent;
FIG 21 is a longitudinal sectional view of an inverted staggered thin film
transi st WOI2A1MHBLH an oxi de sem condygtor is used; PCTRPBI/06729%8 and 22B
are energy band diagrans (schematic views) in a cross section taken al ong
line A-A" in FIG 21 25FI G 23A shows a state in which positive potenti al
(+VGQ is applied to a gate (Gl) and FI G 23B shows a state in which negative
potential (-VG is applied to a gate (Gl); FI G 24 shows a relation
bet ween ao ¥atbodimémtyel and a work function (cl)n) of a metal and a rel ation

bet ween a vacuuym.l.e and an el ectron affini x). of an oxi.de 30
seni conduct or ; %ﬁ}% é@itg rgcb{hﬁétl{atﬁis%?tamsiqfl%é%{Y‘%t‘g‘WQ“af’“gt? )élg&ur,eglsg{ a
di spl ay qigydrgﬁgqggg{wdﬂgem.\/\o 2011/ 0489240PCT/ JP2010/ 067193 1 to Enbodi nent;

FIGS. 26Ato 26C illustrate structures of a driver circuit and a shift
regi st er accor FlGg7 i aEivbiogicharhof anFep@rdtioniaf azhift reigistercamdr t of an operation

of a shift regi .. and 5Fl 8. is atim rt.of an operation of a

shi ft§r egi st er ﬁé%rls ﬁ&ﬁ@%@%‘?ﬁ%&?ﬂﬂﬁ@tw?%ﬁ@fﬁ%ﬁﬁ?ﬁ ON [ 0036]

Herei nafter, Enbodi nents and Exanple of the present invention will be 10
described in detail with reference to the acconpanyi ng draw ngs. However,

t he presdiST MQDE FOR CARRXING RUIe BHEINMVEN ription below, and it is
easily uggﬁgétood by those skilled in the art that nodes and details

di scl osed herein can be nodified in various ways w thout departing fromthe
spirit and scoprréihaftdre Baitdanénts nindnEkanple ToR e @icentt heveptie@samll baventi on

'S nolE) C%gss,ér{blécei dina?letgi?i Vgl h | ricPc;ircz,nec(tjaI Eootl}ehgcc%?ll%%;l;igtgi ((i)rgw(i)IIgs. However, the
present invention is not limited to the description below, and it is easily understood by
those skilled in the art that modes and details disclosed herein can be modified in
various ways without departing from the spirit and scope of the present invention.
Therefore, the present invention is not construed as being limited to the description of

15 Embodiments. In the structures to be given below, the same portions or portions
having similar functions are denoted by the same reference numerals in different
drawings, and explanation thereof will not be repeated.

[0037]
(Embodiment 1)

20 In this embodiment, an example of a pixel including a thin film transistor in
which a highly-purified oxide semiconductor is used and a pixel electrode will be
described below with reference to FIGS. 1A to 1C, FIG. 2, FIG. 3, and FIGS. 4A and
4B.

[0038]

25 First, FIG. 1A is a top view of the pixel. Note that as an example of a
structure of a TFT illustrated in FIG. 1A, a bottom gate structure that is a so-called
‘inverted staggered structure is illustrated, in which wiring layers that serve as source
and drain electrodes of a TFT are provided on one side of an oxide semiconductor layer
that serves as a channel region, and a wiring that serves as a gate is provided on the

30 other side of the oxide semiconductor layer. A pixel 100 illustrated in FIG. 1A
includes a first wiring 101 that functions as a scan line, a second wifing 102A that

functions as a signal line, an oxide semiconductor layer 103, a capacitor line 104, and a



15 Enbodi nents. In the structures to be given below, the same portions or
portions having simlar functions are denoted by the sane reference

numer al s WA 2017H82¢nt dr awi ngs, and expl anati on t her eof PEITIP20MeD67THE3
repeated. [0037] (Enbodinment 1) 20In this enbodi nent, an exanple of a pixel
including a thin filmtransistor in which a highly-purified oxide

sem conductor is used and a pixel electrode will be described below wth
reference to FIGS. 1A to 1C, FIG 2, FIG 3, and FIGS. 4A and 4B. [0038]

25Fi r st , piteGeleatrode 303, mdwneaddufontthethpuah@\re aNbiré winag 182Bdor elegirshly of a

t t f TET | t t bot t { t.hat
e CohsTnd i AR Tbh e PO SRR SR AR R, T °
layers tHafn tﬁﬁll’siéﬁ)rqg6$§)féhﬁ&1 and drain eI ectrodes of a TFT are provided on

one side of an. oxide semi conductor |ayer that serves as a channel region,
and a w r[OWg?]t hat serves as a gate is provided on the 30 other side of the

oxi de ssem conduct Sired Bl 101 Bst undk s Lkl UBHE 3 56k 1 FA chels s 2

first W|r|ng 1 l'ons"as a scah ne, a secon 10ZA t hat

f unct i onsThassedorid @ivadg 1021 alsarfugetiche asecmecatnmﬂcsborcelea@wrodaaad tBe degimci t or
line 104, and a pixel electrode 105, and in addition to_ the above, a third
wiring 16HBteds 3@F1e%‘ter elesitpde ©b i S1OragsgCanAEIteN | deesindc wirRe 187B) alyer 103

to the p_FEﬁ’ét]foIﬁ% gg&ﬁeoslﬁe#%glf%ﬁ Q; ccroliBialld fthd Blabd B13SkctdcO" ThORaf §cu;09r med.

[0039] 5 W 1 ng unctions as a gate of the th 1lm
t ransi st dine 1108. fuil¢téons exs ahel othier elegtrddi2éf thie sstorhge capaoiter. aNoovm thabthet fist sour ce

oo o pg Bt S 8 SR 5w B e o SHOIRSEFRE L
and the qyighp 1@@&%& e thirBNBirmg ABBLRE fdrhﬁ@ in Qe {AClal NS IR 8ddilién,ahder
el ectrode of "the storage capacitor. Note that the first
third wiring 102B and the capacitor line 104 partly overlap with each other to form a
storage capacitor of a light-emitting element. Note that the oxide semiconductor layer
103 included in the thin film transistor 106 is provided over a wiring branching from the
15  first wiring 101 with a gate insulating film (not illustrated) between the oxide
semiconductor layer 103 and the wiring,.
[0040]
FIG. 1B illustrates a cross-sectional structure taken along chain line A1-A2 in
FIG. 1A. In the cross-sectional structure illustrated in FIG. 1B, the first wiring 101 that
20 functions as a gate and the capacitor line 104 are provided over a substrate 111 with a
base film 112 therebetween. A gate insulating film 113 is provided so as to cover the
first wiring 101 and the capacitor line 104. The oxide semiconductor layer 103 is
provided over the gate insulating film 113. The second wiring 102A and the third
wiring 102B are provided over the oxide semiconductor layer 103. An oxide
25  insulating layer 114 that functions as a passivation film is provided over the oxide
semiconductor layer 103, the second wiring 102A, and the third wiring 102B. An
opening is formed in the oxide insulating layer 114, and the pixel electrode 105 and the
third wiring 102B are connected to each other in the opening. A capacitor is
constituted by the third wiring 102B, the capacitor line 104, and the gate insulating film
30 113 used as a dielectric.
[0041]
FIG. 1C is a cross-sectional view taken along chain line B1-B2 in FIG. 1A and



10 wiring 101 and the capacitor line 104 are forned in the sane |ayer, and
the second wiring 102A and the third wiring 102B are forned in the sane
layer. | riwaadI@4emt the third wiring 192B and the capacPCEIPRIINESTI® partly
overlap with each other to forma storage capacitor of a light-emtting

el ement. Note that the oxide sem conductor |ayer 103 included in the thin
filmtransistor 106 is provided over a wiring branching fromthe 15 first
wiring 101 with a gate insulating film(not illustrated) between the oxide
sem condubtsiratdsaystructudSimawblich e induldting.layef 001 @ provided bEtw@etl he dapucitarat es a
cross-sectional structure take |l ong chain line ALI-A2 in FIG 1A In the
Cross-se ﬂec}bglangflf‘elf@f’ er}qgt}&zgat ed in FIG 1B, the first wiring 101 that
20 functi[g()@zﬂas a gate and the capacitor line 104 are provided over a
substrate 11T with a base film 112 therebetween. A gate insulating film 113
i s provided so Inshe casewhere thhgedond syiring A0y islprovised overethe dipstoviriog 10lne 104.

The oxi de sem condyct or er 103 is provided, over the te insulating film
113, “the A8dBhaerichpn ghe dBR Tarte e R SRR RS Betiad Bores0 T he B buer ¢ he
oxi de senjgRBAMAL Hd 1hdYREonkOwirik 10XA dfd DotvidehuhaldapatitonYiae 104 ndhdk
functions as a passivation filmis provided over the oxide sen conductor

| ayer 103ecardewsimgolAnidepengimgom theathirkness afithe gatgiipsulaging0@im 18 digening i s
forned i xide .| ] at | er 1. ' 5 and
the thi rdnii e G5 sbABNBAR 1P KRl af MsfrtEa B G, 1€ SE P Ereal

capaci t orsutls aconatfuhdtiondtabpe rdtuceédi rd wiri ng 102B, the capacitor |ine 104,
and t he 8ate insulating film 30113 used as a dielectric. [0041] WO
2011/'948d989%4HcT/ JP2010/ 067193 1 illustrates a structure in which an

insul ating | ay [ oM eshat e hg¢ ACRPREI ' ¢ t he
second wiring %Oéi.%ﬂi[to Z%l %‘nl tgﬂ(ra %ase%g're theﬁge(%:og%(sjﬂ%ﬂrgi ngﬁfo Aai S
provi ded plumtlityt dfepikels 201 wimangegl ibOhatiixanver & lsebstmpa?0Q ay illusiagted MM FIG X asi ti c

capacita i.ght be generated between the. fiyst wirin 01 and .t second
o Ping 1098 ZilattsaSOEHE Babich f aral PROOTGD h SAHOER AN Al 100
dependi NGyy@mh §iPRal tiiNe CdiVRP Sir&fit 0ME a8 FrBvided Bl & thoQubstlad 4003 WREthé Bk

reason, the insulating layer 121 is provided as illustrated in FIG 1C so

t hat 1§ef quxels 20t hrain a sakgkted staté on in armdneselestédcstaic i Jp@OUBEd per row lipt e t hat
the pixel_illustrated in EIGS. 1A .tq 1C correspond one, of |urality
of pi el st dEA s S spttisydrory BCHET PAREE Sob ol e Bdielh™ 1 ¥ o
2. FI G 2 lidel divef éiftcst 203t THE pixe20 Nseldtiedbyathp kel sighal Isisappleddlvitiavidean | i ne
driver circuit 203, and a signal line driver circuit 204 are provided over

t he substvoltage p® refgrsechtr as hevid® pignal] 8n Ipagepignaln op videpedatadfremahe or in

a non-sel ect state.i.s determned.per row.in acca ce with a scan signal
supplied Sff%ﬁd‘?'ﬁlélgf@?étcowcrcﬁﬁig]o?&Slglbaﬁ Hgﬁ\fqlgﬁlnggnfw&g@%an line driver
circulpt 2Z0844]The pixel 201 selected by the scan signal is supplied with
video voltage (also referred to as a video signal, an_inmage signa

|, or
video data) frdHthowsh thecssan line driver qiomit 23randcthe gianal kinfedrayey cisFuit 204
driving ¢jg %i’ﬂv&de%otﬁ/er 42 $uB9dat 200 in FIG, 2, either one of the scan line driver circuit

203 and the signal line driver circuit 204 may be provided over the substrate 200.
Alternatively, only the pixel portion 202 may be provided over the substrate 200.
25  [0045]

FIG. 2 illustrates an example in which the plurality of pixels 201 are arranged
in matrix (in stripe) in the pixel portion 202. Note that the pixels 201 are not
necessarily arranged in matrix and may be arranged in a delta pattern or in a Bayer
pattern.  As a display method of the display portion 202, a progressive method or an

30 interlace method can be employed. Note that color elements controlled in the pixel for

color display are not limited to three colors of R (red), G (green), and B (blue), and



Al t hough the scan line driver circuit 203 and the signal |ine driver
circuit 204 are provided over the substrate 200 in FIG 2, either one of

t he scan WDrze11dBR2er circuit 203 and the signal |ine drPCEIP2I1P/0193 204 nay
be provided over the substrate 200. Al'ternatively, only the pixel portion
202 may be provided over the substrate 200. 25[0045] FIG 2 illustrates an
exanple in which the plurality of pixels 201 are arranged in matrix (in
stripe) in the pixel portion 202. Note that the pixels 201 are not

necessar idojoral¢mdéie df morérthiani threenmbloraymadyebaemploged] fon ezamples RGBRWtL@Yn or in

a Bayer pattern. As a displa hod. of the display. portion 202, a
pr ogr essiCPECTRONAD P }Yglt%ﬂ OSB‘C{B}@‘%%‘E@}‘ QB¢ HBH’O(E%H% Bél YaR-H22o @t hat

col or el C r N tRer i bpted to
Coron CotfEBKE, RO 6 SR heugAFlofk 488 wtathagges Repedie
2011/ 048R TCOIP2EIENEG7193 13 col or el ements of nore than three colors
may bg ermb%jgd, for exanple, RGW (Wcorresponds to white), or RGB added
with one re of yellow, cyan, nagenta, and the like. Note that the

sizes of display FrYi BNheMBYmBEsdbf fEREEMiriRRL WO Nardde el WarisiRt 30BA col or
el ements. 5[ 0046] In FIG 2, the nunbers of first wirings 101 and
second wicormgpond 00 Ahe: pumberpyrrixels in He mwnansk calimpidigsttionsn  The pixeh28hd

coLum SRS S SRSk AR U AR LA Pt nFOt

Not e t hatplural pikelsgh the second wiring 102A is rectangular in FIG 1A the
second wiring 102A may surround the third wiring 102B (specifically, the
secorld wilPPhg 102A may be U shaped or C-shaped) so that an area of a region

in which carri € 1S tQ:k ]%qp‘y rrent
fl ow ng when tg\fe(ﬁff‘ %\rﬁ ?#lﬁrﬁggéﬁggggﬁlgt gl?ﬁr{égig%&gs tééc}ﬁa ctl 23 I?tha?%’(ttﬁﬁe
current isscaldswirief @02A4dnayp sagownt sheathérdc winiren 1)2B [ @PetBfically, the dabadt hat

"on-state curr " described .in is gpecjfication refers to.current that
(ows. bertidon 1128 e reasddn & FhaRpRRodhati e dha Epiandp SIS ETER ( vnen
a thin figfd iARRISEA th SnkBa® ARNAHEIANSE ShRdl?) flow gt Whe ABE thih Al
n-channel thin filmtransistor,

15  transistor is in a conducting state (the current is also referred to as on-state current).
- [0048]

Note that “on-state current” described in this specification refers to current that
flows between a source and a drain when a thin film transistor is on (When a thin film
transistor is in a conducting state). In the case of an n-channel thin film transistor,

20 "on-state current” refers to current that flows between a source and a drain when voltage
applied between a gate and the source is higher than the threshold voltage (Vin).
[0049]
Note that aperture ratio refers to a ratio of an area of a region through which
light is transmitted per pixel; the aperture ratio is decreased, as an area of a region
25  occupied by components that do not transmit light is increased, whereas the aperture
ratio is increased as an area of a region occupied by components that transmit light is
increased. In a display device, the aperture ratio is increased by reduction in the area
occupied by a wiring and a capacitor line that overlap with a pixel electrode and
reduction in the size of a thin film transistor.
30 [0050]

In particular, in a self-luminous display device, aperture ratio refers to



20 "on-state current” refers to current that fl ows between a source and a
drai n when voltage applied between a gate and the source is higher than the
t hr eshol dWOQ@Pt1age92¢\Vt h) . [ 0049] Not e t hat apert ur @CTdPRA0/PEABY s t0 a
ratio of an area of a region through Which light is transnitted per pixel;
the aperture ratio is decreased, as an area of a region 25 occupi ed by
conponents that do not transmt light is increased, whereas the aperture
ratio is increased as an area of a region occupi ed by conponents that

transm t g fitiod 8f bl ehBRRACared Bf 8 1EhEEAYNL NIfet tHahBarPBE bbsbieed B bR | S
i ncreased by reduction in the area  occupied by a wring and a cdapacitor

| i ne t hatobearearntapfrant of adisplxeof bt displaydeviandn arcahge of pinelsn t he si ze of a
thin fil gh(r)g e]msi stor. 30[0050] WO 2011/048924PCT/JP2010/067193 14
proporti Ul an enission area of a light-emtting el enent that can be

observed by anNgas@aV@ttin filmftiasiktopls 7 démitanviak at Rastdheptédhip@ybee i n an
area of pixels. [0051] Note that a thin filmtransistor is an el enent

havi n§ atgateeasirainhped atsepiernallbe gtin film trapsistor hascr ehannelaiegion bebweerea The
thin filmLy %Qg%'gﬁté% ah&)%r% geg%)nn?%lnd o la&”cq%e@ég&éqgrroﬂfgﬂ "t Braril?gégﬁ(ﬂné%ggaﬁnel

source region curren I"ow Throug aPn region,

regi on, ahehdehaegion, ard rtegisotrce Hegdn. SiHwE siiee sieusowcarddddalm odfthé he
transi stor m ght be changed dependi ng on the structure, the operating
condi t i orirangis@r fght|bejebargedidepending e thestructuge, the operating popdifignfndithe " whi ch
s 8 SOUGE Pinduidt it GHELA & ddfind WALl LHERI AheRBtecE AN
drain is not called the source or the drain in some cases. In such a case,
f or daranpegon dnetioding hesaocr ol drai is het cilled thersayrcber thefdrain énlsdme eses fir st

term nal _and  the other thereof be referreq to as,a seco termnal .

ALt or nat 108V 3 G118 9T cramPibtiecl U epursieera s A ob LS rrer Bes bzt a
first el qgddiRd@nante biher HehRRT nldyBceRtcrBaMo A8 al RESHT Rfnnal. aAlRrSRReRA

el ectrode. Further alternatively, one of the 15 source and the drai'n nay be

ref er r ed ong cdighe séurcg and ¢l draimmaytbeerefartedr tot 4502 éigst elepjrode andithedthsr second
2900 LRSS RO SRR, KNG Al DR GBRE 0
in thiss source and the drain may be referred to as a first region and the other thereof may be
called a second region.
[0052]
Next, the oxide semiconductor layer 103 will be described.
[0053]
20 Hydrogen or OH groups are removed from an oxide semiconductor used in this
embodiment, and the concentration of hydrogen contained in the oxide semiconductor is
5 x 10" /em® or lower, preferably 5 x 10 /cm® or lower, more preferably 5 x 10" /cm®
or lower. A channel formation region is formed in an oxide semiconductor film the
carrier concentration of which is Jower than 1 x 10™ /cm’®, preferably 1 x 10" /cm® or
25 lower so that a thin film transistor is formed. The concentration of hydrogen in the
oxide semiconductor film may be measured by secondary ion mass spectrometry
(SIMS).
[0054]
The energy gap of the oxide semiconductor is 2 €V or more, preferably 2.5 eV

30 or more, more preferably 3 €V or more, impurities such as hydrogen that forms a donor

are reduced as much as possible so that the carrier concentration is lower than 1 x



enbodi ment, and the concentration of hydrogen contained in the oxide

sem conductor is 5 x 1019 /cnB or lower, preferably 5 x 1018 /cnB or | ower,

nore prefWOaBIY04892% 1017 /cnB or |owers A channel for maPCEIPREYIENII S

formed in an oxide sem conductor fil m?he carrier concentration of which is

|l ower than 1 x 1014 /cnB, preferably 1 x 1012 /cnB or 25 |lower so that a

thin filmtransistor is formed. The concentration of hydrogen in the oxide

sem conductor filmmy be nmeasured by secondary ion nass spectronetry

(SI MB) . [1@% pheterablgrigy 10/3endfor 1dveeroxIniethaenordsythieicireier ¢ohcenteatioalof nor e,

pr ef er abl eV 30 or nore, nore preferably 3 eV or nore, inpurities such

as hydrogé‘”ﬂﬁ%ﬁemlﬁ?wcﬁﬁmms rﬁﬁi‘@ef‘&m&f‘éﬁl aCloRsdn ze19 a5 PesSiEe so that the

carrier ({Q&ggntratl onis lower than 1 x WD 2011/0489245PCT/JP2010/ 067193 1

1014/ cnB," preferably 1 x 1012/ C1113 or lower. In other words, the carrier

concentration Qhet bﬁldexisdﬁlcsmdﬂcmnm»et owhichy & highly-pdtifiedi tbp dradtizdBy as

cl ose to zero as possible. 055}1 The oxi de sem conduct‘g gé/er which is
nghe SHE

hi ghl y- pd?‘i“‘PY‘éa fqugﬁam@axefiy 8196 ST pdr Sl erot d abqveds oxi de
sem condygt Py, | A% nnep fS5SEbh %g,oa%ws thih Hﬁﬁdtréxﬁlsf’br,c mefe%g quamn?n

regi on of athln I mtransisto ereby a thin filmtransistor wth an
ext r emel trapsistok \&anhmnmxtremekyfsinailtM(mncuf offstatecanrepecaprtmprdeided.] 0056] For
exanpl e, in the case where a thin filmtransistor in which the 10

hi ghl y- pdﬁﬁfﬁied oxi de sem conductor |ayer is used has a channel |ength of 3

[Am and a chanmg} ethdple, Qved nNii dabe WHerd of tHifn il Mah&§OF ih UAKiER QRS SO
that the drain current is 1 x 10-13 Aor less in a range of a gate vol tage

of -850V thighlppunfi¢d heideisemidoniwater laperi istused has othannelieagthtdfe3 gmaamd ¥ 0l t age
whi ch- o REGHTE)Nibof 08es) ?‘ﬁﬁé‘&iﬁ&riaﬁ%%é? fihcriSisop i e dahfsentidt boa
L S TS B s 220 B 1 2
t ransi st @ff)j wheshthe dradm voltigd ds SMnm:ldr(i)d\Act or is used. An oxide seni conductor
| ayer (O%OSiﬂ provi ded over a gate electrode (GE 1) with a gate
15 Characteristics of a thin film transistor in which a highly-purified oxide
semiconductor layer is used are described with reference to FIG. 21, FIGS. 22A and 22B,
FIGS. 23A and 23B, and FIG 24. FIG. 21 is a longitudinal sectional view of an
inverted staggered thin film transistor in which an oxide semiconductor is used. An
oxide semiconductor layer (OS) is provided over a gate electrode (GE1) with a gate
20  insulating film (GI) therebetween, and a source electrode (S) and a drain electrode (D)
are provided thereover.
[0058]
FIGS. 22A and 22B are energy band diagrams (schematic diagrams) of the thin
film transistor in cross section along line A-A’ in FIG. 21. FIG 22A shows a case
25  where the source and the drain have voltage of the same potential (Vp = 0 V). FIG
22B shows a case where positive potential is applied to the drain (Vp > 0 V) whereas
positive potential is not applied to the source.
[0059]
FIGS. 23A and 23B are energy band diagrams (schematic diagrams) of the thin

30 film transistor in cross section along line B-B’ in FIG 21. FIG 23A shows a state

where positive potential (+Vg) is applied to a gate (G1), that is, a case where the thin



20 insulating film (d) therebetween, and a source electrode (S) and a
drain electrode (D) are provided thereover. [0058] FI GS. 22A and 22B
are ener gyopand4842agr ans (schemati c di%gram;) of the thPARTHPROW/DG7ABSI St Or
in cross section along line A-A" in FI'G 21. FIG 22A shows a case 25 where

t he source and the drain have voltage of the sane potential (VD=0 V). FIG
22B shows a case where positive potential is applied to the drain (VD > 0
V) whereas positive potential is not applied to the source. [0059] FIGS.
23A and 3B aumsisedres giy abandstale adieanearfias felpetions) Goagyeawedn e sbireetandn 30
filmtransistor in cross section along line B-B, in FIG 21, FIG 23A shows a

st at e whehedgss tHlGe233 shas astaie whoye n@aampwéaﬂ%lé Yohisregplicditp the pafe i s, a
case wher }X %atv\Eég calPuAdle! h%%ﬁﬁﬁi[?ﬁ(ﬁggﬁgév QgZ{r%%f dGiel @Hé}et ﬁﬁ&ﬁh tor is

in an on re carriers (e ween sourceadthe
drain. FIcﬁneZBBoﬁbld‘l@v)a state where negative potential (-VG is applied to

t he gate éGéLa that is, a case where the thin filmtransistor is in an off
wHEP@0] i

state>( nority carriers do not flow). 5[0060] FIG 24 shows
rel ati on bet wegpst t al
and r Iel ation bg:?geie}ﬁsﬁ%ﬁéq@g{é%ﬁyn&}vg%ﬁl ié%e{ %@ﬁx%ﬁ)&rl{ ﬁ)"nll?rp q)('\’@) Ifgf aan

oxi de serd mefafbsd fylanoﬁl%ﬁ&&enhﬁé\v@mwmwmﬂl th®Xiedeos effini9§) 6f & okide
generally of n-type, and the Ferm level (EF) in that case Is positioned

cl oser tcﬁemll@ndm’i%ctl on band and is away fromthe intrinsic Ferm |evel
(E1l) that g Iocated in the middle of the band gap. Note that it is known
t hat so yérogen in the oxide sem conductor forma donor and m ght be a
factam that causesnventienal deids eemivondiietdrds gémerdlly afm-typtygd th Feleni level

sem conductor. 15[ 0062] In contrast, the oxide sgm conduct or

accor di ndEFbin thet ﬁa@s BnpositiRneAtGlessT it the, copdugton band Rdus ¥Ry tiRem the rmde
to be an i pitic i fdvel é@f%ha?%%ﬁ?&fjgl%g mlﬁﬂler@Qﬁ? B;Sh(p?apas Wtﬁﬁﬁt fi9san

intrinsic sem conduct or a5 possi eing highly pufrfied by renoval of
hydr ogen knoam thst somenhydrpgen npthlelaxydcssrmlhmduamrffemm andomor andwmighthbech ar e
not factor that causes an oxide semiconductor to be an n-type oxide semiconductor.
15 [0062]
In contrast, the oxide semiconductor according to the present invention is an
oxide semiconductor that is made to be an intrinsic (i-type) semiconductor or made to
be as close to an intrinsic semiconductor as possible by being highly purified by
removal of hydrogen that is an n-type impurity so that as few impurities, which are not
20 main components of the oxide semiconductor, as possible are contained. In other
words, the oxide semiconductor according to the present invention has a feature in that
it is made to be an i-type (intrinsic) oxide semiconductor or made to be close thereto by
being highly purified by removal of impurities such as hydrogen or water as much as
possible. As a result, the Fermi level (Eg) can be at substantially the same level as the
25  intrinsic Fermi level (E;).
[0063]
It is said that the electron affinity (x) of an oxide semiconductor is 4.3 eV in the
case where the band gap (Eg) thereof is 3.15 eV. The work function of titanium (Ti)
used for forming the source and drain electrodes is substantially equal to the electron

30 affinity (%) of the oxide semiconductor. In the case where titanium is used for the

source and drain electrodes, the Schottky electron barrier is not formed at an interface



20 mai n conmponents of the oxide sem conductor, as possible are contained.
In other words, the oxide sem conductor according to the present invention
has a feaWOrellvd82hat it is made to be,an i-type (intri RETIP20aNDeiad3

sem conductor or made to be close thereto by being highly purified by
removal of inpurities such as hydrogen or water as nuch as possible. As a
result, the Ferm |evel (EF) can be at substantially the sane | evel as the
25intrinsic Ferm level (Ei). [0063] It is said that the electron affinity
(x) of arbeoxéetiehsmigiat amdlthetoridei ssmdcoadedfor. n t he case where the band gap (EQ)
t her eof i§§{>15 eV. The work function of titanium (Ti) used for formng the
source anf0%Hain el ectrodes is substantiall y equal to the electron 30
affinity (x) of i fle i : I i Hum.i s used
For' The sour co RTeaverde af ERuEP BAF (R RS Fadt i B, I, = not

f or med atobgainédninghd ease wha@ 2 6iklal @@ 9R 4RCE/sHRROMMMDG 7410 Bn dohtint withegach he

netal and the oxide sem conductor. [0064 I n other r an, .ener gy

band di ad}‘%wl&néﬁﬁ‘éfﬁﬂ?n}“ecﬁ‘?’héﬁwéﬁf thei ngIaI}:qné the slgctron 6‘%1“5}' \é\%oodfisthe PréCcase

wh i SeN duct i tact with h 5 oth
ere a @gh@%?n?@ﬂopé}egﬁsgﬁxﬁgﬂqﬁm uctor are in contact w eac ot her

when t he wor unction ( e nmetal and the electron affinity (x) of
t he oxi dd08@&i conductor are substantially equal. [0065] In FIG 22B, a

black circle (.) represents an el ectron. \Wien positi otential is_ applied
to the drain, ahEIGTE A dlek sl hrapisrman eleriren oW he R pettuspetrRiE he-
oxd e 10 38 BPIRRPANAL Ara D thel Lot v 4 Bl o bR GRS Te blA el O
of the barrier ( changes depending on the gat’e voltage and the drain

vol t age. semidonductars andvflewetopasd thievdrail ailm thadIcaseyehd Beightpdfi the, bartier (hei ght of

e bart g () 2 et a0 e DLt oL AT RarT L e S 228 o
(h) i's srRkitRE didiaRolt@de is Abphidie tRaRdgtdai th&Barried 1) G Sfhller than the height
of the barrier (k) in FIG. 22A of the case where no voltage is applied; that is, the height
of the barrier (%) is smaller than half of the band gap (Eg).
15 [0066]

In this case, as shown in FIG. 23A, the electron moves along the lowest part of
the oxide semiconductor, which is energetically stable, at an interface between the gate
insulating film and the highly-purified oxide semiconductor.

[0067]

20 In FIG. 23B, when negative potential is applied to the gate (G1), the number of
holes that are minority carriers is substantially zero; thus, the current value becomes a
value as close to zero as possible. |
[0068]

' For example, even when the thin film transistor has a channel width of 1 x 10*

25 upm and a channel length of 3 pm, an off-state current of 107 A or lower and 5
subthreshold value (S value) of 0.1 V/dec. (the thickness of the gate insulating film: 100
nm) can be obtained.

[0069]

As described above, the oxide semiconductor is highly purified so that the

30 amount of impurities that are not main components of the oxide semiconductor are

minimized, whereby favorable operation of the thin film transistor can be obtained.



In this case, as shown in FIG 23A, the electron noves along the | owest part
of the oxide sem conductor, which is energetically stable, at an interface
bet ween tWO 2uYM™824sul ating fil mand tige hi ghl y-puri fi e@CoIPUL0/067193

sem conductor. [0067] 20ln FIG 23B, when negative potential is applied to
the gate (Gl), the nunber of holes that are mnority carriers is
substantially zero; thus, the current val ue becones a value as close to
zero as paqssible. [0068] For exanple, even when the thin filmtransistor
has a chdﬁa@ﬂ width of 1 x 104 25 pm and a channel length of 3 1..tm an

of f-stat e eur e0inclocd Qi Hork URIcri 6 SIS hRlued Sl ue)

0.1 V/idec. (the I ckhess of the gate 1nsulating fi can De
obt ai ned.sufl@@ih film transistohshal dias an beadnadlp small checwnviabie (seaxtcaamdystmall | s

highly purjified so thaj the 30 anount of i ities.that are not najn
ConponentlHAie: STk vaLed dhi! B AL HIED AP U TR Aty by o SPADI e
oper atsi OnyftafeNurkdht Valdel Md LS lcakYe &Rfenbe PRLAHKEHngth\6} a period for

2011/ 04892418PCT/ JP2010/ 067193 [ 007 A menory circuit (a nmenory

el enent) heldingen Elekigictsignal suchman yideotsignaticandierigersasel. a thin fil m transi stor
t hat hasdgﬁngxtrenely smal|l current value (an extrenely small off-state
current ) at the tine when the thin filmtransistor is off has a small

5of f-state cur rgpatifically)ehattn Ifilint tkrsiseakagediap the Move ldxide sdnfiCoddv@irh of a
period for holding an electric signal such as a video signal .can be

i ncr easedayqrean hpve an off-statgsueent pealal hannglevidih of  iwmnof L and st Afum ee] udi ng
t he above oxide sem conductor. | ayes ,can hgve an off-state current per a
channel wPHEh hefn%ﬁ]o?%n}({ll’f)%G ﬁiﬂ@%ﬁo‘fﬁnl ower, furthernore 1 aA/Km (1
x 10-18 %57@1 or lower. [0072] The I ength of the period for hol ding
an electric signal such as a video signal can be increased by using a

transi st or t hatThedsngth ofxhe peniod,fosrhelding an rebagtriossignad speln aph fvideoagignat ur r ent

val ue) at bhig LRGP L 4 LARHS! Qb bk O Lol SASCLMAG: ViRTSRST O 11

off-state current value) at the time when the transistor is off as a switching transistor in a
15  pixel portion (e.g., a switching transistor 6401 in FIG. 15). Since the length of the
holding period can be increased, for example, a writing interval can be longer than or
equal to 10 seconds, preferably longer than or equal to 30 seconds, more preferably
longer than or equal to 1 minute and shorter than 10 minutes. Increase in the writing
interval makes it possible to increase an effect of suppressing power consumption.
20 [0073]

Note that the suppression of off-state current in the transistor can be referred as
off resistivity. The off resistivity refers to resistivity of a channel formation region at
the time when the transistor is off, and the off resistivity can be calculated from off-state
current. |

25 [0074]

Specifically, when the values of off-state current and drain voltage are known,
it is possible to obtain resistivity (off resistivity R) at the time when the transistor is off
in accordance with Ohm’s law. In addition, off resistivity p can be obtained in
accordance with the formula p = RA/L (R: off resistivity), if a cross-section area 4 of a

30 channel formation region and length L of the channel formation region (the length

corresponds to a distance between the source and drain electrodes) are known.



15 pi xel portion (e.g., a swtching transistor 6401 in FIG 15). Since the

| ength of the holding period can be increased, for exanple, a witing

i nterval wWerob&4B@Ager than or equal 10 seconds, prefPeTdbropoP@nger t han
or equal to 30 seconds, nore preferabl'y | onger than or equal to 1 mnute
and shorter than 10 m nutes. Increase in the witing interval nmakes it
possible to increase an effect of suppressing power consunption. 20 [0073]
Not e that the suppression of off-state current in the transistor can be
referred[@887%ff resistivity. The off resistivity refers to resistivity of a

channel formation region at the tinme when the transistor is off, and the
of f resistivit l%aihherosspectiPapEd 4 F3nPe Phtated i ageprdange .Wlﬁs'iﬂeé g]}uria

Speci fic Lydwggzgqﬂgﬁg%@eﬁé B?%eoéhaﬂﬁél‘§ﬁﬁﬁt%nc%g¥oﬁpW: apd cﬂnﬁkﬁw@h}. agg are

known, it is p 0 obtain resistivity resistivity at the tinme
when t he ddditios] the ¢éngtls L @f fthd chaased domaativn ragivh ihohankhblengthrl. addistcloa, of f
resistivity p can be_qgbtained jn accordance with the formula p = RAIL (R
of f r&si JRnpRE, Pif resistivityGag b calsplatedfrom @f-state Fuigety channel formati on

regi on ar[go—} ngth L of the channel formation region (the |length corresponds
to a distance between the source and drain el ectrodes) are known. WO

2011/ 048924 PCT/The20fL x5B36Vi1O8f e tfadeisf ikdduding thecoxddo sonisemtuctom layeeaf A can

be obtained in accordance with the formul a = dW(d: the thickpess of the
channel ftBis rathogHnen g afﬁfer%lweat%gﬁﬂéﬂur Wéﬂmfxﬂ(@ Q'm,alaaieu?rsﬁ,ralﬁhe

| engt h L%(g%aftér%anc&aer&\(}?lltmflqw@b@&.regi on is a channel length L. In such a

S5manner, resi sti y can be calculated fromoff-state current. [0076]
The abf res7gtivity of the transistor including the oxide sem conduct or

| ayer of this enbodinent is preferably greater than or equal to 1 x 109
Qm nore pref dhgppiyelyeenftearationafllusirated, ya) FiG 1P js ppg preppdiment opfodhiy)

The bixelenfRalHe! aRbOLkabpit! LiBlage chgacﬁbﬁcaﬁlée pRovidt BiIeai Ale & at i S
enbodi ment. For exanpl e, storag€ capacitor can be provided between a gate
of a dri \driving tramsistet @026:4022 powderasupplyelinestdi)il y The rseorégkOdapadibe miybage

capacitor may be constjt d by, a ir of electrodes a an. insulatin
ar e camltwed bt dairtesineatis® 2% i SeuRinin LYBE BS asielsflict REaREH The
si ze @f tREv&hAhEPSr 6ARREIIRE. | Ph@be SOtht RidkaR &Pﬁﬁ@? iCRNsdhabh ehfge fOr a

predeterm ned period in consideration of off-state current of the Sw tching
transi st man@¢0storsd fohe predeterniiagly pgriod in consideration of off—state current of the

switching transistor 6401 or the like.
[0078]
For example, design or the like is performed while estimating the amount of
20 the off-state current of a thin film transistor including low-temperature polysilicon at
around 1 x 1072 A.  Thus, the voltage holding period of a thin film transistor including
an oxide semiconductor can be approximately 10° times as long as the voltage holding
period of the thin film transistor including low-temperature polysilicon, when the
holding capacitance is equal (approximately 0.1 pF). Further, a transistor including
25  amorphous silicon has an off-state current per a channel width of 1 pm of greater than
or equal to 1 x 1072 A/um. Thus, the voltage holding period of a thin film transistor
including a highly-purified oxide semiconductor can be approximately 10* times as long
as the voltage holding period of the thin film transistor including amorphous silicon,
when the holding capacitance is equal (approximately 0.1 pF).
30 [0079]

For example, in general, display is performed at 60 frames per second (16 msec



For exanple, design or the like is performed while estimating the anmount of
20 the off-state current of a thin filmtransistor including

| ow t enpevet20r4pBiysi | i con at around $ X 10-12 A Thus PCTHE2010/D¢7a%pe

hol ding period of a thin filmtransistor including an oxi de sem conduct or
can be approximately 105 tinmes as |ong as the voltage hol ding period of the
thin filmtransistor including | owtenperature polysilicon, when the

hol di ng capacitance is equal (approximately 0.1 pF). Further, a transistor

i ncl udi ngpe2 bnaframphous pixiel inchilidpps tramsidf insvkitke lovHtempratper padysilieonniel wi dt h
of 1 tun of greater than or equal to 1 x 10-13 A/th Thus, the voltage

hol di ng pfd-odllist same eanrber aidhar asease of 8rstifl Heage forghe remseihpt HeqTFascdd oxi de

sem Cond%ﬁe%nc@ﬁe% h@@ﬁﬂg%&%@e&xsq&%&e&@ﬁl Goltde0d9 aPixdi Qﬁd‘éoééf%%fhm di ng

period of the t Ti ransi stor 1 ncluding anorphous silicon, en the
hol di ng chigpdwi t dmeenirastegqutie ¢aapprizxd tet hnsiorl inghiding3 teCdbo9t-desttibed

2011/ Q48924PCT/ JP2010/ 067193 20 f ' i xel _incl udi
(1 ans st GReSCRF R s et FBbYR ¢ e Sl wmilictie Ben e

sai d for 1RIfAS pe@bd of Dht lslgnhMRGEing @hn bE&ppRAGARIYPE000REH RS Ehat s, IRF €
(increase in witing interval) causes decrease in voltage of a pixel and a

def ect oftindéssaslleng as|thatod the taansistdringlinding oye-tahparaurtetpolysiliaesi st or i ncl udi ng
t he abovgbwcri bed 5oxi de sem conductor |ayer is used, the anount of
of f - st at rent is small; thus, the holding period of one signal witing

can be approxi nat atyrib&dAbses; aRedisgldiaidevise ofOfhis enBsdiafent o Qapubld vat of
the transistor_ including | owtenperature polysilicon. [0080] As described
abovell t Herfgreimgdisplayoia $ill imigs with dasmelhmumber gh4ipics ipRga Sighalstade ni ng

di spl ay . St i i AN i I L are

i Fton. st 4 by RAGE ol PR, ind HEREhc of LR HIRER B BT e
reduced espaidlpl inythencasé of qesferringpdisplay f ragstill sphgey dfhus, s treductiomage.
RUber " ofFFRERNSAPR ChGE FANG PG, PR atials Ay BHRDESO! et ALSBLEE S ay
period Caaﬂpi@&@l @Lﬂﬁlgoéne”stilmlﬁefﬁ?tci?ﬁﬁaWpérfocEézﬁnaﬁe%néLéf hanngte @aualis gféat%r and

| ess than or equal” to 103. us, da reduction jn power consunption of the

di spliay dbai oe amal e Zaahd dvsdtl;ap0®|82§1ual to 10WbrBuoser, reductidn én gebedi ment
a driver circuit partion.is . operated sp.that output of a signal supplied to
a si gnal qopﬂgn%}onaoqéliﬁaﬁiswl%gexﬁge %a\ng)&&ggley (eperform' ng 20 display of a still
i mage, V\qgoglqy power consuned by the driver circuit as well as the pixel

portion can be suppressed. [0082] . o o
Moreover, in this embodiment, a driver circuit portion is operated so that

output of a signal supplied to a signal line or a scan line is stopped in performing
20  display of a still image, whereby power consumed by the driver circuit as well as the
pixel portion can be suppressed.
[0082]
FIG. 3 shows relation between a writing period and a holding period (also
referred to as one frame period). In FIG 3, periods 251 and 252 correspond to holding
25 periods and periods 261 and 262 correspond to writing periods. The thin film
transistor including the above highly-purified oxide semiconductor layer can have a
long holding period (the period 251 and the period 252); thus, the frequency of signal
writing can be significantly decreased especially in the case of performing display of a
still image. Thus, in display of a still image, which needs a small number of display
30 switching, the number of writing of a signal to a pixel can be reduced, which results in a
reduction in power consumption.
{0083}



FIG 3 shows relation between a witing period and a hol ding period (al so
referred to as one franme period). In FIG 3, periods 251 and 252 correspond
to hol di yO281198892éds and peri ods 261,and 262 correspon@CTIPIND/HETL
periods. The thin filmtransistor including the above highly-purified oxide
sem conductor |ayer can have a |l ong hol ding period (the period 251 and the
period 252); thus, the frequency of signal witing can be significantly
decreased especially in the case of performng display of a still inage.
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capacitor is not formed and FIG 4B is a cross-sectional view thereof. The

configurd®®¥d illustrated in FIGS. 4A and 4B correspond to views in which

t he capacitor c f he top
view of FI G 4%1 andA‘ LEn‘Jg{OSS] 5%%%52&%Pégﬁﬁﬁ(\)}?g}wggﬁg ’: I@lﬁlﬁasealﬁﬁ%%ga&gﬂ%%pl ed by
the pbxelcagdcitot riodgotl Gamednahd FIGCr4Bsida tiosd-sdcHondlheieapahérssfe ra@hé o can

be increased by using a thin filmt ranS| stor 20i n¢cl udi ng .an oxi de
sem cond&e@%gurptafgremustﬁat@mm KIGSn *Appdi48 coresgpondris Haven YRS thecepachifhl  vi ew

of FIG 4lg, S”ﬂA‘aﬁ‘ﬁlBhk Brfittdd Afsalg%le%}% ‘é't%ﬁfgg dﬂmlﬁ(hﬁ%n

sem conductor ayer e capacitor [ines can s to an
i ncrease croxsisamoaabmcwcarﬁJEICédlEownt d*rea p'couphedebyscﬂter pictel él@&rodeh]aﬁS ca), ban

i ncrease .in ap ure ratio. 008 int enbodi athin film
transi stdﬁ‘char?egvh'i&‘@hls th; @Wﬂrg}* Eﬁt} F"é’d ‘E))’(’?Cﬂ%asg‘ﬁ?yc%ﬁ%ét f‘]zﬂ/ém?‘?ohsed and

whi szoha%naﬁulﬁ%tmn&hue S;@:hl:oﬂu&o%t fger CUNA ERAdiNGH, UGs | & WRGH frBmd thd xel
portion, whereby a display device th i s capabl e of displ aying an inmage

(especi alckgssaemahglewnabﬁyﬁekaerbwmsmg)me thim film | toxnsisfor dneluding pa @xigeaci t or

in the plsemkconductor layer, the capacitor lines can be reduced, which leads to an increase in
the area occupied by the pixel electrode 105, that is, an increase in aperture ratio.

- [0085]

25 As in this embodiment, a thin film transistor in which a highly-purified oxide
semiconductor layer is used and which has an extremely small off-state current value is
used in a pixel portion, whereby a display device that is capable of displaying an image
(especially a moving image) even without provision of a storage capacitor in the pixel
portion. In addition, even in the case of providing a storage capacitor, a period for

30 holding voltage in the storage capacitor can be increased; thus, a display device the

power consumption of which in displaying a still image or the like is reduced can be



portion. In addition, even in the case of providing a storage capacitor, a
period for 30 holding voltage in the storage capacitor can be increased;
thus, a dWOpPHY48¥i ce t he power consugption of which i RCEIBYNOY6TMY a sti |
i mage or the like is reduced can be provided. Furthernore, by an increase
In aperture ratio, a display device including a high-resolution display
portion can be provided. [0086] Thi s enbodi nent can be

i npl emented in conbination with any of the 5structures of the other

enbodi mentrevided. agpnthermarecby pOG8Zas¢ Emapetture mati)a display dévice hickudimpedi nent
an exanpl e of thin filmtransi stor th can be applied to the display
devi ce dild@Ese "Pﬂqtsﬁlag POFL @Pi’&tpf%‘ﬂd%tw | be described. A thin film 10

transi st qpoggh0 described in this enbodi ment can be used as the thin film
transi stor 106 in Enbodi ment 1. [0088] ~ An enbodinent of a thin film
transi stor of tTiis corfoditnentncanabd amplembeidd niancombingtiomt itk #nyr of the

manufacturing the thip filmtransistor will be described 15 with reference
to FI %S %r/&c%ﬁeé Oglglca%tgerlﬁn&dl%%{l? 8 2@1?.[0‘7[%6689] FIG5A illustrates an

exanpl e gbogyjtop surface structure of a thin filmtransistor and FIG 5B
illustrates an exanple of a cross-sectional structure thereof. The thin
filmtrardEmbodimemtB)i||ustrated in FIGS. 5A and 5B is a top-gate thin film

st stor 2R gl gl &4 B M B B g (1
i n FI G 5Ahe [dX¥pdy] déviee tdisaloskd | i thisaspdcificatiod 1Will bel dedeshedoveX thinsfibstrat e
400 hl%Vi nt?anzsiirs]toir qslgldggciri%%d in this embodiment can be used as the thin film transistor 106

in Embodiment 1.

[0088] .

An embodiment of a thin film transistor of this embodiment and an
embodiment of a method for manufacturing the thin film transistor will be described

15  with reference to FIGS. 5A and 5B and FIGS. 6A to 6E.
[0089]

FIG. 5A illustrates an example of a top surface structure of a thin film transistor
and FIG. 5B illustrates an example of a cross-sectional structure thereof. The thin film
transistor 410 illustrated in FIGS. 5A and 5B is a top-gate thin film transistor.

20 [0090]
FIG. 5A is a top view of the top-gate thin film transistor 410 and FIG. 5B is a
cross-sectional view taken along line C1-C2 in FIG. 5A.
[0091]
The thin film transistor 410 includes, over a substrate 400 having an insulating
25  surface, an insulating layer 407, an oxide semiconductor layer 412, a source or drain
electrode layer 415a, a source or drain electrode layer 415b, a gate insulating layer 402,
and a gate electrode layer 411. A wiring layer 414a and a wiring layer 414b are
provided in contact with the source or drain electrode layer 415a and the source or drain
electrode layer 415b, respectively, so that they are electrically connected to each other.
30 [0092]
Although the thin film transistor 410 is described as a single-gate thin film

transistor, a multi-gate thin film transistor including a plurality of channel formation



25 surface, an insulating |ayer 407, an oxide sem conductor |ayer 412, a
source or drain electrode | ayer 415a, a source or drain electrode |ayer
415b, a gaoe0lwEe2ating | ayer 402, ands;a gate el ectrodePCagero1aadiosA wiring
| ayer 414a and a wiring |layer 414b are provided in contact with the source
or drain electrode | ayer 415a and the source or drain electrode |ayer 415D,
respectively, so that they are electrically connected to each ot her.

30[ 0092] regions can be formed when needed. [0093] A process of
manuf act uegings ¢anebetfhimed when neededi st or 410 over the substrate 400 will be
descri becl &%ﬂow with reference to FIGS. 6A to 6E. 5[ 0094] Al t hough
there is I articular limtation on a substrate which can be used as the
substrate 400 hayioRgks@F hauMcAliridp%ne Whih &0/ trhdsiskér AOCRRE MeYsubbiddte 40O
substrate at | east have heat resistance hi gh enough to w thstand heat

t r eat mentwipdefdeseribgd balosr witirefergaee toUI&Sr 6Ado 6Br med of bari um borosilicate
gl ass, al ym no-borosilicate glass, or the like can 10 be used [0095]

in thd ca{g@ﬁhere a glass substrate is used and the tenperature of heat

treat ment perf@ﬂf@dﬁlﬁﬁ{&éisﬁ&) arfiBulali@itagon Sk RSubdatdte WhhecantbealsadRoi Nt i s
hi gher than or equal to 730 is preferably used as the glass substrate. As

a gl ass dbmsibstinie, 408 hgvingsanniaspting surfice, it is ResessRUNihALER [Spbsitate ofi laass -
al um “Ob%rﬁg‘? &eléz{t%gs{i&?rg‘@ef}ﬁ@ eﬁ)({ugﬁaé] W&Bﬁ{i Rl hcadhént %t%ﬁgﬁnébdslatéie% ﬁflagé (BaO)

exanpl e. cas ere a larger anou arrumo
t han bor cabfwatdforinsd 6Dbiriunm Bokosidice igkasyraharhinobordstlidate glasss bathk likeaan
substrate can be obtained. Thus, a glass substrate containing a |arger
amour® ofPe®aed t han B203 s preferably used. 20[ 0096] Note that a
substrat gohgyyred of an insulator such as a ceramic substrate, a quartz

go ] ; ;
substrate, or a sapphire substrate may be used instead of the above gl ass
substrate. Crydn#ieldagedhefcaslasssubystratel is kecdnang thetenpetaturd of heat tticatnsamb st r at e

T
havi ng an7_3bn’@isg)trét@ﬁb®'~‘ﬁsfe§%§-th ads"@bRRe!| aAs Y1 ¥EHstAR! a \WMHsE hakGial O be in
contact with the oxide sem conductor |ayer, an oxide insulating |ayer such
as a 1Si | isacnaoaluchéndsilicate, glasss aluimimobooosilivater gldss, babaiym doraailicaterglassaxi de
layer, Orusg1 , fgrl gxrg;nrf)lllem Note that in the case where a larger amount of barium oxide (BaO)
than boron oxide is contained, a more practical heat-resistant glass substrate can be
obtained. Thus, a glass substrate containing a larger amount of BaO than B,0; is
preferably used.
20 [0096]

Note that a substrate formed of an insulator such as a ceramic substrate, a
quartz substrate, or a sapphire substrate may be used instead of the above glass substrate.
Crystallized glass or the like may be used. A plastic substrate or the like can be used
as appropriate.

25  [0097]

First, the insulating layer 407 which serves as a base film is formed over the
substrate 400 having an insulating surface. As the insulating layer 407 which is to be
in contact with the oxide semiconductor layer, an oxide insulating layer such as a silicon
oxide layer, a silicon oxynitride layer, an aluminum oxide layer, or an aluminum

30 oxynitride layer is preferably used. Although a plasma CVD method, a sputtering

method, or the like can be used as a formation method of the insulating layer 407, a

sputtering method is preferably used so that a large amount of hydrogen is prevented



30 oxynitride layer is preferably used. Al though a plasma CVD net hod, a
sputtering nethod, or the |like can be used as a formati on nethod of the

i nsul ati YOl2aKéHsNA7, a sputtering nethod is preferabl y P(SIH2H006MER a

| arge anount of hydrogen is prevented from being contained in the

insul ating | ayer 407. [0098] In this enbodi ment, as the insulating

| ayer- 407, a silicon oxide |ayer is forned over the substrate 400 by a
sputtering nethod in such a manner that the substrate 400 is 5 transferred
to a tredtomebeinglcantamed iatheposul #imgniayegd87.f r om whi ch hydrogen and noi sture
are rermv&g%ﬁnd whi ch contains high-purity oxygen is introduced thereto,
and a sill sem conductor target is used. The tenperature of the
substrate 400 HRYhibembHOGMchE TR WAnEIS Y 1l S840t R $1icBh OxHeQaydi)s Remigat ed.

[ 0099] 10For exanple, the silicon oxide filmis forned by an RF sputtering
met hod i vanthatsmbstpie4@) kpaspittering netyayein saolla anagoer thai thevsubstrateof00ogkygen of
25 sccm:, flow rate of argo f 256 seccm=1 : 1) under .the follow n

cond o1 ortansipiied §6,8 spuutea® P sREETRe sifrom VHER BVebBf aSL RO | he
subst r at r@nghd/ag ahdaidh &dﬁtﬁpﬁh?h?ﬂﬁ% otyrefGs MModhid¥ tRERES Hhd®alsRicBn4 Pa,
and the high-frequency power is I.5 k he thickness is 100 nm 15 Note
that as aemigogductpo fargerigi ysgdt hEhes tgmpesatuex Pl gher pubsiratg 400 magnba seqQiet can
be used inste of r pr-af | nthetic quartz). Note that oxygen
or am xet?f%éggglgfO%tggg%l%’ag{ﬁdiogr@%ﬁ%%eaﬁeééd as a sputtering gas. [0100]

In that qes®] the insulating |ayer 407 is preferably fornmed while noisture
20 remaining in_the treatnent chanber i.s renpved sQ. that hydrogen, a

hydr 3yl gr oup Fopexamplesthe silicen p¥ide Slmdyformsdbyen R pytetngwgthod in g

i nsul ati - i I kning in
the-t 1 carumadiEfe Hleinih g 02 en and b e Ry e e LR "o
exanpl e, asgar yfOPAIsqEm arl i dhugpdenphe followidbcdnditiomis uthe Subsdtrate tengrerqiurdys i S
preferably used. The evacuation unit may be a turbo punp provided with a
col d trap08/°%, thredistapes h@meere:H&rﬁ@éﬁtrama%thesta@fih@ﬁtcgﬁawefrﬁ ¢hemerYopunp, a

ot 09eT A RO PEMERCAIL IR ST PRTRE! SThHERAES theT( TO).
concent r NatonhAfased targg ot Formiifg theesiliosbgide fml, aydlicotOiardeo icak beiused he
treal rrentins:?tgadcgfa gyaertrz ((i)?e'}ergglyr Ey%?lfe%cci'qu[agz%)qleote that oxygen or a mixed gas of
oxygen and argon is used as a sputtering gas.
[0100]
In that case, the insulating layer 407 is preferably formed while moisture
20 remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or
moisture is prevented from being contained in the insulating layer 407.
[0101]
In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
25 titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water
(H20), a compound containing a carbon atom, and the like are removed, whereby the
concentration of an impurity in the insulating layer 407 formed in the treatment

30 chamber can be reduced.
[0102]



As a sputtering gas used for formng the insulating | ayer 407, a

hi gh-purity gas is preferably used in which inpurities such as hydrogen,
wat er, a WORADXO#892dr oup, or hydri de a&s reduced to suchP&TJed)/0¢mex t he
impurity concentration is represented by the unit "ppni or "ppb". 5[0103]
Exanpl es of a sputtering nethod include an RF sputtering nethod in which a
hi gh-frequency power source is used for a sputtering power supply, a DC
sputtering nmethod in which a DC power source is used, and a pul sed DC
sputtering net Asc spottedmg gasaisbd &g fosniagphd mdulatinglayert 4674 ahgghnpurity Alas RF

sputterin thod is. mainly used.jn 10 th ase where gn insulating filmis
Forned,  SMEELPraRy st £ S HURHES S R ORShvitet: A AEIb Either £ o ot a
filmis fouABdare rOMMAd to such a kel dRMithd Ripurft{8bfech@atfnSi rﬂo_régéhteuﬁ,%é ce

sputtering apparatus in which a plurality of targets of differenf materials

can be sanit "pPpmhot fppbfiul ti - source sputtering 15 apparatus, filns of
differen @geri als can be forned to be stacked in the sane chanber, or a
film of :W | kinds of materials can be forned by el ectric discharge at

the same time iEQalrnBF:s %@'ﬁ'%_pﬁﬁ ethb@383ldd &h READhit&ihg MBALE iRWhid a
sputtering apparatus provided th a magnet system 20 71 nside the chanber

and used higirtrequengneowensepat issnsedgfonet puticring pawspsippty, ianhCaspustesingis used
for an ECR tteri hod in which plas ene d with the,use of

i or onay St Bhichih 5 poter shyfen BB cis Jked G spiticiinemrngt & as o
deposi t i ehiched bRas isppned m Sputddaniiier. TeAR RE, sphfteify MéBodisShaialydkel @RCt i Ve
sputtering nethod in which a target substance and a sputtering gas

conpdfenthegase phers anainsylating Bl is fprmed, and B Rt Reyttegige inprshafbls gadmlyased o f or m
athin C?Hﬁ%%ﬁge\[vhérg‘a%%ﬁﬂ is30hea. bi as sputtering nethod in which voltage
0

is also applie a substrate during deposition. [0107] 30The insulating
| ayer 4070104y have a stacked-|ayer structure. For exanple, the insulating

| ayer 407 may have a structure _in which a nitride, insulating I\%,er‘ such as
a silicon nitriR@ddidipa, thege o5 313 Fuiti-SQIECE) Spyideringy apparatis Ap Whishimd nitri de

layer, OlpnHlity of targets of different materials can be set. With the multi-source sputtering
15  apparatus, films of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same
time in the same chamber.
[0105]
In addition, there are a sputtering apparatus provided with a magnet system
20 inside the chamber and used for a magnetron sputtering method, or a sputtering
apparatus used for an ECR sputtering method in which plasma generated with the use of
microwaves is used without using glow discharge.
[0106]
Furthermore, as a deposition method using a sputtering method, there are also a
25  reactive sputterihg method in which a target substance and a sputtering gas component
are chemically reacted with each other during deposition to form a thin compound film
thereof, and a bias sputtering method in which voltage is also applied to a substrate
during deposition.
[0107]
30 The insulating layer 407 may have a stacked-layer structure. For example, the
insulating layer 407 may have a structure in which a nitride insulating layer such as a

silicon nitride layer, a silicon nitride oxide layer, an aluminum nitride layer, or an



alumnumnitride oxide | ayer and the above oxide insulating | ayer are

st acked over the substrate 400. [0108] For exanple, a silicon nitride |ayer
is formedvDrROBWBO24 manner that a sputkering 5 gas fromPEmiJEN1INYEBgen and
noi sture are renoved and which contains high-purity nitrogen is introduced
between the silicon oxide |ayer and the substrate and a silicon target is
used. Also in that case, in a manner simlar to that of the silicon oxide
| ayer, the silicon nitride layer is preferably fornmed while noisture

r emai ni ngliminamt nieédenextide hiyemdrerthe aboenuridel instlafifg 0Gkr are stackéd sweeri thet he
case of fo ninqﬂﬁhe silicon nitride layer, the substrate may be heated at
the ti e SBPSTR{G G or nat i on. [0110] In the case where the silicon nitride

| ayer anqoi silicon oxide |ayer are 15 stacked as the insulating |ayer
407, the silicon nitride |ayer and the silicon oxide |ayer can be fornmed in
t he sane treat kentxamhpledresilicoi nigideNayes sanfiormed incsch namapaer thet a sputteting
silicgn nitride layer s formed i.n such a manner.that a gas containi ng

ni tr ogen B8 Trom POREBYtBEE AT Mty 4TS BVl BU HBE soriEs hiehminty
chanber ipstréifefds idtiGiuced Betwieh itk Eiliodh dRide AN and the siRtkaieNarug BilRoRBNNET
that the gas is switched to a gas 20 contai ning oxygen and the silicon
target ude@ctigusedre Alsoiin Bt pases indempenes simiar fg dipt O%hlee glicanco¥idalayes, de

| ayer andy L 0 5h hiGa0 185} 4 J[e?e\fz%l ?&Enéaewkﬁé %‘i'stﬁ}écr%&%ﬁ{mghy a WehfioMh being
exposed to air; Phus, |npurP I'es such as hydrogen or nolsture can De

pr event edhfimbenibedmgvedt t ached to the surface of the silicon nitride |ayer.
[0111] 25Then, an oxide sem conductor filmis forned to a thickness of

gr eat'er AP lor equal to 2 nmand | ess than or equal to 200 nm over the

i nsul ating 'ay%séﬂl@e EQL b forkdin@fnd§fichR ani@é’i%gEr,mé BEIERe m%%?)é%ﬁé&'

group, and noi sture from being contalined 1n thé oxide sem cohductor film as
much as pogeithheof film fomptied.er abl e that as 30 pretreatnent of the film
formati 02 Egﬁe substrate 400 over which the insulating |ayer 407 is forned
is prehe P in a preheating chanber of a sputtering apparatus so that

i mpurities suchpafe sk Q@eR ARAsiNEIrS hitfi8e dMyefGRBGHE Giliddd SHBSUARE€rd00 can
be 15 stacked as the insulating layer 407, the silicon nitride layer and the silicon oxide layer
can be formed in the same treatment chamber using the same silicon target. First, the
silicon nitride layer is formed in such a manner that a gas containing nitrogen is
introduced and a silicon target provided in the treatment chamber is used. Then, the
silicon oxide layer is formed in such a manner that the gas is switched to a gas
20 containing oxygen and the silicon target used for the silicon nitride layer is used. The
silicon nitride layer and the silicon oxide layer can be formed successively without
being exposed to air; thus, impurities such as hydrogen or moisture canl be prevented
from being attached to the surface of the silicon nitride layer.
[0111]
25 Then, an oxide semiconductor film is formed to a thickness of greater than or
equal to 2 nm and less than or equal to 200 nm over the insulating layer 407.
[0112] A
In order to prevent hydrogen, a hydroxyl group, and moisture from being
contained in the oxide semiconductor film as much as possible, it is preferable that as
30 pretreatment of the film formation, the substrate 400 over which the insulating layer 407
is formed is preheated in a preheating chamber of a sputtering apparatus so that

impurities such as hydrogen and moisture attached to the substrate 400 can be



elimnated and renoved. As an evacuation unit provided for the preheating
chanber, a cryopunp is preferably used. This preheating step can be

om tted. Whi2811jH841¢ati ng step may be pegrformed on the s&OIUPI0GIIB over
which the gate insulating | ayer 402 has not been formed yet. This
preheating step may be perforned in a simlar manner on 5 the substrate 400
over which conponents up to and including the source or drain el ectrode

| ayer 415a and the source or drain electrode |ayer 415b are formed. [0113]
Not e t hatelipehaedandrenmvede Aepn evavdatdamounif promided fdrgherpthbating chpmbeeri ng

met hod, dust attache t he surface of. the insul ati | ayer 407 i.s
preferablcs}yqpé‘mﬂ/@cprﬁgmtfgy P%‘g\flergélssﬂﬁﬁaé‘r“gﬁ&pl‘f? 'Q'Hﬂ%ldas 15 reheating ot ed by

intr OdUCFsitébran)If b&PerfirfRA odaRe subiRatt 06 0FE: Wikkh Hﬁ:r%a&ginisnﬂaﬁng@SIMZi HasWhi ch
voltage is applied to a substrate side, not to a target side, using a

hi gh- f r eqeéhesn fromed ysburldds preheatingrsjemmay ropshiormediiia sinaidaremannegener at ed

in the vigini f e subst.rate so that substrate surface is nodified.
ot e Shat i Wl 400 SR ST BmBSieaty b o S iRBide e 855e i Witbcpner e,
or the | idiirble IH¥r P5akn@dhd utRas dedin BRcR6GIRYEIITEB RREfoemed.0114] The oxi de
sem conductor filmis fornmed by a sputtering nethod. The follow ng can be
used as tIABlYxi de sem conductor film an |n-Ga-2Zn- O based

non-singl e-cry ] N,l.n-Sn- Zn- i d ) C 1l m an
o o AP ons o NGB ghd SR leo e Ao ARGid: HinIR BEHAORY e hluckbk .
seni condundthod, idubtrattaetiedAb tKesuffac o bihs edbubxing éayee A0 T Brpdefetabty feidoved By

Sn- Al - Zn- O- based oxi de Sﬁn’i c'(fnduc_t or fil g\ an | n-Zn- O based oxi de

seni d8ndUBYsse SAURTING H WHICEPIRSmRS SgneRicd DYSBHP AN Of 3R ¥F§qmgasyy The

Sn- Zn- O haggd ﬁ&k@ﬁngm CRAHECTOKhith !vmtag;egi%é@gm {8 Dasrgtapdigle potioa

sem conduct or I'm @an | n-0-based oxi de nductor film a Sn- O based

oxi de sertangeinsdds; tusingfa high-fequencyrpo®eh scuwrde oxardarger atmeespherctand plastomis | n t hi s
.0xj de. sem

OO0 T 0 PO R B P oS E R i o
sput t er i RatMEhiiR@en hifosPhtRE a IRMuMONEHHRpIRIe, | dn &%ﬂ R0 br e Hke
Py 5e ysed instead of an argen atmodphere, o 00"

[0114]

The oxide semiconductor film is formed by a sputtering method. The
following can be used as the oxide semiconductor film: an In-Ga-Zn-O-based
non-single-crystal film, an In-Sn-Zn-O-based oxide semiconductor film, an

20 In-Al-Zn-O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor
film, an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide
semiconductor film, an In-Zn-O-based oxide semiconductor film, an In-Sn-O-based
oxide semiconductor film, an Sn-Zn-O-based oxide semiconductor film, an
Al-Zn-O-based oxide semiconductor film, an In-O-based oxide semiconductor film, a

25  Sn-O-based oxide semiconductor film, or a Zn-O-based oxide semiconductor film. In
this embodiment, the oxide semiconductor film is formed using an In-Ga-Zn-O-based
oxide semiconductor target for film formaﬁon by a sputtering method. The oxide
semiconductor film can be formed by a sputtering method in a rare gas (typically, argon)
atmosphere, an oxygen atmosphere, or an atmosphere including a rare gas (typically,

30 argon) and oxygen. In the case of using a sputtering method, the oxide semiconductor

film may be formed using a target containing SiO, at greater than or equal to 2 wt% and



at nosphere, an oxygen at nosphere, or an atnosphere including a rare gas
(typically, 30 argon) and oxygen. In the case of using a sputtering nethod,
the oxi dewoemiggsactor film may be fogmed using a tar g@CTIBHUNGDETLYY Si 02
at greater than or equal to 2 wt% and ™ WD 2011/ 0489248PCT/ JP2010/ 067193 2

| ess than or equal to 10 wt % [0115] As the sputtering gas used for
formng the oxide sem conductor film a high-purity gas is preferably used
in which inmpurities such as hydrogen, water, a 5hydroxyl group, or hydride
are redudeg than Ggalaollowals.t hat the inpurity concentration is represented
by the unit "ppmt or "ppb". [0116] As the target for formng the

oxi de sertPtBrlduct or filmby a sputtering nethod, a netal oxide target

cont ai ni ng zi nc, 0% d | N n : ed. n e

exanpl e of the Anseﬁﬁ %‘gfecri%gt rsglel ef&”'gér% gdg%né&efglé%%ég%dgeé?@mgug}ogeﬁ ’o? film

f or mat i orhiglophdtyngasgisl prefezably ausdd 4n Whick iognupitiss tsucn as dtydmigefi,n 2@k, &a203:
ZnO=1: 1. 1 (nmol ratio), In : cZn=1: 1 0.5 (atomc ratio)) can
e usdd. oo EBRP o TSERIE BietEsH € et levﬂrthetitil?ﬁwwﬁf?reﬁnmﬂndﬁni ng
In, Ga, " P por.areonposition ratio of In: Ga: zZn =1 : 1
1 (ato%g ergéglﬁdgﬁ}hg%gﬁfrt\ Bﬁ%a&gp%g =1: 1: 2 15 (atomc ratio) can be
used. |n [adthjtion, the filling factor of the oxide sem conductor target for

filmformation is greater than or equal to 90 % and | ess than or equal to
100 % pr ef er aB}Sythgfaggtder %Qﬁ%iﬁlgot:i‘e g¥ids semipoy ucd/ergtﬂal braspyticgne sreththal ¢ o

99.9 % ApR¥ ctﬁi&eefﬁrgeg ’H&H&ﬁxﬁ{\% fhdcmyyht Gb aaixpwiﬁﬁom{ RGh ¥R R¥ideas

sem conduct or target r filmTormation of, which has a high filling

factdo, imothenseample] OfL Bie] metad coided Bargat e ewitlecsepriconiduntor darget fierdfibwer t he
i O TN A NI T AT CE AT
hydrogen apgdonRis),Un® @h€ ZE£Ioveq | 6.5 @l Ya6s)) W b8 used.  As the oxide
semiconductor target for film formation containing In, Ga, and Zn, a target having a
composition ratio of In: Ga: Zn=1:1:1 (atomicratio))orIn: Ga: Zn=1:1:2
15  (atomic ratio) can be used. In addition, the filling factor of the oxide semiconductor
target for film formation is greater than or equal to 90 % and less than or equal to 100 %,
preferably greater than or equal to 95 % and less than or equal to 99.9 %. An oxide
semiconductor film which is formed using an oxide semiconductor target for film
formation of, which has a high filling factor, is dense.
20 [0117]
The oxide semiconductor film is formed over the substrate 400 in such a
manner that the substrate is held in a treatment chamber maintained at reduced pressure,
a sputtering gas from which hydrogen and moisture are removed is introduced while
moisture remaining in the treatment chamber is removed, and metal oxide is used as a
25  target. In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water
30 (H:O) (preferably also a compound containing a carbon atom), and the like are removed,

whereby the concentration of an impurity in the oxide semiconductor film formed in the



noi sture remaining in the treatnent chanber is renoved, and netal oxide is
used as a 25 target. In order to renove noisture remaining in the treatnnent
chanber, & 20nyH8Pdent vacuum punp ispreferably used. POT/JBXHNDNG7EI3 a
cryopunp, an ion punp, or a titaniumsublimation punp is preferably used.
The evacuation unit nmay be a turbo punp provided with a cold trap. In the
treat nent chanber which is evacuated with the cryopunp, a hydrogen atom a
conpound contai ning a hydrogen atom such as water 30 (H20) (preferably also
a conpourittatoent ashamher eanche ieshiced.orifhe substrathandy ke hasted raé sy oke afhtdeeby t he

concentr urijt. he., oxi de sem conductor filmforned in the
WD 2011/ 3[3%33 @%%@%i@%@ﬁ@@ﬁ%m ment chanber can be reduced. The
substrat g0 be heated at the tinme of the formation of the oxide

sem conductor film [0118] As an exanple of the deposition condition, the
substrate tenpdksaaruexample obdhn deposision«onditipn, the [subsirate MPSTANTEVIE S0P he

ZIUP er az ﬁFxr%ggrP{u(tb&gl a{hgt%hcé t?etx%%&st’ﬂm\wﬁs?r%g %%ﬁéj a? ét? P104 mﬁla the 8 sure is

ereléa atnosphe

cont ai ni g4 mygerauaatdaﬁfego(o(:j power 8105 QW @naglemamfosﬁl&rs (0o 7] atnfdspld\éré at e of
argon of 30 sccm. Note that a pul sed direct-current power source IS

pr ef er ablGpntasEpe OXygepIng ATEOR HOWRIEH oXypRn %ﬂq@e%ccw %fav rfé? ef pgan b 34 s
particl ©Sclh). Aughed ¢ h s@dfo% @hr}e'ih §Bc§ R gﬁqurbfr?qérrﬁbgfg%??aﬁnd t he

fllmthlcknescan | orm TeOXI ctor |y has
a thi ckne,slsclof:asgrpﬁmder suﬁsamccsr (absquaferted t am parivtts| oz siust) Hlzat aor foropedlint o 30

nm Note fhat..the ap iate thickness differs de endL n oxi.de

sem (,thndtf%i’ﬁ? “i’fhtcéfll E‘i‘f‘?&&tﬂ’éi {4 Bﬁ‘ﬂeggcw 158" s étng’b £i axide
dependi nGeRiconbcioEiR bﬁ:lferaﬂl? [hgiltglluckness of Qi%.yiier tHaBQ)r gh:ﬂQo Seith GAA GGt or
filmis processed into an island-shaped oxide sem conductor |ayer 412 in a

first phcohal pt bt &pBQ nm. epNQtsébatFthGaﬁﬂppﬂﬂQ rthigkness gliffess dgpendingkorf an
R s R R S S e e R
no phot onB&knateal.ch results i n a reduction in manuf acturing costs. [0120]
15 [0119]
Next, the oxide semiconductor film is processed into an island-shaped oxide
semiconductor layer 412 in a first photolithography step (see FIG. 6A). Further, a
resist mask for forming the island-shaped oxide semiconductor layer 412 may be
formed by an ink jet method. Formation of the resist mask by an inkjet method needs
20  no photomask, which results in a reduction in manufacturing costs.
[0120]
Note that the etching of the oxide semiconductor film here may be performed
by dry etching, wet etching, or both wet etching and dry etching.
[0121]
25 As the etching gas for dry etching, a gas containing chlorine (chlorine-based
gas such as chlorine (Cl;), boron chloride (BCls), silicon chloride (SiCls), or carbon
tetrachloride (CCly)) is preferably used.
[0122]
Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
30 tetrafluoride (CF4), sulfur hexafluoride (SFs), nitrogen trifluoride (NF3), or
trifluoromethane (CHF;)); hydrogen bromide (HBr); oxygen (O,); any of these gases to

which a rare gas such as helium (He) or argon (Ar) is added; or the like can be used.



Note that the etching of the oxide sem conductor filmhere nmay be perforned
by dry etching, wet etching, or both wet etching and dry etching. [0121]
25As t he WOehligsYas for dry etching, gas cont ai ni ng ®RTIP2MNY067193

(chl ori ne-based gas such as chlorine 8@1 boron chloride (BCl3), silicon
chloride (SiCl4), or carbon tetrachlorlde (C£14)) is preferably used.

[0122] Alternatively, a gas containing fluorine (fluorine-based gas such as
carbon 30 tetrafluoride (CEQ sulfur hexafluoride (SF6), nitrogen
trifluori[d&3]NF3), or trifluoronethane (CHF3)); hydrogen brom de (HBr);

o (00 Ay % hol i kB GRRVER S50 BARA™)
2011/ 048924QREp/ ﬁ%%@é@él?@&\]}g@q glakﬁéﬁékhm meth&iscatnh?e ﬁ’sre)i et hidepdBthod, a

paral l el plate IE (reacti n etch |ng met hod or an I CP (inductively
coupl ed phadim} 1etoct|¢:smgdrmmh@d thaetdhéngusedlitiom (the demound oftdécttigofrick ns i nt o

desired shape the etc condi.tion h mount of electr

appl | 84 aBpheia 4 Ckdsen EfteEood Shnist 3 oRHPE R Gt aBR RO BBEHR ed to
an el ect rpdes®BrRe SideSthe AMpsthtles of e cleeFOE®! 64 ufeesusétrawgdelcﬁ%é ORe i9n the
substrate side, or the Ilkeg is adjusted as appropriate. [0124] AsS an

et chant ljldﬂl?rteﬁ@b‘ appropsatehi ng, a mi xed sol ution of phosphoric acid, acetic
10 acid, n| tric acid, an ammoni a hydrogen peroxide m xture (hydrogen
peroxide so tion of 31 meight@b: ammoni a solution of 28 weight%: water =

5 2 : 2), or Ashu dicHeat osed fbewusadunélatmmatsbmaby of pRé3phdti¢ peiddiceed by
KANTO CHEM CAL CQO., INC.) may be used. [0125].15The et hant after the wet
et chilflg ia6ids ARdvRitriq agids F\‘@r arwmﬂlat hydragem geroideemivdpe dydresa npssoxideane

vast e |1 Qo Qpist! 0408 DanBIGHPOLAof o IRAPR] Alacel £1300, 0B, dTfe De

purified an Pe' Tevsed iterial “such ds i ndi um

cont ai nedikencanhise asddde Aaemamal@unmm qpedutal bplKANTOICHEMICAE O@St e
liquid after the etching and reused, the resources can be efficiently used
and the dD&t) manbeusededuced.

[0125]

15 The etchant after the wet etching is removed together with the etched materials
by cleaning. The waste liquid containing the etchant and the material etched off may
be purified and the material may be reused. When a material such as indium contained
in the oxide semiconductor layer is collected from the waste liquid after the etching and
reused, the resources can be efficiently used and the cost can be reduced.

20 [0126]

The etching conditions (such as an etchant, etching time, and temperature) are
adjusted as appropriate depending on the material so that the oxide semiconductor film
can be etched into a desired shape.

[0127]

25 In this embodiment, the oxide semiconductor film is processed into the
island-shaped oxide semiconductor layer 412 by wet etching using a mixed solution of
phosphoric acid, acetic acid, and nitric acid as an etchant.

[0128]

In this embodiment, first heat treatment is performed on the oxide

30 semiconductor layer 412. The temperature of the first heat treatment is higher than or

equal to 400 °C and lower than or equal to 750 °C, preferably higher than or equal to



20[ 0126] The etching conditions (such as an etchant, etching tine,
and tenperature) are adjusted as appropriate depending on the material so
that the WRi2du/@&44conductor filmcan;he etched into a @ETIPHIO/EEAYE.

[0127] 25In this enbodi ment, the oxi dé sem conductor filmis processed into
t he i sl and-shaped oxi de sem conductor |ayer 412 by wet etching using a

m xed sol uti on of phosphoric acid, acetic acid, and nitric acid as an
etchant. [0128] In this enbodinment, first heat treatnment is performed on

t he oxi det0BCCsadilowachhai thie dtajrepoidtlaX. thd kebstratepe Heke) tlee substrdte i putdi aheat
treatnment is_higher than or equal to 400 C and | ower than or equal to 750

C, pref ercdistic fignes hatals drkiedpd) heay trapmens1aprorte A0bArAY BEBTNHE7 193 3
400 C and Lawer, hal Jh s%h{i@dr{a Pt ﬂéreplfnat ogéfipﬁ 0?15 re ARy o g cpubstrate
IS put | FP an electric ur nace Hat | a ki nof ea reat ment appar at us

and heat Houfahdgith waeredfhgdrogen art proeented fiem Sartriag fisledidy sdndy&@iduttor a
ni trogen atnosphere at 450 C for one hour, and then water and hydrogen are
pr event edayer githethe exidssempcondustanclayernat sXprRret 69 aik. | Hyibe ahpyenmanier.dRf de

sem condygt or aifv.: t DBARES ; | de
sem condu%g#%r Se@%"ﬁ@“?‘g} gﬁ{égl%?\e i sﬂ?llS if fs;‘?t gfﬁttﬁpﬁﬁggt rregﬁ{s lr’trg&%gbl?;{b

possi bl e debydieteyod dak girogendeeitiiel ovide sahieonduetaiaybe 432m conduct or | ayer 412.
[0129] The heat treatnment apparatus is not limted to an electric furnace

and may @y provided with a device that heats an object to be processed
by thermal con etuemrextmkgmﬁgeﬁ%}aursaﬁuﬂ 1l 0 1ReA BlmRYChAdaRaPbe

resi stance heater or the | For exanple, an RTA (rapid thermal” anneal)
apparlat upreuded witha GRI% (hghbeatsipn dbjehetonbd pmgessad by dhgranab comdustiomor LRTA

(lamp rapjd ther nneal ) .apparatus can be used.  An LRTA apparatus is an
appar at ugh?r&ai}ﬁg?ﬁoﬂ}oﬁ‘ha%ﬁ“gc@c 35 Bé&e %t?sg‘fitaf £y th ﬁ&?‘at “A‘Hn&g?’p %8ht (an
15 el ect rormgnpid they@ye hnfal)t AfprdtisO Sk hsarszRmh(%ag rapidatheg@) dnaed) a
nmetal halide |anp, a xenon arc | anp, a carbon arc lanp, a high pressure

sodi um | a@pparatys oa anilgklp lamp rrpidrtberanal pnnephapparaRTmnadspesed: usni IR Eh
coper gt gl SRURLle e0h SO AR DA hOTRE oL ©
heat 1sr eaflethdinagfdticvae) Binitieddfevin @Mlafp swheasGtmlcyen amp, aangahhalide 2iis.ed.
a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure
mercury lamp. A GRTA apparatus is an apparatus with which heat treatment is
performed using a high-temperature gas. As the gas, an inert gas which does not react
with a process object by heat treatment, such as nitrogen or a rare gas such as argon is
20  used.
[0130]
For example, as the first heat treatment, GRTA may be performed as follows.
The substrate is transferred and put in an inert gas which has been heated to a high
temperature of 650 °C to 700 °C, heated for several minutes, and transferred and taken
25  out of the inert gas which has been heated to a high temperature. GRTA enables a
high-temperature heat treatment in a short time.
[0131]
Note that in the first heat treatment, it is preferable that water, hydrogen, and
the like be not contained in the atmosphere of nitrogen or a rare gas such as helium,
30 neon, or argon. It is preferable that the purity of nitrogen or the rare gas such as

helium, neon, or argon which is introduced into a heat treatment apparatus be set to be



[ 0130] For exanple, as the first heat treatnment, GRTA may be
performed as follows. The substrate is transferred and put in an inert gas
whi ch haswbeen/t#e®ted to a high tenpergture of 650 C toPYOUPDIV/h&AtEed for
several mnutes, and transferred and taken 25 out of the inert gas which
has been heated to a high tenperature. GRTA enabl es a hi gh-tenperature heat
treatnent in a short tine. [0131] Note that in the first heat
treatment, it is preferable that water, hydrogen, and the |like be not

cont ai nedN (9%9999&%)1@5 pizhee pm‘fernbltyr’/c}geem 929992 %poehighar @hat lis, albe hwpurityn
30neon, or ar is preferable that the purity of nitrogen or the rare
gas such CQEC Ilﬁ?ﬂshﬁbﬂorlﬂw%r@%ﬁqu@ﬁ PP 91PWEduced i nto a heat

t reat mentp, aratus be set to be 6N (99.9999 9% or higher, preferably 7N
(99. 99999; g/%)ji hi gher (that is, the inpurity concentration is 1 ppm or

| ower, prefer alﬂuythar 1thepoxile Ismnmo)]duc{tﬁtlaﬁierFmayhéxe ctysallizeddeo be a

sem conductor be crysta Z a 5 mcrocrysta ne filmor
a pol ycr yglfaqcrxsr?ﬁhrm i aé@eﬂla%tah ﬁ%ﬁimemiaa og qopditiop;o ehﬁnéfat hgat eat nent
or a mat §fcdagher®fort SR orSEET SN YShRbndRYS" Jay&zOr F@%esmhﬁe teogyt de
semi conductor |ayer may be crystallized to be a  mcrocrystalline

seni condwemaronfliudton ke n@yd)ed@gstelélzod te by st mfidrocrystaldine sfm@ondyator filme, or

80 % or re. Further endi ng o condi tion he first heat

Creat nentaLig ¢ fseite o Fapebizap g0 18 Dot GBollich OF Palfor FUHRES oxi de
sem CO”d%Pa{dxﬁ ABRthRYndBoR B MO FRN ATt AR SN ARNAMERHA! of kildTdHa0t ai ni ng
no crystal i ne tonponent. The oxi de sem conductor |ayer may becone an oxi de

seni dfndseminonflidton ilayenhthe hoxider sesmiconyudtar layee pay theoan (amarpheusgexide

di h 1 d h I h 20
Ly cal | yogrQagisor it SBrEae ror ey e deagRdis o7 v REeiadebeRR, 4 nm

I's m xed lay¥r Gndyp bacbnTRA mmsseﬁﬁb&ﬁluét@mfﬂﬁnﬁﬂﬁrhwh a Hdd3lystalline poktien f i rst
heat treatnment for the oxide sem conductor |ayer can be perforned before

t he oxi ge(wstém graindliupeser greates than BF eqvab totinmrang grepseritharprdessbpedd os dﬁ
hoat apparBiftly BEREPhab Oy kAR 16 2ifyald WU Hah B fosd fgh AU Quhinkd R0 "€

phot alsi t agiapphous ok jleissmivendwstored. [ 0134] The heat treatnent which
has an effect of dehydrating or dehydrogenating the oxi de sem conduct or
| ayer maﬁobg’]perfor med at any of the foI | owi ng timngs: after the oxide

sem conduct or  hgy e ﬁ eregﬁ%n ot G u%{o?qcfl)re?%gn %@g)egﬂaﬁPgﬁ ain

el ectrode 25 are for rre over t e oxl de sem co uct or layer ter the
gat e i nsulefdre nthef okide i senficomiadtooviim tikepmoessed ietoedha aslendsithpedheoxddai n
el ectr C)desemlconductor layers. In that case, the substrate is taken out from the heat apparatus
20  after the first heat treatment, and then a photolithography step is performed.
[0134]

The heat treatment which has an effect of dehydrating or dehydrogenating the
oxide semiconductor layer may be performed at any of the following timings: after the
oxide semiconductor layer is formed; after the source electrode and the drain electrode

25 are formed over the oxide semiconductor layer; and after the gate insulating film is
formed over the source electrode and the drain electrode.
[0135]

Next, a conductive film is formed over the insulating layer 407 and the oxide

semiconductor layer 412. The conductive film may be formed by a sputtering method

30 or a vacuum evaporation method. As examples of a material of the metal conductive

film, an element selected from Al, Cr, Cu, Ta, Ti, Mo, or W; an alloy containing any of



[0135] Next, a conductive filmis forned over the insulating | ayer 407 and
t he oxi de sem conductor |ayer 412. The conductive filmmay be forned by a
sputt eri NyoOretP8Y230 or a vacuum evap%atl on net hod. AsPEXHARYII®E6793 a
material of the netal conductive film an el ement selected fromA, Cr, Cu,
Ta, Ti, Mo, or W an alloy containing any of WO

2011/ 048924PCT/ JP2010/ 067193 33 these elenents as a conponent; an all oy
filmcontaining any of these elenents in conbination; and the |ike can be
gi ven. Althesenaememeb yas a)lcemponemb,r en raliberfilal someinégy enly fof aheseaeigaees an
magnesi um zi.rconi u ryll and thorium may be used. Further he
conduct i \FQ“&WWH&?}{R}]@GE l% cap §Igé"qnay tegqaliyely e o maresnaleRaly SFlﬁﬁtéiti
structur Efrdrﬂ%ﬁﬂ%d?x@set V‘Hna@ﬁesmﬁﬁ ez} BY%Rhm; U%Pflhﬁ’ﬁiarﬂﬂhethcﬁ‘m%i r}HJa)ﬁ “HeAXi8&d.
structure of an alum nunvfil n1|nclud|ng silicon, a two-layer structure in
whi ch a tRurthai, Lthefcdnducrtsfcsflhnkmdy dage aalsmgla:llraynuatrdqtmm ora at $tacked{layeer

struc%ureln Wmc,] anlumflllné; an_al umn mfl land titanumfilm
or oS oae Rt duting b Or Sibye iy st AR vl R0 Pt Bt ot |

film an Alhin kil 1n@1'i1dﬂlgn$1héddjea o ByehiselictaRN i Whschah UTth AR ﬁﬁb)lsand 10
one or a plurality of elenents sel ected fromtitani um (Ti), tantalum (Ta),

t ungst en stagked ewery o @lmingmolilm, ch thaes-layex eirycturads dyichira (itgium &b, eeandi um
(Sc) may al?uml IendfllIIL Oagiﬁg] tltanlam filln{.I afe. s cﬁ(%.'ﬂl Elho&%} tagtﬁ g'[ ; Veyﬁaﬁtb%p ivéh. resist

mask i s forrre over e con v e S and t e con
sel ecti veAlyergdtBiaBg a Stml Bahllé N Eilif| O(szCﬁltm’He ﬂlmawmldhl contaidduhmunl @1¢and15a and

the source or drain electrode | aye e forned, and then the resist
mask s ragy eyl of demens SelF«ﬁ?‘é frpﬂlafetawgb@bﬁalttﬂémr Jrhdenastsar (@B,

el ectrod h eqd i aper ed
Shape. 1 i B el (EhOReddfRyh (X8, o Scanlt B (G Inay b uBed, 2000

t he sourd@136jd drain el ectrode | ayers can cover the source and dral n

el ectrode | ayers nore ade tely. 20[0137]. . knt enbodi as the
Sour ce_or i at i ASB G by P desanast i LA oRPEiPR OB Vb e
layer 41%0m snd fhk2BhauBilve Vs sBledtivdly Et'éH&13§o Bt #RGoRfBel &t driih B iBie @
sputtering method. [0138] 25Note that” in order to prevent the oxide

sen déndlayesd1paygnd tlwmuchcnndwnmépctred@laevdr ahb arhdoimpsk.and theg th‘ay@rst 407

e R A B R AT B Rl S

sem condumtGhe ldedie rele@ﬂrad@lz@eﬁdteuﬁﬂé%ﬂalﬂﬁ iRRAPtapsed 3hdpe, [ WhAh case a gate
insulating layer which is to be stacked over the source and drain electrode layers can
cover the source and drain electrode layers more adequately.

20 [0137] '

In this embodiment, as the source or drain electrode layer 415a and the source
or drain electrode layer 415b, a titanium film with a thickness of 150 nm is formed by a
sputtering method.
[0138]

25 Note that in order to prevent the oxide semiconductor layer 412 from being
removed and the insulating layer 407 thereunder from being exposed in the etching of
the conductive film, materials and etching conditions of the conductive film and the
oxide semiconductor layer 412 are adjusted as appropriate.

[0139]

30 In this embodiment, a Ti film is used as the conductive film, an

In-Ga-Zn-O-based oxide semiconductor is used for the oxide semiconductor layer 412,

and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a



30In this enbodinment, a Ti filmis used as the conductive film an

I n- Ga- Zn- O- based oxi de sem conductor is used for the oxi de sem conduct or

| ayer 412VO2RH/#24nmoni a hydr ogen pergxi de sol ution (aPRIYPHHYIG3moni a,
water, and a WD 2011/048924PCT/JP2010/ 067193 34 hydrogen peroxi de
solution) is used as an etchant. [0140] Note that, in the second
phot ol i t hography step, only part of the oxide sem conductor |ayer 412 is
etched to form an oxi de sem conductor |ayer having a 5groove (a depressed
porti on) hydrogonperoaglesolutinnpidaised asan et¢hant.esi st nmask for forming the source
or drain 6 trode | ayer 415a and the source or drain electrode |ayer 415b
may be fcl by an ink-jet nethod. Formation of the resist nmask by an

i nkj et method meggdshatg iAhfeog@okd PRULGIRh6QEPHY Stdph chly GShC loif Ofhe i Bxide
manuf act uri ng costs. [0141] 10UItrg“\}j| ol etg}I %}t pKrF jl;aser light, or ArF

| aser | i ghmidosdygieidlayer 412 gﬁtetcéwédguﬁognf@r omensengcqmiéctpeéam Hig #n the

second. PIOSl RAARMRHEHR: n ARGk 10 hotiofl 1l AULnldl A KoaRRL S OF t0

be conpl ance Ween bottom en f the

source elteetsuaceot dei eRbodRyelr 4152 Aldethtrsodeelcayiriin cldttrole dyer adfecent to
each ot her over_ the oxide sem conductor |ayer 412. Note that in the case

where |idmy s feumesk by ean inkpist msthady Formplagn o dhe Fesish anaskebyen 1kistcones
| ess t hatndfod et hggf.otsmgé WitfcHl RAullsah 88, dibR iff RRhsthcllfifk cbdk.t he second

phot ol i t hography step is perforned using extrene u traV|o t Wwth an
extrenel JOB4idrt wavel ength of several nanoneters to several tens of

nanonet ers. t ex extre Itr VI al et bl es hi
resoldti on andqﬂgé‘ﬁ @E@éﬂ Iéfli“s,r%%d g&F k! @H%W’&P%? ﬁxl?_os fc oRe thin
film20 tfaﬁlﬁﬁ%sﬁ@festsp nbd@k GR TR §éc6ﬂd| ﬁbt%htlﬁ)%fhph? sepealChhnidldéhgt Legugl to 10

nm and | ess than or equal to 1000 nm and t erat| on speed of a circuit
can be i rtbmefalgeuansemr tfouba ermploted latae isyddteraningd by R-distancs hetweamnbotfom

xBTS i s T sy RIS, AR RRRITRS: Rl R fBlARIErL 1
oxi de sersaapaniuf:bwr th@yLide 4dBicohMectGrOdy@et 10l Wotd thatiredit rcastewhény@igh#t 15a,
e U Spooure s petformed so that the’ channel length L becomes less than 25 nm, light
exposure for forming the resist mask in the second photolithography step is performed
using extreme ultraviolet with an extremely short wavelength of several nanometers to
several tens of nanometers. Light exposure using extreme ultraviolet enables high
resolution and deep depth of focus. Thus, the channel length L of the thin film

20 transistor to be completed later can be greater than or equal to 10 nm and less than or
equal to 1000 nm and the operation speed of a circuit can be increased, and furthermore
the value of off-state current is extremely small, which leads to lower power
consumption. '

[0142]

25 Next, the gate insulating layer 402 is formed over the insulating layer 407, the
oxide semiconductor layer 412, the source or drain electrode layer 415a, the source or
drain electrode layer 415b (see FIG. 6C).

[0143]
Here, the oxide semiconductor that is made to be an intrinsic oxide

30 semiconductor or a substantially intrinsic oxide semiconductor (the oxide
semiconductor that is highly purified) by removal of impurities is extremely sensitive to

an interface state and an interface electric charge; thus, an interface between the oxide



[0143] Here, the oxide sem conductor that is nmade to be an intrinsic oxide
30 sem conductor or a substantially intrinsic oxide sem conductor (the

oxi de serwOaptueswr that is highly pur3i5f i ed) by renoval PET/JPPAINAéTPES | S
extrenely sensitive to an interface state and an interface electric charge;
thus, an interface between the oxide WD 2011/048924PCT/JP2010/067193 35
sem conductor and the gate insulating filmis inportant. Therefore, the
gate insulating film(d) that is in contact with the highly-purified oxide
sem condueinfdondé&osaridothb gue ifdulhing filthads iiinportdd 1 4Fherbfone, the gatp idnlading

hi gh-densjty plasma CVD using a mcrowave (2.45 GHz) | referably used, in
whi ch casféma“ﬁb that isain eaptact pthythe éiﬂhi)gp'&éﬁlfé‘le?mﬂ%§e%$@?f‘5%ﬁ{fﬁ’§?%'& Kayet age,
and has hj; ty can be fornmed. The highly-purified oxi de sem conduct or

HAkY. . . . . !
and the hlgﬁfgugit?ty gate insulating filmare in close contact with each
ot her, wi{6ét4elly the interface state density can be reduced to obtain

favorabl e interface characteristics. 10 . In addifi ince the
insul dting fil °fGF‘WBBIacué‘inHél‘fi?fé‘tﬂiF&??Pb‘leﬁglﬁfl‘)s‘ﬂge?s%a@(@’eab%%fg%@ Ban have
a uni for Pt RipkNESR it WhidhNSAE ahl iRgddd g TR WIRSE Rl d&iRE, &%QH%IFQM%@H@- In
addition, as for the insulating filmformed using the hlgqh- ensity plasma

$

CVD apparvaitags, andhbas highlquality cef be feriied. f Thenhighty-perifiesiaxidg sesiconduciosel y.
15[ 0146] edl ess to.say,. another .fi] mformati.gn t hpd such, as a
sputter g R ERTE g iRiunB Mo ib i He® bR B efm Rt RoHeT e

met hod enRPinesitdce 5B dedBitPEantbededited U@ bbfath fahistdbi@tintégadd dhataeteristighat e

I nsul ati n8 film Further, an insulating filmwhose filmaquality and

char d8t erlP¥45lc of an interface between the insulating filmand an 20 oxi de

sem conduct or ' o] : . &h | f d r
formation of tﬁé%ﬁggﬁﬁhgﬁg%wti F%ahrrg&é g@%‘ﬁ{’n‘é gyka{%alﬁgﬁidgé%ﬁa?]?%gfi | m

I n any caS¥D appyratusscdnahavega uniformiralickeesssthd iamldtmgofilas hadhexcehlend stepng fil m
has characteristics Qf. enabling reducti in interface state density of an

i nt er f ac EO¥ERER e 1AdditioRs Y itl?fg‘“?‘ﬂPﬁ‘Hga @“ i"d’é‘gééﬂ‘lgﬁiffi?ﬂﬁ‘%l’ a%ﬂ%

formati oncgh BpdaNier P HACKIAEESS Ahfh Bin Y be GRtrBAY plcikayor abl e 25film
quality as a ggte Insulating film [0147]
15 [0146]

Needless to say, another film formation method such as a sputtering method or
a plasma CVD method can be employed as long as the method enables formation of a
good-quality insulating film as a gate insulating film. Further, an insulating film
whose film quality and characteristic of an interface between the insulating film and an

20 oxide semiconductor are improved by heat treatment which is performed after formation
of the insulating film may be formed és a gate insulating film. In any case, any
insulating film may be used as long as the insulating film has characteristics of enabling
reduction in interface state density of an interface between the insulating film and an
oxide semiconductor and formation of a favorable interface as well as having favorable

25  film quality as a gate insulating film.

[0147]

Further, when an oxide semiconductor containing impurities is subjected to a
gate bias-temperature stress test (BT test) for 12 hours under conditions that the
temperature is 85 °C and the voltage applied to the gate is 2 x 10° V/cm, a bond

30 between the impurity and a main component of the oxide semiconductor is cleaved by a
high electric field (B: bias) and a high temperature (T: temperature), and a generated
dangling bond induces drift of threshold voltage (Vi). In contrast, the present



Further, when an oxi de sem conductor containing inpurities is subjected to
a gate bias-tenperature stress test (BT test) for 12 hours under conditions
that the werpevEsde is 85 C and the \ggl tage applied toPCHIPYAO/B6TIE 2 X 106
V/cm a bond 30 between the inpurity and a mai n conponent of the oxide

sem conductor is cleaved by a high electric field (B: bias) and a high
tenperature (T:. tenperature), and a generated dangling bond induces drift
of threshold voltage (Vth). In contrast, the present WO

2011/ 0489aveRGoH dfaREsLDHOSTHO B @Bainravbintfilontramises whiclpisseibid © a BT odst By n a
thin filmtra 5|stor wWhich is stable t a BT tesé&&% renoval of ingurities
in an oxiTefBOAlAf dBRYTItEHI afb%léelsamrcyn Tp T frogepqwaise anditle a5 much

as possi i@ o gnRtaal Bss@blweﬁem £ EABARCURIEdBdrishic OF af Ttk & HeBb&nligL Ween

t he oxi de sem condugt or I mand a gate insulating filmas descri bed above.
5[ 0148] oxide seffii@ndadter ﬁllm;alidaa gatg insalagng €idm abdescobedabave. have a

si ngl e I é]re‘{s structure or a stacked-layer structure including a silicon

oxi de Iai la silicon nitride | ayer, a silicon oxynitride layer, a silicon

nitride oxide haygate ABGHAGHg BYeALMTbE YO t8ehav8iedinglb B4R striétlReoUat e
i nsul ating {(a&;er is formed with a high-density plasm D apparatus. Here,
¢

a hi gh- detss lawtla@rmtlwmlcéwbag atsmlgsomeixetiﬁslaw, arsiligopantaidgdaygsi ¢ bilicem
realize g den3| h ual For exanpl e,
pl asma i & 81"{61 af ea’ anSI éé((fo g“%’goxé e ?rb?/\l}a r%ng\%\lg?l%ﬁ% (?]1’8&61( éaFE or equal to 3
kWand | gee9]t han or equal to 6 kWso that the insulating filmis forned.

15[ 0150] A nonosi | ane gas (Si H4), .nitrous oxide (N20 and a rare gas
are ilAtroduced Tﬂ‘ﬁ@étedn%%é?yeéés 5"%‘6@1%@ @laghﬂénsg'érfé?s'&!"ec Dpprastis: t y

pl asma aty Lkt 10 2B8a e WHMEEant Q05 equal
to 30 Pa sege P’%ﬁ%ﬁ gﬁﬁsllﬁls@fq&%l ng aﬁ;rﬁnlﬂ Féf?r%rg%l ovgéa ra su s(\t'lnraaatnellaapzvl%g an

i nsul ati rp@smardeagey hlghlﬁhhasonaecghbmsl 8005 /cnet e Forxtaaipld, lphdsmatis ger@Patsdippl y of
a nonosi | ane as i s stopped, and nitrous oxide S(NZO and a rare gas are

i ntroducéy MISERWAYFr ROVIES higher Hiap or sgual k3 kWY audhowicr han 98 AgUakes b
per for rregsmsg S il A &lﬁﬁn(%ﬂﬁhis%}blléf' ng film The plasnma treatnent

performed on the sur ace e Itnsulating filmby introducing nitrous
oxi da5(NF0)5nd a rare gas is perforned at least after the insulating film
r.oce

is formed. The insulatin il.mfornmed thro t he, above 25
procedure has WPOS?HP% %ﬁ é‘Ha}a d“‘é?ﬂsr@‘s‘%ﬁg’g))t and,A ‘?Ws%ﬂsa*lrg ﬁfgfqusuﬁ?ﬁ whose
reliabilijfg a‘-l?a'ﬂm'B@r] ANSHRL &Y 80 gt PO Righldensity Rladith GHNERSsur@RighétAfn 100 nm

for exanple
or equal to 10 Pa and lower than or equal to 30 Pa so that an insulating film is formed

over a substrate having an insulating surface, such as a glass substrate. After that, the
20 supply of a monosilane gas is stopped, and nitrous oxide (N,O) and a rare gas are
introduced without exposure to the air, so that plasma treatment may be performed on a
surface of the insulating film. The plasma treatment performed on the surface of the
insulating film by introducing nitrous oxide (N,O) and a rare gas is performed at least
after the insulating film is formed. The insulating film formed through the above
25  process procedure has small thickness and corresponds to an insulating film whose
reliability can be ensured even though it has a thickness less than 100 nm, for example.
[0151]
The flow ratio of a monosilane gas (SiHs4) to nitrous oxide (N,O) which are
introduced into the chamber is in the range of 1 : 10 to 1 : 200. In addition, as a rare
30 gas which is introduced into the chamber, helium, argon, krypton, xenon, or the like can
be used. In particular, argon, which is inexpensive, is preferably used.
[0152]



The flow ratio of a nonosilane gas (SiH4) to nitrous oxide (N20) which are
introduced into the chanber is in the range of 1 : 10 to 1 : 200. In

addi ti on,Wa0H/4892¢ 30 gas which is i ngr oduced into thePChdRYE/06TM | um
argon, krypton, xenon, or the |like can be used. In particular, argon, which
IS inexpensive, is preferably used. [0152] WO 2011/048924PCT/JP2010/ 067193
37 The insulating filmfornmed through the above process procedure is
greatly different fromthe insulating filmformed using a conventi onal

paral | el pl at e THeaswsla@yD fdmpforatd shrouple thd ahovegprogtss pioctduee iis1 gudatltyi ng
filmforned through the above process, procedure is |ower thap that of the

i nsul at | rfag‘?riep 0B Hiecing AuRe fiffa oraeh YEiRg | o AATVCRY? |Pérallﬁrapaée Bfaaglﬁa CVD

appar at _usgm arBt®. "BcCetOhin Qat%&rmeqmustﬁhegt hﬁn%ﬁﬁed"’ﬂ%nﬁgﬁ bife g8gRi ng
rates with the sane etchant are conpared to each other. Thus, It can be

sai d t hatprotess i preaé¢daré nig fowem thon nthdt Ui thy tilmalating h fithe nfirmgd plisisgath€v/D
apparatus is a, dense fil 0153 Oln this e i ment, ilicon |

oxyni £ | of@nvmtmneﬁmageﬁﬁl el PaEm R R D TR i Vaﬁ%owm ig

thi cknesspofadOQnai ins & (en Ok Rak@Saibimihnl A6 LoMSred 07 cadBu@R! ©

i nsul ati ﬁ‘é‘gfggyeeg’hg’g]z 'S ?ﬁ%‘r&geﬁtn suc 3 manner that rﬁ%si girl\e té‘lgrit),

ni trous oRhudgeit (AR D} saidibiatahgsulamng fibm domsedusing thi (highf densiy plasmg(3eél at
flowrate of Sind/ 20/? = 250/ 2500/ 2500 (sccm in a high-density plasm
CVD appar®Pgratusds g demssdi®- i s 15 generated by applying a mcrowave power of
5 kWat gofis3ym formation pressure of 30 Pa and a filmformation tenperature

of 325 C. [01I54] Alternatively, the gate insulating |ayer 402 may be
formed by a spuntleis embodimend . siligontdxanitrdeetiiom also mlestedite 8% SEMNIewhétem i s

formed by a sputteri met had, ..a 20 silicon tar.get or .a tz.target is
used as & T&r twlﬁhﬁgg‘é}wﬁse%dlgpnénfﬁ‘ﬁ?g a‘b@’f g&% 18??%%’# lg%egg@?'go#’? §%ﬁsed as
a sput t erjp§ifatfi@Slaydi WOUR FothePinSstdh taGhhter TRt hshoRBdR Y SIHL) PAIEDLY bRidE O
prevent a |arge amount of hydrogen from being contained in the gate

I nsul at i n@20%yand 19 (A1) BESpsed5FHdmgtarmations gases hfjow aglerof MM/ DaO/Aave a
St acked iRl eiimhinch et Sty B aGYD APB8URy T cPaT b or
dr ai msel eghERER Bypylyifd AbmickiWave Rt 8f 5aWidt iaGilih fo¥ndor PdeSduré SF Sy (x>
Pa and a film formation temperature of 325 °C. '
[0154]
Alternatively, the gate insulating layer 402 may be formed by a sputtering
method. In the case where a silicon oxide film is formed by a sputtering method, a
20 silicon target or a quartz target is used as a target, and oxygen or a mixed gas of oxygen
and argon is used as a sputtering gas. The use of a sputtering method makes it possible
to prevent a large amount of hydrogen from being contained in the gate insulating layer
402.
[0155]
25 The gate insulating layer 402 can have a structure in which a silicon oxide layer
and a silicon nitride layer are stacked over the source or drain electrode layer 415a and
the source or drain electrode layer 415b. For example, a silicon oxide layer (SiO, (x >
0)) with a thickness of greater than or equal to 5 nm and less than or equal to 300 nm
may be formed as a first gate insulating layer, and a silicon nitride layer (SiN, (y > 0)
30 with a thickness of greater than or equal to 50 nm and less than or equal to 200 nm may

be stacked as a second gate insulating layer over the first gate insulating layer by a



0)) with a thickness of greater than or equal to 5 nmand | ess than or
equal to 300 nmnmay be forned as a first gate insulating |layer, and a
silicon nworod@4B®yer (SiNy (y > 0) 3Q wi th a thi ckness PO/ Ig2a00&19x han or
equal to 50 nmand | ess than or equal ?o 200 nm may be stacked as a second
gate insulating |ayer over the first gate insulating layer by a WO

2011/ 0489248PCT/ JP2010/ 067193 3 sputtering nethod. For exanple, the silicon
oxide layer with a thickness of 100 nmcan be forned by an RF sputtering
met hod | spatteraignmsthbér eFaroekaaiph, ithe siligge pxiiedagargeith afthwhnesatod 160 mxygen of

25 sccm: flow rate of argon of 25 sccm. = 1 : 1) under conditions that the
pressur e A8 b@.f@“lf%f?gﬁ g lﬁg SRRtYHLOE, @5‘5@&1&9 chﬂXE‘PgH@rel.c‘g‘t?(‘W‘gS([’@@S%]and

Next, a resi.s ' ' t hy ' ste gate
sl at i A oo s F ok e 25 M R Uppd PRV BUEPD biler

I nsul at i rgndisigay thdOthe predsure i0OY.¢da andh eiectigh-fioquxineg powzia 1ankW421b reachi ng

the source or drain electrode |ayer 415a and the source or drain el ectrode
| ayer 5415{9}56r]espect ively, are fornmed (see 10 FIG 6D). [0157] Next ,

a conductive fi S PVerioth&l FRLL thiff WhalohithetANe! stéP2ihanghik N and
over the openi rli;é?’ﬂfgggtgﬁgizfg, Oanﬁj t hen tlhelf)glgatel elgea?tﬁr?o%légl ayegIa 411 and
t he wi ri ngsildtangdnger#D2ais ankdctivelp ewhed $@ thae paitn ofitheogate msplating layehd@2 aphy

step. Note that resist 15 .mask. may b ornmed by an inkjet .rethod.
For mat | o oS4 HEFEDY RSBy A2 A P HrETH e Rt SABCISRIBRE whi ch
resul ts igved 41684ad RNsdufcdBNUhACEIEJHE 16RTTIASh] Rip&Lively, are fdhfeDAEE

el ectrode 1ayer 411 and the wiring | ayers 414a and 414b can be fornmed to

have 18 silii§l @).ayer or stacked-layer structure including a nmetal nateri al
such 20 ﬁ@l | ypdenum titanium chromum tantalum tungsten, alum num
copper, o%m’ um or scandium or an alloy material which contains any of
these materi al Nexs, d dondiudivie filmne dow@ivd. ovieDfheYate insulating layer 402 and in and

over the openings 421a and 421b, and then the gate electrode layer 411 and the wirings
layers 414a and 414b are formed in a fourth photolithography step. Note that a resist
15 mask may be formed by an inkjet method. Formation of the resist mask by an inkjet
method needs no photomask, which results in a reduction in manufacturing costs.
[0158]
The gate electrode layer 411 and the wiring layers 414a and 414b can be
formed to have a single-layer or stacked-layer structure including a metal material such
20 as molybdenum, titanium, chromium, tantalum, tungsten, aluminum, copper,
neodymium, or scandium, or an alloy material which contains any of these materials as
its main component.
[0159]
For example, as a two-layer structure of the gate electrode layer 411, and the
25 wiring layers 414a and 414b, the following structures are preferable: a two-layer
structure of an aluminum layer and a molybdenum layer stacked thereover, a two-layer
structure of a copper layer and a molybdenum layer stacked thereover, a two-layer
structure of a copper layer and a titanium nitride layer or a tantalum nitride layer
stacked thereover, and a two-layer structure of a titanium nitride layer and a
30 molybdenum layer. As a three-layer structure, a stack of a tungsten layer or a tungsten
nitride layer, a layer of an alloy of aluminum and silicon or an alloy of aluminum and

titanium, and a titanium nitride layer or a titanium layer is preferable. Note that the



For exanple, as a two-|layer structure of the gate el ectrode |ayer 411, and
the 25 wiring | ayers 414a and 414b, the followi ng structures are

pr ef er abl' WO 2811048924 ayer structure of §? al um num | ayer @dJIB2019P§MBenum

| ayer stacked thereover, a two-layer Structure of a copper |ayer and a

nol ybdenum | ayer stacked thereover, a two-layer structure of a copper |ayer
and a titaniumnitride layer or a tantalumnitride |ayer stacked thereover,
and a two-layer structure of a titaniumnitride layer and a 30 nol ybdenum

| ayer. Asat dlévtmde llapee cars bhiso bt doreedausiigac glaftransmittigs temductiyefilmor As

tungsten nitride | ayer, a layer qf an alloy of alunipumagnd silicon or an
al | oy of a&l%ﬁ@ﬁlﬁﬁé%ﬂ’afqr{aéﬁgﬁfﬁ hé‘rﬁ‘(ﬁ”ﬁ‘??‘t‘%?‘lﬂ‘ﬁ“ﬁ‘i“f"ﬂ‘ 3 Eg'é‘rtmélﬁm&“flgt ani um
| ayer is CBF@Jc‘?irv@Qkﬁe oNeHeSiteah bk B enVWO 2011/ 048924PCT/ JP2010/ 067193 39 gate
el ectrode |l ayer can also be formed using a light-transmtting conductive

film As[@bxanple of a material of the light-transmtting conductive
film a light-transmtti.n onductive oxide or the Li can be gjven.

[ 01607 51 nt hi 40 BHS GPRRRG AT G 14 ICERESS of AP LR OGR e EE i | s
formed bxspane?ﬁ%tlﬁahwgs ﬂﬁﬁ%ﬂfé(&l&‘ﬁoﬂbﬁywﬁ RS Wk lapatsu14blandandpt he
wiring layers 414a and 414b. [0161] Next, second heat treatnent

(preferadPy6oldt higher than or equal to 200 C and | ower than or equal to 400
C f I i gh t t 0 .C.and 10,1 h |t
S50 O 15 pert drrbaerreaire RerEunClrPBB AR Shsagble I GefBapher o
I'n this egRadingR Rl eqidlfo %6620 theanipiERipABNthah Dr REEA1 26 P80 & adPweri N 2

ni trogen atnosphere for one hour. Alternatively, the second heat treatnent
may he pehdroomeghahftd SS0LGristpecformel imsnlisdri gas htaysphare on apl anaen 2as i on
nsulat] r;lml)s% ge. ! ?n Ih?sr gn?lc)iodoir\;l?:rrlt, Ehgese}:oﬁlidnhe];ti tlrézriltrglfr:lilatr%ss Lgr%(?r;leﬁlzl?QSOl"Sé ?nlz? 2]
nitrogen atmosphere for one hour. Alternatively, the second heat treatment may be
performed after a protective insulating layer or a planarization insulating layer is formed
over the thin film transistor 410.
15 [0162]
Furthermore, heat treatment may be performed at 100 °C to 200 °C for 1 hour
to 30 hours in an air atmosphere. This heat treatment may be performed at a fixed
heating temperature. Alternatively, the following change in the heating temperature
may be conducted plural times repeatedly: the heating temperature is increased from a

20 room temperature to a temperature of 100 °C to 200 °C and then decreased to a room
temperature. Alternatively, this heat treatment may be performed before formation of
the oxide insulating layer under reduced pressure. When the heat treatment is
performed under reduced pressure, the heat treatment time can be shortened.

[0163]

25 Through the above-described steps, the thin film transistor 410 including the
oxide semiconductor layer 412 in which the concentration of hydrogen, moisture,
hydride, and hydroxide are reduced can be manufactured (see FIG. 6E). The thin film
transistor 410 can be used as the thin film transistor 106 in Embodiment 1.

[0164]
30 Further, a protective insulating layer or a planarization insulating layer for

planarization may be provided over the thin film transistor 410. For example, the



Furthernore, heat treatnent may be performed at 100 Cto 200 C for 1 hour
to 30 hours in an air atnosphere. This heat treatnent may be perforned at a
fi xed heavDrg11y38g2dr at ure. Alternati v%by, t he fol |l ow ng PCHEARYB0DGY19he
heating tenperature may be conducted plural tines repeatedly: the heating
tenperature is increased froma 20 roomtenperature to a tenperature of 100
Cto 200 C and then decreased to a roomtenperature. Alternatively, this
heat treatment nmay be performed before formation of the oxide insulating

| ayer undgétectoadu esilaping s hyee caWisn fofneedneathave eatdimgle-ldyer pertareragt ander
reduced pressure, the heat treatnent ti ng can be shortened. [0163]

25Thr ougH¥tacked-layey erusaue ineluding aesilicon; gxdds [y @ qﬂ,zﬁanlgmqesllagerr ﬁfdlqoﬂcl udi ng
the oxid 4 of hydrogen,
o st e N AT R B e LB e {see Pl
6E). The [0h65] fil mtransistor 410 can be used as the thin filmtransi stor

106 in Enbodi 0164 urt ective.insulatin

pl anari zat i on%lﬂjlé‘ﬁﬁ t“i’rL af‘ngﬁYeéncélPl &‘?rB}‘F dying, an WW‘%&W%\‘F& t he
thin fil mabr nﬁéaﬂr@sﬁstﬁi‘c@ Sl'lz&lr a@ﬁ@lﬂhﬁe E\&]‘?llc VR&Q&yHM&%%B@%&P&%O%Q/ 067193
40 protective insulating layer can be forired to have a singl é-1ayeér

st ruct ur epoxy.a Qthar Kad-dugly ergagiq matemlals, itnis| alsh pessibls td bsoa lowididedteiger , a
silicon nitri |I|co nitride ayer silicon.nitride oxide
Cayer . atargpiaree el iR A, EPie ] ARG BhespF AN BTt f ng
| ayer carBESG {suroptibspidsiigcatglsYdrithe HRE. erT@I plﬁkih\l‘izﬂgomﬁ@ﬁlaﬁﬂgla%ﬁﬁﬁ? such
as polyimde, acrylic, benzocycl obut ene, am de, or epoxy. O her than

such 18r gdsi @rrnqtlgwt@gksng?pluraglthPQ@Slﬁeg%g% nés e ef thesegpataniagbect ri c

const ant Bféégrl al (alowk material), a siloxane-based resin, PSG
(phosphoél ate gl ass), BPSG (borophosphosilicate glass), or the like. The
pl anari zati on iNwelltheit itln‘:gsxlc&yme basey rdsin tmerrf:spmddtd:)y redimdndluding aBit®-Sii ty of
insulating filns forned of ese materials, [O Not e ‘t hat_the

si | oxane-9ad edormed; isig; & syiloxane-based, matgrigl | ‘f‘ﬁ:l %d?‘ﬁ‘@‘“g gateyialy pIhe f or med
using a h based
oSty PRSRFSRERSE R Ricldk 188 SoRh WRSRICELR 8 R ous
15 or15an caranl anyt gupip) or aflibwogroupr olmpadditiors dbi¢ torgamic gtwpangsamal;u@r aup may

i ncl ude ah‘folgoro(‘)lpgr oup. [0167]

[0167]
There is no particular limitation on the method for forming the planarization
insulating layer. The planarization insulating layer can be formed, depending on the

20 material, by a method such as a sputtering method, an SOG method, spin coating, dip
coating, spray coating, or a droplet discharge method (such as an inkjet method, screen
printing, offset printing, or the like), or a tool (equipment) such as a doctor knife, a roll
coater, a curtain coater, or a knife coater.

[0168]

25 As described above, in forming the oxide semiconductor film, moisture
remaining in the reaction atmosphere is removed, whereby the concentration of
hydrogen and hydride in the oxide semiconductor film can be reduced. Thus,
stabilization of the oxide semiconductor film can be achieved.

[0169]

30 As described above, the highly-purified oxide semiconductor layer is used in

the thin film transistor, whereby the thin film transistor with reduced off-state current

can be provided. In addition, the thin film transistor with reduced off-state current



There is no particular limtation on the nethod for form ng the

pl anari zation insulating |ayer. The planarization insulating | ayer can be
formed, NPeAtliiid82én t he 20 nmateri al , tfy a nmet hod such RETAPHINDE7@93 ng

met hod, an SOG net hod, spin coating, § p coating, spray coating, or a

dropl et discharge nmethod (such as an inkjet method, screen printing, offset
printing, or the like), or a tool (equipnent) such as a doctor knife, a
roll coater, a curtain coater, or a knife coater. [0168] 25As descri bed
above, i rwiicl is degcribied inxiisl embdedimeanisupplied foid pixeliniastispley deviae, whegbyn t he
reacti on atnpspher |s renoved, whereby the concentratflo of hydrogen and
hydri de |anpftrHl§1 BxYaie s%ﬁﬁoé‘%ﬁ?oqﬁeﬁ%?orfﬂrq"fﬁi%ﬁ‘ the pixel ganghol gﬁﬁ’étag £4bPFi zati on

of the 0>ﬁh&g?s§§]my~%gﬂg§laca@glag deTicEaADniPR c%ﬁmn@eéeﬂfs mé91n é@éﬁy{i‘l sgilifed

above, the ifre xi de sem conduct or IS us the thin
fil mtransiagt or the Wkercabbe ptogidedi n fil m transi stor WI th reduced off-state
current 38£ﬁﬂe provided. In addition, the thin filmtransistor with reduced
of f - stat rent WO 2011/ 048924PCT/ JP2010/ 067193 41 which is described in

this enbodi mentryis caflifRchtt arP bBi iEhlemBntdd UinS BbAkindBYA GRith VST 8Pytha peri od
in which a storage capacitor provided in the pixel can hold voltage can be

i ncr easedtrudiuees, of ghegigt meal}b(ld@velﬁéammvrmsunes | ess power in displaying a
still Nﬁgﬁljr the |ike can be provided. 5[0170] Thi s enbodi ment can
be inple d in conmbination with any of the structures of the other
enbodi meEmbadindpBppri ate. [0171] (Embodi nment 3) 10I n this enbodi nent, an
exanple of a thin filmtransistor that can be a ed to the display deV| ce
di scl’¥sed in t An shis g@bpdimeat.jagexample ofca thiss Elm lﬁ’éﬂS‘StRbﬂ@t £amube applieddP t i ons

that are tflé‘ ﬁ{é}e %énlgﬁgﬁ)séd1 1§¥B9$#E5§Eatﬁm Qrgl Fﬂ,@r& sCGe 2N Notd &R ftopat are

simlar to I nent I nent can ereferred to,
descri pt |;mmddsethao:ire|the sarhe e peat da . Enhbodadentt 2 and pdeions laad sthpsahatptre on of
the same s?lfa}lrlérstol tiose n ]Emgodlment 2, Embodiment 2 can be referred to, and description
thereof is not repeated. In addition, detailed description of the same parts is omitted.
15 A thin film transistor 460 described in this embodiment can be used as the thin film
transistor 106 in Embodiment 1.
[0172]

An embodiment of a thin film transistor of this embodiment and an

embodiment of a method for manufacturing the thin film transistor will be described
20  with reference to FIGS. 7A and 7B and FIGS. 8A to 8E.
[0173]

FIG. 7A illustrates an example of a top surface structure of a thin film transistor
and FIG. 7B illustrates an example of a cross-sectional structure thereof. The thin film
transistor 460 illustrated in FIGS. 7A and 7B is a top-gate thin film transistor.

25 [0174]
FIG. 7A is a top view of the top-gate thin film transistor 460 and FIG. 7B is a
cross-sectional view taken along line D1-D2 in FIG 7A.
[0175]
The thin film transistor 460 includes, over a substrate 450 having an insulating
30 surface, an insulating layer 457, a source or drain electrode layer 465a (465al and
465a2), an oxide semiconductor layer 462, a source or drain electrode layer 465b, a

| wiring layer 468, a gate insulating layer 452, and a gate electrode layer 461 (461a and



15 Athin filmtransistor 460 described in this enbodi nent can be used as

the thin filmtransistor 106 in Enbodinent 1. [0172] An enbodi nment
of a thi rwOI2DhviBRASI stor of this enbggi ment and an enb®@irFe10/667128 net hod
for manufacturing the thin filmtransistor will be described 20 with

reference to FIGS. 7A and 7B and FIGS. 8A to 8E. [0173] FIG 7A
Il lustrates an exanple of a top surface structure of a thin filmtransistor
and FIG 7B illustrates an exanple of a cross-sectional structure thereof.

The t hi n4bib)n tThareuskeorr dGh elecusde Hyed 465a 46581 a?ld 416&:&2)7& ekcaicaldp- gat e
thin filmtransi stor. 25 017 FIG7Ais a .af t gate
Lhin 11 RPPIGHR Sromingoariiet trovsh begvingudd 4680 6, deudl 7 ong

l'ine DI1- ¢ {IRisfratE, the sbide &1 dﬁhﬁele&}fdaefw}tam&smssm& elrecﬁli@&hy B&indeted o Over a

substrate 450 having an insulating 30 surface, an insulating |ayer 457, a
sour ce othelwaing layes througlean epening/@6uid¢d 86the gamdnmm)layea #53xi de
senicgndﬁﬁfgﬁ | ayer 462, a source or drain electrode | ayer 465b, a wring
| ayer -4 gate insulating layer 452, and a gate el ectrode |ayer 461

(461a and 461) proddis of unGfacRiTing!thé Elnﬁ'fﬂ?ﬁttfa(hgﬁtdr%@rovéﬁﬁ@ sub§ihad 45md
465a2) is el ectrlcally connected to a wiring |layer 464 through the wiring
| ayer 468villjbg dasraibed wiith referanse dhFKat 3A @ rat ed, the source or drain

el ectrodz i er 465b is also electrically connected to the wiri ng | ayer

t hrough an ogeni ng provided in the gate insulating |ayer 452. 5[0176]

A process of niief det nsulagng hgei #5Nwhidhneervearnsiashaze fimlis Fumiied veershbst r at e
450 wi || be described with reference to FIGS. 8A to 8E. [0177]

Fi rstl0 ¢ abstiate A9haxpe apjesulatng sgHAes serves as a base filmis forned over
t he 1OSuI?§f-;8§te 450 having an insulating surface. [0178]

In this embodiment, as the insulating layer 457, a silicon oxide layer is formed
by a sputtering method. The silicon oxide layer is formed over the substrate 450 in
such a manner that the substrate 450 is transferred to a treatment chamber, a sputtering

15 gas from which hydrogen and moisture are removed and which contains high-purity
oxygen is introduced thereto, and a silicon target or quartz (preferably synthetic quartz)
is used. Note that oxygen or a mixed gas of oxygen and argon is used as a sputtering
gas.

[0179]

20 For example, the silicon oxide film is formed by an RF sputtering method in an
atmosphere containing oxygen and argon (flow rate of oxygen of 25 sccm : flow rate of
argon of 25 sccm = 1 : 1) under the following conditions: quartz (preferably synthetic
quartz) whose purity is 6N is used, the substrate temperature is 108 °C, the distance
between the substrate and the target (T-S distance) is 60 mm, the pressure is 0.4 Pa, and

25  the high-frequency power is 1.5 kW. The thickness is 100 nm. Note that as a target
for forming the silicon oxide film, a silicon target can be used instead of quartz
(preferably synthetic quartz).

[0180]

In that case, the insulating layer 457 is preferably formed while moisture

30 remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or

moisture is prevented from being contained in the insulating layer 457. In the



In this enbodi nent, as the insulating |layer 457, a silicon oxide layer is
formed by a sputtering nethod. The silicon oxide |layer is fornmed over the
subst r at aVvOR011/048%®4ch a manner that t substrate 450 | #CTHBRMYH/B6ME] t0 a
treatment chanber, a sputtering 15 gas from whi ch hydrogen and noisture are
removed and whi ch contains high-purity oxygen is introduced thereto, and a
silicon target or quartz (preferably synthetic quartz) is used. Note that
oxygen or a m xed gas of oxygen and argon is used as a sputtering gas.
[0179] 2Gieatmanx achakuber twieiclsiisi evaouaizd deitlf ithen ergofunipredl lipydragenREtospuat eri ng
met hod in an at nosphere conj ai ni ngmoxy en and(%g n (fl ow rate of oxygen of

25 sccm COFPEURG sqrHaiging- Rysdsogsn 3 S witer hRMROYRA CORRINREY
condi ti ORgrbofYidrh ZarkdRhE iRE R ¥mdY &, wekéby%@Eérzclenemﬁﬁeof%rlh;pﬁntyslnﬁhkl s
used, the substrate tenperature is 108 t he di stance between 't

subst r at enwﬂailmgﬂeyetréﬁ@&tm(eilhlstlmtmaam&):hmbeﬁ@am redueedor essur e |s 0. 4 Pa,
and Zg 28 é;Tgh frequency power is 1.5 kW The thickness is 100 nm Note
t hat 1 ]get for formng the silicon oxide film a silicon target can
be used i nstea\sof sputeriig gdsPised Esrabinting YA fh@&l’aﬁngﬂé@éﬂlﬁ a [h@sBMrity pad hat
case, the insulating |ayer 457 is preferably fornmed while noisture 30
remai ni ngs preferablyt ysed timpyltiche aprsdies isych anby&ragen waten aHydraxybgroud, Ry dr oxyl

group, or st ur ng
Payer aspyaRE btebalod B SERDLBE s OBNS Bl Rhatthy P ek R Syithe 02,

whi ch is auappat ed"pb’h the cryopunp, a hydrogen atom a conpound

containin ydrogen atom such as water (FLO, a conpound containing a
carbdAf at[glﬁz]and the Iike are renoved, whereby the concentration of an
inmpurity in theyin f at can be
reduced. 5] 018% © IES%a?tn %’?mtaflﬂven%gtgg% dt}g}égqﬁgéthlf%or ;nﬁﬂéx@ﬂ)ggﬁﬁésul ating
| ayer 45Knsu@atiﬂggbydim5'f7tma)gh§velzﬁstm’cﬁireﬁﬂbdhychﬁﬂdndﬂ inshlacihg ilagetisadhi &Sa such as
hydr ogen, water,  a hydroxyl group, or_ hydride are reduced t? such a | evel
that theSi wsarmtryiec@vi%reﬁt %la’fqrbﬂltﬁlée péwpelém & aymingE gitride layspyoropn * ppph" |
10[ 0182] alulln_mum di ﬂ?de' (Bﬁﬂg ﬁgéﬂgldl tﬁé’ Gbov 5({ 1&@%5&%5%&y§1t e KBKERYGET the - .
structure exanp insulating layer have a structure in
whi chs5a rsubsttad£40(hsul atl ng |layer such as a silicon nitride layer, a silicon
nitride élé’,&j | ayer, an alum numnitride |layer, or an alumnumnitride

oxi de Iag ¥83nd the above oxide insul ati ng | ayer are stacked over the

15substrate 40@or example, a silicon nitride layer is formed in such a manner that a sputtering

gas from which hydrogen and moisture are removed and which contains high-purity
nitrogen is introduced between the silicon oxide layer and the substrate and a silicon
20  target is used. Also in that case, in a manner similar to that of the silicon oxide layef,
the silicon nitride layer is preferably formed while moisture remaining in the treatment
chamber is removed.
[0184]
| Next, a conductive film is formed over the insulating layer 457, and in a first
25  photolithography step, a resist mask is formed over the conductive film and the
conductive film is selectively etched so that the source and drain electrode layers 465al
and 465a2 are formed, and then the resist mask is removed (see FIG. 8A). Although
the source and drain electrode layers 465al and 465a2 are separated in the
cross-sectional view, they are a continuous film. Note that edges of the formed source
30 electrode layer and the drain electrode layer are preferably in a tapered shape, in which
case a gate insulating layer which is to be stacked over the source and drain electrode

layers can cover the source and drain electrode layers more adequately.



[0183] For exanple, a silicon nitride layer is formed in such a
manner that a sputtering gas from whi ch hydrogen and noi sture are renoved
and whi cWOSAtIdWR4hi gh-purity nitroggy is introduced bECRIBWIYAEIS | i con
oxi de layer and the substrate and a silicon 20 target is used. Also in that
case, in a manner simlar to that of the silicon oxide |layer, the silicon
nitride layer is preferably formed while noisture remaining in the
treatment chanber is renoved. [0184] Next, a conductive filmis forned over
t he insul[@185]g | ayer 457, and in a first 25 photolithography step, a resist

mask is formed over the caonductive film.and th onductive filmis

sel ectively et dWedl n%"’éerf%éﬁ tg?}éo'érﬁﬁ;aeg ‘QHH .“éﬁoﬁe g‘?)@& g%éf'el ‘I‘“&{/é 2488a1 and
46522 ar g {iriRMecefdrdn ), EREC,ef 55, MBSr We dnCATRYSbnl3ER Ehgo@?ﬁese

Al t hough the source and drain el’ectrode 1ayers 465al and 4%5a are

separ at eclimenthesc posempeni;onnl alldyeiilmt iceptabming aanyopf i thessuslemednts Mot e
that edges of the formed.source 30 el gctrode |ayer and the drain el ectrode
| ayer gar éoﬂﬁéqa&:lf)ﬁ’bﬂf{tihﬁqgetc%g? egélveélhaggt,erq Vel %ra’ggrea{ng)tﬁf%ls is%ﬁlegti ng
llayer whifedini sah@inB&, Shnaske@fin®)V eircdi@n S MefyiBurdNthndr iofiufl &Ry Afde ub@yers can

cover the source and drarn electrode |ayers nore adequately. WO
2011/ 048Futhert/ theprdvae15hn smay dugsla single-laygs stauatyre ot al stagkediayesour ce

end o 2 B lGR TIRENG] SeARIR Rl i, 8 SRR RSB O

conponentajurAdudl fiy ihcludingogilicon)i angveiyeoktrudreseine wdiohnt Sitarduim fillds nat i on;
and the |li ke can be given. Alternatively, one or. nore materjals selected

f r omRangacked Overatfh 8WmIR My Gh hies-1ayen SHrYGtEry in aKRfCR o RBIHTYMbEn used.
Further, JO8inGRNEHE LY S tichdi BR\eEacRed imkse?rh@ry Ghd ﬁkflﬂ&tééh%ecgﬁv&é

stacked-l ayer structure i1ncluding two or nore layers. For exanpl®,
si ngl e- | Alearnaivelyc t dilm, ef aboy filmnormumitridel fibm whichdioninsi dlureom AL wod | ayer

tructure in which.a tjtaniumfilmis 10 stacked | uni |
hr co. 1 myeF s ARIGALDET ARG pelecttd Fim CaRb G0 AP T IESI (R
titani umlﬁé)ﬂrvme%nﬁl m@)g:&ﬁanﬁ%ggbfsnﬁzfd%ﬁum @Nﬂ),taﬂ@séajnhﬁmp@\%}] iﬁf?%%ie\ﬁ@éu.

Alternatively, a film an a ilm or a nitride film cont ai ns
al umilaum[PM6] and one or a plurality of elements selected fromtitanium

ooty om (o) 1o 4t cubRbf e U soplly 8GR RectBe KRR sk abd s,

enbodi menttitaigmt il WHK b ¢kickitds 8f B30k iLothed By h sy@tesingtdlodand 465a2, a
titaniumfilmw th a thickness of 150 nmis formed by a sputtering mnethod.

[0187] ~[0187] Next, the oxide seniconductor |ayer 462 with a thickness

]S’Lr ?nrggf‘t F(r) fggf‘%%, 9 o AenfiCoruliBt MY 482 il 2 MhidknRY O grdafer Al B 1 S

20  equal to 2 nm and less than or equal to 200 nm is formed.
[0188]

In a second photolithography step, the formed oxide semiconductor film is
processed into the island-shaped oxide semiconductor layer 462 (see FIG. 8B). In this
embodiment, the oxide semiconductor film is formed by a sputtering method using an

25  In-Ga-Zn-O-based oxide semiconductor target for film formation.
[0189]

The oxide semiconductor film is formed over the substrate 450 in such a
manner that the substrate is held in a treatment chamber maintained at reduced pressure,
a sputtering gas from which hydrogen and moisture are removed is introduced while

30 moisture remaining in the treatment chamber is removed, and metal oxide is used as a
target. In order to remove moisture remaining in the treatment chamber, an entrapment

vacuum pump is preferably used. For example, a cryopump, an ion pump, or a



In a second photolithography step, the fornmed oxide sem conductor filmis
processed into the island-shaped oxi de sem conductor |ayer 462 (see FIG
8B). I n tWD0u/#8HMent, t he oxi de sery'sconduct or filmi &CTIPE0EI%
sputtering nmethod using an 25 In-G-2Zn-0O based oxi de sem conductor target
for filmformation. [0189] The oxide sem conductor filmis fornmed over the
substrate 450 in such a manner that the substrate is held in a treatnent
chanber maintained at reduced pressure, a sputtering gas from which

hydr ogen taatiufsubliviation panipeisoprefératdy iuséd. o dileeehavintioa Bt may deus eurbenai ni ng
in the treatnent_ chanber is renmoved, and netal oxide. .is used gs a target.
In order RUPR BRBIded watha ¢ trapalndthe freatmenhehamber vhighiis evagupied withthe

entrapme | ef e . e , C an ion
T e R B S i A
pr ef er abl (prefisebly al$te aeccatpoahd crontaming raagarben atamiy od pherpikprovirdmdved,t h a
cold trap., In the treatnent chanber. which is evacuate 1.t h the cryopunp, a
Pyl ogen MhaThy BE COISOURPL A RAREHY 1 G G B ST OO CI Lo the

(pref er ahlyarAl R LhEmSOTRAUDE r&RBERI MTHRIsibsGRAE QRAY BE RBdted ANhd Hifie! dfk@ear e
renoved, 5 whereby the concentration of an inpurity in the oxide

semi conduotmatidn dfthe erideskniinondustor fidmt nent- chanber can be reduced. The

substratﬁgir&(iI be heated at the tine of the formati on of the oxide
sem cond or film [0190] As a sputtering gas used for form ng the oxide

sem conduct or fAd M sputdk@inBi giy- Rbd yr Fasning MeebdgidabdeymitsRidcton fidhi,Ch
i mpurities such as hydrogen, water, a hydroxyl group, or hydride are
reducdd thighk-pumntyagaseiseprefaraly tused i inpwhich yimpygitien skeh pdMYHLgeBpPasEnRed by

e uni . AR) Bfows PR variORAAEAA %0 AL (s D RRP SRR NG 1 O
represented by the unit “ppm” or “"ppb”.
[0191]
As an example of the deposition condition, the substrate temperature is room

15  temperature, the distance between the substrate and the target is 110 mm, the pressure is
0.4 Pa, the direct-current (DC) power is 0.5 kW, and the atmosphere is an atmosphere
cohtaining oxygen and argon (flow rate of oxygen of 15 sccm : flow rate of argon of 30
sccm). Note that a pulsed direct-current (DC) power source is preferably used, in
which case powder substances (also referred to as particles or dust) generated in film

20 formation can be reduced and the film thickness can be uniform. The oxide
semiconductor film preferably has a thickness of greater than or equal to 5 nm and less
than or equal to 30 nm. Note that the appropriate thickness differs depending on an
oxide semiconductor material, and the thickness may be set as appropriate depending on
the material.

25 [0192]

In this embodiment; the oxide semiconductor film is processed into the
island-shaped oxide semigonductor layer 462 by wet etching using a mixed solution of
phosphoric acid, acetic acid, and nitric acid as an etchant.

[0193]
30 In this embodiment, first heat treatment is performed on the oxide

semiconductor layer 462. The temperature of the first heat treatment is higher than or



15 tenperature, the distance between the substrate and the target is 110
mm the pressure is 0.4 Pa, the direct-current (DC) power is 0.5 kW and

t he at nos\WBapH/148924n at nosphere cont ai4@i ng oxygen and aPg@®API)/06V193at e of
oxygen of 15 sccm: flow rate of argon of 30 sccm. Note that a pul sed
direct-current (DC) power source is preferably used, in which case powder
substances (also referred to as particles or dust) generated in film 20
formati on can be reduced and the filmthi ckness can be uniform The oxide
sem condughslrtof400mM@ast Riwabltyanhdrseqaal foi T3NS Spreferapi e higher tharor @quaqual to 5
nmand | ess than or equal to 30 nm Note that the appropriate thickness

di ffers dépehdinddowar tan dhe ainspointefibie stbstratent dleraithe sybstratpés pHilsRness may

be set as,appraqpri at ependi.n n_ t terial. 2501 In this
orboai meietgs, digaft Ind CRCT AR Fopda T Eh MipardBLAM Heat dspament s

i sl and- shRpBn QKb heSXMALRBHHIRE ! BYEF indPritrBYeRino8hicd AO4IOSI(MEbrynB1 Xed

sol ution of phosphoric acid, acetic acid, and nitric acid as an etchant.

[ 0193 3Cionr,tahd thervderi andritydrofgen ste prevented fzem eptering shepenidosemidorsiuctone oxi de
sem condyct or 'lh er _462. The t% rat ure_of éhe first heat treatnment is

i gher  t HA¥T SRt BOSKEPEULIIIACTRYB AT GrBRs P45 otk MDEROVYS HBEE B | ower
than or egyd sehficoiMctor 183/eEicoRbin¥d.hi THIS Firdthvat BtatB@HBmak& #@Ossibiangd | over

than the strain point of the substrate. Here, the substrate is put in an
el ect ri c dehydiale®rdpbydrpgenateithe exide semigonductardayent62ppar at us and heat
treat rrent[ 'ﬁ]perfor med on the oxide sem conductor |ayer in a nitrogen

at nospher'e aﬁ 450 C for one 5 hour, and then water and hydrogen are
prevewt ed fromTdetheas meatinbrt apphcheussie moc tindiedttoran| dgottic Yirhdcetdnd may de

sem conductaor | ayer not exposed to ajr. In the abgye nner, the oxide
semi condUEeYfed ¥yt8ra devigmibal ﬁ%?és a‘THS§°‘f for g PWQ@&SCE P@éggfﬁﬁf CPr%f{Pég‘)‘i' or
possi bl eébrﬂgﬁﬁﬁn%ﬁh%&s a Ry dnRE 80 At &idthiRe WehBLoSRP KON ARG QhmbRY 81 | 462

[0194] 1 eat treatnment apparatus 1s not limted to an electric furnace
and may RIA(mpiddotrmal hnrealeappamtish sichhasatasGRIAo(gae aapitl othbengdranpedyed by

t hermal conducti on rmal radiatiion froma heater such a resistance
neat o orPpHaLH o ah LRI el Berfiashoca iR SpRar Sine 405 CBifat us.
such @s asGhd AirbIRsat ' BRbHerdt N GRTN nRYNBRplrisRRad 8¢ YslldWs. ahe Rlbstkdt@® rapi d
t hermal anneal ) apparatus can be uséd. For exanple, 15 as the first heat

t r eat menttrancfRmed rmag pe ipenf meregs ashitlo lhas hsen fipated 4o ot high demperatuggof er r ed
and put in.an, inert, S .ch has, been heated to hi t enpefat ure of 650
&t 700 B0 Fdar 0 o ead i vt e, SL AR Stk P Ph e gt of
the inertggamhidhhshoddahcRRENo NSAER Cdhferauft. IIGREARSIM U RighlEihfertied! es a
hi gh-tenperature heat treatnent rn a short time. 20[ 0195] Not e t hat

i n the fiheattrdatraenttin @eghorttime. it is preferable that water, hydrogen, and the
Iikeﬁe R@%grﬁont ained in the atnosphere of nitrogen or a rare gas such as
hel i 4 or argon. It is preferable that the purity of nitrogen or the

rare gas such awth€lat i theN@@Nhedd treafne ik prefersblé fat aeitkChlydrogen, andeat
treat nent %Qﬁarat us be set to be 25 6N (99.9999 % or higher, preferably 7N
1

(99. 9999dhedike be piof rantaingd n thesatmoppherepf, nittager OF @ciare &as Bishias helivmm or
| over, prrrét)ﬁ,r glb !11%019.‘ 1xRe rBr&%ralbféV\ﬁxra) the purity of nitrogen or the rare gas such as
helium, neon, or argon which is introduced into a heat treatment apparatus be set to be
25 6N (99.9999 %) or higher, preferably 7N (99.99999 %) or higher (that is, the impurity
concentration is 1 ppm or lower, preferably 0.1 ppm or lower).
[0196]
Further, the oxide semiconductor layer may be crystallized to be a
microcrystalline film or a polycrystalline film depending on a condition of the first heat
30 treatment or a material of the oxide semiconductor layer.

[0197]



[ 0196] Further, the oxide sem conductor |ayer may be crystallized
to be a mcrocrystalline filmor a polycrystalline filmdepending on a
condi ti orWOf20t1He892r st heat 30 treatnegt or a mat eri al @CTUIRW10R67dE3

sem conductor |ayer. [0197] WD 2011/048924PCT/ JP2010/ 067193 47 The
first heat treatnment for the oxi de sem conductor |ayer can be perforned
before the oxide sem conductor filmis processed into the island-shaped
oxi de sem conductor layers. In that case, the substrate is taken out from
t he heat appar arhesfisf hedt tidagndnt riet tHeeekidé saaicomdictoraagert daarbeaperformed
phot ol i t hography step is perfornmed. 5[0198] ) The, heat treatnent which
has an eftfeg%'f: g Bé}ﬁ?dF%‘E‘F?EFUGFO‘dgH?d}soﬁg}?éﬁsf?ﬁgmf%eth%x’iSG@g?E?‘ﬁeéoﬁH@Et or

| ayer MaychiicdiAhéBF et 1AMt Bhol R LML Fh¥asm (AL hed dbsaRYT de
semi conductor layer I's forned; after the source electrode and e drain

el ect r odeaftr eheffirst hvat tréadmentglarol/dhen b ipbotokiihderapbysiep mdperfaamellayer ; and after
the gate | lating film10is formed over the source el ectrode and the
drai n el e@??@de. [ 0199] Next, a conductive filmis formed over the
insul ating | ayefhe4ribt fbmehewRich das a8 REeQtUh pdralify 8F ddfilrogdhstidgthg t hird
photol it hography step, a resist mask is fornmed over the conductive film and
t he condutidesseniiconductor davieeoray el performpkat any ofihe follnwving tindegs Bfterr thdr ai n

el ectrode_l.ayer .465 nd the wri | ayer 468 are for nd then the
resi st rra%xﬁé‘%/?wlg%\?@?r?asygrelsliﬁgﬁne@%ﬁ.er Te°86U regeec‘?r(()’fie (#Elﬂir? ‘grfng'cetl?cor(ﬁ’gel ayer
465b and drbeurier Fdifhel dyer thd 6RideBymiRniicitoEidydtsaniafter iRt @it Blsulatiflg filma st ep
which are simlar to those of the source and drain el ectrode | ayers 465al
and 4@5a2s [qroed@yvenibe sourps elegtrasisangdb draiselegtiodeour ce or drain el ectrode

| ayer 463@ gg]d the wiring |layer 468, a titaniumfilmwth a thickness of
150 nmii florrred by a sputtering nethod. In this enbodi nent, since the
exanpl e i n whi Q¥extt,vecarinetite filmisuforfned wseathe inmédingdayedr 467 sapdrtbeoxridel dr ai n

el ectrode | ayers 465al d 465a2 an he ..source or drain el ectrode | ayer
365b. | o GETRIaEor BOENTHG “GLrea Pe POHTDREDE Jepet BNk S0 ode
| ayer 4653l 4R Qhdth@RR 41N dnfl theeRRIBEiVOrD R s_'él%_@fi@é?Y eichéd & thafineGbhede | ayer

465b i s not obtained. For that reason, the wring 1ayer 468 is provided
over B patdrain dléntrodelayce 465b dndithe wiringt lnyetet68zare for8®a 2andtiienithe sesisdt
covered with the oxi sem.C uctor layer 462 s hat .t he rc nd drain
el ectr ode‘“?%‘y@r@mﬁ’(g%‘giseﬁ%tlé?% tﬁ% 5?1‘8# 8t Sl eietctt‘toﬁ% 1?¥eﬁe4%§$ aé‘ﬁc'ﬁf’ng of
the sour GRirRg 15eR 1408 fla§ bk FOMRd RN a MaRHal dnd ih AStepaBchVRRsEnTliAr(th ROt
mat eri als 30 which have high selectivity in etching steps are used for the
sour ce orofdhesayres andidrajdslacugds byasdaialand 466852 and the source or drain
el ectrodg‘g%@%er 465b, the wiring | ayer 468 which protects the source or

§

drain el de | ayer 465a2 at the tinme of etching is not WD
2011/%48924PCT/1d 0 EhbOGifdka as the source or drain electrode layer 465b and the wiring

layer 468, a titanium film with a thickness of 150 nm is formed by a sputtering method.
In this embodiment, since the example in which the same titanium films are used for the
source and drain electrode layers 465al and 465a2 and the source or drain electrode
layer 465b is described, etching selectivity of the source or drain electrode layer 465al
25  or 465a2 with respect to the source or drain electrode layer 465b is not obtained. For
that reason, the wiring layer 468 is provided over a part of the source or drain electrode
layer 465a2 which is not covered with the oxide semiconductor layer 462 so that the
source and drain electrode layers 465al and 465a2 are not etched at the time of etching
of the source or drain electrode layer 465b. In the case where different materials
30 which have high selectivity in etching steps are used for the source or drain electrode
layers 465al and 465a2 and the source or drain electrode layer 465b, the wiring layer'

468 which protects the source or drain electrode layer 465a2 at the time of etching is not



48 necessarily provided. [0201] Note that in order to prevent the

oxi de sem conductor | ayer 462 from being renoved at the tinme of the etching
of the comMOROtl/o4892fi I m materials and ,gtchi ng 5conditi oRETIP2a1HE67dBNduct | ve
filmand the oxi de sem conductor |ayer 462 are adjusted as appropriate.

[ 0202] In this enbodinment, a Ti filmis used as the conductive film
an | n-G-2Zn- O based oxi de sem conductor is used for the oxide sem conductor
| ayer 462, 10 and an anmoni a hydrogen peroxi de solution (a m xture of
ammoni a, mwatsirilygnckidediydr ogen per oxi de solution) is used as an etchant.

[ 0203] In the third photolithography step, only part of the oxide
sem condU&2&H | ayer 462 is etched, whereby an oxi de sem conductor |ayer

having a gr Oovgqét@_tﬁﬁnﬁ%ﬁ&&ckolpﬁe@&& ttiafegidk%eﬁl@éomgama%mw%ﬁﬁ betg! esi st

mask used for formng the source or ain electrode | ayer 465b an he
Wi ring | agmovetb@t iy tioe bOthe dtdbynganf itk jcenduvtivh ddm, Foatemals amdodtching r esi st

mask by an i.hkj et pethod nee no,phot onask,. whj c esul in.,a reduction
T e oo ot e OSSE Bim SRR O ST ol Rt M are BgisleB | |
formed ovghidphitd nsul ating |ayer 457, the oxide sem conductor layer 462,

the source and drain electrode |ayers 465al and 465a2, and the source or
drai n el d0802de | ayer 465b. [0205] The gate insulating |ayer 452 can be

formed to have.,a si.ngle:l ayer. strycture or 25 stacked-| ayer..structure
including a si IIPcﬁlﬁs oXI' eﬁ¥1§9ter? z‘lcsﬁ{nil con uﬁ?‘% rigsdeth? ag()en(r?j}ICtéyesifflfnCoﬁn

oxyni t ri da-G2RY80-basedidxideodeniitdriductor @xisde foghe loxiddnidmicondictal 1laFen46n, oxi de
| ayer by a plasnma CVD nethod, a sputteri n((; net hod, or the like. The gate
i nsul ¥t i rAgd| 3y ammpnda hydigges @@%FC@ sQdutinty (Hyniztuss of radpmepjanwetsbrnsbat hat a

| ar ge anqé,gfoﬁfépg%gg&glgﬁnioa) Rrugg@ggmﬁldetéﬁagm?)gei ng contained in the gate

i nsul atin e case ere a silicon oxide filmis forned
by a sput[0203]ng nethod, a silicon target or a quartz target is used as a

arget . and oxXgen Bl phticiEhogt i der HAFPard B0 o S0k LomtSSHeB? 1
462 is etched, whereby an oxide semiconductor layer having a groove (a depressed

15  portion) is formed in some cases. A resist mask used for forming the source or drain
electrode layer 465b and the wiring layer 468 may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask, which results in
a reduction in manufacturing costs.

[0204]

20 Next, the gate insulating layer 452 is formed over the insulating layer 457, the
oxide semiconductor layer 462, the source and drain electrode layers 465al and 465a2,
and the source or drain electrode layer 465b.

[0205]
The gate insulating layer 452 can be formed to have a single-layer structure or

25  astacked-layer structure including a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and/or an aluminum oxide layer by a
plasma CVD method, a sputtering method, or the like. The gate insulating layer 452 is
preferably formed by a sputtering method so that a large amount of hydrogen is
prevented from being contained in the gate insulating layer 452. In the case where a

30 silicon oxide film is formed by a sputtering method, a silicon target or a quartz target is
used as a target, and oxygen or a mixed gas of oxygen and argon is used as a sputtering

gas.



WO 2011/ 048924PCT/ JP2010/ 067193 49 [ 0206] The gate insulating |ayer
452 can have a structure in which a silicon oxide |ayer and a silicon
nitride 1&Qep11A4892dt acked over the soy ?ce and drai n el e®CTIEW1D/8§7893 465al
and 465a2 .and the source or drain electrode |ayer 465b. In this enbodinent,
the 5 silicon oxide layer with a thickness of 100 nmis forned by an RF
sputtering nethod in an atnosphere containing oxygen and argon (flow rate
of oxygen of 25 sccm: flow rate of argon of 25 sccm= 1 : 1) under
condi ti ore20d]jat the pressure is 0.4 Pa and the high frequency power is 1.5
kKW [0207] 10Next, a resist mask is formed in qotollthography
step, and the dae&ateiashlaiinglayer4yacambave as“’é‘éf“é‘?;ﬂ WQ‘FB astliRB @xuls 18¥5at part

of the galg | 'ﬁﬁéﬁnaﬁltrfhgyegef%&e 4t§gke'fdsovrei3 mevs%qrcevﬁaar&&m ABRE gﬁﬂe AA31

reaching the wring ornmed (see FIG 8D). Althou not
i |1 ustratand, 465a2 ogmenthagsonsacdr digirt Iak:c&oalﬁr tayeor6o.ai Im élhﬁcmbodimdnaytthe 465b

may beforned at the ti f. the f tlon of 423 |n this 15
enbodi merﬂhc"&r‘P"é@&a‘Pﬁﬁf}ré"";psE g’é ‘éfg{ F‘ﬁ.gy BB ré%ﬂ’ieﬂ’é’dtlﬂe
sour ce OorandigbiphelEntRsifg Pﬁg@hckedtsgdnqﬂwmm 8én ams QLAY | BB rate

insulating layer is furthe and a wiring layer for electrical
connect i arf argoxf of M5dsacm &hik : dp amideg cofdidos] thae the, pessondudid P andlthei s
formed over te i nsul 3 | ayer 452 and in and 20 over the opening
423. Therfigh- e&“ YPHWB‘Hétl li‘\t“]’hography, the gate el ectrode |ayer 461 (46la
and 461b)gg the wiring layer 464 are forned. Note that a resist mask may
be formed by "an inkjet nethod. Formation of the resist nmask by an inkjet
met ho® needs ndNexhot msmaswm fmmleésmlatf@ltth photodithegrapbyi stap, gah tieagaterr i ng

Cayer 464 UiBanr S RadS rdeARo e har of B Tef Mt e r o™

i ncl udi ngemot@t, a.+hdfraiyezin aﬁenSﬁg?MﬁSeaﬁmhth@ Rfthg ldyeR R8I f(ﬁhfed NbdeNFIG.
t ant al um tun%\slt en, alum num copper, neodym um or scandium or an alloy
mat eri al W cKlthonghnetsiliasiatesk ap wegrénwa@hinaﬁée spuree ar Jrainyelectiode hier .

30[ 0210] 46\99 &g}lt{ f‘(ﬁ'ﬁ%ﬁpgr (h‘tl,Pngu]:Oéfo 6171?(3111&1011 of the opening 423. In this

15 embodiment, an example is described in which the opening reaching the source or drain
electrode layer 465b is formed: after an interlayer insulating layer is further stacked and
a wiring layer for electrical connection is formed in the opening.

[0208] ,
Next, a conductive film is formed over the gate insulating layer 452 and in and

20 over the opening 423. Then, in a fifth photolithography, the gate electrode layer 461
(461a and 461b) and the wiring layer 464 are formed. Note that a resist mask may be
formed by an inkjet method. Formation of the resist mask by an inkjet method needs
no photomask, which results in a reduétion in manufacturing costs.

[0209]

25 The gate electrode layer 461 (461a and 461b) and the wiring layer 464 can be
formed to have a single-layer or stacked-layer structure including a metal material such
as molybdenum, titanium, chromium, tantalum, tungsten, aluminum, copper,
neodymium, or scandium, or an alloy material which contains any of these materials as
its main component.

30 [0210]

In this embodiment, as the gate electrode layer 461 (461a and 461b) and the

wiring layer 464, a titanium film with a thickness of 150 nm is formed by a sputtering



50 net hod. [0211] Next, second heat treatnent (preferably at higher
than or equal to 200 C and | ower than or equal to 400 C, for exanple higher
t han or &§0ar11@8R80 C and | ower 5 th%H or equal to 350PCYI/JIPH1pE¢HYY med in
an inert gas atnosphere or an oxygen gas atnosphere. In this enbodi nent,
the second heat treatnent is perfornmed at 250 Cin a nitrogen atnosphere
for one hour. Alternatively, the second heat treatnent may be perforned
after a protective insulating layer or a planarization insulating |ayer is
formed oumgthéde thin filmtransistor 410. 10[0212] Furt hernore, heat
treatment _nmay be performed at 100 Cto 200 C for 1 hour to 30 hours in an
air atnniB%@»e. This heat treatnment nay be perforned at a fixed heating

termer ature. ANSE natineloh ukchOlFAURR GIABRE thih ONGAER) A spger at ur e

may be conducted plural tines repe > the“heating tenperature 1s

i ncr easedowéOiiai o eqiid) Q6406 IPIE Féit éXaghplhizht LR o teyiifl t6f2500C 4&ad w290 C and
then decreased to a roomtenperature. Alternatively, this heat treatnent

may bé pdhdmoneguabdd 356 Torimmerformert in he inptt ges atmasphare g anagraigen gder
reduced pressure. nth eat treat t 1s perfarnmed under duced

pr essur e APAPIREat wg’éﬁ‘ilﬂgﬁmﬂlh@%&ﬂ’% e§‘_n‘t5‘°ra?’3ﬁ‘étd§ P _aﬁaéiﬁr(gﬂbﬁ_ t he
above- desgb RRtiHo§RRre Ft ot héll | Witeinafil Sthe sefGH hae ltdiniht Lhg, g1 de
sem conductor | ayer 462 1 n which the concentration of hydrogen, i sture,
hydri de, perfdrihgdiaftexiageotactéveripsilatong layan obe plrmatfationunsydatingdayeFisGogiyd The
thin filn1tr&n%&s%?r 460. cag @e used as a thin filmtransi stor used in each
pi xel i n QRePEIBOISESSIO5H% of Enbodi ment 1. 25[ 0214] A protective
i nsulygt i ngjze}yer or a planarization insulating |layer for planarization may

be provided over the thin filmtransistor 460. Note that although not
illustrated, afughemiong heatie¢atmgntimay bo perdernted agirll@) Cetp 200 r°6dfer Lhpur 465Db

50T T e RS SRR, e IS AR R B, o <
oo | RS AR Solsen et Setnaayor 550 1
may be conducteg 'plural times repeatedly: the heating temperature is increased from a
15 room temperature to a temperature of 100 °C to 200 °C and then decreased to a room
temperature. Alternatively, this heat treatment may be performed before formation of
the oxide insulating layer under reduced pressure. When the heat treatment is
performed under reduced pressure, the heat treatment time can be shortened.
[0213]
20 Through the above-described steps, the thin film transistor 460 including the
oxide semiconductor layer 462 in which the concentration of hydrogen, moisture,
hydride, and hydroxide are reduced can be manufactured (see FIG. 8E). The thin film
transistor 460 can be used as a thin film transistor used in each pixel in the pixel portion
202 of Embodiment 1.
25  [0214]
A protective insulating layer or a planarization insulating layer for planarization
may be provided over the thin film transistor 460. Note that although not illustrated,
an opening reaching the source or drain electrode layer 465b is formed in the gate
insulating layer 452, the protective insulating layer, or the planarization insulating layer,
30 and a wiring layer which is to be electrically connected to the source or drain electrode

layer 465b is formed in the opening.



As descri bed above, in form ng the oxi de sem conductor film noisture
remaining in the reaction atnosphere is renoved, whereby the concentration
of hydr og¥® 2and4B82dri de i n t he oxi de %qm' conduct or fil| mPCAAPYAV/PE&dWced.
Thus, 5stabilization of the oxide sem™Conductor filmcan be achieved.

[ 0216] As descri bed above, the highly-purified oxi de sem conduct or

| ayer is used in the thin filmtransistor, whereby the thin filmtransistor
with reduced off-state current can be provided. In addition, the thin film
transi st do2udjt h reduced off-state current 10 which is described in this
enbodinment is applied to a pixel in a display device, whereby a period in

whi ch a storag Qﬁ%ibﬁ‘é)rabﬁgﬁvi"ﬂéanpﬁgt% pYide | scEyeOndYrer Pt aBeIstlE be

i ncreasedemIify iR e SRhaond Qh&phdR! SN r&RRBUMB @SS tROWSAcchtaii RIfaYI N9 &
still i rraagl olrrhsg[ ﬁe tﬂ% ke carll1 be %?ovi ded.r [0217] fST IS errbocc?i n%nt can be
i npl enentlgeragen canbihyatidorin wiht hoxidy semi¢dnductor fdtmurcas bef redueedt h&hus,

enbodi_nment 5.as appropriate. [0218 nbodiment . 4) In this enbodi nent,
anot her aé‘ogf’gglet%f‘i‘? SFT“L% P%ﬂé&é’i‘ﬁ"rﬂlﬁﬁé‘leﬁ(gﬁ be 20 applied to the
di spl ay dgyige disclosed in this specification will be described. Note that

Enbodi nent 2 'may be referred to for descriptions of portions that are the
same as those iAs &sbobidnahave2therhiglipputibied oxide ssmagnndueiar layerissisedliar t o
those in aodinent 2. and,descri pti.on. thereof is.not, re ted. In

dd ¢ on, TO0R B ruBleu BrRy S TE b EnSSlor oAl Rt EPERNElS ebent 1y

transi st adafi BE2Proiddd 42fh sleEGHN, RBE thif filkl Sasdifiodimithniedeced cfbstaee bgeshtas the
thin filmtransistor 106 in Enbodinent 1. [0219] . . .The thin film
t r ansiOst ovkichis deseribed in this pmbediment ispgphedksiors pEel ipatdisplas davissewheisby| Gs. 9A

279,98, LORER SN, B ARCIRL AOLORL S RO ERnclol aRsec BBl b
425 and 4gé€readetusThes, eddisplaf|deBice Sthialdofsimes kst powerf inl displagingi 56l Wit h a
structur einiage \(/)vrhtih(ékllikgrgaé)éé I()jr%wsd%g? conductor |ayer is
[0217]
15 This embodiment can be implemented in combination with any of the
structures of the other embodiments as appropriate.
[0218]
(Embodiment 4) ‘
In this embodiment, another example of a thin film transistor that can be
20 applied to the display device disclosed in this specification will be described. Note
that Embodiment 2 may be referred to for descriptions of portions that are the same as
those in Embodiment 2 and portions and steps that are similar to those in Embodiment 2,
and description thereof is not repeated. In addition, detailed description of the same
parts is omitted. Thin film transistors 425 and 426 described in this embodiment can
25  be used as the thin film transistor 106 in Embodiment 1.
[0219]
The thin film transistors of this embodiment will be described with reference to
FIGS. 9A and 9B.
[0220] _
30 FIGS. 9A and 9B illustrate examples of cross-sectional structures of the thin
film transistors. Each of the thin film transistors 425 and 426 illustrated in FIGS. 9A

and 9B is a thin film transistor with a structure in which an oxide semiconductor layer is



WO 2011/ 048924PCT/ JP2010/ 067193 52 interposed between a conductive | ayer
and a gate electrode |ayer. [0221] In FIGS. 9A and 9B, a silicon
subst r at aVD20UgE24s a substrate, and the thin filmtraRSTIPYNG0a2E and 426
are each provided over an insulating I"ayer 422 provided over a 5silicon
substrate 420. [0222] In FIG 9A, a conductive |layer 427 is provided
between the insulating |ayer 422 provided over the silicon substrate 420
and an insulating |ayer 407 so as to overlap with at | east the entire oxide

sem condustefpos¢By@wednl2 corldd@Z23)er and a gatdNde@rddeddyel:l G 9B il lustrates an
exanple in which a conductive |ayer between the insulating |ayer 422 and
t he insul[ﬁ%ﬂ]g | ayer 407 is processed into a conductive |ayer 424 by

etching and ovef k78§ oA Ly Pﬁf&smomgog%%ggf&%mgﬁ%&ran WebfhidHhim Whi Ch

i ncl udes at |east a channel tegion. e conductive layers
427 and A4idsisteys 425 it 42darefeach pebiled matedn aisulating layea#2\ptovgled et e

t enperat ure of heat eat nent perforned later; as such a netal material, an
el eneft SHIQBSEbSHIGHY i t ani um (Ti), tantalum (Ta), tungsten (W,

mol ybdenygy4dyp) , chrom um (Cr), neodym um (Nd), and scandium (Sc), an alloy
20 containing any of the above elenents as a conponent, an alloy film
contai ning a cdnblGHA,arconfluciivy layfer #R2tsgprevidedbetweemthaiinsulatimg dayer 4220 ng any

of the above.,elenmnents .as its c en or the |ike n be used. In

ddi 1} on PROVIRed SRR v0eon SbuFSE BT an Hou il LSS 8 e 3 i el oy s
struct ur et Rastahs bk odidea¥@iconlidisiiiyer 4150r exanpl e; a single-1layer
structure of a tungsten |layer, a stacked-layer structure including a

tungsfen (0B8]t ri de |1 ayer and a tungsten layer, or the |like can be used.

[ 0225] R G G ARLARLL 31 o0l b0, SOICE LR OV Bler 20, B0 424

may be the sane as or rom a gate electro ayer 411 of
t he t hin the insulatiRg Biysi 422Sandizbe Bisdlad@®laydhd0 7T prwessed éntbayenductizd 1ared 424
can al so function as a second gate el ectrode 30 |a I ad%i'&ti on,. the

. | ayer . !
pot ent i al424ib% AEhingARdcoYerlaPs ¥y Rarlof t}%fnﬂ"ﬁ?ﬁefl‘?iﬂ’ng‘&t?ri &ef Wil such
as GND OlinQudés at 481 channel region.

15 [0224]

The conductive layers 427 and 424 may be formed of a metal material which
can withstand the temperature of heat treatment performed later; as such a metal
material, an element selected from titanium (Ti), tantalum (Ta), tungsten (W),
molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc), an alloy

20 containing any of the above elements as a component, an alloy film containing a
combination of any of these elements, a nitride containing any of the above elements as
its component, or the like can be used. In addition, the conductive layers 427 and 424
may each have a single-layer structure or a stacked-layer structure. For example, a
single-layer structure of a tungsten layer, a stacked-layer structure including a tungsten
25  nitride layer and a tungsten layer, or the like can be used.
[0225]

Further, the potential of the conductive layers 427 and 424 may be the same as
or different from that of a gate electrode layer 411 of the thin film transistors 425 and
426. The conductive layers 427 and 424 can also function as a second gate electrode

30 layer. In addition, the potential of the conductive layers 427 and 424 may be fixed
potential such as GND or 0 V.
[0226]



WO 2011/ 048924PCT/ JP2010/ 067193 53 The conductive | ayers 427 and 424
makes it possible to control the electric characteristics of the thin film
transi st oOWe 2418480 426, respecti vel Y.s [0227] As descri BEd/IJBMAVEG719Ne

hi ghl y-purified oxi de sem conduct or Iayer is used in 5 the thin film

transi stor, whereby the thin filmtransistor with reduced off-state current
can be provided. In addition, the thin filmtransistor with reduced
off-state current which is described in this enbodinment is applied to a

pi xel in a di spiheycaduitde, lawérerdFyamd 42 makles i poksible @ cintohdie clagtsici t or
provi ded |n t he pi xel t age_can i ncreased. Thus, a display
devi ce wihgRCiegUcHAILhg tgggplf%\t,@psnftﬂrsggéﬁpg§$§desgegtﬁ Y- 10 image or the like
can be prgyg'y:]ed [ 0228] Thi s enbodi ment can be inplenented in

conbi nat i on Wi th any of the structures of the other enbodi nents as
appropriate. [ 0R28scibed ﬂmyodthwelnghlﬁ)punﬁed oxlde sehiicondmttodiayenis, useddnher

| t filmt b | to t lay d
i ol Gsedhs fuip iR Esiiar SRR Uy 5 bUSdBoSFIE SR RhurehoRR e stor
390 descrdahest providels ﬁﬂ@&ﬁh&?ﬂhe QR m WwaRdst8s whthCrektiédd bflstitd E@r?éitSt or

106 in Enmbodiment 1. 20[0 GS. 10A to 10E illustrate an exanple
of a cr os\ghlgleestde@wd?edsn ﬁluep edlment ﬁeipphi:dwtom plmltmarmmmdevme whexby
enbodi nent f|| tra L | ust 10A to 10E
has a bot% Ber}ghe ructgtrg.ra@e Gapn %Ygge ah Hl l%l‘teggd] ¥ ‘%glra G C?rhhﬁ film

transi st threiﬁﬂOZ@ﬁ\]S a displaf\ dehwdg\hhft:hlezohéﬂnﬁbsf lebsrpbwem i Eisprayﬁlgoa sl
described as a single-gate thin filmtransistor, a nulti-gate thin film
transﬁostdmagﬁeﬁi’éll cai p¢ proxidedy of channel f or mat i on regi ons can be

manuf act %Bwhen needed. [0232] 30A process of manufacturing the thin film
transi st or 9]0 over a substrate 394 will be described below wth reference
to FIGS. 10A t @hiYEmbodiment can be implemented in combination with any of the

structures of the other embodiments as appropriate.
[0229]
15  (Embodiment 5)

In this embodiment, another example of a thin film transistor that can be
applied to the display device disclosed in this specification will be described. A thin
film transistor 390 described in this embodiment can be used as the thin film transistor
106 in Embodiment 1.

20 [0230]

FIGS. 10A to 10E illustrate an example of a cross-sectional structure of the thin
film transistor of this embodiment. The thin film transistor 390 illustrated in FIGS.
10A to 10E has a bottom-gate structure and is called an inverted staggered thin film
transistor.

25 [0231]

Although the thin film transistor 390 is described as a single-gate thin film
transistor, a multi-gate thin film transistor including a plurality of channel formation
regions can be manufactured when needed.

[0232]

30 - A process of manufacturing the thin film transistor 390 over a substrate 394
will be described below with reference to FIGS. 10A to 10E.
[0233]



[0233] WO 2011/048924PCT/ JP2010/ 067193 54 First, a conductive film
Is fornmed over the substrate 394 having an insulating surface, and then in
a first phB28IYMBB4raphy step, a gate gl ectrode layer 38¢TUE2HYPGRY Edges
of the forned gate electrode |ayer are preferably in a tapered shape, in
whi ch case a gate insulating |layer which is to be stacked over the source
and drain el ectrode | ayers 5can cover the source and drain el ectrode |ayers
nore adequately. Note that a resist mask may be fornmed by an inkjet nethod.
For mati on of t Hérst, es¢atluctakfilloy isafiormedk pedr the shigatratee3shaving o iromkesing whi ch

results in reduction i uf act uri hg costs. 234 th h there is no
oot cu iriacd nd fienh o Bl B B Sap P ER . Bite Elcliote faye IS inel pet r ave
394 havi rfgigﬁﬁ‘of 1he Ybdtdd A teSHEdRIIR layeP SrePrb¥eabRf B A18FGed SiipbaY SviGPtase

resi stance high enou?h o wthstand at | east "heat treatnment to be perforned

| at er. A agiass msslating faycewhiclids &f bostackehayer teispirsaand graam slectrode layers

al um noborosilicate qglass,, or.the |i can be used.  [[02 I.n the case
therea gracevBeretid fe Hoino ap e mile ARy e Ba ™ R nen
per f or nedndskifiy bé férin@d, bydardinkfes nfeglast I FoemWISEf Gt réict mkHy arSinkjgher
than or equal to 730 Cis preferably used. For a glass substrate, a gl ass
mat eri al metked pepds na photediask. vehieh wsalissin afedyation pbPeaniaclgEngs coftass, or
barium b%gﬂ licate glass is used, for exanple. Note that in the case where
a | arger anDJnt of barium oxide (BaO than 20 boron oxide is contained, a
nore practical Altwugh dsirsisamd pgtiasiar Bmftstiorade acabstiate whichicaate ubbdas a

gl ass substrate contaipning a | arger. anount of BaQ than B203 is preferably
used.1[ ozhfe]sugstrate Sfobwitman Gedaties cariecs oﬁhﬁeﬂlgatratannqe SPtBr Bth as’a
ceram ¢ SplShE@!foh 3nGH ZwihiSid A Rast HeaPtrSARBIN foSs PREIHRIGAIRY R used
I nstead of the abgve glass substrate. 25Alternatively, crystallized gl ass
or the | igtesssabstiate madalof Bdriver hatosiighty glass,pdlaminobormsibicate glass,cor thtndike i ke can

be used as %gglr%griate. [0237] An insulating filmserving as a base film
may be prd¥iPdd¥bet ween t he

[0235]

15 In the case where a glass substrate is used and the temperature of the heat
treatment performed later is high, a glass substrate whose strain point is higher than or
equal to 730 °C is preferably used. For a glass substrate, a glass material such as
aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass is used, for
example. Note that in the case where a larger amount of barium oxide (BaO) than

20 boron oxide is contained, a more practical heat-resistant glass substrate can be obtained.
Thus, a glass substrate containing a larger amount of BaO than B,0; is preferably used.
[0236]

Note that a substrate formed of an insulator such as a ceramic substrate, a
quartz substrate, or a sapphire substrate may be used instead of the above glass substrate.

25  Alternatively, crystallized glass or the like may be used. Alternatively, a plastic
substrate or the like can be used as appropriate.

[0237]
An insulating film serving as a base film may be provided between the
substrate 394 and the gate electrode layer 391. The base film has a function of

30 preventing diffusion of an impurity element from the substrate 394, and can be formed
to have a single-layer structure or a stacked-layer structure including one or more of a

silicon nitride film, a silicon oxide film, a silicon nitride oxide film, and a silicon



substrate 394 and the gate el ectrode |layer 391. The base filmhas a
function of 30 preventing diffusion of an inpurity elenment fromthe
substrat ev@2411/&p24can be formed to hgye a singl e-l ayer PETABIUPE 1S a
stacked-| ayer structure including one”or nore of a silicon nitride film a
silicon oxide film a silicon nitride oxide film and a silicon WO

2011/ 048924PCT/ JP2010/ 067193 55 oxynitride film [0238] The gate

el ectrode | ayer 391 can be forned to have a single-layer or stacked-I|ayer
struct ur exymeidedilag a metal material such as nol ybdenum titanium 5
chrom um_ tantalum tungsten, alum num copper, neodym um or scandium or
an aIon[Q%?%rial containing any of these materials as a main conponent.

[0239] Fahe CHRIPLE GRS Byb3ol VAT 13! FIEYT® Hhvd e sl gleqt T ode

| ayer 391, the W ng structure is pre a structufre whi ch a
nol ybdenstackal/ayern stredtaek adtluidhgpuemetah matarialnsunhl ag/ englyladenstimy ctitamiemi, N whi ch

a nol ybdepum | ayer is stacked over a copper layer, a strycture in which a
ti tan%umC JOMip e AntAlup, B‘Pg%{e’f’é‘ﬁ'f"%‘PHWr F? pref’dlﬁo‘?é’@'@?" 05 S"sal“a’é‘%d’r gballoy copper

layer, an%tér&%ﬁwﬁt@inﬁﬁg Mﬁi&hhéeﬁﬂattéﬁil%ﬂhﬁiﬁlic@ﬁlpbﬁé&ﬁf_ and a nol ybdenum | ayer
are stacked, or a structure in which a tungsten nitride |layer and a

tungsten[023%r are stacked. As a three-layer structure, a structure in

whi ch a tungsten 15 | i tride | | f ¥
of al u num andos SRFBEN: 65 L Aat8) Shruitbf hiieaRiFvdn B e B °

titani umgidwingtrudtify isOprefrdblld: anitHitrdraYe wlidiea shelglRfAumSlapérel atRRE®. Not e
that the gate el ectrode |layer can also be fornmed using a light-transmtting

condu@t | wsex pn gumngumnlapsiapystracigfe ihwhichghmolybdssymilaysigs stackedovereafilm a
light-tr ) bl ] V.8 QX ' i ven. 40]
Next, o SaperiHhiehrt, ARRAHE th Whichih iRl bIAY: s GP0 B WiRiac RG] o
391. [ 024thkked over Zheoppai dayensal sutuctuge limywehicB %/ titaniurhenitridembayet @anbave a
single-layer structure or a_stacked-|ayer. st r,a}(;t ure i ncl,udd' nlg a silicon

a tungsten nitride layer and a

oxi de | aylybdenum fayesarg;stacketh qra sfuctuge dp whi

tungsten layer are stacked. As a three-layer structure, a structure in which a tungsten
15  layer or a tungsten nitride layer, a layer of an alloy of aluminum and silicon or an alloy
- of aluminum and titanium, and a titanium nitride layer or a titanium layer are stacked is
preferable.  Note that the gate electrode layer can also be formed using a
light-transmitting conductive film. As an example of the light-transmitting conductive
film, a light-transmitting conductive oxide or the like can be given.
20 [0240]
Next, a gate insulating layer 397 is formed over the gate electrode layer 391.
[0241]
The gate insulating layer 397 can be formed to have a single-layer structure or
a stacked-layer structure including a silicon oxide layer, a silicon nitride layer, a silicon
25 oxynitride layer, a silicon nitride oxide layer, and/or an aluminum oxide layer by a
plasma CVD method, a sputtering method, or the like. The gate insulating layer 397 is
preferably formed be a sputtering method so that a large amount of hydrogen is
prevented from being contained in the insulating layer 397. In the case where a silicon
oxide film is formed by a sputtering method, a silicon target or a quartz target is used as
30  atarget, and oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.
[0242]

The gate insulating layer 397 can have a structure in which a silicon nitride



25 oxynitride layer, a silicon nitride oxide |ayer, and/or an alum num

oxi de layer by a plasma CVD nethod, a sputtering nethod, or the |ike. The
gat e i nsuwarong4BRyer 397 is preferablx formed by a spuPCEAPMYO/AEHod so
that a | arge amount of hydrogen is pr &Vented from bei ng contained in the
insulating layer 397. In the case where a silicon oxide filmis fornmed by a
sputtering nethod, a silicon target or a quartz target is used as 30 a
target, and oxygen or a m xed gas of oxygen and argon is used as a
sputteringyegamd 4 0R2#8h ox\We Rl ARRAGW:IER(GVed RO baOddcdfhdle Jaydrayey. dod a
silicon oxide |ayer are stacked over the gate el ectrode |ayer 391. For
exanpl e, example; 2 sikicon pitfidelayen(SiNy @i>N))) Wjthsa thicknegs o gecatenthaers squdfto gr eat er
t han or ual tq,.5 m and | ess an or. e I 1S fornme a
rot gach Phehl e B 808paEs 200 B8, Rp it Rof iedM @i LI RET e
layer ( SisButtdringmBthbd Wnlih dliédh 6K0€ 55eP{Si0N §RLED)) WitlhafhiSknesslbRlrdaer > NM
and less than or equal to 300 nmis stacked as a second gate insulating

| ayer Sovdhan heedual $0 Sgameandnisss than reg equgleto 309 Awrimstacked as arssoond gatg | ayer
with a thickness of 100.n [0243] .ln order, t revent dr agen, hydr oxyl
o oup. anbe OB oF PoP Bt g ua el s oot R Db R v e
397 and 3hickxdsgdef s@mmonductor film 393 as nuch as possible, it is
preferable that as pretreatnent of the filmformation, the substrate 394
over whi dA24He gate el ectrode layer 391 is formed is preheated in a
preheating cha f.a terd app , t 3 ver
whi ch corrponen!tﬂg e({l}%&ttg gﬁg%tnﬁdﬁ%ﬁg% ﬁ%‘ﬁéﬁ‘eg‘%%u%g‘i ;ﬁ%\bgs'i{l{g?erfemﬁéngr e
for med i soptagiteddin et gate inkelhtingriayver 397emdsmaixidesseificduddetogfiln 8081 asrmiush ur e
attached to the substrate 394 can be elim pat d renoved. . The

t enper at ## POBFLIeHE ‘Spﬁ’réﬁég%l? HEt % PrefrgEient ?lfg‘g‘e g‘&mzfgﬂa?“% thegybetrals, 494 ower
than or eRealyhic tg}ggat%ele%grﬁfi@fa%ﬂ 391N GhRfedt ig%%lﬁﬁte&gxgﬂprélﬁat@dﬁn?d%g | ower

than or equal to an évacuation unit provided for the preheating

chanber, o Tispadpuimg appapmtes, erathk ysubsteade 3PHi aveprwehichtdompogentp upato bad

omtted. .This. preheatin te e 20 siim | arl erfor.ned .on th

subst r at én‘g@i‘ng\'ﬂfrg 1“8%2‘@%%3?%72“% Eorfngd émef‘?%ﬁql}& tﬁ%’ lglpggﬁ?sc CE PRct r ode
| ayer153993daspdn and méibtuf! Sedchede HRYRIbst2539a can ferdidnied ane rémovaat i on of
an oxide insulating |ayer 396. [0244] Next, an oxi de sem conduct or

fil m 393 The ttmpematiire of thet prhdating is bigher han er cquwbito 260 &€ anddewer ha onm and
1on). [ ozast! RtD ‘Gharctoebbr bekatnpuenali LShobepdlow it Bragaentd iy o by
oL STRpOCEAP, gt IR KIS HARARA bl (bl L
gener at ecpréfgrabht tseduc Thisnprelicasing atepasandresomitfed. r Thisrpmeheating sepimay bs a
et hoz% ! r;iI}/l\liI};rfyhpé/r(f)(lr}Il% %ni tlsle gl?bgltrielteé\d39gloov%r vsvlljlg%tcro%[p%nglitg g[’) t(? grtld }n%lu%ing a
source electrode layer 395a and a drain electrode layer 395b are formed before
formation of an oxide insulating layer 396.
[0244]
Next, an oxide semiconductor film 393 is formed to a thickness of greater than
25 orequal to 2 nm and less than or equal to 200 nm over the gate insulating layer 397 (see
FIG. 10A).
[0245] _
Note that before the oxide semiconductor film 393 is formed by a sputtering
method, dust attached to the surface of the insulating layer 397 is preferably removed by
30 reverse sputtering in which plasma is generated by introduction of an argon gas. The

reverse sputtering is a method in which voltage is applied to a substrate side, not to a



WO 2011/ 048924PCT/ JP2010/ 067193 57 target side, using an RF power source in
an argon atnosphere and plasma is generated in the vicinity of the

substr at VOOt HBI24 substrate surface |7s nodi fi ed. Not e PCRHAP2040/p¢T930gen

at nosphere, a helium atnosphere, an oxX ygen at nosphere, or the |ike may be
used instead of an argon atnosphere. 5[0246] The oxi de sem conduct or
film393 is formed by a sputtering nethod. The foll ow ng can be used as the
oxi de sem conductor film 393: an |In-Ga-Zn- O based non-single-crystal film
an | n- Sn-tdigeOsithg 38 thgani R pserei sanctuit 47 argoh Mma@phdra-aAll pEsnd-ibgsedatedi de
sem conductor film a Sn-Ga-Zn-0-based oxide sem conductor 10 film an

Al - Ga- Zn-0- B gisinisk pf hes st R Roctbat afﬁﬂbﬁfatea seyhac) is ZRO@pds efolsxthaka

sem Condqﬁ&% fadn LpiRf 'ameﬁgnpatmﬁﬁﬁrw H‘aﬁﬁ&‘il)tl&teoﬁr frle!1 e Aly be

| n-Zn- O base OXI ser’nc uct or m an Zn- O-based oxXi

sem condustdinsfead bf amargdh atimsphdrased oxi de sem conductor fil rn an

In 0- basg[}g %I de semnm conductor film a Sn-O based oxi de sem conductor film
PHded oxide semiconductor film In 15 this enbodi nment, the oxide

Sem Conduct or g NB:3R3 sdrtichRdutRs 1 893 39 fdriiedaby 2 -Pul@sRdmeitiode The
sem conductor target for filmformation by a sputtering method. The oxide

sem conddollowingi ¢am BOJsexhas ke fosideestniigommiustontitlay BH3 amedmém-ZmOabasade gas

 nehuai ngoa FigteelysBl (BB Caf i JFSar gk Sah SR e emifnehRo R, BBRET 0S, ng

sput t eri ng-AR0zArex hiRed okiae sensicafdest fqﬁﬂdtsht@ﬁ zfmd)mamyoxb& depiioBmdiudrNg a
target contai nl(;]ﬂ Si02 at greater than or equal to wt % and | ess than or
f

equallot o filgy, wamAl{@p4pi0-hasednexidy r gaicangpctop i g tSi’eAb%Ptfébésé’ﬁl ewdeluct or
film393 fx;dndRuib ?i&nggqﬁtﬁogzba%ﬁl s%ﬁ&ﬁndh@t‘bg?{lmcg LRLAL- Wlt)a;sieﬁc oxi de

as a mai n conmponent ‘can er exa the oxi de

target, ayxidexi stghicauctondibhor art aSa@n-Odasdd | onidor smﬁucmdwmmt zﬁlmi, ngnln, Ga,

and Zn (the_ canposition ratio: 1n2 203 : 7Zn0O, = I ratlo)

T Al DThieeq oxidy, ssmicqnanEngme ah im0 tised oxi sEriccgineiat Bm, &

sem condugl Blhaka Sfille Eaﬁlct)hdda&qnﬂ%}grznc@rﬁaeembﬂae bamc&?ducﬁﬂcm&n IR target

havi ng a conposition ratio of 1 (atomc ratio) or In
Ga 15 Zrthis Jkembotlimers, Sme(amﬂu csemamrmi}lcman fﬂm u&%d is| rfoanhﬂi tusmg ahe

(111000 Tactor Luths Sbds.SRINaRnUSLar 18y 05h febalyl B o ARhLaR,
method. The oxide semiconductor film 393 can be formed by a sputtermg method in a
rare gas (typically, argon) atmosphere, an oxygen atmosphere, or an atmosphere
including a rare gas (typically, argon) and oxygen. In the case of using a sputtering

20 method, the oxide semiconductor film may .be formed using a target containing SiO, at
greater than or equal to 2 wt% and less than or equal to 10 wt%.
[0247]
As the target for forming the oxide semiconductor film 393 by a sputtering
method, a metal oxide target containing zinc oxide as a main componenf can be used.
25  As another example of th¢ metal oxide target, an oxide semiconductor target for film
formation containing In, Ga, and Zn (the composition ratio: In;O3 : Ga;03 : ZnO =1 :
1:1 (mol ratio), In : Ga: Zn =1 : 1 : 0.5 (atomic%)) can be used. As the oxide
semiconductor target for film formation containing In, Ga, and Zn, a target having a
composition ratio of In : Ga: Zn=1:1:1 (atomicratio)orIn: Ga:Zn=1:1:2
30 (atomic ratio) can be used. In addition, the filling factor of the oxide semiconductor

target for film formation is greater than or equal to 90 % and less than or equal to 100 %,



WO 2011/ 048924PCT/ JP2010/ 067193 58 preferably greater than or equal to 95 %
and | ess than or equal to 99.9 % An oxide sem conductor filmwhich is
formed uswOgoa48Ritde sem conductor tar,get for filmfor RETIIB1006Y1EHh has a
high filling factor, is dense. [0248] "5The oxi de sem conductor film393 is
formed over the substrate 394 in such a manner that the substrate is held
in a treatnent chanber maintained at reduced pressure and is heated to room
tenperature or lower than 400 C, then a sputtering gas from whi ch hydrogen

and noi stpieRrablye gfeaiBp IRt drSequal {00981 and\Musé ehaiir iquisiletorgNRYA) NAin bRidehe
treat ment chanber is renoved and netal oxide is used as a target. |n order

to 10 rerfspdcandpeioufdmr whighnisnfprinad tusing: aeAuxidensereirandyetor targeeder Sbment
yasuum b +t§onp5v%ic%r1%9'a%iéhsﬁﬁinéfé)&oref%adm%&’ a_clyopump. an ton punp, or @
punp ¥s pr

titani umsublimation efabl'y ‘used. The evacuation unit may be a
turbo punp2s8jovided with a cold trap. In the treatnment chanber which is
evacuated with the cryopunp, a hydro&en atom _ a conpound containing a

hydrogen at om skhétPxade sppiconghustos tim, 3qis dgrmedy eves dhﬁ)ﬂmﬁﬂa‘@cﬁ%dfl L EEY
carbon atrﬂmneh ﬁﬁg tﬂe{}%bgtkﬁg isHek fnemgfﬁerrlrt%}lgﬁﬁgy nﬁﬂ?aiﬁ@zﬁ%@&dc@ﬁ 'rqpégs an

inmpurity In the oxide sem conductor rmed 1 n the treatnent chanber
can be r egidcietheatspub troomngmipklatré oF N&werothah sSt0P T, aherea spittdringngis feaih e

remai ning in the treatnent chanber is renoved using a c,r?/opurrp,_ wher eby t he
subst r at evhighhadrogen and maigpre Hg remavesdisdatrediced srivlscneisturg remanimedan be

room 20 ttﬁﬂ%ﬁ?xﬁ}égﬁ Shefbé LEIRRVEE YhE nidtall e id paa zf%osg éatq etl 08¢ Qhder 1o~ AS

an exanple o eposition condition, the distance en the substrate
and tie tramget¢ nmdsti@Oremainindén heasatmentichafibér, Pa entripmetit vaciune pompnis  ( DC)

ower is 0.5 k and e atnosphere i s an axygen at nosphere e proportion
Dy GerPTERENY Y50 ogFor SSURBR G CRAPIR P AR J6H PAMPACT B IPTER, “HEIT ot
source | %&ﬁ&fs%x@fék%l%%@é&. iﬂe‘@i‘h&&iﬁﬁ?ﬁtﬁﬁﬂ%& aib%%t;ﬁnﬂi—‘;ﬁ roviledQuifiehier r ed

to as particles or dust) generated in filmfornmation can be reduced and the
filmthi cdotktsap.cadn thetreatintot ghambpewbich deevacwdtecbwith theorrydpump, privflenganl y has

a thickness of greater, than. or equal to 5 nmand |e t han. or. equal to 30
A Not o 49 % ReRRNEL SR Aede A Nihesd AT PR qsoBRal (5SRO W ae
sem condu@inPound EotAhing! a &dibord horh))i SkI1QES IIRY ake re@bvals WhEEBPIthat € -
depending on the material. [0250] 2011/ 048924PCT/ JP2010/ 067193 59

Exanpl es eoncenteagion ©of apigpeahhisdthe wxidsdemiepndpctep fitm dprmggl inethe desatmenihi ch a
hi gh-fre i f i ppl DC
oput ter | ragr 83 e RRHELE ShuBate et Bt S (aoRGYE AR ol
sputt eri ngmakiidodn i the Widathert Ehaatber Sis aeploved! usingaa petlysgmnprawhereby Ahe RF
sputtering nmethod is mainly used in 5the case where an insulating filmis
formed, aWBStEAtOECBPErAtUES ik fopmingothe; Qxife i sgmycondugior film 393 can be Toom

20 temperature or a temperature of lower than 400 °C.
[0249]

As an example of the deposition condition, the distance between the substrate
and the target is 100 mm, the pressure is 0.6 Pa, the direct-current (DC) power is 0.5 kW,
and the atmosphere is an oxygen atmosphere (the proportion of oxygen flow: 100 %).

25 Note that a pulsed direct-current (DC) power source is preferably used, in which case
powder substances (also referred to as particles or dust) generated in film formation can
be reduced and the film thickness can be uniform. The oxide semiconductor film
preferably has a thickness of greater than or equal to 5 nm and less than or equal to 30
nm. Note that the appropriate thickness differs depending on an oxide semiconductor

30 material, and the thickness may be set as appropriate depending on the material.

[0250]



in the case where a netal filmis formed. [0251] In addition, there
Is also a nmulti-source sputtering apparatus in which a plurality of targets
of differwA20nAu8N2Hal s can be set. Wt the multi-sourc@CTFaza1epemgp 10
apparatus, filns of different material’s can be fornmed to be stacked in the
sanme chanber, or a filmof plural kinds of materials can be forned by
electric discharge at the sane tinme in the sanme chanber. [0252] In
addition, there are a sputtering apparatus provided with a magnet system 15
I nsi de the chamBzamphs®fasspdtténing methodriatludsas REt dpattenigy methoddn witiclaa
sputtering apparatus used for an ECR sputtering nethod in | ch plasma
gener at edI&H-HRAYSREY POWCHFOHEE AHUBRACLOT jasSNYLEHNEPP ST SURRLY: r?g\ﬁgrl SRYUGI88 har ge.

[0253] F : Lti-Qn: 0 [ | , there
e al so AT B LBichs D oo b iR S el ISC AP o EBoI 3
sput t er i nghigas bizeligappind irea pulstibmbomir] yAn &dtipatienng incthad fis maingy ustdrin ng

depositiop to forma thin.coppound filmth of , and a bias spuftering
Torhod 1 HRHSEI T SRR Sppredn g € S aateof R abised 1 fon.
[ 0254] 25N casd Whére SGEQARNCEHIRNRIBIhdd10gr aphy step, the oxi de sem conduct or
filmis processed into an island-shaped oxi de sem conductor |ayer 399 (see

FI G 10B) .[0Rplle that a resist mask for forming the island-shaped oxide

sem conductor layef,. 399 bhe .f or med an inkjet method. Fornmtion of the
Fesl ot sk by A HERe HY Ko f b atioffe BiliSind Thrdit dBLFRENE o
reduct i onplirdlityestuhaets Wi diferefSingteridB[dd Bo]set.| aWRh t’OMultl-0RkBEd sputtering Not e
that the etching of the oxide sem conductor film 393 here may be perforned

by drif etapharates, Wers oftdifferags, maserigls can D formed ke bigstasked dn fheesapisichgmbet 0257]
or a film of plural kinds of materials can be formed by electric discharge at the same
time in the same chamber.

[0252]
In addition, there are a sputtering apparatus provided with a magnet system
15 inside the chamber and used for a magnetron sputtering method, or a sputtering
apparatus used for an ECR sputtering method in which plasma generated with the use of
microwaves is used without using glow discharge.
[0253]
Furthermore, as a deposition method using a sputtering method, there are also a
20 reactive sputtering method in which a target substance and a sputtering gas component
are chemically reacted with each other during deposition to form a thin compound film
thereof, and a bias sputtering method in which voltage is also applied to a substrate
during deposition.
[0254] v
25 Next, in a second photolithography step, the oxide semiconductor film is
processed into an island-shaped oxide semiconductor layer 399 (see FIG. 10B). Note
that a resist mask for forming the island-shaped oxide semiconductor layer 399 may be
formed by an inkjet method. Formation of the resist mask by an inkjet method needs
no photomask, which results in a reduction in manufacturing costs.
30 [0255]
In the case where a contact hole is formed in the gate insulating layer 397, the

contact hole can be formed at the time of the formation of the oxide semiconductor



As the etching gas for dry etching, a gas containing chlorine

(chl ori ne-based gas such as chlorine (Cl2), boron chloride (BC13), silicon
chl ori de WEI20U4H892ér car bon tetrachl orgyde (CCLl4)) is pr@CEIRUNY0TIEd.
[0258] 10Alternatively, a gas containing fluorine (fluorine-based gas such
as carbon tetrafluoride (CF4), sulfur hexafluoride (SF6), nitrogen
trifluoride (NF3), or trifluoronethane (CHF3)); hydrogen brom de (HBr);
oxygen (02); any of these gases to which a rare gas such as helium (He) or
argon (Arlpyars$99dded; or the like can be used. [0259] 15As the dry etching
met hod, j ? allel plate RIE (reactive ion etching) nethod or an | CP

(i nducti 8 sﬁcoupled pl asma) etching nethod can be used. In order to etch

the films intoNifsithdikhaRRRg b6 ehcebgide N@nficdidiubioP Tillnt B93 BRI Hhayobe
el ectric power agplled to a coil-shaped el ectrode, the amount of "el ectric

power aperfermedbydryedteling. ok etahing, eubeth wet etcmna@ndmeetﬁlemger ature of the
el ectrodelo%';nt he substrate side, or the like) is 20adjusted as appropriate.
[0260]S As an etchant used for wet etching, a m xed solution of

phosphori ¢ aci dAs teediein@ghdforalidl efdhird, @ @a@lddmta@ﬂngmnna (EnioriRgBaseger oxi de
m xture (hydrogen er oxi de sol ution of 31 we nmoni a_sol uti on of 28

wei ght % gawa%p@h ag: chloring (Clp) b oren Cflmdp.(@&l%s’gaw ?sbloagédsl%)t &F farbryel v,
| TOO7N ( Qietmdfmgg}r INC.) nmay be used. [0261]
h etc

The etchant a ng |s rem)ved together with the etched
mat er i al J0B¥8]cl eani ng. The waste |iquid containing the etchant and the
mat eri al etched off 30 be (g_ltrlfleﬂ and erial may_ be reused. Wen

a mat¥ial suc Wéfg“‘?tw&ilyurﬁ EonPHIHBEE HUQTHE o(ﬁ’é'eibé?ﬁdcg?Fd ofS FaRR | s

col | ect ededdmidriabe @@;)t esmhﬁuuﬁx@fﬁﬁ&fdet f(@pga)t CHitR&e@”@hf‘lﬁfﬁl’éd (NFJE logsources
can be efficiently uséd and the cost can bé reduced

2011/ 0489pflPADMERROE @Cmnwmv«pa)zmide (HBr); oxypen @22 mnnrg)fékmd igasesrie (such
Sotna MOk e T RS SRR 0
etched inbesy desired shape. 5[0263]
15 As the dry etching method, a parallel plate RIE (reactive ion etching) method
or an ICP (inductively coupled plasma) etching method can be used. In order to etch
the films into desired shapes, the etching condition (the amount of electric power
applied to a coil-shaped electrode, the amount of electric power applied to an electrode
on a substrate side, the temperature of the electrode on the substrate side, or the like) is
20 adjusted as appropriate.
[0260]
As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
acid, and nitric acid, an ammonia hydrogen peroxide mixture (hydrogen peroxide
solution of 31 weight%: ammonia solution of 28 weight% : water = 5 : 2 : 2), or the like
25 can be used. Alternatively, ITO07N (produced by KANTO CHEMICAL CO., INC.)
may be used.
[0261]
The etchant after the wet etching is removed together with the etched materials
by cleaning. The waste liquid containing the etchant and the material etched off may
30 be purified and the material may be reused. When a material such as indium contained
in the oxide semiconductor layer is collected from the waste liquid after the etching and

reused, the resources can be efficiently used and the cost can be reduced.



Note that before formation of a conductive filmin the subsequent step,
reverse sputtering is preferably perforned so that a resist residue or the
i ke att WBediy@s®drf aces of the oxidelseniconductor | ap€M/JIBYIV/A67d9X he gat e
insulating | ayer 397 is renoved. [02641 10Next, a conductive filmis forned
over the gate insulating |ayer 397 and the oxi de sem conductor |ayer 399.
The conductive filmmay be forned by a sputtering nethod or a vacuum
evaporation nethod. As exanples of a material of the metal conductive film
an el emer026xl ected fromA , C, Cu, Ta, Ti, M, or W an alloy containing
any of these elenments as a _conponent; an alloy film containing any of these

15 el enent's i n d6AseHRE coptitionsdsugheas antchant diching (g, and CeBPRRIYIGEYS, one
or nore nptekd ek obh : leWBideZden Ot yl I'ium
and  hor | PRl A O R AR S e Bl i R Aor B

si ngl e- | aspebestahad into @ desiredl shpecked- | ayer structure including two or nore

| ayers. F@& ﬁ;arrpl e, a single-layer structure of an alum numfilmincluding
sili cén_, p o-|ayer structure in which a 20 titaniumfilmis stacked over
an al um num fi INBte ehak BERSe foR@liors bf ¥ €btiultil ik iirk theBubédq@éit$iBpf rdvlisean
alumnumfilm and a titaniumfilmare stacked in this order, "and the |ike
can be gispeticriny is refatablyepeyformed 59 that aresisk Fasidutior the lave ajtaphadrtogarfi¢esm whi ch

t ai | um Al | | i.t f el I d f
CoTL e o AL AR TR, B b B R psBhTO! e o LT
neodym umogédd) , and 25 scandium (Sc) may be used. [0265] In athird

)
phot ol ithograpr}%/ step, a resist mask is fornmed over the conductive film and
t he c¥nduct i ve Naxtnd candustive filmds Jormednagr she spatinguipdingdaye 39| at thede

| ayer 395a. . r.al r o [ he

roni st e bl D 395" 20fe LN Bn 3 pe TR O bl Rok 7

| aser | i ghtthodror Ay Faduaseevdpogitioni metisdd Aorexhmples of apomterial bbithe Wyeral

2011/ 048924PCT/ JP2010/ 067193 62 form ng the, resist sk in e third

phot ol i t HEZAUGEHY e pan éﬁ_awﬂbﬁéfféﬁ%?mt A6 G5 B Tor T obtor Bnoaebalbs be
conpl et edh@fiGhe bty BEIHRETEBRAENEYs @ BinpoRGH CaP AR BRthiAMeCRYf hest NE
source el ect rod% l'ayer and the drain el ectrode lI"ayer, whi CI% are adjacent to
each 16t hedlemems it hninations eni cbediket oan baygiver8 9Alt¢dnateveladnei or tniee case
wher e Ii%p‘t e;} ogure 'ts 5 perforned so.that the cgangel Ieagk% h. L becomes
less t harmBEmINrAFStEh FOmpBERaPEser BRetei depmimy, Boyimeand totiummay 17 g
phot ol i t hQOraRlY Fhieer] $hePROAMICERE HEA NHaP XHaWvENE dihIE-FkieP | Rbuctiird Mbrap
extrenmely short wavel ength of several narioneters to several tens of

nanomet erstacked-dgyer sirpeuter incluslingy e taremereulayersyi dbetexamplsl @ssipglgtlayer

resol ution and deep t.h of .focus. ..Thu the channel Jength. L of the thin
i o r andrcRfs of o, SRR Net, it iikugidg dPicohin 8, SRERIE it vt & 1o 1o
nm amg | aganiihafileris @6¢Réd ©bOerl & Aludimamdfilniiea AeE-ddyie® BtraQ@fdir0tvhachCh r cui t
can be increased, and furthernore the value of off-state current is

ext r emel ytitapiam filmyanAumpygsfilng andqetitapiie file 3F stagked dn thisordss andiheved.

[ 0267]

like can be given. Alternatively, a film, an alloy film, or a nitride film which contains
aluminum (Al) and one or a plurality of elements selected from titanium (Ti), tantalum
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), and
25  scandium (Sc) may be used.

[0265]

In a third photolithography step, a resist mask is formed over the conductive
film and the conductive film is selectively etched so that the source electrode layer 395a
and the drain electrode layer 395b are formed, and then the resist mask is removed (see

30 FIG 10C).
[0266]
Ultraviolet light, KrF laser light, or ArF laser light is used for light exposure for



15Note that in order to prevent the oxide sem conductor |ayer 399 from
being renoved at the tinme of the etching of the conductive film materials
and et chiwg 2009824 ons of the conduct i6\ée filmand the oRCH&SPHaMI&aRduct or

| ayer 399 are adjusted as appropriate. [0268] 20l n this enbodinent, a Ti
filmis used as the conductive film an In-Ga-Zn-0O based oxi de

sem conductor is used for the oxide sem conductor |ayer 399, and an amoni a
hydr ogen peroxi de solution (a m xture of anmonia, water, and a hydrogen

per oxi de fefthingithdjesiss masleth ths thind phatbhthbgraphy 66p. 26Natnel fehgth, L bha thie t hird
phot ol i t hogr aphy stegééonl art of the oxide sem conductor |ayer 399 is

C P .
et ched t diliowransistprdq begompleteddatgr isidsterminrd by adistapceb ety erRotion edsssed
portion) ) i.t4.0n, i i source
Bl cot r ouahf s REPSIEBRRR ajef el ciceiBad B3t WA et ol 23 by
an i nk-j aetverrdichuxide feariomtductor Gifyet B29.r 8$ote thatrars khelopsawheneljght exmishredisneeds

no 30 phot omask ich results. in.a reduction in ufact uring costs.
(02707 RSFBIRe) 0 bS AR-HRaTBSD KBEHGE LSS08S [H16 L Lhagy ABH cHRsEeeie:

et chi ng MBymg tRETdsRt WRdk h 1 hila pIRfIRRoRaph§ Sty isPreforhed ﬂﬁﬂ% Wgirbde a
multi-tone maSk which is a |ight-exposure masSk through which Tight is

transmi t tdttagolehwith @nlextremalypihortavavielength ¢frscuergl nanometeds trosevaral tgisof nmask
formed using a nulti.-tone mask has lural ity of i.ckness nd can be
further cIRANGEIR n LiitBPR0RE ‘Yl sfeng \Brdvidielbodeits KAEPERNARE o840 pe
used in adepp Weplhi b f6us £t This)GhS IcRitinel CenpttOYi OF th {Hi® TR trR@idter &S be
Therefore, a resist nmask corresponding to at |east two kinds of different
pat t ifns coaEwpleied fagr ear bpgreater tanpriegpalito 18me argkless thag er equabton1(09aHm of

| i ght - ex d - ondi

phot ol | ¢ Ragr hoypeRlidn 306t B TR NS IRl R BBk HROPHLESS,
process adfistare dbreatls eattmelYRmall, which ledisttorlooer poweel cdmsumptiac batbto a
surface of the exposed oxide sem conductor |ayer nay be renoved by plasna
treat ment?B€V#y a gas such as N20, N2, or AL The plasna treatment nmay be
perforneqogghng a m xed gas of oxygen and argon. 15[0272]

15 Note that in order to prevent the oxide semiconductor layer 399 from being
removed at the time of the etching of the conductive film, ﬁxaterials and etching
conditions of the conductive film and the oxide semiconductor layer 399 are adjusted as
appropriate.

[0268]

20 In this embodiment, a Ti film is used as the conductive film, an
In-Ga-Zn-O-based oxide semiconductor is used for the oxide semiconductor layer 399,
and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a
hydrogen peroxide solution) is used as an etchant.

[0269]

25 Note that, in the third photolithography step, only part of the oxide
semiconductor layer 399 is etched to form an oxide semiconductor layer having a
groove (a depressed portion) in some cases. In addition, the resist mask for forming
the source electrode layer 395a and the s drain electrode layer 395b may be formed by
an ink-jet method. Formation of the resist mask by an inkjet method needs no

30 photomask, which results in a reduction in manufacturing costs.

[0270]

In order to reduce the number of photomasks and the number of steps in a



In the case where the plasma treatnment is perforned, an oxide insulating
layer 396 is formed as an oxide insulating |ayer serving as a protective

i nsul at i yof201w4B9R4cont act with part %§ t he oxi de sem c@fdderan/0¢7ager

wi t hout being exposed to air (see FIG10C). In this enbodinent, the oxide
insulating layer 396 is forned so as to be in 20 contact with the oxide
sem conductor layer 399 in a region where the oxide sem conductor |ayer 399
does not overlap with the source el ectrode | ayer 395a and the drain

el ect r odehoa)i@iogashly. proBeds3btchingt b benaftirnedtwitl tiid i ofi aoeside maayer

cont ai ni ntg a defect is formed as the 25 oxide insulati ng | ayer 396 in such
a manner forBgd wying 3 gydtitencemadywhigh is whgbhem@rrm@ {ﬂﬁ'g?d"lﬁﬂhhghfdpudl ng
the isla i ) e | ayer
3053, - and PR RORon of BapeERERAy S Migh RIS SHS. araS QR IBaRated”

t enper at undtiaond aask hahaplutflity Gf thnckrmmsemdrtgngmsfunbmdlangadgmmhgpe purity
oxygen from whj ch drogen and IS ure(iire reml ved_ is .introduced,. and a

silicon REHOHNOSFHIAS (e Siglmaskcagdeyseq 1 Yarpf etching steps to provide

2011/ 0489g45CT/ ﬁﬁ%@ﬂ&/ OéiIce64 ﬂaa&thaﬁsmbngs@n@agqe slopsd il kingd dear get
whi ch has a purity of (the’ resistivity is 0.01"Qcn) in an atnosphere of
oxygen (tdifferpntopajtems)mmbc cﬁalyxgpdnb)f using raamltl-g)ntoca:% l]ﬂild&rtht? h?@lnﬂ?@t lobwi ng
conditio Sh t he di stance betwe 4;208 s&ibstéa and Bhe t i) (ES

di st ance) &5 HPHMR  PA¥Spr &¥sy ee fgruge iy PRROE r8 ?S eht'"¢ o)
pover is ghotoithdzraph§ stdps®ah Bt alsbeESuckS, WRRetyRimpiiFiCatiohadf aa@o&éset:aﬁ get for
formng the silicon oxide film quartz (preferably synthetic quartz) can be
used ¥Onstrealizedf the silicon target. Note that oxygen or a mxed gas of
oxygen agﬂ e][]gon is used as a sputtering gas. [0275] In that case, the
oxide in u?a ing layer 396 is preferably forned while noisture 10 renaining
in the treat merwatehanter like attsied el assurfabatof hpel erpesed omdtyshrmmﬂdugtro@up or

noi sture is prevented from heing contained in the oxide sem conduc | ayer
399 and tlA¥T@BaYle remayed byrRjasma, ueatment usigna @ps PyrhAsPIO. e P8 v e o sture
remai nin {}p&t Q 823k a\ﬁacéw punmp is
preferab%yﬁslli}lsaetg&tr&%@ npqe?ﬁmfp?g gﬁg éd |o% %%é a titanium

subl i1sat i[627Hunp is preferably used. The evacuatl on un|t nay be a turbo
punp provi ded a cold trap n .the treatnent evacuat ed
PR Thecryopdihe &sheryR Pasth et soribtesi af ARG Sofilae S&h - at om
such as ‘vatiges tHRRQ as @n Qﬁmommamgna%ﬁsmmg 824 pedtedivehsdtthg! filn lih ke are
renmoved, whereby the 20 concentration of an’inpuiity in the oxide

i nsul at i myntagyeith paxs of theroxitlej semi¢paductenlayemvithavs hbiag cxpasedeo riethae EIG.

10C). In this embodiment, the oxide insulating layer 396 is formed so as to be in

20 contact with the oxide semiconductor layer 399 in a region where the oxide
semiconductor layer 399 does not overlap with the source electrode layer 395a and the
drain electrode layer 395b.

[0273]
In this embodiment, a silicon oxide layer containing a defect is formed as the

25 oxide insulating layer 396 in such a manner that the substrate 394 over which
components up to and including the island-shaped oxide semiconductor layer 399, the
source electrode layer 395a, and the drain electrode layer 395b are formed is heated to
room temperature or lower than 100 °C, a sputtering gas containing high-purity oxygen
from which hydrogen and moisture are removed is introduced, and a silicon

30 semiconductor target is used.

[0274]

For example, the silicon oxide film is formed by a pulsed DC sputtering



[0277] Note that as the oxide insulating |layer 396, a silicon
oxynitride |layer, an alum num oxi de |layer, an alum num oxynitride |ayer, or
the |i ke Wanrob@48®ed i nstead of 25t he6 ilicon oxide | ay@CT/JpBRygd7193
Furthernore, heat treatnent nmay be performed at 100 Cto 400 Cwith the

oxi de insulating |layer 396 and the oxide sem conductor |ayer 399 being in
contact with each other. The oxide insulating |ayer 396 in this enbodi nent
contains a |large nunber 30 of defects; thus, inpurities such as hydrogen,

NDi st ur e, méahdy dsiax Wl bogordppedosilidondiaigde whiah kdsre puriitiy dfh?N @thic desistariiycionduct or
| ayer 399 can be diffused into the oxide insulating WO
2011/ 0489HPE¥M) P o1 oioePhos EXyask(thggensytiamplotiese fovertaisnt00®)t hat

the impur Inhéretﬁ]'n tclﬁﬁ(r)\glog c%ngﬂlo}lpe%g gi Eflc§ %@\{%g qtf% %ﬁk}ll{flﬁ?’é’{d t%g Qargg O(r”Ir %d uced.

[0279] THY oug escri ransi

i ncl udi n@lidtireepisoBY fhen, IBEpO¢UGL O 0.4 Haamr theQfirdcicwhdnt IDCh posenizedmknat i on of
hydr ogen, noi sture, a _hydroxyl 0]%rou or hydride is reduced can, be
manuf act Uhedilpstbickpessis 3¢ym: | at as theta%t foe Sxming thegispr 0xids 1By ni ng

the oxi d%gﬁﬁé\;}]&% %{ ntildtc aﬂ%' &htbre%sécﬂl%{eﬁh ggtﬂerkﬂtl&% JE‘%% i"ﬁa‘imslf’her €

IS renove e ConcenAt ration o ydr ogen an e in the
oxi de semxggendmmmlxeﬂlglasmbmygbeandaahgoaah ustthas a spitlingigasat i on of t he oxi de
sem cond 8%’2{ filmcan be achi eved. [0281] - A protective insul ating

| ayer u ]pr ovi ded over the oxide insulating layer. In this enbodinent,

a protective ingwaRtiddihkd%Rle iRBating b 8E iO¥Rferil§ (o dewhilSibRIEY
10 remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or
moisture is prevented from being contained in the oxide semiconductor layer 399 and
the oxide insulating layer 396.
[0276] ,
In order to remove moisture remaining in the treatment chamber, an entrapment
15 vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water
(H20), a compound containing a carbon atom, and the like are removed, whereby the
20  concentration of an impurity in the oxide insulating layer 396 formed in the treatment
chamber can be reduced.
[0277]

Note that as the oxide insulating layer 396, a silicon oxynitride layer, an

aluminum oxide layer, an aluminum oxynitride layer, or the like can be used instead of
25  the silicon oxide layer.
[0278]

Furthermore, heat treatment may be performed at 100 °C to 400 °C with the
oxide insulating layer 396 and the oxide semiconductor layer 399 being in contact with
each other. The oxide insulating layer 396 in this embodiment contains a large number

30 of defects; thus, impurities such as hydrogen, moisture, a hydroxyl group, or hydride

contained in the oxide semiconductor layer 399 can be diffused into the oxide insulating



15 layer 396. A silicon nitride film a silicon nitride oxide film an
alumnumnitride film an alumnumnitride oxide film or the like is used
as the pryOgoti/osg92insul ati ng | ayer 39 s [ 0282] As PCRIPENODE&d23 ve
insulating layer 398, a silicon nitride filmis forned using a silicon
sem conductor target in such a manner that the substrate 394 over which 20
conmponents up to and including the oxide insulating |ayer 396 are forned is
heated to a tenperature of 100 Cto 400 C and a sputtering gas from which
hydr ogen layed 396 Hyuitids alieat reesaouad sodhathtieh impudtédsnsortaigéd [nr thiey oxider ogen
is introduced. Also in that case, in a manner simlar to that of the oxide
i nsul at i rigmicopductagigyer39¢ ass tdlesd: ve i nsul ating layer 398 is preferably

f or med V\/th@]m)i sture remaining in the treatnment 25 chanber is renoved.

[ 0283] In the case where the protective insulating |layer 398 is
fornmed, the suli3irowheth8dovesdésesbatsteps, 10 thih fidm4ddhsGStant 39%0hiecluding the t he

formation of the prptective jnsulati | ayer 398, reby hydrogen or
ol ot tr o Bt SRR OF HeY o Homab it e gt IR P YRRy MO s Bd i nt o
the oxi de,ypsyl gifgl;lﬁ,gorh@nﬁae isl iBdidRalcaf BS Manii@Biurdd' @& FlENtoEpes not have to

be perforned af the formation of the oxide insulating l'ayer 396. [0284]
In the cd8280G}here the silicon oxide layer is formed as the oxide insulating

| ayer 396 and the ,silicon nitride |ayer_.as the profective dnsulating |ayer
355" s st acked A5 FHEPESVPYE: #E TorfECHEoa e REPRFY? HES LrplLl
nitride |;ayemidg@in e fiRERA hfindsPBers alErdmd@llTevHerebyatiee contzhfigidrhef sanme
silicon target. First, the silicon oxide layer is formed in such _a nmanner
that 18 geydegenadnd Aydudsy denthe soxide ssamicoadudan fHmsicpR snrediiegkt Bhwvi ded in
the treats%%zaﬁﬁﬁgpﬁ% o'xﬁlelﬁﬁl%jcona_@&&fil &msdel dchifR0ed! L1 d_e Iay_er is formed in
such a manner at e gas Is swtched to a gas containing nitrogen and the
silicon tj@egdt 10 used for the silicon nitride layer is used. The silicon
oxi de layer and the silicop nitride | ayer c be fqrmed, successi vel

wi thout being eXPOLEHVe e;r}saranflgtlmg,mqy provided oxgr fheXide, s g éye‘}r/roi sture
can be prlﬁvﬁ%ﬁl@oamm,la?r&gcmetiﬂﬁhﬁﬂl 119ydr 198 W MER 0Pdr thhgxiak IsGRAnEX de

| ayer. In that case, heat treatnent (at” a tenperature of 100 Cto 400 C) is
pr ef eiabllyyep8P6.or Awiliceo nithide fibmdar sitjeon witrideixddefiln, cordunmenh dittide{dmoxi de

15 ' duct I [ Lff d..nto t i de, i | at.i ng .l ft
the oi 11 cOhGRRYE Ty gy RE e AL utedae B HeRieee o P &R 388 and the
silicon r[bgg de layer as the protective insulating |ayer 398 is stacked

2
t her eover. [(J285] Furthernmore, heat treatment may be performed at 100 Cto
200 C for 1 hods the@ratectd® inslating layeir398i a sticon swinide dilmris dermedeusing #rat i on
of the prgtective in at.ina. l.ayer.. _Thi eat .t r.formed at
a fixed hsgléct%:ﬁn qug%dzl?gg{ utf'u .t,bfll tse(r:lhzft f“\?gll‘é;r, ﬁ}aﬁetﬁ?eéf" oltv%,iiengB %h@%{ggvelflﬁgt he

heat i200 toofipehéitsiug taray ineludingdhebLide Psuladihg 14yeE 396 siedainsdd iy heitb@tdeat i ng
temperature is increased froma roomtenperature to a tenperature of 100 C
to 200 C temperatsh ofc@esda 409 2Crandne tseniparing: gase froms whiche hydipgareyd t hi s

heat treatnent nmay be rfor ef ore.f.ornmt i of oxXl i psul.ating
ayer - unde it R Eam Ay BRIl 8P BRIy Blpfn b MReSHhLRE , A8 E cor

reduced ph&s@be,dn al Méndee dimildradtthRndf the BRideaRsNstinghayére3ved thelprotectieat
treatment. enables a normally-off thin filmtransistor to be obtained. Thus,
the rel i dpsulating layery39 ispprgierally iferncdayhBe mojstugs,Ecappining in the treatment

25  chamber is removed.
[0283]
In the case where the protective insulating layer 398 is formed, the substrate
394 is heated to 100 °C to 400 °C at the time of the formation of the protective
insulating layer 398, whereby hydrogen or moisture contained in the oxide
30 semiconductor layer can be diffused into the oxide insulating layer. In that case, heat

treatment does not have to be performed after the formation of the oxide insulating layer



30[ 0286] WD 2011/048924PCT/ JP2010/ 067193 67 of form ng the oxide

sem conduct or | ayer serving as a channel formation region over the gate

i nsul at i ngolayiaugswher eby t he concentrgtion of hydr ogenpamdpriyidnéss i n t he
oxi de sem conductor |ayer can be redud8d. [ 0287] 5Si nce the above-descri bed
steps are perforned at a tenperature of 400 C or |ower, the process can be
applied to a manufacturing process using a glass substrate having a side

| onger than or equal to 1 neter and a thickness |ess than or equal to 1
mllimeta&9s. I n addition, since all of the above steps can be perforned at a
treatnment tenperature of 400 C or lower, a display panel can be

manuf act UPEfIwi t hout 10 consum ng too nuch energy. [0288]

As
descri bed abov ' N i.de. ) P . ed in
the thin rirm o elasfiubrotndlibol Gae HherisTBMECRINE belae iRk TalT Cc
of f - st at 896uarrdetite sitinobaitpideViaytedas the prbtkctiverninsuldtingt hiyer 308 nis tstasmked st or

wth reduced off-state current 15 ich is.described in this, enbodinent is
appl i 8d tRFTEOYSTRE Sififon0xfdg &Yaya%%éﬁ{cowéf@%@yar arhed@rme ipnihe game st or age

capaci t ol dfdmbbr LfiRg h Yame281iOM @hrga! t 836 GAO siRoh n&fif{lm@r jghus, a

di spl ay device which consunes | ess power Tn dispfaylng a sti I“mage or the
| i ke can foengsrio\sudied manoSSBht P GaFiontadnibg dkygentis crrodoeed anl esibcdredrdgen

conbi nation.with any of t structures t he ot her .enpqdi nenfs as.

appr opr i ftr%‘flg\%olol?é% erﬁﬁ’l%?i? er és)“sleﬁ' tﬁ‘%n’ @}f‘o% '%Hfrfﬁrg%jﬁﬁtrﬁ%im’é‘fil‘r‘bl e of a
thin fil RuéH aRfhsdrahatttheifasGaBwitehedo a%ﬂ@bérﬁﬁinﬁg rlifSzcdl A URY siREN Gfget
disclosed in this specification will be described. Athin filmtransistor

310 d@scrpesbierithe sikean nitislsdayes it usedn Bhe silieon exside Fayer andnthe isiliepr nitridé st or
106 in qu 'cgﬁaﬂé formed successively without being exposed to air; thus, impurities such as
hydrogen or moisture can be prevented from being attached to the surface of the silicon
oxide layer. In that case, heat treatment (at a temperature of 100 °C to 400 °C) is
preferably performed so that hydrogen or moisture contained in the oxide
15 semiconductor layer is diffused into the oxide insulating layer after the silicon oxide
layer is formed as the oxide insulating layer 396 and the silicon nitride layer as the
protective insulating layer 398 is stacked thereover.
[0285]
Furthermore, heat treatment may be performed at 100 °C to 200 °C for 1 hour
20  to 30 hours in an air atmosphere after the formation of the protective insulating layer.
This heat treatment may be performed at a fixed heating temperature. Alternatively,
the following change in the heating temperature may be conducted plural times
repeatedly: the heating temperature is increased from a room temperature to a
temperature of 100 °C to 200 °C and then decreased to a room temperature.
25  Alternatively, this heat treatment may be performed before formation of the oxide
insulating layer under reduced pressure. When the heat treatment is performed under
reduced pressure, the heat treatment time can be shortened. This heat treatment
enables a normally-off thin film transistor to be obtained. Thus, the reliability of a
display device can be increased.
30 [0286]

Further, moisture remaining in the reaction atmosphere is removed at the time



[0291] FIGS. 11A to 11E illustrate an exanple of a cross-sectional
structure of the thin 30 filmtransistor of this enbodinent. The thin film
transi st oW0200/(4B2dstrat ed i n FI GS. 1%9 to 11E has a boPCE&EAPYHNE6749X uct ur e
and is also called an inverted staggered thin film WO

2011/ 048924PCT/ JP2010/ 067193 68 transi stor. [0292] Al t hough the
thin filmtransistor 310 is described as a single-gate thin film
transistor, a multi-gate thin filmtransistor including a plurality of
channel foirforhingnthd okkigi wascandactbe layansdrainiasedclvinael foemaidsh regitOster

A process of manufacturing the thin filmtransistor 310 over a substrate

300 wi || the SaEomsvIARRE BRYEBWIRTENY et eAnSrRtEAtiop gf ksrosensando hydride 1oy the 1 £
i |l ust ratcﬁid@seﬁifdiﬁh%?la:ygr é/ggib(ér}%@wg&ot ective insulating layer is forned
thin 1l

over the mtransrstor 10310. [ 0294] First, a conductive film
Is formed02¥4r the substrate 300 having an insulating surface, and then a

first photolithgography step is perfornmed thereon to forma gl ectrode
| ayer 5311. Not eh¢sathe abpyssiescriped fepmgreReriognatat A \cHPETHEg g‘ia ﬁ‘fﬂetﬁdﬂ. 15

Formati o 1S | pki : tfﬁﬁé whi ch
results irl(r)l‘ggr’ trtgeggf:osﬁ%snéﬁngﬁéna%%ég?te udr %G%Sﬂgﬁég(bﬁ%%ggﬁgngg Qggg t o‘lgah t here
i s no parltaving @asidkilongeatthaynooequal sulbshetet andnhititibkneasn ldse themeok apial el

substrate 300 having an.insulatjn urface, the substrate needs to have
heat 20 rBINBEISHcdnHdgHioBnSHGh Al TR ARAVErIeRStSap dRgRerioBEd of AR o be

per for rrecle,lng_&l%{m Aof9 hﬁ(‘g >¢ tb@sm&,e?n@@aaw pddel I ROTRRukIHRES WIRGR

al um noboro Icate ¢ s, or the i ke can be used.
10  consuming too much energy.

[0288]

As described above, the highly-purified oxide semiconductor layer is used in
the thin film transistor, whereby the thin film transistor with reduced off-state current
can be provided. In addition, the thin film transistor with reduced off-state current

15  which is described in this embodiment is applied to a pixel in a display device, whereby
a period in which a storage capacitor provided in the pixel can hold voltage can be
increased. Thus, a display device which consumes less power in displaying a still
image or the like can be provided.

[0289]

20 This embodiment can be implemented in combination with any of the

structures of the other embodiments as appropriate.
[0290]
(Embodiment 6)

In this embodiment, another example of a thin film transistor that can be

25  applied to the display device disclosed in this specification will be described. A thin
film transistor 310 described in this embodiment can be used as the thin film transistor
106 in Embodiment 1.

[0291]

FIGS. 11A to 11E illustrate an example of a cross-sectional structure of the thin

30 film transistor of this embodiment. The thin film transistor 310 illustrated in FIGS.

11A to 11E has a bottom-gate structure and is also called an inverted staggered thin film



[0296] In the case where a glass substrate is used and the tenperature of
the heat 25 treatnent perfornmed later is high, a glass substrate whose
strai n povat2011g4892dher t han or equal to 730 C is prefer 6MYPUIYUC710r a
gl ass substrate, a glass materi al sucl®as al uninosilicate gl ass,

al um noborosilicate glass, or bariumborosilicate glass is used, for
exanple. Note that in the case where a |larger anount of barium oxi de (BaO
t han boron oxide is contained, a nore practical heat-resistant glass
substr at qra@gigtope obt ai ned. 30 Thus, a glass substrate containing a | arger
amount of BaO than B203 is preferably used. [0297] WO

2011/ 0484928¢ET/ JP2010/ 067193 69 quartz substrate, or a sapphire substrate

may be used insgg f v S . : S BVA-I RV
crystallized g%a{g]gq%l? tltligﬁ f ?Egl ﬁg}%ﬁ%@sﬁlﬁ)‘ég a‘{sg’ggeéﬁ QAE%?%%F%Q? itgrél ﬂnilm

servi ng asnsistogse nfulti-gateathindflnp nevsided ildediega plhalily ofibkinmalt ford@fiomnd t he
gate electrode |layer 311. The base filmhas a function of preventing

di f f usi orfegpPrsganbggusnufsctued Bbge negdsth t he substrate 300, and can be forned
to have g[ @j]gl e-layer structure or a stacked-layer structure including one
or nore ? a'silicon nitride film a silicon oxide film a silicon nitride
oxide film and\ prosedsi afomamyctiting the thin film 16{nSi8®H]310 over a sWhsirate £60

o ST A CB RS IR RIS 10 B EL KRS 0, RS

chr oni umsthiaiteinWhich WEdtRilve Alsulitinp Myes ¥ RRed HVRAIHE M filh t&esaNE UM  or
an alloy material contalning any of these materials as a main conponent.

15[ 0300] 310. For exanple, as a two-layer structure of the gate el ectrode
| ayer 3131029?4;e following structure is preferable: a structure in which a
nol ybdendm1 dyer is stacked over an alum numlayer, a structure in which a
mol ybdenum | ay @irsi, 2 ®hdektded filiels formappesr thayessirag 300r having #n insulatingh a

titaniumnitride layer or a tantalumnitride | ayer ié 20 st?.cked over a
copper | &yHEpce, andthen a figst phothithography iSfegnlsuﬁ’ﬁrﬁmPiid CTEQR, & 1OfHY aggate

mol ybde”ﬁ:ﬁ@c‘tx@&@ﬁagﬁ?lf? aRkEdihaPla Rsidt it lx'ﬁag lt)ﬂ Y abyR ah YRRRE BlRuYdL T 1 de

| ayer and a tung ayer are stacked. As ree-layer structure, a

st r udisur eFormatidri afhthe resist gsask by laayiekjetomethod megistrorphotamaskewhishaesulta in ayer of
an alloy of .alum.numand silicon or an alloy of alum numand titanium and
a titani Lﬁﬁeﬂwwd%fqaa%ﬁ“ﬁ‘f‘g&%‘?-t ani um | ayer are stacked is 25preferable.

[ 0301] qu%]a gate insulating layer 302 is forned over the gate el ectrode

| ayer 311. _ ]
Although there is no particular limitation on a substrate which can be used as

the substrate 300 having an insulating surface, the substrate needs to have heat
20 resistance high enough to withstand at least heat treatment to be performed later. A

glass substrate made of barium borosilicate glass, aluminoborosilicate glass, or the like

can be used.

[0296]

In the case where a glass substrate is used and the temperature of the heat

25  treatment performed later is high, a glass substrate whose strain point is higher than or

equal to 730 °C is preferably used. For a glass substrate, a glass material such as

aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass is used, for

example. Note that in the case where a larger amount of barium oxide (BaO) than

boron oxide is contained, a more practical heat-resistant glass substrate can be obtained.
30 Thus, a glass substrate containing a larger amount of BaO than B,0; is preferably used.

[0297]

Note that a substrate formed of an insulator such as a ceramic substrate, a



[0302] The gate insulating |layer 302 can be fornmed to have a single-I|ayer
structure or 30 a stacked-layer structure including a silicon oxide |ayer,
a siliconVRi2PH/H&2ayer, a silicon ongi tride layer, a ECITIRYHV/AEHPI de

oxi de layer, and/or an alum num oxide [ayer by a plasma CVD net hod, a
sputtering nmethod, or the like. For exanple, a silicon WO

2011/ 048924PCT/ JP2010/ 067193 70 oxynitride | ayer can be fornmed using a
deposition gas containing SiH4, oxygen, and nitrogen by plasna CVD. The

t hi cknessjueftz suhstrgtat er 4 sapphiat subgtrataymay [B0Bed mstpad af e abhwngless sbstadtet o 100

nm and | e an, or 500, n In the c se of a stacked-Iayer
structur %ﬂﬂr} EQaWthﬂlzﬁd\g{%FSs?naﬁ%eF‘r‘?gi?leélf? g layer with a thickness of
greater t[b@gg]or 5 equal to 50 nmand | ess than or equal to 200 nmand a

second gate insulating Ia%/er with a thickness of greater than or equal to 5
nm and | ess t hadm drsulaging| ik sgoingas & dasa didmemay nbg mroylcéﬁddéq:twepmabg]

I s STRIESD BB P S ubRO A 19, | SHETeaR03nrnal Ll ARRgrgR L1 de

| ayer 3103 i CKness €SS N or equa nmis orma

pl asma Cylventih®diffus@ats#]an impurity Nexkat B6maké siebstretei 300N ahdcanr bef ﬂohm:(330 I S
formed to a thickness greater than or equal to 2 nmand | ess than or equal
to 200 nﬁvchmatsmleglat/@r SRSt o1 ﬁgtapwblayeroszmcmgmudimeemt mete petore the

oxide senmfBRdHEIR" ifed.! IsARn! AidHIE o RilidnSRYIdCOLR0 TR HAA-a GHiRbn N 2

surface e second ‘gate I n at 1 ng ayer I's preferably renoved by
rever se pyhitéde filgn.i n whi ch pl asma is generated by introduction of an argon
gas. ?555? a nitrogen atnosphere, a helium atnosphere, an oxygen
atm) herg r the like may be used instead of an argon atnosphere.

20[ 0306] The oxipde ﬁ@”&l&ﬁf&l@cfa%r f3'1h %a?ﬁ’@e' formed NRA hikad g sﬁgle layer or |
I n- Ga- Zn- O- based non-single-crystal film or an In-Sn-Zn-0O based oxid

sem condwstacked-fayemstragtutenintluditg @ gtad dnairiiale supbnas omel pedeppmg |titmluml,

Sn- Ga- Zn- O based eni.con uctor fil Al - Ga- Zn- O-based oxi
seni condSRoIpium, f%tallémsﬁmg&telkﬁl 18}183@980%{%% dlgodymlum or scandium, Or an alloy

material containing any of these materials as a main component.
15 [0300] ,
For example, as a two-layer structure of the gate electrode layer 311, the
following structure is preferable: a structure in which a molybdenum layer is stacked
over an aluminum layer, a structure in which a molybdenum layer is stacked over a
copper layer, a structure in which a titanium nitride layer or a tantalum nitride layer is
20 stacked over a copper layer, a structure in which a titanium nitride layer and a
molybdenum layer are stacked, or a structure in which a tungsten nitride layer and a
tungsten layer are stacked. As a three-layer structure, a structure in which a tungsten
layer or a tungsten nitride layer, a layer of an alloy of aluminum and silicon or an alloy
of aluminum and titanium, and a titanium nitride layer or a titanium layer are stacked is
25  preferable.
[0301]
Next, a gate insulating layer 302 is formed over the gate electrode layer 311.
[0302]
The gate insulating layer 302 can be formed to have a single-layer structure or
30 a stacked-layer structure including a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and/or an aluminum oxide layer by a

plasma CVD method, a sputtering method, or the like. For example, a silicon



25 sem conductor film an In-Sn-0O based oxide sem conductor film an

I n-Zn- O based oxi de sem conductor film an Sn-Zn-O based oxi de

sem condNO@P11G4B9¢ an Al - Zn- O based %i de sem conduct oPCTiJPN10/867193

| n- 0- based oxi de sem conductor film a Sn-O based oxide sem conductor film
or a Zn-O based oxide sem conductor film In this enbodi nent, the oxide
sem conductor film330 is forned by a sputtering nmethod 30 using an

I n- Ga- Zn- O- based oxi de sem conductor target for filmformation. A

Cr 0ss- seqxiypitdde Wyewcal bé Hosn&l agag aoddpesifion @as conthiningl $7H,, lokyggdiahdon, the
oxi de sem conductor film 330 can be forned by a sputtering.nmethod in a rare
gas (typindtEpgep by nhgsmeodYPo4ddedbcknespobihe gatsinsdating 1&)“'@@9)9- isgreespthare, an
oxygen at e, h I (&Y .G ,

o gony. arsh eggiclortoofim 3 LABAVEE EoGPRY SOORRY In AL CudRE A iHBATL |
for med bytractapytforeexangplered fiostl gaiet inseytingelafyar withl authickgess dfegreager thantoai ni ng
Sio2 at 2 wt%tqg 10 % 0307 As the target for fornjng the oxide
Sent cand aberoPHIng: ablcsy Tan op fak i 200 HBcHEa, seSorickas Mowhies apwtth

cont ai ni rﬁgthﬁzkﬂgssgfg%te?%a% IRl BalG8 BRANERY 1c6ERak Br é’cfﬁﬂito ) A atd\gickgyanp! e

of the metal oxide target, an oxide sem conductor target for filmformation
cont ai ni ngthinprd@a, and Zn (the conposition ratio: 111203 : G203 : ZnO =1
10 1 : EJ | ratio), In: Ga: Zn =1: 1. 0.5 (atomc%) can be used.
As the ol sem conductor target for filmformation containing In, Ga, and
Zn, a target haykKigembe@RiRAs kit gitadtinsdla@ing 1ayer 302, 4 sifiBorrodynitrille laykr (@t om ¢
ratio) or In: Ga: Zn =1: 1: atomc ratio) can be used. In addition,
t he f101 | iwigh & Huekmessof lessdhan@raualdaiZfe nanis fermed ygerlageg CVD methedmat i on i s
greater t[B%h]or equal to 90 % and | ess than or equal to 100 % 15
preferabl'y"greater than or equal to 95 % and | ess than or equal to 99.9 %
An oxi de sem cNwtychaxidd demivdndattor filrh GB0Edfonatd ¢ arhickteskegreatat thanauct or
target for filmfornation, which.has a high filling Ea.ct r, #] dense.

[0308] AsaHaldpammepicdigsyiaan asetral B 2000w PRy thegate i35y tgg faveealhact or film
330, a 20[0%5?]“' purity gas is preferably used in which inpurities such as
hydr ogen,” water, a hydroxyl group, or hydride are reduced to such a |evel

t hat 15he i npur iNote tion befure dtei axide semispndsentfdo B0 ishformad tby"agputtedng " ppb" .

“method, dust on a surface of the second gate insulating layer 302 is preferably removed
by reverse sputtering in which plasma is generated by introduction of an argon gas.
Note that a nitrogen atmosphere, a helium atmosphere, an oxygen atmosphere, or the
like may be used instead of an argon atmosphere.

20 [0306]

The oxide semiconductor film 330 is formed using an In-Ga-Zn-O-based
non-single-crystal film; or an In-Sn-Zn-O-based oxide semiconductor film, an
In-Al-Zn-0O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor
film, an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide

25  semiconductor film, an In-Sn-O-based oxide semiconductor film, an In-Zn-O-based
oxide semiconductor film, zin Sn-Zn-O-based oxide semiconductor film, an
Al-Zn-O-based oxide semiconductor film, an In-O-based oxide semiconductor film, a
Sn-O-based oxide semiconductor film, or a Zn-O-based oxide semiconductor film. In
this embodiment, the oxide semiconductor film 330 is formed by a sputtering method

30 = using an In-Ga-Zn-O-based oxide semiconductor target for film formation. A
cross-sectional view at this stage corresponds to FIG 11A. In addition, the oxide

semiconductor film 330 can be formed by a sputtering method in a rare gas (typically,



[ 0309] The substrate is held in a treatnment chanber nmai ntained at reduced
pressure 25 and is heated to higher than or equal to 100 C and | ower than
or equal WO 280Q48924pref erably hi gher Ean or equal to 200T@P2MY0¢7a%er t han
or equal to 400 C. Filmformation is ? rformed while the substrate is

heat ed, whereby the concentration of inpurities contained in the forned

oxi de sem conductor filmcan be reduced. Then, a sputtering gas from which
hydrogen and noisture are renoved is introduced while 30 noisture renaining

in the treginyeimosphrih)en bSydef Mimeshhedd)Cbrt &1 atxdsphers esvineinidg ci edre fgabm 330
is formed over the gate insulating |ayer 302 usiing netal oxide as a target.
In WO 2c(M}®li&9azg@%ﬁﬂslmm-oéM casp velrede ther axidecsravieondycior file 339098 ni ng

in the trt‘éﬁﬁéﬁaﬂ%lﬁ%ﬂﬁ%ﬁ{q m%ﬁloanarraggspffoae?emm %'E%Fétscoﬂfa%{iﬁ%%%yaf@ed' For

exanple, a cryo on puhp, atitaniu Imation punp 1s

pr ef er ablwtaigerh wibhe evacuation unit may be a turbo punp provided with a
cold trap. In the treatnent chanber which is evacuated with the 5 cryopunp,
a hydbogdR3@tlom a conpound containing a hydrogen atom such as 1120

(preferabl y al s @ camapyd Al P sGREARMCR: ke 3808, LG ikdekifg 2" @

removed, whereby ncentrati of an 1npurity int _
sem conduséthod,fd nmal oxidedanget ¢dneaihing inveoride haainerin campdrent egrubedsed. 0310]

10As an exanple of the deposition condition, fhe distgnce between_the
subst r at AapRPtheTeXpmplieof {he mesal e a1getp b QX{F Semicopdictpr, targeh dor film

direct- C%ﬁ?{li?n(éggairﬂﬂ %, & agd%kglge %ésﬂﬁm%ﬁ@:sﬂt@{ GO ANZASYIEN

at nosphere e proportion df oxyg 100 % . Note that a pul sed

di r ecfo- cur ¥ @nfmd] Padio)p e IGS 0EhGE 1i :S1 Proes ¢atamicys)) wad beiusedvhi A timaseidpowder
substances (also referred to as particles or dust) generated in film

f or mat i orfemdgondectyetarged fer flm farmaiiont qanfaining dRnEasarthAnne B RAVIAE The

oxi de- serf condyet o d bt PEST.G5ADLY. Da3 @il GhAGSS 1Y, I £aher  Lhanyor

equal ess an or equal "t e'th e appropriate
t hi cknesga@fit edtfo) dap®edised On Aditiva] de SRRE Fanc6t e oxidecsentitondabwr t he

t hi cknesst may be set as appropriate dependi n&; on the material. [0311]
arget for film formation is greater than or equal to 90 % and less than or equal to 100 %,
15  preferably greater than or equal to 95 % and less than or equal to 99.9 %. An oxide
semiconductor film which is formed using an oxide semiconductor target for film
formation, which has a high filling factor, is dense.
[0308]
As a sputtering gas used for forming the oxide semiconductor film 330, a
20  high-purity gas is preferably used in which impurities such as hydrogen, water, a
hydroxyl group, or hydride are reduced to such a level that the impurity concentration is
represented by the unit “ppm” or “ppb”.
[0309]
The substrate is held in a treatment chamber maintained at reduced pressure
25 and is heated to higher than or equal to 100 °C and lower than or equal to 600 °C,
preferably higher than or equal to 200 °C and lower than or equal to 400 °C. Film
forﬁation is performed while the substrate is heated, whereby the concentration of
impurities contained in the fonhed oxide semiconductor film can be reduced. Then, a
sputtering gas from which hydrogen and moisture are removed is introduced while
30 moisture remaining in the treatment chamber is removed, and the oxide semiconductor

film 330 is formed over the gate insulating layer 302 using metal oxide as a target. In



20Next, the oxide sem conductor film 330 is processed into an island-shaped
oxi de sem conductor |ayer in a second photolithography step. A resist nask
for formWg20H4BRHand- shaped oxi de sggi conduct or | ayer PREAYPHEOHEIYEd by an
i nkj et nethod. Formation of the resist mask by an inkjet nethod needs no
phot omask, which results in a reduction in manufacturing costs. 25[0312]
Next, first heat treatnent is perforned on the oxide sem conductor |ayer.
The oxi de sem conductor |ayer can be dehydrated or dehydrogenated by this
first heairddrrteatiment moldieret renpimigg i the afeatthent fohamber eatentragaémmatuis hi gher
than or equal .to 400 C ang Igwer than or equal to 750 C, preferably higher
than or &Y i% prefrably ussd- | EMeLxaDRlRad FHEPWRR: a3 IYbPHIPo T th HtaiHRt r at e.
Here, th . I S: P j ectyd i ivad heat
ot ment g i R PTG Svicdaial unlf iy 18 A (iR e

2011/ 048924Bd3d FRPDOA Golb T3 UG tieetrearmaniu chamber aykich iis exaqiatedogéth the

at nosphere at 450 C for one hour, and.then.water d hydrogen. are event ed
et

P
from ent YR BYrogens e SncfiiRrynd | copiinigg @ g Sich; aSokfelct or
| ayer not@%@@?d@lé&a%mpduﬂd (RRtaARRY & ERPOIE htont)) @n@thél ¢ike SF GERBWS, O
| ayer 331 is obtained (see FIG 11B). 5{1031_3] . The heat treat ment
appar at usvhesehyghe comientratianoofzan iglpguty inghé axidesemignnduetey flm formed maliewi th a
devi ce tl}atthe?tﬁ at? objé ct d{ocpe processed by thermal conduction or
thermal radi 2t} SHTPYS A P hERVEY such as a resistance heater or the Iike.
For exanqgbsiojlan RTA (rapid thermal anneal) apparatus such as a GRTA (gas
rapid thermal anneal) 10 apparatus or an LRTA (lanp rapid thermal anneal)
appari@t us can H® %@QW%OE&FN‘?RE%HW&FWW%H’%F distsara between thejwhstrate an
object t i at.l i ghty: (an | e)
o tted AromERAEERSER ik, kAl Ok b Bl ALARFIDCIAER ST
arc | anp,and theahidRpReTe id aMPxygenhit@bshefs@hie propottionrofl axygen Gowa 100 Gh).
pressure nercury |lanp. A GRTA apparatus is an apparatus w th which heat
t r eat mentNgtg that aguisedy dieegt-Garng (ﬁCB. iPGWSE 8uses st RIeferabhy uscds in plighaease an
et 2 oWeE LurdBRees B0 53 W AbaRiAEQS SRSy Rhfta B I Fomldi SRLEE .
such as nMitrogen or a rare gas such as argon rs used. or exanpl e,
as the fitestedbedt arid et filmtthickkEE4\ cam\bebenifand orThedoxdde kahicomductaOfilhne

substrate is transferred and put ip an inert gas which has been heated to a
hi gh tenﬁ%?fa{aiﬂy@%fa hisknessof gr%eré?amera%%{ fo8 REaRe} 5ps thamof Eaal i)

transterrgg aﬁ%%ﬁ&ﬁﬂ%ﬁgﬁsrogﬁiﬁl‘é glﬁc_:lhﬁgsf &ifﬁ%sdég@h&m REanREER DeRt&RIutG 2 hi gh

tenperature. GRTA ena tenperaturé heat treatnment in a short
time. [03d&8¢ridSdtthe thicknessmanbe $dt as apprepriate dependimgton the materigh. ef er abl e t hat

wat er , hy[8510ﬁen, and

20 Next, the oxide semiconductor film 330 is processed into an island-shaped
oxide semiconductor layer in a second photolithography step. A resist mask for
forming the island-shaped oxide semiconductor layer may be formed by an inkjet
method. Formation of the resist mask by an inkjet method needs no photomask, which
results in a reduction in manufacturing costs.

25 [0312]

Next, first heat treatment is performed on the oxide semiconductor layer. The
oxide semiconductor layer can be dehydrated or dehydrogenated by this first heat
treatment. The temperature of the first heat treatmént is higher than or equal to 400 °C
and lower than or equal to 750 °C, preferably higher than or equal to 400 °C and lower

30 than the strain point of the substrate. Here, the substrate is put in an electric furnace

that is a kind of heat treatment apparatus and heat treatment is performed on the oxide



the like be not contained in the atnosphere of nitrogen or a rare gas such
as helium neon, or argon. It is preferable that the purity of nitrogen or
t he rare Yax0u@B¥24s hel i um neon, or .argon which is i nPCOIBVBYH067A230 a heat
treatment apparatus be set to be 6N (33 9999 % or higher, preferably 7N
(99.99999 %9 or higher (that is, the inpurity 30 concentration is 1 ppm or
| oner, preferably 0.1 ppmor lower). [0316] WO

2011/ 048924PCT/ JP2010/ 067193 74 Furt her, the oxide sem conductor

layer magemgcontydblayérzta hitrdden atidsphereray siseld for onkIHBufrand then water
pol ycrystalline fil mdepending on a condition of the first heat treatnent

or a mat énilydogen hee pgvetedseom eoteding thsy oNidg samicoustuctox daysr withitheoxide de
sem conductor l.ayer, nay be_cr al.li tg b i C tall.ine
s condderienifRif aYener Byb g ek Bind foE ARG Sgtdityeon, o o

80 % or mwyee 33FW dbidihed @ePEIGIIINB).oN the condition of the first heat
treatnent and the material of the oxide sem conductor |ayer, the oxide
sem c8nddB3B} | ayer may be an anor phous oxi de semi conductor film containing

no crystal |1 ne GogneDim.dfhleis SBINRARANS LAcdE oY BRcARPyan. Oxi de

sem conductor filmin m crocryst Ine portion | grain

di anet er pgoddédwithhadevice thguhéats an bbjem tnbk proeedsed by bermal comhstiohan 20 nm
typically greater ,th&n or equal to 2 nmand greate siian r less than 4 nm
i s nixed thefg! mdiation maéegﬁﬁw@ é‘éﬁif%%%‘nﬂlféthg?t?r ‘E”O‘%ﬁ FGT TiGXRTmple, an

treat MentpfOl bR tthdea 805@&%&@5‘1&%% GRTAL A %&areﬁeﬂnal%%a?e the
oxi de sem conductor Tilm 330 i's processed into the island-shaped oxide

sen dondwppamtus ay @nsL.RTA (lampt rapidstbermah enseabhsappatatusi gant bekesedouAnfERAt he

heat apparatus after the first heat treatnment, and.then.a.photpl.ithography
Step | o pEPHBRLY pRpeiays bk Fenai on oEd 1R PiarEiicanddougy B fen gt

dehydr at i ditti@magfiicdv 8T Bmitteddrdr @ 12Hp SWdhtie aHRANGgeR M4, la0heth BAide FEip,be
performed at any of the following timngs: after the oxide sem conductor

| ayer is afxangpdic lmpee qafonsase laep.cd kigh perssurs sadiurelagpaion adight pressiec ar e
formed over .the i de -0 r.l : ; i

st at i BRIl £ o RERTEUBPHENE" s B EoputlS, PL itk ol Uehilent 5o

el ectisodgertpAndPlsizbh highhtempastureasy. € As thoghgah ikt gasi whithdoendtiredche gat e
insul ating | ayer 302, the formation of the contact hole may be perforned
bef ore orWill} & rocesicotied Pyrheat BeatHenty sYFhASJHERSD; R BFS BISUGR 2y argon is

sem condygter film 330.

[0314]
For example, as the first heat treatment, GRTA may be performed as follows.

20 The substrate is transferred and put in an inert gas which has been heated to a high
temperature of 650 °C to 700 °C, heated for several minutes, and transferred and taken
out of the inert gas which has been heated to a high temperature. GRTA enables a
high-temperature heat treatment in a short time.

[0315]

25 Note that in the first heat treatment, it is preferable that water, hydrogen, and
the like be not contained in the atmosphere of nitrogen or a rare gas such as helium,
neon, or argon. It is preferable that the purity of nitrogen or the rare gas such as
helium, neon, or argon which is introduced into a heat treatment apparatus be set to be
6N (99.9999 %) or higher, preferably 7N (99.99999 %) or higher (that is, the impurity

30 concentration is 1 ppm or lower, preferably 0.1 ppm or lower).

[0316]



[ 0320] Note that the etching of the oxide sem conductor film may
be dry etching, 30 without limtation to wet etching. [0321] WO

2011/ 0489 ORON/I®2810/ 067193 75 adj ustﬁd as appropri at e P@ggerdd/ng1on t he
material so that the oxide sem conductor filmcan be etched into a desired
shape. [0322] Next, a conductive filmis formed over the gate insulating

| ayer 302 and the 5 oxide sem conductor |ayer 331. The conductive film may
be formed by a sputtering nmethod or a vacuum evaporation nethod. As

exanpl es of a Fatthén atheofoxidee semicwhdednduaydrv endyi |be) caystatligdend bel ect ed
fromA, C, Cu, -Ta, .Ti, M, or V\{_an_al | oy cont ai ni ng, any of these

el ement s TRSTOSTYsEkRe il or & polycrystalline filmcdrapending Qg aLopdisioniof theetinst bédnt s i n
conbi nat iR &R%réi]?ndtér‘fﬁ S P&i@ LERicotcRIMBRYer € FYr e%}ﬁ er ﬁEPBQidéo
materials Selecte rom nmanganese, magnesi um zfrconi um %ry ium and

t hor i um rsamidoadwsedlayBiuntaldre, criystellized & be anohikrodrysalling semivpnthecter film

single-layer structure or a_ stacked-| aylyer structure ?ml uding two or nore
|l ayers. AByingxadsere of sivsgllzanay f 4 o Qrumere o8P Jp (i WarR f iivsthehcl udi ng

silicon, @P%ﬁ’ﬁéﬁ?ﬁ%% Ghe %Bédlﬁ&ﬁ”o‘? thd £ e By ﬁez&}{fegﬂhmlg nflekis1 of AfKEGqQVer an

al um num three-layer structure in trtantumtilm an
al um numsemlicondacior dayter,t thei oxidé | demiamdustbadkyed may thei sn aandephowmnadxitdbe | i ke
can be given. AIterntiveI)]/ afilm an alloy fil nitride filmwhich

.. or
cont ai ns SEMAARALGIOY M coniiypg ngr crystalling Homponest. g}rg‘f'ré?ﬁi eaPedugtof r om

titani umyfdJmay 88! B Okitde sdnbiBORIuBRr (M inWhicR0e E&H@Po&NQt)auixﬁh}IB&%Hm (Cr),
neodym um’(Nd),” and scandium (Sc) may be used. 20[0323] n the case

wher el0hedwithraggraimsliaméter greattothar dr efuadto 1 hm dndrgreatérgharér lessetharnAooy, i ve
film it is preferable that the,conductive film have heat yesi.stance high
enough t SVRFERGEEHAT im o Byet f 2 BT e Etign BH IS Bl F | S ik RS
phot ol i t haghaRphous bRide semicdatigdtorrask is formed over the conductive film
and the conductive filmis selectively etched to forma source el ectrode
| ayer 31483kfd a drain el ectrode | ayer 315b, and then the resist mask is

eroved, {ee, T T nck Sl UL ol Tl 2 o o
t he ti5i r chefdrotthd iokidegsempibynduttep. filhadMds presegdeld intootheaistandsshaped oxide
semiconductor layers. In that case, the substrate is taken out from the heat apparatus
after the first heat treatment, and then a photolithography step is performed.
[0318]
The heat treatment which has an effect of dehydrating or dehydrogenating the

20 oxide semiconductor layer may be performed at any of the following timings: after the
oxide semiconductor layer is formed; after the source electrode and the drain electrode
are formed over the oxide semiconductor layer; and after the protective insulating film
is formed over the source electrode and the drain electrode.

[0319]

25 In the case where a contact hole is formed in the gate insulating layer 302, the
formation of the contact hole may be performed before or after the dehydration or
dehydrogenation of the oxide semiconductor film 330.

[0320]
Note that the etching of the oxide semiconductor film may be dry etching,

30  without limitation to wet etching.

[0321]

The etching conditions (such as an etchant, etching time, and temperature) are



filmtransistor to be conpleted later is determ ned by a distance between
bottom ends of the source electrode |ayer and the drain el ectrode |ayer,
whi ch ar eva@pHas24t o each other WO 27311/ 048924PCT/ JP20CT/I8B1V9F196 over

t he oxi de sem conductor |ayer 331. Not'e that in the case where |ight
exposure is performed so that the channel length L becones |ess than 25 nm
| i ght exposure for formng the resist mask in the third photolithography
step is perforned using extrene ultraviolet with an extrenely short

wavel engtadjusfedss \eppipria@nizpeiding oh thes@urrial sd asthefoxhlengmiconidedtsr filoh ght
exposure using extreme ultraviol et enables high resolution and deep depth
of focus.carhggichedmntepdesieed shaRggth L of the thin filmtransistor to be
conpl et eq %231} er can be greater than or equal to 10 nmand | ess than or
equal to 9 0(; nm and the operation speed of a circuit can be increased, and
furthernore th&Nexglaeomiuctide fikh d¢ ormedrovet thesga insaiating 1syem|302 ankdithé | eads

to | ower power consunption n be 10achi eve [ 0326 Note that in
or der >t o 4 ioqnduclog javer dat cﬁlafdecetdapmrfaﬁ%? n@ﬂﬁb% fosmed &y ifySreBORd at

the tinme Qihdder &t GlRLEG afagsaﬁpﬁqaau&&.i-vl% EkdibledToF & indlesiaPBE uR! mRiaNg

conditions of the conductive filmand the oxide sem conductor layer 331 are
adj ust ed casduBizpiloprana¢lemept08ddited from AlnCrhCe, TabbidiMenor V& n afloym i s

used as the conducti film an _In-G-27Zn-0O based gxi de sem conductor is
used Tor CRETEN B etfieecsiaetses fagmpoueet anglley fim caniirne i oo
per oxi de efhdhitd @R combiaXibh @n@fth@ MmNt b¥adi®in. aMMEkrAatAR 1Y YoHeOGE thde€r OXi de
solution) is used as an etchant. [0328] Note that, in the third

phot dii t erjerigingeletedirommanggagse, mrgnendm zireeniv@nbershigns ead thosiyermagy i s
etched tq.f QLM ap, M dfe SEOLE rfdﬁ%&\?er {iLrﬁy££ BQ\Y Q%ix%lc?-ia&g%/ Stri@u ey gssed
I1T10n, e ma (0}

portion) 1T n some cas€s. I'n ad resis S ormng 25 the
source elsexkédtigel ayedtudlmeluding twie cdronr Rlyes! r boe ckayple, 3 15hgledgyebe
formed by an ink-jet nethod. Formatjon of the resist mask by an_ inkjet
met hod nSEYEUFO b8t Ypmanum fHme inclyding sticop, 3 thodarst SRGHHE fiBnYhieBt 4 i ng

COSBZ- [ QRZRhm I 18 SacRY 8% GRAGHGR M, AYGE-IHYr BRudiBl"RAwRRhen the

oxXi
15  titanium film, an aluminum film, and a titanium film are stacked in this order, and the

like can be given. Alternatively, a film, an alloy film, or a nitride film which contains
aluminum (Al) and one or a plurality of elements selected from titanium (Ti), tantalum
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), and
scandium (Sc) may be used.

20 [0323]

In the case where heat treatment is performed after the formation of the
conductive film, it is preferable that the conductive film have heat resistance high
enough to withstand the heat treatment.

[0324]

25 In a thifd photolithography step, a resist mask is formed over the conductive
film, and the conductive film is selectively etched to form a source electrode layer 315a
and a drain electrode layer 315b, and then the resist mask is removed (see FIG. 11C).
[0325] |

Ultraviolet light, KrF laser light, or ArF laser light is used for light exposure for

30 forming the resist mask in the third photolithography step. Channel length L of a thin
film transistor to be completed later is determined by a distance between bottom ends of

the source electrode layer and the drain electrode layer, which are adjacent to each other



30 sem conductor |ayer and the source and drain electrode |ayers. The oxide
conductive |layer and the netal layer for form ng the source and drain

el ect r odewpP29ay 84N be f orned succesgively. The oxi de eocmdaIPNE193yer can
serve as a source and drain WO 2011/ J48924PCT/ JP2010/ 067193 77 regi ons.

[ 0330] The provision of the oxide conductive |ayer as the source and
drai n regions between the oxide seniconductor |ayer and the source and
drain electrode | ayers nakes 5it possible to decrease the resistance of the

sour ce al‘tﬁ/edflﬁidhdeeginﬁ&mdaﬁldr 1£yeOPRY. atNott filgat tifi éhiesdasé ahertlight gkpaspeed.
[ 0331] In order to reduce the nunber of photomasks and steps in a

phot ol i t HsEPEBeH s thad the changly lepgth ééveﬁ@p%#%ém thnmsdight expasure fagsi st
mask for ﬂ%ﬁﬁltﬂg H%lSMatsk ih quhethqrq I\ME{%'IW' ste 1sI ﬂe?iwrm?d( BSin e§tr9§1§k

t hr ough l'Tght 1s transnltte Ity
I nt ensi t idsavidenedthanrexsesielynshok vf/:metmgtlum segeral naﬂotnetdm mesavamlk tdnaofa

plurality of thick esses and can be furth shape b erform ng
et chi A, PRBMFIEE s tLIBHsRXPOSHE S IRES EHTRC & t&rvaﬁﬂ ?eé}l Fhigh SHsolgtiad @pd
provi de djcth Pdegm ?p%éuer N$hus! N6E ShARL 16hAE Y 6t mea&hn Fh GERNIGH RQbEO at

| east two ki nd fferent patterns can be 15 fornmed by using a
mul ti -t oremphstéd laténgesn bt igecatan tirarorelqualitgAD rmxpmtl@s@hmgksqmto H¥Ormeduced

and the nu r of corres pndin otolltho hy st can also reduced,
Aher oby AR (PR PER B prideidaanr BERPER o fERFerR%: MR JeiSe o aqim
treat mentoffi§taRcudredass @ufdmea% stdl), whizh l@zids% losePpoWer aﬁﬁum Hiors c20 bpl asma
treat nent renoves water the |ike adsorbed on a surface of the oxide

sem c¥ndurshisved.ayer which is exposed. Plasna treatment may be performed
using a qb§ﬁﬂ gas of oxygen and argon. [0333]

Note that in order to prevent the oxide semiconductor layer 331 from being
removed at the time of the etching of the conductive film, materials and etching
conditions of the conductive film and the oxide semiconductor layer 331 are adjusted as

15  appropriate.
[0327]

In this embodiment, a Ti film is used as the conductive film, an
In-Ga-Zn-O-based oxide semiconductor is used for the oxide semiconductor layer 331,
and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a

20 hydrogen peroxide solution) is used as an etchant.
[0328]

Note that, in the third photolithography step, only part of the oxide
semiconductor layer 331 is etched to form an oxide semiconductor layer having a
groove (a depressed portion) in some cases. In addition, the resist mask for forming

25  the source electrode layer 315a and the drain electrode layer 315b may be formed by an
ink-jet method. Formation of the resist mask by an inkjet method needs no photomask,
which results in a reduction in manufacturing costs.

[0329]

Further, an oxide conductive layer may be formed between the oxide

30 semiconductor layer and the source and drain electrode layers. The oxide conductive
layer and the metal layer for forming the source and drain electrode layers can be

formed successively. The oxide conductive layer can serve as a source and drain



After the plasma treatnent, an oxide insulating |ayer 316 which serves as a
2bprotective insulating filmand is in contact with part of the oxide

sem condlO@p1/E§ed i s fornmed without7 xposure to air. [POZFIRITH&19Xi de

i nsulating | ayer 316 can be formed to'a thickness of at least 1 nmby a

met hod by which inpurities such as water or hydrogen does not enter the
oxide 30 insulating |l ayer 316, such as a sputtering nethod, as appropriate.
When hydrogen is contained in the oxide insulating |ayer 316, the hydrogen
enters thegiod.de sem conductor |ayer or oxygen in the oxide sem conductor

| ayer is extracted by the WD 2011/048924PCT/JP2010/067193 78 hydr ogen,

t her eby d@%$8a5|ng the resistance of the oxide sem conductor |ayer on the

si de opposite et (%Sw i'og%fv\’ﬂgr&m%ﬁ%ﬁﬂ&we Ia erfﬁr{l]@dsg(n%g.a(ﬁﬁldrgﬂ 11\,%% ﬁchannel

side) (making the channel ave n-type conductivity m ght
resul t i roefvogemahé oxidekeraicpadusortlayer ahd theedourcEhund efrain electrbdé laymse;ﬁaakreabl e
that a faormatjon thod in 5 which hydrogen is not used i§ enplo eﬁ

of der 3t o BISHbRIS Speredee MesGrigianarePf 9é9ur§aen<§6mraf%f% ad to pperp §dr ogen
as possi In this enbodi ment, as the oxide insulating |ayer
316, a s?#ﬁggﬁpgggghsgﬁﬂn1mnth a thickness of 200 nmis formed by a

sput teri (@33t hod. The substrate tenperature i n 10 the filmformation may

be hi gher than.or ual roomt rat ower or...equal to 300
C, and is 100 'ﬁff‘?ﬁ?ée‘%‘ﬁﬁ per of plofos %‘rg’t AR SIEPS P‘h%PE?‘Pf% FaBRY de film
by a sputsié! bfefingBhaiost ?&fbr&@d lwhf @ WBslof Mredist Aask Smel u¥iRig@ahbilyi-@hgon)

at nosphere, an oxygen atnosphere, or an atnosphere of a rare gas (typically

ar gorif andaSéswlgem 1s Hgh- Gtxaﬁﬁlé‘t magk girpughowhishilight isdragemitisd sg asitp hewma t ar get
can be us ﬁiraht': Oéti Fﬁf&{{&e@ %fn L GORikp %f{ qtg e%nuﬁﬁg faoﬁlﬂ'ﬁfito% dxﬂgskahzfs' \ con
tar get bﬁ) s q i'n AR ere o gen and nitrogen.

t he oxi dq;lmﬁﬁayl cﬁftthi&gnds@asernd&laﬁ bwumlibrlchaﬂgwrmdhape tg(pﬁr&@hng dtehihgeheXi de
sem conductor | ayer whose, resistance is reduced, an inorganic insulating

film whi dﬁﬁlﬂd@gskneatn be\assshiin 2 Rbwrality fsetehing siepsiigi RIpYide diKergBiipalisEns- i on,
and OW anﬂlege!ef&ffei ré&sit 'iﬁ'as?fcofr&‘f)éﬁdlﬁét , | Q&‘st ARh Kirfis df %ﬁlﬁ*@xﬂ paft¥ak & l)é’ a

silicon oxi m a silicon oxi de fil an altum num oxi d
fil mi15san feimed byuosiog y multiitole hadkm Thos, tthenﬁmkﬁ ofshghsexposure masks can be
reduced and the number of corresponding photolithography steps can be also reduced,
whereby simplification of a process can be realized.
[0332]
Next, plasma treatment using a gas such as N,O, Ny, or Ar is performed. This
20 plasma treatment removes water or the like adsorbed on a surface of the oxide
semiconductor layer which is exposed. Plasma treatment may be performed using a
mixed gas of oxygen and argon.
[0333]
After the plasma treatment, an oxide insulating layer 316 which serves as a
25 protective insulating film and is in contact with part of the oxide semiconductor layer is
formed without exposure to air.
[0334]
The oxide insulating layer 316 can be formed to a thickness of at least 1 nm by
a method by which impurities such as water or hydrogen does not enter the oxide
30 insulating layer 316, such as a sputtering method, as appropriate. When hydrogen is
contained in the oxide insulating layer 316, the hydrogen enters the oxide

semiconductor layer or oxygen in the oxide semiconductor layer is extracted by the



[ 0336] In that case, the oxide insulating |ayer 316 is preferably
formed while noisture remaining in the treatnent chanber is renpved so that
hydr ogen,We 2aiadese¢l group, or 25 noi%gure I s prevent ed PCTIRRZUIGDGYEI3
contained in the oxide sem conductor l'ayer 331 and the oxide insulating

| ayer 316. [0337] In order to renove noisture renmaining in the treatnent
chanber, an entrapnent vacuum punp is preferably used. For exanple, a
cryopunp, an ion punp, or a 30 titanium sublimation punp is preferably
used. Thehydupenathembyddcicatiny the radistanch of phepxplecssntiashdacioh 1&yee @ndhtr ap. I n
the treatnent chanber which iIs evacuated with t

¢ ] he WO )
2011/ 0485M¢PenRose 32 dho s1deowhers & chamishys farmssyfsoateditgrk charnshsifisid
cont ai ni - hydr.o t, . nd - Lipisng a
car bon ayaing? fel Batk Baffc ukle AdvfShe oMoy CRRH RGP ITLRT
| mpur ity formdtiva afai heasititselaatélngThayfore, 308 preferablt that 4 foembti@atethot ishanber
can be reduced. 5[0338 . As_a sputterin as used.for formn he
o o ntiigs PHTORSTy Brios s is cPUER o PR Har i PRRE IRBIE B SR whi ch
iﬁpufiti%nﬁiﬁﬁhgéssmhmpwg&la gble. @ hydroxyl group, or hydride are
reduced to such a level that the inpurity concentration is represented by
the unit [0pgH or "ppb". 10[0339] Next, second heat treatnent

referably at  higher.than or ual.,to 200 and, | . t han. or,. to 400
P For ananon e MR Eobding bs Bifiiod BedatrgRip i nsibRaRiBImENEr 1o 300
C) is perdidrReksiof 280 niRIfbrrf@SbRé FRERAAE cdhod N The)sgBraldknpemsier e. For

exanpl e, the second heat treatnment 1s performed at 250 Cin a 15 nitrogen
at mosiPhertbe fibp fomeatigpunay By higher thar onaquad i rqome tampesaturerpagdtlower tiamior ed

Lo o 3548 T EHIE LB, S ARl R SRk o0
above- desqifi BeslsitRAfg nttiod cah Ibe poEaimdd iRat raR as (BpicdBY uEboa) ateibsphiere,
an oxygen atmosphere, or an atmosphere of a rare gas (typically argon) and oxygen.
As a target, a silicon oxide target or a silicon target can be used. For example, silicon
15  oxide can be formed using a silicon target by a sputtering method in an atmosphere of
oxygen and nitrogen. As the oxide insulating layer 316 which is formed in contact
with the oxide semiconductor layer whose resistance is reduced, an inorganic insulating
film which does not include impurities such as moisture, a hydrogen ion, and OH™ and
blocks entry of these from the outside is used. Typically, a silicon oxide film, a silicon
20 nitride oxide film, an aluminum oxide film, an aluminum oxynitride film, or the like is
used.
[0336]
In that case, the oxide insulating layer 316 is preferably formed while moisture
remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or
25 moisture is prevented from being contained in the oxide semiconductor layer 331 and
the oxide insulating layer 316.
[0337]
In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
30 titanium sublimation pump is preferably used. The 'evacuation unit may be a turbo

pump provided with a cold trap. In the treatment chamber which is evacuated with the



20 dehydrogenation is perfornmed on the fornmed oxi de sem conductor filmto
reduce the resistance, part of the oxide sem conductor filmis selectively
in an ox\yOnouxue®Rd state. As a resulg a channel for maPCHAPREYPEMIBL3
overlapping with the gate el ectrode | ger 311 becones i-type, and a

hi gh-resi stance source region 314a which overlaps with the source el ectrode
| ayer 315a and the high-resistance drain region 314b which overlaps 25 with
the drain electrode |ayer 315b are fornmed in a self-aligned manner. Through
t he aboverpasip, A dssgeRsatome dolipouid tonthindipsa diyorogdd Qtdns suenay aatedr ed
(see FIG 11D). [0341] Furthernore, heat treatnent may be perfornmed at 100
C to 200 (H2Ppra comppundicontaining grcartion aemapnd thepkepre remoysd, pyhesebynBe di nent
heat tre i 80 - ' t ment
oy be perhatiralisn BPad ffRSyIh (Db il g ik S Torml i BF Healh R

f ol | owi nghalbé&rganiba rédueedheat i ng tenperature may be WO

2011/ 0485%24 / JP2010/ 067193 80 conducted plural tinmes repeatedly: the

heat i ﬁg tl@ rature is increased froma roomtenperature to a tenperature
of 100 Cto 20Q, C o S My : t atively,
thi s heat trea?‘ﬁeﬁ%&ﬁﬁg %grl?%rarrg)g flg)g?lglrg(ra for trxraﬁitgipg{r?a%%iﬁ hlgﬁchig%l% b

i nsul at i rggli-pyréty gasdisr prefdaldp dispd 68 subigh ipariticheudheas hydmgemewater,sas
perfornme nder reduced ,pressur he heat. treatnent tine can be. shortened.
T s head RG] eRb. WitoPERE o it sieB prictd TR AR et D o PPy 5

obt ai ned.reJiiitsieditiané hit 2Rt &y ppb.a di spl ay device can be increased.

[ 0342] The high-reésistance drain region 314b (or the high-resistance source
regidd 1Q033Ha) is formed in a portion of the oxide sem conductor |ayer

whi ch overlaps with the drain el ecfrode, ] ayer. 315 or the s ge el ectrode
layer 315a), Urbpgeadt B {ngefsrfabﬁyh%?;&leﬁ ‘ﬁ%‘\(‘ﬂﬁ ouahis At 8l e

i ncrease e ingh- R regi on
314b enab?vélépg&%to#(l%@ful}?{% 4|bg v(\:fh?@k?{ah@%cgﬁg%ct iavio'%J yq{(izzgﬁb%gggr@: uaﬂ%:“&rva?i ed

from t he thambn eqlad ad 350 d)ay @erfofdd irDai ligere pan alosplsrei iaanoxygen @as 15 313
via the high-resistance drain region 314b. Thus, in the case where the
transi st atmpspherser Foe¢xampls, theesepoad rheal Heatmedk iy agdormedsy 2¥hnecined to a

a i 0 e ieRabie & PRV BRARCiaboRT hER e Rimetirhent SRR wgFE" °' 2"

el ectri c paitedfdhé sxide Sémidoki@hdfort IaysdQeiér chaniedd foimdtiodlltepioh) BAR costagppith ed
between the gate el ectrode | ayer 311 and the drain electrode |ayer 315b,

whi ch 20Itbagride isulating layendkd.i n the wi t hstand vol tage of the transistor.

[ 0343] [0340 Further, the high-resistance source region or the

hi gh-resi s%arlce drain region in the oxi de sem conductor layer is forned in
the entire thi hrash the abete-describedt sigpscaftae thdheat tichendnh farkdvhgdratidbn bhe oxi de
sem conductor layer ii;s 15 nmor smaller, In the case 25 !{F\/Qere (}he ﬁhi ckness
of tR8 oxiehwiregsratiom s perdormedyast thestonped, pxidg ssmicpmugtar fikm do Spduchdhoyi de
sem condygt: -9 k 100 i } r |ayer
i oh 1 e o e Ao D R St ocle
| ayer andAg aesuitca whinnet hematbn region 812 nvelippingewitbdbe gathelgctrade layer

hi gh-resi

I < 15RO L RO BB AR 55 SRRt o o0
' source electrode layer 315a and the high-resistance drain region 314b which overlaps
25  with the drain electrode layer 315b are formed in a self-aligned manner. Through the
above-described steps, the thin film transistor 310 is manufactured (see FIG. 11D).
[0341]
Furthermore, heat treatment may be performed at 100 °C to 200 °C for 1 hour
to 30 hours in an air atmosphere. In this embodiment, heat treatment is performed at

30 150 °C for 10 hours. This heat treatment may be performed at a fixed heating

temperature. Alternatively, the following change in the heating temperature may be



30 which is close to the gate insulating film can be made to be an i-type
region. [0344] WO 2011/048924PCT/JP2010/067193 81 insulating | ayer 316.
For exanpWe,20H/@892dcon nitride filn1i§0forned by an RF £putPaMi/ne19%et hod.
Since an RF sputtering nethod has high productivity, it is preferably used
as a filmformation nethod of the protective insulating |ayer. The
protective insulating layer is fornmed using an inorganic insulating film
whi ch does not contain inpurities 5 such as noisture, a hydrogen ion, and

OH and blcegdsctanpluyal aimépeattdigimhehigeating séfperatuey iseinarepsed, frémsi kd@on
nitride film an alumnumnitride fiol m a siolicon nitride oxide film an
al um numtemperpigee dxiadtenirerarecel 10Q °C lee20Q ‘Gsand thep defreasediiodt meem, as

the protective insulati ayer rotective insulati | ayer 303 i.s
for ned udrngegidT AR Y poft (RaEhER ol REDA I8 YSmatloR oF} |\

embodi menhe oxsdd Msupiting Rl éV @nddistidatéd @réssyiel IWBen ahes iehtC Greatdnk iide film
Is formed using a silicon sem conductor target in such a manner that the
subst Pat ecgounes erdepFiduredprepvFe theshaaptremgptting san g shyrieped. oxiigheat

Ul atl Al T ARR AL S ALIP Sl e sy GTBET iy O TRAD et o 400

C and a sputtering gas from noi sture are rénoved and
whi ch contldbilétyloif g lligplayi deyideican bg@erdased.nt r oduced. Al so in that case, in a
manner Si m423r to that of the oxide insulating |ayer 316, the protective
insulatir[@3 yer 303 is preferably fornmed while noisture remaining in the

treatment chamiygg ﬂi%h-&c%ﬁ@éb%@-drﬁig%gﬂonz@ﬂbp{&r\ﬁé It eH- 1R anBS Ykt Qg%ibg%gr for

pl anari zati on may bé provided over “the protective insulating | ay
[ 03470  314a) iddodessicini hpettiah of ¢he oxide bingicbydustorildyee vhachi ofeerkpsrimithrttiect or

wih readiah sols Tkt ol oo ke Shdionedaiiaed Soh Wstelbitno i o (5 n
film trangi gleothinv filth fedsiced @hf bétindréased! I BpEcibAIG) the BARARMIINOSE the this
enbodi ment is applied to a pixel in a display device, whereby a period in
whi ch a dighregistansp deain sagion dlAtuemables a simichirs én waish the icandpstivityeac e be
1t 2l Bl B, S Sl BTSN SAGRPS il hoh 1 19
2011/164 8R4 2 the WO d8istindd @irBregion 314b.  Thus, in the case where the transistor is
operated with the drain electrode layer 315b connected to a wiring for supplying a high
power supply potential Vdd, the high-resistance drain region serves as a buffer, and thus .
loéal concentration of an electric field is less likely to occur even if high voltage is
applied between the gate electrode layer 311 and the drain electrode layer 315b, which
20 leads to an increase in the withstand voltage of the transistor.
[0343]
Further, the high-resistance source region or the high-resistance drain region in
the oxide semiconductor layer is formed in the entire thickness direction in the case
where the thickness of the oxide semiconductor layer is 15 nm or smaller. In the case
25  where the thickness of the oxide semiconductor layer is 30 nm to 50 nm, in part of the
oxide semiconductor layer, that is, in a region in the oxide semiconductor layer which is
in contact with the source electrode layer or the drain electrode layer and the vicinity
thereof, resistance is reduced. = Then, a high-resistance source region or a
high-resistance drain region is formed, while a region in the oxide semiconductor layer,
30 which is close to the gate insulating film, can be made to be an i-type region.
[0344]

A protective insulating layer may be additionally formed over the oxide



[ 0349] (Enbodi nent 7) In this enbodi ment, another exanple of a thin
filmtransistor that can be applied to the display device disclosed in this
speci fi cavpPap1mi4B924be descri bed. A th'82 5fil mtransi st oPC3E02d®»8E&M9Ped i n
this enbodi ment can be used as the thi'n filmtransistor 106 i n Enbodi nent
1. [0350] FIGS. 12A to 12D illustrate an exanple of a cross-sectional
structure of the thin filmtransistor of this enbodinent. The thin film
transistor 360 illustrated in FIGS. 1012A to 12D has a bottomgate

st ruct ur gnsuddtingdayr G6.NNEdr- ¢xafiplS faisiicoh Yiteidé elharmﬁjmﬁticbp an)RIe3puateeing s al so
called an inverted sta}ggered thin filmtransistor. Al t hough

the thi nmgthed.t Sines aix RF speitering raethed he)%laghgr%@ung@r ét lgm,feltahlywsw [fn
f
transi st grg;a spdlak@g%ﬁo& Bt the rhgha&@né@aﬂ% uggpl ufe ot eggf.%fﬁ@g% of

channel orna I on regions c manut act when
A procesdayef isrdorfedcdsing my indigartidy urrmfaltihgwfilnawmdat dires 360 conein Bnpauies r at e

320 wi_.ll be descri bed 4owthh feren% Fl GS. f]jhe éo 1% h 53]
20Fi r St , SHCTE BRI TG PYIRESSIoNg 6P g Blasks cupepf s k9w han

i nsul at i g SURTHAC & silRBH nf.t'ﬁa@ fifn | A ahmm Rithidd YG98, Aot fRide %xﬂﬁrfflﬁlr red
thereon to forma gate el ectrode |ayer 361. Note that a resist mask may be

f or med bmaaiumnrk;mtmhmét: hadde Edmparithe ldde tSheseﬂesﬂlstthmkbdwmem, iap khet
nmet hod ne r.esul on |n manuf cturlng

Toar e Dareliaie RAMLETERSer AhSReAfe MsiBunt et 3 S KM B SRERY g

si ngl e- I@y@ae@qmqge@qhgdﬂ@yer structure including a rret al material such as
nol ybdenum titanium chromum tantalum tungsten, alum num copper,
neod)lﬁh udP344 scandium or an alloy material containing any of these

materials as a II%IQ&%Q&P &@gﬂtas th%%gt%a?\]e insulating layer 303, a silicon nitride film

is formed using a silicon semiconductor target in such a manner that the substrate 300
over which components up to and including the oxide insulating layer 316 are formed is
_ heated to a temperature of 100 °C to 400 °C and a sputtering gas from which hydrogen
15  and moisture are removed and which contains high-purity nitrogen is introduced. Also
in that case, in a manner similar to that of the oxide insulating layer 316, the protective
insulating layer 303 is preferably formed while moisture remaining in the treatment
chamber is removed.
[0346]
20 A planarization insulating layer for planarization may be provided over the
protective insulating layer 303.
[0347]
As described above, the highly-purified oxide semiconductor layer is used in
the thin film transistor, whereby the thin film transistor with reduced off-state current
25 can be provided. In addition, the thin film transistor with reduced off-state current
which is described in this embodiment is applied to a pixel in a display device, whereby
a period in which a storage capacitor provided in the pixel can hold voltage can be
increased. Thus, a display device which consumes less power in displaying a still
image or the like can be provided.
30 [0348]
This embodiment can be implemented in combination with any of the

structures of the other embodiments as appropriate.



Next, a gate insulating layer 322 is forned over the gate el ectrode | ayer
361. [0356] In this enbodinent, as the gate insulating |ayer 322,
a silicorwoRynimsi2zde | ayer with a thigkness of |ess thaRCeIP2GYA$71930 200 nm
is formed by a plasma CVD nmethod. [0357] Next, an oxi de sem conductor film
332 is forned to a thickness greater than or 5 equal to 2 nmand | ess than
or equal to 200 nmover the gate insulating |ayer 332, and then the oxide
sem conductor filmis processed into an island-shaped oxi de sem conduct or

| ayer in [834Hcond photolithography step. In this enbodiment, the oxide
senlcondug gr filmis formed by a sputtering nethod using an

| n- Ga- Zn-( dpeny dee sem conductor target for filmformation. 10[ 0358]

In that case, typepaxifgodmthe ARdine @&arhpllenbﬂ g Rehsh abinkisfR MR cphbbe
nmoi sture remaining in a treatnent chanber is renoved so that hydrogen, a

hydr oxy! agppbcq)to te display devdcd disgosedeintthid specificatinnyillcmdescribatl. | mA the oxi de
d fil 0359 rd t t th
Cr eat donian GHsisor 300 EeToR TN SIRGEh R PeBrap b B SR utnc g " "

exanple jﬁmQﬁyﬁﬂHﬂpnmﬁq ion punp, or a titanium sublinmtion punp |s
preferably used. The evacuation unit may be a turbo punp provided with a

cold trafd033¥ the treatnment chanber which is evacuated vmth the cryopunp, a

hydr ogen at om ﬁcéo‘iﬁﬂ%“dlzﬁ)ﬂf {r&' 3 & ?{]8%%@&%?&? atal skt M\%toefrthgo

(H20), and the TTKe are reane e concen an inpurity

in the onhmallﬁem&mduﬁmg erfnbbdmfeﬁf I’T'Eﬂleltl‘ilntﬂ’lﬁl trarS BtoTS60 ilbisaatedrin T3GS.be
reduced. [036 1 sputtering_gas used for form ng the oxide

senm c¥nducoto 131 hps abﬁtt@w %?twﬂgwahl@i %F@@Fhm%ecug%émer(cmnehsum
| mpur i Ui G9pS UGl s UAifa YR veff8d Blaze Aed il ith Bidistgf oup, or hydride are

reduced eve urlty concentration is represented by
the unit [0ppH or "ppb". [0361] Next, dehydration or dehydrogenation of the

R TN AR AR E RSN S
400 C andydnQiRy, 4 'ﬁﬂﬂtl%‘éteeﬁﬁﬁhlrh QrafsiBtor indh@he a8Pdaliky 8h@hannel formation
15  regions can be manufactured when needed.
[0352]

A process of manufacturing the thin film transistor 360 over a substrate 320
will be described below with reference to FIGS. 12A to 12D.
[0353]

20 First, a conductive film is formed over the substrate 320 having an insulating
surface, and then a first photolithography step is performed thereon to form a gate
electrode layer 361. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask, which results in
a reduction in manufacturing costs.

25  [0354]

The gate electrode layer 361 can be formed to have a single-layer or
stacked-layer structure including a metal material such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy
material containing any of these materials as a main component.

30 [0355]

Next, a gate insulating layer 322 is formed over the gate electrode layer 361.
[0356]



than or equal to 400 C and | ower than the strain point of the substrate.
Here, the WD 2011/048924PCT/JP2010/ 067193 84 substrate is put in an

el ectric WOnAHdES2Hat is a kind of hegt treatnment appar &CUSPZNG0¢TR2X
treatment is perforned on the oxide sem conductor |ayer in a nitrogen

at nosphere at 450 C for one hour, and then water and hydrogen are prevented
fromentering the oxide sem conductor |ayer with the oxi de sem conductor

| ayer not exposed to air. In the 5 above manner, an oxi de sem conduct or

| ayer 332 is olih ghisesbdieentlaGti2ddte ifsOBGRE layer 322, Nesaticombagutaide daar nent

using a gas suych as 0, A1\12, or, Ar_is performed. This sma  treat ment
renoves \C}JOélfslb‘? H’éﬁtj(nf’??eol}lﬁ?sﬁ A sARdde 396 mdl§ rf?rglf’g%dfa &Fﬁén%gik@)emgté‘ﬂfjc onduct or

| ayer whifgis71s exposed. Plasma treatnent may be performed using a 10 m xed
gas of o>!yger1 and argon. [0363] Next, an oxide insulating |ayer is
formed over th&Negstas cxideidenti¢anguétay film 332 isfodmedito ostiidkamesegredenthasoor | ayer
332. After that, in thiyd photo]jt raph tep, a rLesis is,formed,
and tRe &QP?JBO%%‘HFQ?#?F@ tﬁ%ﬁ/ requgf @eiﬂg)gqrp\pé/ﬁ,ﬁlgt%heelgsqlgthg)ia%e”r?‘%&o%u}je

15i nsul attheéd thay6%idé6Gsmiedstuclenfilthhes rR6ébedEEt iaa ligaRisiped Oshdd _
In this enbodinent, as the oxide insulating |ayer 366, a silicon oxide film
with a tisemigeaducter lapgon grsecendtphotplihagraphyssen: t AR ithig crbpdigent, theeoxidest r at e
tenmperatyre.in.t - [ . i . Pl _£OHE .Q0m

t erper at dpBicdholE: il B BREPSL BRIt BT Rind 4E -850 Hack 000

enbodi mertmicbadudtor target fom fibrh folmeatioinl i con oxi de filmby a sputtering nethod
can be perfornmed in a rare gas (typically argon) atnosphere, an oxygen

at m)slBher[@?ﬁﬂr an atnosphere of a rare gas (typically argon) and oxygen. As

a target, a silg %@p%i iR egs%}niéHngactéi Fildh Qplefir &) f6ATdRGhilkSRBistrO"

exanpl e, silicon oxi can be tfornmed using a silicon target by a sputtering
met hod i memainatginsy kreatencof clintmx \is)eemened soi throhyahiogeas athydraxyi geoupnoul at i ng

| ayer 366 which is forned in.contact with the oxide sem cqgnductor |ayer
whbee +odreRiRs preyeRel Geatbeits Srrigpehin e PREGRIRBTER ch does not
i ncl ude i ities such as noisture, a hydrogen ion, -and OV and bl ocks

entry of these fromthe outside is used. Typically, a silicon oxide film a
sili dén nitri ddnosdedto femoye mpistaeusinainingonthietr¢atment chamben, ad pRIFMPOIOPHI t ri de

Film or £0%h' g 35 $R4EGEy bRA Kor MRk 2088 8AMRS Thr 160 TGS ot %2
titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water

20 (H20), and the like are removed, whereby the concentration of an impurity in the oxide
semiconductor film formed in the treatment chamber can be reduced.
[0360]
As a sputtering gas used for forming the oxide semiconductor film, a
high-purity gas is preferably used in which impurities such as hydrogen, water, a
25  hydroxyl group, or hydride are reduced to such a level that the impurity concentration is
represented by the unit “ppm” or "ppb”.
[0361] |
Next, dehydration or dehydrogenation of the oxide semiconductor layer is
performed. The temperature of first heat treatment for dehydration or dehydrogenation

30 is higher than or equal to 400 °C and lower than or equal to 750 °C, preferably higher

than or equal to 400 °C and lower than the strain point of the substrate. Here, the



85 In that case, the oxide insulating |ayer 366 is preferably forned
whil e noisture remaining in the treatnment chanber is renoved so that

hydr ogen,We 2h1id4eg2¢l gr oup, or noistu%g is prevented fr@6THERNYICAM ai ned
in the oxide sem conductor |ayer 332 and the oxide insulating | ayer 366.

5[ 0366] In order to renove noisture remaining in the treatnent
chanber, an entrapnent vacuum punp is preferably used. For exanple, a
cryopunp, an ion punp, or a titaniumsublimation punp is preferably used.
The evacusabsteafe igrput inay eleetrie futmadothauiR kind vt Hed twatnkend apsaratug a@phedtn t he
treatment chanber which is evacuated with the 10 cryopunp, a hydrogen atom

a conpourteatiesit 4f Reriermed om thsgrde pgmicendustordaygsiia A pitipgsn atmesphers hd

cont ai ni & 0 i r . .

concentr 2‘? |Do ncct§¥ glgé;h(ﬁltrﬁp%i tﬁ%}p‘l”%tgfﬂled %@f‘%ﬂiaﬁgﬂl}agﬁﬂﬁ%wgy%?&g%gﬁ? 8¥l%d in

t he tr eatsemidon@iasidRiye€ aithbhe rxadeC SnicOhiBGir 1ayedsncd expodedetol i dasthesed for
formng the insulating_ | ayer 366, a hi gh-zp,uri ty gas is preferably used in
whi ch3i nbPYe masnes anpxade fepreengastor laxeed3 laOHSﬂmegiwe HEoldd)-or hydride are
reduced t[93 ch a level that the inpurity concentration is represented by
the unit "ppm' or "ppb". [0368] 20Next, second heat treatnent (preferably
at hi gher than Next,@lasala treatiR€Q u€ingradzak suer ast ¥ Ny, oedu s perford@ CThif or

exanpl e higher than or equal to 250 C and |l.ower. than or_equal .to 350 C) may
be perf oS3 Heﬁtﬁ‘eflhé?’f‘gﬁeéswéleﬁo‘gpﬂ’ér E{g‘brz‘dé‘\?’\f%‘é‘;(fé‘eﬁ ﬁ%@cﬁt‘ﬁo@ﬁh%’f“ ¢ For

exanpl e, tRfon@eQB01aEAhidhER RBoed] SPREMA Witk maOkk Eeﬂf&n_ﬁdﬂisﬁx{ gen
at nosphere for one hour. By the second heat treatnent, heat is applied

whi | €025 mixed gaf oftdxggerxangeargemi conduct or | ayer (the channel formation
regi on) i@%ﬁ contact with the oxide insulating |ayer 366. [0369] In this
enbodi rrer{ ; the oxide sem conductor |ayer 332 which is provided with the

oxi de insul ati mNgxt, ayexideOsidnthg 18ydds fdrihe@ VPOSEE ghte induldtiglayerBp2eh@d t O
heat 30 treatnment in a nitrogen atnosphere or an _inert gas atnosphere or

under r edheexidppsanisonductapjasehd3heahfterthals inenthindphatakithagiphy stepndEgsistr e or
o e R SEIRISAS g SR LRI, U ek S
W t h 15he instlalingilaygen 366, and thay dfe 1366, maskis enaveduced. For exanpl e, the heat
treat rrent[Ogés‘t]per f or med at 250 Cin a nitrogen atnosphere for one hour.
In this embodiment, as the oxide insulating layer 366, a silicon oxide film with
a thickness of 200 nm is formed by a sputtering method. The substrate temperature in
the film formation may be higher than or equal to room temperature and lower than or
20 equal to 300 °C, and is 100 °C in this embodiment. The formation of the silicon oxide
film by a sputtering method can be performed in a rare gas (typically argon) atmosphere,
an oxygen atmosphere, or an atmosphere of a rare gas (typically argon) and oxygen.
As a target, a silicon oxide target or a silicon target can be used. For example, silicon
oxide can be formed using a silicon target by a sputtering method in an atmosphere of
25 oxygen and nitrogen. As the oxide insulating layer 366 which is formed in contact
with the oxide semiconductor layer whose resistance is reduced, an inorganic insulating
film which does not include impurities such as moisture, a hydrogen ion, and OH™ and
blocks entry of these from the outside is used. Typically, a silicon oxide film, a silicon
nitride oxide film, an aluminum oxide film, an aluminum oxynitride film, or the like is

30 used.
[0365]



5[ 0370] By the heat treatnment perfornmed on the oxide sem conductor

| ayer 332 provided with the oxide insulating |ayer 366 in a nitrogen

at nospher®O 20HQ48R4| st ance of the exp§§ed regi on of thePEXIJBV14BeHILONduUCt or
| ayer 332 is reduced, whereby an oxi de sem conductor |ayer 362 including
regions with different resistances (indicated as a 10 shaded region and a
white region in FIG 12B) is fornmed. [0371] Next, a conductive film
is formed over the gate insulating |ayer 322, the oxide sem conductor |ayer

362, and the oh et casepinetoxide 1h§1ﬂﬁfng36fﬁer 36btie prefdraiily formeal While inbisture
phot ol i thography step, the conductive filmis selectively etched to forma
sour ce 13enaainggadbe fgamentchamhes inremoyed se that hydipger. 4/ bydraps groum @rt hen

the resi ved ( {& al of
t he sour élté gﬁ?ge‘é{srpg%\ée‘ﬁ]@yggmg)b}%; EAH% i ndtrh%?% el See(I:I%l(r:%n eeﬁ%ay%"rér gg%b Ht her e
are an eltenexite aghladhgthybr 866.Al , Cr, Cu, Ta, Ti, Mo, and W an alloy 20

cont ai ni rla qriy of these elenents as its conponent, an alloy containing a
combi Aat ilB}QF any of these elenents, and the like. Further, the conductive

filmmay have qﬂﬁfdlgt@rehﬁ%@'ino?%tﬁﬂé%l‘dﬁﬁlrfgln%é@r@a@ﬁ@ﬁ# dhaMBEr, 54 b dﬁ'ﬁ
including two or nore |ayers 0373] Through the above-described steps,

after theabest pungatsrpneferfably desidy dFat iesample, 25ckyepymip.ogerian i pymp, sorperfor med

on the forned o em conduct o duce the reS|stance

Phe o oo m Ok RE mripy e R Slembly, bl R iy il ShEBeS P8O ks o
result, gualpgstoeided Withed ¢oddtrh§di MNhS@SatBRS ¢HRARIDeNFhivh!ié e¥d20atod Wi the
|nsulat|ng I'ayer 366 becones 1-type, and a high-resistance source region

364a Mihi cryapre, agtydipgen atera, 8 sampeurd eentrining 1 ay@r;oggssmaﬁ'épht Fewater
hi gh-resi ﬁtﬁ?ﬁ) dr uhd' c%g n%g%grbvgﬂ' a%}POXr?c{ {h%plﬁ(g?’ﬂe%ﬁlgvet %vhg{:e%hrlpﬁ

el ectrod are manner hr ou

above- de&;@ﬁ&dﬁ&dtlsﬁ epsn iﬁlbﬁhttyhn nhé okide lirliﬂhﬁmgtlmyer 366 fbﬁnermmwhamteumm [ 0374]
WO 2011/ 048924PCT/JP2010/ 067193 87 Furthernore, heat treatnment may be
per f or necham %@n@et“*od%@) C for 1 hour to 30 hours in an air atnosphere. In
this enbg heat treatnment is perfornmed at 150 C for 10 hours. This
heat treatne t may be perfornmed at a fixed heating tenperature.

Al tersati vel y, Ashesputtetinggasqused fordermingitheinselating\layeedqie adiigh-purityygape

is preferably used in which impurities such as hydrogen, water, a hydroxyl group, or
hydride are reduced to such a level that the impurity concentration is represented by the
unit "ppm” or "ppb”.

[0368]

20 : Next, second heat treatment (preferably at higher than or equal to 200 °C and
lower than or equal to 400 °C, for example higher than or equal to 250 °C and lower
than or equal to 350 °C) may be performed in an inert gas atmosphere or an oxygen gas
atmosphere. For example, the second heat treatment is performed at 250 °C in a
nitrogen atmosphere for one hour. By the second heat treatment, heat is applied while

25  part of the oxide semiconductor layer (the channel formation region) is in contact with
the oxide insulating layer 366.

[0369]
In this embodiment, the oxide semiconductor layer 332 which is provided with
the oxide insulating layer 366 and is partly exposed is further subjected to heat

30 treatment in a nitrogen atmosphere or an inert gas atmosphere or under reduced pressure.

By the heat treatment in a nitrogen atmosphere or an inert gas atmosphere or under



5 conducted plural tines repeatedly: the heating tenperature is increased
froma roomtenperature to a tenperature of 100 Cto 200 C and then

decr easedVOQOH/H8UH t enperature. Al terpatively, this heRCTUPEEO/AEN may be
performed before formation of the oxi ge i nsul ating | ayer under reduced
pressure. \When the heat treatnent is perfornmed under reduced pressure, the
heat treatnment tinme can be shortened. This heat 10treatnent enables a
normal ly-off thin filmtransistor. Thus, the reliability can be increased.
[0375]  reduced peeshirgithe esistinan of thtrexipnsadaggion o8 Bitboxide sennieorttdugtor igsr st ance
source region 364a) is forped.in a riion.of the i de sem conductor |ayer
whi ch ov A abich pipot paveed i the G InSRIE AP 386t e FHECEouTOE

el ectrod r r.glk abh lof . ' i rapsi stor
can be |%():(!rng fs%’egToé p)eéﬁe%glfpy?ér?ﬁrge (gjlrt %g?l (t):tnﬁ[lo?ﬁltt{ég@%itagﬁ& iel?:ers?togr?gg drain
regi on 3@bbr.enabl es a structure in which the conductivity can be gradually
varied fr he drain el ectrode |ayer 365b to the channel formation region
363 vPa t[ﬁ@ i gh-resistance drain region 364b. Thus, in the case where the
transistor is 20 epenaietepidelt efoAh@ BnelHRChLAL Csen¥GdudRPNaganAgst ed to
a wring for supplying a high power supply potential Vdd, the

hi gh- r esips¢ddakwidh shenoxidginsnlaGag lysedtem asitragéuithmsphaadhe msistdnge af

concentration of, an. el ric.fieldig le | ikel.y tp occur even if. high
Coltage The Eebed it dlabh ofide snfcondait Ruera oyt sl s bfar

el ectr od%eﬂnﬁgéﬁau&&Stagewgész: indI@AAS réGo withCdiffefeat rdbistdiRedM(inbkhRAthsVA! t age
of the transistor. 25[0376] Xxt, a protective insulating |ayer 323

i s fdPreshedednegine andymhite s¢gien inddE. 12)kis f@gBd. the drain el ectrode |ayer
365b, an H’l oxide insulating layer 366. In this enbodi nent, the

%0 . . . s croohe
protective insulating layer 323 is forned using a silicon nitride film(see

FI G 12D). 30[ 03e%l, a doRdedlilvE/f1ASie Zdiikel/ aher EhkOf 0613 Dlatifd 1agked22, diteotidy er
365a, the drain electrode | ayer 365b,. and.the oxjde insulﬁti ng | ayer 366,

and a pr SEBIONGEPMBYSTa36% Gnfl dhe PXigo Inspiafingelaxsratqfed AHRE It & B fpRrth

i nsul ati 3 3 the V, : hi Lfie | de

sem cond c'? {é)‘;l’ﬁ’lﬁfg)r/ag&m 9i %gdu’s@g ?ﬁlﬁg&%‘ﬁeﬁ%lﬁﬁg %llﬁc%b??’aér{gl:;gsd{ E)dr)tﬂs%ear g%l;&/&% he thin
fil misr arsicegbde layiet 1366&cind e dodfif -eddcibde dayrer 566b,camd lenptheviesietd makk is
addition, the thi nlg{dolg:transi stor with reduced off-state current which is
descri bed®PRVEHSE dtthent is applied to a pixel in a display device,
wher eby Opg]i od in which a storage capacitor provided in the pixel can
hol d vol tage "can be increased. Thus, a display device which consunes |ess
power in displ &sithgmatesial of the Gouneeglecisede lager| 36Re and thepdraipradedtigdel layp0379]

365b, there are an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W, an alloy
20  containing any of these elements as its component, an alloy containing a combination of

any of these eclements, and the like. Further, the conductive film may have a

single-layer structure or a stacked-layer structure including two or more layers.

[0373] .

Through the above-described steps, after the heat treatment for dehydration or

25  dehydrogenation is performed on the formed oxide semiconductor film to reduce the

resistance, part of the oxide semiconductor film is selectively in an oxygen excess state.

As a result, a channel formation region 363 overlapping with the oxide insulating layer

366 becomes i-type, and a high-resistance source region 364a which overlaps with the

source electrode layer 365a and the high-resistance drain region 364b which overlaps
30  with the drain electrode layer 365b are formed in a self-aligned manner. Through the

above-described steps, the thin film transistor 360 is manufactured.

[0374]



Thi s enbodi nent can be inplenented in conbination with any of the
structures of the other enbodi nents as appropriate. [0380] 15 (Enbodi nent

8) . WOR0t1H14892¢nbodi nent, anot her

xanpl e of a thi nPCIIJR2X1p/86YE935t Or

that can be applied to the display de&?ce disclosed in this specification
will be described. Athin filmtransistor 350 described in this enbodi nent
can be used as the thin filmtransistor 106 in Enbodi nent 1. 20[ 0381]

FIGS. 13A to 13D illustrate an exanple of a cross-sectional

structure of

the thin film tFansinsde) heaf tritdtnenenb 8k perbrmddOA8AP °C to 200 °C Mrtihksigh t he
thin filmtransistor 350 is described as a single-gate thin film

25t r ansi $030, haarsinl an aigatreosphéra. f 1 this erabedisest heatdraatmeny isppifermediaty of

channel
process

will be deapélahied DEIGHAVeL

PO PR AOCRORE R R TRl M ey BPsBBE 5 d0Re: e sa0

th& ESIRNRE chihgel i8She h3AinOtehPeratde[MapsE VWO
2011/ 048924PCT/ JP2010/ 067193 89 el ectfode ayer 351. 1n this enbodi nent,

as

t he gate condedteddhirdlajmes sptatedlyt theghaating ftetperafurs isaincreasddnfrem ©fodBO nm i s
formed by a sputtering nethod. 5 a i nsul ating | ayer 342 is
f or med 0\}8’?’1’?‘%@%2‘?@ g‘i“&cf%lgr&emll gé@r bsgﬁ)ébo 7 984 e ﬁecrgased To' & ¥oom
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temperature. Alternatively, this heat treatment may be performed before formation of
the oxide insulating layer under reduced pressure. When the heat treatment is
performed under reduced pressure, the heat treatment time can be shortened. This heat
treatment enables a normally-off thin film transistor. Thus, the reliability can be
increased.

[0375]

The high-resistance drain region 364b (or the high-resistance source region
364a) is formed in a portion of the oxide semiconductor layer which overlaps with the
drain electrode layer 365b (or the source electrode layer 365a), whereby the reliability
of the thin film transistor can be increased. Specifically, the formation of the
high-resistance drain region 364b enables a structure in which the conductivity can be
gradually varied from the drain electrode layer 365b to the channel formation region
363 via the high-resistance drain region 364b. Thus, in the case where the transistor is

operated with the drain electrode layer 365b connected to a wiring for supplying a high

. power supply potential Vdd, the high-resistance drain region 364b serves as a buffer,

and thus local concentration of an electric field is less likely to occur even if high
voltage is applied between the gate electrode layer 361 and the drain electrode layer
365b, which leads to an increase in the withstand voltage of the transistor.
[0376] |

Next, a protective insulating layer 323 is formed over the source electrode layer
365a, the drain electrode layer 365b, and the oxide insulating layer 366. In this
embodiment, the protective insulating layer 323 is formed using a silicon nitride film
(see FIG. 12D). |
[0377]

Note that an oxide insulating layer may be additionally formed over the source



5In this enbodinment, as the gate insulating |ayer 342, a silicon oxynitride
| ayer with a thickness of I ess than or equal to 100 nmis fornmed by a

pl asma CMROrzet1138924[ 0386] Next , o8 conductive fil mPCEIPIMveed1vver t he
gate insulating |ayer 342. After that, in a second photolithography step, a
resist mask is forned over the conductive film 10and the conductive film
is selectively etched to forma source el ectrode | ayer 355a and a drain

el ectrode | ayer 355b, and then the resist mask is renoved (see FIG 13A).
[0387]  electroliekdyer 365ap HietRainestidcti@de UnkoB63b, lafid Btoxide fngiilagak (ase€3d46,G 13B) .
In this enbodi ment, as the oxide sem conductor film345 is formed using an
15 | n- Ga-2pf aprojeeio ipsulatingdayar 343 maythsstackedaveriths oxide ipsulatinglayen by a
sputteri 39 thod. In a third photolithography step, the oxide

sem cond c%o film345 is processed into an island-shaped oxi de

sem conduct or lAayduscrihdd3aRdive, the thighly-pasified bkile semi@ndector bayetist wsed fin| m 345
is preferably forned ile 20 noij sturgi remai ni n trdie%tl_frrent chanber is

£ whi | |
renoved <b° {HadilmEnssiar, Whenby thehin Gis Jginsistor Iotedperd QSRR BHERH 11 om
bei ng conbaiyaegol el Nermoxddifors AL TRANAGE BhndidtbMvithored QA8HE-shalt QIifGE O

renove nolsture remaining in the treatnment chanber, an entrapnent 25 vacuum
punp i s prletleisaisherihedenl thiFembediznept is,appliat tpaping,in andispbay ¢uvige, wberehy

titani um sublinmation pu is preferably.used,, The .evacugti on unit y be a
turbo purtpPSIsVRcBh A NORE shhscios 5oy e Fothe, BSP et MR PNEs® G BR i o
evacuat eqnibdsBd! Mehs YORYpRy devidy di e RoAdudiBs 1esscpm@umddf§91ayiaﬁru 5@ 2

hydr ogen atom such as water  (H20), and the |ike are renoved, ereby the

concdft r amagnoiothe dikke capplg proyided. t he oxi de 30 seniconductor film 345 forned
in the trggggnt chanber can be reduced. [0390] WO
2011/ 0484 4 /JP2010/ 067193 90

This embodiment can be implemented in combination with any of the
structures of the other embodiments as appropriate.
[0380]
15 (Embodiment 8)
In this embodiment, another example of a thin film transistor that can be
applied to the display device disclosed in this specification will be described. A thin
_film transistor 350 described in this embodiment can be used as the thin film transistor
106 in Embodiment 1.
20 [0381]
FIGS. 13A to 13D illustrate an example of a cross-sectional structure of the
thin film transistor of this embodiment.
[0382]
Although the thin film transistor 350 is described as a single-gate thin film
25  transistor, a multi-gate thin film transistor including a plurality of channel formation
regions can be manufactured when needed.
[0383]
A process of manufacturing the thin film transistor 350 over a substrate 340
will be described below with reference to FIGS. 13A to 13D.
30 [0384]
First, a conductive film is formed over the substrate 340 having an insulating

surface, and then a first photolithography step is performed thereon to form a gate



hi gh-purity gas is preferably used in which inpurities such as hydrogen,
wat er, a hydroxyl group, or hydride are reduced to such a |level that the
inmpurity WOReH/HBRHEI on is represented 89y the unit "ppnt PET/IPHINH067190391]
5Next, dehydration or dehydrogenation of the oxide sem conductor |ayer is
perfornmed. The tenperature of first heat treatnment for dehydration or
dehydrogenation is higher than or equal to 400 C and | ower than or equal to
750 C, preferably higher than or equal to 400 C and | ower than the strain
poi nt of elde@rodeisier 35E. Ineth®, ethbalitiohs s aliecgdts efdirodd 1ayer 85 B fungstbnir nace
that is a _kind of heat treatnent apparatus and heat 10 treatnent is

per f or medilgvitha thigkngss efchs0dum isfermed byg sputicing methadogen at nosphere at 450
C for onﬁlo r, and then water and hydrogen are prevented fromentering the
oxi de sem conductor |ayer with the oxide sem conductor |ayer not exposed to
air. I'n the abdeat,ragneinsubinglayte 34213 6onetdaiver tHeagate eldditodeslapdat 3ilned (see

FIG 13C).. [0392] 15As the first heat trea nt,. .GRTA nay. b erfqornmed as
fol | ows. Ifmélsseer@@fi%% e gaironenlatee Lo é‘g%e 3 silican phay ldgjgspe\ﬁmleha has

been heatgdiids 8f f&%@tlﬂaﬁ Sfféa}ﬁ%%ufo‘é th isdeHné&d bya pROmECVIBAleEhd or several

m nutes, and transterred taken out of the inert gas which has been
heat ed t 0284}i gh t enperature. GRTA enabl es a hi gh-tenperature heat

356 ser vi ng as NEYproPREbR IR Sy vt B 2is S E it nbact AR Y he
oxi de seqhaAORMAUGESd prRY&Ithadfphyl #&D4 esiienRKiifiDringd i @lthdBoddakeve 8RS can be
formed to a thickness of at least 1 nmby 25 a nethod by which inpurities

such 18s ad ére enndhstivedtenis geleefivebit etelinddp Termea saurgecleetsadedayasgShaged a 356,
such as sput teri d r i . ih\§ contained in
t he oxi dg“?‘ﬁgt"rﬁﬁ?‘?eﬁgy%g?’ %’gg:ﬁerfﬁg r?%%rngatgsghs ren%g?(gys?%gﬁggéé' sem conduct or
| ayer or [038Men in the oxide sem conductor. |ayer is extracted by the

hydr ogen, thereby decreasing.the resistance of the oxide sem conductor

| ayer on the 3&Ne3hqd epdesemiconduetpr filp gniteloamed éxeenkll: 138)f ofhdls (t he
S0 o Sl il TR b S g
15 In-Ga-Zn-O-based oxide semiconductor target for film formation by a sputtering
method. In a third photolithography step, the oxide semiconductor film 345 is
processed into an island-shaped oxide semiconductor layer.
[0388]
In that case, the oxide semiconductor film 345 is preferably formed while
20 moisture remaining in a treatment chamber is removed so that hydrogen, a hydroxyl
group, or moisture is prevented from being contained in the oxide semiconductor film
345.
[0389]
In order to remove moisture remaining in the treatment chamber, an entrapment
25 vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water
(H;0), and the like are removed, whereby the concentration of an impurity in the oxide
30 semiconductor film 345 formed in the treatment chamber can be reduced.
[0390]

As a sputtering gas used for forming the oxide semiconductor film 345, a



WO 2011/ 048924PCT/ JP2010/ 067193 91 formation of a parasitic channel.
Therefore, it is preferable that a formation nmethod in which hydrogen is
not used WO 28hpl4e92¢d in order to form9 he oxi de i nsul at PAF/IP2NHP67ISH
containing as little hydrogen as possi [0395] 5In this enbodi ment, as
the oxide insulating | ayer 356, a SI|ICOI’1 oxide filmwth a thickness of
200 nmis forned by a sputtering nethod. The substrate tenperature in the
filmformation may be higher than or equal to roomtenperature and | ower
than or efigabulig ZM0isCpreérably Sust@0nGyhitht ifipurieied adelimanthydidpenS aarsit hon of
the silicon oxide filmby a sputtering nethod can be perforned in a rare
gas (typilydraxyl &WQB{QT hydrige prectieduced o &Whﬁg‘?ﬁ@ ﬁh%ltt%é?ﬂ%’rtlé congentga{ion ifpspher e
of a rare as t «argen).and oxygen. As a target, a silicon oxide

t ar get or'® dyt(g, ?é’?%e I% 1) ?Bused. For exanple, silicon oxide can be
f or med us[oggl]a silicon target by a sputtering nethod in an atnosphere of
oxygen and ni'trogen. As the oxide insulating |ayer 356 which is forned in
contaét with tRexbxidhydmsioncemdehydmgenatiny Ogﬁ‘t’éfséx’rdésﬁcé‘%l%@é‘:‘io’é lpxegised, an

B s e

is used. iJ%piheattal or @qealltb @00 °Cxdrdelotvet ﬂ‘iana)r%qhalQGWSOPC[ pﬂ:@er@bﬂydﬂgﬁdﬂ m an
al um num oxide film an alum numoxynitride film or the like Is used.
[ 0396] 2Chan phaquat 46 00t W& and ileieer thew the strajn [pQidrof 386 shbstigteef dleapl thef or ned

hydr ogen. eI i SebPedpst 8L Yiof OF B0 weafrdrf SERPRE 4 B ol nea

in the oxrAn&fM ?)Qﬂﬁhhﬁ‘édodﬁn ki 6xidS 46mmbadidhs 1aydrda 4 fittekead afhgoshRdrerat 356.
[0397] 25In order to renove noisture remaining in the treatnment chanber, an

ent r apmerftS0vciouamephamg, and tpmewaeam/hmwn %Pfeé&léﬁﬁbff@m eatesingdhaepidean i on

punp, or a tlt n|u subl i. u rabl y used. .The .evacuati on
unit may P El(ftB %ﬁw@?@\? \5\?%05 u(?gqrg ral};;Ot ROFH Oy ar"éaflﬁgt
chamber WbbGdmiafing@Vacsadesnyicddiutioe 1a5ey DB idPbtaed)tedISN1 HPM a conpound
cont ai ni ng a _hydrogen atom such as water 30 (H20), a conpound containing a

carbon atl8892]land the |ike are renpved, whereby the
15 As the first heat treatment, GRTA may be performed as follows. The

substrate is transferred and put in an inert gas which has been heated to a high
temperature of 650 °C to 700 °C, heated for several minutes, and transferred and taken
out of the inert gas which has been heated to a high temperature. GRTA enables a
high-temperature heat treatment in a short time.
20 [0393]
Next, an oxide insulating layer 356 serving as a protective insulating film is
formed in contact with the oxide semiconductor layer 346.
[0394]
The oxide insulating layer 356 can be formed to a thickness of at least 1 nm by
25 a method by which impurities such as water or hydrogen does not enter the oxide
insulating layer 356, such as a sputtering method, as appropriate. When hydrogen is
contained in the oxide insulating layer 356, the hydrogen enters the oxide
semiconductor layer or oxygen in the oxide semiconductor layer is extracted by the
hydrogen, thereby decreasing the resistance of the oxide semiconductor layer on the
30 side opposite to the side where a channel is formed (the so-called back channel side)

(making the back channel side have n-type conductivity), which might result in



concentration of an inpurity in the oxide insulating |ayer 356 fornmed in
the treatnment WD 2011/048924PCT/JP2010/ 067193 92 chanber can be reduced.

[ 0398] WO 2011A88R4sput t eri ng gas use§ for form ng the ®CTHB2G1H8N2X i ng

| ayer 356, a high-purity gas is prefe ébly used in which inpurities such as
hydr ogen, water, a 5hydroxyl group, or hydride are reduced to such a |evel
that the inpurity concentration is represented by the unit "ppni or "ppb".
[ 0399] Next, second heat treatnment (preferably at higher than or

equal to f3ffatfonaTG paessatic dHaanelOr TRErre,liDis4Réfefabld thht £fommatien fleglddrint han or
equal to 250 C and lower 10 than or equal to 350 C) is perforned in an

i nert gasvhichbedragercisgot asedds pmelpygadn ardep ipfesmethe pride dasalabing layer 58 econd
heat tre t. | Cin a nitrogen atnosphere for one hour.
By the s%@gﬁ lﬁgilﬁﬁ%i’gﬁfégg‘{?&%‘%g%ﬁ-s applied while the oxide sem conductor
| ayer is [0B935jontact with the oxide insulating |ayer 356. [0400] 15Through

t he above-described steps, after the heat treatnent fqQr dehydration or

dehydPogenat i ofn this pepedimeaY as the; ¢idde wplatng layefe3 30 AistisAn 9xtds film witht o
reduce t LSt ' ' fi biBstl excess
Crate. A WIRBESRIBGant MoK AR SSRGS Bl S

Thr ough tthe fikh domn adios anaoes highepthan bhequahite rdanh tanpeaatsiesindrlo®60thias or

manuf act ured. 20[ Q401] . o FUrthernopre, heat treatnent may. be perfornmed
100" C oaei0g0p “Fordtis B0 Co b SREEREh aiedPrm Rt R herbeon AR <
enbodi ne : i I at 0, i S. heat
Freat nont Y B Hllod an e o A e e w e Bt o el y,

t he 10l | aani oxygeiangespherel be ahathospheteerfpe rat gas (typicabe argds) eodeugged pl ur al
tinmes repeatedlér/i:ztt. e heating tenperature is increased_froma,room

t enper at yMe? {55% 3 S axide & of gilon Jargatcad beised h For MBI SHPB a room
STt okl o il sclhen o Sapag i soel ot
heat treaxygen and njiwgtnr nds thmoxide iesilating lpyassiior whichHe foread wnreamtacent time
,? ?gngie sts gv?i'rtﬁ %%??g(,ide;rs%iglsufoh ?é{g{?’ a%%rsv%fé(gsﬁr}%séagr?cglig %ed%cgcf,) renrlr%ll(;rgén% Ensﬁﬂii{;‘gf Him
15  film which does not include impurities such as moisture, a hydrogen ion, and OH™ and
blocks entry of these from the outside is used. Typically, a silicon oxide film, a silicon
nitride oxide film, an aluminum oxide film, an aluminum oxynitride film, or the like is
used.
[0396]
20 In that case, the oxide insulating layer 356 is preferably formed while moisture
remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or
moisture is prevented from being contained in the oxide semiconductor layer 346 and
the oxide insulating layer 356.
[0397]
25 In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanjum sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water

30 (H0), a compound containing a carbon atom, and the like are removed, whereby the

concentration of an impurity in the oxide insulating layer 356 formed in the treatment



I ncreased. WD 2011/ 048924PCT/ JP2010/ 067193 93 [ 0402] A protective

I nsulating |ayer may be additionally fornmed over the oxide insulating |ayer
356. For wQ2p1/d8924 silicon nitride filmis fornmed by aRCREPHINDE/E93 ng

met hod. In this enbodi nent, as the profective insulating |ayer, a
protective insulating 5layer 343 is formed using a silicon nitride film
(see FIG 13D). [0403] A planari zation insulating |ayer for

pl anari zation may be provi ded over the protective insulating |ayer 343.

[ 0404] lQAsmbesaniteeddwbdve, the highly-purified oxide sem conductor |ayer
is used in the thin filmtransistor, whereby the thin filmtransistor with
reduced dP??¥tate current can be provided. In addition, the thin film
transistor wt d 0f f 5.St r : ' [ A | N [

enbodi nment is Ql?os{o%i t{)lH% %)a?xgﬁtegi ﬁd}aﬂg@gn al;l/ec é\i/({%cg{,%ﬁﬁ lg$§g§éra3|%§r?od in
whi ch a dtigh-pgétycggsassi peferpblpwisdeé dni whichenpiuxiéies cach helhydwogeh.agatetaa be

15i ncreased. Thus, a displ,ay deyi ce which consunes | ess. power in.displaying
a stiPl ﬁﬁ‘g&gyggmf‘ﬁeorﬂlylgg‘dﬁé?? 15 ucﬁﬁé?/ﬁ‘bci‘(f let’ngg?ﬁ]tﬁe lmp“"tﬁ' APRCCRT ent  can
be inple | | Lon w it hrany of the structures of the other
enbodi mﬁ?@%%?“égg’ rog?f’gt .'928“[,\"0"3’%6] ( Enbodi ment  9) In this

enbodi mrerf0394gnot her exanple of a thin filmtransistor that can be applied

to the display device disclosed in this specification wil| be described. A
Chin i1 m trandfetorcasonds Sermsatiariephhoatdhat tvpr E‘é’ﬁl 9208 e 284t he

thin Ti1mLEARRESY %E]ual to 400 °C, for example higher than or equal to 250 °C and lower

10  than or equal to 350 °C) is performed in an inert gas atmosphere or an oxygen gas
atmosphere. For example, the second heat treatment is ﬁerformed at 250 °C in a
nitrogen atmosphere-for one hour. By the second heat treatment, heat is applied while
the oxide semiconductor layer is in contact with the oxide insulating layer 356.

[0400]

15 Through the above-described steps, after the heat treatment for dehydration or
dehydrogenation is performed on the formed oxide semiconductor film to reduce the
resistance, the oxide semiconductor film is in an oxygen excess state. As a result, an
i-type oxide semiconductor layer 352 is formed. Through the above-described steps,
the thin film transistor 350 is manufactured.

20 [0401]

Furthermore, heat treatment may be performed at 100 °C to 200 °C for 1 hour
to 30 hours in an air atmosphere. In this embodiment, heat treatment is performed at
150 °C for 10 hours. This heat treatment may be performed at a fixed heating
temperature. Alternatively, the following change in the heating temperature may be

25  conducted plural times repeatedly: the heating temperature is increased from a room
temperature to a temperature of 100 °C to 200 °C and then decreased to a room
temperature.  Alternatively, this heat treatment may be performed before formation of
the oxide insulating layer under reduced pressure. When the heat treatment is
performed under reduced pressure, the heat treatment time can be shortened. This heat

30 treatment enables a normally-off thin film transistor. Thus, the reliability can be

increased.



25 106 in Enbodi nent 1. [0407] In this enbodi nent, an exanple of a
manuf acturing process of a thin filmtransistor, which is partly different
from t hatwooB/8Hment 6, will be de§) ri bed with refer @EgP2030/F47®31L4.
Since a manufacturing process of a thi’h filmtransistor in FIG 14 30 is the
same as that of the thin filmtransistor in FIGS. 11A to 11E except for
sone steps, the sane reference nunerals are used for the sane portions, and
detail ed description of the sane portions is not repeated. WO

2011/ 048984657/ JP2010/ 067193 94 [0408] I n accordance w th Enbodi nent
6, a gate electrode layer 381 is fornmed over a substrate 370, and a first
gate insul ati nd\ IPAStEFtIVE7 msulating dayac ey bawdditinaylyademmed qyer the7oxidgy o

st acked t. Izt hi | Mer - A t a

St - | aydrSUgERer 36, "Eor SR Micon i 344 & RolcBi " REWSIaAR, ° o
i nsul at i ngethed.erin3Kid@mtadinan, axthe protesive dbsulainigdyywr, 4 proteotile fisutatiagsecond

gate insulating. |ayer 372b. [0409] .. . As_the qoxide insulating |ayer, a
silicén daydé4d islomed using p sdicop pisrids filmy (sep gyLérl,%Dgn al um num oxi de | ayer,

an al um ;[Bgr?ﬁxynitri de layer, or the like can be used. As the 10nitride
insulating ldyer, a silicon nitride layer, a silicon nitride oxide |ayer,
an al um num ni tA ipthmatizatien, inswlating) tayau fornplanariratiox inghy bapesvidagr ovdrethki ke can

be used. JTS%%%%WI@%IF?%&QBS enbodi ment, the insulating | ayer has a

structur nitride |layer and a silicon oxide |ayer are

st acked i[04@4]i s order over the gate electrode 15 layer 381. A silicon
nitride layer (SiNy (y > 0) with a thickness of greater than or egu_al to 50
nm and | ess t haks dascrbgdaibave, thethighty(PBofiadnoxidet sgmicondpesan et is ysedfinr ned as

the first t.e insul ating layer 37 rhn thad, . an ilicon
oxi de 1 ayhf G RTEuEERL o i Bl BBk SLRAE\ MR et G
nm and | eas Behpdavided eqlnhdditor3 Gfe Mhin (10 tramistor Withsredideddoffretate) carsenst acked

as the second gate_insulating | ayer 372b over 20the first gate insulating
| ayer 372%hicksedeseribed ip shis empadiment isgppusio apixe! 1B adisplayfleyiceowhamshy nm j s

formed. , period in which a storage capacitor provided in the pixel can hold voltage can be

15 increased. Thus, a display device which consumes less power in displaying a still
image or the like can be provided.
[0405] _

This embodiment can be implemented in combination with any of the

structures of the other embodiments as appropriate.
20 [0406]
(Embodiment 9)

In this embodiment, another example of a thin film transistor that can be
applied to the display device disclosed in this specification will be described. A thin
film transistor 380 described in this embodiment can be used as the thin film transistor

25 106 in Embodiment 1.
[0407]

In this embodiment, an example of a manufacturing process of a thin film
transistor, which is partly different from that of Embodiment 6, will be described with
reference to FIG. 14. Since a manufacturing process of a thin film transistor in FIG. 14

30 is the same as that of the thin film transistor in FIGS. 11A to 11E except for some steps,
the same reference numerals are used for the same portions, and detailed description of

the same portions is not repeated.



[ 0411] Next, an oxi de sem conductor filmis fornmed, and is processed
into an isl and-shape oxi de sem conductor |layer in a photolithography
step. | n tWo0PB4890di nent, t he oxi de zeniconductor fi | RCTEPLAP/AEAISI Nng an
I n- Ga- Zn- O based oxi de sem conduct or rget for filmformation by a
sputtering method. [0412] In that case, the oxide sem conductor film
is preferably formed while noisture remaining in the treatnent chanber is
renoved so that hydrogen, a hydroxyl group, or 30 noisture is prevented
from bei ng4@sint ai ned i n the oxide seniconductor film [0413] WD

2011/ 048924PCT/ JP2010/ 067193 95 order to renpve noisture
remaining in tH@aﬁmﬁgmﬁ%ﬁﬂﬂbﬁmh%ﬁﬁwnh@Ze&ﬂra@ﬁﬂﬁkl@&%dﬁﬂﬂb@%ﬁwﬂéwﬁréferably

used.  FOrySXAMPAR, g S MIPUID indinaPoa Gha 3 LIRTEHMAUBLL PR N PuTP

IS prefer y used. The ev ati1on eatur o punp proVided with a
col d trap72b rart heeadked ahereoner.c hhirivies emlbo:lhmem eha@atat adulatihg) layee Fasca yopurrp,

a hydrogen atom a conpound containing a, hydro fomsuch a ter (H20)
and t e VRS SUREHER ddMitniglcetnaplgting LAYED BT ttﬂsgrﬁfg%"r%ﬂrg@wn the

oxi de serzeondHGh QkidelihdMdt 'T?)ﬁ:r'léhs‘:ﬁ%s iHcRRLIRNYatSHATRG e G §& Pepr educed.
[0414] As a sputterr ng gas és for formng the oxide sem conductor film a
10 hi gh- §040%}y gas is preferably used in which inpurities such as hydrogen,

wat er, a hydroxyl 0 ride are red ed to t hat the

i mpurity conce SrtB%J Hgf“asutagﬂg &heé lcﬂi}olx f}’fﬁr’ta S"E‘fﬂﬂ Oxgplméepl@‘yer f“b415]
Next, dehRyghabinOski®¢ ladeh A aagsRam Gynafidé NSe ok diee BRNtHOPEUEOr AsaHers is
15 perforrred The tenperature of the first heat treatnment for dehydratl on
or ddRydmitgidnansulating dayer, gHéliconiyatrids daye fatiliean MiBlexidedayawe alumimmr equal
to 750 C, h 2 e that in the case
wher e thé11 dgfl egtl?’ﬁ)rélémrngurﬁ %ﬁ%% ar%%%?aoéé%aléénfféﬂ\% t he heat treatnent
time may [bel():}ne hour or Iess whereas in the case where the tenperature is
| ower than 425 C, the heat treatment tine 20 is |onger, than one_hour.

Here, the subst® dbis mbodimendtheemsplating daves has tar ptrugtyre g cwhich pafilican 5 ki nd
of heat trf’t‘?i%rl?ﬂ aﬂ(ﬁ’ﬁ.as'il?éoﬂsom@enﬁ beat sEarcﬁﬁd {iEiMis 61§elpﬁ&é(r% fte Qbct d,JaﬁyOX' de

sem conduct or ers in a nrtrog n at nosphere, er an dr ogen
are psevenjeedsir omsiithber nitride laper (KINJE senwith adhickmess bibgreaterdhtin ot &abxi de
sem conductor | ayer not exposed to air. In the abgve manner, the oxide

seni condd@tSBI‘m! @ryb#ess thap gr ez 19 2mm A5Q g ‘E‘HB’[S e“&%}‘i“’ﬁ’é) isdomedrasihed by
d .
't 1 o i i o QU Pt 7N O Rk Rerimefod A aRilidob bl R SSICRly  ,

| over) inBto) \tzhle ashigkndss| bf geedter tHani g erqnﬂfterSabhendi et thadneoraqygian 39esimand t he
N20 gas do not i nclude water, hy drog and the like. Alternatively, the
48

purity of(1@hnmingdis embodipenth isngecksd as b s9rond sptsipstatinedaysf 3 2bweheat
tr eatzaenttheaﬂ%r Qttel‘lﬁsdlzﬁmg layer 372a, whereby a gate insulating layer with a thickness of

150 nm is formed.
[0411]
Next, an. oxide semiconductor film is formed, and is processed into an
island-shape oxide semiconductor layer in a photolithography step. In this
25 embodiment, the oxide semiconductor film is formed using an In-Ga-Zn-O-based oxide
semiconductor target for film formation by a sputtering method.
[0412]
In that case, the oxide semiconductor film is preferably formed while moisture
remaining in the treatment chamber is removed so that hydrogen, a hydroxyl group, or
30  moisture is prevented from being contained in the oxide semiconductor film.
[0413]



30 preferably 6N (99.9999 % or higher, nore preferably 7N (99.99999 % or
hi gher (that is, the inpurity concentration of the oxygen gas or the N20
gas is 1 \Npmoro4Boder, WO 2011/ 04892@ECT/JP2010/ 067193 Pagw/Jprodad/e¢7asd y 0. 1
ppm or |ower). [0416] The heat “treatnent apparatus is not |limted to
the electric furnace, and may be, for exanple, an RTA (rapid thernal

anneal i ng) apparatus such as a GRTA (gas rapid 5 thermal annealing)
apparatus or an LRTA (lanp rapid thermal annealing) apparatus. An LRTA

apparatus is alnapRatdicHfovt dioifieRireMdindi} ikhetatinenichapiber; as sfGagient
radi ation of light (an electromagnetic wave) emtted froma |anp such as a
hal ogen [vag#im puiR as Prefeiablly psadp, Far exawnlearac CIYQRWNPa 28 4PBAINIH) CON Anp, a

hi gh |
b2 B A AL g, ol BEGE1E BRI | Thay 1 2GR0 o0
devi ce Wpuadp preeidsd avithabgadd trap.o hah@tremﬁ&semambehamchasachmhued»mﬂfthbeat

radi ation froma heater such as a resistance he%tyﬁé). GRTA i s .a net hod of
heat ©redTYRIVIR: S Miragem; JYAm; & RoEPrng sopjaingad g atomy suchyas Walgss whi ch

does not (kEa¢lanWihdike HeFEREved Wh@feq) e OGREnttdtiRALITRA tlmpﬁfi@hneﬁe Bkilgk 0gen or

a rare gas sZc as argon Is uséd gqﬁeat treatnent may bé perforned at
600 C tosEﬁiﬂmﬁdﬁ@orﬁlﬁﬁnmdaxithmtmahmt alsdnmiger zan B fedoeddiod. [ 0417]

Furt her ﬁﬁt‘ﬁr the first heat treatnment for dehydration or dehydrogenation,
heat tree{ t may be perforned at higher than or equal to 200 C and | ower

than or equal tag ﬂogp&enage% A ady fo h@ding hB OXide WetlicdrAuedP fiinang | over
than or equal to 300 C, 0 an atnosphere of an oxygen gas or an N20 gas.

[0418P  high-pauity gasr ist pieEaably rusad e nvhich rimpyatiesisueh a8 hydmgancweter| ayer can
be perf Orh”ﬁ od{yF (rlj;g ér'}]e d?ée gre ?guceﬁ W 9&% {l dlé[pﬂll u?%ﬁg(?n%g%tr%l}on i he

i sl and- sha] HCoh ayer. rate is

t aken outre s@k@ﬁpﬂguaﬁpﬁlﬁtgﬁ"p@f)t er 25 the first heat treatnment, and then
a photolit 5graphy step is perforned. [0419] Through t he

above- ded8#1ded steps, the entire oxide sem conductor filmis in an

OXygen- excess g\ﬁeX} edehtmﬂraqlggyo t&‘e%gﬁ%'g él%ﬁrﬂtcffqud(ﬁﬁﬁ se&ick@&?&? 1'3%% ?i vity.

resi stance, th e OXl uct or as I-type co
Thus,15an gexfoftfed €M TRNder@p&atudd| 6ty akie 3Bt t heat entitinent efgr odelgtiratiohclor has

- type Codggggolggnlailgn I1ss hgljlgratlhgr? ?)r equal to 400 °C and lower than or equal to 750 °C,
preferably higher than or equal to 425 °C. Note that in the case where the temperature
is higher than or equal to 425 °C, the heat treatment time may be one hour or less,
whereas in the case where the temperature is lower than 425 °C, the heat treatment time

20 is longer than one hour. = Here, the substrate is introduced into an electric furnace, that
is a kind of heat treatment apparatus, and heat treatment is performed on the oxide
semiconductor layers in a nitrogen atmosphere, and then water and hydrogen are
prevented from entering the oxide semiconductor layer with the oxide semiconductor
layer not exposed to air. In the above manner, the oxide semiconductor layer is

25 obtained. After that, cooling is performed by introduction of a high-purity oxygen gas,
a high-purity N>,O gas, or ultra-dry air (having a dew point of -40 °C or lower,
preferably —60 °C or loWer) into the same furnace. It is preferable that the oxygen gas
and the N,O gas do not include water, hydrogen, and the like. ~Alternatively, the purity
of an oxygen gas or an N,O gas which is introduced into the heat treatment apparatus is

30 preferably 6N (99.9999 %) or higher, more preferably 7N (99.99999 %) or higher (that

is, the impurity concentration of the oxygen gas or the N,O gas is 1 ppm or lower,



[0420] WO 2011/048924PCT/ JP2010/ 067193 97 Next, a conductive film
Is formed over the gate insulating |ayer 372b and the oxi de sem conduct or

| ayer 382VOROrM4892d40re, in a photoli tgggraphy step, a r@ETIP201H8K 193 f or med
over the conductive film and the conductive filmis selectively etched to
forma source el ectrode | ayer 385a and a drain el ectrode | ayer 385b, and
then, an oxide 5insulating layer 386 is fornmed by a sputtering nethod.

[ 0421] In that case, the oxide insulating |layer 386 is preferably
formed wpirdferabbi 1 ppm dréoménpi ng i n the treatment chanmber is renpved so that
hydr ogen, a hydroxyl group, or noisture is prevented from being contained

in the o sem conductor |ayer 382 and 10the oxide insulating |ayer 386.
[ 0422] e B&lGfealrlert SBRY BT Rl dPAIANOLRGr TufrlEr, 'hE AR,
chanber, an entrapnment vacuum punp 1s preferably used. For "exanple, "a

cr yopunp fomexangie, pannRTAqrapad thermnal anmealild)i apphiatus suaehyas iasGRTAS @psilbdpid used.
The evacuatiop unit. be a turb rovided with old trap. In
the ¢ oathumel aHEFMIEs _émaeaﬁuq o a0 ot Qi P therel, apicalig)AmmgE Bgen

atom a mWRQpﬁﬁﬂﬁl%%ﬂy%ﬁaramé%Pg@iﬁn?aﬁ BofieEtd BeSprvbds§dd KyHaBhatiofBE t he

| i ke are renoved, wher eby e concentration of an inpurity ’in the oxide
i nsul at i dight éapesle@Bndgnemewaie) donigied from adamp shelnbea helogebdampdumetd] [ 0423]

2000 & SRAHELLAR RN SR, o AR T PR VR
wat er, a highdpR¥dtre BHefdtRy 14ip. NYErdddRiodl ehe’ ERVA @Gparatus 4edy Be prM@ledtwigh t he
I mpurity concentration 1s represented by the unit "ppm" or "ppb". [0424]
25ThABughrot welyabd@@pd@gcalm)éddeyﬂ@pyhicbhgﬂatm am abjqcinte rb&nsqogeswp bgoheahn be
manuf act L&)ﬁ(ﬂlctigg%%qleat radiation from a heater such as a resistance heater. GRTA is a

method of heat treatment using a high-temperature gas. As the gas, an inert gas which

does not react with a process object by heat treatment, such as nitrogen or a rare gas

such as argon is used. The heat treatment may be performed at 600 °C to 750 °C for

15  several minutes using an RTA method.

[0417]

Further, after the first heat treatment for dehydration or dehydrogenation, heat
treatment may be performed at higher than or equal to 200 °C and lower than or equal to
400 °C, preferably higher than or equal to 200 °C and lower than or equal to 300 °C, in

20  an atmosphere of an oxygen gas or an N>O gas.
[0418]

The first heat treatment for the oxide semiconductor layer can be performed
before the oxide semiconductor film is processed into the island-shaped oxide
semiconductor layer. In that case, the substrate is taken out of the heat apparatus after

25  the first heat treatment, and then a photolithography step is performed.
[0419]

Through the above-described steps, the entire oxide semiconductor film is in an
oxygen-excess state, whereby the oxide semiconductor film has high resistance, that is,
the oxide semiconductor film has i-type conductivity. Thus, an oxide semiconductor .

30 layer 382 the entire region of which has i-type conducti\}ity is obtained.
[0420]



Next, in order to reduce variation in electric characteristics of the thin
filmtransistor, heat treatnment (preferably at higher than or equal to 150
C and | o0 20HA4888 350 C) nay be perfgqr med i n an i nert PGASPZMKNOSHer e or a
nitrogen gas atnosphere. For exanple, the heat treatnment is perforned at
250 Cin a nitrogen atnosphere for 1 WD 2011/ 048924PCT/ JP2010/ 067193 98
hour. [0426] The heat treatnent may be perforned at higher than or
equal to 100 C and lower than or equal to 200 Cin an air atnosphere for 1
hour to 30 hourext| aicéddustive filmofhrnediover the datainsitlntag tayat 372b gel fher ned at

150 C for 10 hours. This heat treatnment may he perforned at a fixed heating
t enper at UPade %‘IP@;‘P‘W&F‘P(/%Y?{ e F’é‘%ﬁrﬁ’g‘n@‘rfg‘r?{jglt#%“l‘%g StPa AiTERIS AR er at ur e

may be ng?ﬁeﬁ%vgll HE bnddcBES fil PRAUBILdndubfive HeRls PR cHRTP Sich dHottolm

I ncrease ma roomtenperature to a tenperature of 100" C to 200 C and
t hen decresmede ekzcaodotayet 88frennd wr drainAtkeetrodzt layed $85h, ind themt anl Oxideeat nent

may be perfqroed befgre for lon of the oxide insulating filmunder
r educed dP@@%‘ﬂ}gg?Y%ﬁgﬁ 1%{%‘“%‘2&1}’ atSP'étéﬁrW@ﬁ‘?etF%gperforned under reduced
pressure,roibg heat treatnent tinme can be shortened. This heat treatnent

enabl es a normally-off thin filmtransistor. Thus, the reliability can be
i ncreased. [ 04Jm]that Shgex the axidsr ipswlating/ley¢risifl ia profgrablayfermaiyghile mointyred over

t he oxide insul ati | ayer 386.. 1n this ' s. th ofective
sl at gy elhEln: Zignoct s I o TP tagefra boRLMFTAGS o
formed bymaisapslist @evdngedBbMOSEing Ok SBihed REther aXidkc §dnyicoriduster ddyeng8h aygr 373
and the first gate insulating |layer 372a 20 which are fornmed of a nitride
i nsul ¥ i rife P&l)dérmsﬂkﬁtlﬁstlay{?bﬁggi n inmpurities such as moisture hydrogen,
hydri de,e@ggz]hydr oxi de and have an effect of blocking entry of the
| mpuriti romthe outside. [0429]

In order to remove moisture remaining in the treatment chamber, an entrapment

vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. The evacuation unit may be a turbo

15  pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a hydrogen atom, a compound containing a hydrogen atom such as water
(H20), and the like are removed, whereby the concentration of an impurity in the oxide
insulating layer 386 formed in the treatment chamber can be reduced. .

[0423]

20 As a sputtering gas used for forming the oxide insulating layer 386, a
high-purity gas is preferably used in which impurities such as hydrogen, water, a
hydroxyl group, or hydride are reduced to such a level that the impurity concentration is
represented by the unit “ppm" or “ppb”“.

[0424]

25 Through the above-described steps, thé thin film transistor 380 can be

manufactured.
[0425]

Next, in order to reduce variation in electric characteristics of the thin film
transistor, heat treatment (preferably at higher than or equal to 150 °C and lower than

30 350 °C) may be performed in an inert gas atmosphere or a nitrogen gas atmosphere.

For example, the heat treatment is performed at 250 °C in a nitrogen atmosphere for 1



Thus, entry of inpurities such as noisture fromthe outside can be
prevented in 25 the manufacturing process after the formation of the

prot ect i WeOi20B/14892#ng | ayer 373. l\/bre%éer, entry of noi SCAIR2fH/66712e
outside can be prevented in the long termeven after a device is conpleted
as a sem conductor device; thus, the long-termreliability of the device
can be achieved. [0430] 30Alternatively, a structure may be enployed in

whi ch the insulating | ayers provi ded between the protective insulating

| ayer 37%hoand the first gate insulating |ayer WO

2011/ 048924PCT/ JP2010/ 067193 99 372a which are fornmed of a nitride

i nsul at i r{843@yer are renoved so that the protective insulating |ayer 373 is

[0 contact i Liykgal g SRty 1ASHERRhDH ol MiBEr 3483 BdI100 o apg THUS,

i mpurities such ds noisture, ri oxi de can Dbe

5reduced [b@eathZh YrBaikl €20 PV iR fantdhCatnitRphdrt 65 1 ddr ke 30movaNt efl thignd t he
concentration of inpurities in the oxide sem conductor |ayer can be

mai nt & nesnbodimerftQ482heat treatmemoiseparframed a3l Brthr CzEori ¥h hpwrsul Thisnbedtayer

for planarization be provjded qver, the protective insul ating |ayer 373.
10] 0h33] eafent Bayiche, APHBHGEhaye: TP PrEy CBUEIEY dRcinbeR Bhduct or
layer is f4a6@inkthim& mthe hEdtn@bhpeainsd May béheheYed Maral Bindds rédemeliryansi st or
with reduced off-state current can be provided. In addition, the thin film

t r ansi st dhe \ieating tegupesaturst fs- increasedc fromeatropm; tempesatyssiOr § Bemperaturdjos

enbodi nment i ied to.a pixel in a display device,,where 5 eriod
in whi chn]é)osﬁ)&gg@ cgﬁagiﬂfe&r&eﬁfe&%dd'é’qa f(??r‘?ﬁeéx%f'ir§gfe‘ c ANt t‘a%n\%‘[‘%g can be
i ncr e@sedreafidhit may H pePlofviediBatbeSonhitiod STAIRSHHTBS ins@REin® AN undd} rédRi ayi ng a
still image or thé like can be provided. [0434] Thi s enbodi ment

can be i rmtssmient ddhenntheohdsit riegatment vif terfanped fundere rezipsed prassiresthsf heate ot her

enbodi neq}esatrgcsnt W& nrll)eagh%i"tened. This heat treatment enables a normally-off thin film

transistor. Thus, the reliability can be increased.
[0427]

15 Next, a protective insulating layer 373 is formed over the oxide insulating layer
386. In this embodiment, as the protective insulating layer 373, a silicon nitride film
with a thickness of 100 nm is formed by a sputtering method.

[0428]
The protective insulating layer 373 and the first gate insulating layer 372a

20  which are formed of a nitride insulating layer do not contain impurities such as moisture
hydrogen, hydride, and hydroxide and have an effect of blocking entry of the impurities
from the outside.

[0429]
Thus, entry of impurities such as moisture from the outside can be prevented in

25 the manufacturing process after the formation of the protective insulating layer 373.
Moreover, entry of moisture from the outside can be prevented in the long term even
after a device is completed as a semiconductor device; thus, the long-term reliability of
the device can be achieved.

[0430]
30 Alternatively, a structure may be employed in which the insulating layers

provided between the protective insulating layer 373 and the first gate insulating layer



[ 0435] (Enbodi nent 10) In this enbodi ment, another exanple of a thin
filmtransistor that can be applied to the display device disclosed in this
speci f i caWDap1Mi4B924be descri bed. The tggl n 25fil mtransi $CHAPAEY0¢7TI%ed i n
this enbodi ment can be used as the thi'n filmtransistors in Enbodi nents 2

to 8. [0436] In this enbodi nent, an exanple in which
light-transmtting conductive naterials are used for a gate el ectrode
| ayer, a source electrode layer, and a drain 30 electrode layer will be

descri be®720mhech areaformdieofibauteide idselating dayer lam termsoved s dhatahe phigective

manuf actyred jn _a mapper, simlar _tq those of the apove enbodi nents, and
descri pt i ?%'fngtlwréa iggpplackyith edustgalg W@“IFWF&@D"E)‘@énd process sinilar
to those pytihe above WO 2011/048924PCT/ JP2010/ 067193 100 enbodi ments is
not repeated. In addition, detail ed description of the sane parts is

om tted. [0437]Thas, imgtueitieniisectods trvésturas bydrbgan, hydadd, sandrhydrérdds can be

el ectrode | ayer, and the 5 drain, el ectrode | ayer onducti ve terial
Chat | Or SRS s BRYmuT g D ES G cwbhe Siekerird Sha I SASeBUBBI | ovi ng
met al oXif@mpediesif thSBGde fmitdhdabroPtlyasem eahahtameddew. an | n- Sn-Zn- O based
nmet al oxide; an |In-Al-2Zn-0-based netal oxide; a Sn-&-Zn- O based net al

oxi de; arl0#¥i2jGa- zn- O bfased nmetal oxide; a Sn-Al-2Zn-O bfased nmet al oxi de; an
|0 2 O pacec ARy ooty Yo BT EF T Bt o 30, s S oo

net al oxi de; ed ne ased et al” oXi and a

Zn- O- basegentit protedtivdensuldimgliiyee BN®Ss thereof is set in the range of .
greater than or equal to 50 nmand | ess than or equal to 300 nm as
appr dfri dP833las a deposition nmethod of the netal oxide used for the gate

el ectrode | aye%sh%%',?ri&ﬂu;{b%%,e{h%gﬁ%lgg-guhﬁ&‘?Bxid@r&gﬁxg%%figétai Piggli ECJslégql? layer,

a sputtering met a vacuum oration net an e ron beam
evapor at ithe thirtfiimdtransistdiewhereby theathirafitm dransistr gath mdugddaofif-sgteratriantt or a

th i . When. . tteri thod i I t
P e 21 abIh (ool 1 i JBf H5R i HEaom s GRtCRl GHEstlh fireat 02 of
greater thaph RIdesgitRl ih thideMboaiaRdt is%ﬁﬁlti)édl%rh fikelSA ldi‘i_isp‘l@h(ie@idé’,t ¥héesy Si O,

(x > 0) which inhibits crystallization be contained in t
| i ghtl5t r anperiadt innghish redstotage ecapaditer poovdded i theepizelt carohald woltagd camabé on of
t he oxide condHctjn\‘/e ficll.m at dthie ti of the heat treatnent. perfor r.“ad
sed. us, a display device which consumes léss power in displaying a” sti
later. [0%%&}
image or the like can be provided.
[0434]
This embodiment can be implemented in combination with any of the
20  structures of the other embodiments as appropriate.
[0435]
(Embodiment 10)
In this embodiment, another example of a thin film transistor that can be
applied to the display device disclosed in this specification will be described. The thin
25  film transistor described in this embodiment can be used as the thin film transistors in
Embodiments 2 to 8.
[0436]
In this embodiment, an example in which light-transmitting conductive
materials are used for a gate electrode layer, a source electrode layer, and a drain
30 electrode layer will be described. Other than the above, the thin film transistor can be

manufactured in a manner similar to those of the above embodiments, and description

of the same parts or parts having functions and process similar to those in the above



Note that the unit of the percentage of conponents in the
light-transmtting conductive filmis atom c percent, and the percentage of
conponentWoi2811éMad24at ed by 25 anal ysi rsHO using an el ect r oRCHIBYA0/BET 2y

m croanal yzer (EPMA). [0439] a pixel in which the thin film
transistor is provided, when a pixel electrode |ayer, another el ectrode

| ayer (such as a capacitor electrode layer), or a wring |ayer (such as a
capacitor wiring layer) is forned using a conductive filmthat transmts 30
vi si bl e lengfoidimentsliis pbeyepegvd.c elnhadditiven, egilc@plesdriptionrdft the same petsrieal i zed.
Needl ess to say, it is preferable that each of a gate insulating layer, an
oxi de i nSwriged. ‘ng layer, a protective insulating |ayer, and a planarization
i nsul ati rsI -,a]yer in the pixel be also WD 2011/ 048924PCT/ JP2010/ 067193 101
formed using'a filmthat transmts visible |ight. [0440] In this
speci fication, As foaterialshaft ther gates eletsodd hiybid, éhd sghte rieatreda ldyet, andatheng such

a thickness as to have transmttance Qf isible light o % to 100 % In
the cdse dsainglestode faver; f FORduCtive fnrlena! gty tragsgptsg yi i Flflh‘q ng%ﬂ @ Persided to

as a trangpakenhieC Qﬁ'ﬁj HFEHer?)llBMI{E mEtal BQﬂES c?n 59 RSE tah VIG-Srl-OMBa8H Gfetdl S

sem -transm ssive wth respect to visible Iight may be used for netal oxide
appl i ed taxidepeamalneSreladd-bastd mwyar oxidhe anoln-dd-Zai- @dlascxhenttayemﬂdd,he drai n

el ectrode, | , ~the |er | ect fode | ay er el ectrpde |

anot her %W‘Gﬁ?nr%}’éﬁe THRE R on &S ved? | @{%%&)%@ CF ?tfi nsH (zSI vé WI th
10r espectsd 81-ZhhBh&dl th@BL 0:iddli ah £5n-6-Basé iR Y bRile! 5 SHSZH Otee metal vi si bl e
Ilght of 50 %to 75% [0441] When a thin filmtransistor has a

| i ght10t r xddes tatllﬁngIde?iLS@@ yetad oisdes i Be@-based enctal inxidgy arSnuPebased metadan be
I ncr easedoml: 2 and 8 cu\lZL d Ib%%’é'ddmgtray 3%1%' dirg ltlﬁ}fk&@gle%o?fls 10 § ﬁ{%ensané% of Of

smaller in ure ra i 0 can chleve even en the
si ze of pgrmd:rsmms ofl eqxraeas SOI nnnamr Ksy than of equal 2@ 300 ghess appsopriste. oPADE

di splay i mages by, for exanple, increasing the nunper of gate W rings.
Furt her, 4990%?1?1@1%1‘94 ghtthe mefal Axidg pepds fof the gat ecslﬁﬁ%?f@n{agcﬁ’ they SOWER i1 m

transi stcarl%ctl‘aﬁgnlagé}emna YO Raifll LA Y SRribE| FRGANS Shofitn | o

provi ded fure ratio can red ufficient area of a 20
di spliay re&gpcnatlmameﬂned :{m:eleecbn eamt Mporaaom tm:tlmge)r ¢lzepblos)f or aroeyschagé or ned

using the sa rial t he arre st the c one n th nfilm
LT ;o1 Go piipRatetioibra riv e b sredy S ASvatrPareed Rmioy el
propertigpis p:xfe\Mm& lhak IZl@p@slﬂﬁfnt bY Berftied sy PearkofRinihgBiOY 8 greb@f42]

25As descri bed above, the highly-purified oxide sem conductor |ayer is used

in than or equal to 2 wt% and less than or equal to 10 wt% and SiO; (x > 0) which inhibits
crystallization be contained in the light-transmitting conductive film so as to prevent
20  crystallization of the oxide conductive film at the time of the heat treatment performed
later.
[0438]

Note that the unit of the percentage of components in the light-transmitting

conductive film is atomic percent, and the percentage of components is evaluated by
25 analysis using an electron probe X-ray microanalyzer (EPMA).
[0439]

In a pixel in which the thin film transistor is provided, when a pixel electrode
layer, another electrode layer (such as a capacitor electrode layer), or a wiring layer
(such as a capacitor wiring layer) is formed using a conductive film that transmits

30 visible light, a display device having high aperture ratio can be realized. Needless to
say, it is preferable that each of a gate insulating layer, an oxide insulating layer, a

protective insulating layer, and a planarization insulating layer in the pixel be also



the thin filmtransistor, whereby the thin filmtransistor with reduced
off-state current can be provided. In addition, the thin filmtransistor
with redN@QIBif8RHat e current which '&ldescribed i n t hiPETIRYAGDGTEIX | S
applied to a pixel in a display device, whereby a period in which a storage
capacitor provided in the pixel can hold voltage can be 30i ncreased. Thus,
a di splay device which consunes | ess power in displaying a still imge or
the Iike can be provided. WD 2011/048924PCT/JP2010/ 067193 102 [ 0443]

Thi s enbddim&hisimgenfibe tharrhesneind wsiblenlighanbi nati on with any of the
structures of the other enbodinents as appropriate. [0444] 5 (Enbodi nent

11) (044} t hi s enbodi nent, an exanple of a light-emtting el enent that
can be applied : { Vi | SC it i i if i will
o descrt bed with it Sciticifions G %ﬁﬁ_w{%{ﬁgﬁ%ﬂi%&hﬁ’gé%%&ﬁg{n%%% 17A and
17B. [ 044b5hickiiesy dshtoshavplitahkimittince @f visiltle dighayf 5 aatl00r%! udtechel ¢hsa pi xel
of a display device, a light-em tting elenent utilizing electrolunm nescence
will Be 0wy thsdilmybBasgondleiiityethe filgnis alsei refericd te e Adrnspasent copdyegive

el ect ol ik SRRAGS aAdhdaLARSLilth Whidh GOSN adshillR! Boh RspdcOR RIL!T N
material 1s an organi c conpound or an i1norgani c conpound. ‘I'n general, the
former i dighefneayr bel used dor anetalr geide appliede ke mentgateaeldcttdide lagert ahe issuncef er r ed

15 to as an_ i norgani .el enent.. [044 . Th rgani ¢ _EL el enent
i ncl udes ‘??trﬁa"oé"é’,er’at%‘ég#ﬂﬂ ectrofg léyelr’ \?‘%rplt‘ﬂrﬁlgﬁtwﬁﬁgagﬁ Yo ieiect’:‘(? ound
bet ween g aRogRuRR dviting 18k N0URe IR BlthivdhicRfis Sdiei-@iRARshve WREe to be

hi gher than that of the cathode so that holes are injected fromthe anode
and 20 elrespectoosvisible light éctieatesfa iim hieing atahsmittance ofhasibleyleght b0 o ng an
organic coq?ound. When the el ectrons and holes (carriers) are reconbined in
t he Iayeﬂscdntaining an organi c conpound, energy is generated, the organic
conmpound b@yﬁng light-transmtting properties is excited by the generated
ener gy, Jnd ight is emtted when the excited organic conmpound returns to a
ground st ate. Bieaashindilmsuatsistorrhas hdighstransititing poogpatyi as detcribed mboxe, | s an
X I rr - exgi ion light-emtting el nt . .
exanpt C%Le gpe?tlljlre r%{llE) cgn e Enactreaged. f%rtsmgﬂlhtqmd cgyset‘alecﬂgal;y panels of 10 inches
15  or smaller in particular, high aperture ratio can be achieved even when the size of pixels
is decreased in order to realize higher resolution of display images by, for example,
increasing the number of gate wirings. Further, by using a light-transmitting film for
components in a thin film transistor, even when a group of high-density thin film
transistors is provided, high aperture ratio can be obtained and a sufficient area of a
20  display region can be secured. Further, a storage capacitor may be formed using the
same material by the same step as the component in the thin film transistor so that the
storage capacitor can have light-transmitting properties, by which the aperture ratio can
be further improved.
[0442]
25 As described above, the highly-purified oxide semiconductor layer is used in
the thin film transistor, whereby the thin film transistor with reduced off-state current
can be provided. In addition, the thin film transistor with reduced off-state current
which is described in this embodiment is applied to a pixel in a display device, whereby
a period in which a storage capacitor provided in the pixel can hold voltage can be
30 increased. Thus, a display device which consumes less power in displaying a still

image or the like can be provided.



[ 0447] The inorganic EL elenents are classified according to their

el ement structures into a dispersion-type inorganic EL elenent and a
thin-fil iwDrRorigesd2¢ EL el enent. A di SP&I’Si on-type i nor gZATHPHEIL0/47d9eNt has
alight-emtting |layer where particles™f a 30 light-emtting material are
di spersed in a binder, and its |ight em ssion nmechanismis donor-acceptor
reconbi nation type light emssion that utilizes a donor |evel and an
acceptor level. Athin-filminorganic EL el ement has a structure where a

| i ght - em[0443]g WO 2011/ 048924PCT/ JP2010/ 067193 103 | ayer is sandw ched
between dielectric layers, which are further sandw ched between el ectrodes,
and its |ight dhissSmhedipentasansbei inpleagited cf cHPRINALIQH With 4y 8h theat
GeLtrzes dAnGha ol o Bl ARSI bl gL Telal Tons Note thal o
description is ma ¢ here usi ng an organic EL element as a light-enitting

el ement. [640Y448] FIG 15 is an equivalent circuit diagram of an exanple of a
pi xel confiquration, [0449] The configuration and operation of a

pi xel Swi 1(Embedient tped. Here, one pixel includes two n-channel transistors
i n each of whi g uafeRBhMfcAETh CORALERT 1Y eitifg Limihethal BmthClipmog!
formation region. [0450] A pl xel 6400 includes a swtching transistor
6401, a doithd digplay dasice disclogeDin thasspeaificatyin wdhbe deseribed watbrrefegat@d to A gat e
of the swi.t.chi r | S 6 i on d to-a scan line 6406, a first
el ectrod\éél%oﬂj’e%g?gaf@%t?r]tcg’é’f“i?h%‘m%@ drain 15 el ectrode) of the

swi t chi nqoi4gnsi stor 6401 is connected to a signal line 6405 and a second
el ectrode (the other of the source electrode and the drain el ectrode) of

the it ching Irthissimhodimenoas 4 displanplemenyinelyded W pixeffofiargisplay davice, |
transi st qr,. - 1. V! . L.SLQr o to the
second el()aelégj ?%ﬁ]é“ F g%get;%etngépfl%ﬁ & g [?é:%ts)lgglrnﬁ:gesge gg{@obggﬁ: g%(ljﬂ ettcl hag(%gp:’ gl‘q}r}\lﬁﬁ

el ect r odd)igiatfentiftings \vldnedmitsn gtilizimgs eltwolufidfitbcerichearki thassifitd ciccarding so 20

connected to a power supply line 6407, and the second el ectrode is

connect edvhethes 3 lightremifting: thafgeal iy ap; Q{gnlg!cg@pp%yr B InieAn¢ gamPed: ti ng

el ement Q§%%ner‘§1, HRCRBH e LisGefFRE %o 8 ad BgahicHY eRHehi WRG uR BIENS r&ER4d
correspon to a common el ectrode 6408.” The commobn el ectrode 6408 1s

el ectisSi cab hyarc morgaaioddl tlementonmon potential |ine provided over the sane
substratei 4@[0451} The second el ectrode (the conmon el ectrode 6408) of the
light-em Pf' g element 6404 is set to a |ow power supply potential. Note
that the | ow paeRLrSMRIEY eRAlehtntRled & #holB£kthode, &R lafér doRikhiRg b 9h

power supply potential when the high power
organic compound between the anode and the cathode. The potential of the anode is

made to be higher than that of the cathode so that holes are injected from the anode and
20 electrons are injected from the cathode to the layer containing an organic compound.
When the electrons and holes (carriers) are recombined in the layer containing an
organic compound, energy is generated, the organic compound having light-transmitting
properties is excited by the generated energy, and light is emitted when the excited
organic compound returns to a ground state. Because of such a mechanism, the
25  organic EL element is an example of a current-excitation light-emitting element.
[0447]
The inorganic EL elements are classified according to their element structures
into a dispersion-type inorganic EL element and a thin-film inorganic EL element. A
dispersion-type inorganic EL element has a light-emitting layer where particles of a
30 light-emitting material are dispersed in a binder, and its light emission mechanism is
donor-acceptor recombination type light emission that utilizes a donor level and an

acceptor level. A thin-film inorganic EL element has a structure where a light-emitting



supply potential set to the power supply line 6407 is a reference. As the

| ow power 30 supply potential, GND, O V, or the |ike may be adopted, for
exanpl e. WOR8t1&M8924] di f f erence bet V\B?@ t he hi gh power &SGHEAPIIHBEAM i al and
the | ow power supply potential is applfied to the light-emtting el enent
6404 and current is supplied to the light-emtting WO

2011/ 048924104PCT/ JP2010/ 067193 el enent 6404, so that the light-emtting

el enent 6404 enmits light. Here, in order to make the light-emtting el enent
6404 em tlaydr g sandeeichedpbst@dén dleldciricsRiyersOwhivhtart Hertietsandwizhedlbéfreernce

bet ween the high power supply potenti al and t he | ow rll)ower suppl y potent| al

is a for\ﬁéffcéf(’fl% anhiss thﬁémlﬁt‘g@ @Pchﬁl&ﬁbﬁs locgligerhtype light emission thabptilizess power
i's suppli;g rsﬁel@ Eﬁci?%nsiﬁ'&? ¥ me la'i‘?or§40 ote fha @ésEhﬁ%ﬂrﬁ’ ! &gguggépomer

is supplie e power supply e sot at t Rt-em ttrn

el ement %MgmﬁmEErﬁdmemuhseﬁghtb@inttmgmcrdempI ayi ng pul sed i mages at

i nterval S plurality of still imges can be switched and di splayed in
or der ? SJQ‘?‘I&J di splay can be 10 used for a display of a clock or a watch

that ticks awa nge may
be suppli ed. [3&11%21]35 ﬁ%ﬁ%ﬁiﬁgle{}pﬁt@ugmﬁgﬁgﬁtﬁ@ ’ga“#ﬁlé EP?FIXEP%@?%E{%? gr in

whi ch a HD@W]y purified oxide sem conductor |ayer is included and off state
current i s suppresse used t.he xel 15partion.. thu otentl whi ch
T rttten to HiE cganelByo A B e Binet Efiche dsRBandel Hier ReR AL e

SWi t chi NdndladdRSiwed RIchSHRL thafisiftbfs inNcR dfRAkick a6 aRddd Sdiicombachre 1RyQ@vs ded
between the gate of the driving transistor 6402 and the power supply |ine

6407.10] 048] isschannelfarmationgegiandr i vi ng nethod of the light-enitting

el enent 36 {9 a 20 nethod of perform ng anal og gray scale driving will be

descri bead. Jltage hi gher than or equal to voltage which is the sumof the
forward vol t ageA pfxet 5400 ixghides i stvi?l'tdh@geirmﬁsnir 6544D4aahdnﬂg tramdfistdbhe40; i vi ng

transi stor 6402 I1s applied to the gate of the |v|ngtran$|stor 6402. The
forward @At %lgléghé‘lemcl”ﬁ’@gl FIQWFU'eﬁf‘Q‘h nd éﬁtérr%tth%ﬁmtchlﬁél transastor, 640} tisge at

whi ch ., JeBhech ITOBNGR MeoRrRkNACbucABdohdH HdGRCALIdRAR alO WRIA

t hr eshol tage inpltting a video signal to enable the
transisst clecréde) d)ﬁ)th@[mvimhmg malmslmt A0At is wonnegyidoto, a cignak hine 6405,bandsaippl i ed

to the light-e g | eent 6404. In qrder, for, the, driver t tor 6402
to oper atg cong %Tﬁ ﬁ r%ﬁ H HF FUICEH ecﬁ’&dgrﬂ“fia'lth oqra‘t“h%leﬁb‘?ﬂ%? SJE Bly line
6407 is %%Jltcﬁinghﬁhs1ﬁt|8§ll4(§i‘f§ cﬁﬁﬁ&td?ﬂb%rgtateaéf tRé dltrb@ tﬁhgmr 640 RNA g4telof 6402.

When an anal og video signal is used possible to feed current to the

| i ght - enithe dngmg@raemetne 6#025r$®4>nn¢ctfabtodhd atn:@ed wlectoden@he,ptienofsthg saurcaind .
perform ae'i‘&:ltrcc))ge Ind e Cc?ram e(iir Itr\(l)lderzsgof tLe swﬁl,hmg transistor 6401, the first electrode is

20 connected to a power supply line 6407, and the second electrode is connected to a first
electrode (a pixél electrode) of the light-emitting element 6404. A second electrode of
the light-emitting element 6404 corresponds to a common electrode 6408. The
common electrode 6408 is electrically connected to a common potential line provided
over the same substrate.

25 [0451]

The second electrode (the common electrode 6408) of the light-emitting
element 6404 is set to a low power supply potential. Note that the low power supply
potential is a potential smaller than a high power supply potential when the high power
supply potential set to the power supply line 6407 is a reference. As the low power

30 supply potential, GND, 0 V, or the like may be adopted, for example. A potential
difference between the high power supply potential and the low power supply potential

is applied to the light-emitting element 6404 and current is supplied to the light-emitting



WO 2011/ 048924105PCT/ JP2010/ 067193 variation in its characteristics.
Therefore, a plurality of thin filmtransistors each including the oxide
sem condwwoOap1VEges whi ch are arrangedpd n a di spl ay regiPOl/JAXEY067A%e

uni form characteristics. The driving transistor 6402 has | ess variation in
the characteristics and can be precisely controlled in accordance with gate
voltage to which 5 current flowing to the light-emtting el enent 6404 is
witten. As a result, the djsplay device that is one enbodi nent of the

present iSPRERLIGIN4i 50 thapha lighirentiftipg. dJemert §A 0 apitalishii « hereds adagpray
unevennesg,ye %%5ﬁ£l{[':éﬁgjl h%r elefheliP UGN & 19@1 pt, V&L:ﬁ a;ﬂ)‘?erﬁiira} ¥4 RG H'zgdth@nabl €s
an area grayscal e ay using a plur pi xel s, co or i spl ay
(e.g., RiBtenGaBdiffeiddce batdve&ﬂidﬂjlgbpowanhippm pmmntuﬂ aad pheuload pawerchpplyxel s
(R G and B Vi di.ffere m ssion.colors, and the like. In the case
of the vd?ofeééj‘épisr?pfng”‘vglﬂlr ﬂ‘é’%Y‘ﬁ(ﬁgﬁQrﬁﬂ‘ﬁbd a signal is input to the gate
of the dripysyg transistor 6402 so that the driving transistor 6402 is

conpl etely turned on or off. In other words, the driving transistor 6402
operates in a |Funbar, DEgbwer isidipplied to thqa)(mdr\silp@ytlmrfgiogt oin padirulaper at es

| e ca0 e dyathesar it SimRBeg e bORwd aph e TARCHE o b3 RipRe T

vol t age hilghaift é4vancar eﬁiﬂuehlséd)h‘gﬂﬂt dydplacyihgl pulst® iBbFsOht ini@ve) ﬁage of
the power supply line and Vth of the driving transistor 6402 is ap%ﬁl ed to

t he si gnailumalityeofetigmages qapdsmwitched and displayedhiatorders o Speh 2 Hisplagsan Wher e t he
l'i ghtyem I t_ 64 r al i nmet hod
or 2. Dol 1558 76 E4RBES] o tiock Br AT HER o (R B0 I HEBKEE TG a0
driving t;rozmsm&mont\&Aﬁgedmngbmalyeieduﬁpueda | ong time because off state
current of %ﬁe swi tching transi stor 6401 per a channel wdth of 1 gmis
suppresse[g4 25 for exanple, lower than or equal to 1 x 10-16 A/gm Thus,
a still image qar}m’e erfibothaed ﬂh'ih g mm&ympwchomhfgmﬁpﬂméa Byiagal |
nunber of witing of | nmage signals. frequency of witi of signals can
be reducesmicwindottor badsmtmcladecbmglcmfhsmta CUITEO\E SUPPTESSEdps |us¢d inNbe ixehat t he

pi xel _confi tion is mte o .t hat i us rated in Fl 5., For
Excanpie. ROFESts sy PoiE R SPFL e 3. he it b P ViR s B 08 iR,
r esi st or 1wl§iéatlﬁaﬁ@i€dh‘i tramsi$tbP BSOS iObif. aNoRItHat Gl édpdEitor Mhy HREprolided [0458]
WO 2011/ 048924PCT/ JP2010/ 067193 106 Next, a cross-sectional

st r uct ur eepveenithe gatg of theidrivingransistori6h@dand the powresuppbelinet487GS, 16A to
16C. Not %‘;ﬁt athin filmtransistor including a highly-purified oxide
sem conductor | ayer may be used as a driving TFTs 7011, 7021, and 7001
illustrated in AJ @P.exdfple OB, drvifle Hidthod 08 PRE lighEtntittifgd elegneatiadod, any of

the thin filmtransistors 5 described in Enbodiments 2 to 10 can be used.
[ 04590  method of performing analog gray scale driving will be described. Voltage higher than

or equal to voltage which is the sum of the forward voltage of the light-emitting element
6404 and V}, of the driving transistor 6402 is applied to the gate of the driving transistor
6402. The forward voltage of the light-emitting element 6404 indicates a voltage at
which a desired luminance is obtained, and includes at least forward threshold voltage.

25 By inputting a video signal to enable the driving transistor 6402 to operate in a
saturation region, current can be supplied to the light-emitting element 6404. In order
for the driver transistor 6402 to operate in the saturation region, the potential of the
power supply line 6407 is set higher than the gate potential of the driver transistor 6402.
When an analog video signal is used, it is possible to feed current to the light-emitting

30 element 6404 in accordance with the video signal and perform analog grayscale driving.
[0455]

Note that an oxide semiconductor layer provided over a substrate has less



Light-emtting elenents illustrated in this enbodi rent each have a
structure in which an EL | ayer is sandw ched between a first el ectrode and
a second ¥pgotvEs4 [ 0460] 10As for thg first el ectrodeP&idPHE0/067AI3

el ectrode of the light-emtting elenent, as an el ectrode serving as a

cat hode, the following material having a | ow work function is preferable,
specific exanples of which are a rare earth netal such as Yb or Er as well
as an al kalji _metal such as_Li or ,_an al kal i ne earth _netal ;such as My,

Ca, or Srvariaien i ity ehajaciesistiss- mﬂger%fﬁsﬁ o Phumdity ify dindilay sraleSést@rs eawg Ag or
Al :Li); r hi gh
wor k fungﬁ?lg(?}n Stﬁ%?;e( eraﬁ%otﬁhg(%ggr% es o?th\/\ﬂ@dcﬁxag %dT?Il; tgadr%?dl}rf\?m r| e, Zr N,
Ti, W Nihav®tunifGrm cmathctemnspaﬂémtdm@mmhslmr r6d02rhiaallesssvfatiaa ihTi®e | ZO
(i ndi um 2| nc oxide), and Z te thﬁf‘lln t he case _where an el ectron

i nj ect i orfPRSIEFISHG and cap b IPFF%SG cofrofipd 1 39serdancriwith gatervoliagsto \hiche a

hol e isnj %Ifﬂeﬂtnﬂ&\@ﬂlgrto'tﬁe fl%{tr@ﬂtth& QORERH40MiE WritleR. aﬁ@‘lenesuﬁﬂ thé‘fﬂsgﬁ{z‘ce of
the work function of the el ectrode material can be reducéd el ectron
injecti ordem;yethatarsdonmemboqunnjoéctha qredeal erventign be chpable of Usgingyalitpr

exanpl e, da G @2 erial of an organic conmpound and netal oxide, netal
oxi de, %P?:yn% S5t dISRlY #PPYENOEH- an or gani ¢ conpound and an al kali metal ,
an al kaI i[ogsgarth netal, or a conpound thereof. Alternatively, the electron
injection layer and the hole injection |ayer can be forned by conbining

t hose 25nmat eri dlugthers aawphwrlnamtevolfmsmvmg methody h@ab&S B&y@??a feoayiveade over

the fi.rst,.electrode Si a r al i ers.

t he clgse Wé\?e YHe? ECH¥5¥8fpﬁxﬁét fuod%r (?%’lﬁ’( {Pr%1 I t@’ % 1 ay f%ndt% @f?ijgyure i n
whi ch an canMifation ofal pruraRiyesFipigdls (RYEand B) kgt diFB@RCEHissidN @blors) and
light-emtting | ayer, an el ectron transport |ayer, an electron injection

| ayer, arbe likeatinghe casecofsthe yrliage-mpuhyaltage-deivingrmethad.co pigagltis ipput tone

oceocnr 9 5iE o ER Al MnBUAIBAP I P Bl haRio e IS BmbREE) 03 S0y
st ruct ur auey oher effp! Gy eiet woirds) the dﬁvmgumakfsﬁoy 6402 dperatey@rslindat figicar €

separated by an internedi ate | ayer serving as a charge generation |ayer are

pr ovilded Sie¢e e slriving ﬁwforeﬁ‘*@étqpsmes@eﬁdh% Haca degiam, %ql@g% higher tl{aeztB?] 5At

| east on rafesandist d rusing a
conduct i \%’%ﬁ BFHIeVIISo%@er 8‘%‘? l?%a?\sm tstzili5 Bé‘g%g%r@i?f EI% t lﬁg n%ﬁtﬁ em ssion
i s extrad4éd. f Nota thttezollta@hlghmthan mtg:qahlemnttagmhmhm thg st df Itlm voltage
classifict'on basedfnthedretlonlnvvh {.em [%(g romtE

i ght - emiAtPHBORETHRREY sy 3o @ FheadréY}B%frraaﬁlﬁoié fsrapptiedj o theesigna

three typjgeasostructures of light-emtting elements; a top em ssion 10
structure in which light is extracted fromthe side where the -

| i ght20eni[043Hg el ement is formed, a bottom enission structure in which

B A S L e e
the |i ghtanglist dgrayi@alel RiveRYE niethddos® olthdd4@pht voltage-driving method, the gate

potential of the driving transistor 6402 can be held for a long time because off-state

current of the switching transistor 6401 per a channel width of 1 um is suppressed to,
25  for example, lower than or equal to 1 x 107'® A/um. Thus, a still image can be

displayed in the display portion even with a small number of writing of image signals.

The frequency of writing of signals can be reduced, which leads to a reduction in power

consumption. Note that the pixel configuration is not limited to that illustrated in FIG.

15. For example, the pixel illustrated in FIG. 15 can further include a switch, a resistor,
30 a capacitor, a transistor, a logic circuit, or the like.

[0458]



15In the case where the EL |layer is stacked over the first electrode, a
peri pheral portion of the first electrode is covered with a partition. The
partiti orWwD20figH88d usi ng, for exanpl o6 AN or gani ¢ resi RCTIPMIOHOTH yi m de,
acrylic, polyam de, or epoxy; an inorganic insulating film or organic

pol ysi | oxane. The partition is preferably fornmed using a photosensitive
material for the following reason: if an opening is fornmed in the 20

phot osensitive resin material which covers the first electrode with the
partition |eft Nexttah@ogsesectidrel struqome tof die gikeltwidl Hei desdrited editlr efteenc tsi de
surface fromthe partjtion to the opening .is fornmed as.an inglined surface
Wit h contﬁI§§o&§Aéa rh05t uMOte Hhat 3 tgtneﬁl%fraflwtm Hisludipga %lyfagﬂﬁidaﬁxﬁé
omtted. s r :

Subst 1 ai & AN RS b Bl L ihd TR Q0L Or o P e IMERHIE, et by
a dropl etFIGSs ¢bAr HEB,nedhicd, sesphctaslyan Honlekanplepaiyoof, tha thini film mgpsmseérkod, an

et chi ng t hgd ,usin . photol i hogr.aphy,techni que, or the like. [0465]
30Fur?he;5%5‘frﬁ’efi§“ EF&’Pg‘r"g"d’ltse?f%}é?cag‘rPed\?g‘?'coat | ayer be formed over the col or
filter ar[g4§9]pr otective insulating |ayer be additionally forned. The

provision of "the overcoat |ayer allows unevenness caused by the col or
filter to be ellightremiiing cltreernds dloswatod inthis sIbEmen0epgh RAVECT SIIRROE(H 067193

108 t he protecti i nsul atin i I m can_.preyent i rities from being

di sper seq PrEAt Fhinisb ey Rfigt borleffR ot EER PR HAEHF PR 0408 note
that in tibgegjase where the light-emtting element is fornmed over the 5
protective insulating |ayer, the overcoat |ayer, and the insulating |ayer

whi cHOar e f or méts fou e fimeelegiradernd seeond rdscirods of thedight-gmitting Flsment, ap
penetrat g ﬁtl&?roaé Sk a\é%héaﬂ?o‘dk%k ?Qnév@i?ég 'mat Hid},&? bV G \L&g%nctﬁ’mst he
g ode lay8r or a

I nsul atin ayer and reaches a source el &ctr rain el ectrode
| ayer of préferable, ppdcificextarmpiesicftwdrich are faocareedrth inetgdanth auYhior Er hewelbias act
hole is preferablé forme posi.ti.on overla

at t ping wth the
above- d_eéé‘rquﬁ’é’dmﬁ } suah; a5l of &5, An @tisaline earty me ISP‘E]‘r %SV\M& €8 e #ed AR event ed
from bei ng oy aMaRthg A the above metals (e.g., Mg:Ag or Al:Li); as an electrode serving

15  as an anode, a material having a high work function is preferable, examples of which
are titanium nitride, ZtN, Ti, W, Ni, Pt, Cr, and transparent conductive materials such as
ITO, IZO (indium zinc oxide), and ZnO. Note that in the case where an electron
injection layer is formed in contact with the anode or the case where a hole injection
layer is formed in contact with the anode, an influence of the work function of the
20 electrode material can be reduced. The electron injection layer and the hole injection
layer may be formed using, for example, a composite material of an organic compound
and metal oxide, metal oxide, or a composite material of an organic compound and an
alkali metal, an alkaline earth metal, or a compound thereof. Alternatively, the
electron injection layer and the hole injection layer can be formed by combining those
25  materials as appropriate.
[0461]
The EL layer formed over the first electrode may include a single layer or a
plurality of layers. In the case where the EL layer includes a plurality of layers, a
structure in which an anode, a hole injection layer, a hole transport layer, a
30 light-emitting layer, an electron transport layer, an electron injection layer, and a
cathode are stacked in this order and in contact with one another can be given as an

example. Note that not all of these layers are necessarily provided. Alternatively, a



A structure of the pixel including a light-emtting el enent having a bottom
em ssion structure will be described. FIG 16A is a cross-sectional view of
the driviwe 20HV0489247011 and a |i ght-eEr(}7tti ng el ement 70PETidR20dH/061%3
provided in the pixel. 15[ 0468] n the driving IF!' 7011, an
insulating | ayer, an oxide sem conductor |ayer, a source and drain

el ectrode layers, a gate insulating |layer, and a gate el ectrode | ayer are
provi ded over a substrate, and a wiring layer is provided so as to be

el ect ri cathuytuomag bt @ehplayedag whidh 4 prrdybe ELdaybrslivhich a2t egjarnedbl ayers. 20
[ 0469] ) An insulating layer 7031 is fornmed covering the driving TV!'
7011, andnigreeslige layer sepingana ghyrs gepgativh Ej‘YFrsarﬁrRWY‘éé‘g bgtyecen the firs

i nsul ati | i ransmtting conductive film 7017 is forned
over an o%\?eeclrn?gg%mfg%é?w%ﬁ&gﬁ%é'an insul ating |ayer 7035 which are forned
covering [0#62]col or filter 7033. Note that the 25 drain electrode of the

driving TFT 7011 and the _conductjve film 7017 are electrically connected to
each &t her thr&rdﬁasaﬁnsﬁém%grsr alﬂﬁga‘;q g the ssedeelsetrq y@&olﬂf?ézw&%e

i nsul ati ngnha¥RE fﬁﬂ3§avir?g"'ﬁ%l§tn?anisﬁ§tl>ih§g%dgﬂnieékﬁrthth%t hRdsor! Radxtrdcibll " St

qr
el ectrode 7013 of the I1g emtting ment 7012 i's provided on and in
cont act Vrarh thehléght-enitiogicleendnit.| nAI@tding 30 tHeGApgificatid based on the direction

conduct VB ¥ h s Pl e 10F Jebhepiting ol bried pPPhachBRRdR S 17

of i ndi urgxesttel® et At a8 typid Sthabufs sfelightReHitiny Zldikerdsi L®pCethisdibRi NY
tungsten oxide, indium oxide containing titanium oxide, indiumtin oxide
cont dPni ritfuciureain whichight is pxfeictash from tg& side whese denlightemiftigeglenaenttiy as

| TO, ind i xi de. ..or i ndi [ ' ' gl [ is
added ca%loﬁrggdtzjg (rai)g)t t8f’0%§'§i185 Sir&g{u‘é%&%&fﬁ%ﬂgﬁgﬁ edrC Qoqﬁhtgé ? l|%r}tsr? t)éesﬁjeét rode
7013 of tdnd & dughtmésiohtstragued @nehich Tightis iemitskflomsboth deet substeateside abé
described, In the case where the first electrode 7013 is 10 used as a

cat hode, the side whererthe Hghtsemigingleent syformeet al having a | ow work functi on.
In FIG 16H46 ]he first electrode 7013 is fornmed to have a thickness that
allows light transm ssion (preferably, approximately 5 nmto 30 nn). For
exanplse, an al Umitheucast whereothe L MyeAiy sédcked oférl the firsttelectrotie, ckperiphermd 20 nm

i d f .th irst el de 7013...15[ 0473 .Note that, th
T aht <t r RS o the B SFrB00S B et JHA AT Ohe TheRAriGN LS APBES Ui ar o

pr ot 2l LR U Yl AR o Rl s BRGS0 GORRUES Yo
t he | i ghtinongamis nisuldting fdonduotganis palysiloxae7 dibd partéion is prefetablyt foored 7013
can be Etucspn%da llijl?oitg nszigvet: pn%tesnaapForqﬁes i(dllol)vqgg? fgason: if an opening is formed in the
20 photosensitive resin material which covers the first electrode with the partition left in
the peripheral portion of the first electrode, a side surface from the partition to the
opening is formed as an inclined surface with continuous curvature and a step of
forming a resist mask can be omitted.
[0464]
25 Note that a color filter can be formed between the substrate and the
light-emitting element. The color filter may be formed by a droplet discharge method
such as an inkjet method, a printing method, an etching method using a
photolithography technique, or the like.
[0465]
30 Further, it is preferable that an overcoat layer be formed over the color filter
and a protective insulating layer be additionally formed. The provision of the overcoat

layer allows unevenness caused by the color filter to be eliminated. The provision of



For the second el ectrode 7015 fornmed over the EL |ayer 7014, a materi al
havi ng a high work function is preferably used. Further, a light-Dbl ocking
film7016Y0P8H/M8%4pl e, a nmetal which,fl ocks Iight, a mBCAVPHHPRE19%f| ects
light, or the like is 25 provided over the second el ectrode 7015. In this
enbodi nent, an ITOfilmis used as the second el ectrode 7015 and a Ti film
Is used as the |ight-blocking film7016. [0475] The color filter
7033 is covered with the overcoat |ayer 7034, and is additionally covered
wi t h t he the pratettiveeinsuisting filmgcanayrevent G8fpurifits firouy beinpalispeesed dfmom3thel| ayer
7034 with ? Eﬂal I t:qhi[l.chness s illustrated in FIG 16A, the overcoat |ayer
7034 has RIrdHEEr [oe g mifting¢lemEMey enness caused by the color filter
7033. [0"[6@36] WO 2011/ 048924PCT/ JP2010/ 067193 110 Furt her, the
contact hole which is forned in the overcoat |ayer 7034 and the protective
i nsul ating | ayéYotg 088 ianther @ae hvdera thiy ight-ehitdng sktmentye forn@dooves thocat ed

at a position.overl i N Lth a rtitio 019.,[.0477] 5ln.the.case of the
o o Bor e Rr AR ferding b ieBR Thick S R iplekidy bbr HhRp e R

l'i ght - enidviet i @l BN ttrafSididr,t £ cohiget ol whedhegdneastes Helgroficlee BuR@sgs
through the color filter 7033 to the outside of the display device as

i ndi cat edaysy the puetsoat layer.gind Kex imsylpdng fayer andgpaches a sourge electsgdedayan®re in
whi ch th i vi = Ny : |
-~ % S]{ainvé}gcgfo-ﬁe-ﬁa;e(%;o% Aﬁégtqlﬂll gﬁ%}{fﬁis%@ﬁ? ?ﬁngd.e ﬁlcgz{crﬁgﬁaﬂ, ??(ﬁeéoméé?e

source el ectrode Tayer; ransm cond rve mas the
drain el anle Bogefepabty fortied it ag@sitionfovkilgppting wiithttkel aboverdesérébddi gintitidyi t ti ng
el ement 7012 passes through the color filter 7033 and the driving TFT 7011
to bellextip etigycase aperyre @g‘ﬂéﬂ{‘ be greyentgd fignebeing aducss: xel i ncl udi ng a

i ght-erri[bggy;;g el ement having a dual em ssion structure will be described.
FIG 16Bis cross-sectional view of the driving 1' 7021 and a

| i ght-enitting Akeuwdme 02 pikelcinclndingpa dighteditiing elesept having a bottom

emission structure will be described. FIG. 16A is a cross-sectional view of the driving
TFT 7011 and a light-emitting element 7012 which are provided in the pixel.
15 [0468]

In the driving TFT 7011, an insulating layer, an oxide semiconductor layer, a
source and drain electrode layers, a gate insulating layer, and a gate electrode layer are
provided over a substrate, and a wiring layer is provided so as to be electrically
connected to each of the source and drain electrode layers.

20 [0469]

An insulating layer 7031 is formed covering the driving TFT 7011, and a color
filter 7033 having opening is provided over the insulating layer 7031. A
light-transmitting conductive film 7017 is formed over an overcoat layer 7034 and an
insulating layer 7035 which are formed covering the color filter 7033. Note that the

25  drain electrode of the driving TFT 7011 and the conductive film 7017 are electrically
connected to each other through an opening formed in the overcoat layer 7034, the
insulating layer 7035, and the insulating layer 7031. Note that a first electrode 7013 of
the light-emitting element 7012 is provided on and in contact with the conductive film
7017.

30 [0470]

In the light-emitting element 7012, an EL layer 7014 is sandwiched between
the first electrode 7013 and the second electrode 7015.



[0480] In the driving TFT 7021, an insulating |ayer, an oxi de sem conduct or
| ayer, a 20 source and drain electrode |layers, a gate insulating |ayer,
and a gatWOSPBEHPBde | ayer are provideg over a substrat ETARYPIY41I ng

| ayer is provided so as to be electrically connected to each of the source
and drain electrode |layers. [0481] An insulating |ayer 7041 is forned
covering the driving TFT 7021, and a color 25 filter 7043 having opening is
provi ded over the insulating |ayer 7041. A light-transmtting conductive
film702704%l}f ormed over an overcoat |ayer 7044 and an insul ating | ayer
7045 which are fornmed coveri.ng the color. filter 7043. Note that the drain
el ectrode of tﬁgtggﬁﬁpﬁﬁm*F#“ ZQHQH@VFﬁ@mé%ﬂgu%Lﬂ@%nprﬂ¥Wéf?mHF@VC

el ect ri calily se@NRE Gt Bith 1P iRdEM 8L cohiNHY tufRtePPERUAJiniAIBshd Bxibe
overcoat layer 7044, the 30 insulating |layer 7045, and the insulating

| ayer 704bntaloog turigaten soxfide; Sndivineotido dentziddg tifanivune okidghindéym ttin oxidel ement

7022 i_s provided.on. and i.n.contact w.,th the conductive fi 7Q27. . WD
2011/ GasGoRBEITS AT Beogaan el (hetRafef RIS K AOTAREA Aigel enen
7022, an Jgxkdd, ayRMiufiVBA ok Rle S WHWhGNRSn RRIdEE Added&ah bE stede! ect rode 7023 and
the second el ectrode 7025. [ 0483] 5S5Here, the case where the first el ectrode

7023 of t[A¢73)i ght-emitting el ement 7022 is used as a cathode will be

descri bed. The i - N } i . At r in a
manner siml ar 4669’? %%%Jsg%%ee&% g‘%sd%gﬁgﬁggé ?(ly]l%réf:tb%ndé erg?lgg%l cﬁﬁﬁn&?ﬂ‘{%A The
first el dctuscalss 7 @ABodaWwilddefdesdribdd] nhatheecase whsiemhk dirst eledthule 701 3tike fi r st

electrode 7013 ilJustrated in FIG 16A, The EL | ayer 7024@(r)rtﬁy be forned in
a mardfer UspHay Hfathosle; Bisprefesgbly frmed usipgametahhaving q low workfupehian, gln 16

Ther ef or gGdgpal hipd (G SGEd L %égfistﬂ%ﬁ% k@taye 4 ﬁﬁa&tessg;htamllb@g Qight 0484]

The second el ectrode 7025 forned over t EL layer 7024 tunctions as an

anode hertensinission (preéérablgbippréxamatedy Gsinmgop 30 mat)er Faf exranplagamalhingiumor k

Functi On’filrsnugrhan Mg-Ag élloy film with a thickness of 20 nm is used for the first electrode
7013.

15 [0473]

Note that the light-transmitting conductive film 7017 and the first electrode
7013 are preferably formed in such a manner that a light-transmitting conductive film
and an aluminum film are stacked and selectively etched, in which case the
light-transmitting conductive film 7017 and the first electrode 7013 can be etched using
20  the same mask.
[0474]
For the second electrode 7015 formed over the EL layer 7014, a material
having a high work function is preferably used. Further, a light-blocking film 7016,
for example, a metal which blocks light, a metal which reflects light, or the like is
25  provided over the second electrode 7015. In this embodiment, an ITO film is used as
the second electrode 7015 and a Ti film is used as the light-blocking film 7016.
[0475]
The color filter 7033 is covered with the overcoat layer 7034, and is
additionally covered with the protective insulating layer 7035. Although the overcoat
30 layer 7034 with a small thickness is illustrated in FIG. 16A, the overcoat layer 7034 has
a function to eliminate unevenness caused by the color filter 7033.
[0476]



15as a transparent conductive material (e.g., ITO 1ZO or Zn0). In this
enbodi nent, 1TOis fornmed as the second el ectrode 7025. [0485] A
col or filweromg4agy24an overcoat | ayer Z 44, and a prot ecPCYIP2NG/047493 ng

| ayer 7045 may be forned in manners simlar to those of the color filter
7033, the overcoat 20l ayer 7034, and the protective insulating |ayer 7035
i ncluded in the pixel illustrated in FIG 16A. [0486] In the case of
the pixel structure illustrated in FIG 16B, light is emtted fromthe

light -em tting RksRMie ddlZ:t hold@hithtih€ormddsin tht @vticostelay@2A)3di 41 ted t he
second 25el ectrode 7025 side as indicated by arrows, and the |ight on the
first el auetegiine inggating lggerpiBs and regchefyh dape clestresie tayery 7030 7plosated af ge

out si de osfti%‘ﬁ O%EﬂJP?f?%e‘gﬁlﬁ%@?ﬂit $Ii7$B}021 i ncNOt e that FIG 16B illustrates

an exanpl’e 1n whrc ng | udes the gate el ectrode |ayer,
t he sourde4®tlectrode | ayer, and a light-transmtting 30 conductive film as

he drain el de | . Thus, of ] i N
|1 'ght Sem t (1 ng 18 Risese o GheopissokebumiBigel e G LA i & cviied farm « ne
driving gd ligﬂ%igtﬁg?&erﬁ&t%ﬁ &flthe QR AQIHG096P2GRCH d&d%g %ﬁé@ﬁtﬁl 1ot 12

[ 0488] a contact hole which is fornmed i n the overcoat |ayer

7044 and fillee 7033 tol the bntyide af €re difplay devicerasaundiestedibyipmpws.el ect rode | ayer 7040
i s |ocat iﬂ‘ﬁ% a position overlapping with a partition 7029. The cont act
hol e whi aches the drain electrode 5 layer and the partition 7029

overlap with eagie RhdEFIG. WBRA RRXtrARS aBPR&GAIIE id HHich @ HAGnSETPNd0el ect r ode
7025 side can be substantially the sane as that on the first electrode 7023
si de.10  includes the gate electrode layer, the source electrode layer, and a light-transmitting
conductive film as the drain electrode layer. Thus, part of light emitted from the
light-emitting element 7012 passes through the color filter 7033 and the driving TFT
7011 to be extracted.
[0479]
15 Next, a structure of the pixel including a light-emitting element having a dual
emission structure will be described. FIG. 16B is a cross-sectional view of the driving
TFT 7021 and a light-emitting element 7022 which are provided in the pixel.
[0480]
In the driving TFT 7021, an insulating layer, an oxide semiconductor layer, a
20 source and drain electrode layers, a gate insulating layer, and a gate electrode layer are
provided over a substrate, and a wiring layer is provided so as to be electrically
connected to each of the source and drain electrode layers.
[0481]
An insulating layer 7041 is formed covering the driving TFT 7021, and a color
25 filter 7043 having opening is provided over the insulating layer 7041. A
light-transmitting conductive film 7027 is formed over an overcoat layer 7044 and an
insulating layer 7045 which are formed covering the cblor filter 7043. Note that the
drain electrode of the driving TFT 7021 and the conductive film 7027 are electrically
connected to each other through an opening formed in the overcoat layer 7044, the
30 insulating layer 7045, and the insulating layer 7041. Note that a first electrode 7023 of
the light-emitting element 7022 is provided on and in contact with the conductive film

7027.



[0489] Note that in the case where full color display is performed on both
di splay 10 surfaces of the light-emtting el enment having a dual em ssion
st ruct ur eyoIl20y892dom t he second el eci ode 7025 si de do@€TAB201HAE49X hr ough
the color filter layer 7043; therefore,” a sealing substrate provided with
another color filter layer is preferably provided on the second el ectrode
7025. [0490] 15Next, a structure of the pixel including a light-emtting
el enent having a top em ssion structure will be described. FIG 16Cis a
cross-seqpsgrjal view of the driving TFT 7001 and a light-emtting el ement
7002 which are provided in the pixel. [0491] In the driving TFT 7001, an

i nsul ating | aydp thgHelxemaitting plementy (320 an | By layer 20%pissgpdwiched detyresnn

el ect 1 0yl AKPLR uAIORS M ALbAobane 70390 a gate el ectrode layer are

provi ded over a substrate, and a wring layer is provided so as to be
el ectri cgb#g3]connected to each of the source and drain el ectrode |ayers.

[0492] An insulating | ayer, 7051 js forned verin he driving TET 7001,
and ar 25 insul%ﬁ’?’ﬁge F%ﬁé“fh_e’ﬁ) gfﬁg\ﬁqubrggﬁ7@%56%{:%5%%&%%%@%%?7,02 he
insul ati ng u\%\ﬁi@{]a?cg%de Avilll B liestlib&d. T AR 170 3rahsinftRgTBShdR¥RYe BTl i702Y! ating
| ayer 7055 ich is formed covering the insulating layer 7053. Note that

t he drai nay ecformde irod maheergimilantg thaFof theGConduwtive hidmfillustriated|im #1G.0dbe\. 7003

A R R R e e e
2011/ 04892ARNsiRRAIAFI6 1623 1R FXetaQér 723 BaYVENfoRied th a tankhdt sah34 thOSSi bl e

to use a lowdielectric constant material (a’lowk materia

1), a
si | oxi@ne-thatisefthe ddi lnyepRdkb Hipsirated an &Fl@| Kk (ﬁseyf,ore@(slp@ﬂn@si)smi@ripn it e

gl ass (BRSG).,,.0r. ¢t %'k te that the insulating | ayer 7053 nay be
f or med b;}§§ea{%%rsnl§ g)t ‘llvﬁl(r%gflgé?y of insulating filnms fornmed of these

mat eri al §o484jere 5 is no particular limtation on the nmethod for formng

the insulating | ayer 7053. The &Ianari zation insulati n&étl ayer. can be
formed, dependilh§ sRordhelegtpds, Ve4S fastned owst fog Edylapera d02¢ Epp6tions g0 net hod,

an SOG nef,Agd erg,pi(tg?J gﬁ:@%rgﬁ] ’foﬂﬁ% %?ﬁ%e, rh@*Ying%"ﬂi- lﬁ‘%o_rl?'fuxﬁti?t?,%lcﬁt

di scharge net ho nin screén printing, offset
pri ntisng,asce trhispatenk eynduotiva ntateyial (eguilFOeZQ, euZnOas b thiccembodimiche, a

roll coat .a curtain coater, 10 qr knife coater. For exanple, the
format i orﬁr 15 ‘i’f?‘eflr?éﬁll‘eaﬁeicﬂ‘bf?l&? e(7)78%2 al | ows unevenness caused by the

driving Tbiggjo be elim nated.
A color filter 7043, an overcoat layer 7044, and a protective insulating layer
7045 may be formed in manners similar to those of the color filter 7033, the overcoat
20 layer 7034, and the protective insulating layer 7035 included in the pixel illustrated in
FIG. 16A.
[0486]
In the case of the pixel structure illustrated in FIG. 16B, light is emitted from
the light-emitting element 7022 to both the first electrode 7023 side and the second
25  electrode 7025 side as indicated by arrows, and the light on the first electrode 7023 side
passes through the color filter 7043 to the outside of the display device.
[0487]
Note that FIG. 16B illustrates an example in which the driving TFT 7021
includes the gate electrode layer, the source electrode layer, and a light-transmitting
30 conductive film as the drain electrode layer. Thus, part of light emitted from the
light-emitting element 7022 passes through the color filter 7043 and the driving TFT
7021 to be extracted.



[ 0494] In the light-emtting el ement 7002, an EL |ayer 7004 is
sandwi ched between the first el ectrode 7003 and the second el ectrode 7005.
As for tHEOI20M8BAI tting 15 el enent éPZOZ il lustrated | RCEVROGG719he case
where the first electrode 7003 is used’as a cathode will be descri bed.

[ 0495] A material simlar to that of the first el ectrode 7013
Illustrated in FIG 16A nay be used for the first el ectrode 7003. However,
it is preferable that in the light-emtting 20 el ement having a top

em ssion [e488]cture illustrated in FIG 16C, the first el ectrode 7003 do not

have light-transmtting properties but be an el ectrode having high
refl ectance. THarthee apfontact dwols: whishelsHaymet it itIB’noYféfqaéé?%c7@%ﬁsﬂ!'gstth

possi bl e ; | ' racti Gl : 1T st

el ectr odéhg%%tgfgrl?g%eédfg%her?&gﬁ?gldﬁginﬂneggfﬁfn:‘oigf %Mggogfﬁgk?ﬁgﬁgygﬁ etal}ahi ng.

al um numcesrlapping withangotignt 7029 &heapetaci wlevnihadh @adhies e drainf éléamods

st acked qver an al um num hééﬁrp if prefer bl?{ us$d. IghFI G 16C,. a ltﬁ er in
whi cha TRYanfhthe; partifiogy/ y6tfam with gach ether; whrehy the pperiurgiratio qnhe o ger

i s used agcddilelbdifodie 708 SideQdR bEOMBstardtallyOhe Shme WO that on the first electrode
2011/ 048924PCT/ JP2010/ 067193 114 simlar 'to that of the second el ectrode

7025 il | v¥RBatded in FIG 16B. Therefore, detailed description of those
| ayers is[ ngé gi ven here. [0498] In the case of the pixel structure
iIIustratgéI |]n FIG 16C, light is emtted fromb5the light-emtting el ement

7002 to the seqid tRltaatth®dasc/RASreSfutlecotsr dipslaead perfbimedr 610W6th {i8FIaP]
In the case where full color display is perforned using the structure

i || ustOr atserfaces of| thy lighy-crigtingglgmsnichaving a |duglhemissipn siragtus, dighthfromabe i s
used as Y&t ectrode 7025 side does not pass through the color filter layer 7043; therefore, a
sealing substrate provided with another color filter layer is preferably provided on the
second electrode 7025.
[0490]
15 Next, a structure of the pixel including a light-emitting element having a top
emission structure will be described. FIG. 16C is a cross-sectional view of the driving
TFT 7001 and a light-emitting element 7002 which are provided in the pixel.
[0491]
In the driving TFT 7001, an insulating layer, an oxide semiconductor layer, a
20 = source and drain electrode layers, a gate insulating layer, and a gate electrode layer are
provided over a substrate, and a wiring layer is provided so as to be electrically
connected to each of the source and drain electrode layers.
[0492]
An insulating layer 7051 is formed covering the driving TFT 7001, and an
25 insulating layer 7053 having an opening is provided over the insulating layer 7051. A
first electrode 7003 is formed over an insulating layer 7055 which is formed covering
the insulating layer 7053. Note that the drain electrode of the driving TFT 7001 and
the first electrode 7003 are electrically connected to each other through an opening
formed in the insulating layer 7055 and an insulating layer 7051.
30 [0493]
Note that the insulating layer 7053 can be formed using a resin material such as

polyimide, acrylic, benzocyclobutene, polyamide, or epoxy. In addition to the resin



10 light-emtting el enent, one of adjacent light-emtting elenents is used
as ared light-emtting elenent, and the other of the adjacent

| i ght - emWoOi2ag/@8BHent is used as a b(L1 e light-emtti ngPETIREMH/067193
Alternatively, a light-emtting displ \? devi ce capable of full color

di spl ay may be manufactured using four kinds of light-emtting el enents
which include a white light-emtting elenent in addition to three kinds of
light-emtting 15el enents. [0500] Alternatively, a light-emtting

di spl ay deerats gipakbibevefit fisthlso qmlsﬁbledbsmb aylovaylichetritaconsaat wadddial fasuch a
way that all of a Iurallty of ght-emtting elenments which are arranged
in the stowdt urIBatFll“F st @at éd%’ﬂleﬁ'%a@ 16€sips vﬂhoﬁﬂlqsllﬁﬁtte edast i n(PPenent s

and 20 %oﬁfpﬁﬁé%g%%gﬁﬁgsﬁ@dj 89 ﬁ&' ORofd t:hgletﬁe (?x{sufalﬁﬁ% 'lda‘éﬁr 3 @by anged

on the lig I'ng ntsmc |ngthe I ght-emt ement” 7002. A
el ement \bhifofmeixiby h'actlenga mﬂahrotﬁmmﬂmngcﬁlms fomekl efghesimaeiials.f oTeed and

conbined with a.c r filJter or a colgr conyversion er uII
col or °di éi)P‘a)PaEé‘FHP%gmb‘é*}“PBr%@‘ T@ﬁ@i?orzér@@& gdn é&ﬁawﬁlﬁ

nonochr o aﬁzzltioﬂ*‘ihs&[?%?ia?@r B& tBl;-eerHl'éHE@le eﬁéﬁhg%at@'n?ater?al' bﬁQ%&Ho&jeV' ce
may be formed wth the use of white g’ht em sSion, or an area-color

| i ght - emist¢hi agga dputteciog mesthddg athO@dnthda Spinecoasag,cﬁp goatmgo spray weating, col or

i ght em ssi I ssar opti,cal film.such.as a polarizin
(1 P i oA Bitnatee draho Shar R iR meoussrosn mlb b p b e
2011/ 048R 4RCHTi e PR04 RioP Gtk Biine )5$uch as a dYelof khifata ol édagahcdhien esani ¢ EL

el ements are described here as the | ight-emtting el ements, an inorganic EL
el emdAt ©arm knido cpatenr dior gxamale, shg fgman@mqftthﬁgn%ﬂ@mkayer[ 38BuplleKbt e t hat

t he examﬁﬁg en§1 cﬁﬁgedl?)&qgé Qn‘\;\(ﬂgﬁ?itpgetepmha&éd m transistor (the driving

TFT) wh cont rrvin éemtting elenent is
el ectri ce[{)ct%]connect ed to the I | ght emtting el enent; however, a structure

may be enpl oyed in whic current_control is co nect ed between the
driving TFT andp theel lghtgqmltt% ql?m?nj W0nemEL lppeHj04 is sandwiched between

the first electrode 7003 and the second electrode 7005. As for the light-emitting

15  element 7002 illustrated in FIG. 16C, the case where the first electrode 7003 is used as a

cathode will be described.
[0495]

A material similar to that of the first electrode 7013 illustrated in FIG. 16A may
be used for the first electrode 7003. However, it is preferable that in the light-emitting

20 element having a top emission structure illustrated in FIG. 16C, the first electrode 7003
do not have light-transmitting properties but be an electrode having high reflectance.
The use of an electrode having high reflectance makes it possible to increase light
extraction efficiency.

[0496]

25 As the first electrode 7003, for example, an aluminum film, an alloy film
containing aluminum as a main component, or a layer in which a titanium film is
stacked over an aluminum film is preferably used. In FIG. 16C, a layer in which a Ti
film, an aluminum film, and a Ti film are stacked in this order is used as the first
electrode 7003. |

30 [0497]

The EL layer 7004 may be formed in a manner similar to that of the EL layer
7014 illustrated in FIG. 16A. The second electrode 7005 may be formed in a manner



10Next, the appearance and cross section of a light-emtting display panel
(also referred to as a light-emtting panel) which corresponds to one
enbodi merWO3PLH892di spl ay device will he described w t hPEEIBXEHEE19D FI GS.
17A and 17B. FIG 17A is a top view of a panel in which a thin film
transistor and a light-emtting elenent forned over a first substrate are
seal ed between the first substrate and a second substrate with a 15seal ant.
FIG 17B is a cross-sectional view taken along line H1 of FIG 17A. [ 0506]
A seal antsidiB@3oitkat pf the stechdsdeamde G02%uillusunated &n PiGcébBpoTheroford sletailedi gnal
line driver circuits 4503a .and 4503b, and scan |line driver circuits 4504a
and 45045HTRtINAE thasP (AyeRdd nolaYerherer st substrate 4501. In addition, a
second Sl{b@gcr]ate 4506 is 20 provi ded over the pixel portion 4502, the
signal line driver circuits 4503a and 4503b, and the scan line.driver
circuits 4504a Ianke 45048 therpixek stiushirg illustratediin HIGpbHE,i light d6emittedfeorsi gnal
line driver circuit.s 4503a 4503h, and. the, sca ine driver cirguits
45042 Sandia dehemiting it TRDR, Rohe se i, eRErpES Toan Paerly ificafod B
substrat gr%@l, the seal ant 4505, and the second substrate 4506. It is
preferable that a panel be packaged (sealed) 25 wth a protective film
(such as [849¥ni nate filmor an ultraviolet curable resin film or a cover
material with hj L= e | it i-fl Gatd . he
panel is not eg%gﬁ;ee S% 3J r{eﬁg]eﬁl@u(t%z(l)rgdel%éﬁ%s IJlegfoﬁﬁ?cgﬁér}Ié%%gerg.&FﬂE%%Q%tg&pi xel
portion 4bOPIG.t h6C,sif@nakarhplage thy ilight-emittiagli dlaméi03002arsl wibd3d3, aag@eh he 30
scan line driver. circuits 4504a gnd 45Q04b formed over the fiyst substrate
4501 WacHighkemiftias clpmenta aneyobrdiaget Hghtranpittings plemspls 1 48eda 26 12 ried i | m
transi st A i i LOR: . | Rkl

tranai ot G EEUREE|HARE onl g gngt SOhe AR b Tni AR B std B 2

2011/ 048 9uPlighti@2iftiny demed3 M@rmativelyj & lighOSmitang displaysievie edpatde af
exanpl e in, Fl 7B. An ipsulating | ayer 4542 is provi,ded.over .the thin
Fr e artsh sofirsdielay B OF dudstred e SR s e rmfPE e meR, o a
drai n el aghitR R d%ewhiRd li%mfén{ihin@ dldrhéBt ik adEliSd & thie WndsSofalghEthmitfial | v
connected to a first electrode |ayer 4517 of a light-emtting el enent 4511
t hr ough elagmemtsict hole S5formed in the insulating |ayer 4542, [0508]

Any of tH@ 6d]| n filmtransistors including a highly-purified oxide

sem cond ?or | ayer which are described in Enbodinents 1 to 10 is used as
the thin film tAlemedtsts] 8 1iEhO&mantL disglRy device capable of full color display may

be manufactured in such a way that all of a plurality of light-emitting elements which
are arranged in the structure illustrated in FIG. 16C is white light-emitting elements and

20 a sealing substrate having a color filter or the like is arranged on the light-emitting
elements including the light-emitting element 7002. A element which exhibits a
monochromatic color such as white is formed and combined with a color filter or a
color conversion layer, whereby full color display can be performed.

[0501]

25 Needless to say, display of monochromatic light may also be performed. For
example, a lighting device may be formed with the use of white light emission, or an
area-color light-emitting device may be formed with the use of a monochromatic color
light emission.

[0502]

30 If necessary, an optical film such as a polarizing film including a circularly
polarizing plate may be provided.
[0503]



10[ 0509] A conductive |layer 4540 is provided over part of an

I nsul ating | ayer 4542, which overlaps with a channel formation region of an
oxi de serWOgAtBsV4 | ayer in the thin filmtransistor 4B03/JPYH0/ACTY ver
circuit. The provision of the conductive | ayer 4540 in the position

overl apping wth the channel formation region of the oxide 15 sem conduct or
| ayer nakes it possible to reduce the anbunt of change in threshold voltage
of the thin filmtransistor 4509 before and after a BT stress test (a

bi as-t enper at ulNotstthats salthesgh .thé rorgtiis Blpedehemat drondestiitedBhest aesthet est
(the blas henperature stress test) refers to a test_ in mhlch(gphigh gate
vol t age ilightipigitting e¢lemegntenian ApQraanic oKL slegient £a Blsgh be e RpYVIdedy g a

at nosphen potential of the 20 conductive |ayer 4540 nay be

t he sanelg%tg@hﬁﬁgéggﬁﬁf fromthat of a gate electrode |ayer of the thin
filmtra@@&tjor 4509. The conductive | ayer 4540 can function also as a
second gate el ectrqde, |l a Al t.er nat veI t he ntial. of the.conductive
| ayer gj4540 may %Qﬁhﬁ Bm?/le iy fegeribe ‘i Pt%thflh{’g? Erggﬁﬁo%@p ‘gré Viig a
floating ’ﬁ*l?tvﬂucl[ OokRlls ARNRIAng BRIhel] t:éhﬁMﬁg Wtk if O8cthicRt combébd NY

el ement 4511 is not limted to a stacked-layer structure of the first

el ect r oddo Itlawleghmmmng ahn@lnsdtomlvm sesaerstmdyahesmplbyd ingwkich a dddoied

| ectrode_| t f .th t I 4511
be- chang el Copfips ppmt R mpticaife bR dra PAL R e e P s "
extracteqofgyym the light-emtting el ement 4511, or the |iKke. 30[0511] WO

2011/ 048924PCT/ JP2010/ 067193 117 forned using a photosensitive material and
an op@ni ng be MNsxhehe aprsarange aflqi ICBQSS Seion GSrelightyespittingdisplay pangl (2lsei dewal |

of Lhe oRenhs bhs! LTRECARAP phil] Wi SHEERBRI"! Bnd SRbBHAP (B 2L Ur e

[0512] 5 ectr nesce orne as a single | ayer
or a pl urdidpldyydevicel wijldsesdestribddewtith [réferedte to FIGS. A7pr amidelB. v &F1Gi 1mmy be

formed over the seco er 4513 apd.the partition 4 n order
to prever®P &5 9‘5 %Par@gygaf ic r@@#bb@ﬁ trapgiotgt ga h&Eﬁrfaﬁﬁﬂ%ﬁ gemant 0 t he
l'i ke int Q)vtelh@fl}ét Qﬁﬁstr%i@ drl kéh@ec%e%‘@éﬂ thé Fiksk- sul?ﬁraié’e?ndpi Qcbid !;Mﬁtrfit'e Ivﬂ‘lh &

silicon nitrid maS| icon nitride oxide film a DLCfilm or the like
can Bé f ceatenl. FIG 17B is a cross-sectional view taken along 11ne H-I of FIG. 17A.
[0506]

A sealant 4505 is provided so as to surround a pixel portion 4502, signal line
driver circuits 4503a and 4503b, and scan line driver circuits 4504a and 4504b which
are provided over a first substrate 4501. In addition, a second substrate 4506 is

20 provided over the pixel portion 4502, the signal line driver circuits 4503a and 4503b,
and the scan line driver circuits 4504a and 4504b. Accordingly, the pixel portion 4502,
the signal line driver circuits 4503a and 4503b, and the scan line driver circuits 4504a
and 4504b are sealed together with a filler 4507, by the first substrate 4501, the sealant
4505, and the second substrate 4506. It is preferable that a panel be packaged (sealed)

25  with a protective film (such as a laminate film or an ultraviolet curable resin film) or a
cover material with high air-tightness and little degasification so that the panel is not
exposed to the outside air, in this manner.

[0507]

The pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the

30 scan line driver circuits 4504a and 4504b formed over the first substrate 4501 each
include a plurality of thin film transistors, and a thin film transistor 4510 included in the

pixel portion 4502 and a thin film transistor 4509 included in the signal line driver



[ 0514] Further, a variety of signals and potentials are supplied

to the signal line driver circuits 4503a and 4503b, the scan line driver
ci rcuits WoOQ4n/&p244504b, or the pixe 5 portion 4502 PCHAPFRE8674%18a and
4518b. [0515] A connection tern? el ectrode 4515 is forned using

t he sanme conductive filmas the first electrode | ayer 4517 included in the
light-emtting elenent 4511. A termnal electrode 4516 is fornmed using the
same conductive filmas the source and 20drain el ectrode |ayers included in
the thin diichin4s03d giesii@bgatédbad aﬁ@ﬁarﬂ?lk(ln HIOS1%B. An insulakiig lapsrnesaign
termnal electrode 4515 is electrically connected to a termnal included in

t he FPC 45agded pyes b thim Hidmi transisops 45 m&ilpve I pddition agsourggsiqatrogs The
substrat § ?J{é?%?taeﬁalmh{c%?gg lz{yl,%g bt fﬂ@ thlﬂtmfg{ ﬁﬁhs 51&% Efeﬁr?lg{a]l'tif?(}rgnggtr%d tting

i ght-em t11ng el enen trac nee ave

propert | a6.a fimt éllaafrodeaIS@er z&ﬁlmcghi hglftmrtintgtemgenrmsen itloughua froatchglk ass
plate | astic plate, ester film or an acrylic filmis used for
the s co n%%’é‘tth%d“éubﬂg%layf ] 30As the filler 4507, an ultraviolet
curabl e 0 or a thernosetting resin can be used, in addition to an inert
gas such |trogen or argon. For exanple, PVC (polyvinyl chloride),
acrylic, yi ’Amde, ofanthepakin rfdsi nt,rarzsisgcirisi ¢mohading s an highlRpuiified oxide

z0L Mgu SRS A R TN IR & R TOETE,
[0519] film transistors 4509 and 4510.
10 [0509] |
A conductive layer 4540 is provided over part of an insulating layer 4542,
which overlaps with a channel formétion region of an oxide semiconductor layer in the -
thin film transistor 4509 for a driver circuit. The provision of the conductive layer
4540 in the position overlapping with the channel formation region of the oxide

15 semiconductor layer makes it possible to reduce the amount of change in threshold
voltage of the thin film transistor 4509 before and after a BT stress test (a
bias-temperature stress test). In this specification, the BT stress test (the
bias-temperature stress test) refers to a test in which a high gate voltage is applied to a
thin film transistor in a high-temperature atmosphere. Further, the potential of the

20 conductive layer 4540 may be the same as or different from that of a gate electrode
layer of the thin film transistor 4509. The conductive layer 4540 can function also as a
second gate electrode layer. Alternatively, the potential of the conductive layer 4540
may be GND or 0 V, or the conductive layer 4540 may be in a floating state.

[0510]

25 Note that the structure of the light-emitting element 4511 is not limited to a
stacked-layer structure of the first electrode layer 4517, an electroluminescent layer
4512, and a second electrode layer 4513. The structure of the light-emitting element
4511 can be changed as appropriate depending on the direction in which light is
extracted from the light-emitting element 4511, or the like.

30 [0511]

A partition 4520 is formed using an organic resin film, an inorganic insulating

film, or organic polysiloxane. It is particularly preferable that the partition 4520 be



Further, if needed, an optical film such as a polarizing plate, a
circularly 5 polarizing plate (including an elliptically polarizing plate),
a retardadWpPaplg482é (a quarter-wave p pte or a hal f - wav&CpBIJB2049/067493 a col or
filter, may be provided as appropriate on a light-emtting surface of the
light-emtting elenent. The polarizing plate or the circularly polarizing
plate may be provided with an anti-reflection film For exanple, anti-glare
treatment by which reflected Iight can be diffused by 10 projections and

depr essi qomé ubing & Whbtsdensitdyed sndtétial €ahdCen tdpen@babe fomiedd ovre iHeofirged.
[ 0520] The signal | ine driver circuits 4503a and 4503b and the scan
line dridactiefe dayer 45 Ubemthahagideweld of ths opraingisfoanedias #t Inglipedsurfaget s

formed usjng. ﬁl}:&@&lr\%éﬁ%t al sem conductor filmor a polycrystalline
sem conductor filmover a substrate separately 15prepared. Alternatively,

only the [8ft2]jal Iine driver circuits or part thereof, or only the scan line
driver. circuits_or part thereof may phe _separately fornmed._and nounted. This
enbodPment is ride §lpsHQlwgmescenhdassr (4pde umay e ?R‘g‘regt@dai%n ARYeT 1972 and
17B. [05 R rahRYEstdgsqr i bed structure nmakes it possible to provide a

di spl ay evriac |2®2%0 ?/\hg(?(%h the thin filmtransistor in which the

hi ghl y- pybptiled oxi de sem conductor layer is included and off-state current

is reduced is used, Since the thin filmtransist,or in ich off-state
current is r edd%@r(?teicgvﬁglz'ﬂ may {’f rpgsl over ti’ﬁﬁ%%oﬁp(?ﬁecbpgwaégﬁélﬁ? Wiietﬁf)i xel
can hol d pagiticaos2ban o@dér@@@retvmeem?i}f@x@g&u Ihidrogesliipibtaye, daboh Aioi@se
operation at the tinme of display of a strll image or the like is stabilized

and vil8i ctordlemidkeninty the dighpemistingdement 45d1.pr B¢ theadoteptimofiim, a siliconitride
enbodi. ne can. i e in i han: t he structures of
the ot herThagu e IS TREL Bty SPEEL B b e R, | 1© 2) E
this enbddsmgnt, one enbodi nent of a display device in which a
light-storing layer is provided jn a pixel portion will be described with
reference to Fifarthenypyvaraty of sigpolsped potsntials prrssupplied toothg signal line driver

circuits 4503a and 4503b, the scan line driver circuits 4504a and 4504b, or the pixel
15  portion 4502 from FPCs 4518a and 4518b.
[0515]
A connection terminal electrode 4515 is formed using the same conductive film
as the first electrode layer 4517 included in the light-emitting element 4511. A
terminal electrode 4516 is formed using the same conductive film as the source and

20  drain electrode layers included in the thin film transistors 4509 and 4510.

[0516]

The connection terminal electrode 4515 is electrically connected to a termirial
included in the FPC 4518a through an anisotropic conductive film 4519.
[0517]

25 The substrate located in the direction in which light emitted from the
light-emitting element 4511 is extracted needs to have light-transmitting properties. In
that case, a light-transmitting material such as a glass plate, a plastic plate, a polyester
film, or an acrylic film is used for the second substrate 4506.

[0518]

30 As the filler 4507, an ultraviolet curable resin or a thermosetting resin can be

used, in addition to an inert gas such as nitrogen or argon. For example, PVC

(polyvinyl chloride), acrylic, polyimide, an epoxy resin, a silicone resin, PVB



[ 0524] FIG 18 is a cross-sectional view of a pixel portion having
a bottomem ssion structure and illustrates a driving TFT 7211 and a

| i ght - emi WOi2AH/&BRAent 7212 which arelﬁorovi ded in a pi RENJIPRQIGHIG]I3

In the driving TFT 7211, an insulating 1ayer, an oxide sem conductor |ayer,
a source and drain electrode layers, a gate insulating |ayer, and a gate

el ectrode | ayer are provided over a substrate, and a wiring |layer is
provided so as to be electrically 10connected to each of the source and
drai n el €polyoitgl Ibayesld,. of BDZ6](ethylene vikrylr hdeeate) amn ibesusdedt | Ryr | examiple/231 i S
formed covering the driving TFT 7211, and a light-storing |ayer 7233 having
an openi rgtregends pyeddenthe Tt he i nsul ating | ayer 7231. A light-transmitting
conduct i ngﬂg'lm 7217 is formed over an overcoat |ayer 7234 and an 15

i nsul ati ng Ielyer 7235 which are forned covering the light-storing | ayer
7233. Not e t hatFuehely af mealeds tan oapeica2 §ilinpsuchhas drpolarimgng platé] 24 Tirawldrly he

ductive film 7217 | ectrical.l t ed h other t h
cpeni g Mo At shloan PEpErLSRARERE pla &1 THICTEPePHO48. and
the i nsul bhBOwhaY Platd 231a MU Katd13hlatd), fdr" 8t cAbLEHER dRay He3 pedvildie as

light-emtting elenment 7212 is provided on and in contact with the 20
conduct i \appfapripte7on 7 lighoemitjing surfaceTofethd rlight-pgitiing elepient.anbhe pelarizing

| ight-em ttin | enent 7212 can be forped by th t ho eseri.hed..in

embo mortat 17 i STEM0 L POk P BaV S0y S o OF Aafl SRR

25[ 0528] Foieetangié,- sht@iiang tray@ént7 Bg3whicht adflested lighthtcastisy idiuseat Byi al and
stores light emtted fromthe light-emtting el enment adjacent thereto. Even
af t erl0t heprojegiians apsl deprassions Oopdhe Swfasp so antorredyss the glate capbe perfgrredst or i ng

mat eri al ggﬁai ned in the light-storing |layer 7233 continues to emt |ight.
In this 4 oJi ment, as the light-storing material, 30 copper activated zinc
sul fi de (ZnS: Cheisignakkixek driter eironditsi 45608y andi4 F3bsamdahe saanine dhiverncieonits vat or

0o 1 T B0 it ST S Brbnl s S GaELS
acti vat Orgem$d¥nBud@sr film or a polycrystalline semiconductor film over a substrate separately
15 prepared. Alternatively, only the signal line driver circuits or part thereof, or only the
scan line driver circuits or part thereof may be separately formed and mounted. This
embodiment is not limited to the structure illustrated in FIGS. 17A and 17B.
[0521]
The above-described structure makes it possible to provide a display device in
20  which the thin film transistor in which the highly-purified oxide semiconductor layer is
included and off-state current is reduced is used. Since the thin film transistor in
which off-state current is reduced is used in a pixel, a capacitor provided in the pixel
can hold voltage for a long time. As a result, a display device whose operation at the
time of display of a still image or the like is stabilized and which consumes less power
25  can be provided.
[0522]
This embodiment can be implemented in combination with any of the
structures of the other embodiments as appropriate.
[0523]
30 (Embodiment 12)
In this embodiment, one embodiment of a display device in which a

light-storing layer is provided in a pixel portion will be described with reference to FIG.



WO 2011/ 048924PCT/ JP2010/ 067193 120 CaAl 204: Eu, CaAl 204: Nd, Sr4A114025: Eu,
Sr4A114025: Dy, Sr Al 204: Eu, or ArAl 204:DY; or the |like may be used. [0529]
The peri MNOI201HBLH t he |i ght-storing #pyer 7233 keeps eETUIPRMY047IgNt can
be 5 changed depending on the kind of "Iight-storing material to be used.
The period in which the light-storing |ayer 7233 keeps emtting |light, that
is, the light-remaining period depends on the kind of |ight-storing
material; therefore, the material is selected in accordance with an

i nt ended 18ur pose. For exanple, for a display device used in the case where
di spl ayed contents do not need to be changed frequently, a light-storing 10
mat eri al [@44h has Iong Iight-renaining time may be selected I n addition,
in the case wh I storing
mat eri al whi ch?{%sfg f:sgrt C%p?;;e]rgrg%l ngaélk%&n&{ eb}:l)%to‘g édlil%lgﬁemt hat in
t he case swhetnee dddalllistcptds- asdrmng@Fm’ﬂtzeI amd a hghtamnmtmyajancm 7@42 wihidhegrei t  has
a grain dianeter of. greater than or equal to 1 nmand |l ess than or equal to
10 t xm p?@?&?hﬂﬁﬂ”@%eater than or equal to 10 nmand | ess than 15or equa
to 5rim ;ﬁﬁ reason for the range of grain dianeter given above is as

fol | ows: |f the grain size is less than or equal to 1 nm Ilight-storing
properties is [nghe davidg TFT ﬁ%llgaaumsumtmg lagergarearide Scm@nndnct@dawr ao 10
'km the planarity.of t ht -stori.n makes it
G cor RS A iR blrkRS4s fa ey 4 2 bRt it g vy a[%ag%Sﬁ“'é?fieC‘aé%faﬁr?i on, in
this enbgﬁi@srmw ovéhe dubSthdte SIS aNgirlidy Riyer’ 23 préadddasd as aobbeéretrRally mer and
is formed using a dlsperS|on liquid in which light-storing materials are

di spelfseconespteskip saeh ofgthe setrepanst draingdersioge 1aygtshod such as an ink-j et

met hod, ﬁ 044 ntlng met hod, a spin coating nethod, an etching nethod using a
photolit ogréphy technique, or the like as appropriate. 25[ 0531]

Further, the | iFghhersaminsoBtihgysser 723 3is ifsrnosveen exnguhie kirivivg DWET2Digtand ay er
7234, and the overcoat |ayer 7234 is .covered with t sulatlng | ayer

7235. Notdightratorigedaxsidr1 Ravipg ar epaing MPV“?\%QV‘?% ‘?FFE@P% WA {olhave a

smal |t higlipg st%aﬂSHIIch%;Céﬂﬁiuch?@flﬁH @Q?’Pﬁtfohﬁé’@ﬁvez%ﬁ%v%éatq 7%6-1' "79311 Qﬂd Qlfl

elimnating the unevenness o 't ght-storing 30l ayer
2011/16489&8&%&@15’2@1’[2366\?11@3 are formed covering the light- stonng layer 7233 Note

that a drain electrode 7230 of the driving TFT 7211 and the conductive film 7217 are

WO

electrically connected to each other through an opening formed in the overcoat layer

7234, the insulating layer 7235, and the insulating layer 7231. Note that a first

electrode 7213 of the light-emitting element 7212 is provided on and in contact with the
20  conductive film 7217.

[0527]

The driving TFT 7211 and the light-emitting element 7212 can be formed by
the method described in Embodiment 11. Therefore, the detailed description is not
given here.

25  [0528]

The light-storing layer 7233 contains a light-storing material and stores light
emitted from the light-emitting element adjacent thereto. Even after the light-emitting
element stops emitting light, the light-storing material contained in the light-storing
layer 7233 continues to emit light. In this embodiment, as the light-storing material,

30 copper activated zinc sulfide (ZnS:Cu) is used. Alternatively, a phosphor in which an
activator is added using sulfide such as strontium sulfide (SrS) as a base material;

alkaline earth aluminate in which a rare earth element is added as an activator, such as



121 Note that the position where the light-storing |layer is provided
is not limted to the position between a user of the display device and the
| i ght - emWP0i20H/&8RAent. For exanpl e, gzol i ght-em tting ePEkERINEIINY a dual
em ssion structure in which an EL | ayér is sandw ched between a pair of

el ectrodes having light-transmtting properties has 5 light-transmtting
properties. In the case where the light-emtting el enent has
light-transmitting properties as descri bed above, the light-storing | ayer
can be argaugedE®NCiAleOhNdk S {,06eE i StpARO.a Dyl ShALOREL] bNArABPeDyE r om t he
side of the user of the display device. In other words, the light-emtting
el enent @athelkegpax/beesddbet ween the |ight-storing layer and the user of the
di spl ay qﬁgﬁ e. When the light-emtting elenent 10 is provi ded between the
user of the display device and the light-storing |ayer, the light-storing

| ayer does not Theqesisdrin lwhictedd lighthstormgl lagdrt 7238akesps £mithigg pighpeart bes.

Thus, the_ light-storin terial can be .selected froma w range . of
mat er Pal sc.ha‘ﬁg? cqePERAIPE %Pn@eﬁ?@fﬂtof giggf’?tﬂﬂngrﬁ’?aé?ri‘ailtovaet psed- g&gf’ rli’e’é}g‘;én of |ess
than or gayal the Ji%ﬂ@st&ﬁﬂ%?d;epe/29§ adepsl ehRBRSlight, that isThRe @i@ﬁﬂn“eﬁ%ﬁﬁﬁ% i bed

structure nmakes 1T possi to provide a diSplay device in which t

| i ght - st gering depepds omthe Kimdof light-sfaringimatenialj thexsforethoriatdriahistselghtedipuri fi ed
oxi de sem coai(ljuct or Iaietr '%V\yimncl uded are used.in (i.hei%}pi xel Eordt.i Otﬁ' Si nce
the thin FPIHRAEHLR ap dten TRYCof £ O PR EUOF 8riHSRIYY PRk 854 2 Bed in a
pi xel of chfewlb&PligMadtRVedifentd ddhdk aRRaE It Bk waﬁgéddﬁeqddﬂ%,he ligh&@brig@n hol d
voltage for a long tinme. As a result, a displ a{eédevi ce ose operation at

t he t1Pne redterdgl ayhtielyhaslong Hghttremajapgptine mayebq selestads  dn additipn.dn theeasehi ch
consunes . ' 4] +-Fur or di

enbodi rreﬁJ{h%\géf Bgﬁ%& 6$ glgaél d ?ﬂ%"\é"ﬁ?f grﬁ?&eglﬁg’e‘% *lg#ustrtn&%{&gl%@g%}gggﬁa{%g3@6\}?0e t hat
i s excel |light-rénmainingitid ntay Bensklemdd. diNgeé abatiinahe saevehererthadightistorininent i n
whi ch outside light is weak can Fe proyi&gd. In_addition, a di-s(gl ay device
in whi ch MaterEaldy an MopRNIGRAMICleAh P2s 2e7H GiRRAten Al givales fhan or sawalyal ™1 t he

i ght-em_tti [ ' | - ring

| ayer in a&l,hil%ﬁ t@ﬁ%ﬂkalsttégpﬂﬁg’ I%ag%{a?}r%?ya elgt\séi' ﬁggg? .%g‘?".l*z%lg@g‘dé“?‘ﬂﬁ%sh@g'g. xel
portign. oveeaves umd ditekaon3or the vinge oblithdiamdtdd giveapbousisag fdllivsa | ong
time can be provided because energy can be given to a |ight-storin

mat eri al ib{hedgrainisizg ia l4ss dan ermqual tegl ame Hekitsteringnpriopertiss Bnigpty @whﬁrtgei n

whi ch outsi.de.li.ght is ak. 2041/ 048924PCT./ JP2010L/ 067193 122 [.0535]
Thi s enbaattaire Raicad PREPE saiit 48 10 e e SE e el Sole e

st ruct ur eamAged, RhicH MSkesSNWBRLUIRD hfandfacAROh gFmLammg a636dt. 5 ( Embodi ment

13) In this enbodi nent, exanples of electronic devices each

i ncl udi nd0%¥H di spl ay devi ce described in the above embodi nent will be

descrzbbed. In addition, in this embodiment, the light-storing layer 7233 contains a binder

polymer and is formed using a dispersion liquid in which light-storing materials are
dispersed, by selecting a droplet discharge method such as an ink-jet method, a printing
method, a spin coating method, an etching method using a photolithography technique,
or the like as appropriate.

25  [0531]

Further, the light-storing layer 7233 is covered with the overcoat layer 7234,
and the overcoat layer 7234 is covered with the insulating layer 7235. Note that
although the overcoat layer 7234 is illustrated to have a small thickness in FIG. 18, the
overcoat layer 7234 has a function of eliminating the unevenness of the light-storing

30 layer 7233.
[0532]



[0537] FIG 19A illustrates a portable gane machi ne, which includes a
chassis 9630, a 10 display portion 9631, a speaker 9633, operation keys
9635, a cwOnnetw 484t erm nal 9636, a rﬁéordi ng medi um r eRETAG2POPETBN 9672,
and the like. The portable gane nachi illustrated in FIG 19A can have a
function of reading a programor data stored in a recording nmediumto

di splay on the display portion; a function of sharing information by

wi rel ess conmmuni cati on with another portable ganme nachi ne; and the |ike.
Note 15 that tNot@that tHel posiidievHees theNight-btotisg lake providfedGshidhliadredhave a
variety of functions without |[im¢tation to the above-described functions.
[0538]  the postliqn befmepn pser oft the displaygdavige andribe Aightgmitting plemgates E9rchassi s
9630, a di y L1 On - e : j

connect i o iPgihs Rt R elyeR RORR P BrisioRBHAMICH RUF P RE IR
portion 96%dndwicked heweek e pdihef digiiodés bavirg dightuamgmitting peperties ian
receiving. function, which is illustrated in FIG ]19 ., can. have a function of
phot ogr apighkfansmyfting Propsgies- o puthe icale oyheshdbe r&?vgn}%@gn@lemﬁbéﬁasa
function ¥ j . r i r Lgage; a
function lg}'t grg%%ﬁ?\tlmﬁéﬁ gi) %g% aes{?;égg@%dyn%bg)?%tﬁ ?tél f?tgﬁ?gaﬁggltn%n%g%}?% gﬁcti on
of hol di g thhba&ssupflact side ab b éight-eraidgtenglay¢rtfeom hicosidaof tha usdstoditimedisplapm t he

ant enna; function of displayi.ng the.photographed i mage,or,the infornmation
obt ai ned ‘%P”(?th ngﬁ eWﬂ'éﬁgﬁh‘%/bngtd?Ig'gtI”g%/ e!%‘%t"?gcﬁ?d%%gr@ﬁ%e PRYCERAIPE t hat
the di gi tigdht-6RARE BayeRUAGetulEr dreh&VisplaPeyies.ei Whes tHeURht lefiittink lewsidnat ed in

FIG 19B can have a variety of functions without limtation to the
abovdOdedt prpidded befeeenribe usel ob gy display 2devigeoarsb theplight sorgmep layer 1thg 123
and the Like. The | eyl si [ ver | t ed i . n.have a
function I#Ef)tp oe sléyeﬁgg%% g eggcr%?gém \Pg%# 3;8 %%%e@%lgﬁgﬁgrgﬁa&ggﬁ(\%q@hg t he
el ectri c Tage thelightestorike Imategdladan e fsghectedofromi apwitee smiga doft haatgpialse!
signal and converting the pixel signal into _a signal suitable for display;
a functi oﬂpe@lflcelbn\aelrg?nﬁ@r@gfmm@alfwﬂqaeﬁﬁ@y size afHesspthampr sqyal 4100 amy t he

| i ke. Not en%haé P he television receiver illustrated in FIG 19C can have a
variety of "Ptnctions without limtation the to the above-described
f unctisong0533]540] FIG 20A illustrates a conputer, which includes a

chassi s 9630, a_ displ ag@pqrti on 9631, a speaker 9633, operation keys 9635,
a connection t dhmgiahaye-desgubedsstustuse makeh i Peasible do prryide 3 display deyige m
connecti . 30 i -k T had ed 4 (5 20A can
have a fonet e IR Sk hé Bin FF ATRKL B which AL BEGG Shife 007 |
i mage, a semwondudtorabger dnihchuded xdre iusedyéy tlon pixiek pditiopl aBingerthe alin filnf uncti on
of controlling progcessi by vari.ous, ki pds of .sof i war rogra ;oa
conmuni ¢ dtMSROF Hh\‘,’glcgr?_fg'%@ﬁ cygeRy 1p é‘?dé‘§§‘rl§ oIl %H’cxiemﬁﬁ’lte‘af(' %\‘,ﬁPE’é{ ‘g“s’?cc’ a
COMMYRI Calhor m&tﬁﬁ"ih o ﬁ&eﬂén%m&@wa fohig Yifd. OUS £RIMKLdisfIgf Wor ks
by using the co nication function; a tunction of transmtting or
r ecei vi nglevige wdose épenatgoncdt thkatime bf/display gf & kiéll soagearithalikeois sfabized emd  and
the |ike. Noﬁe t hat fhe conput er ill.#gltrated in FI G 20A can have a variety
of functi'bHE" FERTET M BIYECPBRC PBYIFE: above- descri bed functi ons.

[0534]

Further, according to one embodiment of the present invention, a self-luminous

25 display device that is excellent in visibility and can display images even in an
environment in which outside light is weak can be provided. In addition, a display
device in which flicker is not noticeable even when an emission interval of the
light-emitting element is long can be provided because the light-storing layer in which a
light-storing material is used is included in the pixel portion. Moreover, a display

30 device which can be kept using for a long time can be provided because energy can be
given to a light-storing material by driving a light-emitting element even in an

environment in which outside light is weak.



[0541] 20FI G 20B illustrates a nobile phone, which includes a chassis 9630,
a display portion 9631, a speaker 9633, operation keys 9635, a m crophone
9638, andWVPrR8114g¥4 The nobil e phone #i ustrated in Fl GPLOBPZHNOAWe a
function of displaying various Kkinds information (e.g, a still imge, a
noving i mage, and a text inmage); a function of displaying a cal endar, the
date, the tine, and the like on the display portion; a function 25 of
operating or editing the information displayed on the display portion; a
function [0f33Jontrol | ing processing by various kinds of software (prograns);
and the like. Note that the nobile phone illustrated. in FIG 20B can have a
vari ety of fundiiiorbgdimenit can bet implementsd e cambipation skith iy PlndEi ons.

[ 0542] 3%'t:ﬂu9u?e§%f'tﬁé &ﬁéﬁﬁlﬁ)ﬁirﬂ%@k@é@%ﬁia@@.w ce including el ectronic paper

(the electric device Is SO rererr t'o as an e-book reader), which

i ncl udes [@85%FJassi s 9630, a display portion 9631, operation keys 9635, and
the like. The electronic paper illustrated in FIG WO

2011/ 6489E me5d4h/ 067193 124 20C can have various functions such as a
function of di gphgyieRBodRidn®YkathplDf Qlectrbhie dERictOBachSndudidg $hd displafRge, a
noving i mage, and a text inmage); a function of displaying a cal endar, the
dat e, t helevicaelgscibdd ithelabie: anbadimenti veipl beydeparittedon; a functi on of

operati ng o4 editing the information displaying on the display portion; and
a functidf 7§ of controlling processing by various kinds of software

(prograns). Not@G! A illiiRated £pbitsllE GaaRfichink] Which aidheiesa dhbdsis?®¥30can have
a variety of functions without Iimtation to the above-described functions.

[ 05430 Adlispday portor P2t agppaker 803D @peratiar KEHeP3dona connsciomisaminahP636,
off-state 1 c c j i ' ' uded in

t he di splaar;c/éld%@?% %lﬁc.mﬁ“n%gf&?’gcﬂro? g(gleg%ajh Qgg tlﬁéeﬁ%éi nf% é’t;%‘g!:eix? or H%r&lﬂggl ong
time, whiitlstra&suint BIG. n9ancadl ksier 0 hinctioe \of ceadiug ¥ ipdegtan drhdaa diosgal aya devi ce
whi ch consunes | ess power at the tine of displ % ng a SF [l ] rt:rage or the
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Furt her, dccording to one enbodi nent o0f the“present I|nvention, a

sel f -15unithatube gogailagamemacbinehtustratedeincldid @HA dan have a lyatietyof dnuctivas

di splay i es..even in an environnent. in. which outside light is weak can be
provi ded.g’ﬁ%’“éam‘&af‘%fo 'Sﬁa??\vcff"{?ﬁ%’gﬁ\%ﬁg?gmtnﬁ'e i ght-storing layer in which a
I ight-stgbg—m material is used is included in the 20 pixel portion, a

di splay device in which flicker is not noticeable even when an em ssion
interval of thdlGi B ilbisirates agligitabgamerai whichrigclydes Hehassio P03y displarover, a

0 9P 21 S5 o sSBRoD 80 PepROL o e e Bl B £
| i ght2oem shhitéibuelos 98M6, aaMfagd fecaivin@ PorfiON9ETH, ahdithellikeh THE dightal ¢angtd i S
weak. 25[h€1§/i4;15g] the television receiving function, which is illustrated in FIG. 19B, can have a
function of photographing a still image; a function of shooting a moving image; a
function of automatically or manually correcting the photographed image; a function of
obtaining a variety of information from an antenna; a function of holding the
25 photographed image or the information obtained from the antenna; a function of
displaying the photographed image or the information obtained from the antenna on the
display portion; and the like. Note that the digital camera having the television
receiving function illustrated in FIG. 19B can have a variety of functions without
limitation to the above-described functions.
30 [0539]

FIG. 19C illustrates a television receiver, which includes a chassis 9630, a

display portion 9631, a speaker 9633, operation keys 9635, a connection terminal 9636,



Thi s enbodi nent can be inplenented in conbination with any of the
structures of the other enbodi nents as appropriate. [0546] (Enbodi nent 14)
301 n t hi swerbodi4peat , a bl ock di agra 9; a di spl ay devi ®€T/JRHA0/867023d0oWn
procedure and startup procedure of opefFation in a driver circuit wll be
described. First, a block diagram of the display device will be described
with reference to FIG 25. WD 2011/ 048924PCT/ JP2010/ 067193 125 [ 0547]

A di spl ay device 1000 described in this enbodi nent includes a display panel

1001, a singnét likeneTh¢ itdévisibh Gedelivel Gl@stragednmNBIG 100 cdhi havkOD Bynctios @fpar i son
circuit 1004, a selection circuit 1005, and a . display control circuit 1006.
5[ 0548] Processingga e&ﬁcgm ‘é(?"epfé’ﬁ é@le\men arlﬁ EPRFang ?herelwrw%e info mixedr

circuit rcuit
1009A ang@%&al ?(gn'ﬂj?&?l ne Fg\%ie cw t Sﬂ%%ﬁ%?ﬁe%}qﬂ% L’&E}&l %@é‘%@t“gh| i ne
driver cisignal tsuitdhO foradidplaprea sfugmuin ofi cenvdrtingea frantec friequebOP DB the @ixtli ver
circuits for drivin th portion 1008 incl udi I r lity 10 of

pi xel S. THEhalAnd the ﬁY‘g%F a&}l%eéE}FYISTBG%WCF Ir‘:lg‘lsgf‘ﬁﬂg? %F(?n@ &@Ye Bircuit
10098, - angyt fghﬁ@ionp%ﬁlbﬁ’trllrﬁ@ﬁﬁmrfﬁé’tok%ﬁe hgvERststiAGuhdlions | | m transi stors
formed over substrate. [054 Note that an n-channel thin film

transi stdﬂSNi V\/m ch a semn conductor | ayer is 15 forned of an oxide

sem conductor i.s.u s sone or all of .t mtr nsi stors included in
The ooraur e Eiy 2R MRLER s Houfouteryarhidh ctddef ot RIS 23640Y ol AfpHY G0
and the Rioxedn PB3L,I HRPIRES 963 Gpekdin kd\8 FFHSE al édietidnY Rrmeial 636, 4009A or
the signal line driver circuit 1009B in the driver ci rcwt_[;iortlon 1007 may

be f dOnedointing dayices¥dd, anisxiernal somrection pert So80sask thedikss . The cpupey
Th |
€ si gn6}hu§,€dl[{|§{ ?lt FI@ 26Arc 'hta?/é‘gqanétﬁ)nf ordlgpq%’lé\g g 51{3 lgﬁclﬁkﬁ&fl%l?osrm%tlgﬁlj S€

signal for o

portion 18@8 amlllltlhﬁgqailﬁohngﬁndgd ueal a Géxt dndage) bﬁﬂﬂaﬁdﬁpldy pbetioni gﬁaicubn ne
driver circuit 1009B. In addition, the sj qr}&la generation circuit 1002 is a
circuit fcércoaupﬂwgtnrﬂ@esgng.bgn‘éaﬂ% kinds ofr $aftyare (PrOgraMSyot CPBHRUBECation 7

through & Wifdn"Ju@ds aw{iél@é%“ cbmbdini a:‘éﬂ&p Wit Wﬁg 88 ninTRRS i : 99 HunérS Bf

referred to as video voltage, a video signal, and video data) to the menory
ci rcuist X@dSedtingowidtn variousr cangputémneswheks h/}ousisg thmeomngnmhtlgerﬁarcabn,om
[ [ a _control SI gnal

SACTER AR R CTER A A ST TN
suppl i ed ffctiode aRi %Re 1ikES t N8 that the computer illustrated in FIG. 20A can have a
variety of functions without limitation to the above-described functions.
[0541]
20 FIG. 20B illustrates a mobile phone, which includes a chassis 9630, a display
portion 9631, a speaker 9633, operation keys 9635, a microphone 9638, and the like.
The mobile phone illustrated in FIG. 20B can have a function of displaying various
kinds of information (e.g, a still image, a moving image, and a text image); a function of
displaying a calendar, the date, the time, and the like on the display portion; a function
25  of operating or editing the information displayed on the display portion; a function of
controlling processing by various kinds of software (prograins); and the like. Note that
the mobile phone illustrated in FIG. 20B can have a variety of functions without
Hmitatidn to the above-described functions.
[0542]
30 FIG. 20C illustrates an electric device including electronic paper (the electric
| device is also referred to as an e-book reader), which includes a chassis 9630, a display

portion 9631, operation keys 9635, and the like. The electronic paper illustrated in FIG



30[ 0551] WO 2011/048924PCT/JP2010/ 067193 126 circuit 1009A and the signal
line driver circuit 1009B. In addition, the signal generation circuit 1002
gener at esWO28H 04 se SP and a cl ock ﬁ' gnal CK for the 8&TEPRIIKB67API ver

a

circuit 1009A to output themto the g 4e line driver circuit 1009A, and

generates start pulse SP and a clock signal CK for the signal l[ine driver
circuit 1009B to output 5 themto the signal line driver circuit 1009B.

Mor eover, the signal generation circuit 1002 outputs image signal data for
di spl ayi myCacamhavg variagefunctionss sudhl ad aefeaction bh eispiayingy variiswukindd @@3.

[ 0552] Nate that noving | mage refers to an igage whi ch i s {ecogni zed as a
novi ng 1Gnﬁ°ﬁ§©‘é°rbze-¥hé nifRgEy @ BYVEgi 1Magengnd, anfext AMpES): df iRl Ofat hi gh
speed whi : I 05 i Vi i : red i . cj i y, a
roving. | regABi & peRd (e, Mo, Aol (R Tk of the iRTRF portBfct BN 3 s
a novi ng df vpgating bhedigsg thel infolimatidny displeying warthe ¢isplay pewtiong idhg functiges at

| east _60 t.ines (60 franes er second.. In cqontrast, a still. i e refers to
| mage 51 dHaRETHRENPRENEE Bhangesy s oo FABE Plosfunper ol T ey
exanpl e, didttbhR Paped MinarRe s KIGH 20ch chi afiPe allﬂzlafi&? b Fur@h§ QyvithRge, a
plurality of inmages which are tine-divided into a plurality of frames are

swi t ched limitdtiogHo dscabave-fleebid functions. Not e t hat the signal generation
circuit #ﬁg)& may generate other signals such as an inmage signal and a | atch
si gnal . e éignal generation circuit 1002 may output, to 20 the gate |line

driver circuit AORYAh&BRERONIt RviREYA&cribéd én it ¢ibodinichti ¢ff-34@REurrent r eSet
signal Res for stopping out_g,ut of a_pul se ,signal to each driver circuit.
Not e ¥hatcasdeHedycgthan ayralily ofopipels drrlyted in she, displayypogiions Jhs.svaliggs as a
first cl ! . i : hiLgh power
suppl y. poriet nER aTitchor B At LRE el Rults WP Qo omRU R ccRbude ! Perce
pot ent i alwitltamdisplal clevicewdhictseomplmielessepiwealat thefténes of displaping arstillamaghi ch i s

| ower than or_ equ to.the reference potentiagl. Note that hoth the high
power sur?ﬁltge b‘g?'eﬁt"i ditigny ap JRCIER 1P ARGV BHP s AehigYRd: X lg‘r EsYtseine? apl y

RO IR e
15 [0544] .

Further, according to one embodiment of the present invention, a self-luminous
display device that is excellent in visibility and can display images even in an
environment in which outside light is weak can be provided. In addition, in the case
where the light-storing layer in which a light-storing material is used is included in the

20  pixel portion, a display device in which flicker is not noticeable even when an emission
interval of the light-emitting element is long can be provided. Moreover, a display
device which can be kept using for a long time can be provided because energy can be
given to a light-storing material by driving a light-emitting element even in an
environment in which outside light is weak.

25 [0545]

This embodiment can be implemented in combination with any of the
structures of the other embodiments as appropriate.

[0546]
(Embodiment 14)

30 | In this embodiment, a block diagram of a display device, and shutdown

procedure and startup procedure of operation in a driver circuit will be described. First,

a block diagram of the display device will be described with reference to FIG. 25.



127 potential and a potential difference can be referred to as potential,
vol tage, and a voltage difference, respectively. [0556] Note that in the
case wherwOoa2011/0489ge¢ si gnal out put frogist he signal gener CTgR2@0/867LUI t 1002
to the nmenory circuit 1003 is an anal 0g signal, the signal my be swtched
into a digital signal through an A/D converter or the like to be output to
the menory circuit 1003. [0557] The nmenory circuit 1003 includes a
plurality of frame nmenory 1010 for 10 storing inage signals for a plurality
of franmeqo54fje nunber of frame nenory included in the nenory circuit 1003

is not particularly limted and may be an el enent that can stqre the inmage
signal s on a plAfisplay yeyice l0gpdescriged dn s embadimens ircludesgrdisplay, parel f or med

using a r h.:as...d m A : ne r
static rg'r? o’myggggggm%%oﬂﬁym?%%m@’ ﬁ;ﬁ%%@ﬁ&ﬁ@?@%te tﬁl%atr‘st e nﬂfrPrber of
frame nmendddesseldtion cscuint0(dantd € displal yohtroticiredit 8806.o0ng as an i nage si gnal

can be Sﬁ[@%ﬁﬂ for each frame period. In addition, the inage signals of the
franme>me s 1010 are selectively read out by the conparison circuit 1004

and the sel ect @R dgdpld5Yahe LU indREQADPRR kexample, a dAFerCAERADbARA 1007 QHGt 1004
is acircuit which sel'ectively reads out inage signals in a series of frane

peri ods stpireldpartion h@0§renbgatedineadrivier t008t 10@pandes sighel limend@vegiciaits, and

detects Lfference,thereof. I n the. case wher he .di.fference is.detected
by the caiaP S6rngroddhe it Bng dEnER ol doBa el os el e FuBa "o 25
novi ng i Rgeit 16098 aRAdIvEe dirtultst oL dE @Ik @B Pixell pcttibn PE0S PRRdIHOPNRIEYN t he
different is detected, whereas, in the case ere the difference i s not

det edfed dypixcle dderpatd Kemdibrer cHeuit AGRRA.shepignal Ing drivsr eerib @098 agd r cui t
1004, AR i ' ' i : i f whi ch
the. di 11 o piact FBREor TUPRRGDN Ritnled, bt 38h (0% RandfBRCIOPES ¥0pr o™ M ©

di f f er entsubstratde conpari son circuit 1004 determ nes whether the i mage 30
signals in the series of frame periods are i mage signals for displaying a
novi ng i telor i mge signals for displaying a still inage. Note that the

di fference obt q\idﬁ@q,a%trﬁamﬁﬂfmﬂm BRR tTRYisBE i $hidCa Q&ni@%cﬁﬁo?q%ﬁé@?%‘ t he
difference exceeds a certain [evel. WD 2011/048924PCT/JP2010/067193 128

[0560F  formeddfensaidectemicondictouistusdddsomeodradied thinfilmrtednsisioroinchued ches
IR L R CNEN W FGTRRR T G
det ect i Onyoktiont NEOS: ONRAE ItBANKE ighfellide dQ04 cifdIR 1009A or the signal line driver
circuit 1009B in the driver circuit portion 1007 may be formed over the same substrate
or different substrates.
20 [0550]
The signal generation circuit 1002 is a circuit which generates a pulse signal
for outputting a signal for performing a display in the pixel portion 1008 by the gate line
driver circuit 1009A and the signal line driver circuit 1009B. In addition, the signal
generation circuit 1002 is a circuit for outputting a signal to the driver circuit portion
25 1007 through a wiring and a circuit for outputting an image signal (also referred to as
~video voltage, a video signal, and video data) to the memory circuit 1003 through a
wiring. In other words, the signal generation circuit 1002 is a circuit for generating
and outputting a control signal for driving the driver circuit portion 1007 and an image
signal to be supplied to the pixel portion.
30 [0551]
Specifically, the signal generation circuit 1002 supplies, as a control signal, a

high power supply potential Vdd that is power supply voltage to the gate line driver



5 image signals fromthe frame nenories 1010 in which the imge signals are
stored, and outputs to the display control circuit 1006. Note that in the
case wer eve 211H4892¢nce of i nage si gnaa‘?6 bet ween franmes ®6WPIR2EH0EGYIX he
conparison circuit is not detected, an i1nmage displayed in the franes is a

still image. In that case, a structure may be enployed in which an i nmage
signal of the frane period is not output to the display 10control circuit
1006. [0561] The display control circuit 1006 is a circuit which

swi t ches ¢iepip! Y009\ and e ofigiall 1snep Ekiyem@irodit t1099BMade additien, the dsijhut
control signal such as the high power sngl% potential Vdd, the | ow power
suppl y pdicaeratian cigeuit 1007:genemias start pesspP apd @ cdocksigns! (efarthe gaje ding ¢ ne
reset si . L vVer: ¢ j.t -1 | QN : { T en an
| mage ; s oes St BAoACiGR o 6 Hie poRPlbd @k shbolt GG driFentimic 0
that is, startlpiiteSrand aoflockrsigeal K fad theisigral Hiee deserofirduitalf®§Bite cdegiuect ed,

the inmage signals are supplied.from selection circuit 1005 to the
driver citP‘E‘HigtP tb?)ls{gp%lnl"l%gqveﬂ?ﬂrﬁﬁ’éﬂobag d ?‘ﬁ’ﬁr’éhﬁﬂgmlﬁ gyeEiiop 4B, and

the cont r@gzggusp ﬁnggeesig%blmah{a%r?d%pil i 6g_d£ YR ind inh&ddi &r P iRl R0he 20

t hrough t ay cont circuit On the other hand, en an i mage
i s det er meredrytaircb# 180%ti || i nage by the conparison circuit 1004, that is,
a differ ﬁgfzof imge signals in a series of frames is not detected, the

i mage sig lof the latter frame is not supplied fromthe selection circuit

1005, so that tNife kHWRESn&W il BhadeSreftdd toSatPidhdg@avHich ishecsbinixé@ras Gi hvih
portion 1007 throu%g the display control circuit 1006, and the display

25cori0r olimege byithe hoven sy silshing » glurplity cnimages 8t bigh|speaywhich atei ver
circuit rti.on. 1,007, - h GRSA till.jimage is
determ ngﬁ?é'\(/j\ﬁédne]dtlﬁté) apél?'?aglg’l ﬁ%ﬁag'mﬁpghl%g%l ’r?age Pé\ﬂgééeugﬁggs ﬁ)od %)eléleg still

i mage i s gffimage sipholp vaficls uapby rdvggnized be a I0oving impgeweith desodligkep diyethe | al  Vdd
and the | ow power sup,PI y potential Vss anong the control signals is not

necessar i TWnanesye dyreyichingdmagergat lgast §9 timss (g(Pl ErameghPes §6&ands u FhF9ntEssh ent i al

Vdd and thg; i r:ef. WO
2011/ 04894;%%% 0 g’g%%é > %EP’?'SSES%‘?? f/eﬁﬁﬁ‘ﬁe \;ﬁiagsfﬁﬁgiaggﬂgﬁfa?ﬁg?&e’sése in

poweriscorfetiexdmpsle, iaahe heh fradiscad.(n} DBOEBhme, unlike the moyiny iefage abplrdlitat t he
stop of supplyi n‘%éof the inmage signals and the control signals is perforned

ent i rel y Qfimpges Weieh axg tiag-dividediiniy apluiehiyps frampsare switchsd at bigh epeedn
[0553]
Note that the signal generation circuit 1002 may generate other signals such as
an image signal and a latch signal. The signal generation circuit 1002 may output, to
20 the gate line driver circuit 1009A and/or the signal line driver circuit 1009B, a reset
signal Res for stopping output of a pulse signal to each driver circuit. Note that each
signal may be composed of a plurality of signals such as a first clock signal and a
second clock signal.
[0554] _
25 Note that high power supply potential Vdd refers to a potential which is higher
than a reference potential, and a low power supply potential refers to a potential which
is lower than or equal to the reference potential. Note that both the high power supply
potential and the low power supply potential are preferably potential such that a
transistor can operate.
30 [0555]
Note that voltage refers to a potential difference between a given potential and

a reference potential (e.g., a ground potential) in many cases. Accordingly, voltage,



5 the pixel portion 1008, and the image signals and the control signals

whi ch the display control circuit 1005 supplies before are supplied again,
such t hatwonRelsge signal is supplieg gain after the BROTAPHYO/PpEM90d of
each pixel. [0564] The supplying of any signal refers to supplying a
predeterm ned potential to a 10 wiring. The stop of supplying of any signal
refers to stop of supplying of the predeterm ned potential to the wring,
and connection to a wiring to which a predeterm ned fixed potential is
suppl i ed, pot@itiabxfr@petential diffdrérgetean BOrefbrréd® dsPotanodle volagepind podleigei al Vss
IS supplled The stop. of supplying of any signal also refers to cut of an
el ectri calitfersneseEaspestively: a wiring to which a predeterm ned potential is
suppl i ed, f515nake a floating state. [0565] As descri bed above, in
the thin i transi stor including the oxide sem conductor |ayer, off-state
current per a Naeoel iuﬁlﬂhtdnsﬂivh&relél:ﬂihiageaigriahoutpduﬁeﬂ the sigaslsgdnbeationr equal

ext endod RS 00A K habeghericircik HOBY &8 alngcy gt e BRgans b srtched

reduct i on,Rf R i [ | @%8 IS
enbodi rreg%l 9) a[ g%\gg{ sig ﬂ%HfHﬁ%h%'ﬂ ‘?M?err%ﬁr?g% l)l: mrrggg& gogb:ea&lstﬁlgrtg cgrl#péglr(gp to

det er m necigh#tlB@3. an i nage thereof is a noving inage or a still imge, and
suppl yi ng[ oL stop of supplying of control 25 signals such as a cl ock signal
or a starp %Jlse is selectively perfornmed, whereby power consunption can be

reduced. [0567]The memory cl¥edit 1008 X883 8 Nraditys of Uednt ehedord ®NDf for
register included in each of the gate line driver circuit 1009A and the

si gnal0 | |Smmtgrlme¢ signals fora plopdity of framgs. drliihg aumber of framamepiory inglided07 i s

130 it Aol Bre A0 21K oo P iR RS e et (o0

out put cistad ithesllﬂig_klgmlsl& Npluxhlitg o fraaiesr aNotreuhirecthe raart membdtyamapbe equal
to 3). Afirst clock signal CK1 froma flrsta@wrln 11, a second clock
si gnal CHOTMELIIRE 3 FRTRETY\TMET Sych asdynmigir gruacsessRemen A DRAM) & ¢ hi r d

Wi ring 13,809 dont et mens CK4 froma fourth 5 wiring 14 are
supplied t% tﬁn ﬁtrste to thék(l\l-th gul se output circuits 10_1 to 10 N of the

shi f t15r edi0§3&r shown in FI G 26A A start pulse SP1 (a first start pul se)
Si anai 1 rom t ha\osbtl o Pl pf Efme mrmeris L Rowd RePiiputhi fted aval i
referred jbgg @8 af nﬂﬁé‘é/ bi gHﬁ csahelﬂest&'eﬂ &l ea@hﬂf('d]nelbén&d" 'Iﬁ a@diﬂﬁhumlmﬁg@ber
greater than or equal o 2 and | ess than or equal Al)
signals of the frame memories 1010 are selcctlvely read out by the comparison circuit
1004 and the selection circuit 1005.
20 [0559]
The comparison circuit 1004 is a circuit which selectively reads out image
signals in a series of frame periods stored in the memory circuit 1003, compares the
image signals, and detects a difference thereof. In the case where the difference is
detected by the comparison of the image signals by the comparison circuit 1004, a
25 moving image is recognized in the series of frame periods from which the different is
detected, whereas, in the case where the difference is not detected by the comparison of
the image signals by the comparison circuit 1004, a still image is recognized in the
series of frame periods from which the difference is not detected. In other words, the
detection of the different by the comparison circuit 1004 determines whether the image
30 signals in the series of frame periods are image signals for displaying a moving image
or image signals for displaying a still image. Note that the difference obtained by the

comparison may be set to be detected when the difference exceeds a certain level.



10 is input to the n-th pulse output circuit 10 Nin the second or |ater
stage. A signal fromthe third pulse output circuit 10 _3 in the stage that
is two stuiges1idMses the first pul se oﬁgout circuit 10_1PC3JIPrHpPYO67es t he
first pulse output circuit 10_1. In a Simlar manner, a signal fromthe
(n+2)-th pul se output circuit 10 _(n+2) in the stage two stages after the
n-th pulse output circuit 10 n (the signal is referred to as a | ater-stage
signal QUT(n+2)) 15 is input to the n-th pulse output circuit. Thus, the
pul se out[pséo]circuits in the respective stages output first output signals
(QUT(1) (SR to OUT gﬁc_(SR)) to be. input to the pulse output circuits in the
respective subddgusictian syeuit 167 drcldes aplugality, of swtches ughias thin fike st ages

that are - -bef i : clir G| second
out put oi S e AR i RER i FERRCMAK Bl? SpRub B oSh i ofmBle S

i ke.. 20mhgt ard teternsined bpuhe diffdrérice detetion le theat@npaisageirsnity1804,0bE( n+2)
is not input to the pulse output circuits in the |ast .t st ages, of .t he
shift Sr eg}%&%?l,gnelﬁgrpa e drameshgmorssFodn “@l%@smagﬁ %{H\Aﬁ%ﬁf%g“@bén?r om a

Si xth wi rdyghid o MRMiDRay bl ERcdin B0y $otOHaPHE thel daSdiverd A dftfferRE dfhe | ast
two stages of the shift register and a third start pulse SP3 froma seventh

W ring 18magy sigealshetweendramhes gomipaeedoby phet campasigdn cirpuit frenatdetactedf anhe | ast
two 25 st.ages of .the shift_register.. A.ternatively, signals may be

gener at ed™ ﬁ%idg%’latyﬁg lgh{thfr?IB i 4,stil BPa%exa;‘bltE?t gﬁ?e’(%H huctute %‘Eﬂysgeout put
circuit k@nﬂl@#‘é@)in&ﬂﬂicﬁrhn(ﬁﬂa@:'s‘i%lap'éf%@e frdine Yleriol i€ Wot oduf bb-de digplalp do not

contribute to pulse output to the pixel portion (such circuits are also

r ef erlfed qostrakcipyit08t ages) may be provi ded, and signals corresponding to
t he secoggsélt]art pul se (SP2) and the third start pulse (SP3) nay 30 be

generatead in-the dumry stages. [0569] WO 2011/048924PCT/JP2010/067193 131
Note that the fIheslisplay ¢dnerof ciduihl G6ds ki ciricgin &thsch($uKiches suppGHAg ambisthp ar e a
signal which oscill ates between an H 1 evel signal_ and aﬂ_ -l evel signal at
a const arftf supRlyig ofhe fmpgg sigal aRd theoerniiel sizaglsush gndrs °f SURREK4) are

del ayed i ' th ' i first
el aye %&%@L"%ﬂ!’gﬁﬁ osﬁﬂwfgshﬁﬂ()w%gtek%% m,ﬁhsgaﬁg%uiﬁ%@n ISR paske!dile, 11

to fourt 4), contr of driving of the pul se
out puts cianduhd reset signal Reskt® the dpesrfoincuit gortinot1€07.haSpecifeally,oxlkensingmage i s al so
call ed GCK,or SCK depending an a driver circuit. to i,ch the clock signal
o 1 nput o~ AGRERaRd (bt mosthegmaps Shitrecompapicisiiolietel By» ERFoti s
the cl oCkyrsindp@kignhiQ % AlseNGE Rahbls RRed, thel ima3¥ Rignaistdry seifptetifRsgl t hat
"A and B are connected," the case where A and B are el ectrically connected,
t he case thhselectionaninguid 1802 td theadrivenairtyit portinn d064d thrawgh theadisplasecantiol e A and

B are directly nnect.ed are. included therejn. .Here, each.of A a

cor r esporfd&ytt 010@&, 8’5{@& C((rgr.oé.s,lgnélpsd%’\?i Sélg?ﬁeadrﬁoeftéengrﬁ{ffr %rc(?ftr%olfﬁ?l} qg(’a ring,
an elxgct rRdigh ahé &digpla\dlcont@olC SIREHC 1006 f Oh Nthe Wthét ha@deWhenT B rififagé ds

anot her 15 connection relation shown in drawm ngs and texts is included

wi t hout Iststemginedrtptheda stil! imagechie ther campagisem sieitit 1Q0, that 48, odifferegee 8k anpl e,

th i i on. in:t j . : . Each of
the 11 ooipgt Rehdls i 3 Sied of Hmlel i Ve aploBith 2 i Shelft bERE Tauek rafubl =27 0
i nput t ernet s@pplidd froin grcsehdtion piituit €008, Sakhal the imaghisighal 3ot sappliginal 23, a

fourth input termnal 24, g fifth input term nal 25, j rst out.put
terninal e drivgrFirgud pesian WO ghiough the ﬁsia?layz?or(tgoé@uﬁrlb?%)@ sseisplay

25  control circuit 1006 stops supplying the control signals to the driver circuit portion
1007. |
[0562]
Note that in the case where the still image is determined, when the period
during which an image is assumed to be a still image is short, stop of supplying of the
30 high power supply potential Vdd and the low power supply potential Vss among the
control signals is not necessarily performed. Stop and restart of the high power supply

potential Vdd and the low power supply potential Vss are preferably performed



The first input termnal 21, the second input termnal 22, and the third
input 25 termnal 23 are electrically connected to any of the first to
fourth wwOrgsl/ou892t0 14. For exanpl e, 1'%5{1 FI GS. 26A and P6EBJP:N®067193:t | nput
termnal 21 of the first pulse output Circuit 10 1 is electrically
connected to the first wiring 11, the second input termnal 22 of the first
pul se output circuit 10 1 is electrically connected to the second w ring
12, and the third input termnal 23 of the first pulse output circuit 10_1
i's el ect rireeabhtyy, 3Dwhivheaseth ibrehdesinpoiveficomsiinpgor Gan Beyedaledtd! i on, the first
input termnal 21 of the second pulse output circuit 10_2 is electrically
connect ed0#@3lt he second wiring 12, the second WO

2011/ 048924PCT/ ' ' : fo: se
output circuit I{%@éﬁa%i{t}%ﬁlfeg% ég?%ﬁ(?ﬁﬁgfé%gﬂ'{ed t gslt%llmrgc?%\?\nqﬁ?g%ﬂiﬂé and
t he thir dignaplis peeforméebéntiz@lydh thdperieicfondoldiigsan mdgeudigral irc each plikeldni s
electrically, connected to the fourth wiring 14. [0573].5In. FIGS. . 26A and
26B, ©°n tthePixel pertign|1o8s.qnd he lrem%gltalw_f%hemaﬁ?li%1 algyh thediselagpy s
input to -1 d ar gi - ] jfst tihsis QAIE(1) (SR)
is out putCtOP ?8%%‘%%?%%8&%3%@%?%%#8? @6%%‘?\’&%9 ﬁgpﬁégiﬁlgg%éufl ut léi gnal
QUT( 1) i ssuppligsligaim after thechaddiog periadiofpeach pxehi nal 27. [ 0574] 10Next, an
exanpl e 3[)@? specific circuit structure of the pulse output circuit is
descri be 4h reference to FIG 26C. [ 0575] In FIG 26C, a first
term nal of therkisupplylo; n§lsWnaBlefés t€k@SPIying Al prvdtninesd psledtnl the power
supply line 51, a second termnal of the first transistor 31 is

el ecti0 caviripgl 5 The otiere f estipplying fof rany signali refers dp stop ofi supplyingefitbeor 39,
and a gate_ el ect.r f..the first.transi,stor | s.electricall npect ed
to the fcﬁﬁ?‘f terlmrllrbet%%f) gern Hililng thﬁ.&f&h‘%’ r%td £ g‘rmrﬁ% ﬁ% StgthﬁEerlI{ég%n%hk%ﬁa%si stor
32 is el ghtddtaalihed fixudptdngidl isGuppléedpforekamplepd widingo veldch ehedowqvaver er mi nal
of the second transistor 32 js electrically connected tqg the first term nal
of the nisyPPlytRoigsiakYssris gupplisdy Lhestop ob perplying ef any sigeal adsodsters oW st or
32 is elegtri - NS : : .

transi st ggagf?&kll C%éll g@%net erm %ta‘?ggl%q? ﬁvelﬂ(?ﬁ??%htag%@?(&%%n%%% ésﬁgpéég’tt?i cally
conneist ednike 4 fieatingrstite.i nput term nal 21, and a second term nal of the
third tra[ggéﬁtor 33 is electrically connected to the first output term nal
26. Afir ermnal of the fourth transistor 34 is electrically connected

to the pover suypplgestitig 2Bovdnth e @ARd iRl WandbtoP  inchidgOUhé Nokii@nsi st or
34 is electrically connected to the 25 first output termnal 26. A first

t er mi nal sefid¢dndudtof tayed, pffirstats toorre®Spars elasotlrwicdi bfy 1 qomwex bededuwed i@ power
supply line 52, a second termnalsof the fifth transistor 35 is

el ect ri cdrisythenaneebip {1 3AHex 8t %A/EF‘Q&QWFH@)@W}‘FWBY dhecboldingpsried capyr 32
o, R PR G BRI B BORERAC W e BTG O
t erm nal pdiver Bodsufiptioh evhieh aatill dhagdis dispkdyhd in this embodiment.
[0566]
In this manner, 'image signals are compared to determine whether an image
thereof is a moving image or a still image, and supplying or stop of supplying of control
25  signals such as a clock signal or a start pulse is selectively performed, whereby power
consumption can be reduced.
[0567]
Next, an example of a structure of a shift register included in each of the gate
line driver circuit 1009A and the signal line driver circuit 1009B of the driver circuit
30 portion 1007 is described using FIGS. 26A to 26C.

[0568]



30transistor 36 is electrically connected to the power supply line 51, a
second termnal of the sixth transistor 36 is electrically connected to the
gat e el ecWpad"/@892the second WO 20113&58924PCT/JP2010/GGTMBBHWQEEB

transi stor 32 and the gate el ectrode the fourth transistor 34, and a
gate el ectrode of the sixth transistor 36 is electrically connected to the
fifth input termnal 25. Afirst termnal of the seventh transistor 37 is
el ectrically connected to the power supply line 51, a second term nal of

the seventh tr amgishiforegiterishowh & FIG. Q8 isicladesn@st odV-itlo palss eapodcibcuiter mi nal
of the eigg{th transistor 38, and a gate electrode of the seventh transistor
37 is el déttitedPLy Wopmamatwal runbaieredi¢r than apequal &9 f)-nah fizg clocks sigral

t erm nal he ef. . Si s i Ecal ected, tq, fhe gate
el ectr ode&(&)% hto he? ?%E%Iaﬁé ?gnassleé?%dr ég‘ﬁ( %ﬁ%lﬁﬁi&ei Ejrg%eil ée/ﬁcgrgcw’grgﬁeg ng’ aﬁ Hlergf ourth
transi st @lockkigRN CKB Gainea Hikickiringel 39tind Aoty blobk isighAISCKY drond & fodrth

electrically connected to the second input termnal 22. The first 10
t er mi Aal vofingHd an¢ puRplied &m thesfiitst toge Nsthapudser outpy] disguith K dctoeld_Noofithe second

t erm nal fthefirttraﬁﬁ' r 31.and th ecopd term nal ©Of th econd
transi st SPIRFESErSTRRR i Y miﬁg‘r C%St?ﬂé) uils!eﬁ?l?\l far gﬁséisgatn gﬁ‘ﬂ?@ f?ogn &l gfctﬁ rically
connect edyirigg 189s fpubtosthe Eirdt piife QutpubBiréi 101 11 I A bifdl BomBthe Putbelhgu@at e

el ectrode of 'the tenth transistor 40, and a gate electrode of the ninth

transi st ®irc@® insthe| previoug zitage (b rségnakbds troferad toosker BIGPPUy-slagpesiSml A
first 15 inal, of th th t istor 40 i | i call dt
the 11 1 SO BN @ihe pare) Piimbet ednFe Mol or ol To f a6 et Bpie! eF & b or a0
i's elgctr g@u % tﬁ@ﬁﬂﬂ%ﬁﬁ@ oa@_u{ QR uHOONGn e RUSnd S1MePGthg 7. A agﬂaltmﬁn gate

el ectrode the tenth transistor 4071s electrically connected to the
second t ehdrthial puife bpuntinddit 10 By e atagd ThatAisftivosdtageerafientte fidst ptlke

el eventh transistor 41 is electrically connected to the power supply line
52, a secwHWt ciaeyi Haul ipinppdic ke firgt walse Ruipubeisgudt Wk 141 In 3 sigrilag mapgey; 3 y

o1 event b 9ahbPE BF GBrE B il TPt 16 0re B B 3R 1P S b o o

t he secondintfidRYuiiRCirddt 2009: dliesi & rRferl998a Btert f 1 OUI(ARS) St or
34. [0576] IP{l FI (13@260?r a co_nn(téct il%?latlpoi nt of thg ggtggﬁgeelsgg{ar ode(of Qhe
t hi r d5t r dnghpttoto 88, nAb piise gatpst alircuit.r odbusfthe hpilsee output cimgits imrthet0, and

| adr ¢ TEweCve: e cutah T onipus piepns (QLHOETRL R GFI BRIt BE st ™
transistqg tl%zﬂulﬁé"ﬁut?a{t Srlits Gh rined@%lgcﬁw SubfsBdtichb stas@Nsididrahe Béise bigpusecond

termnal of the fifth transistor the second termnal of the sixth
transi st sirc@is in the stagessthat atertivactagss before tieghspectiveapiisesewputadicuiimand he gat e

Cos77) * Vestad el sSSaR Lo Ea 6 THEE 25y Db L Bf bOE bR R BEEe- 0 oo
si gnalp Cilotk $hdt i3Whowa ih &G RBAL tHenﬁtHr-s{a?é r2§i | OUF(niDeisSRe ansht @b ARK Si gnal

CK2'is input to the second input termnal 22, the third clock signal CK3 is
i nput t o pulse output dir¢yifsun theclashitwglstazss of the shiftaiegistay) theref&me,ias anggampleo t he

fourth. | NPULOLELI ik 282 eibyPHRRRANRALG 7 A95 vEARY BYTARk dufpd QR o the
in one of the last two stages of the shift register and a third start pulse SP3 from a
seventh wiring 18 may be input to the pulse output circuit in the other of the last two
25  stages of the shift register. Alternatively, signals may be generated inside the shift
register. For example, an (N+1)-th pulse output circuit 10_(N+1) and an (N+2)-th
pulse output circuit 10_(N+2) which do not contribute to pulse output to the pixel
portion (such circuits are also referred to as dummy stages) may be provided, and
signals corresponding to the second start pulse (SP2) and the third start pulse (SP3) may

30 be generated in the dummy stages.
[0569]



5first output signal OQUT(1)(SR) is output fromthe first output term nal
26, and the second output signal OUT(1l) is output fromthe second out put
term nal V20.20]10898} FIG 27 is timng chart of PRTERL10/067a¢8 St er
including the plurality of pulse output circuits illustrated in FIG 26C. In
the case where the shift register is a gate line 10driver circuit, a period
61 in FIG 27 is a vertical retrace period and a period 62 is a gate

sel ection period. [0579] The procedure of supplying, or stopping the
supply of, a pMNoetithaathetfirsecthe Wourthndock sipghts (ICK Vieto (CIK4) whth merd sigaml dur i ng
the operati.ons to display a still ipmage and a 15 nmpving i mage, or the

oper at i onViHigh pesiflate bérvgbn an dirgvs! sign oG @ Lelsvel signalithg cppstams cyste- EL

el ement ifhearifh 48! thROfoupANILAE sRInAR! EEK1) B (@R@?}ﬂa&& chélzi?'%d atbz Q/4 fefibged to

as refresh operation), in the driver circult nmahufactured ing'a plurality
of n- chaseglentialiynsilstthis smbaidinént] By gsing nhairsino éxatiptleck nighhle$CKAGA0t 0 26C

and FLG i1l Db scribed with reference to FIG 28. FIG 28 illustrates
changds tKbontpLas™ing o e Bl apiPuf et Bulibois Rerfomeds ot 5t o
suppl yi nghéclobi g8 falsd WRAREY GEK 8RECR! ddp¥Adihg of MIAiVeRSirkHt to WRARhYKEY a | ow
power su%gjl& potential (Vss), a wiring for supplying a start pulse (SP),

f

and Wi ri ségnak ispippyts hgweversdeseptionis mppde|in ¢hdis simppadineent oK using @K43 to a
shift regi'[les&gék. S.%I%SO] The liquid crystal display device according to this
enbodi nent. can d splay a 25 still inmage and a nobbing i nage and display a
still inmjgs7d)y refresh operation without constantly operating the driver
circuit portion. Therefore, as illustrated in FIG 28, there are a period in
whi cHOcont rol  Noghatwher i inexplicilydegeribsdhibat ‘Al B aoeannested.” thedespe t he
first to tah S| ) h apt .
suppl i ed v{'l%p%As 1?4 ?C érgg%lgﬁgéﬁ%%egg?’gg cla%@\%tf {:chgc%trc\lt Poﬁrgéflh '3‘%%’ éﬁ%r e not
suppl i ed.cohlmdceed; land thdreaspewhard Aiand(B iatd distatiyt edhnectedlafs Hielcled rthapmnds t o

e per Ol hARLE Sonu el Sanale, ol SURBL L oL et Gy, P
cher g O O, bl SeTRld St o g sl gapencs
are b6t sappciien relatioroshomn inolrasings ape taxeedisiinclugddowitbous thiefrlg limierbto &
glof g:,]? ?’Slc;i)'r geSBiLx']eglcg&g%cl ﬁoégr'ela?iog,etroir %()j(aringle, ieccbontngc iorr]xi x%{]ati%gv\s%(r)w% ulg F&\é/
drawings and the texts.
[0571]
Each of the first to N-th pulse output circuits 10_1 to 10_N includes a first
20  input terminal 21, a second input terminal 22, a third input terminal 23, a fourth input
terminal 24, a fifth input terminal 25, a first output terminal 26, and a second output
terminal 27 (see FIG. 26B).
[0572]
 The first input terminal 21, the second input terminal 22, and the third input
25  terminal 23 are electrically connected to any of the first to fourth wirings 11 to 14. For
example, in FIGS. 26A and 26B, the first input terminal 21 of the first pulse output
circuit 10_1 is electrically connected to the first wiring 11, the second input terminal 22
of the first pulse output circuit 10_1 is electrically connected to the second wiring 12,
and the third input terminal 23 of the first pulse output circuit 10_1 is electrically
30 connected to the third wiring 13. In addition, the first input terminal 21 of the second

pulse output circuit 10_2 is electrically connected to the second wiring 12, the second



5 is provided not only in the period Ti but also in part of the period T2.
In addition, in FIG 28, a period in which the first to fourth clock
signal s (VWRR0t1N484) are supplied is ?:pvided bet ween t RETIP2MH/0&M9X he
supply of the high power supply potential (Vdd) and the stop of the supply
of the high power potential (Vvdd). [0582] 10Moreover, as illustrated in FIG
28, the first to fourth clock signals (CK1 to CK4) nmay be set so as to
start to oscillate at a constant frequency after being set to a high

pot ent i alinpieanbedl R aftthesdeend palsd buthediirgitand2 s3 dpectasdlyl doahédigd &fther bei ng
set to a low potential after the period Ti ends. [0583] 15As descri bed
above, i nhirhwitighl apd devthid inpit tarndinad) 23 of thisisscondipodiicroptput cireuit 8 Fpby of

control signals such t he hi ower , supply potential (Vvdd), the first to
fourth clS %ﬁ"?ﬁéﬁgﬂmﬁ%{ﬂ%eﬁeﬁg)‘ﬁnﬁ%yt he start pulse to the shift
register [ps7gtopped in the period T2. Then, in the period in which the
supply of control signals is stopped, whether each transistor is turned on

or tubned of f ils FiGHt36a drel26hdn theefirstpybset oudpput girpuit $@ 12 thesfiigghstart pnlsen t he

hi ft ister | f d. Ther.ef ' f the shift
Fegi st er SHIdS LIS e Ry BPEerping 2. Bisdut Bt b OB R SREfs bt by ¢ he
shift regjsth e AP oRPul RIMGRI26[ SRBAE sDAind dulit sigal el ey ResgpdiiRsn r ef resh

operation needs to be performed 25 regularly because there is a _

possi bi | ithgsached owthet tqumingk37.0f a di spl ayed still image may deteriorate. In
t he di spl ﬁg ﬁevi ce according to this enbodi nent, the above-described

transi st& 7 cludi ng an oxi de sem conductor is enployed as a switching

el emewt for comexgldn &Gniply of hapecifio dreuidphéterd ¢fotha plhildevaurgut Icuitdé an EL
el ement in each pixel. Thus, off-state current can be drastically

decr easedesarhgd vithsfegence fo FF-28Ge to be 30 applied to the driver TFT of
the EL elg t in each pixel can be reduced. In other words, even when the
peri od ir{ I'ch the operation of the shift register is stopped is |ong due
to display of an#1G|260, adyst, ternfisalcd tier fist aansistordl is kkgeicallptorngced o be
suppr esseﬁl. WO 2013[/ 3_489 4PCT/ JP 010/,%?79];9‘3 if36 For .exappl.e, . even when t he
period i <h% PAVRLSURPLY Jig, 0L Heseand itgripi pdppalrarsislen #1 it flegicelly pe

mai nt3i nednndeld ©*ARt Srmidal 3f USRbAYrARKIGTSI Indh igﬁf& d18ModE Of it AR or med
60 times per second and a display device in which refresh operation is

per f or medrapsiser 3i i8eletmigalby cennecicd g Hrecfdurth tipus darminal Rdr |, Aplaistterminab unpt i on
e e e
pot ent i alse@fitdabntifalldfqhé SBoR®WRASISINOTI ¥ emtmuk bnre¥ed)to Ak fifst teniml ed in
FIG 28. Note that the stop of the supply of the high power supply
pot ent i aloftheieintniagnsistort39, gud a gate electrode of the second transistor 32 is electrically
20 connected to a gate electrode of the fourth transistor 34. A first terminal of the third
transistor 33 is electrically connected to the first input terminal 21, and a second
terminal of the third transistor 33 is electrically connected to the first output terminal 26.
A first terminal of the fourth transistor 34 is electrically connected to the power supply
line 52, and a second terminal of the fourth transistor 34 is electrically connected to the
25  first output terminal 26. A first terminal of the fifth transistor 35 is electrically
connected to the power supply line 52, a second terminal of the fifth transistor 35 is
electrically connected to the gate electrode of the second transistor 32 and the gate
electrode of the fourth transistor 34, and a gate electrode of the fifth transistor 35 is
electrically connected to the foufth input terminal 24. A first terminal of the sixth

30 transistor 36 is electrically connected to the power supply line 51, a second terminal of

the sixth transistor 36 is electrically connected to the gate electrode of the second



10t he potential of a wring, to which the high power supply potential is
supplied, in a floating state. [0586] Not e that when the potenti al
of the wWPR811Y@8%Mi ch t he hi gh power %sj pply potential @UEAP20180&a%HIied is
i ncreased, which nmeans that the poten is increased from15 the | ow
power supply potential (Vss) to the high power supply potential (Vvdd)
before the period Ti, it is preferable that the potential of the wiring is
controlled so as to change gradually. If the gradient of the change in

pot ent i altrapbisto S2vindi the ghte cléct@fe ofhﬁfﬁuhh tﬁanpﬁ&ﬁ i34 hid ¥ ghieadledtivde @fange in
potential may becone noise and an irregul ar pul.se may be outz%gt fromthe
shift redhessith trppsisiore3@ iseegifeslly eommedtpd fo ﬂ?“efjftgtl’él?“t termipgd| Zpded ESt20 a
gate lin f
3 i g SR 6L Sl bl SEBURIAGMSGIARRUER, AP otk SOl 106
appl i ed tAd, a seeondaerndind]l aff thasedenttetremsstdr 31 gmledmcadllyamgﬂebtdaytd feedond egul ar

pul se and the q f astil] i ht be ed Therefore S
pr ef elsablt%milﬁ%{to tt %eéﬁghﬁ@sﬁﬁorpiﬁ é}q&%agateo cgtrpde %rﬁ%gﬁvﬁgthé%‘ts’rsﬁﬂrl gds as
descri bedaB0ufy doAn¥dEt@knd hﬁrdaﬁn?ﬁﬁtefiﬂﬂ{a?% fl E&s?@erhhhdiséfr @Bk &R 25
exanpl e in whi ch arise in signal to the high power supply potent% (vdd)
i's nore draadigwir 38hargleatrically conmﬁcrr@lrmlthcl lzate, eléatrodh of dhfsmcayd @enslster aacor di ng

9ot SR D 050 bl IB05 81 SRS A OB O

pot ent i altrdn¥id@t 380id BRchItaNY doRBdBdE ko Ahé sB@INtOMnyRd t@ﬁumpzzoprr@t first| N
other words, in the case where a change in potential of the w rlgtgbfor
t

suppl! i ngemisaligf ghe patetransisys 39 lp@leémcaay cemsedaw@r%emsd tgrmigal ef thee pi xel
P%ggon_rﬁfirlg e?ein%ﬁtorti’;rieang%es gecgfgci %?xﬁwt%il ég { qltdq?a&lgfsioq’ Pétﬂ gﬁ%\(l)?(?: ée?rélgr%:azfljﬁxg
to this efhbdinimhitraeisas agolspdslectﬁcﬁllyacodﬁ&taﬂ)laltﬁé&%m&f{oaemmQﬁﬂd93 137
change i n potenti al i}&rtlcularly, an increase i dtcentla of the wiring
from ent dFANAIStOF A 2pd he gaoslesterde ! thteal traﬂﬂsg’régpi“} 283t flereodsdfdhe on
Japanese rlf:f aheitinsfRR! 56aL 'e@é?:tr?c%ﬂgaéonﬂg’ ed® 16 4hd g%%k%? %Zﬂél&' it Wit hAJgREN
Patent Ofice on October 21, 20 Japane e Pate Appl i cation no.
2009-13789&mnihall of dhenichth tjmsastorlzlﬁtle akectgichllx comectPe tethedirstSpnpd&@ninglHid, ent i r e

LTI AL R N W ——
terminal 27, and the gate electrode of the tenth transistor 40 is electrically connected to
the second terminal of the ninth transistor 39. A first terminal of the eleventh
transistor 41 is electrically connected to the power supply line 52, a second terminal of

| 20 the eleventh transistor 41 is electrically connected to the second output terminal 27, and
a gate electrode of the eleventh transistor 41 is electrically connected to the gate
electrode of the second transistor 32 and the gate electrode of the fourth transistor 34.
[0576]
In FIG. 26C, a connection point of the gate electrode of the third transistor 33,
25  the gate electrode of the tenth transistor 40, and the second terminal of the ninth
transistor 39 is referred to as a node NA. In addition, a connection point of the gate
electrode of the second transistor 32; the gate electrode of the fourth transistor 34, the
second terminal of the fifth transistor 35, the second terminal of the sixth transistor 36,
the first terminal of the eighth transistor 38, and the gate electrode of the eleventh
30 transistor 41 is referred to as a node NB.
[0577]

In the case where the pulse output circuit in FIG. 26C is the first pulse output



a power supply line; 5a light-emtting el ement configured to receive power
fromthe power supply line; a first thin filmtransistor for

el ectri caWDyotigHp®dt i ng t he power supQLy | ine and t he | PGRIPE/DETI98

el enent; a signal line for supplying a video signal; 10a second thin film
transistor for electrically connecting the signal Iine and a gate of the
first thin filmtransistor; wherein a channel formation region in
the second thin filmtransi stor conprises an oxi de sem conductor | ayer

havi ng a dieoid 10ap thd figst etk sighhlaOK0lis Bguedo thefidt épud dménah 2 Urthg edtond
concentration of |less than or equal to 5 x 1019 /cnB, and 15wherein the
second t elerkisignal GKenisiiepubto the sgpenehinpet termigale2; ther third chck signgh&Kdeb wi dt h

o 1.0 o MABPLENIEA bl ERR 39, B SO e 16 M e s o o0
suppl y | itegnihgl 240e shbsgQiten®Biapt siggaladOTEN)tis inputiothd £ifth dngit tdrninad@§ethe 202.
The di spl ay device according to.claiml, wherein the power supply line is
conf i §ur &St 8uBuh pieyal. OBl (DR DE pript from the firsg outpyl t‘éﬁrg’&}la%ﬁ? deeli e
2ecor 0 ek T OOTED T B S saR g el e oxde
devi ce aqﬁﬁﬁﬂing to claiml, wherein a period in which the still inage is
R e MR N T MR R W
lzb%g} bzgg&;k an C%r%gsggg%ag%ﬁggm@ PEL. AnRAE EaseiwiRkeht SRR gisRR G a Y& line
10  driver circuit, a period 61 in FIG. 27 is a vertical retrace period and a period 62 is a gate
selection period.
[0579]
The procedure of supplying, or stopping the supply of, a potential to each
wiring of the driver circuit portion during the operations to display a still image and a
15 moving image, or the operatioh to rewrite a voltage to be applied to a driving TFT of an
EL element in a pixel portion (hereinafter the operation is also referred to as refresh
operation), in the driver circuit manufactured using a plurality of n-channel transistors,
which is given as an example in FIGS. 26A to 26C and FIG. 27, will be described with
reference to FIG. 28. FIG. 28 illustrates changes in potentials, before and after a period
20 T1, of a wiring for supplying a high power supply potential (Vdd), a wiring for
supplying a low power supply potential (Vss), a wiring for supplying a start pulse (SP),
-and wirings for supplying first to fourth clock signals (CK1 to CK4) to a shift register.
[0580] ‘
The liquid crystal display device according to this embodiment can display a
25  still image and a mobbing image and display a still image by refresh operation without
constantly operating the driver circuit portion. Therefore, as illustrated in FIG 28,
there are a period in which control signals such as the high power supply potential (Vdd),
the first to fourth clock signals (CK1 to CK4), and the start pulse are supplied'to a shift
register and a period in which control signals are not supplied. Note that the period T1
30 illustrated in FIG. 28 corresponds to the period in which control signals are supplied, in
other words, a period in which a moving image is displayed and a period in which

refresh operation is performed. The period T2 illustrated in FIG. 27 corresponds to the



139 a layer containing a light-emtting organi c substance between the pair
of el ectrodes. 6. The di splay device according to claim1,
wher ei n awpDi2ghy048%2éri ng | ayer is 5inc ed. PTT/IRM1ODEA®Y oni C
devi ce conprising the display device according to claim 1. 8.
The di splay device according to claim1, wherein the display device is
10l'i ghting devi ce. 9. A display device conprising;, a signal
line; a scan |ine; 15a power supply line to which pul sed DC power is

suppl i ed;pegiod imwhickh&donfol digrals, art a6t guppkéd, io btheowondsp persodiig: witich agsH t hi n
filmtransistor; a second thin filmtransistor; and a light-emtting

el ement I%%érclé?may&dgat e of the second thin filmtransistor is

el ectri Cﬁ}bggﬁ connected to the scan line, a first electrode of the second
thin fil Jnsistor is electrically connected to the signal line, and a
second el ect r ode FiG. 28 e psscd dwhichnhd highpowansipplypotemtiat (Bdd)ris swlpligd

connected to a,gate of the firs in filmtransistar S5wherej.n a .first
el ot Poads Bovgdre o el invthepriachT] Pufiusaipart & G aeipd 427 I eblifiebieg to
t he pO\ABrFI@P@S}'aYpe'rﬂoB%m whitdh thb €irsi 86 EAFthelI6& srigms @Ki HﬁCf(h} e shppiedfis| m

transistor is electrically connected to a first electrode of the
| i ght - eniprovided bé¢tesemthe siirepéihe supplyaofribe highy pawvdrsupple giotantiah(Vddg asécond

thin fil rHu:E gtg]r)] oF ﬁlteos{lpply of the high power potential (Vdd).
[0582] :
10 Moreover, as illustrated in FIG. 28, the first to fourth clock signals (CK1 to

CK4) may be set so as to start to oscillate at a constant frequency after being set to a
high potential once before the period T1 begins and stop oscillating after being set to a
low potential after the period T1 ends.

[0583]

15 As described above, in the display device according to this embodiment, the
supply of control signals such as the high power supply potential (Vdd), the first to
fourth clock signals (CK1 to CK4), and the start pulse to the shift register is stopped in
the period T2. Then, in the period in which the supply of control signals is stopped,
whether each transistor is turned on or turned off is controlled and the output of a pulse

20 signal from the shift register is also stopped. Therefore, power consumption of the
shift register and power consumption of the pixel portion which is driven by the shift
register can be reduced.

[0584]
Note that the above-described refresh operation needs to be performed

25 regularly because there is a possibility that the quality of a displayed still image may
deteriorate. In the display device according to this embodiment, the above-described
transistor including an oxide semiconductor is employed as a switching element for
controlling a voltage to be applied to a driving TFT of an EL element in each pixel.
Thus, off-state current can be drastically decreased, and a change in voltage to be

30 applied to the driver TFT of the EL element in each pixel can be reduced. In other
words, even when the period in which the operation of the shift register is stopped is

long due to display of a still image, the deterioration of image quality can be suppressed.



30 conprises an oxi de sem conductor |ayer having a band gap of greater
than or equal to 2 eV and a hydrogen concentration of |less than or equal to
5 x 1019 wonsi/@ss WO 2011/ 048924PCT/}J 2010/ 067193 140PCT/JP2010b@&NI N t he
second thin filmtransistor in which of¥-state current per a channel wi dth
of 1 tmis suppressed to |less than or equal to 1 x 10-16 A/pmis configured
to hold the first thin filmtransistor in an on state and connects the
power supply line to the light-emtting element to display a still inmage. 5

10. The @&F&xaﬂlfli,eﬁir&ﬁwﬁ%w&bd}mdti@ xhﬁim@mngme&'}uali@ 6@ displayed still
concentration of the oxide sem conductor layer is less than 1 x 1014 /cn8.
11. The dmage pn desymaintaigedr dFerg cxampleaifnp odisplaw [device ainpwhichdrewfitgHis ch t he

10stilli[m? ' i gdl q_ S, &: |§‘Q, s @ topRf scan |ine
signal is's %B%(igg t§r8L5a¥ iézeaﬁ hhgﬁd? ?ﬁﬂ%g{?’ e\}éécjlely\,g‘}ccor | neghltO(S)%caltfgi)lnn11g 9,
wher ei n tgeefolmehbneznin 3t mimytas| azérech paredrpviihséaoly othkhgpoper condungitieatcandes; and
a layer containing a |li ght-/em' tting organi c substance between the pair of
el ect Poddgduced to approximatel s 1/190@0.4j sp| ay device according to claim9,"
wher ei n gokéﬁht -storing layer is 20included. 14. An el ectronic
devi ce conpri'sing the display device according to claim?9. 15.
The di spl ay deWate that der domgf the soppliyrofShe higb peimer stpplylpetehtial (Hdd) sdoi s an
25el ectronjc paper.. . . .
set a potential equal to the low power supply potential (Vss) as illustrated in FIG. 28.
Note that the stop of the supply of the high power supply potential (Vdd) may be to set
10  the potential of a wiring, to which the high power supply potential is supplied, in a
floating state.
[0586]
Note that when the potential of the wiring to which the high power supply
potential (Vdd) is supplied is increased, which means that the potential is increased from
15  the low power supply potential (Vss) to the high power supply potential (Vdd) before
the period T1, it is preferable that the potential of the wiring is controlled so as to
change gradually. If the gradient of the change in potential of the wiring is steep, there
is a possibility that the change in potential may become noise and an irregular pulse
may be output from the shift register. In the case where the shift register is included in
20 a gate line driver circuit, the irregular pulse serves as a signal for turning on a transistor.
Thus, there is a possibility that a voltage to be applied to a driver TFT of an EL element
might be changed by the irregular pulse and the quality of a still image might be
changed. Therefore, it is preferable that the change in potential of the wiring be
controlled as described above. In view of the above content, FIG. 28 illustrates an
25  example in which a rise in signal to the high power supply potential (Vdd) is more
gradual than a fall. In particular, in the display device according to this embodiment,
when a still image is displayed in the pixel portion, the stop of the supply, and the
resupply, of the high power supply potential (Vdd) to the shift register are performed as
appropriate. In other words, in the case where a change in potential of the wiring for
30 supplying the high power supply potential (Vdd) adversely affects the pixel portion as
noise, the noise directly leads to deterioration of a display image. Therefore, it is

important to control the display device according to this embodiment so as to prevent a
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change in potential (particularly, an increase in potential) of the wiring from entering the

pixel portion as noise.

This application is based on Japanese Patent Application serial no.
2009-242757 filed with Japan Patent Office on October 21, 2009, and Japanese Patent
Application no. 2009-278997 filed with Japan Patent Office on December 8, 2009, the

entire contents of which are hereby incorporated by reference.
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CLAIMS

1. A display device comprising:

a power supply line;

a light-emitting element configured to receive power from the power supply
line;

a first transistor for electrically connecting the power supply line and the light-
emitting element;

a signal line for supplying a video signal;

a second transistor for electrically connecting the signal line and a gate of the

first transistor;
wherein a channel formation region in the second transistor comprises an

oxide semiconductor layer having a band gap of greater than or equal to 2 eV and a
hydrogen concentration of less than or equal to 5 X10'° /cm®, and

wherein when the second transistor is off state, a drain current of the second
transistor is less than or equal to 1X107'® A/um, and the second transistor is
configured to hold the first transistor in an on state and connect the power supply line

to the light-emitting element to display a still image.

2. The display device according to claim 1, wherein the power supply line is

configured to supply a pulsed DC power.

3. The display device according to claim 1, wherein a carrier concentration of the

oxide semiconductor layer is less than 1X 10" /cm?.

4. The display device according to claim 1, wherein a period in which the still
image is displayed includes a period in which output of a scan line signal is stopped.

5. The display device according to claim 1,
wherein the light-emitting element comprising:
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a pair of electrodes; and
a layer containing a light-emitting organic substance between the pair of

electrodes.
6. The display device according to claim 1, wherein a light-storing layer is
included.
7. An electronic device comprising the display device according to claim 1.
8. The display device according to claim 1, wherein the display device is lighting
device.
9. A display device comprising;

a signal line;

a scan line;

a power supply line to which pulsed DC power is supplied; and
a pixel portion, the pixel portion comprising:

a first transistor;

a second transistor; and

a light-emitting element,

wherein a gate of the second transistor is electrically connected to the
scan line, a first electrode of the second transistor is electrically connected to
the signal line, and a second electrode of the second transistor is electrically
connected to a gate of the first transistor,

wherein a first electrode of the first transistor is electrically connected to
the power supply line, and the second electrode of the first transistor is
electrically connected to a first electrode of the light-emitting element,

wherein a channel formation region in the second transistor comprises
an oxide semiconductor layer having a band gap of greater than or equal to 2

eV and a hydrogen concentration of less than or equal to 5X 10" /cm?, and
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wherein when the second transistor is off state, a drain current of the
second transistor is less than or equal to 1X10™" A/um, and the second

transistor is configured to hold the first transistor in an on state and connect

the power supply line to the light-emitting element to display a still image.

The display device according to claim 9, wherein a carrier concentration of the

oxide semiconductor layer is less than 1X 10" /cm?®.

1.

The display device according to claim 9, wherein a period in which the still

image is displayed includes a period in which output of a scan line signal is stopped.

12.  The display device according to claim 9,
wherein the light-emitting element comprising:
a pair of electrodes; and
a layer containing a light-emitting organic substance between the pair of
electrodes.
13. The display device according to claim 9, wherein a light-storing layer is
included.
14.  An electronic device comprising the display device according to claim 9.
15.  The display device according to claim 9, wherein the display device is an

electronic paper.

16.

line;

A display device comprising;
a power supply line;
a light-emitting element configured to receive power from the power supply

a first transistor for electrically connecting the power supply line and the light-

emitting element;
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a signal line for supplying a video signal;

a second transistor for electrically connecting the signal line and a gate of the
first transistor;

wherein a channel formation region in the second transistor comprises an
oxide semiconductor layer having a band gap of greater than or equal to 2 eV and a
hydrogen concentration of less than or equal to 5 X 10" /cm?,

wherein when the second transistor is off state, a drain current of the second
transistor is less than or equal to 1X10™' A/um, and the second transistor is
configured to hold the first transistor in an on state and connect the power supply line
to the light-emitting element to display a still image, and

wherein the oxide semiconductor layer comprises micro crystalline portion.

17.  The display device according to claim 16, wherein grain diameter of the micro

crystalline portion is greater than or equal to 1 nm and equal to or less than 20 nm.



