2 4 AUG 2006 ELECTRONIC DEVI CE, METHOD OF MANUFACTURE OF THE SAN%, r@NB
SPUTTERI NG TARGET BACKGROUND OF THE I NVENTION 1. Field of the | n¢drftUodHit
This invention relates to an electronic device in athin filmform the
met hod of its manufacture, and a sputtering target. Specifically the
invention relates to a novel display device conprising, as its
constituents, pixel electrodes used in active and passive matrix type

flat pa i y E?Hﬁ%:a ORGUGLQF 5 i ChY§t
displayg§ﬁ$%?F§§F?Vz) %ﬂé ﬁ%glagbnpon§g¥§ﬁ§?%soﬁ- d}b g#Mglnun1alloy
film the nmethod of its nanuf d .t Sputtering target. 2.
Description of the Rel ated AH?QEE&Egggﬁ TA@% Té active matrix type li.quid

crystal display uses thin filn1tran5|stors (TFT) as switching elenents,
and. is conposed of a TFT array substrate equipped wth a wiring section

of pixel_e S | ignal conductors, etc., an opposed
subst rat%ﬁ@%éﬁgg \%Esrcﬁgl mTféﬁect rode that is disposed in
opp03|t|on rr bstrate with a predeterm ned spacing, and
a liquid 3%&%?8 ﬁ ﬁﬁtQ%?%QQIed betmeen the TFT array substrate

dth bst For, th | d d
oxi de (| T%§’p?ffﬁf%“%r§v%%%wnf84m% B e D) SRR T Ko um

oxi de (102R)-and t el Lke .l uged sw?[{a%ouvfem £ ard'agat-gguélcg@%hg
target. Specifically the invention relates to a novel
( display device comprising, as its constituents, pixel
electrodes used in active and passive matrix type flat panel
-displays such as semiconductor'displays and liquid cfystal
displays, reflective films, cptical components etc., and
aluminum alloy £ilm; the methbd of its manufacture; and the
. sputtering target.
2. Description of the Related Art
For example, the actl”'Ve matrix type liquid crystal
display uses thin film transistors (TFT) as switching
eiements, and is composed of a TFT array substrate equippgd
with a wiring section of pixel electrodes, scan lines, signal
conductors, etc; , an opposed substrate equipped with a common
electrode that is disposed in oéposition-to the TFT array
substrate with a prédetermined spacing, and a liquid crystal
layer that is filled between the TFT array substrate and the
opposed substrate. For the pixél electrodes, an indium tin
oxide (ITO) film with about 10 wt% tin oxide (SnQ) contained

in indium oxide (In,0,} and the like is used.

Moreover, regarding the signal conductors of the wiring



2 4 AUG 2006 section that are connected to these pixel electrode
electrically, in order that pure alum numor an alum num alloy, 8uckiGar808
Al -Nd, shall not cone in direct contact with the pixel electrodes, a
multilayer filmmde of a high nelting point netal, such as Mo, Cr, Ti,
and W is made to exist between themas a barrier netal. However,
recently, trials where these high nelting point netals are elim nated

and the Qéé‘g%o ek:ﬁ%ttr %%ee | S8 oughL LAt ‘Eh%' %pﬁfeofneeféég%&%th the

signal conducto ei ng ‘advanced. "For ,according to JP-A No.

337976/ %?ggEgEggi&ydeﬁﬁ;HgggsEH%&1%%%$aqhé§huﬁ$§%&h9g?uﬁ3 %ﬂpélfgghTo

filmwt I'nc oxXl ine I'um oXide 1S us
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C"on o FPFLs 1S8R BF H2re Cidourve “uhd drst Heatect s oaRbsbhSFHECR ot
adopt i ort Pt ABSE. REEHOTE TGS 1 ¢ “BUELrbi X PG RN Al CoMt ARere.
LSF%?ES“%&?%“%%%%}Q?& %fr'w.ﬁc%ﬂﬁ%%éfﬁed@ 1R Pt Sd T L o] Ty aBRaPe er
metal in en.l tpe o @ven ional t chnolo% . f alum un1or
a1 U nurk CSTE BRI TP rigt ORAD ToLREP! FF 88 Lo gnar %&ﬁ&h&ﬂﬁ%&* th Gidlgnt
(j* conductor are being advanced.

For example, according to JP-A No. 337976/199%9, it is
described that if a pixel electrode made of an ITO £ilm with
about 10 wit$ zinc oxide contained in indium oxide is used,
direct contact with signél conductors becomes possible.

Moreover, US-Pat. No. 6,218,206 discloses a method of
performing surface treatment on a dfain electrode by plasma
processing or ion implantation, and US-Pat. No. 6,252,247
discloses a method of forming a multilayer film by depésiting
a second phase containing impurities, such as N, 0, Si, and

(:’ C, on a first layer of gate, source, and drain electrodes on
the first layer of gate, source, and drain electrodes. It
was made clear that adoption of these methods makes it
possible to maintain contact resistance with the pixel
electrode to a low level even if the high melting point metal
is eliminated.

The reason for disposing a barrier metal in-between in

the conventional technology is that, if aluminum or aluminum

alloy wiring that constitutes signal conductors is brought



-2 2 4 AUG 2006 into direct contact with the pixel electrode, the AUG 2006
contact resistance will increase and display quality of a screen Ip
deteriorate. This is because aluminumis very easy to oxidize and the
surface thereof is easily oxidized in the air and because the pixel
electrode is a netal oxide and hence alum numis oxidized by oxygen
generated at the tinme of film deposition and oxygen added at the tinme of
filmdepgsitio to forman,al umn oxide ] ayer pon the rface .t hereof.
Then: | itk (At | HORRAEE: M1 s 50y braveee Fhopfe B Sahtatt

interface between the %; nal conductors and the el ectrode jf%this

i |
way. 1 ho FEGHHARG B et g anCs TEEt A% hbSb S7 Gt 2 Rohtd 6riCane (e

i xel
electrode will, increase and ,the display.quality of a screen wll
deterior&ﬁ?eQ§?q§ﬁﬁotH%?lﬁaha,g&FPH&&bﬁ%ﬂﬂ%Qﬁﬁ%%%rvﬁﬁya?aﬁgsto
originally an action of preyenti surface oxi.di zati,on of the . al um num

al | oy an@%isdray 2Rt EBRt 3T T BERWERRT ERE 1§ &R ¥y &5 L Bha dte

pi xel electrode, a barrier netal form .process hecones indjspensabl e
to obtaiﬁnﬁh?Q§EHV%%f§%%a?lX§ir%&FGFEO %rFﬁgasﬁéﬁaﬂhgﬁléﬁbé¥¥4Zﬂﬂﬂﬁﬁa[ is
di sposed hetween the contact interface; therefore, depopsi ti gn_chamber
for forRi-mEBarss é?F”ﬁjétZeﬂé FYs 258 Spy Sﬁpﬁéé%@éidéﬁdgﬁ?l 1R Ogd%]i]tlpon to

a depositing sputtering apparatus required for the formation of the gate
eIectrod@?Hﬂﬁ%E&Rﬁc@n%I%gggﬁae?adﬁﬂdthEgﬁrEFWeePECﬁF&Hbdeﬁ&ﬁﬁﬁﬂqnas

broduct i 56, EOFR Hae IHECGH G4 PROIAYST §hbOPGtE TS (HEidase: | T

(:« if an insulating material layer is formed in the contact
interface between the signal conductors and the pixel
electrode in this way, the contact resistance between the
signal conductors and the pixel electrode Will increase and
the display quality of & screen will deteriorate.

On the other hand, although the barrier metal has
originally an action of preventing surface oxidizaticn of the
aluminum alloy and improving contact between the aluminum
alloy film and the pixel electrode, a barrier metal forming
process becomes indispensable to obtain the conventional
structurewiringsuchthateabérriermetaliscﬁﬁposedbetween
the contact interface; therefore, a depositionvchamber for
forming a barrier metal must be provided redundanﬁly_in
addition to a depositing sputtering apparatus required for
the formation of the gate electrode, the source electrode,
and the drain electrode. However, as the cost of‘a ligquid
crystal panel etc. keeps to be reduced by mass production;
it has become difficult to neglect the increase in the

manufacturing cost and the decrease in productivity



manuf acturi ng cost and the decrease in productivity -3 2 4 AUG 2006
acconpanying the formation of a barrier netal. Due to such circunstgIfckis,
an electrode material and a manufacturing process that enabl es

di spensing of the barrier netals are desired recently. In response to
such a denmand, US-Pat. No. 6,218, 206 suppl enented one process for
perform ng surface treatnent. On the other hand, according to US-Pat.
No. 6,25 47 It e gl ec ource el ectrode,
or the d%%%ﬁxn %@f?%éekggn%%§5%§?gﬁéd%§ % %é% ?ﬁﬁousqﬁﬁih t he sane
deposition cha o[V G R [ Y- i t n rh .0 b

avoi ded. Besidggfém%gné?ﬁg Egg;ﬁ ggaﬁgnﬁgeggggh%4ﬁﬁé§?§T£?%g?élo§€8rs
frequently a en agn that. fi e heg.wal | of the-c er due
to a difF%F%ﬂggp%?gﬁﬁggﬁapﬁgges%P@ﬁgﬁoe?$$i?%n?l 1%&%;Pi.g¥iP§§Fnto

which 1 nmpurities have. been nlg
been ni xed*Hhd" é‘b%s%ﬁﬁe%f?yd?

because of nmmi nt \nge reqver . rding to the. patent docunent 1,
i um AP Ge T e NBe B SR ot A bree R S eb U TRt ber o
to indium_zinc oxide (LZO),. which increases material, cost._|n order to
i nt ai n BHEGLER &y® dtarrey s branahLal e Hal ebhe Pt iRt r Bl her o
is required 1o provigde | I ri esi st ance a_high |eyel qf heat
resi st anc® UEgrPOateXar?m eé,)ﬂ[%% %‘?Ebe@?ﬁg%@?%%ﬁi ?Egﬁg% %‘E%s%%eégr%agbur ce

and drain el rode.materijal of nor phqus. . TET. (one of el epents , of
di spl ay devi ggl) e g.leé:trtgoa&;\e’egé‘”cpggcag “slet ricf%/e( SpgBe perbElndq
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(jﬁl continuously in the same deposition chamber, but increase in
the number of steps cannct be avoided. Besides, when the
chamber is used continuously, there cccurs frequently a
phenomenon that films peel off the wall of the chamber due
to a différence of thermal expansion coefficient between a
film into which impurities have been mixed and a film infto
which no impurity has been mixed, and consegquently the
equipment must be halted frequently because of maintenance.
Morecover, according to the patent document 1, indium tin oxide
(ITO) that ismost popular at present must be altered to indium

(:’ zinc oxide (IZ0O)}, which increases material cost.

In order to maintain the display quality of a display
device, the electrode material is reguired to provide low
electric resistance and a high level of heat resistance. For
example, the properties required teo be used as a source and
drain electrode material of the amorphou_s TEFT (one of elements
of display devices) etc. are an electrical resistivity of 8
uQecm or less (preferably, 5 uQl¢*cm or less) and a heatproof

temperature of 300 to 350°C. The properties required to be
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iQmor less (preferably, 5 Q@Qcmor |ess) and a heatproof tenperature of
300 to 350C. - The properties required to be -4 2 4 AUG 2006 used2asalf 2006
gate electrode material are an electrical resistivity of 8 mor |ess
and a heat proof tenperature of 400 to 450C. Since a current is nmade to
flow always in the source/drain electrodes in order to read a pixel, it
is desirable to suppress the electrical resistivity |low and hence

| essen power, consunption of the display device. Mreover, it is
necessaryﬁﬁgl%%s%gg?hg Fgﬁ&?ﬁ? Uk 1 ?EedéPe@%ﬁé;f%%?% product of
resi stance and regul ation r_capacity, so that display quality can be

mai nt ai nE@Sevddn whe¥ °fné H@éﬁ@a?rpiﬁéﬁ P8JdeR AEgedr Ut tHRSiPRF - U Re
required heat resistance varies with the structure of a display device,
and depefds 48P depdsitiCon Cemser & e remtand s madating¥ovmleads L8 used
in post processing after electrode formation, and deposition tenperature
and heat tHfeSONEHE 41 EhpPat LretbPlesemicORtBEL BP F&§erd. PISEMMARY OF THE
| NVENTI ON Thi s .invention is devised paying attention to the _situation as
descri bede83d7@ 1§ t P sSERBESHFe & ek Soft t 02 L eEBABFILIN I % dihc?®dy t hat
enabl e elimnation of a barrier netal as descrihed above and

sinpl i fi BE&NCEN 1F5TIRR BPYEEs SORRURIUCT itk 6Bl ng* ERd 2ussii & - st eps,
and can nmke an aluninun1allo¥ filn1cgntact with the electrode directly
and  sur 8Py 2ONfdthek T obf RECFESEEYnhRe EREEN &R TG S SRRBpetdbs

capabl e of realizi |.ow el ectrical resistivit
P gs determf@ed as a product o resistgnce and regulation

C capacity, so that display quality can be maintained even when
the display panel is enlarqéd. Furthermore, the required
heat resistance varies with the structure of adisplay device,
and depends on deposition temperature of an insulating film
that is used in post processing after electrode formation,
and deposition temperature and heat treatment temperature of

semiconductor layers.

SUMMARY OF TEE INVENTION
| This invention‘is devised paying attention to the
C;; situation as described above. It is the object thereof to
| establish a technology that enable elimination of a barrier
metal as described above and simplification of the process
without increasing the number of steps, and can make an
aluminum alloy film contact with the electrode directly and
surely. Another object is to make excellent electric
properties capable of realizing low electrical resistivity
and low contact resisténce compatible with heat resistance,

and to establish a technology that enables commonality of



and | ow contact resistance conpatible with heat resistance, and to
establ i sh a technol ogy that enabl es comonal ity of -5 2 4 AUG 200@ 4 AUb 200
materi al between the reflective electrode and a TAB connecti on el ectrode
in the display device. A construction of the el ectronic device according
to this invention that was able to solve the problens has points as
follows: the electronic device conprises a first electrodes consisting

of | & ot gl X1 121 304 feaCanl ol £t L00PyCORBLSLEG. ofp A, afug num al | oy

filmwhich i1s directl contacte ricall’y connecte o the first

el ectrode nx?g{g%ﬂéﬁthEQ efpgﬁgcghén&ggéggg ggggﬁﬁ%ythe al um num al | oy

filn1and(?%e irs ectro | east " y conponents
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Aong Lhery UeLLISL SRl als Blol eashen ol BoRLeterabl e cepine Tirst
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contacted and electrically connected to the first electrode,

(j. wherein, in the contact interface between the aluminum alloy
film and the first electrode, at least a part of ailoy
compoﬁents constituting the aluminum alloy film exist as a
precipitate or a concentrated layer.

Preferably, the aluminum alloy film contains, as its
alloy component, at least one element selected from the group
consisting of Au, Ag, Zn, Cu, Ni, Sr, Sm, Ge, and Bi in the
range of b.l Lo 6 at%. Amcng them, one that contains at least
Ni is preferable.

VAS the first electrode used as a consfituent of this

C:’ invention, indium tin oxide and indium zinc oxide are
suitable.

The aluminum alleoy film may contain, as its énother
alloy component, at least one element selected from the group
consisting of Nd, Y, Fe, and Co in the range of 0.1 to & at%.

Among the aluminum alloy films, the most preferable is
onethatcontainsatleastx;element(Xl=zﬂ:leastoneeleﬁent

of Ag, Zn, Cu, and Ni) and X, element (X, = at least one element

of Nd and Y) as the alloy components, and their contents



one that contains at |least X1 elenent (X1 = at | east one elenment of Ag
'Zn, Cu, and Ni) and X. elenment (X2 = at |east one elenent of Nd Zifn(AUf()lﬁﬂﬁ
‘as the all oy conponents, and their contents -6 2 4 AUG 2006 satisfy the
following formula (1): 0.2 s 0.5 x CX1 + CX2 < 4.5 (1) [CX1 represents
the content of Ag, Zn, Cu, and N in the alumnumalloy (at%, and CX2
represents the content of Nd and Y in the alumnumalloy (at%], or

cont ai ns at Is%%stqhe fgigggvgtlg(gjrmu 2 t one el enment of Ag, Zn, Cu,

and Ni) enmen I"ea eI errent of Fe and Co) , and
their contentsstls the follo ngfor la (LI 0.4 s CY1 -i- CY2 s 6
(rry [cva repreps ({‘mzé éogl{gtant Cﬁ%‘ (I and Ni in the alum num

| d CY2 he F 9 h
a1 unt num?? 1O$Fpr|eﬁ%n£te%r Forath bt °°%t %@tfa%m mﬁm&tﬁ. 5o ¢
f d that t al | I ts f
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| ayer. anddtg{at th ctrlcu% r |st{ K} _ rthg ElumnuEt?llo glmls
suppr esséd4d g 8‘ Y™ | 'Y |% B af BPable TR
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contents satisfy the following formula (II):

C 0.4 = CY, + CY, <= 6 == {IT)

[CY, represents the content of Ag, Zn, Cu, and Ni in thé

aluminum alloy {at%}, and CcY, répresents the content of Fe

and Co (at%) in the aluminum alloy].

It is preferable that the aluminum alloy film is so
formed that a part or all of alloy components forming a solid
solution in a non-equilibrium state becomes a precipitate or
a éoncentrated layer and that the electrical resistivity of
the aluminum alloy £ilm is suppressed to 8 pQl*cm or less. In
addition, it i1s preferable that a precipitate exists in the
contact interface between the aluminum alloy f£ilm and the
first electrode so that the number of the precipitate
particles having sizes of more than 0.01 um in major diameter
exceeds 0.13 particle/100 um® or the area factor thereof
exceeds 0.5%.

It is desirable that the aluminum alloy £ilm containing
Ni as its alloy component has a Ni-concentrated layer whose

Ni content in a thickness region of 1 to 10 nm from the surface

of the filmis 10 at% or less. The Ni-concentrated layer here



It is desirable that the alumnumalloy filmcontaining N as its alloy
conponent has a N -concentrated | ayer whose N content in a thicﬁneaﬁ
region of 1 to 10 nmfromthe surface of the filmis 10 at% or | g%.‘#ﬁ@
Ni -concentrated | ayer here -7 2 4 AUG 2006 neans a |ayer whose Ni
content is nmore than that in the inner portion of the alum num all oy
film Then these alumnum alloy filnms function effectively as a
reflective filmor a TAB connection electrode in display devices. The
method ofmbagkybe AESOEANAO LIS 4 NS kA, aaranked 25 fdisel Ul
met hod for manufacturing the electronic evi ce, an fhe" fret ho cofpri ses
the stenpoligfildig de PLeGhPLLA 81hRAL £ON Al g At dast a1paihuol the
altoy fi e

f t
al l oy ~. "conmponents contained Irn the al umnum m by ating the
[ um I f.i.lm f : . . of 150 t
aum nursy 14D {aLed an 2csubetiats 3L a LeweLay e cofy 1P 4o
|nternet§hh|%qﬁg%?%¥| Sa C?ﬁgggrq%qdﬁééigggd%5%§és i nterface between

the al umnuma m an i FSt y making a part or al

f th | f ' i d | uti.Qn. i - ildi.bri
ctate as the aTONRRIRCS Py RRRARSIO A 5y s 70 dRy v
el ect 1 ode s LENSE MLuaLLy, NDLEONE s o RS URLELSIARLE ceLhad cof, fior m ng

the al umnumallo sputteéring ne I's ‘exenpl rfie

Fur ther mace Jef, 1.5, priaf ergbl £ linate, a0 Jnsyhal 100 §1 L Ls fonged on the

aluninun1§%F§?Rf: to “make a’l am nation, cont gis
perfornegrggﬂﬂy%ate that contains at least a part of the alloy

(j: components contained in the aluminum alloy fiim by heating
the aluminum alloy film formed on a substrate at a temperature
of 150 to 400°C.

In putting this method in practice, a précipitéte (an
intermetallic compound} can ke formed in the contact
interface between the aluminum alloy film and thé first
electrode by making a part of all of the alloy components
fo;ming a solid solution in a non-equilibrium state as the
aluminum alloy film and alloy components of the first
electrode diffuse mutually. Mcreover, as a preferable
method of forming the aluminum alloy film, the sputtering
method is exemplified. Furthermore, it is preferable that
an insulating film is formed on the aluminum alloy film fo
‘make a lamination, contact hole etching is performed on the’

'insulating film, and successively after this the aluminum
alloy wiring is subjected to light etching by 1 to 200 nm,
more preferably 3 to 100 nm, from the aluminum.alloy'surface,

and thereby a precipitate (intermetallic compound) of a part

or all of alloy components forming a solid solution in a



insulating film and successively after this the alum num alloy wring
is subjected to light etching by 1 to 200 nm nore preferably %E%Ué%bﬁ
nm fromthe alum numalloy surface, and thereby a precipitate
(internmetallic conpound) of a part or all of alloy conponents formng a
solid solution ina -8 2 4 AUG 2006 non-equilibriumstate is exposed
partly. This is because contact resistance between itself and the first
el ectrode forned thereon can be further reduced. The Iight et ching can

be per f of Loy PLER! DI NG At papapleyof ehellng ey num

alloy fi etching using emc of etching t

al um num.a/,] tf 443 s B0Ach! bl JeReon that char l@%tc@qre&@foaéed in

“the light'e |ng, a stripper a phot or esi st use in patterning is

used. -Th%ﬁﬁﬁ%&6¥ﬂé¥%6ﬁrgg£ Bf %@f%dé%“?%&@@e&s a useful target

mat eri al ormn un1nun1a||oy as described above, and is

character i zed i1 ha %eeem S35 s AlLovy SPIROnEatn A ksl one

el enent sel ecte e grou con5| ting o t he
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above I’TB.kGS pOSSI Irectry con ent um num a

film andthe g %c&goggzreaéa aheqL e, TR 5L H0g TR N9y R0, ngoSt

by elim nati dg arrier
light etching, a stripper for a photoresist used in patterning

(j is used.

The sputtering target of this invention is a useful
target material for forming aluminum alleoy £films as described
above; and is characterized in that it contains, as its alloy
component, at least one element selected from the group
consisting of Ag, Zn, Cu, and Ni in the range of 0.1 to 6 atg,
and that it contains, as its alloy component, at least cne
element selected from the group.consisting of Nd, ¥, Fe, and
Co in the range of 0.1 to 6 at%.

The invention constructed as described above makes it
.possible'to diréctly contact between the aluminum alloy f£ilm
and the electrode, alleviate the manufacturing man—-hour and
cost by eliminating the barrxier metal. And thereby the
invention can provide the electronic device and the array
substrate having the proﬁerties of low-cost and high-
performance.

According to the present invention, any one of noble
metals hard to oxidize, such as Au and Ag, or elements each

of whose oxide has a comparatively low electrical



i nvention can provide the electronic device and the array substr t%WGZ
havi ng the properties of |ow cost and hi gh- performance. According W@
present invention, any one of noble metals hard to oxidize, such as Au
and Ag, or elements each of whose oxide has a comparatively | ow
electrical -9 2 4 AUG 2006 conductivity, such as Zn, Co, N, Sr, Ge, and
Sm or an elenent. that has a low solid solubility Iimt in alum num

such as. Bhaylhiliace SUBHNIS A5 pRdayio de gantaiaed | §:afh ahugiaym

alloy fi rea having a I'ow e ectrlc fesi stance is orne

partly ofnatl roxet hp.! s (lﬁQf‘ts%CltuBf]F affmfﬁt%e%uhh% b, T gl g6l rode

and the second el ectrode (alum num a M w t hout eferloratlng

el ectrical copdutiyi Sﬁ{oﬁ%ttsh‘is filalD 'tBSBU cBRa W 9 T h LAl

Consequent [y thé cont act resi stance between t Fir st de "and the

second - | egyr eden ( al ughnum a1l ow, £410) S o pduced sonsidgrably. . saking

possi ble"'to reduce the nu st eps”an manufacturing

consi der abl ¥ FULLRGLTOLE Mﬂ%éﬂty%re&;@&ts ﬁeekfseetgega%e&f aui d

crystal dISp ay, the |splay gua can mai ntai ne

| evel . 1%: £LODIE) o gb &8l ttarfé:%e%%@ldjﬁé'e% Eﬁeeq Sﬂﬁégﬂ %?erélé’ >

adding a east one elenent selected from

DESCRI PT} M P THECORAMLNGE (.G e, S R SERENBLT 6o880Hk0nAl £BlAE 480

explanatory "diagramillustrating d%nstructlons 0 urd crystal
film itself as a wiring material. Consequently the contact

(j resistance between the first electrode and the seccnd
electrode (aluminum alloy film) is reduced considerably,
making possible to reduce the number of steps and
manufacturing cost considerably. Furthermore, when this
invention is applied to the liquid crystal display, the
display quality thereof can be maintained at a high level,.
Furthermore, heat resistance can be increased considerably
by adding at least one element selected from Nd, ¥, Fe, and

Co.

(;; BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional enlarged explanatory
diagram illustrating constructions of the liquid crystal
panel substrate to which the array substrate for display
devices of this invention is applied and of the liguid crystal
display device.

FIG. 2 is a schematic sectional explanatory diagram
illustrating the structure of the thin film transistor

applied to the array substrate for display devices according

-10-



panel substrate to which the array substrate for display devi cei gé tlﬂdﬁs
invention is applied and of the liquid crystal display device. ﬁ UGQ S
a schematic sectional explanatory diagram illustrating the structure of
the thin filmtransistor applied to the array substrate for display

devi ces according -10 2 4 AUG 1006 to the first enbodi ment of this
invention. FIG 3 is an explanatory diagram show ng one exanple of the

manuf act g@%eﬂﬁﬁér&k&‘%%ﬁm§5%a%fsﬁsf% a-ltne({&%iogi_spl ay devi ces shown

inthe F i's "an expl anat ory di agram showi ng one

exanpl e of ¢ heanuf aclt urf 0.4y 42ess. 0f 5108, LT gk st 1aLe Lof, 4 spl ay

devi ces shown in the I'S an “expl"anatory difagr am
For O sprar s Srstatil PRetErd O R eraare Frp St s e
Tho. arr ol Sanet: Sa Tore GTeRlag aev e Shaun R oTRECFI G 201 h order.
Ut act uri g Bceds 1 Ahe T CObL P T e P SR SBrag o R o8 Khoun
in the Fl inorder. FIG 8 is an _ex atory di agr show one
exanpl & 081 Ofic WIS Er ThE BFOCE8S off tHE s¥TEyY SUBGEFRESST OPY di spl ay
devi ces shown n 118 FLS oRolR 9hTRhe BB, %15, 80 gxpl anatory diagram
FIG. 5 is an explanatory diagram showing one example
(j. of the manufacturing process of the array substrate for
display devices shown in the FIG. 2 in order.
FIG. 6 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 2 in order.
FIG. 7 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 2 in order.
FIG. 8 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
(:; display devices shown in the FIG. 2 in order.
FIG. 9 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 2 in order.
FIG. 10 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 2 in order.

FIG. 11 is a sectional schematic diagram illustrating

the structure of the contact interface between The aluminum

_.ll_



of the manufacturing process of the array substrate for display. ﬁ@&ﬁﬁ §
shown in the FIG 2 in order. FIG 10 is an explanatory dlagran1% @
one exanple of the manufacturing process of the array substrate for

di spl ay devices showmn in the FIG 2 in order. FIG 11 is a sectional
schematic diagramillustrating the structure of the contact interface
between the alum num -11 2 4 AUG 2006 alloy filmand the pixel

oo e LBy SRR SR SRR
and 2 N0 SONCETET ARt PAYER IS FB Hon o %oﬁl%$n¢§f5§£”“%r%%a§°f°md
the contact i niGF ae BerveehcoPhee] ﬂ?ﬁﬁ%{‘ﬁ;ﬁ?ﬁg}sﬁﬁ Ré%aﬁécr#‘wi%é‘%?xif
o ect o, 0 08 SLLEY SUBSLe ot oy SLaply ol sor, gl e v
explanator Ll lustrati str cture of he thin film

transi stot %%ggFgﬂétgayﬁé'éf%d%ggﬂﬁit¥%t Ne ol NERPEFIESF -devi ces accor di ng
o agr am Show et ancl S §C0r I, RARGPRK L I i TR e A RETa0 y
e T e show 1 e e e o He Ui
of the agray]i%gﬁﬁ&?gﬁlgglwiring'andijuapixel electrode in the array

(t substrate for display devices obtained in the embodiment of
'this invention.

FIG. 14 is a schematic sectional explanatory diagram
illﬁstrating the structure of the thin film transistor
applied to the array substrate for display devices according
to the second embodiment of this invention.

FIG. 15 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 14 in order.

FIG. 16 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for
display devices shown in the FIG. 14 in ordeF.

FIG. 17 is an explanatory diagram.éhowing one gxXample
of the manufacturing process of the array substrate for
display devices shown in the FIG. 14 iﬁ order.

FIG. 18 is an explanatory diagram showing one example
of the manufacturing process of the array substrate for

display devices shown in the FIG. 14 in order.

FIG. 19 is an explanatory diégram showing one example
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di spl ay devices shown in the FIG 14 in order. FIG 17 is an epr;pst Eﬁ
di agram showi ng one exanple of the manufacturing process of the Q§' b
substrate for display devices shown in the FIG 14 in order. FIG 18 is

an expl anatory di agram showi ng one exanple of the manufacturing process

of the array substrate for display devices shown in the FIG 14 in

order. FIG 19 is an explanatory diagram showi ng one exanple -12 2 4 AUG

2006 of t f LNng. f th bstrate f di spl
dovi ces. SHORS MRC B EL 10 Rooraer T G20 & n SBRB AT or $o b agr am
o ob s B 1900 16 SRowA PR e I TP i br Br CTBFG: 21 10 an

expl anatory dia m,showi ng one .exanpl e af the nuf act uri ng process of
The array Substifie Aba disarey Seehtuss St P oh 4 e o
FIG 22 is a._diagramshowing a Kelvin pattern used to ngfs redégg
contact PasittH SF e he T AP gmPRensas M tREL 2¥i REPSHIENT oY FI G

23 is a graph showi ng a relationship between the etching depth of the
al um num I%ﬂ%ﬁ%ﬂ%4%£%e§nahPW€ ddnt F?%si%%ah@e°59@5?ned in the
experinment. Fl 24 (a), is a graph shomﬁng t he influence that X content

of Al-X-Nd (X £H§) Had DAY REPHBAY 0 oW WHPHIFLE G

24 (b) is a graph show the influence _that X content has on the heat
res§szan@g_é%e‘%anu%gcggrlng process of the array su%strate %or

display devices shown in the FIG. 14 in order.
(i FIG. 22 is a diagram showing a Kelvin pattern used to
measure the contact resistance of the aluminum alloy and the
pixel electrode.

FIG. 23 is a graph showing a relationship between the
etching depth of the aluminum alloy surface and the contact
resistance obtained in the experiment.

FIG. 24 (é) is a graph showing the influence that X
content of Al-¥X-Nd (X = Ni) has cn the electric properties,
and similarly FIG. 24 (b) is a graph showing the influence
that X content has on the heat resistance.

FIG. 25 {(a) is a graph showing the inflﬁence that N4
content of Al-X-Nd (X = Ni) has on the electric properties,
and similarly FIG. 25 (b) is a graph showing the influence
that Nd content has on the heat resistance.

FIG. 26 is a diagram showing the compositional ranges
of Ni and Nd of AL-Ni~-Nd where an electrical resistivity of
8 uQe+cm and a heat resistance of 300°C or higher can be secured.

FIG. 27 is a diagram showing the compositional ranges

of Ni and ¥ of AL-Ni~Y where an electrical resistivity of 8

!
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FIG 25 (a) is a graph showing the influence that Nd content of Al-X-Nd
(X = N) has on the electric properties, and simlarly FIG 25 %ﬁl hé ﬂ
graph showi ng the influence that Nd content has on the heat resi Al A6
FIG 26 is a diagram show ng the conpositional ranges of N and Nd of

Al -Ni -Nd where an electrical resistivity of 8 [LQm and a heat

resi stance of 300C or higher can be secured. FIG 27 is a diagram show ng
the conpositional ranges of N and Y of Al-Ni -Y where an el ectri cal

resistiviny gl a 1132 40002000 L0 GG g heal st ance of, 3000

or highe? can bé secured. §7a di agram show

ranges of Ni @&@.FgBPESAA-&iagf%fgg%agwﬁgggtggté&ﬁﬁ%sﬁ%‘%itailvggélggs Zg'is

| A52cm and a heat resistance of r can” be sécured
o 20T 2 apung Hh% ompast honglofanges., ot b cand, g ot W 10
Tanges  EHT-HESERE NG AP RGN VRLrD G o BaACraraP ¢ SEFURES of |
2 i agram show BG-1 8. Eanbon 17orar Tantied Che “AgraRatTEhSR ag % uner o
i gner can B SR Fec dis¥aes SRR IO B QTR RET R BRE R Bl
anges BeBFa enel Mot Eehere an-plesliiadl, Leshol Lyl 8 O
diagran1sh0mﬁngIbhe3BOEpogi&iég@%mrgwgﬁfng the compositional ranges
(? of Ag and Nd of Al-Ag-Nd where an electrical resistivity of
8 uQecm and a heat resistance of 300°C or higher can be secured.
FIG. 31 is a diagram showing the compositional ranges
of Ag and Y of Al-Ag-Y where an electrical resistivity of 8
ug2ecm and a heat resistance of 300°C or higher can be secured.
FIG. 32 is a diagram showing the compositional ranges
of Ag and Fe éf Al-Ag-Fe where an electrical resistivity of
8 uQecm and a heat resistance of 300°C or higher can be secured.
FIG. 33 is a diagram showing the compositional ranges
of Ag and Co of AlﬂAg;Co where aﬁ electrical resistivity of
8 uQecm and a heat resistance of 300°C or higher can be secured.
FIG. 34 is a diagram showing the compositional ranges
of Zn and Nd of Al-Zn-Nd where an electrical resistivity of
8 nflecm and a heat resistance of 300°C or higher can be secured.

FIG. 35 is a diagram showing the compositional ranges

of Zan and Y of Al-Zn-Y where an electrical resistivity of 8

uQe+cm and a heat resistance of 300°C or higher can be secured.

FIG. 36 15 a diagranm showing the compositional ranges

of Zn and Fe of Al-Zn-Fe where an electrical resistivity of
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of Ag and Co of Al-Ag-Co where an electrical resistivity of 8 Qcmand a
heat resistance of 300C or higher can be secured. FIG 34 is a dih§ddmnlib
showi ng the conpositional ranges of Zn and ‘Nd of Al -Zn-Nd where an
electrical resistivity of 8 52cm and a heat resistance of 300C or higher
can be secured. FIG 35 is a diagramshow ng the conpositional ranges of
Zn and Y of Al-Zn-Y where an electrical resistivity of 8 52cm and a heat

resi stance of 300C or higher can be secured. FIG 36 is a di agram show ng
the compddittiThars ants- r&Slﬁﬁ% Ré IO /551 opRiEd §ihePE BR SERETST cal

resi st ty of 4 AUG, 2 a heat resi.stance of 300C or
i oher - ean’ b E3Gurad. 11 & 05307 s s IP e ranT BRoR R ERG St G AN Tl

ranges of Zn an ere an el ectrical resistivit

pQm and® % %%a?ng ébs?gﬂ@L % §@0%£8Fehﬁﬁh%&e€gﬁlﬁé sé@ﬁﬂé&lﬁﬂgg‘%% is a
di agram showi ng t he conposi ti onal rang of Cu and Nd of Al-Cu-Nd where
an el ectfﬁ|!—'é%1crflé§ids%|hﬁattyr§ﬁlsgatw mP & henath iodsi B candes 6fe OB or

hi gher can be secure% 39 is a dla%ran1shomnn t he .conposi ti onal
ranges . of Cu and-vy3 flﬁl acﬂlWﬁﬁ@ré SN1BCettfi caFPPaditdnAL ¥y ¥ Qcm
and a heat re5|stan§e of 300C qr. hj gher can_be secured FIG, 40 is a

di agr am Shdwit HEC cdhpbsT ¢ otidl WhERgedn eicehrang! FEe6t SRLVEEES fnher e
an el ectri cal reS|st|V|ty of 8 tQm and a heat resistance of 300C or

hi gher c%mt%°§1@é@@r@é1eai1 cesastipgce @ifégq{br% ehOigg 1t Aendorpesiuticchal

ranges of Cu and C? -Cu-Co where an electrical resistivity of 8
RQxm and a heaf fes ?téﬁc% %%agﬁé@ §P°WFﬁﬁth€a%0%30§éE&P@&l ranges

(j of Cu and Y of AL-Cu-Y where an electrical resistivity of 8

uQecm and a heat resistance of 300°C or higher can be secured.

FIG. 40 is a diagram showing the compositional ranges
of Cu and Fe of Al-Cu-Fe where an electrical resistivity of

8 uQecm and a heat resistance of 300°C or higher can be secured.
FIG. 41 is a diagram showing the compositional ranges

of Cu and Co of Al-Cu-Co where an electrical resistivity of

8 uQecm and a heat resistance of 300°C or higher can be secured.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

C;; Referring to the drawings, embodiments of the display
device and array substrate for display device as a kind of
an electronic device according to this invention will be
described in detail. This invention is not necessarily
limited to examples of illustration, but can be put to
practice by appropriately adding alterations thereto in a
range that canbe in conformity to the later—-described scepes.
All such altered examples are included in the technical scope

of this invention.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Referring to the draw ngs
~enbodi ments of the display device and array substrate for displé&&éﬁ&ﬂ%%

~as a kind of an electronic device according to this invention will be
described in detail. This invention is not necessarily limted to
exanples of illustration, but can be put to practice by appropriately

adding alterations thereto in a range that can be in conformty to the

| at er - descri bed _scopes. Al such altered exanples are included in the
techni cal scopéltorudh sthhveninsrln 85 1oy, TAlG2 006 AWPPhbGghiene
alumnumal loy filns are applicable simlarly to passive matrix drive
type di sPLRY18EYCES RGS S ICthtta by FETVerbfrecdivblavedersges oot
reflective liquid crystal display devices, and TAB connection el ectrodes
used fo?ogrt@ﬁélllni%w%{fraﬁ@fokﬁcpmwoe%%tﬁml@ﬁd@? thélepbadiemedanid
relating to those will be omtted. FIG 1 is a schematic sectiona

enl ar ged<EXplanatdrylagr davagest, and dhBdcenpsciiopasdk ctadsss vsest al | ed
inthe liquid crystal display to which this invention is applied. A

i quid cE95talgparelnBRtFpEd uiEpUsr 69i 8bd withideTrrheapnhpdidmest=ate 1,
an opposed substrate 2 disposed in opposition to the TFT array substrate
1, and arplaaiadcipsttdioss dyetl3bdi spesé@hbet ween the TFT array substrate
1 and the opposed substrate 2 and functioning as_a |ight nodul ation

| ayer. The TFTFafray 3gbst ﬁé?lh@@tcldhsﬁeﬁ%l@fahrﬁmh%tlgagi agrlgrasery

substrate la, thin filmtransistors (TFT)_ 4 arranged
drawing of a liguid crystal panel that is installed in the

(j liquid crystal display to which this invention is applied.
| A liquid crystal panel of FIG. 1 is provided with a TFT
array substrate 1, an opposed substrate 2 disposed in

opposition to the TFT array substrate 1, and a liquid crystal
layer 3 disposed between the TFT array substrate 1 and the
opposed substrate 2 and functioning as a light modulation
layer. The TFT array substrate 1 consists of an insulating
glass substrate la, thin film transistors (TFT) 4 arranged
on the insulating glass substrate la, pixel electrodes 5, and
~awiring section 6 including scan lines and signal conductors.
The opposed substrate 2 consists of a common electrode
7 formed on the whole surface of the TFT array substrate 1,
a color filter 8 arranged at positions in opposition to the
pixel electrecdes 5, and a light shielding film 9 arranged at
positions in opposition to the thin film transistors (TET)

4 and the wiring section 6 on the TFT array substrate 1.
'Polarizingplateslo,ZH)arearrangedcnltheoqtersides

of the insulating substrates constituting the TFT array

substrate 1 and the opposed substrate 2, and an oriented film
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on the insulating glass substrate |la, pixel electrodes 5, and a wring
section 6 including scan lines and signal conductors. The opposet4 AUG 2006
substrate 2 consists of a common electrode 7 formed on the whol e surface
of the TFT array substrate 1, a color filter 8 arranged at positions in
opposition to the pixel electrodes 5 and a light shielding film?9
arranged at positions in opposition to the thin filmtransistors (TFT)

4 and th i ring,section 6.on the TET arr substrate 1. Pal ari.zin

ol ates 160 F BRSLER hagRadoh tnee et altes PeBr e Ao g 1S
substrates consti.tutin the TFT .array _substrate 1 and.the osed
substrat%r¥?%§ﬁd1§ﬁmﬁﬁ?%H?EHG?F?ﬁ1}TG 2§¢¥%£%Rﬁ¥mﬁ3?$o$lﬁ%ﬁF%gglﬁ&uid
crystal nolecgl s contained in the Eigui% ceystal | ayer 3 oriented in a
pr edet er Af REGGCr £ iSH i PPPFBYi 588 S5H 2 e “opposed substrate 2. In the
liquid crystal ientation direction of

Bagel 'th,auch a siructu e,. the éﬁ

the liquid crydfablfot L8ULEsCTRSEAL PRPGui M OF v A SVEHCEYE ¢ ol | ed
by an electric¢c fi.eld _ . fornmed between the opposed substrate 2 and.the

o ol ol GELPBEALIEN g BAeERAG 1B G hes | P S LSS ThE | ayer

3 between,the TFT arr ubstrate 1 and t opposed substrate 2 i.s
SN Rp UL S SR B S R e W R A S
substrat

a1 ver ERFFEG PEPYeRT e CONes BPALFPEAIE S1F by FRANSBI DAXTAB 1 ape 12

drawn toéiggtr%%%%i % %%&rfagfgrﬁggé?ﬁg through the liguid crystal

(j layer 3 between the TFT array substrate 1 and the opposed

-‘ substrate 2 is modulated, whereby the amount of light passing
through the opposed substrate 2 is controlled to display
images.

The TFT array is driven by a driver circuit 13 and a
control circuit 14 by méans of a TAB tape 12 drawn to. the
outside of the TFT array.

In Fig. 1, numeral 15 stands for a spacer, 16 for a

- shielding member, 17 for a protection film, 18 for adiffusive
plate, 19 for a prism sheet, 20 for a light guiding plate,
21 for a reflecting plate, 22 for a backlight, 23 fof a
retaining frame, and 24 for a printed circuit board. These
will be explained later.

FIG. 2 is a schematic sectional explanatory diagram
that exemplifies a structure of a thin film transistor part
according to the first embodiment applied to the array
substrate adopted by this inventicn. As shown in FIG. 2, a

" scan line 25 is formed using aluminum alloy on the glass

substrate la, and a part of the scan line functions as a gate
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In Fig. 1, nuneral 15 stands for a spacer, 16 for a shielding nmenber

for a protection film 18 for a diffusive plate, 19 for a prismish é%m
20 for a light guiding plate, 21 for a reflecting plate, 22 for a
backlight, 23 for a retaining frane, and 24 for a printed circuit board.
These w Il be explained later. FIG 2 is a schematic secti onal

expl anatory diagram that exenplifies a structure of a thin film

t i st t d fi nbod t i to t
Subst 1 at 8 BAS5PEd By ThFecPRIERT IR rﬁwaé’%'q”r‘ﬁ“aﬁ%%p# % Bstdhihe 25
is f ) th . bs d t of
the scant FLR P?aﬁs#%“sﬁ%”‘aiharé Ve B S AESdos R e Tode Z85sd BT |
control ling furni n]g o&rand of f gf th thin inmtran istor iQ/greov
si gnal cORdtctBt TS Forvef e &R Ja’*i1 ﬁ‘FﬁGﬁ’l a 8y5%%n D FhtBrodd the

I 25 t th di f t film27 t
zga'?hel nEebSnﬂFg&Bﬁ‘dBét ér %Fﬁc%%g@%@ Is Ju 1Ee ?el?}{q oaiap[%%tof)fta%gleat E?:]
f!lmtran5|sti_ dﬁ)é ectrode 5 forned of f exagpg Ofllm
with snC L8R ARRIPS tAR203 N LAy o ofP W pExef °FEGPER B Pt t&%n the
gate insuﬁati%g film27., Adrain electrode 29 of the thin fllmtran5|stor
formed of™the Ilﬁ‘mtﬁ@r?l%slt@rdl rectly contacts the pixel electrode 5,

Gat o vol tage | & PLiphITRE G The GRLE Y Bler bUE BEART BugH: (P Sa | | ne
25, with 5n0 contained in In,0; is arranged on a pixel region built

(j on the gate insulating film 27. A drain electrode 29 of the

| thin film transistor formed of the aluminum alloy directly
contacts the pixel electrode 5, establishing electric
connection.

In this TFT array substrate 1, if a gate voltage is
supplied to the gate electrode 26 through the scan line 25,
the thin film transistor is switched én, and a drive voltage
supplied in advance on the signal conductor is supplied from
the source electfode 28 to the pixel eléctrode 5 through the
drain electrode 29. Then, if the drive voltage at =&
predetermined level is supplied to the pixel electrode 5, an
electricpotentialdifferehcejfsgeneratedbetweenitselfand
an opposed substrate 2, as explained in FIG. 1, making liquid
crystal molecules which are contained in the liquid crystal
layer 3 oriented thereby to perform light modulation.

Next, the methecd of manufacture of the TFT array
substrate 1 shown in FIG. 2 will be described briefly.

Incidentally, for the thin film transistor formed as a

switching element, an amorphous silicon thin film transistor
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the thin filmtransistor is swtched on, and a drive voltage supplied in
advance on the signal conductor is supplied from the source eIeEé#ﬂﬁéMﬁS
to the pixel electrode 5 through the drain electrode 29. Them if the
drive voltage at a predetermned level is supplied to the pixel electrode
5, an electric potential difference is generated between itself and an
opposed substrate 2, as explained in FIG. 1, making quuid crystal

nol ecul es, whi ch_are contain n_the U|d cryst al oriented

t her eby %BaEeP?SPnpyﬁﬁﬁge gﬁfﬁﬁpgﬁp Hetdod ﬁgmﬁﬁﬁﬁfaeﬁﬁPe of
the TFT rray Substrate 1 shown_in FIG 2 mnll be described briefly.

| nci dent gFW f6r FNE™ ﬁ??‘nr?l ffh PPafSPN O formed as a svm' t chi ng

el enent, an a phous silico in f|| transji stor -18 4 _AUG 2006 t hat
uses hydrogeng&é& éﬁﬁ#ﬁﬁﬁ%s E %ﬁeoﬂaag éqgﬁﬁ%ﬂﬂuﬁﬁﬁQﬁs?a9grth§ difvfen
here as an exa utline of the nuf gcturin rocess of the TFT
array subBStAdté Esagégﬁd SCGBHqﬁ?q{q%t é&@ﬁeﬁﬁ%daHmQﬂ¥ &%ed

taking FIG _3.thro FI G xanpl First n alunlnun1alloy thin
filmw tﬁXBI?HP(?Igng%g( %B(gut rﬁllﬁghs Fcféboéq e& bre¥ABP§Fass

Substrate la usin t echni que of utterin and the al um num
alloy thin f|| %§ pépt@EH@gnuﬁh@}Zp %hén g%gméT%E?Fb§§i ISP Ofe scan
line 25 are 2 d (FIG, 3) IS rgﬁ nded hgat at this time, the
peri pher §°8Ft A8 apﬁnfﬁuﬂ?BPF6§EFhPH Pt Sét SHES 6 & ltap&i NohApe of

an ang! e, of, 200 oxi paLely. 30, L9 4 degraes, . 59 LN, COPL345, o g, oate
(T is patterned, whereby the gate electrode 26 and the scan line
25 are formed (FIG. 3). It is recocmmended that at this time,
the periphery of the aluminum alloy thin film be etched to
a taper sha?e of an angle of approximately 30 to 40 degrees
so that coverage of the gate insulating film 27 {described
later) becomes excellent. Next, as shown in FIG. 4, the gate
insulating film 27 is formed with silicon oxide (5i0,) with
a thickness of, for example, approximately 3C0 nm by the
technigque of, for example, plasma CVD method, and a
hydrogenatedamorphoussiliconfilm(a—Si:H)wiﬂxathickness
of, for example, about 50 nm and a silicon nitride film {SiN,)
with a thickness of about 300 nm are deposited.
Subsequently, the silicon nitride film (SiN,) is
patterned by back exposure using the gate electrode 2¢ as a
mask, as shown in FIG. 5, to form a channel protecticn film.
Moreover, n' type hydrogenated amorphous silicon film
(n*a-Si:H) to which phosphor is doped with a thickness of,
for example, about 50 nm is deposited thereon, and the

hydrogenated amorphous silicon film (a-Si:H) and the n' type
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| ater) becones excellent. Next, as shown in FIG 4, the gate insulating
film27 is formed with silicon oxide (SiOx) with a thickness of, 2fioflG 2006
exanpl e, approxinmately 300 nmby the technique of, for exanple, plasna
CVvD nmet hod, and a hydrogenat ed anorphous silicon film(a-Si:H with a

t hickness C of, for exanple, about 50 nmand a silicon nitride film
(SiINx) with a thickness of about 300 nm are deposited. Subsequently, the
silicon nitride film(SiNx) is patterned by back exposure using the gate
el ect r odBY26 oge e L4fSRO RS C3onl LACRI G 18 (nf o~ Fér M) a2 eheARdle prast ect i on
film Moreover, 'n' type hydrogenated anorphous silicon film (na-Si:H)

t o whi chaghedehdr i %H{oed%m’th a thickness of, for exanple, about 50 nm
is deposited thereon, and the hydrogenated anorphous silicon film

(a-Si:H) and t Falathenypere 1 PR4NIGREEE e nyalt dgendtiddsamihphedsindiniuincon
film(n a-Si: H are patterned, as shown in FIG 6. Furthernore, on the
patternedliwmy filmsyitheaatuhthuessabfoyfdi|exanphea albdekne®S rof i or
exanpl e, about 300 nmis deposited, and is patterned as shown in FIG 7,
wher eby tlegossdwdce agldedtsr pdé 28 riant egr athomtt ot BE Gi gnaWwheasdhc ttére and
the drain electrode 29 contacted with the pixel electrode 5 are forned.
Still fusthecenedeatxddpe hyidrivepnat edl thahbephdgsadi kbodrcftidmimand
(n"a-Si:H) on the channel protection film(SiNx) is renoved by using the
source ekeet dodén28lendrodee 28@r apn telcgetd odd 23 has pd xeds el efitemmdeass shown
in FIG 8, a layer insulation filmis
are formed. Still furthermore, n' type hydrogenated

(:= amorphous silicon film (n*a=-Si:H) on the channel protection
film (SiN,} is removed by using the source electrode 28 and
the drain electrode 29 as a mask.

Then, as shown in FIG. 8, a layer insulation film is
formed by depositing a silicon nitride £ilm 30 to a thickness
of, for example, about 300 nm using a plasma CVD apparatus
etc. Deposition at this time is performed at, for example,
about 300°C. In addition, a photoresist layer 31 is formed
on this silicon nitride film 30, subsequently the silicon
nitride film 30 is patterned, and a contact hole 32 is formed
in the silicon nitride film 30 by, for example, dry etching
atc. In this occasion, even after the completion of etching
of the silicon nitride film 30, over-etching is further
applied for a period of a time necessary to etch silicon
nitride plus 10% or so. By this treatment, the aluminumalloy
surface is also etched by about a few tens of nm.

Furthermore, as shown in FIG. 9, after being subjected

to an ashing process using, for example, oxygen plasma, the

substrate is subjected to stripping of the photoresist layer
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formed by depositing a silicon nitride film30 to a thickness of, for
exanpl e, about 300 nmusing a plasma CVD apparatus etc. Deposi%igg ﬁ%
this time is perforned at, for exanple, about 300C. In addition4 Ub 2006
photoresist layer 31 is formed on this silicon nitride film 30,
subsequently the silicon nitride film30 is patterned, and a contact
hole 32 is formed in the silicon nitride film30 by, for exanple, dry
etching etc. In this occasion, even after the conpletion of etching of
t he siliffn nitridg film30 over-gtching ig further aggl%ed fgr a .
period of a 31 He’ neRbsFAtYPt 8 ef cR- 5 PPEONC Tnt EFi ¥_L PR LIV 1880 TS0, By
this treat nent e alum pum_al.l oy . ,surface i.s al so etched by about a few
tens of ?ﬁﬁ'ﬁ%??igyngbgﬁ&gé gﬁ&%h%ﬁﬁ qu¥ﬂic%ﬂ§%ﬁ |h§°§d%%%%?g8' to an
ashi ng pr.ocess,using, for exanple, o en plasmg,. the ubstrate

Subj ect P TBE St BB h3 OFPEAG BRoPBResi S Fidyer CLes) 3 A HoBEeda1

usi ng, for exgngleh a stripper of the amne systemetc., and finally the
| TO fi | Y PACRSERII-ERNeSS SFOYhrikxhhpt el V7 aHOGE SRY i & idepdsre¥d and
the pixel electrode is fornmed by patterning, as shown in FIG 10,

wher eby THRSTEFCEr L8y COTRYS St e i s conpleted. The TFT array substrate
formed by such_a manufacturin rocess becones one such that the pixel
el ectrode 5 andREne"T d=hav él”g’c?f-’%ﬁfee 9 F5hed BYChie B Hu BE P8y are
contacted c each other directlg.B The al um num used ip this

f

al | oy
i nvent i dF GRS BePBSEWesl ebeast F%EFiQﬁeéP%%?}oﬂg§CEHad?A§ ag8nkeeti on

el ectrodes of reflective liquid crystal i spl ays.
drafn electrode 29 fgrmed by the aqumpim%/m alloy are contacted

(j each other directly. The aluminum alloy used in this
| invention can be used also as reflective electrodes and TAB
connection electrodes of reflective liquid crystal displays.
When the method of manufacture is put to practice, if
an aluminum alloy that contains at least one element selected
from the group consisting of Au, Ag, Zn, Cu, Ni, Sr, Sm, Ge,
and Bi as ifs alloy component in the range of 0.1 to 6 at%
is used as the aluminum alloy £ilm material constituting the
drain electrode 29, three kinds of interfaces as shown in,
for example, sectional enlarged conceptual diagram of FIG.
11 through FIG. 13 are formed in the contact interface between
the aluminum alloy film constituting the drain electrode 29
and the pixel electrode 5 according to formation conditions

of the drain electrcde 29.

An aluminum alloy film containing the alloy components

in the above mentioned content can be formed using a
sputtering target consisting of an aluminum alloy containing
the alloy components in the éontent. The sputtering target

may further contain at least one element selected from the
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When the nethod of manufacture is put to practice, if an aluninun1ﬁ%gﬁ%
that contains at | east one elenent selected fromthe group cond: &8 f
Au, Ag, Zn, Cu, NI, Sr, Sm Ge, and Bias its alloy conponent in the
range of 0.1 to 6 at% is used as the alumnumalloy filmmateri al
constituting the drain electrode 29, three kinds of interfaces as shown
in, for exanple, sectional enlarged conceptual diagramof FIG 11
through FIG 13 are fornmed in the contact interface between_ the al um num
al | oy f PERUGoRSEELEEIAY e Ndrailn ErecBRrEdec2t” HHY %3IPiXel¥ et €@ rode 5
according to formation conditions of the drain electrode 29. An al um num
al l oy fPl @mtéontaining the alloy conponents in the above mentioned
content can be forned using a sputtering target consisting of an

al um num al | oy nE€GRedi i InkyY - tiffe tHIE 6§ SeorpoRe pHOVRE edrtientl the
sputtering target may further contain at |east one elenent selected from
t he -21Cc2BROBEOT6 cogricupiadrgt sthieng lomingin vl lmyy Hnldh @6 ilegshdhadhge of
0.1 to 6 at% Incidentally, in the case where the anmount of the alloy
conponeft lc@ittai ek i anawet abinthemcanicaniated slages aRdnth@ 1 at% the
anount of the concentrated |ayer and the precipitate (the internetallic
conpoundy ekgiiddtian tiHee t@h@é@?tﬁﬁﬂéﬁfa&@%ﬁéﬂmgbnf®r@@ﬁfian@hﬁhe pi xe
electrode is insufficient, and hence contact resistance reduction effect

at a | eveltEleat infies fanse betore 9intidrsl hedvhdd edpiisiedulet eicd rade dish;

conversely, in the case where the alum numalloy film .
insufficient, and hence contact resistance reduction effect

(:. at a level that this invention intends becomes difficult to
attain; conversely, in the case where the aluminﬁﬂialloy film
is made to contain over 6 at% alloy component excessively,
thé electric resistance of the aluminum alloy £ilm becomes
high, the response speed of the pixel becomes slow, power
consumption increases, and the gquality as a display falls,
and hence it becomes impossible to put to practical use.
Therefore, in consideration of these advantages and
disadvantages, it is desired to control the content of the
alloy component to be not less than 0.1 atg, more preferably
not less than 0.2 at%, and not more than 6 at%, even more
preferably not more than 5 at®.

FIG. 11 is a diagram showing schematically a state where
a.conductive precipitate.containing the alloy component
{zolute element) is formed in the contact interface between
the aluminum alloy film and the pixel electrode 5, and the
aluminum.alloyrand.thejpixel electrode are kept in electrical
conduction by allowing a large portion of a contact current

to flow through this precipitate. Such a state can be
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is made to contain over 6 at% all oy conponent excessively, the 32 Elé)ﬂ
resi stance of the alum numalloy filmbecones high, the respons é@ el
of the pixel beconmes slow, power consunption increases, and the quality
as a display falls, and hence it becones inpossible to put to practi cal
use. Therefore, in consideration of these advantages and di sadvant ages,
it is desired to control the content of the alloy conponent to be not

|l ess than 0.1 at% nore preferabl not less than 0.2 at% and not nore
than 6 afeP leves FF &O Gt EraBRRHA CHBF cbERANDS Lats, TACAGU D] o he

di agram showi ng schenati cal I% a_state where %congucti ve pr e%i[ pieft ate
cont ai ni B§LHE ST onpondht 2L E8PHFe WM IIF<LF 8r hBd oMY hef Tont act
interface between the alumnumalloy filmand the pixel electrode 5, and
the al uRFADWI&/ 8YPAAFaATHO Pt T2kt bHlee BR Rl Rebt doF @ iRe s ikadow
conduction bg al | ow ng a large portion of a contact current to flow

t hrough €Ki 8hpretppiehtiesstehindsthlne ftamaklonron yhgad 2ocetnenfi zed
by form ng a conductive precipitate inpcluding the solute elenent in an

al uni numagltéirn theurdariypd HrickgiE o Fert LeRapprlebehppri eanican tofe tethamd
hysteresis as described below at the tine of insulating filmformation
or a heaf fEERDFEMe aF tePSEREPRAr PR O m for mati on and before contact
etching a technique as described below. That is, the alumnumfilmis
subjected to aT 1ty st e3t 4mapuithd itithel s HepRet e#n§Ot Re higdsul at i ng

filmor _a heat treatnent, preferably at a tenperature of 150 to 400C
hysteresis at the time of depositing the insulating film or

(:ﬂ a heat treatment, preferably at a temperature of 150 to 400°C
| for 15 minutes, afte: the formation of the wiring f£ilm and
before the coﬁtact hole etching, and thereby is made to
recrystalize, so that a precipitate containing the soclute
element or an intermetallic compound of the solute element
including aluminum is made to form in the aluminum grain
boundary.

Next, in the contact hole etching process of the
insulating film, the aluminum alloy surface is treated by
light etching for an addeClover—etching'time so that aluminum
alloy surface is etched by 1 to 200 nm from the aluminum alloy
‘surface, more preferably Ly about 3 to 100 nm. For the same
effect, it is possible to expose a parf of a precipitate
(intermetallic compodnd) of a solute element on the aluminum
alloy surface byusing a stripper of the amine system cleaning
the aluminum surface and having a light etching effect on
aluminumjjlaphqtoresiststrippingprocessafterthecontact
hole etching process of the insuléting film. At this time,

even 1f the insulating film is formed on the aluminum alloy
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for 15 mnutes, after the formation of the wiring filmand before the
contact hole etching, and thereby is nmade to recrystalize, so th
precipitate containing the solute elenent or an internetallic c Alh 006
of the solute element including alumnumis nmade to formin the al um num
grain boundary. Next, in the contact hole etching process of the
insulating film the alumnumalloy surface is treated by 1|ight etching
for an added over-etching time so that alumnum alloy surface is etched

2 o 1005TREAIE T AP e LI PUIE 8L B s R AGH  SDLE PLERERARLY it APoU!

sane ect, i"S PpOSSI Ie to° exXpos “f a

preC|p|ta% ng e I 1] ound s el.e % on the.al um num
al | oy suf %Oégg-buégﬁégé?%ﬁ?gggg HQ,Q%ﬁ 2%1ne sséten?cﬁ ﬁﬁFﬁﬁlsﬁﬁe
al um num sur.f ace an V|n 2 | q} etc ef f c% iunln
hot or 6of LTS FophTy pFBeats e e%%h%eg%aéﬁ 570 BT Brlls o
t he insu#atln fl|gl At tglé t .gvg& i Bg %yigl filmis formed
on the a %ﬁ’iﬂﬁ m & o?l © % i Xﬁ(f”éb 6 @ﬂrl?ea &L ]:Il%rO%r?noxi de
filmto bf forged %% osed rt as_co areqiho al n1nug1 e.to a
char act e¥+ ST'FE" - of Fﬁé éngle nt, e%ﬁﬁﬁ &5 h BilRG il i s
hardly forme g and a conductlve OXIde gayfﬁ ned depeng] %,on.%p
elenent CEBAEFABS S siPn C& T 5 é&%d%%ﬁyp ?Bﬁﬁgkeép j gven 1
resi stange current ea to, f ei n, eyven, if . the . al um num
Al Toy 1101 C GBI 91 SofnebthaS T O SR e ety dhd s Sine
contact éfec%%gg%e5€aQﬂB§ Q&Agagg resistance can be held down.
(ﬂ Note that a kind of stripper used in this process is
) not specially limited, preferably, it contains about 5 to 70
wt% monoethanolamine, more preferably about 25 to 70 wt$%
monocathanolamine, as a principal component. This stripper
is a stripper that is in general use in order to remove a
deteriorated film and a polymer coating film that remains
after etching of metal materials of various kinds, and also
has a high effect of removing contamination. Therefore, by
using such a stripper for washing, it is possible to secure
a sufficiently low contact resistance value.

' In addition to this, a stripper mainly consisting of
the amine system like hydroxylamine and a stripper with about
5to 25 wt% water added to the principal component of the amine
system has an excellent light etching effect, and can remove
thin films of aluminum oxides. However, since this kind of
stripper is expensive and has a high etching speed to aluminum
alloys, 1its control is rather difficult.

FIG. 12 shows an conceptual diagram of formation of a

Ni-concentrated layer on the aluminum alloy surface of the
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Note that a kind of stripper used in this process is not speci allz‘:y
limted, preferably, it contains about 5 to 70 w % nonoet hanol a 4%Q52%5
nore preferably about 25 to 70 wt % nonoet hanol ani ne, as a principal,
conponent. This stripper 1is a stripper that is in general use in order
to renove a deteriorated filmand a polyner coating filmthat remains
after etching of netal materials of various kinds, and also has a high

ef fect of renopving contam nation. Therefore, b sing such a stripper
for vashPAgGe | ELPE L5088 bRECES i afe L SHEFIER dIRTYEP Bur toRiRtiac
resistance value. In addition to this, a stripper mainly consistj| of
Lho am nECSGIENTT K& Mpar bayFARFnBeaHECE Lirt hod WRHAFoLOY & 4 01 25
wt % wat er added to the pri.ncipal cgggonent of the ankne system has an
excel | enfORtGRM IGIEM hy FF et PEmtc Rl PehBeE R ARACKRE ST A i Hum
oxi des. However, since this kind of stripper is _expensive and has a high
et chi ng YpeC@EHI AT FUMave s oys,! teslBomtr aind &V som&endhita s tentis FI G
12 shows an conceptual diagram of formation of a N -concentrated |ayer
on the al@f AGhSlTRA, stitalle 6PEREt iy Wik BBdB Lpilelr fel®dtd r ode
interface_as ,a structure whereby the contact resistance can be further
reduced PAUYPHEW @hiiRimatd 3P iTaTecbResi AlRgNM CoPters grstictadiies t hat
the thickness of the N -concentrated |ayer is 1 to 10 nm and N

concent r 8-PEA TS 3OV dsistt RS He 6% cOMtlemoT i tHe atg nt ¥ :t}hﬁ of

the alumnumalloy and not nore than the NI content inside _the _alum num
alloy fi Neh ;§IC’|5’§—E‘81 t%'{h%? RFBEe 2t MR M A 0AQY thEm 1s 2 at%). TFor

(j’ example, it was confirmed, by sectional TEM observation and
EDX composition analysis, that a Ni-concentrated layer 4 nm
thick whose Ni concentration is 8.7 at% existed in the
interface of the Al-2 at% Ni alloy film.

In a Ni containing aluminum alloy, some Ni atoms exist'
in solution without precipitating. When aluminum is removed
by dry etching or alkall etching, since Ni is etched in a low
etching rate or is insoluble in alkali, Ni remains on the
surface of aluminum as a residue. It is considered that the
Ni-concentrated layer is formed in this way. That is, it is
considered that Ni whose amount exceeds solid solubility
limit of Ni (0.11 %) in the aluminum alloy precipitates out
by heat treatment etc., and a part c¢f Ni atoms diffuse and
concentratejjlthealumihumsurfacetofbrmiaNi—concentrated
layer. Possibly it is also considered that since a halogen
compound of Ni has low vapor pressure, and is hard to
volatilize, the halogen compound assumes a state of remaining
on the alﬁminum-alioy surface, and thereby Ni atoms have

higher concentration than Ni concentration of bulk aluminum
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Ni content inside the alumnumalloy filmis 2 at%. For c exanple, it
was confirmed, by sectional TEM observation and EDX conposition

anal ysis, that a Ni-concentrated |ayer 4 nm thick whose N conc &rit AUt 10%n
is 8.7 at%existed inthe interface of the Al-2 at% N alloy film In a
Ni containing alumnumalloy, some NI atons exist 1in solution wthout
precipitating. Wwen alumnumis renoved by dry etching or alkal

etching, since Nl is etched in a low etching rate or is insoluble in

| kali, Ni i t f | umi esj due. Lt _i
conei der 80 1At MR I T onabht? ataa iy Br P Reh e ol 4 o hes' “That
is, it i i d that Ni _wh . t d | | ubi,l.it
hit of CRECB LTS +1h ORETAPORTOR sy Fatehit cf STOhE g hear
treatment etc., and a rt.of N,atons diffuse and concentrate in the
al um nunTEGEFREE ¥ 607 B AP A AP 2chREEHtT 160 A ayar N BOSet JorE 1L A s
a1 s hEPd dane bPaRi T erbt S 3 GORhAC N A ot T et R e
remai ni n n.the alumnumalloy.surface, and t er%b%é N. atons have
higher CORBENYr dti ORIEAT 3§ CONEOHEr alF orCOFBhER Cal B RATEFES P AUS
2006 [ tl Al in th t chi diti f ont act hol e,
"1 over- Brdntig iR (hatel y, WO HTTi bt hecoRRarYoradstARN IS he

comtect Leshstatce winlelSonce 18 A4 Ry el A8 o e confact
[ ncrgase it %on%Jntaéé’@I&QT“ 5 at% Theref ore, it is considered fromthis
(: Ni tends to concentrate near the interface betﬁeen the
aluminum alloy £film and the insulating film to some extent,
in addition to the interface between the aluminum alloy film
and.the pixel electrode. The concentration on the interface
of the insulating film is less than that on the interface of
the pixel electrode. This fact can be explained as that the
interface of the pixel is cut in the above mentioned way and
the residue is generated. As the reason of concentration of
Ni on the interface, besides the factors above, when the
aluminum alloy f£ilm is heat treated in the state that the
(:; insulating film fixes the surface of the aluminum alloy film,
a transitional stress distribution generated in the aluminum
alloy film possibly diffuses Ni to the interface. Thus, a
combination of those plural factors form the Ni-concentrated
layer.
When an aluminum alloy filﬁ containing Ni is contacted
directly to ITO or I20, the thickness of an aluminum oxide

layer which is formed together with precipitates and causes

high contact resistance is not more than'41nn.This thickness
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that there is correlation between the over etching time and N
concentration. Ni tends to concentrate near the interface betweerd 4 Adb 2006
alumnumalloy filmand the insulating filmto sonme extent, in addition
to the interface between the alumnumalloy film and the pixel

el ectrode. The concentration on the interface of the insulating filmis
| ess than that on the interface of the pixel electrode. This fact can be
explained as that the interface of the pixel is cut in the above

ment i oned Svplawer than asiadfenistjenkrasedf A9 phErieggoaxefle layer
concentration of N on the interface, besides the factors above, when
the al uiaiumdlitoylfg Cmsies oheRer eraheednin ¢het bttt hay - therther,
insulating filmfixes the surface of the alumnumalloy film a
transiti dmalthst cese @ifsVii puntahngeder huBdnia ahéoal ﬁh{munihalcp:éyqﬁm m
possibly diffuses Ni to the interface. Thus, a conbination of those
plural factrorant ok athe N Towe evit tAe ety bayes . 2 Wehs anval ghi haml asEoy
filmcontaining NN is contacted directly to ITO or 1ZO the thickness of
an al um riaroxildec Alagek athpelcies ¢onhedttidyébkeraspdf preei pienaivsmand
causes high contact resistance is not nore than 4 nm This thickness
-26 2 4 AUGR260B! aildonhi Bheit iharN5 aanigmimithpokadsnisfimaalabynfhlm

oxi de layer formed in the case of pure alumnumor Al -Nd alloy. Further,
in the cdseafedNitedraildve sl @ifam alf eprodangs ihe oxygenatéontent in
an al um num oxide layer is 20 at% which is less than 50 to 60 at-' of
oxygen cditensurfiatke Casthef agwmdraliung hpy film. When the oxygen

C content in an aluminum alloy film is small, the aluminum alloy
film has electric conductivity to some extent and an electric
field of a small intensity generated on the interface between
the £film and ITO or IZ0 by aﬁplying voltage between them is
considered to cause break of insulation.

As described above, a combination of the factors, that
is, the precipitate, the concentrated layer and the aluminum
oxides, results in the decrease of the contact resistance.

Preferable conditions for obtaining such a contact
state as described above with Bi selected as an alloy
component are: an insulating film (SiN,} is deposited on an
aluminum alloy thin film containing Bi of about 0.1 to 6 at%,
and subseguently is processed by heat Lreatment at a
temperature of 150 to 400°C, more preferably at a temperature
of 200 to 350°C, for about 15 minutes to 1 hour, whereby Bi
is made to precipitate out in the aluminum grain boundary.
Then, the aluminum alloy thin film is subjected to over-
etching whose time is by approximately 10% larger than etching

time necessary to etch the insulating film by means of dry
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or Al-Nd alloy. That is, Ni content in an alumnumalloy film is
expected to have an effect of suppressing oxidization on the sufaddé 2l
the alumnumalloy film Wen the oxygen C content in an al um num al | oy
filmis small, the alumnumalloy filmhas electric conductivity to sone
extent and an electric field of a small intensity generated on the
interface between the filmand ITO or 1ZO by appl yi ng vol tage between
themis considered to cause break of insulation. As described above, a
conbi nat bAN&R It :e Hrctére of kamtact hode PPEBRBILPAY 2NE He TEREERGRat ed

| ayer and the al um num oxides, results in the decrease of the contact

. resi st anté. fipFigher aple) eohaftf @A Her ebistding HE 18Gch - comaEtcf dhm e as
described above with Bi selected as an alloy conponent are: an

i nsul at i aginel MYESieM,) WheleposPredivatare AuMinum afeeyedhin thiem
containing Bi of about 0.1 to 6 at% and subsequently is processed by
"heat treadnpentasge af GthenpEPdPdréionllisy Folmo0C T whie pieterdbt pige a
tenperature of 200 to 350C, for about 15 minutes to 1 hour, whereby B

i s made apdpihei piumies cuf Bh PheciPisrAemcgiaiae Folintakyd PYh&Re t he
alumnumalloy thin filmis subjected to over- etching whose tine is by
appr oxi natiéfiyie09% f Brigethe Famrsohi hee afidhelhecdstaehaar- sreq ttent,
insulating filmby nmeans of dry -27 2 4 AUG 2006 etching at the tine of
cont act hokeamonmdt iodh, 0w ¢tehsngf ae&Ci-s further subjected to |ight
etching using a stripper of the amne system whereby precipitate of B
is fornmed in t B&G.i ABeifbagecorceREUpTOIARIBRIGEREY 1N M SAR tehivd eiene,

t he size

(ir an alloy component (a solute s2lement) and elements (In, Sn,

etc.) constituting the pixel electrode 5 are interdiffused,
and an interdiffusion layer of the solute element, and In and
Sn is formed in the interface of the aluminum alloy f£film and
the pixel electrode 5, whereby electrical conduction is
established. That is, when Sm is selected as the solute
element, the contact state as shown in the example of
illustration is obtained depending on the deposition
conditions.

Specific conditions for obtaining such a contact state
ésdescribedabovevdthﬁhﬁselectedaszﬂ1alloycomponentare:
an insulating film (SiN,) 1s deposited on an aluminum alloy
thin film containing Smof about C.1 to 6 at%, and subsequently
is processed by heat treatment at a temperature of 150 to 400°C,
more preferably at a temperature of 200 to 350°C, for about
15 minutes to 1 hour, whereby Sm is made to precipitate out
in the aluminum grain boundary. Then, the aluminum alloy
thin film is subjected to over-etching whose time is by

approximately 10 % larger than an etching time necessary to
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and the nunber of Bi precipitate can be adjusted by the addition of Bi,
the tenperature and tinme of the heat treatnent, the amount of 2 & AUG 2006
over-etching, etc. FIG 13 is a conceptual diagram showi ng a state where
C an all oy conmponent (a solute elenent) and elenents (In, Sn, etc.)
constituting the pixel electrode 5 are interdiffused, and an
interdiffusion |layer of the solute elenment, and In and Sn is formed in
the interface of the alum num all qy filmand the pi xel el ectrode 5,

wher eby et riaali neohbiet Pont i 50 g maRn SR erh&ﬁ:qhsm%aetnt% fgme
selected as the solute elenent, the contact state as shown in the
exanpl e 6ff §he uSPRERCSEN hiod ol @R peAding tén St afeoss t feRther
conditions. Specific conditions for obtaining such a contact state as
descri bedWhivet it Roshigéitetteth iRy ansdhPoy e6moman off ethe apnine
insulating film(SINK) is deposited on an alum numalloy thin film

cont ai ni iy Smbf dbousequentiy, 6 Sat Btandrsnbseguentpy a ire pirditessed by
heat treatment at a tenperature of 150 to 400C, nore preferably at a
tenperatmQ?&ﬁdQD@dt§Ogg@csﬂkﬂcﬁﬁﬁﬁﬁy aBifiaeded Nt B owrfaghefapy Sm
is made to precipitate out in _the alum numgrain boundary. Then, the

al um numlay=yy- t3ﬁ¢ﬁ¢|thﬁ|%UEE@F@cl@Eerolév@¢a§§@hlh@amh@@ealumﬁnum by
approximately 10 % | arger _than an etching time necessary to -28
24AUGZ00® % ieteh @%érﬁﬁgulfétowm f433 Py reanks ofodpydereli Adiaat e time
of the contact hole formation, and its surface is further subjected to
| i ght et (ﬂﬂm’g?%%iﬁ@nﬁrébfﬂlitﬁﬁert%flctwamnéhe resistance of the

(j— interface. Further, a diffusion layer of In and Sn in ITO

/ and Sm is formed in the interface of the ITO/Al-Sm alloy film
by depositing an ITO film on the surface layer. It is

" preferable to set the thickness of the diffusion layer in a
range of 5 to-50 nm, and this thickness may be adjusted by
the addition of Sm, the temperature and time of the heat
treatment, the amount of over-etching, etc.

In the both examples shown in the FIGS. 12 and 13, since
an insulating layer 1s not easily formed in the interface
between the aluminum alloy film and the pixel electrode, the
aluminum alloy film and the pixel electrode are directly
connected, and conseguently reliable connection with iower
resistance is realized. |

Tﬁe planar display device equipped with the TFT array
substrate thus formed is used, for example, as a liquid
crystal display, contact resistance between the pixel
electrode and the connection wiring section can be suppressed
to the minimum; therefore, detrimental effects on the display

quality can be prevented as much as possible.
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system Consequently, Smetc. remaining as a residue is considered to be
sel ectively oxidized into a surface face layer. Since the surfac?4uﬂgqmﬁ
is coarser than an alum num oxide, current flows easily. It

considered that the ~current contributes to | owering the resistance of
the interface. Further, a diffusion layer of In and Sn in ITO and Smis
formed. in-the interface of the ITOA -Smalloy film by depositing an

I TOfilmon the surface layer. It is preferable to set the thickness of

t he diffusi I [ to 50 n d this thick b
adi ust ed byt PE*HarTT orF 12t e ERDSrEr LR &R 1S G BF CPRE G
t t , t, of - et chi ., et I t he_bot h I i
the FI GoC015 Mend od ok BIES CLAE TP a1 R FaybRol STROY S28TTY ot b 1 n |
the interface, between the, alum num al.l oy, filmand the pixel electrode,
the al uffrdm A ¥4 rﬁ”a%g #ﬁe Sisfgllbﬁydect rode are directly connected,

and consequent | el.i ahl e connection wth | owe resi stance i.s realized.
The pl anar disﬁﬁ§§ &ébﬂééQQnﬁﬁ;ﬁﬁg%@t§F??%P%% SFF 9na§86§tﬁ&ﬁg%@ms
formed is used, .for. exapple, as liquid c tal. di spl.ay, contact

resi st ané&ﬁﬁg‘t‘a\}%&?l{l%s g @I“%i:‘f?%‘alér%r?g ﬁ@a’ilbﬂggt]i%hrﬁﬁﬁilﬁ Odecti on
can be suppressed to the mninmym therefore, detrinental, effects on the
di spl ay aﬁﬁ&FﬁFﬁ“&éﬁjb%h%r%%gﬂgadegéoﬁﬁgﬁngé %@e?o-g592a5rﬁMG 2006

N S aubsie ol Lhe (DO 203! ster a6c0/d 19 L9, L5 Sp59nd
a top gate structure is applied in this example.
C— As shown in FIG. 14, a scan line is formed of an aluminum
alloy thin film on a glass substrate la, and a part of the
scan line functions as the gate electrode 26 for controiling
turning on and off of the thin film transistor. Moreover,
the ﬁignal conductor is formed with an aluminum alloy so as
to intersect with the scan line through the layer insulation
film (Si0,), and a part of the signal line functions as the
source electrode 28 of the thin film transistor.

The pixel electrode 5 formed of, for example, an ITO
film with 5nO contained in In,0, is arranged on the pixel area
cn the layer insulation film (Si0Q,), and the drain electrode
29 of the thin film transistor formed of an aluminum alloy
functions as a connection electrode section that is
electrically connected to the pixel electrode 5. That is,
the drain electrode 29 of the thin film transistor formed of
the aluminum alloy directly contacts the pixel electfode 5,
establishing eiectric connection.

Therefore, as is the case with the example of the FIG.

2, when a gate voltage is supplied to the gate electrode 26
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this invention will be described. FIG 14 is an enl arged secti onal

expl anatory diagram schematically showing a structure of the th?%ﬁdéﬂmﬁ
transi stor according to-the second enbodi nent applied to the arfa
substrate of this invention, and the thin filmtransistor of a top gate
structure is applied in this exanple. As showmn in FIG 14, a scan line is
formed of an alumnum alloy thin filmon a glass substrate la, and a
part of the scan |ine functions as the gate electrode 26 for controlling

turning SMERPRITERISGHe tiRdy filen it dhsi St avbrieoher , 15 el kelypal
conductor is formed with an _alumnumal|loy so as to intersect with_ the
scan | i n@hrdghd t AEIVEy ¥PLitria atunl 1 ¢4 | i (SHvRNCean® dhsartignathe
signal line functions as the source electrode 28 of the thin film
transi st GONCHHeL @F xbF eHERLicde B brivel sPurEer cerafprde &8 IO the m
with SnO contained in In203 is arranged'on‘the pi xel area on the |ayer
i nsul ati %91 misiorode anghrpegdr ahe dredty edect2z®de e arkd riwigh m
transi stor formed of an alumnumalloy functions as a connection
el ect r odé&hsedtilgi® vhatade afexmiaddisrebraediaste 6 st Reppilield tbehe ode
5. That is, the drain electrode 29 of the thin filmtransistor fornmed of
t he al uniPdxflalebyceredet Py eontdas tie pokentépéctiddersnceesitsabl i shing
el ectric connection. Therefore, as is the case with the exanple of the
FIG 2, 9sataterdtleevobeaga tise 1duppld ddie corhesgdt subbéeerr6de 265 - 30 2
4 AUG 2006 through the scan line, the thin filmtransistor is swtched
described in FIG. 1, which 'makes liguid crystal molecules
Cj- contained in the liquid crystal layer 3 oriented to perform
iight medulation.

Next, amethod of manufacture of the TFT array substrate
shown in FIG. 14 will be explained. The thin film transistor
that is provided for the array substrate according to this

~second embodiment is of a top gate structure that uses a
polysilicon film {(poly-5i}) as a semiconductor layer, and FIG.
15 through FIG. 21 are figures schematically showing the
manufacturing process of the TFT array substrate according
to the second embodiment.

First, a silicon nitride film (SiN,) with a thickness
cf about 50 nm and a silicon oxide film (310,) with & thickness
of about 100 nm, and further a hydrogenated amorphous silicen
film (a-Si:H) with a thickness of, for example, about 50 nm

are deposited on the glass substrate la by, for example, a

plasma CVD method etc. at a substrate temperature of, for

example, about 300°C, and are processed by heat treatment and

laser annealing in order to transform the hydrogenated

amorphous silicon film (a-Si:H) into polysilicon. The heat
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on, and a drive voltage supplied in advance on the signal ¢

ondugt,of; el
supplied fromthe source electrode 28 to the pixel electrode 5 ?ﬁﬂ%ﬁ&@m
the drain electrode 29, and when the drive voltage at a predeterm ned

| evel is supplied to the pixel electrode 5 an electric pot
difference is generated between itself and the opposed subs
described in FIG 1, which nmakes liquid crystal nolecules C

enti al
trate 2, as
contained in

the liquid crystal |ayer 3 oriented to perform |ight nodul ation. Next, a
net hod oftTratfactute RITEPENTETR ard Byosbhsteadieat shedntnant &t/ 140 | |

be explained. The thin filmtransistor that is provided for

the array

subst r at eexarepldi "/ @€ thirsabsedohdh@abodigeinrnsngfa aatgplrpyenstedct ur e

that uses a polysilicon film(poly-Si) as a sem conductor |

ayer, and

FIG 15 tteougbnFl Gandlsubsetilgiitdy scRawmy dal 1y b rgdtpleto the

manuf acturi ng process of the TFT array substrate according

to the second

enbodi medtydrpgeratadsipmpepharia rdidel ¢¢m nf { SANS R -®ilt: ) a dhitkneSer of

about 50 nmand a silicon oxide film(Sio.) with a thickness

of about

100 nm kiRt € hadn & \eidregyndtedd 2aneepledusndeli eprene fgmqandi EHpnwi t h

a thickness of, for exanple, about 50 nm are degosited on t

he gl ass

subst r at @ a oy, ekempdeanpber ox 1 Esih 200D chod Ererely abkabsingt e

tenperature of, for exanple, about 300C, and are processed

by heat

 treat menta gad ysiddatorahndal (vl YynSbt adrth 8 thriameror mathe Lhydroeenaeed

anor phous silicon film(a-Si:H into polysilicon. The heat -31 2 4 AUG
2006 about 0.3 pum (FIG. 15).
(j Then, as shown in FIG. 16, the polysilicon film

{pcly-51) is patterned by plasma etching etc. Subsequently,

as shown in FIG. 17, a silicon oxide film (Si0,) is deposited..

to a thickness of, for example, about 100 nm to prepare the

gate insulating film 27. On the gate insulating film 27

obtained, an aluminum alloy film that will be the

gate

electrode 26 integral with the scan line is deposited by

sputtering etc. to a thickness of, for example, zbout 200 nm,
and subsequently is patterned by a method of plasma etching
etc., whereby the gate electrode 26 integral with the scan
line is formed.

Subsequently, as shown ih FIG. 18, amask is formed with
the photoresist 31, a dopant, for example phosphor, is doped
at about 50 KeV to a doping concentration of 1x10%* atom/cn?,
n* type polysilicon film (n'poly-Si) is formed on a part of
the polysilicon film {(pcly-Si), after that the photoresist
31 is stripped, and the dopant is made to diffuse by heat
treatment at, for example, about 500°C.

Subsequently, as shown in FIG. 19, a silicon oxide film
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treatnment is perforned as atnosphere heat treatnment at, for exanple, 470C
for about 1 hour, performing a dehydrogenated treatnent, and 74 AUG 2006
subsequently a laser is irradiated onto the hydrogenated anorphous
silicon film(a-Si:H using, for exanple, an excinmer |aser anneal er
under an energy condition of, for exanple, approximtely 230 ml/cn®,
thereby obtaining a polysilicon film(poly-Si) with a thickness of, for
exanple, about, 0.3 m(FIG. 15). Then, as shown in FIG _16, the

pol ysi | i d6r%i | 4¢ FPoPFL SR $Q HALEHRSF DY Ipl 4SHacBeERi-Rg @peut 500
Subsequently, as shown in FIG 17, a silicon oxide film(SiQ) is

deposi t e@ln t 8taat fibRAEES cof emper aditaimplod, 28wt 3800C nws £ BIpr apbaena he
gate insulating film27. On the gate insulating film27 _obtained, an

al uni nunfdD GPHATF: Ehat tGi | FObECERe 2gdtteeTelldctit ol 28 fhiBgl8EOwi th the
scan line is deposited by sputtering etc. to a thickness of, for

exanpl e, taolh Aurafi stahd Fabsequatt 15115l pat Yer HearbpYa thet Hoaly o

pl asma etching etc., whereby the gate electrode 26 integral with the
scan |iaesiudafdrared i udSdquemng, the sSHoveeh @Fide £i8m afneBk 9ateor ned
with the photoresist 31, a dopant, for exanple phosphor, is doped at
about 501REV AT G dHilAay 2doneemiat ebrhef AKX TN at epfeArt halet yee
polysilicon film(n poly-Si) is forned on a part of the polysilicon film
(pol y- Si plumgfia %hﬁ@ytﬁélﬁhéﬁoﬁ@éﬁ%ﬁlt%‘i 8 atEhppkaesan@-hddopant is
made to diffuse by heat treatnment at, for exanple, about 500C.
SubsequeRERJP ey sHOMRT| AR & Py, sPUisebid oxfdeé FRPReEptly

C patterned, whereby the scource electrode 28 and the drain
| electrode 28 infegral with the signal conductor are formed.
Consequently, the source electrode 28 and the drain electrode
29 are brought into contact with the n' type polysilicon film
(n'poly-Si) through contact holes, respectively.

Then, as shown in FIG. 20, a siliconnitride film (SiN,)
is deposited by aplasma CVD apparatus etc. to a fiim thickness
of, for example, about 500 nm at a substrate temperature of
about 300°C to prepare a layer insulation film. Then; the
photoresist layer 31 is formed thereon, the silicon nitride
film (SiN,) is patterned, the contact hole 32 is formed in
the silicon nitride film (SiN,) by, for example, dry etching,
and subsequently over-etching is applied for a time of a time
required for etching the silicon nitride film plus 10%. By
this treatment, the aluminum alloy surface is also etched by

_ about a few tens of nm.

Subsequently, as shown iﬁ FIG. 21, after being

subjected to an ashing process using,.for example, oxygen

plasma, the substrate is subjected to photoresist stripping
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2 4 AUG 2006 (SiO-) is deposited to a thickness of, for exanple, about
500 nm at a substrate tenperature of about 300C using a plasnmg 4 ENE7006
apparatus etc. to forma layer insulation film(Si Ox), the photoresist
is patterned simlarly, whereby the layer insulation film(Si Ox) and the
silicon oxide filmof the gate insulating film27 are dry-etched to form
a contact hole, the alumnumalloy filmis deposited to a thickness of,

for exanple, about 450 nm. by sputtering, and,subse%uentlé C patterned,
wher eby UFebdr SeT EPBELr O B 3qid ® R Sdhedi Almeléedaode oot atey#al with
t he signal conductor are f.orned Consequent | t he source el ectrode 28

and the P3P ITEtivbe B8 aF LOpf odBhI1icht & Lbhcaoes OF RO Tt 19Pe
polysilicon film (n' paly-Si) through contact holes, respectively. Then,
as shown"fhigEPedltacddiyi oF REEAPIE f FPRIESIRRE, PRAdepssiiartsda
pl asma CVD apparatus etc. to a filmthickness of, for exanple, about 500
nm at a $@ERCIREN D& atiRte sfchiappic Foom ttdpPdpdle ed gGyerde 5.
insulation film Then, the photoresist layer 31 is fornmed thereon, the
silicon Bt ERdE PFPTAFESIAK) T HR Parieedastudie éontartaRbpet32 Ristgdbr med
in the silicon nitride film(SiNx) by, for exanple, dry etching, and
subsequeRtlaF tarste et chi AgCEsYapplied for a tinme of a tinme required for
etching the silicon nitride filmplus 10% By this treatnment, the
al um num al | oy S3thFefieen sl gt dat ercisedtBys tadbbhit 2@ dhagadmr b tias of
Subsequently, - as shown in FIG 21, after being  subjected to an ashing
process GSiERG1FRT exabPt el FoxPgerY Rt 2thel supdrated dtsufj®eted to
phot or esi st stri pping :
(jW example, about 350°C for about 1 hour to complete apolysilicon

TEFT array substrate.

With the TFT array substrate according to the second
embodiment described above and the liquid crystal display
aequipped with the TFT array substrate, an effect equivalent
to that of the first embodiment explained previcusly can be
obtained. . Moreover, alsc in the second embodiment as in the
case of the first embodiment, the aluminum alloy of this
invention can be used also as reflective electrodes of
reflective liquid crystal displays.

Note that as a raw material of the pixel electrode 5,
indium tin oxide or indium zinc oxide is suitable, and it is
preferable that the aluminum alloy film is.such that a part
or all éf alloy components forming a solid scolution in a

non-equilibrium state is made to form a precipitate or a

concentrated layer, whose eiectrical resistivity is adjusted

to 8 uQecm or less, more preferably 5 ple+cm or less. 1In
addition, it is preferable that regarding the precipitate

(intermetallic compound) that exists in the contact interface
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-33 2 4 AU6 2006 wusing a stripper of the amne systemsimlarly with the
case. Following this, the ITOfilmw th a thickness of about 100 2nhAUG2006
deposited by, for exanple, sputtering, and is subjected to patterning by
wet etching to formthe pixel electrode S. By this processing, the drain
el ectrode 29 contacts the pixel electrode 5 directly. Subsequently, in
order to stabilize characteristics of transistors, the TFT array

substrat e%i anne%thteeg alt for e Ja_mgl e,. .about , 350C for about 1 hour to
conpl et e e%‘d???i i%Corft uﬂ#ﬂ&?r%@ SYbStirdt ERANHY? thheFTe SR FhYCS8bstrat e
accordi n%)to thf seco %&Fenbodi men gescr,i ed above and the liquid
crystal d?P3pFi§ eéq&% WERCtReCTFES drirdyr Eistirkt®e, CApPRepdet are
equivalent to that of the first enbodi ment expl ai ned previously can be

obt ai ned."aBeeb9ehaval §éZief Ofe ssoridhanbodd hest s nal ehediemssent the
first enbodi ment, the alumnumalloy of this_ invention can be used al so

as refl ed}9 e EAGDIEsCHE 5Ly 8P| Hor T V1 ingiRE I Ehstrge THREpREES. ONSBe

that as a raw material of the pixel electrode 5 indiumtin oxide or

i ndi um ziperokrde/ildsuit abWaeramy ithe scopietr apbéstharet kenaltmi num
alloy filmis such that a part or all of alloy conponents formng a
solid soliRFeREFn 18T eAGH-ERLIY brium state is nade to forma precipitate
or a concentrated | ayer, whose electrical resistivity is adjusted to 8

pQcmor |ess, WBFECYRErerdbRLECIREntBe Pessed RE agditiature F9

preferable that regarding the precipitate i
practlce, 1% a part or all of alloy components (especially,

(j' Sm) forming a solid solution in a non-equilibrium stat; in
the aluminum alloy and alloy components of the pixel electrode
are made to diffuse into each other by heat treatment,
preferably at a temperature of 150 to 400°C for 15 minutes
or more, a precipitate can be formed easily in the contact
interface between the aluminum alloy film.and the pixel
electrode. Moreover, as a method of forming the aluminum
alloy film, there can be enumerated vacuum depositionmethods,
sputtering methods, etc. Among them, the sputtering methods
are especially preferable.

| Then, it is preferable that an insulating filmis formed
on the aluminum.alloy’filntto:makeealaminatidn, contact hole
etching is performed on the insulating film, and successively
after this the aluminum alloy film is sﬁbjected to light
etching by 1 to 200 nm, more preferably 3 to 100 nm, from the
aluminum alloy surface, and thereby a precipitate of a part
or all of alloy components forming a sclid solution in a
non-equilibrium state 1is exbosed partly, because contact

resistance between itself and the pixel electrode formed
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(internetallic conpound) that exists in the contact interface -34 2 4
AU6 2006 between the aluninumalloy filmand the pixel electrode, 24 AUG 2006
particles of the precipitate (internmetallic conmpound) are made to have
sizes of nmore than 0.01 min major dianmeter, and are nade to exist so
that the nunber thereof exceeds 0.13 particle/ 100 n2, whereby the
contact resistance can be reduced intentionally. Mreover, in putting
the nethod of manufacture to practice,_ if a part or all of alloy
conponent SRYERRRI aPRyPe T8AFCEG RYRS al $BFR8Esol ution in a
non-equilibriumstate in the alum numalloy_and all oy conponents of the
pi xel el ectrode Th¢ & ite oGNS G588 P AtRE B S et CBy %E‘é]fll{lge%%h%ﬁt ,
preferably at a tenperature of 150 to 400C for 15 minutes. or nore, a
preci pi t ate $ah FPIokaedt eakFNynon thge ad oAt §intt flakd et vieBnvehe
alumnumalloy filmand the pixel electrode. Mreover, as a nethod of

forming t e ALY MERNGR ICETHE Fad Cofeid «af Yeelehuddhg: aiupdaugnLlioy

deposi tion nethods, sputtering nethods, etc. Anong them the sputtering
met hods dflellespdiqald yhemerer-abieed tHerthe (1 B Hrasf@righy 49@esan 1t
insulating filmis formed on the alumnumalloy filmto nake a

| ami nat i oS cont@Rrenerd thadhiang iR of dEd2 oRhPReresdd@atisrRA finm
and successively after this the alumnumalloy filmis subjected to
light et ddHeehyindt5208¢Am nore preferably 3 to 100 nm fromthe

al um num al l oy surface, and thereby a precipitate of aé)‘art or all of
al | oy conponent sTR®rii Yy & Sor§ e dotisPbnyi s Planar

isplay device
(:‘ as shown in the FIG. 1 is completed using the TFT array
substrate thus obtained.

That is, an oriented film is formed by applving, for
example, a polyimide on the surface of the TFT array substrate
1 completed as describad above and performing rubbing after
it is dried.

On the other hand, as for an opposed.éubstrate 2, first
the 1light shielding film 9 is formed on the glass substrate
by patterning, for example, chromium in a matrix ménner.
Then, the 1ight filter 8 of red, green, and blue made of resins
are formed in the gap of the light shielding film 9. The
counter electrode is formed by arranging a transparent
conductive film, such as ITO, as the common electrode 7 on
this light shielding film 2 and the color filter 8. Then,
the oriented film 11 is formed by applying, for example, a
polyimide on the top layer of the counter electrode and
performing the rubbing after it is dried.

Subsequently, the two substrates of the array substrate

1 and the opposed substrate 2 are glued with a sealant 16,
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non-equilibriumstate is exposed partly, because contact resistance
between itself and the pixel electrode formed -35 2 4 AUG 2006 7theiteidih
can be reduced even further. The light etching can be perforned by dry
etching using a gas capable of etching the alum numalloy filmor by wet
etching using a chem cal capable of etching the alumnumalloy film For
a chemcal used in the |light etching process, it is recomended that a
stripper for a photoresist used in patterning is used. The liquid
crystal slishlay o mdd afarediispl ayxcdeti €or the shownsiuret heuEhGfot i s
conpleted using the TFT array substrate thus obtained. That is, an
ori ent edtié IImquwsi d omyved ddywappl sinfacéoro £ ékanpie s ot aties de eachhe
surface of the TFT array substrate 1 conpleted as described above and
per f or m of) whililii hgeadt eentetd fslndileds rndwd ditsipersdrhnd, o@so s bt ian
opposed substrate 2, first the light shielding film9 is fornmed on the
gl ass substaatle otbye pat téer ilnigs thiore ,exarpbep bhtwatuntvo sulmdtrakesanner.
Then, the light filter 8 of red, green, and blue nmade of resins are
fornmed instheighpiokd hedghght shhnetaihhgbli His®osThe acoapdesrel&ctrode
is formed by arranging a transparent conductive film such as ITO as
t he commatetent thde twoomsukddtiisateghtr shyebdheg fudam=2 and t he col or
filter 8. Then, the oriented film21l is formed by applying, for exanple,
a polyimde ofhehempbp ¢taybrtlois tdie aiowed ers ¢lectadde andacuum and
the vacuum is allowed to go back to atmospheric pressure

(:ﬂ gradually with the enclosure mouth dipped in the ligquid
crystal, therebyziliquid.crystal.material containing liquid
crystal is poured into the empty cell to forma liquid crystal
layer, and the enclosure mouth is sealed. Finally, the
polarizing plates 10 are glued on both faces of the outside
of the cell to complete a liquid crystal panel.

Moreover, as shown in FIG. 1, a driver circuit for
driving the liguid crystal display is electrically connected
to the liquid crystal panel, and is placed on the side or the
back part of the liquid crystal panel. Then the ligquid
crystal panel is retained by a frame including an opening that
determines a display plane of the liquid crystal, the
backlight 22 acting as a planar light source, a light guiding
plate 20, and a retaining frame 23, whereby the liquid crystal
display device is completed.
[Embodiments]

Next, Table 1 shows measurement results of the contact

resistance between the pixel electrodes 5 and the aluminum

alloy film when the aluminum alloy film directly contacts the
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perform ng the rubbing after it is dried. Subsequently, the two
substrates of the array substrate 1 and the opposed substrate 2 are
glued with a sealant 16, -36 2 4 AUG 2006 such as of nade of r@&si Ao 2006
except for the enclosure nouth for the liquid crystal with surfaces of
the two substrates on each of which the oriented film11l is forned

di sposed in opposition to each other. At this tine, the gap between two
substrates is maintained roughly constant by disposing a spacer 15

bet ween the two_substrates or by other nmeans. The enpty cell thus

y G .

obt ai nedPt¥epl 8EBEFAIE valRumiEhd T iHe Vbt te affeRedntotgothadk to
at nospheric pressure C gradually with the enclosure nouth dipped in the
liquid cty%eaFiofhereby a liquid crystal material containing |iquid
crystal is poured into the enpty cell to forma liquid crystal |[ayer,
and the encl osthe RBafRIESSdaleReFimant ywas heongerhefzrfigiplapes 10 are
gl ued on both faces of the outside of the cell to conplete a liquid
crystal panel .1 MFeBpesitHdosphneinell elegtrgddri vaydigin ckir pyide
driving the liquid crystal display is electrically connected to the
liquid ckyERhIVbanel 0 v Gi ﬂ@éﬁﬁj aslilathd osilge igin pRédehaek PBELUBE. t he
liquid crystal panel. Then the liquid crystal panel is retained by a
frame i relwdioigdmh (GpéHi Hgthnh? widerdnd pssds aidpidp phadasmopxide 1 i quid
crystal, the backlight 22 acxiqg as a planar light source, a light
gui di ng EpFat 8120, thaGkaasst ai i A@CfRBAe 23, whereby the |iquid crystal
di spl ay device is conpleted. .

) Compositicnof aluminumwiring £ilm: alloy component
(j: contents are as shown in Table 1.

3) Heat treatment conditions: After depositing an
insulating film (SiN,) with a thickness of 300 nm, it is
processed by heat treatment in a vacuum at 300°C for 1 hour.

4) Light etching: The insulating film (SiN,) is
dry-etched using fluorine system plasma, and successively
after this each aluminum wiring material is etched by
approximately 10 nm and further etched using a stripper (a
product of TOKYO OHKA KOGYO CO., LTD. "Stripper 1C6") together
with a contamination layer of the surface by approximately
5 nm, 15 nm in total (5 % of the film thickness).

5) Contact resistance measuring method:

A Kelvin pattern as shown in FIG. 22 is made, four
terminalnmasurement[an@thodjxlwhichcurrentji;fedthrough
ITO {or IZO)-Al alloy, and a voltage drop between ITO (or
IZO)-Al alloy is measured with different terminals] 1is
performed. That is, by feeding a current I between Il and

I2 of FIG. 22 and monitoring 'a voltage V between V1 and V2,

the contact resistance R of the contact part C is found as
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[ Enbodi nents] Next, Table 1 shows neasurenent results of the c 23%
resi stance between the pixel electrodes 5 and the al um num- all g/] P06
when the alumnumalloy filmdirectly contacts the -37 2 4 AUG 2006

pi xel electrode 5 on the array substrate according to this invention.
The measurenment experinent was conducted as follows. 1) Conposition of
pi xel electrode: indiumtin oxide (ITO with 10 W% tin oxide added to

i ndi um oxi.de,

roindi zinc oxide (1.ZO) with 10 wt % zi nc oxi de added
Lo o xRS e - VR e (e HEEE NI 08 hRA Sy e Tond e
alum numw,ring film alloy conponent ntents are as shown in Table 1.
3) Heat PRGEETON D RS { FOHED APt & edefﬁggi‘?"i”rfbgan insulating film (SiNx)
with a thickne of 300 nm it is rocessed heat treatnent. in a
vacuum at 3000%?35@Olv%urmeqﬁu:E?BﬁP@ePéhi%E a&ﬁé’yilﬁﬁule&ﬁn}’?@l?illl‘mt(@ NX)
is dr y-%:lched usi E fluorine system pl asma, and successively after this
each al ufi-HTMARTY Fhd Ol RF AT QLBTQ U B 1 Gl SR THEtB Ry © £ FioM ricl
further etched usi a st riﬁ? er éa produc¢t of TOKYO CHKA KOGYQ CQ., LTD.
"Stri ppet LREEOLE AVSget HEPIP 2P LA et ahPRAE BHiFaYER BPSFhE TG e by
approximately 5 nm. 15 nmin, total 55 % of. the filmthickness). %
Cont act resi st afcB8IAEEstPi AghheRV Roth S ALRELGPCPaYERI RS SSHOWCEE RIRE G 22

is made, four _ term nal meafuremant éa nmet hod in which current is fed
t hr ough fhe substrate, a silicon wafer on whose surface an oxide film

(Si0, thermal oxide film) 400 nm thick was formed is used

( instead of thé glass substrate, an Al alloy 300 nm thick is
) deposited thereon and patterned, and subsequently an
insulating £film (SiN,) 300 nm thick is deposited by a VDmethod.
Then, the wafer, as it is, is processed by heat treatment in
a vacuum deposition chamber for 1 hour and is taken out.
Subsequently, a contact hole of an 80—-um square is patterned
by photeclithography, and the contact hole is formed by
performing etching using fluorine system plasma. AL this
time, over etching is performed for 10% in terms of time, in
addition to the etching time of the insulating film. By this
process, the surface of the aluminum alloy film is removed
by approximately 10 nm (3.3% of the film thickness).

Then, resist stripping is performed with ongen prlasma
ashincj and stripper. Incidentzlly, for the stripper, a
product of TOKYO OHKA KOGYO CQ., LTD. "Stripper 106" is used
and the aluminum alloy is washed at 100°C for 10 minutes. At
this time, contaminations, such as fluorides, oxides, and
carbon, formed on the surface c¢f the aluminum alloy are

removed {(about a few nm in thickness). Then, ITO (or IZ0)
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| TO (or 1ZO-Al alloy, and a voltage drop between ITO (or 1ZO-A allo
is measured with different terminals] is perfornmed. That is, by Zé&ddtal§h
a current | between I1 and 12 of FIG 22 and nonitoring a voltage V
between V1 and V2, the contact resistance R of the contact part Cis
found as -38 24AUR006 [R= (V2 - V1) / 123 . Incidentally, a method of
produci ng the pattern was as shown in the foll ow ng. Moreover,

measur enent_ of tge al . oying elenent in the alumnumalloy was perfornmed
by the | €P%RfsSPoR specirBrettpd CvndREtitedy Lodpiced s Barkd o €

em ssion spectronetry). In order to achieve insulation between the
surface &fdPaHe trate, a silicon wafer on whose surface an oxide
film (SO2 thermal oxide filnm -400 nmthick was formed is used instead
of the glass sdstiatt®r BFRUTANGYE 300 o tas R sisd s tfapei te@aiErleon
and patterned, and subsequently an insulating film(SiNs) 300 nmthick is
deposi t eBTBPeE VD Hetfodr TorBANatFe aNdt ¢ SR GINGYCEPE proeasIEs by
heat treatnment in__a vacuum deposition chanber for 1 hour and is taken
out. SuB&eduEfy yHP4lebAl atkrporeteit Hawdelm-dqudaerd Sopatierasdechy
phot ol i t hography, and the contact hole is formed by performng etching
usi ng fl dér Che SsPsaeRrsredta. the cringaal mesiskanca dif sFrirewad drifred
for 10%in terns of tinme, in addition to the etching tine of the

i nsul at i Rg (FPR{ECBy reRits tapcsdess [I€né 607 fadl \of/ eheugleurredmtanasy film
is renoved_ by approximately 10 nm (3.3% of the filmthickness). Then,

resist sVRILYS i PerdbltedoRi FheoXygen 91 alsk) /AL alloy except

C influences of the wiring resistance can be measured.

| In addition, when the siz.es and number of the particles
of the precipitates that exist in the junction of the ITO {or
IZ0)/Al alloy in the contact hole were measured by observation
with a scanning electron microscope and second-order mapping
of components by Auger spectroscopy, in the case of Al-Ag,
it was confirmed that the parficles of the precipitates having
sizes of about 0.3 um or so existed with a density of 1
particle/l'OO un’ or more. Inthe case of Al-Zn, when the sizes
and number of the. part'icles of the precipitates that exist
in the junction of the IZ0/Al alloy in the contact hole were
measuréd similarly, it was confirmed that particles of the
precipitates, all of which measure about 0.3 um or so in size,

" existed with a density of 3 particles/100 um® or more.

Note that in an alloy with Nd, Y, Fe, and/or Co added

to the aluminum alleoy, the size of a precipitate becomes small
generally because the grain size of the sfructure beccmes
minute: For example, in order to find the size of a

precipitate existing in the junction of the ITO/ALl alloy, the
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ashing and stripper. Incidentally, for the stripper, a product af T@Hﬁ
- OHKA KOGYO CO., LTD. "Stripper 106" is used and the alum num al cé'yA

washed at 100C for 10 mnutes. At this time, contam nations, such as
fluorides, oxides, and carbon, fornmed on the surface of the al um num
alloy are renoved (about a few nmin thickness) Then, 1 TO (or 1ZO -39 2
4 AUG 2006 200. nmthick is deposited by sputtering, and the patterning
is perforned. Next, for neasurenent of contact resistance, a manual
prober wERUEBUESt éPnnBlsnaRdlE SEnFBnaliendPuparakelerVasapnapgraed
"HP4156A" (product of Hew ett-Packard Co.) were used. |In this

measur enent PLeRe -FamadiEd daeraneel s lexpiddsedlyy tR pebheaet TEM
resistance) = [12 / (V2 - Vi)]; a pure resistance value of a junction of
the | TOgloseryafinn alfl sycexeemtion nifnuentese op Lt Hee W FPAGLr adilstance
can be neasured. In addition, when the sizes and nunber of the particles
of the preetpbisedsst odt tda folilpving juhets oncoe eheerved(onr mMRAOK / Al
alloy in the contact hole were nmeasured by observation wth a scanning
el ectrondhamedscopé &nd Ssewond @ndérl +iappE nip v of a componedt smby cAuger
spectroscopy, in the case of Al-Ag, it was confirnmed that the particles
of the pveckptbabeSdham ng asi 2sNdf-MNabautldy 3 amdra soa pxtr stiedmeitelr a
density of 1 particle/ 100 n2 or nore. In the case of Al -Zn, when the
"sizes amfl huhbér 6f 0Bhen par ehchbsNbdf Ytdkl py eci pt tiat esnshateresd shatin t he
junction of the ZO A alloy in the contact hole were neasured
simlarlyheisings ebnfhe negechat tphesi éheshef inherface are the same

C‘ o as these.
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precipitates, all

wth a density of 3 particles/100 nR2 or

of whi ch neasure about 0.3 m or
nor e.

SO in size, :
Note that in an al hdyAlsi 2068

exi sted

Nd, Y, Fe, and/or Co added to the alum numalloy, the size of a
preci pitate becones small generally because the grain size of the
structure becones mnute. For exanple, in order to find the size of a

precipitate existing in the junction of the ITQ A all oy,
structure in a thin filmof the alum numall oy was observed by
is difficult to perform TEM observation of the

AUG 2006

pl ane-vi ew TEM because it

junction_interface of the ITOA alloy.

the -40 2 4

Precipitates of the follow ng

si zes wef@Pl®bserved: a maj or dianmeter of 0.05 min an Al-N alloy; a
maj or difamerer of  [Oeiie A NOTT 1 B; |\107;t||0 ; and a nmj or
dijarret er| Mgl spetyadet o QO,Q%)%@?,}:?W A= N?If(%réleﬁmdg[ i cgn3| der ed tJhat
the sizds of Whe prieci piateat es | n t HEO; nterfacefzé)re tHe same as these. C
-41 2 4 AUG 406 abl e . Meta| e} goforgde | Cosifenje of [al | oy Pi xel
el ectroqe hern,co onent TTO [ ZQ %W - 7,4X107 O 8. 1x10 Q Pure Al -
1.5x10552—= A(l“NdNO 6 b.cf_ié(iOL‘L A X 101 X105 O
Al-Au 3.4 7.6x10' Q2 1.2xX10'
Al-Ag 3.8 5.7x10' Q 9.4x10°Q
Al-Zn 2.4 9.3x10!' @ 9.9x10°Q
Al-Sr 1.1 2.3x10' Q 1.4x10' @
Al-Bi 0.9 9.2x10' @ 2.3x10'Q
Al-Ni 1.4 1.7x10' @ 9.9x10°Q
C Al-Sm 0.5 8.6x10'Q 1.1x10' @
‘ Al-Ge 1.1 2.3x10' Q 1.3x10' Q
‘ Al-Cu 4.1 2.3x10° Q 1.3x10° Q

As is clear from Tabkle 1, in the case where the pure
aluminum wiring is brought into direct contact with the TFT
film, the contact resistance is 1.5x10° ; and moreover, in
the case where an A1-Nd alloy that is a typical aluminum alloy
film is brought into direct contact with the ITO film, the

contact resistance is 8.4x10* Q. Moreover, the contact

resistance in the case where Mo is disposed between the ITO
f£ilm and Al-Nd wiring as a barrier metal, as the conventioconal

structure, was 7.4x10% Q.

On the other hand, the contact resistance of Al-Au
wiring is 7.6x10" Q, thle contact resistance of Al-Ag wiring
is 5.7x10* Q, the contact resistance of Al-Znwiring is 9.3x10"
Q, the contact resistance of Al-Cu wiring is 2.3x10? Q, the
contact resistance of Al-Ni wiring is 1.7x10' Q, the contact
resistance of Al-Sr wiring is 2.3x10' Q, the contact

resistance of Al-Sm wiring is 8.6x10' @, the contact
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Al -Au 3.4 7.6x10' Q 1.2x10' Q Al-Ag 3.8 5.7x10' Q9.4x10 Q Al-Zn 2.4
9.3x10" Q9.9x10 Q AI-Sr 1.1 2.3x101 Q 1.4x101 Q AI-Bi 0.9 9.27%0AycQ008
2.3x10" Q AI-N 1.4 1.7x10" Q9.9x10 Q AI-SmO0.5 8.6x101 Q 1.1x10" 0
Al-Ge 1.1 2.3x10" Q1.3x10' Q Al-Cu 4.1 2.3x102 Q 1.3x106 S2 As is clear
fromTable 1, in the case where the pure alumnumwring is brought into
direct contact with the TFT film the contact resistance is 1.5x10552;
and noreover, in the case where an Al-Nd alloy that is a typical

al um numrglSigtange n? £ sAbregght timcd gt rect*xEbntfact amilt Rhehgoptedt | m
the contact resistance is 8.4x10 Q Mreover, the contact resistance in
the caseTIFdrea e © HikboBbd betdgehsthe2xTO Qi |anamt Ahadaitaey as a
barrier metal, as the conventional _structure, was 7.4x10' Q On the

ot her 'hafi@s 4 HE RGPt BT tTFEER LY apde2 bf T EGE W rilhg Fas57.vdxapedlothe
contact resistance of Al-Ag wiring is 5.7x101 2, the contact resistance
of Al -ZnWwied g§ FEeRBRT T 3tahe kont adthg eonstairideo il ALrOEWMreng i s
2.3x1022, the contact resistance of AI-Ni wiring is 1.7x10" Q the
contact resi stk of AlSSr s{iPiisnghiss e Bl O witon pReléonifdd fdsitst ance
of Al-Smwring is 8.6x101 S2, the contact -42 2 4 AUG 2006 resistance
of Al - GeCRiviaig s S WiwEFl ionigad e neddetal is as high as that of

aluminum and fhat is excel inreducibility resistance is used,
collectively. |
(fu - The IZO film is a transparent film with about 10 wt}
) Zn0 added to In,0,. In this case, the contact resistance
decreased further to a few tenths of that of the ITO film.
As this reason, the following two are considered.

First, one of the reasons is attributed to a fact that,
since the electric potential (weork function) of 120 is higher
than that. of ITO, even if an extremely thin insulating
material layer is formed in the interface between the aluminum
alloywiring and the pixel electrode, andis of a MIM structure
{(Metal-Insulator-Metal) consisting of metal-insulating
film-pixel electrode; the pixel electrode having a high work"
function sees the thickneés of the insulating film in the
interface thinner than appearance when an electric potential
difference 1s applied, and hence a tunneling current
componént will increase.

Second, the other of the reason is attributed to a fact
that, since Zn in IZ0 has a high ionization potential compared

to Sn in ITO, having the nature of being hard to reduce in

the presence of aluminum; an insulating substance is hard to
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resistance of Al-Bi wiring is 9.2x1015; any of the contact resiitiﬁé%gis
roughly equal to that in the case where M is wused as the barri fh : b
i.e., the conventional structure. Table 1 also shows the result when an
|ZO filmthat contains Zn whose ionization potential is as high as that
of alumnumand that is excel in reducibility resistance is used,
collectively. The 1ZOfilmis a transparent filmw th about 10 wt % ZnO

added to_| n203. gg this ase t he contact reslstancg decreased further .
to a few ¢ERtHs LOE PREET F‘CFHFeeW"T%??lWﬁ alpgippirgal dgyomnd (e PAKROW ng

two are con5|dered First, one of the reasons is attributed to a fact
that, sPheetfA&Cel ectric potential (work function) of 1ZOis higher
than that. of 1 TO, even_.if an extrenely thin insulating_ material |ayer
is formed in tEBCﬁﬁ?@ﬁ@é&éﬂbéﬂ%%eﬁo?ﬁecélGﬁ?ﬁuﬁe@%QQﬂ/Eﬁ@lmbxﬁed t he
pi xel electrode, and is_of a MMstructure (Metal-Insulator-Mtal)

consi st i AYS6F FREEaPIINSRAtT IR 2 FF | 1 B REI S8FEEOTodESSq he pPkel el ect r ode

havi ng a high work function sees the thickness of the insulating filmin
the inteefaseerhiineias lfat dppear ahlelmhernuaneel ectric potenti al
difference is applied, and hence a tunneling current_ conmponent wl|

i ncrease. SecoWdtht KeSEERar tef tife idwson a5l @+ riabled3t shavfFadetat hat ,
since zn in 1ZO has a hi gh ionization potential conmpared to Sn in |ITGQ
havi ng tFRIRBEHLPE  0FOBERRG REPA STENSIlEE AT weeer E8engddat Igrufitnum

an insulating substance is hard to -43 2 4 AUG 2006
the sSolute element is varied, wiring resistance after heat

(r treatment at 300°C for 1 hour, and the area factor of the
.precipitate when the alloy film was observed.by_plane—view
TEM after the heat treatment at 300°C for 1 hour. The table
also shows precipitates observed at this time. "The contact
resistance was evaluated by manufacturing an evaluation
element as an experiment similarly as in Table 1.
Incidentally, the composition means the content of the solute
element contained in the aluminum alloy. In plane-view TEM
observation, the alloywiring part was sliced in parallel with
the surface, and a state of the internal structure of the alloy
was observed. With increasing content of the solute element,
the contact resistance of ITO‘decreases, and the resistance
increases. The area factor of the precipitate has
correlation with the composition, and the contact resistance
and the area factor of the precipitate are in an inverse
proportional relatioﬁship.

Incidentally, the area factor of the precipitate is a
value obtained by identifying the precipitate appearing in

the field of sight of a 0.3-pum square by plane-view TEM
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formin the interface between the alum num all oy and the pixel electrode.
I nci dental ly, the contact area between the pixel electrode and @ZHeAUb 2006
contact wiring section used in the nmeasurenent was set to an 80-m
square. Wth respect to the binary alloy, Table 3 shows data regarding:
contact resistance with I TO when the addition of the solute elenent is
varied, wiring resistance after heat f treatnent at 300C for 1 hour, and
the area factor aof th | precipitate wh the alloy filmwas observed by
bl 2. vi BRE STRRTTbA L TR Litot R 003068 FOR 5L HOMAG TR eghI o

al so sho ecipitates gbserved at this tinme. The contact resistance
was evalggtgéebﬁ'nﬁ &HHQﬁ}QH%%R&ﬁQHHi%ﬁFOE@éﬁﬁnFanhéﬁ'ekﬁeﬁpﬁbnt

simlarly as in Table 1. Incidentally, the conposition nmeans the content
of the salupénugl eheal  corftad et ne st s aambaeand 3 0 Lreplagherwizew TEM
observation, the alloy wirin art was sliced in parallel with the

sur f ace, faagoy stfatee Bind ne. ngerﬁ%ﬁ bepoeegr d eofs tthemli®y 2was an
observed. Wth increasing content of the solute elenent, the contact

Q

resi st angBe8f LPFOdeGledidse Bt Hedr &si shafeainghdhedses Clihieeak ea
factor of the preci [ii tate has correlation with the conposition, and the
cont act FeBpPshaRtef lahdhehaprghf Bl srPBCiPetpEBCl pidt AR NaF eI FRNAN
inverse proportional relationship. Incidentally, the area factor of the
pr eci pi t apBPpPEeRt AP oht AP DY Si BRI AFathBapradi ‘ﬁ)ﬁ%%@.laﬁﬁeari ng

in the field of sight of a 0.3-msquare by plane-view TEM -44
the contact resistance, although it'depends on the electrical

(i' resgsistivity of the precipitate.

N Compositions of the precipitates were found from
results<1Equantificationthroughcompositionanalysiéusing
EDX and results of X-ray diffraction for twoc or more
precipitates that were observed using the same plane-view TEM
observation sample.

. For example, in a Ni-containing aluminum allcy, the
conductive precipitate contains at least one kind of
substance selected from the group consisting of A1,Ni, Al,Ni,,
AlNi, and AlNi,; in a Ag-containing aluminum alloy, the
conductive précipitate contains at least one kind of
substance selected from the group consisting of Ag, Al,Aq,
and AlAg; in a Zn-containing aluminum alloy, the conductive
precipitate contains at least one kind of subétance selected
from the group consistiﬁg of AlZn, Zn, and Zn0; and in a
Cu-containing aluminum alloy, the conductive precipitate
contains at least one kind of substance selected from the
group consisting of AiCu, Cu, Cu0, and Cu,0.

On the other hand, Table 4 below shows: for an Al-Ag
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24AUXR006 observation at a magnification of 500, 000 and finding a ratio
to the Al phase by calculation. According to this, in any aluningMGZWB
al l oy, a contact resistance becones 200 Q at an area factor of around
O 5 % and becones |less than 200 Q at an area factor of nore than 0.5 %
Assuming that a current conponent flowi ng through this precipitate is a
mai n current conponent, the area factor is a factor that mainly

determ nes the contact resistance, although it depends on the el ectrical
resi stivityoaf wifd precipiteit. fCsAposict iorstof ke prebRpi Odt ddianer e
found from results of quantification through conposition analysis using
EDX and pesglifs teft expeayr idi ey apiesr ifrgr onwbherbabten ¢f doigiaoattesc it hat
wer e observed using the sane plane-view TEM observation sanple. For
exanpl e, hbideao i 2 ddnai gigug ral ahenunkeal foyntihey cedndulct t Ven pf eem piliat e
contains at.|east one kind of substance selected fromthe group

consi sti Agmble rAlciNipr AABN 24t e AbArLiane sAIINIB; um B Wgr € ohhainaijrg:

al umi num al l oy, the conductive precipitate contains at |east one kind of
subst ancaisgleeiedthnaomniidie taeaide I0eNsi st i g fdfe 1ADo FAIHZAG0 £ and SALAg; in
a Zn-containing alumnum all oy, the conductive precipitate contains at

| east onegkiemé ofhesubstsacel sel ebtedonfirarn thet groupneowadvstieg of Al Zn,
Zn, and ZnG and in a Cu-containing alum num alloy, the conductive

pr eci pi t apperoostaisng fatcd edsthensokiadtabo stbstant e lselAdctfad aflrlarg t he
group consisting of Al Cu, Cu, CuQ and Cu20. On the other hand, Table 4
bel ow shbwssufdacanSBM-Agservation at a magnification of 60,000, and

(j: thecontactresistancewithITOeﬂzthattime,jjlthecasewheré
the etching depth from the surface of the Al—Ag alloy is
changed in the range of 0 to 50 mm by éhanging the amount of
over—-etching. In addition, this is because almost all
precipitate particles can be counted in the Al~Ag alloy. At
this time, counting the number of precipitate particles is
verformed by observation image, EDX, and second-order mapping
by Auger.

When the etching depth becomes large and the number of
precipitate particles that can be found by SEM cbservation
of the surface increases, the contact resistance reduces.
Therefore, this phencmencn is considered to indicate that
when the etching depth becomes large, the conductive
precipitate starts to emerge in the Al-Ag alloy surface
gradually, and accordingly the contact area between the
conductive precipitate and ITO deposited in the subsequent
process increase, thereby reducing the contact resisﬁance.
Then, when the etching depth exceeds 30 nm or so, the number

of the precipitate particles calculated by SEM observation
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-45 2 4 AUG 2006 alloy with Ag content fixed to 2 at% the nunber gl{ ”ﬁﬁaﬁ
precipitate particles appearing on the bottom of the contact hol & 4oAUbd
10-m square that was found by cal culation fromthe nunber of precipitate
particles 0.3 mor nore in ngjor dianmeters that show thensel ves in the
field of viewof a 1.5-m square when observing the contact bottom
nanmely the uppernost surface of the contact portion of the Al -Ag all oy,
by surface SEM observation at a magnification of 60, 000, and c the
contact PésithEastd iA%Th T REIEhat 2RANBLOPA PAShCcASE suhdhe A athi ng
depth fromthe surface of the Al-Ag alloy is changed in the range of 0
to 50 nebyickhaigisgcemecafBantoof Brettatehfdbietn addition, this is
because alnost all precipitate particles can be counted in the Al -Ag
alloy. At thi &epithe incbbatdade tie tribér sef upeerl pheat el HarE Tl Esed s
performed by observation i mage, EDX, and second-order mapping by Auger.
VWhen t heast élgi iy dept hn bebenes rigitye caridhaWwie auinbee bEG.phéei giltaat e
particles that can be found by SEM observation of the surface increases,
t he cont aetl atdsinsttavie b e bdaens theThordfasrte, rea il st pheaonenendrs aclolsy der ed
to indicate that when the etching depth becomes |arge, the conductive
preci pi t ahewst ant $heo Tedekrgel iandhehal dagsaklog {stihkapeecgradusi¢ yof and
accordingly the contact area between the conductive precipitate and I TO
deposi t edhers ¢ het s lseitpiehior phedasse et st ahrabyd pediee rap hes
contact resistance. Then, when the etching depth exceeds 30 nm or so,

t he nunbedement including aluminum becomes a value shown in Table 2.

(j : This table shows required number o¢f precipitate particles
| estimated by calculation when the contact resistance is
assumed 200 €. On the other hand, values of the number of
. precipitate particles in this table are calculation results
for the case where the contact resistance is 200 : in tﬁe
embodiment, the contact resistance of Al-3.8 at% Ag was 58
2, and the contact resistance of Al-2.4 at% Zn was 923 .
If all the precipitate partiéles are assumed to be of
a round shape with a diameter of 0.03 um, the number of
- precipitate particles is found to be 45 particles (in a 10-um
square) in the case of Al-3.8 at®% Ag, and 110 particles (in
a 10-um square) in the case of Al-2.4 at®% Zn, as shown in Tables
5 and 6 by estimating the number of precipitate particles by
calculation from the contact resistance value in the
embodiment.
Moreover, 1f the precipitate particles in Al-Ag are
assumed to be of a round shaperwith.a diameter of 0.1 um that
is observed actually by a plane-view TEM or scanning electron

microscope, the number of precipitate particles becomes 0.5
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of the precipitate particles cal cul ated by SEM observation -46 2 4 AUG
2006 of the surface converges, and along with this, the contact
resi stance converges to.a constant value. Next, in the case wher e 2thlJ6 2006
solute elenent is specified as Ag or Zn in the structure shown as the
FIG 11, the relationship between the contact resistance of each all oy
shown in the Table 1 and the density of the precipitate of the solute
el enent or the internmetallic conmpound of the solute elenent including
~al um num becones a val ue shown in Table 2. C This table shows required
nunber ofapEecipi {hee pArviicsasaresdti natebhpyca odl ALrda whthhoReh
contact resistance is, assuned 200 0. On the other hand, values of the
number ofhe &t pleatress fartfiiesti A misd inpte Pacemed edimasor 861 ts
for the case where the contact resistance is 200 9: in the enbodi nent,
t he cont3@feresfstance tofe AU Sr a2 5 BFa® 158 Lo Padiid- ¢ hes centated
resistance of Al-2.4 at% Zn was 93 Q If all the precigitate particles
are assumeRlet dpatef 1vaansusdosiapd Wwahla 4i aret@rdertalds, mint Réenunber
of precipitate particles is found to be 45 particles (in a 10-m square)
in the c%%@eoefAEZ@.fs thegs Ag oS 14er pdr PiechEs & isn highores sghanrér in
the case of Al-2.4 at% Zn, as shown in Tables 5 and 6 by estinmating the
nunber ofaypeecipi pac¥epacd dres by lng|karntd o fabmide evaerst the
resi stance value in the enbodinent. Mreover, if the precipitate
particl esr¢@lAltageaped a¥unAHe t bNBEEBRNE AoukdssidpR vxeentdihaet er of
0.1 mthat :
precipitate contributes to electrical conductivity due to a

(ji fact that Zn has high reducibility resistance and is
considered to have an effect of preventing Al from being

oxlidized by contacting IZOC.
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i s observed actually by a plane-view TEM or scanning el ectron

‘m croscope, the nunber of precipitate particles becones 0.5 -4722%5,&513@5
2006 particle (in a 10-msquare) . In the case of Al -Ag; although the
addition is different, an estimate becones al nost of the sanme order as

t he nunber of precipitate particles counted experinentally and shown in
Table 4. Incidentally, in the case of 1ZO that is considered because a
hi gh resistance layer is prevented frombeing forned in an area except
the precipitate and current increnent in the area except the
precipitate contributes to electrical conductivity due to a fact that Zn
has hi gﬁ'ablédt'um bility resistance and is considered to have an effect of

prevent ing—Atr—fTom ucl g OXi ghTeu uy Ton ou,t Ny TLW 48 44/—\UU 006
Table 2yZn A g a paﬁl% par LT_CﬁL onu —C} WIES}JGI er leparyicl es/
80- m sOUHEH U'm)m % m, square_10p g squar e %Eé 46 0.750
0.012 P-5-11-833- 8@% 49101 GhE Sagars_o 50, TE1 WWQ'S 0.1
295. 8171462274972 %..ﬁg 0-65 é‘. : 270118~ 299 8866';'?7%14 0.03
3286. 8651 G2 833 %i—ﬁ:g —~81§ i‘.d;i?g’;%O 0057952 245 7939’6"1':': 115. 341

i’ PV V82,869 0514 V8330 0428

0.1 295.817 4.622 74.972 1.153

0.05 1183.270 18.489 299.886 4.614

0.03 3286.861 51.357 833.017 12.816

0.01 29500.000 462.215 7497.155 115.341

0.001 2850000.000 46221.479 750000.000 11534.085
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0. 001 2950000. 000 46221.479 750000. 000 11534.085 -49 2 4 AUG 200,? Eﬁ%ﬂ%
3 Wring Contact Area factor of resistance after Main Al all oy I’A
Conposi-tion resistance heat treatnent precipitate by conponent (at% wth
| TO at 3000C pl ane-vi ew conductive a (Q TEMprecipitates (S2 cm 0.1
3080 3.3 0.13 0.3 512 3,5 0.39 AI-Ni 0.5 152 3,5 0.65 AI3N, AI3Ni 2, 1
178 3.6 1.3 AINi, AINN3 2 128 3,6 2.6 599 3.9 6.5 0.1 417 3.6 0.15
0.3 250 4.1 0.44 Al Ag 0.5 202 4.1 0.73 Ag, Al2Ag, 1 198 4.4 1.5 AIAg 2
31 4.6 2.9 555 3.87.3 0.1 6400 4 0.11 0.3 820 3.9 0.33 Al-Zn 0.5 245
4.1 0.55 Al Zn, zZn, 1 182 4.1 1.1 ZnO

Table 3
N Cc_mtact- resis\{zgtg after Areq fgctor of Main
Al alloy Compgsmon resistance | oot treatment | Precipitate by conductive
| component {al%) with ITO at 300°C plag;—l\\;llew precipitates
@l (uo-cm)
0.1 3080 3.3 0.13
.3 512 3.5 0.3¢ .
AL-Ni 0.5 152 3.5 0.65 AlsNi., AlgNig,
1 178 36 13 AINi, AN,
2 128 3.6 26
5 99 3.9 8.5
0.1 417 3.6 0.15
C“ : 0.3 250 4.1 0.44
0.5 202 4.1 0.73 Ag, AL Ag,
Al-bg 1 198 4.4 15 AlAg
2 31 4.6 2.9 '
5 - 55 3.8 7.3
0.1 6400 4 0.11
0.3 820 3.9 0.33
Al-Zn 0.5 245 41 0.55 AlZn, Zn,
1 182 ' 4.9 11 Zn0O
2 158 4.1 2.2
5 157 4.3 55
0.1 2238 3.3 0.12
0.3 499 3.7 0.36
AL-Cu 0.6 228 3.9 0.6 _| AlCu, Cu, CuO,
1 158 4.1 1.2 Cu,0
2 74 4 2.4
5 54 4.5 6
. Al-Au 2 76 3.8 3.2 Al,Au, AlAu
C Al-Go 7 123 3.8 0.7 AlGe, Ge
Al-Sr 2 23 4.9 2.5 AlSt
Al-Sm 2 86 4.3 2.4 AlSm
Al-Bi 2 92 - 1.1 Bi
Pure Al - 150,000 2.6 -
Pure Mo - 74 51 - -
ALNd, Al,Nd:
AL-Nd 2 | 131,000 4.9 26 o eondttive
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2 158 4.1 2.2 5 157 4.3 " 5.5 0.1 2238 3.3 0.12 0.3 499 3.7 0. %5 Ah §M
0.5 228 3.9 0.6 AICu, Cu, CuO 1 158 4.1 1.2 Cu20 2 74 4 2.4 5 i AUs B0
CA-Au 2 76 3.8 3.2 Al2Au, AlAu Al -Ge 2 123 3.8 0.7 AIGe, G A-Sr 2
23 4.9 2.5 ASr A-Sm2 86 4.3 2.4 AASm A -Bi 292 - 1.1 Bi Pure A -
150,000 2.6 Pure Mo - 74 5.1 A -Nd 2 131,000 4.9 2.6 (AI3Nd, AILNd:
non-conductive) -50 2 4 AUG 2006 Table 4 Etching Nunber of precipitate
particles each having a major Contact Al alloy Conposition resistance
conponent (at% depth dianeter of 0.1 iumeor nore (particles/10-mw th
I TO (nm square) 0 6 225 10 16 78 Al -Ag 2 20 22 54 30 30 39
Table 4
. fa ; ; ; Contact
Al alloy Gomposition E;Zh‘t?]g Num'ber of precipitate patticles each_havnqg a major resistance
component (at%) p diameter of 0.1 um or more (particles/10-pum with ITO
{(nm) square) )
0 8 225
10 16 78
20 22 54
40 35 33
50 37 31
Table 5

Size and density of precipitate particles of the solute element satisfying a specified contact

resistance of 57 Q /80-um square that is the same as measured value in Al-Ag

Ag
Diameter (. m) particles/ particles/
80-pum square | 10-1um square
1 2.63 0.04
0.5 10.52 0.16
0.3 29.23 0.45
01° 263.06 4.05
0.05 1052.23 16.19
0.03 2922.87 44.97
0.01 26305.81 404.70
0.001 2631578.95 40470.47
Table 6

Size and density of precipitate particles of the solute element satisfying a specified contact

resistance of 93 Q /80-um square that is the same as measured value in Al-Zn

Zn
Diameter {. m) particles/ particles/
80-um square | 10-um square
1 6.36 0.10
0.5 25.45 0.40
0.3 70.69 1.10
0.1 638.17 9.94
0.05 2544.67 32.76
0.03 7068.52 110.45
0.01 63440.86 994.01
0.001 5344086.02 99401.03
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40 35 33 50 37 31 Table 5 Size and density of precipitate parti%gg‘3 ﬂﬁ]ﬁ
the solute elenent satisfying a specified contact resistance of 2

/80-m square that is the same as neasured value in Al-Ag A Dianeter (.
m particles/ particles/ 80- msquare 10- msquare 1 2.63 0.04 0.5
10.52 0.16 0.3 29.23 0.45 0.1 263.06 4.05 0.05 1052.23 16.19 0.03
2922.87 44.97 0.01 26305.81 404.70 0.001 2631578.95 40470.47 Table 6

Si ze and density of precipitate particles of the sol ute el enent
satisfying a sﬁ\é‘ﬁ %ii @@%ﬁ‘t%‘? Cs (siteramde 681 9@5@“}%%%%@%%& is

t he same as nmeasured value in Al-Zn Zn Dianete g artlcl es/
particles/ 80Asmidyddie a@sem %ﬁu%%%aEYGaééO@SIO opt5 ’ZS A5 IR mNCe. 3
70.69 1.10 0.1 638.17 9.94 0.05 2544.67 39.76 0.03 7068.52 110. 45
with ITO through a contact hole of an 80-um square was measured.
The contact resistance of an A1-Ag-Nd film was 1.3x10? Q, the
contact resistance of an Al-%n-Nd £ilm was 4.3x102 Q, and the
contact resistance of an Al-Ni-Nd filmwas 1.7x10° Q; although
the contact resistance of any film was slightly higher than
that of a case of the conventional structure where Mo was used
,(j for the barriermetal, they were in a level causing no problem.
Also in other elements of Au, Ge, Sr, Sm, and Bi, the contact
resistance was in the range of 1.0x10° to 5.0x10° Q, which
were almost equal to the above.

On the other hand, there is correlation between the
composition of an aluminum alloy film and each one of the
contact resistance, the electrical conductivity, and the heat
_resistancé. For example, if X content of AI-X-Nd (¥ = Ni)
is increased, the contact resistance decreases, but the
electric resistance increases, and the heat resistance
improves [see FIG. 24{a}) and (b})]. Moreover, if Nd content
is increased, the heat ;esistance improves, but the
electrical resistivity and the contact resistance increase
[see FIG. 25(a) and (b)]. Such a tendency is the same for

any element of X. Note that the required contact resistance

depends on the structure of a display device and the

manufacturer, varying from 150 Q to 5 k€& in the contact hole
of an 80-um sguare. Since there are trade-off relations

hetween the electric properties and the heat resistance, one
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0,01 63440.86 994.01 0.001 6344086.02 99401.03 -51 2 4 AUG 2006, Next
enbodi nents of ternary alloys will be described. As in the cases2dfAlb 1006
bi nary all oys, contact resistance wth ITO through a contact hole of an
80-m square was neasured. The contact resistance of an Al -Ag-Nd fil m was
1.3x102 0, the contact resistance of an Al-Zn-Nd filmwas 4.3x102 9, and
the contact resistance of an AI-Ni-Nd fil mwas 1.7x102 0; although the
contact resistance of any filmwas slightly higher than that of a case
of the cEaReAdilei®d]l Ete uePDPESMIGPE NP WS ©f dpeEhé IBATAISYS et al |
they were in a |evel causing no problem Aso in other elenents of Au,
Ge, Sr, SAPUAA@CBi, the contact resistance was in the range of 1. x102
to 5.0x10" O, which were alnbost equal to the above. On the other hand,
there is correMattiesv det viderr thgascowgosit RdnXoNdapldpbnvhtm AIF RL A i I m
and each one of the contact resistance, the electrical conductivity, and
t he heat Nir mskstapdenifor exagpren bouXdesnt edt Adf aAl iX- Nig XaSNOL is

i ncreased, the contact resistance decreases, but the electric resistance
i ncr easeld, avdichehhsazn resfschnee piemroiesd [Aed RNGLizr a)namhqb) | .
Moreover, if Nd content 1is increased, the heat resistance inproves, but
the el eberitcak eegilsitddi t Wandetdmp tont act shewhstianééG.n@rteasien flsee
FIG 25(a) and (b)]. Such a tendency is the sane for any elenment of X
Not e t hatethenr efjut ® edCEort atitl « ési 5t drice thdependslan THe reprectantes of a

di spl ay device and the
Ni content (at$%) in the aluminum alloy, and CNd represents

C Nd content (at$%) in the aluminum alloy]}, a heat treatment at
300°C resulted in insufficient heat resistance, allowing a
hillock to occur. ©On the other hand, in the region of "4.5
£ 0.5CX, + CNd," the électrical resistivity of the wiring
exceeds 8 uf*cm, and hence the alloy cannot be put to practical
use. From this, the optimal range becomes "0.7 =< 0.5CX, +
CNd =< 4.5."

Similarly, also in the case where the alloy is made to
contain yttrium (Y} in the same 3A group, as shown in FIG.

27, the electrical properties and the heat resistance almost

‘the same as those of Nd were obtained.
Similarly, for the compeosition of Al-Ni-Fe, as shown

in FIG. 28, in the region of "CY, + CY¥,< 1" [in the formula,

CY, represents N1 content (at%) in the aluminum alloy, and

CY, represents Fe confent (at%) in the aluminum alloyl, a heat

treatment at 300°C resulted in insufficient heat resistance,

allowing a hillock to occur. On the other hand, in the region
of "6 s CY, + CY,," the electrical resistivity of the wiring

exceeds 8 uQe+cm, and hence the alloy cannot be put to practical
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manuf acturer, varying from150 Qto 5 kO in the contact hole of an 80-m
square. Since there are trade-off relations between the electri®4 AUG 2006
properties and the heat resistance, one -52 2 4 AUG 2006 can adjust the
conposition to respond to specifications required. Mreover, in the case
of an Al-X-Nd alloy with X = Ni, N makes pinning in grain boundary of

Al as in the case of Nd, which has an effect of preventing Al from

m grating when heat is applied. For exanple, as shown in FIG 26, in the
regi on &5e.0. Sorm £hdd §n0CPipEd FRBIPOPAEPESSCXL F EFneséntss N "
content (at% .in the alum numalloy, _and CNd n%g{esegé%.c Nd cont ent
(at% in the AMFAIRATatLEy] italRedt foleachest dareds & QU T
insufficient heat resistance, allowing a hillock to occur. On the other
hand, i Rathelregitohhersame»Tieqr sExEr2neNF o Retalsct riP¢aP +RsiRivity
of the wiring exceeds 8 tQm_and hence the alloy cannot be put to
practi caasausd o the s, 2% hehopRi il Frangé hetbResang. ProreHA@S + CNd
s 4.5 Simlarly, also in the case where the alloy is made to contain
yttri umeeYRLNitHe sore sRGHAR - adlefowdhis mag res? s e e M&ans cal
properties and the heat resistance al nost the sanme as those of Nd were
obt ai nedhespdigheay t e aidied Mo it Tn IrpAe e f & aspdWniny Fl G,
28, in the region_ of "CYl + CY2 s 1" [in the fornula, CYl represents N
cont ent 210 4 f#ee aV ki nBmtalicode eaidl 0 YRt epY egBRES 2Fd Forftfent (at %)

in the alum numalloy] , a heat ,
hillocks and volds at the time of heat treatment. In the

(j\ figure, alloys satisfying a condition that the density of the

hillock generated when being processed by heat treatment at

2

300°C was not more than 3x10° m™® were coﬁsidered to come up.

to the standard.

Similarly, the cases of Al-X~-Nd, -Y, -Fe, and -Co alloys
with X = Ag were shown in FIGS. 30, 31, 32, and 33, and the
cases of Al1-¥X-Nd, -Y, -Fe, and -Co alloys with X = Zn were
shown in FIGS. 34, 35, 36, and 37. Furthermore, the cases
of Al-X-Nd, -Y, -Fe, and -Co alloys with X = Cu were shown
in FIGS. 38, 39, 40, and 41. In the cases where any one of
alloy elements was added, almost the same results were
obtained.

In a lower heat treatment temperature, the
aforementioned optimal range shift85 The heét treatment
temperature depends on a temperature in a process after
formation of an aluminum alloy film. The heat treatment
ﬁemperature in the present embodiment is a temperature in
which an insulation film is formed. An aluminum alloy film

recrystallizes when it is heated. When heat is further applied
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treatment at 300C resulted in insufficient heat resistance, all ﬂ@g ?ﬂ{]ﬁ
hillock to occur. On the other hand, in the region of "6 < CYyl &
"the electrical resistivity of the wiring exceeds 8 Qcm and hence the
al l oy cannot be put to practical -53 2 4 AUG 2006 use. Fromthis, an

optimal range becones "1 < CYl + C¥Y2 s 6." Incidentally, it is safely
considered that Co and Fe has al m)st the sane effect as transition
net al s. AIsomthe case of Al -N -Co as shown in FILG .29, the sane

properti &5t t @5 GQURG S FE St e bital thedS tRere, 12 heh&atl ™ BYi SR aheasSiBans

t he hi ghest tenperature at which norphol ogy of the alum num all gy
surface Wittt hefPBEAFETE i atedl ]%9age55?§ P&R Cof grhﬁjir}%cik% %ﬁﬁmﬁ‘&uﬁb at
the tinme of heat treatnent. In the C figure, allo% satisfy a

condi ti orP¥HeRC¥HéNG&ASIYE GO Fﬁeca%ﬁﬁl%é%l&@rﬁ!‘f & \Wﬁé’ﬁrbép Ipregessed
by heat treatnment at 300C was not nore than 3x108 n2 were considered to
cone up tEthe sfard drestnitirgatienthet eBRe52BRIAl SINE f¥¥1g- Reatand
-Co alloys with X = Ag were shown in FIGS. 30, 31, 32, and 33, _ and the
cases of ygsdehgnceyshlfg daﬁande@gapnopgevwrﬁp@(s%tzraznmelfet §hdhhOVn
FIGS.- 34, 35, 36, and 37. Furthernore, the cases of A -X-Nd, -Y, -Fe,
and - Co ailt 65 oH YArXsz e Wehe SABAN oy FiLas t3ef Hre ozqa@lm@ﬁdramgel n
the cases where any one of alloy elenents was added, al nost the sane

Fesults witett oBEeHaRding nof | Bher et Lreatment  BAPBLARGUES ¢ hEOT

aforenentioned optinmal range shifts. The heat treatnent
example, in the elements regarding above mentioned CX1 and

(ﬁ' CX2, since 150°C of the heat treatment Lemperature does not
i proceed with the recrystallization, the lower limit of the
optimal range shifts down teo C.2. Similarly, in the elements
.regafding above mentioned CY1 and CY2, the lower limit of the
optimal range shifts down to 0.4.

In this invention, assume that electrical conduction
in the pixel electrode and the aluminum alloy film is intended
to be established through the precipitate of the solute
element. Inother words, assume that, ineachaluminumalloy,
easy—to—oxidize aluminum makes contact with the pixel
electrode in the interface between the pixel electrode and
the aluminum alloy excepf an area where the solute element
is precipitated, and high resistance aluminum oxide exists
on the surface therecf. In this case, it is considered that
fhe electrical resistivity depends on the electrical
resistivity of the low-resistance precipitate of a solute
element. If eléctrical conduction is established only by a
precipitate only of the solute element, the surface area and

the density of the precipitate necessary to satisfy a desired

._55_.



tenperature depends on a tenperature in a process after formation of an
aluminumalloy film The heat treatment tenperature in the presdritAUG 2006
enbodi ment is a tenperature in which an insulation filmis formed. An
alumnumalloy film recrystallizes when it is heated. Wen heat is
further applied -54 2 4. AUG 2006 after conplete relief of the stress
inthe filmby increasing the tenperature of the heat treatnent, grains
in alum num extraordinarily grow to cause a hillock. The upper and | ower
limts oftdntimdieatesiehtnent chanmper gtnascsdiedflyyngaheatl atriesi st ance
shift depending on the conposition of the alloy. |In other words, the
upper and | owelNdw masswie thheoptdntE clr aregel s tshide mhepehdedgyioant hiee heat
treatment tenperature. For exanple, in the elenents regardi ng above
ment i onedoeXkAnd i z6X2s h e kbQGuelrd he heat tareakrent tenpreatase does
not proceed with the recrystallization, the lower limt of the optinmal
range shivhtesrcdawmsdlort: 21Swent atsyzing, t heeetbaehtrs calegarsdistiyg aboye
mentioned CYl and CY2, the lower |imt of the optiml range shifts down

to 0.4. bF thirk iiwent opnpQassynerida? &l esd i Lal egonduabiren o ff ncide
pi xel electrode and the alumnumalloy filmis intended to be

est abl i sheddihricughe tawe preepi pdddtaes nfmime tS9od tutee s ielganeptre din ot dies
wor ds, assune that, in each alum numalloy, easy-to-oxidize alum num
nmakes contractind th. d heppi Xel magbectyioge Hdx thiel 1 nbeefape thetwean: t he

pi xel electrode and the alum num all oy except an area where the solute
el enent tiwepliecipsiated]l yahnd hihgh ingsdrsiae doat waenunhexipdeedXi st's
C electrode and the aluminum alloy. That is, 51.4
particles/100 um? or more is required in terms of density.
Moreover, in the case where a solute element is silver, the
electrical resistivity of silver is 1.5 pu@ecm, and 833
particles or more of the precipitate are required assuming
that a single precipitate of silver 0.03 pm in major diameter
will precipitéte out two-dimensionally in the interface
between the pi;x:el electrode and the aluminum alloy. That is,
12.9 partidles/lOO um’ or more ié required in terns of density.

Note that, if the major diameter of the precipitate is
assumed to be O.-3 um, the same as the measured value; in the
case of Al-Ag, 8.3 particles or more are required for an 80-um
square, and in the case of Al-Zn, 32.9 particles or more are
required for the same.area, as shown in FIG. 7. That is, the
density needs to be 0.13 particle/100 pm?, and 0.51
particle/100 pm?®, respectively.

On the other hand, in the case of Al-Ni, the major

diameter of the structure is 0.05 um. In this case, assuming

that the electrical resistivity of Ni is 6.84 uf2* cm and the
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on the surface thereof. In this case, it is considered that the
electrical resistivity depends on the electrical resistivity of zge

| ow-resi stance precipitate of a solute elenment. If electrical co Jﬂ&ﬂgﬁ
is established only by a precipitate only of the solute el enent, the
surface area and the density of the precipitate necessary to satisfy a
desired -55 2 4 AUG 2006 contact resistance can be prescribed by

cal cul ati on. Now, assume that contact resistance required when the

cont act ste is an 80-m square is 200 or less. In the case_.  where a

sol ute eFeREht L@z RS- Sthe %O FREIPTRSIBEFGLEYISGHLBPHk Ghe 5ag

RQ cm and 3287 particles or nore of the precigitate are required
assum ng@$ Hatl s Shktel peenpiian® theft Xonehd. w03 30 Pahbj 61 e6i/ Sfetvdr wi | |

precipitate out A two-dinensionally in the interface between the pixel

. p

el ect r ode9aAgSt AE FWMIRAA A1 dyre THatei_f smalopafipepésr106 w2 %r nore
is required in terns of density. Moreover, in the case where a solute

el ement #%-siThek, ifhethel denriital neesissthiovibey 20f psintierl 4%/ 106 wcom and
833 particles_or nore of the precipitate are required assumng that a
si ngl e preci pi &t @76f edigf\gdt GORTHEH FaPBrtiue afePeP CRRBLSHEEd pift at e
out two-dinensionally in the interface between the pixel electrode and
the al urﬁ%rﬁraFﬁoﬁH%Hé}tl% gddefbto thdrg Néresnted nig op 1 BBl 8 ursa k bgvi r ed
in ternms of density. Note_ that, if _the major diameter of the precipitate
is assubed Torpetors WliHeeseme bsnene %%ﬁsﬁﬁ%ﬁp%ﬁtu%E G fee @dse of

Al -Ag, 8.3 ﬁarticles or nore are required for an 80-m
Al-N1-Y, the major diameter of the structure will become 0.01

{j: to 0.03 um. In this case, assuming that the electrical
resistivity of Ni is almost the same as the electrical
resistivity, calculation shows that roughly 3740
particles/80-pum square is required in the case of a major
diameter of 0.03 pm. That is, the depsity needs *to be 58
‘particlesfloo um*. Moreover, if all the particles are
assumed to be 0.01 um in major diameter, the above figure will
become 526 particles/100 um®.

Alternatively, in the case of Al1-Ni-Nd, the major

(:i diameter of the structure becomes 0.02 to 0.04 um. In this

| case, calculation shows thaﬁ roughly 2104 particles/80-um
square 1is required in the case of a major diameter of 0.04
um. That is, the density must be 33 particles/100 um?.
Moreover, if all the particles are assumed 0.02 pum in major

diameter, the above figure will become 132 particles/100 um®.
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square, and in the case of Al -Zn, 32.9 particles or nore are requir

for the sane area, as showmn in FIG 7. That is, the density needﬁltéU[b@Uﬁ
0.13 particle/ 100 n2, and 0.51 particle/ 100 n2, respectively. On the
other hand, in the case of Al-Ni, the major dianeter of the structure is
0.05 m In this case, assumng that the electrical resistivity of Ni is
6.84 S2 cmand the -56 2 4 AUG 2006 electrical resistivity of the
precipitate is alnost the sanme as this, cal culation shows that roughly
1345 parffklpds/ 80-m square is requi red in the case of a mmjor dianeter
of 0.05 m That is, the density needs to be 21 particles/100 n2. If one
el enent §@B@¢Ttiéi§ﬂ$”fy@ﬁfﬂﬁh@fg¢'@@$ﬁ iocohgnigemalpyef Nd, Y, Fe, and Co is added
to this Ni-containing alumnumalloy, the structure will becone fine.

For exanple, in the case of A-N-Y, the rraj or dianmeter of the structure

wi || becere—6—10+—t +H-S S e—aSSH W a] hat the electrical

resistivity of Ni is %’?ﬁﬂiﬁmettﬂgfg]glﬁe agu'f“heéo "adp! resistivity,
cal cul atlion_shous twaL,leﬁﬁﬂﬂlM@iAn dﬁﬂ@@%ﬂ@&7@ﬁﬂf juare is required in

the case-of AtMhior| diamet®3 of 0 0B m ThAd8is ihp ‘density needs to be

58 partjcle&r4bo np. MoregUBr if all the B8fticles hre assunmed to be
0.01 m ilp—rafbdl g; apeter 998 above Luﬂu_Le—walu_be,ﬁre 526 particles/ 100
2. Altégrna Nivd, A—the Q%e of —Al-N—Nd—thH di aneter of the
st ruct urle—becores 02— eLﬁ;?: 4——t R fgge—ca-l-ehl ation shows that

e

_ Summarizing the foregoing, in the case where Ag whése
(: electrical resistivity, as a single substahce, is the lowest
is used, the precipitate particles all assumed to be 0.3 um
in major diameter are required to exist with a density of 0.13
particle/100 um® or more in order to satisfy the required
contact resistance of 200 Q. Moreover, in the case where
Al-Ni-Y whose precipitate is the smallest is used, the
precipitate particles all assumed to be 0.0l pm in major
diameter are required to exist with a density of 526
particles/100 um® or more. Dnaddition,similarly£U1thecase
(:; . where Al-Ag alloy is used and the precipitate particles each
have a major diameter of 0.0l um, the reguired density of the
precipitate particles beéomes 115 particles/100 um.

Note that, the value is obtained assuming that the
alectrical resistivity of the precipitate is equal to that
of a simple substance of the added element. There is a case
where the electrical resistivity of a precipitate containing
the element concerneClénd aluminum may vary largely from that

of the simple substance of the element. In that case, there
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square is required in the case of a major dianeter of 0.04 m That is
the density nust be 33 particles/100 n2. Moreover, if all the pdrk b B%
are assuned 0.02 min major dianeter, the above figure will becone 132
particles/ 100 n2. -57 24AU62006 Table 7 Size and density of main
precipitate in alum num all oys Major dianeter of main Nunber of
precipitate precipitate (m particles (per 100 m Al-A 0.3 0.13 A)-Zn
0.3 0.51, AL-Ni 0.05 21 AI-Ni-Nd 0.02 132 AI-Ni-Y 0.01 526 Sunmmari zi ng
the fored6i f§e PASERE Iddde ierte thg whiese Tadarn igdiculradsi&tfinan ytheas a
singl e substance, is the lowest 1is used, the precipitate particles all
assuned €@ A5e2dd30URP irnC el o Rﬁ%ﬁﬁb?a*é@@@@ghﬂ@a ey &k ste pifinemm
density of 0.13 particle/100 mM or nore in order to satisfy the required
contact t&s sttarcd artepoderinBhebveEY mhtrr¢asionhefethal aNtud nhose
precipitate is the smallest is used, the precipitate particles all
assuned reradd planew | Abdwj 6F cdhapdecsedabecrege Fed nwilext st wilteh a
density of 526 particles/100 kn2 or nore. In addition, simlarly in the
case C.r pwiesri® Alatry ra1oycl esusedinndenhedpreciopictiate teart iFelds edch
have a nmajor diameter of 0.01 m the required density of the precipitate
particl eshigeebpesrits lpnesickéyitgoopriihe precipitate and that of the
simple substance of the added element in realizing a contact
resistance of 200 Q.

(i Note that, in reality, in the case of an alloy system
that will form a precipitate (an intermetallic compound), it
is considered that it will exist in the form of a precipitate
compound with large ones and small ones all mixed together,
but calculation results of the contact resistance when zinc
was used and when silver was used were almost of the same order
as experimental results.

Thus, in the case where the aluminum alloy according
to this invention is used, the contact resistance become
approximately 1/10' as compared to the case where pure
aluminum wiring is brought into direct contact with the ITO
£ilm.

Note that, if the substrate tempefature at the time of
sputtering of the transparent electrode is raised, the

contact resistance will fall. For example, in the case of

IT0, the contact resistance will be reduced by half if the

substrate temperature becomes 50°C or higher. Furthermore,

preferably, if crystallinity of ITC is improved by substrate

heating of 100°C or higher, the contact resistance will be
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Note that, the value is obtained assumng that the electrica
resistivity of the precipitate is equal to that of a sinple subdtéahde8k
the added el enent. There is a case where the electrical resistivity of a
precipitate containing the elenent concerned and al um num may vary
| argely fromthat of the sinple substance of the elenent. In that case,
there -58 2 4 AUG 2006 1is the possibility that the area factor
cal cul ated fromthe size and nunber of the precipitate particles may
di ffer fEreficeHetar eprfiractiotatyYved bgrTEM observation of the actua
contact plane. This is considered because the nunber of the precipitate
particles is i BEreavb¢rackan@ihglien afr aTPol6f P Bttt viEhl the
resistivity of the precipitate and that of the sinple substance of the
added el ewkatrafier bampeirad v bstiae setediostante CLoMPROG tOLr Notld” that , in
reality, in the case of an alloy system that will forma precipitate (an
i nt er met i Lincisoppourdked ity Hemtconsealemedtt At 160°G bk BXipberi forhe
formof a precipitate conmpound with | arge ones and small ones all m xed
t oget her abcbit 3almdmudtsisore Fles| dgpofithencemdadis riesins apcteedhénta nc
was used and when silver was used were al nost of the same order as
experi mepeacrgstbtls. tihusontacthecshsbanherel t hecalnaduasal &y dplf.
according to this invention is used, the contact resistance becone
appr oxi natety prlocaysionpaies IOt he bazd Wweerd Pur eromhadi Humtwilsi ng i s
brought into direct contact wwth the 1TO film

often the case that ITO is deposited at room temperature,

(ﬁx patterned, and etched, and subsequently is processed by heat
0 treatment to be made polyprystalline, whereby the electrical
resistivity of ITC is reduced, attaining low resistance.
From the above, in order to reduce the contact
resistance, it is desirable that the substrate femperature
at the time of deposition of the transparent electrode is
raided to 50°C or higher, more preferably 100°C or higher,
and-that even when the depcsition is performed at room
temperature, the transparent electrode is processed by heat
(:} treétment at l50°C.or higher for 30 minutes or mofe after
deposition of the transparent electrode. Incidentally, even
when the transparent electrode is IZ0, there is the same
effect, but crystallization of IZ0 does not progress in a
temperature region of this level, the contact resistance will
fall slightly.
As described above, when the liquid crystal display
device was made as an experiment with the embodiment of this
invention, both the device was exactly equivalent to a case

where the ITO film and the barrier metal are combined in terms
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Note that, if the substrate tenperature at the tinme of sputtering of the
transparent electrode is raised, the contact resistance wl]l faQI.Am%M%
exanple, in the case of |ITO the contact resistance will be reduced by
half if the substrate tenperature beconmes 50C or higher. Furthernore,
preferably, if crystallinity of ITOis inproved by substrate heating of
100C or higher, the contact resistance will be -59 2 4 AUG 2006 reduced
to approximately 1/5 or so. Even when deposition of ITOis perforned with
the subsfrBpBUfefiatzR uflks beiard séispbavobhitéffer alhrase fiofreyhdhifd Imis
processed by heat treatnment at 150C or higher for about 30 minutes after
deposi ti bhIBAG ICFRS'ehbf St fRdaVnHEe Vs yirkst alt phestbatatp pédiadttance
wi |l be reduced by half. Since polycrystalline ITOis hard to etch,

nor mal | ypet fpgmagiaeercaiieatabéet hat tHROdan Guplosonal hi qpddnmcramperlat ur e,
C patterned, and etched, and subsequently is processed by heat treatnent
to be nudéspébycdestiate i wethandr dbyprosd ndl édia ivafrieesipetipdity of 1TOis
reduced, attaining | ow resistance. Fromthe above, in order to reduce the
contact resisfTasegefanei shdeberabler medr t fansudstiimianacaparat whe at
the time of deposition of the transparent electrode is raided to 50C or
hi gher, menefpréferiald ypuooessr chingher simmld fied, eved hhpaet hbe
deposition is perfornmed at room tenperature, the transparent el ectrode

i s processadfbythigding teeat neat g 1500 cwmd Makerd4¢oabBP. mi nutes or nore

after deposition of the transparent el ectrode. Incidentally, even
That is, by using the aluminum alloy containing such

(Tg a specific element as described above as an elecfrodematerial
| instead of conventional pure aluminum, aluminum or Mo-W £ilm,
directcontactwiththepixelelectrodebecomeépossible,the
manufacturing process is simplified, and considerable
reduction in the manufacturing cost becomes possible.

In the same manner as the experimental method of the
Table 1, silicon nitride (SiN,) is deposited on Al-2 at$ Ag
alloy (thickness: 300 nm) and subsequently is processed by
heat treatment at 300°C for 1 hour, and a contact hole of an
80-um square 1s patterned by photolithography, and
subsequently dry etching‘was_performed.usinﬁ fluorine system
plasma. At this time, by adjusting a time of over-etching
thét follows the etching of the silicon nitride (SiN,) £ilm,
theetchingdepthoftMEaduminumalloywasmadetovary.' Then,
ashing and washing with the “stripper 106" were performed,
and the ITO film was deposited. The etching depth of the
aluminum alloy surface was measured by section observation

with a Scanning electron microscope and a transmission

electron microscope.
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when the transparent electrode is 1Z0 there is the sane effect, but
crystallization of |1ZO does not progress in a tenperature regiqg ﬂﬂﬁ?@ﬁs
| evel, the contact resistance will fall slightly. As described %ove,
when the liquid crystal display device was nade as an experinment with

t he enbodi nent of this invention, both the device was exactly equival ent
to a case where the ITOfilmand the barrier netal are conbined in terns
-60 24AU62006 of manufacture yield and di spl ay quality Therefore, this

liquid crystallgﬁbspiaysh écaelrrr?lé ?%allywe(f !58 %erfor nce

conparable to &' convent | ona
o AR PR Sl sl s gL T s o
e

el i m nat'ed and uring C

th f agt b d d b] Th

Lhe i BELUE 09 S0k GRS, TGRS, SO Aeratl X TR SR U 10
l.ect t t ead of I | | um

o o WHiIT i era?ﬁg%{' Bphcy ﬁé’mégBﬁgh 8 Berboce Debohes bBSsibl o

t he nanuf ctu process i s si i.fied, a nS|derabI é€% tion in

the manUiALTITF g Jo%*fa%%%o‘#e%r ng‘%?bﬁaé“ ¥1t { s RRARS

experi nment al 03|ted

AT bt o e r@&ﬁ@?ﬁ%& S %Sﬁég'gfi%?ﬂﬁe’éﬁ%“@r@ Bt e

by heat treatne at._300C for, 1 hour, and a,contact_,hql.e of an 80-m

Shuare i BETSTRLE by pRoro tighLpng SREagr 8R! Bl Uite B8
eglectrode.

(T It was confirmed experimentally that even with an

etching depth of about 5 nm from the aluminum alloy surface,
a contact resistance of approximately 56 Q could be obtained.
It is considered that etching depth necessary to establish
contact of such a low resistance depends on the size and
distribution of structures of the precipitate or, the
thickness of a surface oxide layer of the aluminum alloy, etc.
‘According to the Auger electron spectroscqpy, it was
confirmed that the precipitate whose principal component was
Ag was exposed on the aluminum alloy surface. Moreover,
‘insulating material layers, such as oxide layers, did not
exist on the surface of the precipitate.

The observed specimen 1s of a state where the aluminum
alloy surface was already etched by 5nm, and it is considered
that, if precipitate is exposed on the aluminumalloy surface,
the aluminum alloy, as it is, can make electric connection
with the pixel electrode, but at least a contamination layer
of the surface needs to be etched. Moreover, since the

thickness of the oxide layer of the aluminum alloy surface
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subsequently dry etching was perforned using fluorine system plasma. At
this time, by adjusting a time of over-etching that follows thel &thohilib
of the silicon nitride (SiNs) film the etching depth of the al um num
all oy was nmade to vary. Then, ashing and washing with the "stripper 106"
were perfornmed, and the ITO film was deposited. The etching depth of the
al um num al l oy surface was neasured by section observation wth a

scannin | ectron m.croscope and a trapsm ssion. el ectron m cr.oscope. -61
272 AUG 3006 RRCORSSLRONES £ T SEFBRSRES DELwRdH Cife 8t cHi iR HEbih of

t he al um num. al | syrface and the contact resistance. As. is clear also
from thi SR Gud 5 L6t hetiders POoAE CRATS (15 K40 hF Bk HarR BEF by
surface was etched only a_ little, the contact resjstan decreases

Fapi dly. TERGEE doits Pdisd AT SROpFRRPPEL BiS ML Gk G Emedte
exposed hy etching makes it possible to formelectric connection with
the pixelT 1%t ridde25Pt was confirmed experimental |y that even with an

et ching depth of about nm from the al um num al | oy surface, a contact
resi stance of a&fbrtgﬁ ﬁﬁ?’@lrynhéﬁd@ COUTRE 158 Dot AEFER L8 FeochReP R dd

that etching depth necessary to establish contact of such a | ow
resi st an&&<d sCRRCERESS] 26 &Hd 1RH RFTHIRT o bF sEREEEURES 75 the

precipitate_or, .thickness of .a surface oxide |ayer of the al um num

B Foy eBECElet of i HBCEESEhe LIS THicts o7 SRR FBSebpy oot Ak L
contirmed LAl 11e PrechpLt 2L £, 2025 e RL ' AF1 P SOTRONE N £ VBt source
(j- and drain electrode used in this embodiment is 300 nm, and
so it i1s judged that the etching depth for securing direct
contact between the aluminum alloy and thé pixel electrode
is preferably in a range of 1 to 200 nm, more preferably 3
to 100 nm.

It is desirable 'to lessen impurities contained in the
aluminum alloy wiring material as much as possible. For
example, oxygen and carboﬁ make the film becoﬁe cloudy, or
increase the electrical resistivity of the wiring. For this
reascn, 1f the electrical resistivity is intended to be
reducedtoESM9°mnorleés,coﬁcentrationsoftheseimpurities
contained in the wiring material should be controlled to fhe
following values as of a quantitative value determined by
compositional analysis through XPS analysié: the oxygen
content of not more than 7 at%; and the carbon content of not
more than 0.4 at®, more preferably not more than 0.2 at%.

For example, in the case where the impurity is carbon,
carbon compdunds, such as Al,C; and NiC, with stoichiometric

compositions are ceramics and originally have electric
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Ag was exposed on the alum num alloy surface. Mreover, insulating
material layers, such as oxide layers, did not exist on the sur?a%gqﬂgﬁ
the precipitate. The observed specinen is of a state where the al um num
all oy surface was already etched by 5 nm and it is considered that, if
precipitate is exposed on the alum num alloy surface, the alum num
alloy, as it is, can nake electric connection vm'th t he pi xel el ectrode,
but at l.east. a contam pati a qof the s rf eed be. et ched.
Nor cover hiah Heb L Ohe btk nes EHFotia o GNPy e T A HE BOGrAGRRAI I oy
surface ,-62 24AUG2006 hat s oxidized is roximtely,3 to 5 m or
so, an étci l‘?:lec&rl?]o#e%? At FouEe 3 ﬁ‘]]rﬁ%g‘? ﬁ% ePeNHdRG PEJLPR or der
to renove, the oxide | aye and ex ose the al um num al |l oy  surface iin such
a case. 2OfHECHt hdlohg Hervfatlﬁ’é %%EﬁFﬁﬁedElﬁf“F ?@efgﬁsdéﬁpp*énaraﬂﬁe film
t hi ckness as_wi ring _becones thin, there arises a, problemof increase in
el ectri @Orvégcﬂ%wr%f&g hsia g ddrseidret h beeAnabia ﬂr@cwtaes@a@m%ta%ﬁénﬂ. I'm

t hi ckness of the source and drajn electrode used in_this enbodinent is
300 nm THICAEE CPEPPHAGed fRatS (17 EtHiGiy taépr b F Gr CYEERRTBA AT ect
cont act between the al um num al Inﬁi/@and the pixel electrode is preferably

in a rakfeoien 1P 266 e Word FECEHRY 33 PBe1bAhrHO®? FRTABE r abl e

to lessen inpurities conta ned in the alumnumalloy Wi ring material as
much astﬁ% R elPEbR L Cex&MF €CThafdent ahtS taR68nPRERECEHE ¥ néBecone
cl oudy,

compared‘tijrec1p1tates not containing carbon. Therefore,
(i‘ the aluminum alloy wiring material not containing carbon is
preferable in terms of contact resiétaﬁce with ITO.
There arises a problem that in depositing wiring
material containing carben by sputtering, carbon‘compounds
of aluminum carbide compound etc. adhere to the inside of a
chamber of sputtering equipment, causing contamination, and
consequently frequent maintenance of the equipment becomes
necessary. In the case where impurity is oxXygen, a problen
arises similarly, that is, conductive alumina (A1,0,;) is

generated, and the electrical resistivity of the wiring

O

increases. In order to prevent such things, it is desirable
to prevent mixing of contaminations in the manufacturing

process, for example, taking a measure of creating a high
vacuum with a degree of vacuum attained of 5x10°° or higher

in the equipment at the time of sputtering.
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increase the electrical resistivity of the wiring. For this reason i@
the electrical resistivity is intended to be reduced to 5 tQm rl'N@s E}B
concentrations of these inpurities contained in the wiring nmateri al
shoul d be controlled to the follow ng values as of a quantitative val ue
determ ned by conpositional analysis through XPS anal ysis: the oxygen
cont entwefATRE CNBRIGED®N 7 at% and the carbon content of not nore than
0.4 at% nore preferably not nore than 0.2 at% For exanple, in the case
where the inpurity is carbon, carbon conpounds, such as Al,C3 and N C,
wi t h st.oi chi ma]tri ositions are ceramcs and originally have

C. GO
el ectr ilc - 63 OIS %g% SO e i on, and so the electrical conductivity

of the aMirki dgtidds ebhsidtmg@nsheleraeid; end ncrease, al t hough depending on the
addi tion. Moreover, a precipitate that energes in Al grain boundary by

heat t riessepichelopterdsneonsisting ef pp aluminiugbalicli Rinngaid sreond elsshodeobgioaind. | t

|5 CONSASFAiliRla add 1 MUK SRR, RATIRSAATQ and the wi i ng

mat eri a one that goes g precipitatre,” the contact

resi st anggeine GOMRS chitgt interfacOmeaied dafd Rhedhiind alieg Mef asdRbidi fiisng
carbon. Therefore, the alumnumalloy wiring material not containing
car bon glegtrode. et dpashlaepdrhof alow compensatsaeanstisding saidcaumgininm atoy friser e

arises e@(is@Eé)ﬁjgﬁegigﬁt%toria@ogcgegl%{g%iil@l%&%ﬁi ng material containing carbon by

sputtering, ¢ n-conpoun m num car bi de conpound etc. adhere to

the i nsilgecinfsaid ahghiaibe bllef fifp dbiteink AQlcas Wnp FRMient dothsirmgrece Ol B hat i on,
and consequently frequent nmaintenance of the equi pnent becones
at% as its alloy component,

2. The electronic device according to claim 1, wherein the aluminium alloy film
contains at least one element selected from the group consisting of Au, Ag, Zn, Cu, Nj,

Sr, Sm, Ge, and Bi.

3. The electronic device according to claim 1, wherein said metal oxide is indium

tin oxide or indium zinc oxide.

4. The electronic device according to claim 2, wherein said aluminium alloy film

contains at least Ni as its alloy component.

5. The electronic device according to claim 2, wherein said aluminium alloy film

further contains, as its another alloy

523613 - amended claims -65 -



necessary. In the case where inpurity is oxygen, a problem arises
simlarly, that is, conductive alumna (A12G3) is generated, angitAyg 2006
el ectrical resistivity of the wiring increases. In order to prevent such
things, it is desirable to prevent m xing of contam nations in the

manuf acturing process, for exanple, taking a neasure of creating a high
vacuum w th a degree of vacuum attai ned of 5x10-6 or higher in the

equi pnent at the tine of sputterin%. -64 2 4 AUG 2006 WHAT IS CLAIMED I S
1. An el @TPBAEE tdevdtel dfpr PEENGL e it steld @eqd oBBORORBES TR Of a
nmetal oxide; and a second el ectrode consisting of an alum nium al |l oy
film safengeéestAd%Prdciiodé  bEe ngEndiFedtt Fheoheadicedfafdletect ratedl | y
connected to said first electrode, wherein, in the contact interface
between said alumniumalloy filmand said first electrode, at |east a
part of alloy conponents constituting said alumniumalloy film exist as
a preci p@tat%h%re e gbHeBALT dEFd deapercormhidi awer sili ismicd athereiiurbla | oy
filmcontains at |east one elenent in the range of 0.1 to 6 at%as its
al | oy cowpenéhtin 21 17HefblBcIFDRR ENESU cecBebbrdr@yeid Xl Abmld Lagmt ein
the alumniumalloy film contains at | east one el enment selected fromthe
group cobizgstliement Aplep§edzhroguthRigroge c@nyishingndf Bry, Fn THa

el ectroni c device according to claim1, wherein said netal oxide is

indi um an@ Bki aadortzi RdRIGTE mhoke He. X4, 15Thet el egffoAne @dwint
according to claim2, wherein said alumniumalloy film contains at

| east Nis@abeftedalfiroy dSmponeptr 5onFhé tdnectaforiE aledi e abcoitdiong to

claim2, wherein said alumniumalloy film
‘ contents satisfy the following formula {(I):

0.2 = 0.5 x CX; + CX, = 4.5 + {I)

wherein CX, represents the content {(at%) of Ag, Zn, Cu, and
Ni in the aluminum alloy, and CX, represents the content {at%)

of Nd and Y in the aluminum alloy.

7. The electronic device accoxding to claim 5, wherein said
aluminum alloy film contains Y, element wherein Y, is at least
one element selected from the group consisting of Ag, Zn, Cu
and Ni and Y, element wherein Y, is at least one element

selected from the dgroup consisting of Fe and Co, and their

contents satisfy the following formula (II):

0.4 = CY, + CY, = 6 -+ (II)

wherein CY, represents the content of Ag, Zn, Cu, and Ni _in

the aluminum alloy (at%), and CY, represents the content of
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further contains, as its another alloy 523613 - anended cl ains -65
24AUG2006 conponent, at |east one el enent selected fromthe graupAUG 2006
consisting of Nd, Y, Fe, and Co in the range of 0.1 to 6 at% 6. The
el ectroni c device according to claim5, wherein the alumnumalloy film
contains X1 el enent wherein X1 is at |east one elenent selected fromthe
group consisting of Ag, Zn, Cu and N and X2 el enent wherein X2 is at
| east one el enent selected fromthe group consisting of Nd and Y, and
their CFeortéht@ shiti §h BRETESUDE NP S ofdedh- (1): 0.2 s 0.5 x CX1L +
CX2 < 4.5 () wherein CX1 represents the content (at% of Ag, Zn, Cu,
and N .in the alum num alloy, and CXZ represents the content (at% of
Nd and Y in the alum numalloy. 7. The el ectronic device according to
cl ai m 5, Swhef&ienesaicd roalifhidsymcd Beyoridimabat al asmYl, effepepinvirei@i n Yl
is at least one elenent selected fromthe group consisting of Ag, Zn, Cu
and N apduydralierehiovhéiénniv2 whsicht dteastavheaebemtnef séleectled¥rom
the group consisting of Fe and Co, and their ‘contents satisfy the
fol | owi ngofwonfre- g |€¥1s0. assaCyprecioiXatrs {nd) thkerdiertC@YLalepresents
the content of Ag, Zn, Cu, and N in the alumnumalloy (at% , and CY2
r epr esentsstilsd icoidt e £ ofaidesl pmidnnwyGa200§ fEemand Got A adwemlihdmum
alloy (at9% . 8. The electronic device according to claim1, wherein said
8 ufdecm. '

9., The electronic device according to claim 1, wherein a

)

("

particle of said precipitate has a size of more than 0.01 um

in major diameter and the number of the particle exceeds 0.13

particle/100 pm’.

10. The electronic device according to claim 1, wherein the

area factor of said precipitate exceeds 0.5 %.

11. The electronic device according to claim 4, wherein said
alﬁminum alloy film containing Ni has a Ni-concentrated layer
whose Ni content in a thickness region of 1 to 10 nm from the
surface of said aluminum allecy film is not more than the Ni

content inside the aluminum alloy film plus 8 at%.

12. The electronic device according to cla_j.m 4, wherein a

particle of said precipitate has a size of more than 0.05 pum

in major diameter and the number of the particle exceeds 21

particle/100 um®.
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alumnumalloy filmin which at |east a part of the alloy conpo ent%
exist as a precipitate, and the electrical resistivity of said Mdﬂiﬂgﬁ
alloy filmis not larger than 8 iQcm 9. The el ectronic device
according to claim1, wherein a particle of said precipitate has a size
of nmore than 0.01 m in major dianeter and the nunber of the particle
exceeds 0.13 particle/100 n2. 10. The el ectronic device according to
claiml, wherein the area factor of said precipitate exceeds 0.5 % 11.

The el ect-Poni EhgevieetaeBdCdPAYLIES F AP A AN g e Céidd s 4y dheF ki Mk Al | oy
filmcontaining Ni _has a Ni-concentrated | ayer whose NI content in a
t hi cknesglp@girdm s 1oyt 5110 Hiw thomadidaiqg Nacend sardislenPAdniat | oy
filmis not nore than the N content inside the alumnumalloy film plus
8 at% 1Rrefhgidladot hevd e dévecel astor dineg 0o 0¢] pinm @ nagher dilmmeter
particle of said precipitate has a size of nore than 0.05 m in nmgjor _
di anet er aanld ttiee nminirieer odf thive pearttiicl @ eexoestls 23 ppari¢beé1000unR. - 67
2 4 AUG 2000 13. The electronic device according to claim4, wherein
said alumnumalloy filmfurther contains Nd and a particle of said
precipitate has a size of nmore than 0.02 pmin major dianeter and the
nunber of 4t-heTpareletbrerdcedsvigeparededend0r saimé, Wirrelecaiohic
device according to claim4, wherein said alumnumalloy filmfurther
cont ai nsaRgrdmdimaapaeti £ emdfustier gardaipia Hdeamd S nasizelef oforaadid han
0.02 min major dianeter

precipitate has a size of more than 0.02 um in major diameter
(ﬁ and the number of the particle exceeds 33 particle/100 um?®.

15. The electronic device according to claim 1, wherein said

electronic device comprises a thin film transistor arranged’

on a- glass substrate and said thin film transistor is

electrically connected to said first electrode through said

aluminum alloy film.

16. The electronic device according to claiml, wherein said
first electrode is z pixel electrode and said electronic

device is a display device.

17. The method of manufacture of the electronic device
according to claim 1, comprising the step of forming a
precipitate that contains at least a part of the alloy
components contained in said aluminum alloy £ilm by heating

said aluminum alloy film formed on a substrate at a

temperature of 150 to 400°C.
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C and the nunber of the particle exceeds 33 particle/ 100 n2. 15. The
el ectronic device according to claim1, wherein said electronic?deMicdé)t
conprises a thin filmtransistor arranged on a-glass substrate and said
thin filmtransistor is electrically connected to said first el ectrode
through said alumnumalloy film 16. The el ectronic device according to
claim1, wherein said first electrode is a pixel electrode and said
el ectronic device is a display device. 17. The nethod of manufacture of
the el ect A8ni cTHBVI®ENCHceh M ad & QitmcPr K CiosF hgithke! s tidys fin
formng a precipitate that contains at |east a part of the alloy
conponent §2éenBalAeédh skt @Y af UkR nbitn BPT8§df PYnrbyPHESETAGY Feitdiod.
alumnumalloy filmforned on a substrate at a tenperature of 150 to
400C. -68 2 4 AUG 2006 18. The met hod of manufacture according to claim
17, wherein said alumnumalloy filmis fornmed by a sputtering nethod.
19. The méPhodTht masbicattaf enviufheterecriothe dehdEeromeoddivhget o
claim1l1, conprising the steps of: formng said alumnumalloy filmon a
subst r at egcchoddingg tan ¢haiifhal i ngofplrmsdmas dite: & e udtal | oy fil m
processing the insulating filmby hole etching; and etching said
al um num abkoynfi Isagyd 12 bwnoonnmifipgmiile sur faacgubsheatet successively
after the hole etching, whereby a precipitate containing at |east a part
of  t he al Foynéompemertssukaniainédlion ogaisaial wiviman| ayleyl midsm/exposed
artially.
P ' yprocessing the insulating film by hole etching; and

C etching said aluminumalloy filmby 1l to 200 nm from the surface
thereof successively after the hole etching, whereby a
precipitaté containing at least apart of the alloy components

contained in said aluminum alloy film is exposed partially.

20. The method of manufacture according to ¢claim 19, wherein
the etching is performed by dry etching using a gas capable

of etching said aluminum alloy £ilm.

21. The method of manufacture according to claim 19, wherein
the etching is performed by wet etching using a chemical

capable of etching said aluminum alloy film.
22. The method of manufacture according to claim 19, wherein
a photoresist stripper including not less than 5 wbt% amine

compound is used in cleaning of the aluminum alloy film after

the etching.
23. An electronic device comprising:
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20. The nethod of manufacture according to claim 19, wherein the etching
is performed by dry etching using a gas capable of etching saidjal i pgm
alloy film 21. The method of manufacture according to claim19, wherein
the etching is perforned by wet etching using a chem cal capable of
etching said alumnumalloy film 22. The method of manufacture accordi ng
to claim19, wherein a photoresist stripper including not |ess than 5
wt % ami ne conpound is used in cleaning of the alumnumalloy filmafter
the etchfndii®d AferertednrerdevitdeTopri sSFag2l 089d2/4280G 2006 a
first electrodes consisting of a netal oxide; and a second el ectrode
consi st i Ag SO f1AF FIRFEI FEPSESITAR T oHt i HYPBinURo 2é Leyidflsm said
second el ectrode being directly contacted and electrically connected to
sai d firsentaigdarode, 1 viereidtsinl 19, coatdceeraner raee e fede Fad d
alumnumalloy filmand said first electrode, Smin said al um num al | oy
film andizgcéllenest toorisad tand vg SHig et By oxiecbedsay BaFid tirst
el ectrode diffuse each other to forma diffusion layer. 24. A sputtering
t ar get cOASCELIONE of an al'umi numalloy, said alunminumalloy including at
| east one el enent selected fromthe roug consisting of Ag, Zn, Cu, and
N as anWaEE&y - céhpdresrntmathentgide st Pelverd 62 aflon 4l @en|adasty one
el enent selected fromthe group consisting of Nd, Y, Fe, and Co in the
range of folp ppdesaidpfirst electrode, Sm in said aluminum alloy film

and an element constituting said metal oxide of said first

(i. electrode diffuse each other to form a diffusion layer.

24, A sputtering ftarget consisting of an aluminum alloy,
said aluminum alloy including at least one element selected
from the group consisting of Ag, Zn} Cu, and Ni as an alloy
component in the range of£ 6.1 to 6 at$ a‘nd at least one element
selected from the group consisting of Nd, ¥, Fe, and Co in

the range of 0.1 to 6 ats.

(:) 25. BAn electronic device ceomprising:
a first electrodes consisting of a metal oxide; and
a second eledtrode consisting of an aluminum alloy film
containing at least one element in the range of 0.1 to 6 at%
as its alloy component, the element being selected from the
group consisting of Au, Ag, Zn, Cu, Ni, S8r, 8m, Ge, and Bi,
said second electrode being directly contacted and
electrically connected to said first electrode,
wherein said second electrode is heated at 150 to 400°C after

the formation thereof.
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25. An electronic device conprising: a first electrodes consisting of a
met al oxi de; and a second el ectrode consisting of an al um num al | D¢ MG 12096
containing at |east one elenent in the range of 0.1 to 6 at% as its

al | oy conponent, the elenent being selected fromthe group consisting of
Au, Ag, Zn, Cu, N, Sr, Sm Ge, and Bi, said second electrode being

di rectly, con e i .y connected to said first electrode,
wher ei n%s'ai (ﬁ@g%g%ﬁgﬁ%‘g{:er%ﬁeﬁ&? eated at 150 to 400C after the

f or mat i Dfirst Elegtesle .const QingdAUdGROBBoxidH andn el ectroni ¢ devi ce conprising; a
first electrode consisting of a netal oxjde; and a second el ectrode
consi st3 s§oRd cleptragecAnsisting &F peyluminn sUe filiacesid) seoad efesiady being
directl i id first electrode,
wher ei n%{rei%ﬁ?%ﬁg&ggdnﬁalg?lg%tﬁ?éelﬁ‘ca%g%é%ee(f%gﬁcﬁsrg&éécgﬁoégﬁ niumalloy filmand.
sai d fiwhkdreinelieche adetactaintdréms tbewdemr $aid falmhingym cablop ofilern tagd cxaiis ikt ut | ng

said alymniumalloy film, 6 exist as a precipitate, or a _concentrated
| ayer, FRIOetar st epalt AF g hiCOmPARIIGy consHmtipg rieid Aminiumealdqy Bl
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