1 DI SPLAY DEVI CE AND SPUTTERI NG TARGET FOR PRODUCI NG THE SAME
BACKGROUND OF THE INVENTION 5 Field of the Invention The present
invention relates to a display device shaped like a thin filmand a
sputtering target for producing the sanme, and nore particularly, to a
novel display device including an oxide conductive filmand an Al 10
alloy filmand for use in sem conductor devices, flat panel displays of

the active and the passive natrix types such as liquid crystal
di spl ays, reflection fil ns, %gh%eand the like and to a
sputtering target for produ0|ng e sane. scription of the Rel at ed

Art | }} Thin fil T el enent s
inaliquid crystgﬁﬁgﬁwm ?Qfﬁgﬁiﬁ%@ﬁl\%\%%éﬁﬁ |nstance and
the liquid crystal display has a TFT array substrate including pixel
el ectrodes and 20 interconnection portions such as scanning |ines and
signal lines, an o gosed substrate which includes a common el ectrode
and is dB%%%@%@UEPeB aTpEed¥VENRLA¥d di stance facing the TFT array
substrate, and a liquid crystal layer which is injected between the TFT
array substraFéeéﬁdthéhQSI@Ep@§éQnsubstrate A liquid crystal display
of the passive 2 matrix type includes interconnection portions such as
The present invention relates to a display device

shaped like a thin film and a sputtering target for

;;lﬁ“ producing the same, and more particularly, tc a novel

display device including an oxide conductive film and an Al
10 alloy film and for use in semiconductor devices, flat panel
displays of the active and the passive matrix types such as
liquid crystal displavys, reflection films, optical
components and the 1like and to a sputtering target for

producing the same.

15 Description of the Related Art
Thin film transistcrs (TFTs) serve asg switching
"-_2} elements in a ligquid crystal display of the active matrix

type for instance, and the liquid crystal display has a TFT
array substrate including pixel electrodes and
20 interconnection portions such as scanning lines and signal
lines, an opposed substrate which includes a common
electrode an;. is disposed over a predetermined distance
facing the TFT array substrate, and a liguid crystal layer
which is injected bétween the TFT array substrate and the

25 opposed substrate. A liquid crystal display of the passive



scanning -lines and signal lines, an opposed substrate which includes a
common el ectrode and is disposed over a predeterm ned di stance facing
this interconnection 5 substrate, and a liquid crystal |layer which is
injected between the interconnectionssubstrate and the opposed
substrate. The pixel electrodes may be made of an oxide conductive film
such as an indiumtin oxide (ITO film which is obtained by m xi ng
about 10 mass% of tin oxide 10 (Sn0O) in indiumoxide (1n203). Wile

pure A Pl dly ali e SUGh A - N { ordsflo Lolont NBoRLOBAL | LARR ofthe
i nt erconnect1 on rtions  electricallTy connécted e piIxe
el ectrode of such a cngyctiygéfx'deefiln1(hergin8fte% glsg re er&gd as
"pi xel 15 BHENY oo™ A M e a%? T4 1P nBldeCoF “r BYPELEBry Hetar
such as M, g%ﬁﬁTi and W is intergosed as arrierdnetal dbetween t he
signal |4He! the pP¥ePRel ELEFGAEESs0 t % he"57gnafel i RESTwi Al not
directly contact the pixel electrodes. However, the recent years have
seen an REIYERRIDOeSr ofi §5RBAR%of JLEEH%ef rddtbiy mifaPrsRATNEIteSn
connection of the pixel electrodes with the signal |ines. According to
Patent Docesterate, (Jrd 1a- 337976, Avserl ilsstedncehigbe F phxercted
el ectrode of an 1ZO filmobtained by mxing about 10 mass% of zinc
oxi de i modtidherm oxicle i2tereahngesidir estbebnehet ahtth shgnabprbioses. 3
Pat ent Docunent 2 (JP, 11-283934, A) describes a surface treatnent
met hod byuhearstof pllsmpiprotessengroden may be made of an oxide
conductive film such as an indium tin oxide (ITO) film
which is obtained by mixing about 10 mass% of tin oxide
10 (8n0) in indium oxide (In.Ci).
While pure Al or Al alloy such as Al-Nd i1s used for
the signal lines of the interconnection portions
electrically connected with the pixel electrode of such a
conductive oxide film (hereinafter also referred as "pixel
15 electrodes”"), a multi-layer film made of refractory metal,
such as Mo, Cr, Ti and W, is interposed as barrier metal
between the signal lines and the pixel electrodes so that
the signal lines will not directly contact the pixel
electrodes. However, the recent years have seen an attempt
20 for omission of such refractory metal and direct ccnnection
of the pixel electrodes with the signal lines.
According teo Patent Document 1 (JP, 11-337976, A) for
instance, use of pixel electrode cof an IZ0 film obtained by

nixing about 10 mass% of zinc oxide in indium oxide

25 realizes direct contact with signal lines.



inplantation or the like of a drain electrode, while Patent Docunent 3
(JP, 11-284195, A) describes a nethod of formng, 5 as a gate, a source
and a drain electrodes of a first layer, a multi-layer filmin which a
second phase containing - inpurities gsuch as N, 0, Si, Cor the like is
stacked. \Were these nethods are used, clearly, it is possible to

mai ntain the contact resistance wth pixel electrodes at a 10 | ow | evel
even when such refractory netal as that described above is omtted. The

reason of ”Eae{) | ng, fardder Jretaly acqqrding L0  Hhesq conpventd onal

t echni ques is because direct contact bétween | fterconnections of Al
Al alloy formng sign 15 lin and_ pj xel .e trodes _increases.the
cont act de &t Anest AR e Tt B E ey B L BT B e Mg i s
is because easi | ts oxidized and its surface gets..oxidized in
the at raSprat @ Chml Gochise piket: of ott #hRes LoGHT cHear BTEaPbxittes
seat in their surfaces a high Zg resi stance Al oxide |ayer. as Al is
oxi di zeP BYPGKygen i chl "84 7 eatd oF5GH4RES dar PRGRPA MEdEpSELTi%n.
Form ng of the insulation |layer at the interface of contact between the
signal 3§ resIRy theSQPrkes apect rdbrin| atpehsedeshalcantacet layesvance
between the signal lines and the pixel 25 electrodes and deteriorates
the quadi tpldfi-aladiapl didd 41nj negechMeanwifidand alrtacisgh coateiied nget al
has a function of preventing oxidation of the surface of Al alloy and
keepi ngimpurities such as N, 0, 8i, C or the like 1is stacked.
Where these methods are used, clearly, it 1is possible to
maintain the contact resistance with pixel electrocdes at a
10 low level even when such refractory metal as that described
above 1is omitted.

The reascn cof interposing barrier metal according to
these conventicnal techniques 1s Dbecause direct contact
between interconnections of Al or Al alloy forming signal

15 lines and pixel electrodes increases the contact resistance
and degrades the quality of a displayed image. This 1is
because Al easily gets oxidized and - its surface gets
oxidized in the. atmosphere, and because pixel electrodes
which are metal oxides seat 1in their surfaces a high-

20 resistance Al oxide layer as Al is oxidized by oxygen which
is created or added during film deposition. Forming of the
insulation layer at the interface of contact bketween the
signal lines and the pixel electrodes increases the contéct

resistance between the signal lines and the pixel

25 electrodes and deteriorates the quality of a displayed



an Al alloy filmand a pixel electrode in favorable contact, 5 since a
barrier nmetal formng step is indispensable to fabrication of a
conventional structure in which barrier netal is interposed at this
contact interface, it is necessary to secure a filmdeposition chanber
for formng barrier netal in addition to a filmdeposition sputtering
10 apparatus for formng a gate el ectrode, a source electrode and
further a drain el ectrode. Neverthel ess, as mass production of liquid
crystal gls has realized a low cost, an increase of the
nanufac%ur?ng cost and a drop in productivity due to creation of

barrier a# are. becom 15 .significant. ,Agaipst thi roqu an
el ectrode S?PgPlE ﬁgﬁﬁ}é5¥h Eﬁﬁ b?50§§¢: H?ﬁea1|§8nF§} Oni%si on
of barrier netal are recentlﬁ g mande In re fg Pate t Docunent 2
proposeBTSUAPELBH BKLGAELSHr PACENEr SHEIERE ?@e%* ping
permtting continuous_filmdeposition_of a gate electrode a source
el ectrode of éléPélﬁlémeépgoéep%FﬁﬁlﬁleFﬁéogﬁwénhI%ﬂQﬁﬁﬁiﬁtQQﬂF%ﬁ%wber
Pat ent Docunent 3 inevitably demands nore processing steps. Further,
dué to s@nfFeerenbagedfri chehts of O¥eERdmls GFpansi ondetprenable e 25
which contains inpurities and a filmwhich is free from5 inpurities,
t he phefishenoattihat «&f f & mdratdrs igfrfalf r sractwakl isur Wacehofbatel €hanber
during continuous use is ranpant, and therefore, it is necessary to
of ten smepadn iappaniatéuscofed tde plitpopsecwo@itasi ntienmzectacen addi tion,
necessary to secure a film deposition chamber for forming
barrier metal in addition to a film deposition sputtering
10 apparatus for forming a gate electrode, a source electrode
and further a drain electrode. Nevertheless, as mass
production of liquid crystal panels has realized a low cost,
an increase of the manufacturing cost and a drop in
productivity due to creation of barrier metal are becoming
15 significant.

Against this background, an electrode material, a
manufacturing process and the like for omission of barrier
metal are recently demanded. In response, Patent Document
2 proposes addition of one surface treatment step.

20 Meanwhile, permitting continuous film depositicn of a gate
electrode, a source electrode or a drain electrode within
the same film deposition chamber, Patent Document 3
inevitably demands more processing steps. Further, due to

different coefficients of thermal expansion between a film

25 which contains impurities and a film which 1is free from



5 since Patent Docunent 1 requires changing an indiumtin oxide (1TO
filmwhich is currently nost popular to an indium zinc oxide (IZO
film the material cost is expensive. Noting this, the inventors
devel oped the technique 10 describedsin Patent Docunent 4 (JP,

2004- 214606, A) as a result of extensive research and study in an
attenpt to establish such a technique with which it is possible to
sinmplify processing steps while om'tting such barrier nmetal as that

descri bag abova 4 thout Lacredslng, Jggaeursbef 15 the BLocessig, st eps

in exce ent 11ectr| cal

and wit AW i s pos
h t t d heat t vx/n h I t act
ool ot il af o oflct rﬁ%gfcbaﬂréir. URe5 P noOR LF P OSnd 56N o0

standardi zation of the material with a reflection el ectrode 20 a TAB
connect itGAF& et r ah§TERe R ket § nte FESHSHRTdeviRe L TER sSti%hﬁPque
is an attenpt to solve the problem described above by usi ng ~as the
mat er i al2PFRIHTUR APFoythd | PHYPAR€alq oy MaRnERTES Eai ns 10 12¢A BUYR, 6 at %
of at least one elenment selected fromgroup of Au, Ag, 2Zn, Cu, N, Sr,
25 Bm Garmed Bhtand rRgdumremt par trqﬁurrr%%ecalamyn@on@@némdglﬁt Bppear
as a deposit or concentrated |l ayer at the contact interface nentioned
above, anddda Ha%Cheehl ponfivimdd fhatcurarmrig it hesetel pmentis; Ale akhoy
containing a predeterm ned anmount of N exhibits excellent
capabi | iitricdsam 5 Bynd heoxbyle a (pEOCess illenpertdtcur endtogr prbduco vy ais
expensive.
Noting this, the inventors developed the technique
10 described in Patent Document 4 (JP, 2004-214606¢, A) as a
result of extensive research and study in an attempt to
establish such a technigque with which 1t is possible to
simplify processing steps while omitting such barrier metal
as that described above without increasing the number of
15 the processing steps and with which it 1is possible to
obtain excellent electrical <characteristics and heat
'resisting property which realize a low contact resistance
at a low electrical resistivity without fail and achieve
standardization of the material with a reflection electrode,
20 a TAB connection electrode and the like in a display device.
This technigue 1s an attempt to solve the problem
described above by using, as the material of an Al alloy
film, Al alloy which contains 0.1 through 6 at%$ of at least

cne element selected from group of Au, &g, 2Zn, Cu, Ni, S8r,

25 Sm, Ge and Bi and making a part of these alloy components



di spl ay device recently tends to becone low for a better yield and an

i nproved productivity, and for further, there j are ongoing endeavors to
use a resin having a low heat resisting tenperature as a base material.
Hence, while a 10 demand for a heat gesisting tenperature is not very
strong, there is a significant demand for an interconnection materi al
having a | ow el ectrical resistivity. The material of source and drain

el ectrodes of anorphous silicon TFTs, one type of display device

I ¢ . : ) I I )
Fecioti 9PPsAE 0 PoarRRed e o b e OB A o B RSt ons
are for .examl e an electri resistivi

al t.y of 8u52 cm or..l owe nd_a

heat 1 edTGET NG FomiataUie ofPaBout 1950 ait Be0 Rl ST G FRar
resisting tenperature is 20 determ ned by a nmxi num tenperature, applied
upon t h8MeBGr dde3fhd PBFRt 8t ebtlr cﬂjleléjiﬂufg?%ab%}aﬁciand?@%‘?ﬁt%mén Xi mum
tenperature is a tenperature of formng an insulation film which is to
be for ne#oR8taofr drlecriag® s mxse et Sladaidddsie®5 1t has becone
possible to obtain a desired insulation 7 filmeven at a | ow
t eper at ure & ngheo wilranGedeFPEess ddpimiay ot ecivirquespdafdniot &s
becom ng possible to form a protection filmin particular on source and
drain elieptlegydedatcaboatelb0yddagress Cel bicgsmeThisy gives ailsetBeto a
demand for an interconnection material whose heat resisting tenperature
IS appr giiedst elnyd 260 degreesd Getsdustivity, and for further, there

are ongoing endeavors tc use a resin having a low heat

resisting temperature as a base material. Hence, while a

10 demand for a heat resisting temperature is not very strong,
there 1s a significant demand fbr an interconnecticn
material having a low electrical resistivity.

The material of scurce and drain electrodes of
amorphous silicon TFTs, one type of display device elements,

15 for instance 1s required to have a low electrical
resistivity and a heat resisting property, and demanded
specifications are for example an electrical resistivity of
8uL2 * cm or lower and a heat resisting temperature of about
350 degrees Celsius. This heat resisting temperature 1is

20 determined by a maximum temperature applied upon the source
and drain electrodes during producing, and this maximum
temperature 1s a temperature of forming an insulation film
which dis to be formed as a protection film on the

electrodes.

25 It has become possible to cbtain a desired insulation
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ose electrical resistivity is sufficiently |ow. Meanwhile,
gh an Al alloy filmgenerally used from before as an
onnection material for a display 10 device is formed by
ring, in the case of an Al alloy filmfornmed by this nethod,
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ing qun the alloy elenent, the precipitation and the grain
BteE

Bogdefop teRiHent 3V degresse GeHe idisect rileafp FdFiest inits of

alloy film 25 The conpressive stress inside the filmincreases

the ¢t aidergnewt ROpr ot esSSde rgeanes Hedt | Rgteandlaswhpee dgredth

further progresses due to further heating, the Ilimt will be

sedsanativgyseapegrdine vid |amppearnately hadfi Begseefade lasi us

ks for the sake of stress 5 relaxation. Alloying is effective in

gagdawhssenecaechalitaby resdns 1of tiyhe si sudrfmetianltily davppound
itating at the grain boundaries, suppressing hillocks and
i ng Meanwhile, although an Al allecy film generally used
from before as an interconnection material for a display
device is formed by sputtering, in the case of an Al alloy
film formed by this method, alloy components added beyond a
solubility limit te Al is compelled to exist in the
dissclved state. The electrical resistivity of Al alloy
containing an alloy element in the dissolved state 1is
generally higher than that of pure Al. However, when an Al
alloy film containing an allocy element beyond a solubility
limit is heated, alloy components precipitate at the grain
boundaries as an intermetallic compound, and as the Al
alloy film is further heated, grain growth advances and Al
starts re-crystalliizing. While the temperature at which
the precipitation and the grain growth occur in this manner
is different depending upon the alloy element, the
precipitation and the grain growth of the alloy components
decrease the electrical resistivity of the Al alloy film.

The compressive stress 1inside the film increases as



the heat resisting property. A conventional approach has been to
advance precipitation and grain growh of alloy 10 conponents utili zing
t hi s phenonenon for realization of both a |ower electrical resistivity
and a heat resisting property of an Al alloy film However, a |owered
process tenperature does not encourage sufficient precipitation of
conventional alloy conponents as an internetallic conpound, 15 which

| eads to a problemthat grain growth does not advance and an el ectrical

resistivigy does,no L1y g & BRE eXamples, '%19‘ hoygh the heat
resistiﬁ%e¥e%pergtu e o* Xi-gg%%ﬁgadiscFosed |ﬁ%5§t it %bcunentQﬁ is as
hi gh as 350 degrees ébl ius or nore, the electric % resistivity.is 20
onty 11.% 3170 S OF (BT Hedt Grelt s at 8560 dEyF baet “RaRLIHE Y 5P2s0
m nut es,. and al {t hough the heat resistin t emper at ure of
A (2ot obd 0L 6 ONEL T s D ThigH e b50 Fer f85e TCARAE oL or BPERE £
electrical resistivity decreases down to only 8 7 jQ cmafter heat
treat menth@t DI gL D5 Al ildd IG5 3G 9R ndtss, sekes & | BLYESsvi ng
a roomfor 9 further inprovenent. SUMVARY OF THE | NVENTI ON As descri bed
above, alehviRfhisour célaryidcailrs efeetkbdesiar dodsEing rgTaEmeednby a
| owered process 5 tenperature, since these electrodes always carry a
current halteld freemsamdt wehee i epimedlas, L itco soppresd pheciplid¢etriingal
resistivity in these electrode portions is extrenely effective in
reduci ngat hehoyea i dnswungs T oas of sappressing hillocks and enhancing
the heat resisting property. A conventional apprcach has
been to advance precipitation and grain growth of alloy
10 components utilizing this phencmencn for realization of
both a lower electrical resistivity and a heat resisting
property of an Al alloy film. However, a lowered process
temperature does not encourage sufficient precipitation of
conventional alloy components as an intermetallic compound,
15 which leads to a problem that grain growth does not advance
and an electrical resistivity does not easily decrease.
For example, although the heat resisting temperature
of Al-2at%Nd disclosed in Patent Document 4 is as high as
350 degrees Celsius or more, the electrical resistivity is
20 only 11.5 uQ * cm after heat treatment at 250 degrees
Celsius for 30 minutes, and although the heat resisting
temperature cf Al-2at%Ni-0.63Nd is as high as 350 degrees
Celsius or more, the electrical resistivity decreases down

to only 8.7 uQ * cm after heat treatment at 250 degrees

25 Celsius for 30 minutes, thus still leaving a room for



di spl ay device. Further, the low electrical resistivity in 10 the

el ectrode portions lowers a tine constant which is determ ned by the
product of the electrical resistance and the electrical capacity, which
makes it possible to maintain a good, display quality even when a

di splay panel is to be fabricated in a large size. 15 The present

i nvention has been nade in light of the circunstance above, and
accordingly, ainms at establishing a technique with which it is

possi ble,_pn th Lon that om ssion of barrier netal addressed
above i§u¥g?%%igﬁsféygggégéonventional techni ques is possible, to

directl P@@%Rﬁo e ei ﬁ t an Al alloy filmw th pixel electrodes
and ac% ?ﬁmﬁg#e %Vﬁ@g 8&esistivity bet ween the pi xel el ectrodes
even when a |ow thermal processing tenperature is used for the A alloy
film Mre spéci fFASSHTPEbverP¥fen thirrliIhr 088Gy atPds IBRLD
tenperature as 250 25 degrees Celsius for 30 mnutes is perforned, it is
possi bl 8180tregegachpéde M0sTel ddtfritaiicaesikY i vit y LoFerep0- RGAGISS oner
of the Al alloy filmwthout creating defects such as hillocks, provide
a @i spl hgmpevicerehi 6ANCS 4d@Re vl aorzodgHweledly pr 6885 Ry FUEMESTEAt ur e
and provide a sputtering 5 target for creation of Al alloy filmwhich is
useful for rpeddudirog suchl a wif sipt ayidevibteelsn t he stnpetnerse oftlee
di spl ay device according to the present invention which solves the
probl enslabovécaan Aksiaklioytki | imandhaseondlettitredexi defiilonsar els
connect ed

extremely effective in reducing the power consumpticn of a

display device. Further, the low electrical resistivity in

10 the electrode portions lowers a time constant which is
determined by the preduct of the electrical resistance and
the electrical capacity, which makes it possible to
maintain a good display gquality even when a display panel
is to be fabricated in a large size.

15 The present invention has been made in light of the
circumstance above, and accordingly, aims at establishing a
technique with which it is possible, on the assumption that
omission of barrier metal addressed above in relation to
the conventional techniques 1is possible, to directly and

20 securely contact an Al alloy film with pixel electrodes and
achieve a low electrical resistivity between the pixel
electrodes even when a low thermal processing temperature
is used for the A1l alloy film. More specifically, even

when thermal processing at as low temperature as 250

25 degrees Celsius for 30 minutes 1is performed, it is possible



4
S

10 directly with each other without any interposed refractory netal,

and in this display device, at this contact interface, sone or all Al

al |l oy conponents precipitate or is concentrated, and the Al alloy film
is made of Al alloy which contains agpthe alloy conponents 0.1 through
6 at% of 15 at |east one elenent selected fromthe group consisting of
Ni, Ag, Zn, Cu and Ge and which further contains 1) 0.1 9 through 2 at%
of at |east one el enent selected fromthe group (herei nafter sonetines

referreth#o s."gro X"é onsi stin f%q , £52u Rh, P4, Ir, Pt,
La, Ce %zb%% B ek Ca oo 3 iy O 1 a5 0P T2 O
through oof st a el e el ecte fro o]
(her ei ndt §I sB eéfjgf?}éd ﬁllg TSF‘BH% Z“j<2on Egs{%%]ge%’? 'ﬁpuc}\/ 2%
Nb, Mo, Hf Ta and W The Al al filmaccording to the present
|nventu&H11%ﬁ¥%ﬂtEFOHéﬁés@té@%ﬂ%%yt?%ﬁéﬁ%rﬂﬁﬁcgu&ﬁr%ﬁ thYer ePall y
has 11 an electrical resistivity of 7 jtQ, cmor |ower foIIovm ng
t her mal IAWRERS |ﬁ§0ﬁe%@%e§ﬁ@§§reép§ﬁusa\‘16r BV Hit 6s. SPHE LerREC
structure according to the present invention is directed to a
spudt er ivRrael géorf oremicducivng ah Alloy afivy whishwhichusefal for
characteristic elenent of the display device above, and is made of Al
al | oy wpohdcomai sisch as dasbbyycoapbnents, 0.1 through 6 at% of at
| east one elenent selected fromthe group consisting of Ni, Ag, Zn, Cu
and Ge, and fwrtherscentauns 01l a4 icyghe? &v%hod atcbedashgone toype 10
of elenent selected fromthe group consisting of Mgy, C, M,
present invention which solves the problems above, an Al
alloy film and a conductive oxide film are connected
10 directly with each other without any interpcsed refractory
metal, and in this display device, &t this contact
interface, some or all Al alloy components precipitate or
is concentrated, and the Al alloy film is made of Al allcy
which contains as the alloy components 0.1 through 6 at% of
15 at least one element selected from the group consisting cof
Ni, Ag, Zn, Cu and Ge and which further contains 1) 0.1
through 2 at% of at least one element selected from the
group f(hereinafter sometimes referred to as "group X")
consisting of Mg, Cr, Mn, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr,
20 Gd, Tb, Sm, Eu, Ho, Er, Tm, ¥Yb, Lu and Dy or 2) 0.1 through
1 at% of at least one element selected from the group
(hereinafter also referred to as "group Z") consisting of
Ti, VvV, Zr, Nb, Mo, Hf, Ta and W.

The Al alloy film according to the present invention,

25 after deposited on a transparent substrate, preferably has



Ru, Rh, Pd, Ir, Pt, La, Ce, Pr, &d, Tb, Sm Eu, He, Er, Tm Yb, Lu and
Dy or 0.1 through 1 at% of at | east one elenent selected fromthe group
consisting of Ti, V, Zr, Nb, Mo, Hf, Ta and W 15 According to the
present invention, it is possible to,,contact an Al alloy filmwth

pi xel electrodes directly wthout formng a barrier netal |ayer and
secure a sufficiently low electrical resistivity even when a

relatively | ow thermal processing tenperature such as 250 20 degrees

Cel sius_or lower .is . used., The thermal Jprogessing t erature in this
contextaﬂe§&§%§rﬁF8&eﬁﬁﬁﬁfE%%bEYaggréP icﬁmbéﬁbnigg?ﬁeﬁ%i}ﬂﬁﬂm%uring
pr oduci a TFT array for in nce, and exanples of this .tenperature
Por heatiRgral BLBSEFateOdar ngr FERFAERoLFtrat ooy Oreais THFEUA 10 f or m
25 various tﬁﬁes of films, the tenperature of a heat treat 12 furnace
during heat t4fiAgheF aCpHELEEEI BRCPEAHTets. thfeRTERE R 1AVSBEHIT m
according to the present invention is applied to source/drain
i nt er cohfectixfEtcduiPng? preddtrdiatd W | FatPpatcrist aPrédssiiag panel®d n
which a 5 process tenperature is recently beconming lower, it is
poS§si bl elioyaftainnwaikbbwiel ecrhisaltegsisdtiicvietpran ta dfowhe kbrgwlay
processing tenperature without inpairing the advantage of the direct
connect demiuet Rbvive, pixed iel ectdeodes. A10 aBRICEF DESOR BThON10E, THES
DRAW NGS

alloy compcnents, 0.1 through 6 at® of at least one element

selected from the group consisting of Ni, Ag, Zn, Cu and Ge,

and further contains 0.1 through 2 at% of at least one type

10 of element selected from the group consisting of Mg, Cr, Mn,
Ru, Rh, P4, Ir, Pt, La, Ce, Pr, Gd, Tb, Sm, Eu, Ho, Er, Tm,

Yo, Lu and Dy or 0.1 through 1 at% of at least one element
selected from the group consisting of Ti, V, Zr, Nb, Mo, Hf,
Ta and W.

15 According to the present invention, it is possible to
contact an Al alloy film with pixel electrodes directly
without forming a barrier metal layer and secure a
sufficiently low electrical resistivity even when a
relatively low thermal processing temperature such as 250

20 degrees Celsius or lower is used. The thermal processing
temperature in this context means a processing temperature
which becomes . the highest during producing a TFT array for
instance, and examples of this Ctemperature for heating a

substrate during film deposition by means of CVD to form

25 various types of films, the temperature of a heat treat



Fig. 1 is a schematic explanatory view of an enlarged cross sectional
~surface of exenplary structures of a liquid crystal panel substrate and
a liquid crystal display device 15 to which a display device array
substrate according to the present iywention is applied; _.~ Fig. 2 is
a schematic explanatory view of a cross sectional surface of an

exenpl ary structure of a thin film transistor which is used in the

di spl ay device array 20 substrate according to the first enmbodi nent of

t he pres ﬁlrtnac %i%'}t_rfn%nth fco%lr??go%um ngjr%nrt%tcgﬁrlyo d'ialgl V\@:Ch shows in

or der exanp vice array
substrate sh anat gr am whi

shows in ord tgﬁ e%inp?gl8y steﬁésfggcgfgﬁﬂglngo hgh%|§%t%§e%EV|ce

array substrate shown in Fj g an expl anato dlagrantmhlch
shows |ﬁn8P@$ﬂonan%§«nﬁﬁQQb dstEBs 8Pr§ﬁdﬁﬁﬁ%ﬁ)ttﬁF%ﬁ%%ﬁ%?c evViEe
array 5 substrate shown in Fig. 2; Flg 6 is an explanatory di agram
whi ch sHaE Nign REFRIC1igh %xJah%%dor:rtét ps FopPprYdpenegd tiie drseh ay
device array substrate shown in Fig. 2, Fig. 7 is an explanatory
di &gr amPwieiCe!s Ss hewaiier agider 180 aﬁcemaﬂrﬁl ebefoBiggs fewepr oduEi ngst he
di splay device array substrate shown in Fig. 2; Fig. 8 is an
expl anatory idilagriam ahiehnskowsow nedpderical resistivity at a low
thermal ©processing temperature without impairing the
advantage o¢f the direct <connection with the pixel
electrodes.
10
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic explanatory view of an enlarged
cross sectional surface of exemplary structures of a liquid
crystal panel substrate and a liquid crystal display device

15 to which a display device array substrate according to the
present invention is applied;

Fig. 2 is a schematic explanatory view of a cross
sectional surface of an exemplary structure of a thin film
transistor which 1is used in the display device array

20 substrate according to the first embodiment of the present
invention;

Fig. 3 1is an explanatory diagram which shows in order
an exampie of steps for producing the display device array

substrate shown in Fig. 2;

25 Fig. 4 is an explanatory diagram which shows in order



an exanple of steps for producing the display device array substrate
showmn in Fig. 2; 15 Fig. 9 is an explanatory diagram whi ch shows in
order an exanple of steps for producing the display device array
substrate shown in Fig. 2; Fig. 10 isign explanatory di agram which shows
in order an exanple of steps for producing the display device array 20
substrate shown in Fig. 2; Fig. 11 shows a tenperature-stress curve on
an Al alloy film Fig. 12 is a schematic explanatory view of a cross

sectionaly syf{AGE: Ob ralXEMRLA Yo rSfiatly & @i By fhbPicéSarray
transistor which I1s used In a display device array 14 substrate

accor di r i of .t he present invention; Fig. 13 is an
L R T

expl anatory diagram ih order an exanple of steps for

produci ng the.di splay_device_arr spbsirate .shown in Fig. 12:. Fig.
14 is an expﬁ%ﬁ%to%y¥ai§8r§§P% P%hcgﬁbﬁgjﬁﬁﬂ%& é}lcans%%%%p e 8Fd§Féps

for produci ng the di I devi ce arr . substrate shown .in.Fig. 12;: Fi
o D o et G R PP ot chie g SafsSIg haeRiGropatay T O
stegs for producing t he displ| ay gevice array substrate shown in Fig.

12;° Fi g.5965 152 %n%?of&gdi gram whi ch shows in order an exanple

of steps for groducing the display device array )
ig. 6 is an explanatory diagram which shows in order

an example of steps for producing the display device array
substrate shown in Fig. 2;

Fig. 7 is an explanatory diagram which shows in order

10 an example of steps for producing the display device array
substrate shown in Fig. 2;

Fig. 8 is an explanatory diagram which shows in order
an example of steps for producing the display device array
substrate shown in Fig. Z;

15 Fig. 9 is an explanatory diagram which shows in order -
an example of steps for producing the display device array
substrate shown in Fig. 2;

Fig. 10 is én explanatory diagram which shows in order
an example of steps for prcoducing the display device array

20 substrate shown in Fig. 2;

Fig. 11 shows a temperature-stress curve on an Al
alloy film;

Fig. 12 1is a schematic explanatory view of a cross
sectional surface of an exemplary structure of a thin film

25 transistor which 1is wused 1in a display device array



substrate shown in Fig. 12; 15 Fig. 17 is an explanatory di agram which
shows in order an exanple of steps for producing the display device
array substrate shown in Fig. 12; Fig. 18 is an explanatory di agram
whi ch shows in order an exanple of stgps for producing the display
device array 20 substrate shown in Fig. 12; Fig. 19 is an explanatory
di agram whi ch shows in order an exanple of steps for producing the

di spl ay device array substrate shown in Fig. 12; and Fig. 20 is a

drawi ng e %QO"‘QBE?FSH{!;” P “ S%%bogﬁlme?{ ”B%S“{Eﬁgeggﬁrgé?ﬁ@e

cont act re5|s ance ween’an o] m and a transparen
conducti.ve oxi.de film DETAI LED DESCRIPTICN OF THE PREFERRED
ENVBODI MENTS 5&88rd|ng to the present invention, for contact of the 5

pi xel el ectraodes d.the Al alloy f|In1 the A all |In1 conta as
"ts alloy coRpnentsS0at EAPOGHH 6 st 4t Vese! el Bhettaes

sel ected fromthe group conS|st|ng of Ni Zn, Cu and , and
furt her 2BoRF¥EMRL- €0 OF tHreRGhi 2t aPLoslupEngt trl@aalsar%@ya%fﬁe ST Y ed
fromthe group X or 0.1 10 throu h 1 at% of at |east one el enent
selbect egubsmpitie shgiwsug iz FiMls tlie Al alloy fil mcontains 0.1 through 6
at%of N or the like, and further contains 0.1 through 2 at% of at
| east one el éignt 1deliectEed ehpdmEie myr clipoaer vhilch rlough 15 drée 8o of
at | east one el enent selected fromthe group Z, at
an example of steps for producing the display device array
substrate shown in Fig. 12;

Fig. 15 is an explanatory diagram which shows in order

10 an example of steps for producing the display device array
substrate shown in Fig. 12;

Fig. 16 is an explanatory diagram which shows in order
an example of steps for producing the display device array
substrate shown in Fig. 12;

15 Fig. 17 is an explanatory diagram which shows in order
an example of steps for producing the display device array
substrate shown in Fig. 12;

Fig. 18 is an explanatory diagram which shows in order
an example of steps for producing the display device array

20 supstrate shown in Fig. 12;

Fig. 19 is an explanatory diagram which shows in order
an example of steps for producing the display device array
substrate shown Iin Fig. 12; and

Fig. 20 is a drawing which shows a Kelvin pattern used

25 for measurement of the contact resistance between an Al



a relatively low thermal processing tenperature, precipitates or N or
the like concentrated | ayer are fornmed at the contact interface with

t he pi xel electrodes, which decreases the contact resistance. 20
Further, as described in detail later, precipitation as netallic
conpounds of el enents belonging to t hése groups X and Z added mainly
for inprovenent of the heat resisting property facilitates
recrystallization of A, reduces the electrical resistance of the A
alloy filmitself and 25 greatly decreases the electrical resistance as
a whol e db6Lo¥ nEl lnli agdt et consperesr fagduchearwaikide Whdm-cont ai ni ng
0.1 through 6 at% of Ni or the |like and further containing 0.1 through
2 at%of at |east one elenment selected fromanong My, La, M, &d, Ta, 5
Dy and Tb out of the elenents selected fromthe groups X and Z or 0.1
t hrough dezAtADD MsthepAloml OPYTEE| pRESERREDeEMBOB IMENTESMRSr kabl y

i nproving the resistance agai nst an al kali ne devel opi ng sol ution.

During produchd@odddh§ptaytHevheesend inteheQBAGCEL®N coh@ aRat gl HHeS
formed at a step called photolithography. That is, a photosensitive

resgn (photoregngbtrbdcexpRosedd tAn ap1 16y lAighi, st cglandidevelioped
wi th an ‘al kal i ne devel oping solution, and an interconnection pattern is

formed ofodalf8) NasForsoung ! Mot G e 1 eshodgn agmask, 20 Al 15

alloy filmis etch ereby obtarning an interconnettion. At the

stage Oflégéé gggeéPQHEHE’sébgcﬁg&fﬁggmthgh%réhp consisting of Ni,

Ag, Zn, Cu and Ge, and further contains 0.1 through 2 at$%
of at least one element selected from the group X or 0.1

10 through 1 at% of at least cnhe element selected from the
group Z.

As the Al alloy film contains 0.1 through 6 at?® of Ni
or the 1like, and further contains 0.1 through 2 at% of at
least one element selected from the group X or 0.1 throcugh

15 1 at% of at least one element selected from the group Z, at
a relatively low thermal processing temperature,
precipitates or Ni or the 1like concentrated layer are
formed at the contact interface with the pixel electrodes,
which decreases the contact resistance.

20 Further, as described in detail later,.precipitation
as metallic compounds of slements belonging to these groups
X and 7 added mainly for improvement of the heat resisfing
property facilitates recrystallization of Al, reduces the
electrical resistance of the Al alloy film itself and

25 greatly decreases the electrical resistance as a whole



i ;

alloy filmis exposed to the al kaline devel oping solution. A generally
used devel oping solution contains 2.38 w% of TMAH (tetranethyl
anmoni um hydr oxi de), and when the Al 20 alloy filmcontaining 0.1
through 6 at%of Ni is exposed to thigs devel oping solution, etching
progresses at the speed of 80 through 120 nmimn. On the contrary, in
the case of Al alloy filnms to which My, La, M1, V, Gd, Ta, Dy and Tb
are added fromthe 25 groups X and Z, the etching speed is suppressed
down to. 10 17.l thﬁgugh 42 ngirrin.f Noting that the etching speed of pure
Al in c%ﬂ%%H?i%ﬁa ise°r's?2 ﬁanFﬁ?'enpirically speaki ng,

approxi mately double this speed will, not cause a problemof _film
thinning. 5 %S?PW F?eth@%8@v99ﬂ§%ﬁfHQQN9\kﬂ??ﬁpﬂﬁ$e%dﬁﬁ§ ol r¥si ns,
exposure conditions and the |like, and since the tinme that the surface

of the BlReallidie fanth feréhsdsetPrerInine devel BpitigiRolutdleh P adout

some dozens of seconds or maximumw thin one mnute and the film
t hi cknessast gme ¥ amrer conrretsdnirgngarenal Mg arlbund20 Gohr dlayh 400
nm if etching-induced sl owi ng down of the etching speed approximtely
dodn t oDhalafndorTks| ower ofottlonl ¢l prevest selekiteidnaticon det e omMpsald oy
filmat the photolithographic step but obviates filmthinning to quite
a suffiaendntz 16rext.dnt thThiighachi eteés qff e€j sechpy oBéssdIng wf fihe is
i nterconnection pattern. Rework, or redo of the photolithographic step
is ofteaffective in remarkably improving the resistance against an
alkaline develeping solution.
During producing a display device, an interconnection
10 pattern is formed at a step called phectcelithography. That
is, a photosensitive resin (photoresist) is exposed with an
UV light source and developed with an alkaline develcping
solution, and an interconnection pattern is formed of a
resin. Following this, using the resin as a mask, an AL
i5 alloy film is etched, thereby obtaining an interconnection.
At the stage of this development, the surface of the Al
alloy film is exposed to the alkaline develcoping socolution.
A generally used developing solution contains 2.38 wt% of
TMAH (tetramethyl ammonium hydroxide), and when the Al
20 alloy film containing 0.1 through 6 at% of Ni is exposed to
this developing solution, etching progresses at the speed
of 80 through 120 nm/min.
On the contrary, in the case of Al alloy films to

which Mg, La, Mn, V, Gd, Ta, Dy and Tb are added from the

25 groups X and Z, the etching speed is suppressed down to 10



executed. This neans stripping of a photoresist and redo of the

phot ol i t hographi ¢ step once agai n upon occurrence of 20 an abnor nal
pattern or the |like, and suppressed film thinning pron ses an advant age
that rework can be done nore than once. It is therefore possible to
significantly reduce the nunber of process steps and a manufacturing
cost while 25 maintaining the display quality of a display device such
as 18 aliquid crystal di splay at a high level. Wile enbodinents of

the dis %a devi e ordln th Le nt i.nvention w/l ow_he
descri bed: FRoRets %%?éﬂ%ﬁ?% hoat as%%%hlarf%dsa?s% HE Pt
pr esent nventlon 5 i,s n Ilnlted e.illustrated but may
be i npfemtRt E@TE L &ﬁ“ﬁﬁo&si%tjes |]f”in B Fon PG LEHE ye &9 mg the
intentions nmentioned earlier and described_ bel ow. Those nndlflcatlons
al | fal BPRFPRiBaEREYt BeHRL8alN1scpecEf Wilkd NpferEler a1 rirkarect
al though the Al alloy filmaccording to the present invention is
appl i cabl ématbdnneng-di spl ay device of the passive matrix type which
does not include thin film transistors, a reflection electrode of a
rebl ecti on-t ¥petheirqui ther ystvd ladiisy ay idevi ceroest hdepék@ina gatan
el ectrode 15 of an anorphous silicon TFT, and a TAB connection el ectrode
for inputsoukputexgfosnist gnahdtiaiontsiated withleout 1 key mangl asibaer itgre net al
| ayer between the TAB connection el ectrode and a TAB el ectrode, such
enbodi menie what nie beudeseei bgd.the Al alloy film is exposed to
the developing solution is about some dozens of seconds or
maximum within one minute and the film thickness of an
10 interconnection is generally around 100 through 400 nm, if
etching-induced slowing down of the etching speed
approximately down to half or slower not only prevents
elimination of the Al alloy film at the photolithographic
step but obviates film thinning to quite a sufficient
15 extent. This achieves precise progessing of the
interconnection pattern.
Rework, or redo of the photolithographic step is often
executed. This means stripping of a photoresist and redo
of the photolithographic step once again upon occurrehce of
20 an abnormal pattern or the 1like, and suppressed film
thinning promises an advantage that rework can be done more
than once.
It is therefore possible fo significantly reduce the

number of process steps and a manufacturing cost while

25 maintaining the display quality of a display device such as



Fig. 1 is a schematic explanatory view of an enlarged 20 cross
sectional surface of the structure of a liquid crystal panel which is
nounted to a liquid crystal display apparatus to which the present
invention is applied. The liquid crystsal panel shown in Fig. 1 includes
a TFT array substrate 1, an opposed substrate 2 which is 25 di sposed
facing the TFT array substrate 1, and a liquid 19 crystal |ayer 3 which
i s disposed between the TFT array substrate 1 and the opposed substrate

2 and fgng&%g@ghggygFPhiggg m ug%t50$ﬁ¥g¥%rVe[he TFT array substrate 1

is forne m transrstors ( arranged on an 5 insulating
t ranspar ent bstrat | ass substrate)..a, i xel.electrodes 5 and
interconnectﬁﬁﬁiﬁoFF&@ 55l U iﬁge §E§ﬁﬂﬁﬂ§ %?%%g? §F§H§Flpﬁh§§? etc.
The opposed substrate 2 includes a commpn glectrod 7 fornmed entirely
on its SOPfREESERITCHIVERSH Fhe' AT BRY aye ¥85ShbSEFate faditde, Wil or
filter 8 which is disBosed at a position opposed agai nst the pixel
el ect rodesesengadta thEgRESSRaL&FNETRMIMIG mHiEh BLE SRS odBEEHEL QN
position opposed against the thin filmtransistors (TFTs) 4 on the TFT
ar bay siubstnal e Mimariced h&oi ntle connlettiont grbr t9Xemp 1&s 1buol any zdre
pl ates 10 and 10 are di sposed on the outer surfaces of the insulating
subst r atBpl emahiigdt hel TET amrayper isulyst matdd £ carid drhe toppblsed ssubrsttr at e
2, and the opposed substrate 2 seats an orientation film 11 which
al i gns mkequhd ctist alntehecuhes mént henddquedr tiyst adnd aydrs& ibed
below. Those modifications all fall within the technical
scope of the invention.
10 Further, although the Al alloy film according to the
present invention is applicable also to a display device of
the passive matrix type which does not include thin film
transistors, a reflection electrode of a reflection-type
liquid crystal display device or the like, a gate electrode
15 of an amorphous silicon TFT, and a TABR connection electrode
for input/cutput of a signal to outside without forming a
barrier metal layer between the TAB connection electrode
and a TAB electrode, such embodiments will not be described.
Fig., 1 is a schematic explanatory view of an enlarged
20 cross sectional surface of the structure of a liquid
crystal panel which is mounted to a liquid crystal display
apparatus to which the present invention is applied.
The liguid crystal panel shown in Fig. 1 includes a

TFT array substrate 1, an opposed substrate 2 which is

25  disposed facing the TFT array substrate 1, and a liquid



20 along a predetermned direction. In the liquid crystal panel having
this structure, an electric field devel opi ng between the opposed
substrate 2 and the pixel electrodes 5 controls the direction of the
orientation of the liquid crystal noliecules within the 25 liquid crystal
| ayer 3 and nodul ates light which is 20 transmtted by the liquid
crystal layer 3 which is disposed between the TFT array substrate 1 and
the opposed substrate 2, whereby the amount of light which is

transmgwgggg%u fgﬁ,eropﬁoiﬁl Substr atie g%(fe%i C}%‘%w&éﬁe%ﬁé‘d'r@@ a[ﬁga%/

di spl ayed the TFT array I riven by a driver circuit

and a ng%g%ﬁﬁwwahd%h%vg& 19 %@%Bcdéagfeegam ¢l cie§ Jhead 4 o

out si de array deno s a spacer, déioted at

16 i d 10 d d
at 15 i ERG rFOL Jp% ”Ota%no?ted ¢ sfgr"’%pg%%ﬁf?é%ﬂ%ﬁé@?‘ﬁedeﬁot%%ﬁf

20 is a_li ui de ate, depoted, at 21 reflection ate, denoted
at 22 i&° I%BQLC 31|5“£n fdemot BEARF1980F S aqﬁgﬁﬁlné1QQ£ﬁ?g dHerfdt ed at
24 is a_ printed circuit board, which will be _described later. 15 Fig. 2
i s5a schefitpEIBYpl AAANEPFLFREw SEPaR8HFar &daser oSILEdddGhal st f ace
of the structure of a thin film transistor portion according to the
first embsdlnmehecihpens Psaagplnéarcennhetapraposiibonsatte iofc kutblipr esent
invention. As shown in Fig. 2, a scanning line 25 is formed by an Al 20
al l oy fetenoanghéinheanspageni swubssrakeé&cla, and a part of
The opposed substrate 2 includes a common electrode 7

formed entirely on its surface which is on the TFT array

10 substrate 1 side, a color filter 8 which is disposed at a
position opposed against the pixel electrodes 5, and a
light shielding film 9 which is disposed at a position
opposed against the thin film transistcors (TFTs) 4 on the
TFT array substrate 1 and the interconnection porticns 6.

15 Polarizer plates 10 and 10 are disposed on the outer
surfaces of the insulating substrate forming the TFT array
substrate 1 and the opposed substrate 2, and the opposed
substrate 2 seats an orientation film 11 which aligns
liguid crystal molecules cf the liquid crystal layer 3

20 along a predetermined direction.

In the liguid crystal panél having this structure, an
electric field developing between the opposed substrate 2
and the pixel electrodes 5 controls the direction of the

orientation of the liguid crystal molecules within the

25 liquid crystal layer 3 and modulates 1light which is



the scanning line 25 functions as a gate el ectrode 26 which controls

turning on and off the thin filmtransistor. A signal line is fornmed by
an Al alloy filmsuch that the signal line intersects the scanning line
25 via a gate 25 insulating film27, and a part of the signal |ine

functions 21 as a source el ectrode 28%f the thin filmtransistor. This
type is generally called the bottomgate type. In a pixel region on the
gate insulating film27, there is the pixel electrode 5 of an ITOfilm
which is 5 obtained by mixing SnOw th In203 for instance. A drain

el ect r oder PGEroft tdvk Bhithd il ti@nsigtiorl f bayed Bywhichl 1satiiepotiedmi s
electrically connected as a direct contact wth the pixel electrode S

- Wien a dgsttevesol ttdge TET suppd v eshib ot tdee ght eneél eoerodeos40 26bvtaathe
scanning line 25 on the TFT array substrate 1, the thin filmtransistor

turns o, widkéo@drive ¥mbtageorsupphitedtirtadvancest omihieedi pnakhki ne
reaches the pixel electrode 5 fromthe source el ectrode 28 via the

drain ejeidadesdSsrhAscd e diivenvebl 888 Qhdaanr edeter nknadspdakevel is
supplied to the pixel electrode 5, a potential difference is created

fraomthe oppasgd1sMbst fAEE T2 1a% rray 085QEE0EE IR rel @Ei9ar 18 Fig ¢1,
the liquid crystal nolecules contained in the liquid crystal layer 3 are

o170 SISO L ated 20, Teihed of, B ool o res Tofasr ey

film is lead to outside the TFT array.

In Fig. 1, dencoted at 15 is a spacer, denoted at 1l is

a seal material, denoted at 17 is a protection £film,

10 dencted at 18 is a diffusion plate, dencted at 19 1is a
prism sheet, denoted at 20 is a light guide plate, dencted
at 21 is a reflection plate, denoted at 22 is a back light,
denoted at 23 1s a holding frame, and denoted at 24 is a
printed circuit board, which will be described later.

15 Fig. 2 1s a schematic explanatory view of an enlarged
cross sectional surface of the structure of a thin film
transistor porticn according to the first embodiment which
is applied to the array substrate of the present invention.
As shown in Fig. 2, a scanning line 25 is formed by an Al

20 alloy film on the transparent substrate la, and a part of
the scanning line 25 functions as a gate electrode 26 which
contrecls turning on and off the thin film transistor. A
signal line is formed by an Al alloy film such that the

signal line intersects the scanning line 25 via a gate

25 insulating film 27, and a part of the signal line functions
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transistor fornmed as a switching elenent, an anorphous silicon TFT
usi ng anor phous silicon hydride as a sem conductor |ayer wll be

descri bed as an exanple. 25 Figs. 3 through 10 will be referred to for
describing 22 one exanple of steps aof; producing the TFT array substrate
1. First, by sputtering or the like, an Al alloy filmis formed into
the filmthickness of about 200 nmon the glass substrate (transparent
substrate) la, and the Al alloy film5 is patterned, thereby formng the

gate electro f.a g he 48c38ni 29 .:hi.ne 23 (Fihg yn Al S s% , it
IS desiggb%eg8P§ gtg e%heor?n1ofothg Al alfbylﬁgiéifgﬁéfgg)dt alg%$ 30 ]
t hrough, 40 degrees so.that ge cover of the gate insulating film 27
descr bEdPPat or SGBGrE bd FAVAFADIES Pr RBkES 58 hSen in Fig. 4, by
plasma CVD or the li ke, the gate insulating film27 is for by
silicon oxi déPfid nPlégilo&eg\,g%%e G | i fhi Biesd TS LA dg 3gg9‘ﬁm?f@¢
i nstance, and an anorphous silicon hydride fiIn1&a-SL:H) whose film
t hi ckne§Berg aout500° nifi-an88CEFPRgor nPEridie £I7Pm {iSimxynisShnhbse
filmthickness is about 300 nmare formed for instance. This is
f obl owedbbgipatt érhi hgxondt BaOsiwidonIne®y i Her fiNshanSiaNx) &s Eoiwh in
Fig. 5 by back surface exposure using the gate electrode 26 as a mask,
t her ebyefertricngea 220 e¢hathel frigt et lwntiiahmi sAbtrrerfdumadhebpyf iz an
n' anorphous silicon hydride film(n'a-Si:H doped with phosphorus
whose f eliptyhiftkinesssi & lalwduti &0 Inm fonneéobédnees a direct contact
with the pixel electrode 5.
When a gate voltage is supplied to the gate electrode
10 26 via the scanning line 25 on the TFT array substrate 1,
the thin film transistor turns on, and a drive voltage
supplied in advance to the signal line reaches the pixel
electrode 5 from the source electrode 28 via the drain
electrode 29. As the drive voltage of a predetermined
15 level is supplied to the pixel electrode 5, a potential
difference 1is created from the oppcesed substrate 2 as
described in relation to Fig. 1, the liquid crystal
molecules contained 1in the liquid crystal layer 3 are
aligned and light is modulated.
20 A method of producing the TFT array substrate 1 shown
in Fig. 2 will now be described briefly. As the thin film
transistor formed as a switching element, an amcorphous
silicon TFT using amcrphous silicon hydride as a

semiconductor layer will be described as an example.

25 Figs. 3 through 10 will be referred to for describing



on this, the anorphous silicon hydride film(a-Si:H) and the n'

anor phous silicon hydride film(n'a-Si: H are 25 patterned as shown in
Fig. 6. 23 An Al alloy filmwhose filmthickness is about 300 nm for
exanple is then forned on this, and through patterning as shown in Fig.
7, the source electrode 28 integrated wwth the signal line and the
drain electrode 29 to be brought 5 into contact wth the pixel electrode
5 are formed. Using the source electrode 28 and the drain el ectrode 29

as a ' r i [ fi a- Si.; n, .} the
channerqgﬁ%féggﬁgﬁé???ﬁgggﬁiﬁ§fi%ffﬁ%axgéngg%dikgéggﬁ% SPﬁgE?SFeB}'
using a plas C\VD appar at ot 10 the like for_.i an a_sitlicon
i tride T mBEYs Hepoarteat FRE0SENEF e GRheus B LaBont 1806 nm
for exanple, thereby obtaining a protection film The film deposition
i s perfortERtE At HOUEN 250 degriebSk e S ¢t #8PUTi AL aRteOT AR Er IE5RI ng a
photoresist layer 31 on this 15 silicon nitride film 30, the silicon
nitride FUBsh=0Ee s(Crnika PRt @S Br2ont akes hohe Bpej BLf alhed ifh ltthe
silicon nitride film30 by dry etching or the like for instance.
Fur® her ,isnadiuginedt Showely nfemelny awiiaggatat et hetsane 26i med ghe
contact hole is fornmed in a TAB connection section 20 on the gate
el ect r odecainiang etgee pabt i(Bhgoef 3he pPanelhidFustaes, aftes dssiimgbiiet h
oxygen plasma for instance as shown in Fig. 9, the photoresist |ayer 31
is strippedetuli hipea it | pPpethsolait ian epnfaini ngpameae o &theuki k& f or
through 40 degrees so that the coverage of the gate
insulating film 27 described later would be favorable.
i0 Next, as shown in Fig. 4, by plasma CVD or the like, the
gate insulating film 27 is formed by a silicon oxide film
{Si0x) whose film thickness is about 300 nm for instance,
and an amorphous silicon hydride film (a-Si:H) whose film
thickness is about 500 nm and a silicon nitride film (SiNx}
15 whose film thickness 1is about 300 nm are formed for
instance.
This i1s followed by patterning of the silicon nitride
film (SiNx) as shown in Fig. 5 by back surface exposure
using the gate electrecde 26 as a mask, thereby forming a
20 channel protection film. After further forming an n°’
amorphous silicon hydride film (n'a-Si:H) doped with
phosphorus whose film thickness is about 50 nm for instance
on this, the amorphous silicon hydride film (a-8i:H) and

the n" amorphous silicon hydride film (n'a-Si:H) are

25 patterned as shown in Fig. 6.



instance, and at last, within a retention tinme of about 25 eight hours
for exanple, an ITO fil mwhose filmthickness 24 is about 40 nmfor
instance is formed as shown in Fig. 10, and the pixel electrode 5 is
obtai ned by patterning. At the sane bhne, the ITOfilmis patterned for
bonding wth TAB in the TAB connection section of the gate el ectrode at
5 the edge portion of the panel, which conpletes the TFT array
substrate 1. In the TFT array substrate fabricated by the nethod above,

the drain el egtrpde f a a h ixel _electr 5:dihrectly
contact each'o hj"gfri %%]?JIO hgf\%gt (l’aqh%eel%gcl%nr gtgfeicg%leasnsd Jt%eak?éij%tf?ﬁpn ?lglr TAB
connection direct .contact _.each other., At thi tage,, as_the material.
of e 4O TR ¥ i S BPRind CERBTAIE (LI ot Teiet 50RBF  PACCBRCSNIA - N
alloy or alloy of Al L and at |east one el enent selgcted fromthe_l?la
group cotsiTIHY UF WL Aly, Ze TUHTSE eSht L ERAand® BIRREG T ahEIu¥dd and a
condition for formng the drain electrode 29 may be properl

control '€ Ghoealstlille mixhi REPudng 1y fRekr ede 88ntté>ctb?eéif§ﬂ1§ﬁ€e

between the Al alloy film formng the drain el ectrode 29 and the pixel
el ezt roden® cootast Pl bht thit phaedr € le g9 ds ar idFediomed. r e¥péew to
alloy containing Al-Ni for instance, after processing at the
t enper atiure ebu2b6 degraesdie| 8Busind oth80 driariut eslethecédbedtS i zal a
resistivity is 3.8 pO cmin the case of Al-2at%i, 5.8 aQxmin the case
of Al -QCatf8k, the n' amorphous silicon hydride film (n'a-Si:H) on
the channel protection film (SiNx) is then removed.
As shown in Fig. 8, using a plasma CVD apparatus or
10 the like for instance, a silicon nitride film 30 1is
deposited into the film thickness of about 300 nm for
example, thereby obtaining a protection film. The film
deposition is performed at about 250 degrees Celsius for
instance. After forming a photoresist layer 31 on this
15 silicon nitride film 30, the silicon nitride film 30 1is
patterned, and a contact heole 32 is formed in the silicon
nitride film 30 by dry etching or the like for instance.
Further, although not shown in the drawings, at the same
fime, a contact hole is formed in a TAB connection section
20 on the gate electrode at an edge portion of the panel.
Further, after ashing with oxygen plasma for instance
as shown in Fig. 9, the photoresist layer 31 is stripped
using a stripper solution containing amine or the like for

instance, and at 1last, within a retention time of about

25 eight hours for example, an ITO film whose film thickness



25 and 6.5 pO cmin the case of Al -6at%\i, which neans that 25 an
alloy filmcontaining AL-Ni will. well achieve a target value for a |low
el ectrical resistivity. However, the heat resisting tenperature of such
Al-Ni alloy is as low as 150 through, 200 degrees Cel sius. VWen 5 used
for a source electrode or a drain electrode of an ordinary display
device, noting that the maxi num heating tenperature is about 250
degrees Cel sius, such Al-Ni alloy wll be insufficient in terns of heat

resistin rt nd i.s Nno ractical. 10.As for Al allqy nrade, of Al
and at Fga§F8§§e4§Ié%%nor:%h%ﬁéﬁé%f}%n%?ﬁ%g%r%ﬁpséSW?i% i%éQﬁ i’, Ag,
Zn, Cu ana %gﬁ. further stgdé was done £%0n1tge standfoints of bath the
type of 2Pfie T4 rt-tohpohEht LB Ementt AnG FREMGHaktY t57 t b°5H9 - i n Hn
effort to clarify alloy which will exhibit an 15 el ectrical resistivity
of 7 USABecrieBf (o afiter [{Heddd™ o7 RSt etnrPe Seediingg " Heat
resisting property on the order of 250 degrees Celsius. In consequence,
it was TOBndnt kae BB mprefedthion efereht? Bél 6hgi Agtero elive tgiasiipsatX and
Z described earlier 20 in predeterm ned amounts from anong a countless
nufber bheeladamt powddied fof miAe npbEneleorpoient campdye belsi chheoul BT
exhibit an electrical resistivity of 7 }1Q cmor |lower after thernal
processengavhshbsseeatri ig a heat resisting property which woul d not
create hillocks or the |like even 25 in the presence of heat at about
250 degrees Cel $Hes. TFT array substrate fabricated by the method
above, the drain electrode 29 of Al alloy and the pixel
electrode 5 directly contact each other and the gate
10 electrode 26 and the ITC film for TAB connection directly
contact each other.

At this stage, as the material of the Al alloy film
forming the drain electrode 29 for instance, Al-Ni alloy or
alloy of Al and at least one element selected from the

15 group consisting of Au, Ag, Zn, Cu, Sr, S5m, Ge and Bi may
be used and a condition for forming the drain electrode 29
may be properly controlled, which still meaningfully
reduces the contact resistance betwsen the Al alloy film
forming the drain electrode 29 and the pixel electrode 5,

20 as Patent Literature 4 has clarified.

With respect to alloy containing Al-Ni for instance,
after processing at the temperature of 250 degrees Celsius
for 30 minutes, the electrical resistivity is 3.8 uQ-cm in

the case of Al-2at®Ni, 5.8 uQ-+*cm in the case of Al-4at%Ni

25 and 6.5 nQ - cm in the case of Al-6ati3Ni, which means that



26 The elements belonging to the group X may be My, &, M, Ru, Rh, Pd,
lr, Pt, La, Ce, Pr, &d, Tb, Sm Eu, Ho, Er, Tm Yb, Lu and Dy, from
whi ch one or two types may be used. For effective exhibition of an

i nproved heat resisting 5 property andca reduced electrical resistivity
due to addition of these alloy elenents, the anbunts of the added

el ements needs be fromO0.1 through 2 at% Meanwhile, the elenents

bel onging to the group Z may be Ti, V, Zr, No, Mo, Hf, Ta and W from

whi ch one or iwo &gﬁes ma be .usedAaJh_(li\?r 10 fferléi ve e.xh\; biti gn of .an
i mpr ovedthedt 19 8s i St nGOPrEgereyy b Fealcd dl &ATHCH Felrsfility
due to addition of 1these al I]{(R/ el enents, . the anmounts of the added
el ement &2 e dChe thYmdtact 455394 VARY- el ement bel onging to any
one of the groups X and Z, 15 if added in the anmount below 0.1 at%
will not achifaretsle Vevehesdt trrelREAD S etsqngtq]?@d:lﬁfr%ﬁ%?t§ui3]ﬁt 8dadd in
the present invention, whereas when the content of the elenents
bel ongi rigt k@ t he gpodpvWX asx ceddstRrangh ard Ot e wwemserfic bflus he dhement s
bel onging to the group Z exceeds 1 at% the 20 effect of reducing the
el ectri aaded esbst iavi spuotet heldédtmdemoer i al dddin belensubfiecient an
al though the heat resisting property will inprove nore than needed.
Consi deramgirbtth dtibplhgatdaweisiest | ngtpnopertiar antdet et ionen etdealteeigr i cal
resistivity of the filmmaterial, a preferable amount to 25 add is from
0.3 at %iamdehtaide assf abotibezelbeneRfreed’ Celsius, such AL-Ni alloy
will be insufficient in terms of heat resisting property
and 1s not practical.

10 As for Al alloy made of Al and at least one element
selected from the group consisting of Ni, Ag, Zn, Cu and Ge,
further study was done from the standpoints cf both the
type of the third component element and the quantity to add,
in an effeort to clarify alloy which will exhibit an

15 electrical resistivity of 7 uQ - cm or lower after thermal
processing while securing a heat resisting property on the
order of 250 degrees Celsius.

In consequence, it was found that mixing of the
elements belonging to the groups X and Z described earlier

20 in predetermined'amounts from ameng a countless number of
elements would form Al multi-component alloy which would
exhibit an electrical resistivity of 7 uQ * cm or lower
after thermal processing while securing a heat resisting

property which would not create hillocks or the like even

25 in the presence of heat at about 250 degrees Celsius.



bel onging to the group X and fromO0.2 at%to 0.8 at% as for the

el ements belonging to the group Z. The content of each elenent in the
case of adding two or nore elenents nay be determned with reference to
the total content. 5 As shown in Table 1 which will be described |ater,
the elenents belonging to the groups2% and Z are sel ected based on
exanpl es regardi ng heat resisting properties and the effect of reducing
the electrical resistivities which were confirmed through experinents,
the criteria for selection 10 can be explained with reference to the

t enper at ur e- sThkesslenanze belancAhgaldoytie | grehpwi immFilge Mg, That is,
in Fig. 11, the synbol A denotes pure A, the synbol B denotes Al alloy

t o whi chud here) ementedel ohgi pY, tba, tbe, greypcy, i shadded, randubhe psynbol
C denotes Al alloy to 15 which the elenent belonging to the group Z is

added. The Apall@yahd! iy B feomhichchhengl srencbelgrgi eyt Be Bidlhe
group X is added exhibits greater conpressive stress wth an increase

of the tgegp er@é%ﬁﬂ”&%&%ﬁ&%ﬂ grow f 48 SUpRE eseed duing tihe

initial stage of e tenperature 20 increase, graln growh starts at a

re' ati Vﬁé%?é tegﬂ?ﬁraé“rPe&]ﬁ‘? e§! rS%écEgHéégt' E@s%%%ig}gso%%' y ¢ thin

narr Yatlre ran 'S considere at "the ved
o eren ﬁéﬁ%ﬁ?%é&‘ﬁtﬁ 3% LN, M IR B
A 2dvanges, 2o e g8 vl A% 168l ERRLELLYY! atd%r.OpSM'egn%ﬁCErda”%e wth
elements bkelonging to the group Z may be Ti, V, Zr, Nb, Mo,
Hf, Ta and W, from which one or two tLypes may be used. For

10 effective exhibition of an improved heat resisting property
and a reduced electrical resistivity duer to addition of
these alloy elements, the amounts of the added elements
needs be from 0.1 through 1 at3.

Any element belonging to any one of the groups X and Z,

15 if added in the amount below 0.1 at%, will nct achieve the
levei of the heat resisting property intended 1in the
present invention, whereas when the content of the elements
belonging to the group X exceeds 2 at% and the content of
the elements belonging to the group Z exceeds 1 at%, the

20 effect of reducing the electrical resistivity of the film
material will be insufficient although the heat resisting
property will improve more than needed. Considering both
the heat resisting property and the lowered electrical
resistivity of the film material, a preferable amount to

25 add 1is from 0.3 at% to 1.8 at®% as for the elements



deposition. Nanely, the electrical resistivity is sufficiently |owered
at arelatively low heating tenperature. On the other hand, further
heating with 5 conpl ete stress rel axati on pushes out crystal grains due
to conpressive stress developing insige the thin filmand easily
results in creation of hillocks or the like. The heat resisting
tenperature of this alloy is considered to be around a tenperature of
stress relaxation. 10 On the other hand, the Al alloy filmto which the

el ement bB%RQ?thtE%ﬁge g%ﬁh&pxzah%l %ﬁ%ﬁﬂ Sy ly, @xhilid s, great er
conpressive réss w n-increase o e tenperature, and grain

grow h Al starts [n.a_si.m|ar enperature r e. wever,_.the
eIenentgLﬁeﬁéﬁﬁﬁﬂgstbegﬁggiggg%8u6%f ﬁgcﬁ%¥#ﬂseg@%?éﬁgﬁﬁ%“ﬂf§§6?V35
state anﬂ preci,%iatate as intgrrretal |ic conmpounds at _a rel atively slow
speed, EhBTFRterdket'dld i c@TonBouRdsipPedihl A eMgF GdGAFMER IR f1FYh R wi de
tenperature range, and stress relaxation occurs gradually as the

preci pi fatrsRingReyifhagelerens (thetdrorle tedk&STsiegififi cant heating and
a considerably long tinme until stress relaxation occurs sufficiently,
thé dissol v&d ehewentis dewdst lemhilcdl yigdedigpidestar ided jitemetdle i c

conpounds while grain growh of Al progresses and the electrical

resi sti eileypeotst beloogheg et dhicalgrofur2s ¥ kad i1 mizreconedioad drrourgh, for

whi ch amount the heat 29 resisting property enhances. In short, as

conpar ednw ¢emit hes elrementcsi re| bagingrd 0l 4 thengr puppXritikes ehadentlse
effect of reducing the electrical resistivities which were
confirmed through experiments, the criteria for selectiocon

10 can be explained with reference to the temperature-stress

curve on an Al alleoy film shown in Fig. 11.

That 1s, in Fig. 11, the symbol A denotes pure Al, the
symbol B denotes Al alloy to which the element belonging to
the group ¥ is added, and the symbol C denotes Al alloy to

15 which the element kelonging to the greoup Z is added.

The Al alloy film B to which the element belenging to
the group X 1is added exhibits greater compressive stress
with an increase of the temperature. Although grain growth
is suppressed during the initial stage of the temperature

20 increase, grain growth starts af a relatively low
temperature and stress relaxation occurs abruptiy within a
narrow temperature range. It 1is considered that the
dissolved element present in this alloy deposits as an

intermetallic compound within a short period of time at

25 this stage and that grain growth of Al advances and the



bel onging to the group Z are nore effective in inproving the heat
resisting property as they nore slowy deposit as 5 internetallic
conpounds, and thus, it is possible to sufficiently inprove the heat
resisting property even when the anp%@t of adding these elenents is
suppressed relatively small. Wile the electrical resistivity is
dependent al so 10 upon the anobunt of adding the alloy elenents, the

el enents belonging to the group Z, when added in smaller amounts than

the el ements belonging to the gro X are, reduce the electrical
resistigﬁﬁ§%§&§ﬁﬁat HWETVely Hgapﬁeaﬁﬁhg A APEFREEr e ALl aF i ed
later in relation to an exanple 15 (Tahle 1). Further, the elenents
bel ongi A§PPS 1ERE gr oup Famed ¥y houlh® cark ifstt e HddedeFhSSd R War gbSs
amounts as the amounts of adding the el ements bel onging to the group X
are chasiétecizadlivn t haverRdy afé unfi kefglabliviave voles 20n¢Hbles)
when deposited as electrode filnms. In other words, when an el enent
whi ch pregippircates.as abni ntley nettaldld c hagdnpolindtaelr akeahérowi whth a
narrow tenperature range during heating is chosen |ike those el enents
belSongi mgmpd e tiehe tgreeup 1,1 atkdae oy @ugrraisn @riowtty sichvianeesind hdust tonger
25 the tensile stress created inside the fil mbecones during 30 cooling
down tocampeemstierpersatuse afséeslbehhonginsdeh thooulctiier edt émvoans.
However, in the case of alloy from which an internetallic conpound
preci pi takkag yoraskigldy oWekreation of hillocks or the like. The
heat resisting temperature of this alloy is considered to
be around a temperature of stress relaxation.

10 On the other hand, the Al alloy film to which the
element belonging to the group Z is added similarly
exhibits greater compressive stress with an increase of the
temperature, and grain growth of Al starts in a similar
temperature range. However, the elements belonging to the

15 group 74 is diffused from the dissolved state and
precipitate as intermetallic compcunds at a relatively slow
speed, the intermetallic compounds precipitate gradually
within a wide temperature range, and stress relaxation
occurs dgradually as the precipitation takes place. It

20 therefore takes significant heating and a considerably long
time until stress relaxation occurs sufficiently, the
dissolved alements almost entirely precipitate as
intermetallic compounds while grain growth of Al progresses

and the electrical resistivity of the mother material of

25 the film become low enoucgh, for which amount the heat



time in accordance with a tenperature increase like the 5 el enents

bel onging to the group Z, since precipitation and grain growh are

i nterrupted upon heating to the sane tenperature range as that for the
group X, stress relaxation does not jprogress sufficiently, and
therefore, the tensile stress which remains in the film decreases 10
duri ng subsequent cooling down to a room tenperature. Cbnsidering this,
for prevention of voids attributable to the tensile stress,

desirableg tg §g%e @%qyea Scebel o ng, &9 t he, gr h r son
£ %’1’?1’3.‘ £, N Jr aup %r é G
t hat theggonten %& h % ﬁe nﬂh Sérves as The basé o
added ahh , LS _se Ee ran fron1 0.1 to 6 at% in.the prese
inventi i 8@36&@ H? Opglg to ﬁBSrtgﬁPuPeq&ireﬁ%ﬁ? rﬁ% the
heat E itlng 5 g of the AI allg% fq:n1an Ni or the | i
concent Patea9ifdy aﬁ ¢ h8TE5Rt dtt 2 nit F& i Th-1He bPXéWQﬁQQ&W%des
20 and reduce the contact resistance with the plxel el.ectrodes. |If the
cont ent B RPasr 1e9d S5 RY iIFIRGTOW 21 BR9Y PPIPsS ﬁ@tﬂuﬁ%HQﬂ%?t%ﬁ
attain the level of the heat resisting roperty intended in the present
i nvent i dAteretRiL16F t FEMPPKREScon@8AY r &NEF /| aydr drieatksth Htb ke *ednt act
interface 25 with the pixel electrodes becones insufficient, and a 31
sati sf asudfycebnécly afnpredicitite theattoneatstiesi prapes tivs evest Wirai ned.
On the contrary, if the content of Ni or the |ike exceeds 6 at% the
el ectri thk. rasiwstti vi by ofaddiendl thekey fallamdrttsel f iEncraggesesddd
response speed of the
relatively small.
While the electrical resgistivity 1is dependent also
10 tpon the amount of adding the alloy elements, the elements
belonging to the group Z, when added in smaller amounts
than the elements belcnging to the group X are, reduce the
electrical resistivity even at a relatively low heating
temperature as clarified later in relation to an example
15 {Table 1).

Further, the elements belonging to the group Z,
although can ncot be added in such large amounts as the
amounts of adding the elements belonging to the group X,
are characterized in that they are unlikely to have voids

20 (holes) when deposited as electrode films. In other words,
when an element which precipitates as an intermetallic
compound all at ocnce within a narrow temperature range
during heating 1is chosen 1like those elements belonging to

the group X, the more grain growth advances, the stronger

25 the tensile stress created inside the film becomes during



5 pixels slows down, the consunption power increases and the quality as
a display deteriorates to an inpractical extent. Noting these

advant ages and di sadvantages, it is desirable j that the content of N

or the like is preferably fromO0.1 at% or over, nore preferably from
0.2 at%to 6 at% and 10 even nore preferably 5 at% or |ess. According
to the present invention, forming the Ni or the |ike concentrated | ayer
in the surface of the Al alloy filmis effective for reduction of the

cont act cgﬁgagl;;ge(gg@(@regt BRY aclopeshstanceleal, the coptact i plerf ace

W th 15 ectrodes, "and ness hce rated
| ayer ferably from,O. 5n or thicker, ,_nore prefe ablly from1.0 nm
to 10 nAPCAfd FUTt Her YOpREt er aBPYSE hm o {HRNGAOTHe! avdriage MO
concentration of this concentrated | ayer is referab double or nore
of 20 tHE‘l&\‘?era&géWE@rﬁar AtiCor MR Y é%ﬁeicr Watdd o 394 L eV ehor e
preferably, 2.5 tines or nore, In an Al alloy filmcontaining NI or the
i ke, NtiBe imeacaeeds@fend'ihe ol LOPPEEFLRFRAI tinFradsor L1EKe | FRe
inside the Al alloy filmprecipitates at the grain 25 boundaries of Al
al Poy deéementivetrfalontriceestsd nghor 9raer32, ISikee Pyraringfatpraci pidating
Ni or the like is diffused and concentrated in the surface of the Al
al | oy figrminandroathNi ape tieterkep cehcentarat éddtayer ite f bheedsame
Further, according to the present invention, a halide of NI or the 5
| i ke, diuembperiattsidcow vapps paessuhet dogs noth&ol atichipze X, stress
relaxation does not progress sufficiently, and therefore,
the tensile stress which remains 1n the film decreases
10 during subseguent cooling down to a room temperature.
Considering this, for prevention of voilds attributable to
the tensile stress, it is desirable to select the elements
belonging to the group Z.
The reason that the content ¢of N1 or the like, which
15 serves as the base ¢f added alloy, is set to the range from
0.1 to 6 at% in the present invention is because this is an
importanf reguirement to secure the heat resisting property
of the Al alloy film, form an Ni or the like concentrated
layer at the contact interface with the pixel electrodes,
20 and reduce the contact resistance with the pixel electrodes.
If the content of Ni or the like is below 0.1 at%, it is
not possible to attain the level of the heat resisting
property intended in the present invention, the Ni or the

like concentrated layer created at the contact interface

25 with the pixel electrodes becomes insufficient, and a



easily during etching of a contact hole for instance and stays in the
surface of the Al alloy film so that the concentration of NN or the
like in the surface of the Al alloy filmbecones higher than the
concentration of Ni or 10 the like of the Al alloy bulk material. It is
therefore possible to control the cont¢entration of Ni or the like of
the surface | ayer, the thickness of the concentrated |ayer and the |ike
by neans of proper control of conditions for the etching. Wile
dependi ng upon the el ements belonging 15 to the groups X and Z, the
el enent mayigéecpanti atffectontemedaicédad oves dcohbastr frace dtayare side at
this stage, the technical scope of the present invention covers that as
wel | . Whenta othitsphayl .devinc & hiencloamdirag t,he fTREhargayter20 stibigt rat ethor med
in this manner is used as a liquid crystal display apparatus for
instanceliike isxd@ddoHnby apessSithe toechirhicailzerddiestelectyi e@l dmesi Blance
between the pixel electrodes and the interconnection portions for
connecti@njchut ralgo prevent defieelessuchnas hedpOrks M t ot hendd
effect of thé inproved heat resisting property because of 33 the
exi st ence ;qf, 1the, 1) erment,s, | nehidednbinbReodr RS rX i3t e dse SULANCE N,
si nce thg el ement's 1 ncluded in tﬁe grohps X gaﬁ% Z fornllnternetaF?lc
conpound r. Wt he Al X Bt daly NP £ i%(
pr eci pi tgl_tué(ig_ﬁg{]%g g \f{lcsfpnﬁﬁdoef_ leC% grai n_e{)_oundalr |%S%C{r£c&rl%/s %F%qgéti on
of A W%b%@ﬂdsgﬂ&%é“%é%éh@?é&%'%%d'%i%%%%ghk%%%%,aQQ:tfg desirable
”) that the content of Ni or the like is preferably from 0.1
at% or over, more preferably from 0.2 at% to & at%, and
10 aven more preferably 5 at% or less,

According to the present invention, forming the Ni or
the like concentrated layer in the surface of the Al alloy
film is effective for reduction of the contact resistance
(direct contact resistance) at the contact interface with

15 the - pixel electrodes, and the thickness of this

concentrated layer is preferably from 0.5nm or thicker,

s

more preferably from 1.0 nm te 10 nm, and further

preferably 5 nm cr thinner. The average N1 concentration

of this concentrated layer is preferably double or more of

20 the average concentration in the entire Al alloy film, and
more preferably, 2.5 times or more.

In an Al alioy film conftaining Ni or the like, Ni or

the 1like beyond the solubility limit of Ni or the 1like

inside the Al alloy film precipitates at the grain

25 boundaries of Al alloy due to thermal processing or the



electrical resistance of the matrix material decreases, and hence, it
is possible to suppress an adverse influence over the quality of a

di spl ayed i mage as much as possible. 10 Aliquid crystal display
apparatus was fabricated as an experwpent according to the enbodi nent
above of the present invention, and it was confirnmed that both the
production yield and the display quality would be equally good as or
better than those which would be obtained by a 15 conbination of an I TO

fil”‘andtﬁ@grigrpgﬁkakxg?%r@%%g%?%?%n?0¥ﬁﬁh}fhEﬁelﬁﬂ%ﬁd féyaﬁ%kggkap!ay

apparatus, it Is'therefo achi eve equival ent capabilities
to those of a _conventignal |iquid crystal_ -displ a rat us,_w thaout
disposiﬁﬁu%a ??%?n%ﬁ?éfg %Ené@% 5%??%%%% ? %ggr?%Téﬁgﬁ%Y gbl@inﬁpl i es
t he manuf acturi ng _processing and contributes taq reduction of a

Ul aGtHt | ). CBSEReRIrO O TR e et BYETL 5 i ¥ o SGPFTEEGNt Iy

| ow el ectrical, resistivity at a relatively | ow heating tenperature such

as 250 SN Telei (e PreseTposidi - ¥4 f uRt Rek 18R &fgd't her25heange
of choices of the types of the materials of the 34 display device, the

pr otessihgkeondiei s, 16t c OB Farpy | Rrassehematioe Sexp? andP ey 1Hilé® of
an enlarged cross sectional surface of the structure of a thin film
t ransi st@rsiakye oddihgdt ¢lotthey enbodi memtaghi chole Foapplieadhect anche
array substrate of the present invention, and in the illustrated
exanpl e,s@aythi nnf ithe t samsiestorof hahendit helfiop gatlnst sact tneti $hesed.
concentration of Ni or the like in the surface of the Al
allcy film becomes higher than the concentration of Ni or
10 the like of the Al alloy bulk matefial. It is therefore
possikble toc control the concentration of Ni or the 1like of
the surface layer, the thickness of the concentrated layer
and the like by means of proper control of conditions for
the etching. While depending upon the elements belonging
15 to the groups X and Z, the element may get partially
concentrated toward the surface layer side at this stage,
the technical scope of the present invention ccovers that as
well.
When a display device including the TFT array
20 substrate formed in this manner is used as a liquid crystal
display apparatus for instance, it is not only possible to
minimize the electrical resistance Dbetween the pixel
electrodes and the interconnection peortions for connection

bhut also prevent defects such as hillocks owing to the

25 effect of the Iimproved heat resisting property because of



As shown in Fig. 13, a scanning line of an Al alloy filmis forned on a
transparent substrate la, and a part of 10 the scanning line functions
as a gate electrode 26 which controls turning on and off of the thin

filmtransistor. A signal line of Al zalloy is forned such that the
signal line intersects the scanning line via an inter-layer insulation
film(SiOx), and a part of the signal line functions as a 15 source

el ectrode 28 of the thin filmtransistor. In a pixel region on the
inter-| L s Lon. ki S rsther8 J&a R xgle el egtped of an
I TOfilm i%ﬁ g%gﬁgﬁt%?nggbb% %ﬁ%%ns Sn \H§%1I%ZCB ?o% ?n%§a§c§? whi | e

a drain el eglrode 29 of Al %'?%&%‘}ne%*%% tﬂ&%&&%}&". Efmaf{ﬁ{ét@’éo ;8? X
functions as a connéction el éctrode portion IcCh™ 1S electfrcally
connect ed 'gh %he pLx%I el cﬁgode S. That .is, tQ@g%{ain Ele tro%ﬁ 29
of Al al? £ AR ¢ R ST 1t an ST R VLR e ISR attEland§ s
electricallg,connected wth the gixel el ectrode 5. 25 Hence,,K as a gate
vol t age B&E¥kH 176 UErd odat eNel &t r 688 35 K96 Aida PRBCLRARAFRG 1% n&T6n the
TFT array substrate as in the example shown in Fig. 2 described
ear?i er ViR iR noft iYd tFemst sPeENHarAsSon TaTd & Idrli M afolatagetf éd in
advance to the signal line reaches the pixel electrode 5 fromthe 5
sour ce effektl odes 28thé a makr bk ai habeeedt odes29faghadisgtede aae véhe
vol tage of a predeternmined level is supplied to the pixel electrode 5,
a potentéldctiridel eneel scagreat &dthie onntahxopposedael detredectl asnd

.. described inrelationto Fig. 1, :

hence, it is possible to suppress an adverse influence over
the quality of a displayed image as much as possible.

10 A liguid crystal display apparatus was fabricated as
an experiment according to the embodiment above of the
present invention, and it was confirmed that both the
production yield and the display guality would be equally
good as or better than those which would be obtained by a

15 combination ¢f an ITO film and barrier metal (of Mo, etc.).
With this liquid crystal display apparatus, it is therefore

J) possible to achieve equivalent capabilities to those of a

conventicnal liquid crystal display apparatus, without
disposing barrier metal. Hence, omission of barrier metal

20 simplifies the manufacturing processing and contributes to
a reduction of a manufacturing cost. Further, it is
possible to realize a sufficiently low electrical
resistivity at a relatively low heating temperature such as

250 degrees Celsius, 1t 1s possible to further enlarge the

25 range of choices of the types of the materials of the



liquid crystal nolecules contained in a liquid crystal 10 |layer 3 are
aligned and light is nodulated. A nmethod of producing the TFT array
substrate shown in Fig. 12 will now be described. The thin film
transistor forned in the array substrate according to this enbodi nent
has the top gate structure which uses a polysilicon (poly 15 Si) film as
a sem conductor layer. Figs. 13 through 19 are 1 draw ngs which
schematically show steps of producing the J array substrate according

to the %%dafm‘ggantw{%]%ﬁﬁ%@(@%ﬁ@ﬁ%&@@par atus or the

li ke for I'nstance, a ’si ose film 20

t hi ckness i s .about. .50. nm an silic i d i film S i
t hi ckness is}ﬁﬁ%uﬂj? lﬁﬂ%ﬁhﬁ%ﬁ%&éi%%%P%%a§0£§u%§%Wa?e ?ﬁﬂ%gigggFglof
about 300 degrees Celsh;s fo t her r phous

ﬁ exagplq? an fu& , Aan_a
si |'i con HRRT d8SEELSNAE) SYi43TwnBse FiF nPthlEkHESs 9% About™ 50 A or
exanple is 25 then deposited, which is followed by thermal processing
and 36 GLETShieal PRGOS he plr posEReF tLﬁWFQ%;W?ﬁg anbrsious 15
silicon hydride (a-Si:H) filminto polysilicon. The thermal processing
maly5 be a%?ﬁ)]slﬂﬁilﬂ% E%et?%la%‘?%ﬁée%‘é@ﬁgr%ﬁe %509@9417993@§Feé§‘7@€fcépﬁ8 for
about one hour, and after 5 dehydrogenation, using an exiner |aser
anneal i mpappar aktbe  FlorisHsatake exaawde i sai rifadi atfddrupsnangéstor
anorphous silicon hydride (a-Si:H) filmwth the energy of about 230
ml/ cn? florviexanpie, taheyeby st potiygiei conugpdly-Si) film having the
.. thickness of about 0.3pmfor instance is
As shown in Fig. 13, a scanning line of an Al alloy
film is formed on a transparent substrate la, and a part of
10 the scanning line functions as a gate electrode 26 which
controls turning on and off of the thin film transisteor. A
signal line of Al alloy 1s formed such that the signal line
intersects the scanning line via an inter-layer insulation
film (Si0x), and a part of the signal line functions as a
15 source electrode 28 of the thin film transistor.
In a pixel region on the inter-layer insulation film
(Si0x), there is a pixel electrode 5 of an ITO film which
is obtained by mixing Sn0 with In;03 for instance, while a
drain electrode 29 of Al alloy of the thin film transistor
20 functions as a ccnnection electrode portion which is
electrically connected with the pixel electrode 5. That is,
the drain electrcde 29 of Al alloy of the thin 'film
transistor directly contabts and is electrically connected

with the pixel electrode 5.

25 Hence, as a gate voltage is fed to the gate electrode



10 obtained (Fig. 13). Following this, as shown in Fig. 14, the
polysilicon (poly-Si) filmis patterned through plasma etching, etc.
As shown in Fig. 15, a silicon oxide (SiOx) filmis deposited into the
filmthickness of about 100 nmfor 15=exanple, thereby obtaining a gate
insulating film27. After filmdeposition of an Al alloy filmwhich

W ll becone 9 the gate electrode 26 integrated with the scanning |ine
on thus obtained gate insulating film27 into the film thickness of

b 2 m f i NG i h i Al al |
Foom i o ol ey fbs IANEGRYLORN LETCRS, Wil WBor A0 LEL-R0E S 3t ode
26 integrated w obt.ai ne in Fi.g. 16,

éh t he sc%nni ﬁ line is opta %. As showgh
2 ok TAS{ REATITEd At h & bhdt ofest SPC5108Rd SAdpad b { A BhdHbr us
at about 50 keV to 25 1x1015/cnR usin an)ion i, mpl ant ati.on appar atus or
the 1iket57 “F@RSeRbApl BUCERePRbY Fornthg Van VA EpGRy S84 don 3V 35S - Si )
filmlocally within the polysilicon (poly-Si) film and the photoresist
31 is therehft 4 98Ed ppodtt Fortlotwedthy PHeralel $+locedsi ag faeraddit 500
degrees Cel sius for instance which 5 causes diffusion. After this, as
shown i #oFFge @¥echrefpi é6nvaxi dée (Bia) ¢leatieddeplsi ead st dhche
filmthickness of about 500 nmfor exanple at a substrate tenperature
of aboutir266 vdégerges «CGelzipsedsiagmanpbadmeweCVD aappapal sdf ao extepl e,
10 thereafter formng an inter-layer insulation film a

pixel electrode 5, a potential difference is created from

an oppcsed electrode 10 as described in relation to Fig. 1,

liquid crystal molecules contained in a 1liquid crystal

10 layer 3 are aligned and light is modulated.

A method of producing the TFT array substrate shown in
Fig. 12 will now be described. The thin film transistor
formed in the array substrate according toe this embodiment
has the top gate structure which uses a polysilicon {poly-

15 §i) film as a semiconductor layer. Figs. 13 through 19 are
drawings which schematically show steps of producing the
array substrate according to the second embodiment.

First, using a plasma CVD apparatus or the like for
instance, a silicon nitride (SiNx) film whose film

20 thickness is about 50 nm and a silicon oxide (8i0Ox) film
whose film thickness 1is about 100 nm are deposited at a
substrate temperature of about 300 degrees Celsius for
example, and further, an amorphcus silicon hydride (a-Si:H)

film whose film thickness 1is abcut 50 nm for example is

25 then deposited, which is followed by thermal processing and



photoresist is simlarly patterned, thereby dry etching the inter-I|ayer
insulation (Siox) filmand the silicon oxide filmof the gate
insulating film27, contact holes are forned, and after film deposition
of an Al alloy filmby 15 sputtering into the filmthickness of about
450 nmfor exanple, the Al alloy filmés patterned and the source

el ectrode 28 and the drain electrode 29 integrated wwth the signal |ine
are formed. As a result., the source electrode 28 and the drain

el ectrode 29 are brought into contact with 20 the n' polysilicon

(n' pol y- $hyeti laMreagi ry af@r CORkaghirielse. oA Bithee§ Rtk dend:PMdsfilm
is then deposited, as an inter-layer insulation film into the film

thi cknessg; of -oaboy,a39@enmbokiexanplre 1at a3 SUPSIALR ihaNRA] at ur erpd
about 250 degrees | sius using a plasma CVD apparatus for 25 exanple as

shown i n.Fj 8 f.or m h resi a ! IS,

t he siliggﬁgﬁﬁgr 5§%%§%ﬁ&% g?&%?%s%tggg~2F§§é$%§%§“59'§ﬁ§)etéﬁgﬁ%h%€r

i nst ance on t -h 32.is.f i i .Li go itride i Nx)
i s erE T ooBd By oo ioa T By Tor t ne Broe Speo Sluel RE s Y
am ne-ba eg tripper.solutian or the like in_a_simlar . fashion to that
desEri b CABOYRIRNELORanITd ) Hbars BT OR5GEn SPrSerd "For B as
shown in _Fig. 19, an ITOfilm is deposited as described earlier and
pat t er ned°thr dUGHENEE " et @RPRY, therdBP G fithg TR pi RIS 5.
While the 10 drain electrode 29 is brought into direct contact with the
pi xel el ééLi688 HYaIidey s PHockesst nite hEhRi egerane of about 230

nd/cn® for example, whereby a polysilicen (poly-35i) film
having the thickness of about 0.3pm for instance 1is
10 obtained (Fig. 13).
Fellowing this, as shown in Fig. 14, the polysilicon
(poly~Si) film is patterned through plasma etching, etc.
As shown in Fig. 15, a silicon oxide (8i0Ox) film is
depcsited inte the film thickness of about 100 nm for
15 example, thereby obtaining a gate insulating film 27,
After film deposition of an Al alloy film which will become
the gate electrode 26 integrated with the scanning lins on
thus obtained gate insulating film 27 into the film
thickness of about 200 nm for instance by sputtering or the
20 like, the Al alloy film is patterned by plasma etching or
the like, and the gate electrode 26 integrated with the
scanning line is obtained.
As shown in Fig. 16, a mask is then formed with a
photoresist 31 and doped with phosphorus at about 50 keV to

25 1x10*/cm® using an ion implantation apparatus or the like



\n,./

| i ke concentrated layer is formed and the contact resistance decreases
at the interface between the Al alloy filmformng the drain electrode
29 and the pixel electrode 15 5, and as for the Al alloy filmitself,
deposition of NN or the elements belgnging to the groups X and Z as
internetallic conpounds pronotes recrystallization of Al and the
electrical resistance of this filmitself greatly decreases. 20 For
stabilization of transistor characteristics, annealing is thereafter

erfor t 25 e | s f or - QF OUL i.ch.
gonple??%”?ﬁ% p 3%1|?ggggb F%C§§?5§jg%%s?ra?ggy%é?ggoﬁthTE¥@gr?é&
substrate .accordi to, t.he second ., 25. enbodi nent described above,and a
T qui 0 cryat oo o o SR arRe L PR e HheS TETE arTiay S0 Pat o,
simlar effects to ose cording to the first_exanple described
Sar || o RIGE OBt Toa ! Part RBFread hr cihe amad Med bYe hachRd
exanple as well permts use of the Al alloy 5 according to the present

i nvent i GFAELSE T | 2kt fBAVT P8t FSdEEF &5 etiwttion- typearfguliaichyst al
di splay. The material of the pixel electrode 5 described above is

pr ef er abt31i597i dird 4L @%i de or indium zinc oxide, and it is desirable
that the electrical resistivity of the Al 10 alloy filmis adjusted to
7p1 cmor | dstar mivis, peefeslabiy SpQemiior | 8és by dépgdsiom ngxddme or
all of the alloy conponents dissolved in the non-equilibriumstate as
{S10x) film 1is deposited into the film thickness of about
500 nm for example at a substrate temperature of about 250
degrees Celsius using a plasma CVD apparatus for exanple,

10 thereafter feorming an inter-layer insulation film, a
photoresist is similarly patternéd, thereby dry etching the
inter-layer insulation (Si0Ox) film and the silicon oxide
film of the gate insulating film 27, contact holes are
formed, and after film deposition of an Al alloy film by

15 sputtering into the film thickness of about 450 nm for
example, the Al alloy film 1s patterned and the source
electrede 28 and the drain electrode 29 integrated with the
signal line are formed. As a result, the source electrode
28 and the drain electrode 29 are brought into contact with

20 the n'" polysilicon (n"poly-5i) film each via a contact hole.

A silicon nitride (SiNx) film is then deposited, as an
inter-layer insulation film, into the film thickness of
about 500 nm for example at a substrate temperature of

about 250 degrees Celsius using a plasma CVD apparatus for

25 example as shown in Fig. 18. After forming the photoresist



internetallic conpounds or formng the concentrated |layer. Wile a

nmet hod of formng the Al alloy fil mabove nmay 15 be vapor deposition,
sputtering or the like, sputtering is particularly preferable. Hence,

t he present invention covers a sputteygng target made of Al alloy which
contains, as the materials for formng an Al alloy filmhaving the
above conposition, 20 substantially the sanme conposition as the
conposition described above, i.e., contains 0.1 to 6 at% of at | east

one elemenl-selectad fyom therd olpcons shive;l N da) fnpcugnd o

as an alloy conponent o of a east one e ected
fromthe ou onsistin f 25 Or. Wn Rﬁ Rh, Pd, 1t, Pt, Ce,
Pr G, E70- Cee SRy S B0 et i n O Ut BRAZBY Sor 0 PN REGUH I at o6
of at |east one elenent, selected fromthe groy onsisting of Ti, V,
Zr, ggwﬁ? rmeg éﬁdtﬂ}su§ﬂhdcpﬁen?ﬁflgﬁrA?lgﬁﬁsﬁFéﬁb t hus obt ai ned,
aliquid 5 crystal disilay agparatus serving as a _di splay device as
that shown i AlEFgis1taéderrhedYedtfioPing odnpihét &dobareshiort ,uiHe
surface of the TFT array substrate thus conpleted is coated with
poPyi m de, andnicedpaged ribbeben osotReteby ofortican! D¢ edtata onitilad 10
On the other hand, as for an opposed substrate 2, chromumfor instance
i s pattérpbdonntte atlnat r drsomibegl a8sovaubsteat esdnidica by gheasisi ebdi ng
film9 is formed first. Color filters 8 of red, green and bl ue resins
are thenxygen plasma for example as shown in Fig. 19, an ITO film
is deposited as described earlier and patterned through wet
etching, thereby forming the pixel electrode 5. While the

10 drain electrode 29 is brought into direct contact with the
pixel electrode 5 during this processing, the Ni or the
like <concentrated layer 1s formed and the contact
resistance decreases at the interface between the Al alloy
film forming the drain electrocde 29 and the pixel electrode

15 5, and as for the Al alloy film itself, deposition of Ni or
the elements belonging to the groups X and Z as
intermetallic compounds promotes .recrystallization of Al
and the electrical resistance of this film itself greatly
decreases.

20 For stabilization of transistor characteristics,
annealing 1s thereafter performed at about 250 degrees
Celsius for about one hour, which completes the polysilicon
TFT array substrate.

Using the TFT array substrate according to the second

25 . embodiment described above and a ligquid crystal display



N

formed in gaps within the light shielding film9. A 15 transparent
conductive filmof ITO or the like is disposed as a comon el ectrode 7
on the light shielding film9 and the color filters 8, which conpletes
an opposed el ectrode. The top-nost | gger of the opposed electrode is
coated with polyimde for instance, dried and rubbed, whereby an 20
orientation film21ll is obtained. The surface of the array substrate 1
and that of the opposed substrate 2 bearing the orientation film1l are
t hen op agal nsi . ot he an he u re - to
each ot%1 %%y a sea*“%g%%%? I E%emh?gﬁ ngé%ggﬁaq%%5$%§?%@bxcgp§9?§? an
injectia nl.et for_introduction of 41 kiq%Ld rystal s, At this,stage,
ERE-TES

by inter %qq%wF%ft Osgpg&ﬁpr I%%tﬂ%e% he 7t §ﬁE§WF5 egegFréPﬁgrmjse
appropriately, the gap,between the substrates.i s _.mintained

appr oxi rﬁaﬂ%%ﬁrco%? aﬁg.ta%”?ﬂe enEP{}IC%gFr G5t a]rrheghﬁn i nBRABP 1 Ps
placed in vacuum and with the injection inlet inmersed in |iquid

cryst al P& haeprBes HFEHRRL G efdr rf‘é%i)oaé’@rf“éttgheu%@ mesphefec Alpr 8dsve
gradual |y, whereby the liquid crystal material containing the liquid
cry®t al G IH|TELt e8I ntd St hPTERATE 10188ENE1aN] | GF d &ry5eALeF&YeR is
formed and the injection inlet is closed. At last, polarizer plates 10
are bondeectimpdhecbot ik outert senflanes bidqehe cevstahhilthptanpl etes the

liquid crystal panel. Further, as shown in Fig. 1, a driver circuit for
The material of the pixel electrode 5 described above

is preferably indium tin oxide or indium zinc oxide, and it
is desirable that the electrical resistivity of the Al
10 allecy film is adjusted to 7uQ * cm or less o©or more
prreferably 5uQ - cm or less by depositing some or all of the
alloy components dissolved in the non-equilibrium state as
intermetallic compounds or forming the concentrated layer.

While a method of forming the Al alloy film above may

15 be vapor deposition, sputtering or the like, sputtering is
pa:ticularly preferable.

Hence, the present Iinvention covers a sputtering
target made of Al alloy which contains, as the materials
for forming an Al alloy film having the above composition,

20 substantially the same composition as the composition
described zbove, 1.e., contains 0.1 to 6 at% of at least
cne element selected from the group consisting of Ni, Ag,
Zn, Cu and Ge as an alloy component and 0.1 To 2 at% of at
least one element selected from the group consisting of Mg,

25 Cr, Mn, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr, Gd, Tb, Sm, Eu, Ho,



15 driving the liquid crystal display apparatus is electrically
connected with the liquid crystal panel and arranged in a side portion
or a back surface portion of the liquid crystal panel. Wth a frane

i ncluding an opening serving as a diggpl ay surface of the liquid crystal
panel, a 20 back light 22 acting as a surface |ight source, a |ight
guide plate 20 and a holding frane 23, the liquid crystal panel is held
and the liquid crystal. display apparatus is conpleted. Exanples 25

Wi | e the prgsent, i pyenhionidd now herdesieri begsi gr42: gegakelofetails
with reference to exanples, "the present invention s not restrlcted by

th b fi.cat t
ese é‘?%&?éﬁgeglé'%e%%d Br h@h@gg?i&gﬂt }%EE(J_J RRY p”fatr‘f{d”?g' ercaNon 0

the exte & intentio I'oned ear |er scri’'be

bel ow. .Tho |f|c ons all fall within the technical scope of the
inventl%%’siﬁ ?ea 8V\{?Ifh respect to the Al alloy films, which are shown
in Tables

d 11, hav 0 ,
t he electrlgg? ?%sFQ?aﬁ%gggﬁﬁﬁﬁé %Hf ‘¥§L ﬁﬁgcggkﬁgFg an%g OSI ?RZ

Al _alloy filns brought in direct contact with pi xel electrodes are
medsur et ¥PEe t hE1Ske&tY r¥REF S pPEpELtifes2 T hil Idd(ﬁPlt?éhs?i? V} CEpci¥

heating of the Al alloy filnms at 250 degrees Celsius for 30 mnutes 15
are i nvelafgaiedn in Fig. 1 described earlier is completed.

In short, the surface of the TFT array substrate thus
completed 1is coated with polyimide, dried and rubbked, to
thereby form an orientation film.

10 On the other hand, as for an opposed substrate 2,
chromium for instance i1s patterned into a matrix on a glass
substrate and a light shielding film 9 is formed first.
Coclor filters 8 of red, green and blue resins are then
formed in gaps within the 1light shielding film 9. A

15 transparent conductive film of ITO cr the like is disposed
as a common electrode 7 on the light shielding film 9 and
the color filters 8, which completes an opposed electrode.
The top-most layer of the opposed electrode is ceated with
polyimide for instance, dried and rubbed, whereby an

20 orientation film 11 1is obtained.

The surface cof the array substrate 1 and that of the
opposed substrate 2 bearing the orientation film 11 are
then opposed against each other, and the two substrates are
bonded to each other by a seal material 16 which may be a

25 resin except for an injection inlet for introduction of"



"

The experinent to obtain the neasurenents is as described below 1)
Structure of the pixel electrodes: Indiumtin oxide (I1TO obtained by
addi ng 10 nass%tin oxide to indium 20 oxide 2) Thin filmformng
conditions: Gas atnosphere = Ar, Pregsure = 3 mlorr, Filmthickness =
200 nm 3) Heating condition: 250 degrees Celsius x 30 mnutes 25 4)
Content of each elenent contained in Al alloy: 43 Content of each

el enent contained in Al alloys which are investigated in this Exanple

vas Measy Efidb%trﬁzo%ﬁqs%.%t# ”@Hﬁ%i Vgt%?.é'ﬁg%&hﬁ@?g? o‘EE”tﬁ%inO”of a

spectronmetry ne od of neas rical resistivity
of 5 the A alh y thin film:, The electri? I sistivity
S

al_.r t he Al
2 1oy (TERCTT | mivas EHLTFed BYoast P oo reae ot - oS At n
patterns, and those exhjbited the | ectrical resistivity of 7uQ.cm or
e WERT Gt b TRk FabordbPe PBFVEGD t RBe SRR bELbI LSS edtt | ca
10 resistivity exceeding, 700 cm were determ ned defective (x) 6) Mthod
of meastf tREAtReC dPPREPZ EBAEECY CPBSF&Pfvity: Kelvin patterns as those
shown in Fig. 20 (havugghthe contact hole size of 10pm x 10pm were 15
fabricated, and 2MPeyniGrall neBSatBARENtIY atlet hBanae&oridi nglacedwtirch a

current was supplied to ITO-A alloy and a
vacuum, and with the injection inlet immersed in liquid

crystals, the pressure is returned back to the atmospheric
pressure gradually, whereby the liquid c¢rystal material
containing the liquid crystals is injected into the empty
10 cell, a liquid crystal layer is formed and the injecticn
inlet is closed. At last, polarizer plates 10 are bonded
to the both outer surfaces o¢f the cell, which completes the
liguid crystal panel.
Further, as shown in Fig. 1, a driver circuit for
i5 driving the iliguid crystal display apparatus is
electrically connected with the liguid crystal panel and
arranged in a side portion or a back surface portion of the
liquid crystal panel. With a frame including an opening
serving as a display surface of the liguid crystal panel, a
20 back 1light 22 acting as a surface light source, a light
guide plate 20 and a holding frame 23, the liquid crystal
panel 1is held and the liquid crystal display apparatus is
conmpleted.
Examples

25 While Lhe present invention will now be described in



vol tage drop between I TO- Al alloy was neasured using a different
termnal) was perforned. In short, a current | was fed between |1 and
12 shown in Fig. 20, a voltage V 20 between V1 and V2 was nonitored, the
direct contact resistance Rin a congact portion C was accordingly
calculated as [R= (V2 - V1) / 12], and those exhibited the contact

resi stance of 1kQ or | ower were determ ned favorable (o) but those

exhi bited the contact resistance 25 exceeding | kU were determ ned

defectivg ey 442} 1Mt POG, Ofr(?’fi"e;i%fsréé‘%l%hg? 5 14851 $HNOLPLOBERL | es

Under e conditions descri be in fi one were

forred gliss,subst cates, . Then 1) ngyandspace, pabi eng hase, wdt hs

were 10pm were for me vacuum nent Was or ed

degrees . | sius for 30, mnutes, the surfaces of.interconnections ,were
obser ved T HSHRS wi e HHABRF LBFeh 1T SekechabPhio T4 ne o aReLars of
0. 1pm or Iar,ermgﬁf cqunt ed.. Those xhi bited tqe hi | | ock gensit of
1x10- 9/ MEGr- 1Dwer Srverté LR &Sy R8¢ PAFS abPe LEEF baPct hBSECEXRPHI t ed
the hillock density exceeding 1x10-9/n2 were determ ned defective _(x).

8) Met hdte " neadtifSRg vk tiadidiass dt Lt hetéontdditimat e | hgepnical
containing a and the content of a in the concentrated |layer: Wth
respect 3@Rre pafttlvd dméenhifites 15 shown in Tables 1, 3, 5, 7, 9 and
11, the filmthicknesses after thermal processing of the a concentrated
| ayers (N - cotmenie ated |ayer in Table 1, Ag-concentrated |ayer in

With respect to the Al alloy films, which are shown in
Tables 1, 3, 5, 7, 9 and 11, having variocus alloy
10 compositions, the electrical resistances and the direct
contact resistances with the Al alloy fiims brought in
direct contact with pixel electrodes are measured and the
heat resisting properties (hillock density) upon heating of
the Al alloy films at 250 degrees Celsius for 30 minutes
15 are investigated.
The experiment to obtain the measurements is as
described below.
1) Structure of the pixel electrodes: Indium tin
oxide (ITO) cbtained by adding 10 mass% tin oxide to indium
20 oxide
2} Thin film forming conditions: Gas atmosphere =
Ar, Pressure = 3 mTorr, Film thickness = Z00 nm
3) Heating condition: 250 degrees Celsius x 30
minutes

25 4) Content of each element contained in Al alloy:



Tabl e 2, Zn-concentrated |ayer in Table 3, Cu-concentrated |ayer in
Tabl e 4, and Ge-concentrated |layer in Table 5) 20 were identified

t hrough cross sectional TEM observation using "FE-TEM HF- 2000"

manuf actured by Hitachi, Ltd.. Furthernore, the contents of a in the
a-concentrated |layers were determ ned by conponent analysis fromcross
sectional TEM sanples using EDX (Si gnma nmanufactured by KEVEX). 25 The
results are added to Tables 1 through 10. 45 Table 1 Third El ement (X)

Heat e?éfﬁéﬁg B oQgﬂﬁy gigg%%%f B%%ug%%@peu$bng & Ald oy (h % E%%%)

density ter heating at 30 m n) Type e AnDunt

(1 g ol gt st i Ll ot 3 M e

0 6 Nh(fhgugtgve7Coup%eg 91asm8 Jeﬁ@sglgnosgec%rometry me%%o%.o 0 0 11

5) Method of measuring the electrical resistivity of

5 the Al alloy thin film: The electrical resistivity of

the Al alloy thin film was measured by 4-terminal

measurement using Kelvin patterns, and those exhibited the

electrical resistivity of 7TuQ+*cm or lower were determined

favorable (o) but those exhibited the electrical

10 resistivity exceeding 7uQ * cm were determined defective
(x).

6) Method of measuring The direct contact
resistivity: Kelvin patterns as those shown in Fig. 20
{having the contact hole size of 10um x 10um} were

15 fabricated, and 4-terminal measurement (a methced according
to which a current was supplied to ITO-AL alloy and a
voltage drop between ITO-AlL alloy was measured using a
different fterminal) was performed. In short, a cﬁrrent I
was fed between I; and I; shown in Fig. 20, a voltage V

20 between V; and V. was monitocred, the direct contact
resistance R in a contact portion C was accordingly
calculated as [R = (Vo - Vy) / I;], and those exhibited the
contact resistance of 1kQ or lower were determined
favorable (o) but those exhibited the contact resistance

25 exceeding 1kQ were determined defective (x).
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100
16 Ce
21 Ir

0 12 Al-2at%™Ni-X1 000 131000 141000 15Dy 10
1000 17 Sm1 000OEBu1000 19Er 1000 Pt 2.50 x
2.50x 0 022 W0.01l x00 23 Ti 05000 24V 05000
Zr 005000 26 Nbo0.5000 27 Al-gat¥%i-Z M 0.5 000 28 H a
0 29 Ta0.5000 30was 000 31 Nb2250x 0 32 Ta l.50x 0
Al-2at%Ni Sn 1 x 0 0 34 Al-0.05at%Ni-X 0 0 x 35 Al-tatdNi-X0O0O
7) Method of measuring the  heat resisting
properties : Under the conditions described in 3}, Al

10

15

20

25

alloy thin films alone were formed on glass substrates.
Then line-and-space patterns whose widths were 10um were
formed, vacuum heat treatment was performed at 250 degrees
Celsius for 30 minutes, the surfaces of interconnections
were observed with SEM, and the number cof hillocks having
the diameters of O.lum or larger was counted. Those
exhibited the hillock density of 1x107%/m® or lower were
determined favorable (o} but those exhibited the hillock
density exceeding 1x107°/m? were determined defective (x).

8) Methcd of measuring the thickness of the
concentrated layer containing o and the content of o in the
concentrated layer: With respect to a part of the samples
shown in Tables 1, 3, 5, 7, 2 and 11, the film thicknesses
after thermal processing of the o concentrated layers (Ni-
concentrated layer in Table 1, Ag-concentrated layer in
Table 2, Zn-~concentrated layer in Table 3, Cu-concentrated
layer in Table 4, and Ge-concentrated layer in Table 5)
were identified through cross sectional TEM observation
using "FE-TEM HF-2000" manufactured by Hitachi, Ltd..
Furthermore, the contents of o in the o—concentrated layers
were determined by compeonent analysis from cross secticnal
TEM samples using EDX ({Sigma manufactured by KEVEX).

The resulis are added to Tables 1 through 10C.



M’

36 Al-3atNi-X Pt 1 000 37 AI-fI
39 AI-0.05at%\i-Z 0 0 x

It

is noted that,

tONi-X 000 38 Al-8at%i-X 0 x O
40 Al -1 at/NI-ZOOO 41 Al-3at%Ni-Z Ta 0.5 0
00 42 Al-bat%i-Z 0 0 0 43 Al-Bat%i-Z 0 x O 46

in

Tabl e F,,the filmthickness of the Ni-concentrated |ayer and the cont ent

of N inthe N - concentrat ed Iayer wer e rreasured after thernal
PT 1 X ~d: : |
pflesert invention. Clsﬂ@r%%‘eat@g S0 B £250 min)
Ni| Nsonjc e Besa ey | gyet apoat —Of = %%Jcmﬂéctm
tRje cantent of N |ilHPEhegyea MNps genskakly
WifT Tyl “JANgE QT JWce 0 n nt
o] f - ! 3bl e
11. ~2at%Ni |
elle s sel ect ed t hd-01a| e 1ging _oup re
clarged. It was jL_oLvl'gi r med 1t hat |si il aD result e&pen@ents cquld
19 e Jobt ai ned whdncether ¢l emefits bel@nging o ti@®@ grpup X aq® Z an
nqtUdTted in Tablfgu,l Fe used|as thegnirad qremgRt s 147 ra@e[

7 Ru ] O O 0O

8 Rh ] @) @) o

9 Pd 1 O @) O

10 Ir 1 @) O O

11 Pt 1 @) o Q

12 | A-2at¥Ni-X | La 1 ®) o 0]

13 Gd 1 @) Q o

14 Th i O O 0O

15 Dy 1 O @] O

16 Ce 1 O @) @)

17 Sm 1 O O O

18 Eu 1 O O] O

19 Er 1 O O @)

20 Pt 2.5 O X Q

21 Ir 2.5 Q_ X Q

22 w 0.01 X O 9]

23 Ti 05 @) @) @)

24 \ 0.5 @) @) O

25 Zr 0.5 O )] O

26 Nb 0.5 Q Q @)

27 { Al-2athNi-Z | Mo 0.5 O O O

28 Hf 0.5 O Q ]

29 Ta 05 O @) O

30 W 0.5 @) @) @)

31 Nb 2.5 @) X o

32 Ta 1.5 O X @)

33 Al-2at%Ni Sn 1 X O @]

34 JAI-0.05at%Ni-X O @) X

35 | Al-iathNi-X @) O o

36 | Al-3at%Ni-X | Pt 1 O @) Q

37 |_Al-6athNi-X Q Q @)

38 | Al-8athNi-X Q X ®)

39 | Al-0.05at%Ni-Z @) O X

40 | Al-lathNi~Z 0O @) @)

41 | Al-3at¥Ni-Z | Ta 05 O @) @)

42 | Al-8athNi-Z O 0O Q

43 | Al-8athNi-Z O X @)




Direct Contact Resistance No. Conposition (10 /1 mx 10 /1 m Cont act
Hall) Contact Resistivity (9) Value 1 Al-6at!N 10 Co 2

Al -6at!Ni-0.5at%.a 22 Co 3 Al-2atloN 100 po 4 Al-2at%\i-0.5at%.a 73
G 5 A-2at%i-1.8at%a 73 Qo 6 Al-2at%Ni-0.8at%=d 29 po 7

Al -2at %N - 0. 3at %vh 153 O(c) 8 Al-Olat¥% 317 O c) 9

Al -0.lat%Ni -0.5at%.a 332 0 10 Al 5x105 11 Mo 10 O 48 Table 3 Third
El ement (X) Heat Resisting Property Electric Resistance No. Base Al oy

(hillock density) (after atln at .250C for 30m T he Amount
( 2500) FiIm%&t ]?ﬁ Be Sttt T ggﬁe& (a@%/% %%fﬂsﬁﬁ r}esﬂ Sht %hg
- -x0.0 AI2atlAgr 60x0 3Pt001x004, 00 5C
1 0 0 othe DHfF SR Tar %?¥?@ gpid the content of Ni the N1-

concentrated layer were measured after thermal processing

for each sample which satisfied the conditions c¢f the
5 present invention. In the result, the film thickness of

the each Ni-concentrated layer was within the range of

about 0.5 to 2 nm, and the content of Ni in the each Ni-

concentrated layer was generally within the range of twice

to nine times as much as the average content of‘Ni in each
10 thin film of Al alioy {(not shown in Table 1}.

In Table 1, the results of experiments are shown, 1n
which amounts of the third elements ~selected from the
elements belconging to the group X or 7 were changed. it
was confirmed that similar results of the experiments could

15 be obtained when other elements belonging to the group X or

Z and not listed in Table 1 were used as the third elements.



8RN 1000 9Pd100

O 10Ir L 00O I 11 Al-tat%g-X Pt 1 0O
12 Gd1 000 13 Th1000 14[%71000 15Ce 1000 16 sm1
0 17EBu1 000 18 Er 1 000 19Pt 2 0x 0 201Ir 2250 x 0 21
0.01)(1-Q|Q 22 Ti as 000 23 vas 000 24 Zr 05000 25 Nb O.
00 268 A-tat%g-Z Mo 0.5 000 27 H as 000 28 was 00 0 29
2.50x 0 30Tal.50x 0 31 Al-2at%A Sn 1 x 0 O 32 Al-0.0O5at %A -
x_33 Al-01at% -X 00 34 Al-1at% -X1a1000
Direct Contact Resistance
No. Composition (10 mx 10 it m Contact Hall)
Contact Resistivity (Q) Value
1 JAl-6at%Ni 10 ©
2 JAI-6at%Ni—0.5at%La 22 ©
3 JAI-2at%Ni 100 ©
4 JAI-2at%Ni—0.5at%La 73 ©
5 JAI-2at%Ni—1.8at%La 73 ©
6 JAI-2at%Ni—0.8at%Gd 29 ©
7 JAI-2athNi—0.3at%Mn 153 ©
8 JAI-0.1at%Ni 317 ©
9 A0 1athNi—05at%La 332 0
10 Al 5x10° X
11 Mo 10 ©

5

Nb
0

0



35 Al-2at%\ X 0 0 O 36 Al-bat %A X4 x O 37 Al-0.05at%A Z OO0 x 38
Al-0.1 at%Ag-Z2 0 0 0 39 Al-I ato/d\SZTaOSOOt 0 40 Al-2at%Ag-Z 0 0
0 41 Al-6at%”g-Z 0 x O49 It is noted that, in Table 3, the film

t hi cknessy g ;?he Ag- concentrated | ayer and the content of Ag in the Ag-
concentrateg ayer were rreasured after thermal processing for each
SpP t he

rksul{, the film twrdlﬁiessntdﬁ() aéh‘,esﬁtc'drfjnsr&ﬁmc‘f( NGR} KL Gt KRS a?ﬁﬁ\g@rﬁn)vm thin
t oy hndaseAllonbdur—orsTp g-
chncefptrated | aydivRep Aggggegt@ y Wi (%Drp)t he | g Matedial } wi cees,sttg,cgn ne
tFTES a%%qmgs ﬂﬁ"avera,ge cpntent of AG T ea@“ TN @ rmor Al
8 B2 AN TN TN AT O I A AT 1"
el edeft s belong|nF’ hd01gr odip X or X7 were|chafded | It M_rrred
thad $imlar resyl Mg pbf the experi mens could 15(e opt ai nedOwhen otjher
el esefts bel ongi fgcto|l theqgroup X or ¥ and fot Ipstefd in Taple 3 Wgre
u?@_gsthethir phefents. 1[50 Tapgje 2 O 0O

7 Ru i O O O

8 Rh 1 @) @) O

9 Pd 1 O @) @)

10 Ir 1 Q O O

11 o Pt 1 @) 0] 9]

1g | A2athAeX 175 1 O O O

13 Th 1 O 0 @)

14 Dy 1 @] O O

15 | Ce 1 @) @) o

16 Sm 1 @ @) Q

17 Eu 1 O O O

18 Er - 1 @ O Q

19 Pt 2 @) X @)

20 Ir 2.5 @) X @)

21 W 0.01 X Q O

22 Ti 0.5 Q @ O

23 \% 0.5 O @) O

24 Zr 05 @) Q @)

25 o A Nb 0.5 0 @) @)

T A T 05 O O O

27 Hf 0.5 @) @) Q

28 W 0.5 @) 0] Q

29 Nb 2.5 O X O

30 Ta 1.5 @) X @)

31 Al-2at%hAg Sn 1 X 0] O

32_|AI-0.05athAg—X O [@) x

33 |AI-0.1at%Ag—X @) Q @)

34 | Al-1athAg—X | La 1 O O O

35 | Al-2athAg-X (@) O @)

36 | Al-6athAg-X O X o

37 JAI-0.05at%Ag-Z [@)] @) X

38 | AI-0. 1at%Ag:Z_“ Q @) Q

39 | A-tat%Ag-Z | Ta 0.5 @) @ @)

40 | Al-2at%Ag-Z @) @) Q

41 | Al-BathAg-Z ) X _0




Direct Contact Resistance No. Conposition (10/1 mx 10,1 m Cont act
Hall) Contact Resistivity (4) Value 1 Al-6at%g 8 Co 2

Al - 6at %Ag-0.5at%.a 12 Co 3 Al-2at%g 40 Do 4 AI-2at%Ag 0.5at%.a 39 Qo
5 Al-2at%Ag-1.8at%wW 35 6 Al-2at %Ag-048at%=d 35 7 Al-0.1 at%Ag 220 0 8
Al -0.l1lat%\ -0.5at%.a 255 0 | 51 Table 5 Third El enment (X) Heat

Resi sting Property Electric Resistance No. Base Alloy (hillock density)
(after heating at 250C for 30mn) Type The Amount (250C) Film Materi al

4 Seogha SRR R By $ 8% p
M 10 %h Ag @éﬁ%é%trateégfg§ék(g£hothe con%ent S% Ag in the Ag-
concentrated layer were measured after thermal processing
for each sample which satisfied the conditions of the
5 present invention. In the result, the film thickness of
the each Ag-concentrated layer was within the range of
about 0.5 to 2 nm, and the content of Ag in the each Ag-
concentrated layer was generally within the range of twice
to nine times as much as the average content of Ag in each
10 thin film of Al alloy (not shown in Table 3).

In Table 3, the results of experiments are shown, in
which amounts of the third elements selected from the
elements belonging te the group X or Z were changed. It
was confirmed that similar fesults ot the experiments could

15 ke obtained when other elements belonging tc the group X or

Z and not listed in Table 3 were used as the third elements.



e ;

10Ir 1 000 11 Al-2at%n-XPt 1000 12 G 1000 13 Th100O
14Dy 1000 15Ce 1000 16 S¥’1 000 17 EU1000 18 Er 100
O 19Pt 20x 0 201Ir 2250 x 0 21 W0.01 x 00 22T 0.5000 23
V0.5q.199242r05000 25 Al-2at%n-Z Nb 0.5 000 26 M 0.500
0 27 H”®'5000 28W0.5000 29 Nb2.50x0 30Tal1l.50x0 31
A -2at%n Sn 1 x 0 0 32 Al-0.05at%n- 0 0 x 33 Al-0.1 at%Zn-X 0 0 O
34 Al-tat%n-X La 1 0 0 0 35 Al-2at%n-X 0 00 36 Al-6at%n-X 0 x O
Direct Contact Resistance
No. Composition (10 £ m X 10 ¢ m Contact Hall)
Contact Resistivity () Value
1 JAl-6athAg 8 @
2 |Al-6at¥hAg-0.5at%La 12 ©
3 JAI-2athAg 40 ©
4 JAl-2at%Ag-0.5at%La 39 ©
5 |Al-2at%Ag-1.8athMg 35 ©
6 [Al-2at%Ag—0.8at%hGd 35 ©
7 JAI-01athAg 220 O
8 JAI-0.1athAg—0.5athla 255 O




37 Al-0.05at%n-Z 0 0 x 38 Al-0.lat%%n-Z 0 0 O 39 Al-1 at%n-Z 0.5 0 O
0 40 Al-2at%n-Z 0 0 0 41 Al-bat%n-Z 0 x O52 It is noted that, in
Tabl e 5 the filmthickness of the Zn-concentrated |ayer and the content
of Zn t e Zn- concentrated | ayer were neasured after thermnal

proce55| for each sanple which satisfied the conditions of the 5

pr esent |nvention. In the result, the filmthickness of the each
Zn-concentrate Rl of about 0.5 to 2 nm and
the cdntent of Znl ipd BRrRAE IXQrHeaClrigentoatiel Iaye?‘e%ﬁﬁsRﬁﬁ@F'ﬂally

Wi N Tt B RS Th o hbdshens Aoy S
g, Zn fin each "10ftyefh TP 6? al(hw,colnot

el Alrdpid frofthe” ol i nb . fr e
chardgdd. Al-2at%Eas N ilr ned.& hat] sini | & resul s oK thd exp_erOmnts coul d
1% fe |obt gl nedT\/\/gprptOQherogi emgnts belxongi ng fo t@e gjoup X @ Z and
n fisted in Ta Were; used as thestnirTad Bl enenisi 53 Tabl e 6
Di 4 Cont act RE%EG: No- llpua% o (% L’f_ﬁ—r%lnx :Gll + IT%‘AJTI‘[ act
LA Contact Re vity! (4) Malue
& Mn 1 @) O O
7 Ru 1 O O O
8 Rh 1 O O O
9 Pd 1 O @) O
10 Ir 1 Q Q O
11 oy v 1Pt 1 O Q @)
12 Al-2at%Zn-X Gd " o) 0 o
13 Th 1 O O 0]
14 Dy 1 O O O
15 Ce 1 O O O
16 Sm 1 O O O
17 Eu 1 O O O
18 Er 1 O O O
19 Pt 2 O X O
20 . Ir 2.5 O X O
21 W 0.01 X O 0O
22 Ti 0.5 O @ o
23 v 0.5 O O O
24 Zr 0.5 O Q O
25 | 20wy o | Nb 0.5 0 @) o)
pp | A2tz I 0.5 O O O
27 Hf 0.5 O O O
28 W 0.5 O O RS,
29 Nb 2.5 O X O
30 Ta 1.5 @ X @)
31 Al-2at%Zn ] Sn 1 X Q @]
32 JAl-0.05at%Zn— O O X
33 JAl-0.1at%Zn-X @) O @]
34 | Al-1at%Zn-X | La 1 O Q ®)
35 | Al-2at%Zn-X ) O O
36_| Al-6athZn-X o} x O
37 JAI-0.05at%Zn—-Z @) @) X
38 | Al-0.1at%Zn-Z (@] @) Qo
39 | Al-lath%Zn—-Z 0.5 O @) O
40 | A-2at%Zn-Z @) Q @)
41 | Al-6athZn-Z [@) X [@




1 Al-6at%n 33 Co 2 Al-6at%n-0.5at%.a 50 Co 3 Al-2at%n 152 Co 4
Al -2at %&Zn- 0. 5at %.a 121 O 5 Al-2at%n-1. Sat %W 108 6 Al - 2at %&Zn- 0. 8at %=d
97 O 7 Al-0.1 at%’n 405 0 8 Al -0.1lat%n-0.5at%.a 325 0 54 Table 7

Third El ement (X) Heat Resisting Pro

ty Electric Resistance No. Base

Alloy (hillock density) (after heating at 250C for 30 min) Type The

Amount (250C) Film Material Direct Contact Added (at% Resistance 1

Al -2at%u - - x OO 2AI-2at%:u Nd 0.6 0 x O 3Pt 0001 x OO0 4M10
00 5C 1 7 0.0 8 1 0 9 Pd 00
0 10711 1055 05 TR Hheveu R ALY 60 s it 6PO3neRS TH 1 0 0
0

10

15

the Zn—concentrated layer and the content of Zn in the Zn-
concentrated layer were measured after thermal processing
for each sample which satisfied the conditions of the
present i1nvention. In the result, the film thickness of
the each Zn-concentrated layer was within the range of
about 0.5 to 2 nm, and the content of Zn in the each Zn-
concentrated layer was generally within the range of twice
to nine times as much as the average content of Zn in each
thin film of Al alloy (not shown in Table 5).

In Table 5, the results of experiments are shown, Iin
which amounts of the third elements selected from the
elements belcnging to the group X or 72 were changed. It
was confirmed that similar results of the experiments could

be obtained when other elements belonging to the group X or

Z and not listed in Table 5 were used as the third elements.



0O 16 S M1 000 17 EBu1000 18 Er 1 00

14 Dy 1000 15Ce 10
0 19 Pt 20 x 0 20 1Ir 2250 x 021 W0.01 x 00 22 Ti 005000 23
V05000 24 Zr 005000 25 A-2at%u-Z Nb 0.5 000 26 Mo as 00
027%%5000 28 W0.5 000 29 Nb2.50x O 30 Ta1.50 x O 31
Al - 2at Sn 1 x 00 32 1-0.05at%u- 0 Ox 33 Al-0.1at%u-X 0 0 0 34
A -1 at%u-X La 1 0 O0 35 Al-2at%u-X 0 0 0 36 Al-bat%u-X 0 x 0 37
AL-0 053t %- 0. 0 x 38 Al-0 latou-7 000 239 Al -1 atoy-7Z Ta 0.5 00
401 Al -2at%Cu-Z2 0 0 O Direct Contact Resistance
No. Composition (102 m* 10 g m Contact Hall)
Contact Resistivity (Q) " Value
1 JAI-6athZn ' 33 ©
2 JAI-6at%Zn-0.5at%lLa 50 ©
3 JAl~2at%Zn 152 ©
4 |Al-2at%Zn~0.5athla 121 ©
5 JAl-2at%Zn—1.8at%Mg 108 ©
6 JAI-2at%Zn~0.8at%Gd 97 ©
7 JAI-0.1at%Zn 405 O
8 JAI-0.1at%Zn-0.5at%La 325 O




41 Al-6at%u-Z 0 x O55 It is noted that, in Table 7, the film

t hi ckness of the Cu-concentrated l'dyer and the content of Cu in the Cu-
concentrated | ayer were neasured after thermal processing for each
sanpl eray)v{gifh satisfied the conditions of the 5 present invention. In the
result, the filmthickness of the each Cu-concentrated | ayer was within

\trated | ay¢

-: -: 'e-“ . . - )
ing Pro ectric.Resistanc .
cnce A dange &i°°t S8, ni.ne
tMes | aBarudions | - S U,nﬁio | PORE i i Saree pPad WP ]

| oy| (not shown n Ta@58°@), t hg FineMetktiad] of ié?ﬁsgqqtﬁnts are

. anc

S Tl ! 4] ¢ LIITT U, el elnerngs S ceClEUu 11T 01 L [1E
t i pentk oo i her
e] ebrept s bel ongi noOlisked in@able 7lwere
usegl s the third Rgepentg. J}56 Tale 8 Di recOCont act Rgdi stanc
NP5 Prrposition Ip, U mx4I0 ulm Contact Hall ntact Resigiivity|(Q

{ éfe 1 Al -6at % 2 1 tat 9(&106 Sat = 90 Q

7 Ru 1 O O O

8 Rh 1 O O O

) Pd 1 O O 0

10 Ir 1 O O @)

11 v | Pt 1 O O O

12 Al-2at%hCu—X od ] o o) o)

13 Tb 1 O Q O

14 Dy 1 O O O

15 Ce 1 @) O O

16 Sm 1 O O @

17 Eu 1 O O O

18 Er 1 O O O

19 Pt 2 @] X O

20 Ir 2.5 O X @)

21 W 0.0 X O O

22 Ti 0.5 O O O

23 \'/ 0.5 O O O

24 Zr 0.5 O O O

25 P Nb 05 O 0 O

76 Al-2athCu—Z Mo 05 o o) o)

27 Hf 0.5 O @] O

28 W 05 O O O

29 Nb 25 O X Q.

30 Ta 1.5 O X @)

31 Al-2athCu_| Sn 1 X o] 0]

32 JAI-0.05at%Cu— Q Q X

33 JAI-0.1at%Cu—X @) @) @)

34 | Al-1athCu-X | La i @) @) @)

35 | Al-2at%Cu-X O @) o

36 | Al-6athCu—X Q X O

37 JAI-0.05at%Cu-Z ) O X

38 |AI-0.1at%Cu-Z @) O O

39 | Al-1at%Cu-Z | Ta 0.5 O O O

40 | Al-2at%Cu-7 @] @) @)

41 | Al-6at%Cu-Z Q. a O




4 Al -2at%Cu-0.5at%.a 192 0 5 Al-2at%u-1.8at%w 256 0 6

Al -2at %Cu-0.8at%=d 222 0 7 Al-0.lat%u 215 0 8 AI-0.1 at%u-0.5at%.a
320 } 57 Table 9 Third Elenment (X) Heat Resisting Property Electric
Resistance (hillock density) (after dwating at 250C for 30 mn) No.
Base All oy The Amount Film Direct Contact Type Added (at% (2500C)
Material Resistance 1 Al-2at%e - - x OO 2 Al-tat%e Nd 0.6 0 x O 3
Pt 0001 x00 4M1000 5C 1000 6M1000 7R1000 8

80,00 SR bttty C) b A IR RS 8O ©
the Cu-concentrated layer and the content of Cu in the Cu-
concentrated layer were measured after thermal processing
for each sample which satisfied the conditions of the

5 present invention. In the result, the filwm thickness of
the each Cu-concentrated layer was within the range of
about 0.5 to 2 nm, and the content of Cu in the each Cu-
concentrated layer was generally within the range of twice
to nine times as much as the average content of Cu in each

10 thin film of Al alloy {(not shown in Table 7).

In Table 7, the results of experiments are shown, in
which amounts of the third elements selected from the
elements belconging toe the group X or 7 were changsad. It
was confirmed that similar results of the experiments could

15 be cobtained when other elements belonging to the group X or

Z and not listed in Table 7 were used as the third elements.



16 Sm1 000 17 Eu1 000 18 E,1 000 19 Pt 20x 0 201Ir 2.5 0
x 0 21 W0.01 x 000 22 Ti 0.50 0 23v0.5000 24 7Zr 0.500
25 26 Al tat%e-Z M 0.5 000 27 Hf as 0 00 28 W0.50 00 29 Nb

0
2.5 o.%$g6330 Ta 1.5 0 x 0 31 Al-2at%e Sn 1 x 0 0 32 |-0.05at%3e- 0 O
=$ X 0

x 33 1 at%e-X000 34 A-1 at%e-XLalO00O0 35A -2at%e-
00 36 Al-bat%ze-X 0 x 0 37 1-0.05at%e- 0 0 x 38 AI-0.1 at%e-Z2 0 0

39 Al-1at%e-7Ta 05000 40 Al-2at%e-7000 41 A-fiat%e-Z 0
O 58 |It is noted that, if Tabl eDfect Denthit Resibiaakaess of

No. Composition (10 4 m X 10 4 m Contact Hall)
Contact Resistivity (§2) Value

1 JAlI-6at%Cu 335 ©

2 |Al-6at%Cu-0.5at%hlLa 285 ©

3 JAI-2at%Cu 190 O

4 JAI~2at%Cu-0.5at%La 192 O

5 [Al-2at%Cu—1.8athWMg 256 O

6 [Al-2at%Cu~0.8at%Gd 222 O

7 1AI-0.1at%Cu ' 215 @)

8 {AI-0.1athCu—0.5athla 320 Q




the Ge-concentrated |layer and the content of Ge in the Ge-
| ayer were neasured after thernal Eb_(rocessi ng
satisfied the conditions of the 5 present

concentrat ed
for each sanple which

invention. In the result, the

fil mt Htckgness of the each Ge-concentrated |layer was within the range
of abdU0f0.5 to 2 nm and the content of Ge in the each Ge-
?s much as {tTterdaEiemageX s 1 E'?ﬁgﬁ;@d*gﬂzuol OfsAlalre
H R T wtTse sfoutth thigyg a@)emen
1t s bel ongi tAMeedgBu % | t Resistagomf i rlmed
b1 ST I LG e S It_s T the ex er| rren,r<s coul pbt al negjmen dt her
T e 9 vere
u S - -—'Fab-l—eQ]eQ—DI- | No.
chodiodi tion (10, _Btxd 1090m chnt act ¥l 1) k
Vhlde]1 Al-catucd W8 o 2 Al - $at %Ge-0. 5at vp 4403 Al- 2at % 150 4
-gay %Ge- 0. 5at %lact2p o1 5 Al-O | at@e 3350 @©® A {O 1lat@Ge-0. 54t %.a
2P560) 60 Mn 1 O 0 o
7 Ru 1 O Q O
8 Rh 1 @) 0O O
9 Pd 1 0 @) O
10 Ir 1 @) . O 0O
i1 v | PL 1 @) O O
2 Al-2ath%Ge-X ad " 0 0 o
13 Tb 1 0O @) O
14 Dy 1 Q O O
15 Ce 1 O O O
16 Sm 1 O O O
17 Eu 1 O O O
18 Er 1 O O o
19 Pt 2 O X @)
20 Ir 2.5 O X @
21 W 0.01 X O O
22 Ti 0.5 Q O O
23 \ 0.5 O O O
24 Zr 0.5 O O o
25 Nb 0.5 @) 0O O
26 | 2%GZ Mo T 08 O o) O
27 Hf 0.5 O O O
28 W 0.5 O O O
29 Nb 2.5 O X O
30 Ta 1.5 Q X O
31 Al-2at%Ge Sn 1 X O @)
32 JAI-0.05at%Ge~ O _ @) X
33 |AlI-0.1athGe—X Q Q @
34 | Al-1athGe—X | La 1 Q O O
35 | Al-2at%Ge-X O @) Q
36 | Al-6athGe-X O X @)
37 JAI-0.05athGe-2 Q Q X
38 | Al-0.1at%Ge-2Z O @) @)
39 | Al-1atkGe=Z | Ta 0.5 Q @) Q
40 | Al-2at%Ge-Z O @) @)
41 | Al-6at%Ge~Z O X Q_




According to the experinmental results shown in Tables 1 through 10, it
is possible to suppress the electrical resistance of an Al alloy film
itself and the contact resistance with pixel electrodes at |ow | evels
while 5 securing a sufficient heat reggsting property at a relatively

| ow heating tenperature such as 250 degrees Celsius. And therefore, it
is possible to use a material which has heretofore been inpossible to
use due to its insufficient heat resisting property as the material of
the 10 di spl device_and _thus provide.richer_offerings.aof . material

choi ces. Exampl 2 TACE ighgianﬁﬁé,%%glﬁe ¢r i g ﬁé#%i 5?fﬁ?¥a$%s?€tance
15 agai nst an al kal i ne sol ution using TMAH devel opi ng sol ution and

pr esenc&EDEr CAESORCENGT 2L S5 thA¥RF R oE?%nCﬁBFéntiﬁ&e§%ﬁdﬁiéﬁ“ﬁﬁ%ﬁf each
sanple of an Al alloy thin filnms having various alloy conpositions

| i sted CANTEBLESLE kauughels. MEGSUT ohr T BT atheArad| IRyOFeF FEnder e
formed on glass substrates under the conditions described in 3) of
above- describel Example MWhikdeh seftiffeled dleoy cppHis iobsai Aéd thy t he
above step was directly inmmersed at 25 degrees Celsius in ordinary
devel opiprg seoltut immen{swh ut | dirs 2% cortailhi ng-i2 381 assWiThildss the ti me
until the filns got 61 conpletely dissolved was neasured, the etching
rates pehe udatht iGe-donsemimtea) Wenercalkesl atedhinomitchusamgasused

about 0.5 to 2 nm, and the content of Ge in the each Ge-

concentrated layer was generally within the range of twice

to nine times as much as the average content of Ge in each
10 thin film of Al alloy (not shown in Table 9).

In Table 2, the results of experiments are shown, in
which amounts of the third elements selected from the
elements belonging to the group X or Z were changed. It
was confirmed that similar results of the experiments could

15 be obtained when other elements belonging to the group X or

Z and not listed in Table 9 were used as the third elements.
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5 Al-2at %\ -0. 2at 9%\Nd 90 x absence 6 Al-2at %\ -0.6at%vh 40 0 absence 7
Al -2at %N - 0. 5at%.a 29 0 absence 8 Al-2at%Ni -0.3at%/ 24 0 absence 9

Al -2at %N - 1. 8at%vp 10 0 absence 10 Al-2at%\i-0.08at%w 110 x absence

11 Al-2at%\i-0.8at%=d 7 O absence 12 /l-2at%\i-1 at%y 38 0 absence 13
Al-tatuNi -1 at%db 40 0 absence 14 Al-2at%\i-0.5at%t 120 x absence 15
Al -0. lat 9N - 0. 6at %vh 26 O absence 16 Al-0.1 at%\i -0.5at%.a 18 0 absence
17 AI-0.1at%Ni-0 3at%W/ 16 0 absence 18 Ai-0.1 atNi-1.8at%g 7 0O
absence

at%N|-0 8at %=d 5. Al - 6at YN - at %vh 32
S obaence 2 C&Pr%‘& b I r e B a bR EnEEsu s A hekron o dat 9 20 ¢
absence 8at 9 sence 24 Al -6a i -0, 8at %=
absence? %%99“ |’(?%aﬂé&%qﬁﬁﬁggﬁséﬁcéugﬂ¥9ﬁ5Z%gN|e % 39 0
absence 27 AI-2at%N|-O 5at%u 40 0 absence 28 Al -2at %\ - 0. 5at%Er 40 0
absencer<gd sApNSE 00§b§%hc§d6Sal#QBIefH§n itself and the contact

resistance with pixel electrodes at low levels while

5 securing a sufficient heat resisting property at a
relatively low heating temperature such as 250 degrees
Celsius. And therefore, it is possible to use a material
which has heretcfore been impossible tc use due to its
insufficient heat resisting property as the material of the

10 display device and thus provide richer cofferings of

material choices.

Example 2
In this example, as described hereinafter, resistance

15 against an alkaline sclution using TMAH developing solution
and presence or absence of a pitting corrosion were
investigated about each sample of an Al alloy thin films
having wvarious alloy compositions listed 1in Tables 11
through 15.

20 In particular, Al alloy films were formed on glass
substrates under the conditions described in 3} of above-
described Example 1. Each of the Al alloy films obtained
by the above step was directly immersed at 25 degrees
Celsius in ordinary developing solutions {solutions

25 containing 2.38 mass% TMAH), the time until the films got



Etching Rate in Resistance agai nst No. Conposition Devel oping Sol ution
Al kal i ne Developing Pitting (nmmn) Solution Corrosion 1 A)-6at%Ag 55
X presence 2 Al-2at%\g 42 x presence 3 Al-0.5at%\g 40 x presence 4

Al -tat %\g-0. 6at %0\d 48 0 absence 5 Al6gat@@g-0.2at@&U 50 x presence 6
Al - 2at %A\g- 0. 6at %vh 39 0 absence 7 Al-2at%Ag-0.5at%.a 35 0 absence 8

Al - 2at %Ag- 0. 3at %/ 30 0 absence 9 Al-2at%Ag-1.8at%w 22 0 absence 10

Al - 2at %7g- 0. 08at %vy 42 x presence 11 Al -2at%Ag-0.8at%:d 9 0 absence 12

Al - 2at %Ag- t at & 32.0_ absence. 13 Al-2at %0\g-1 .at? 2 ahsence 14

N ot ol el 2 D BBPIRAC kel s SR ARYT Ll TR R S BBt ance
16 Al-0.1 at%\g-0.5at%.a .7 bsence 17 - 0. t %Ag- 0. 3at W/ 10 O
Absonco UME 4 JF 1 AR Segi TR o o0 & LBREARET TEOR O S BaaeRr 8t orcs
5 0 absence 20 Al-6at %Ag-0. 6at%vh 39 0 absence 21 Al -6at%Ag-0.5at%.a
34 0 abdéfite 218h e c2ROPRED. 4t 86 1D%akdeAce W AhBat oS 1aBEL UMY

22 0 absence 24 Al-6at%Ag-0.8at%d 14 0 absence .
against an alkaline solution was evaluated in accordance

5 with the following criteria. o: the etching rate sloﬁer
than 40 nm/min, A: the etching rate of 40 nm/min or faster
but slower than 70 nm/min, x: the etching rate of 70 nm/min
or faster.

The presence or absence of pitting corrosions was

10 investigated by a surface observation under the optical
microscope (magnification: 400x), and was confirmed by an
observation with SEM (magnification: 3000x). In the result,
those having no foreign particles (pitting corrosions) were
determined as "absence" but those having foreign particles

15 (pitting corrosions) were determined as "presence".

For comparison, the etching rate, the resistance
against alkaline developing scluticn, and the presence or
absence of pitting corrosions were investigated for a pure
Aluminum thin film instead of the Al alloy thin film.

20 Tables 11 through 15 shows the results.
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25 Al - 2at %7\g- 0. 5at %da 35 0 absence 26 Al -2at %Ag-0.5at %Sm 40 0 absence
27 Al -2at %\g- 0. 5at %&u 35 0 absenc®2 28 Al -tat %A -0.5at%r 37 0 absence
64 Table 13 Etching Rate in Resistance agai nst No. Conposition

Devel opi ng Sﬁ L{tlon Al kal i ne Developing Pitting (nmmn) Solution
Corrosion 14 ﬂ\ 6at °/<Zn 40 x presence 2 Al-2at%n 30 x presence 3

o 4_Al-2at%n-0_6a19 5
t/ 0zn- 0. 2at%\ld 2b x fyehoedheen 6 IRe’za‘tﬂf}@rﬁg@)nSGa] %Vpitgg O 0 hbsence 7
Nozat ozrCemeraitia 15 o%%&éoiutew f&ﬁ@grﬂe@e'wo égr@?, ahsgnce 9

; My 161 0 ahdmyEm 10 )r esence )
11A| 2at Qﬂnﬁeﬁ%ﬂat %dj 8 O ab$nce 12| Al - 2at®@n- lat yywb28ndk absence 13
A 2t gt %Zn-Alapd@&Ri 25 0] absencepo 14 Al -Pat %Zn-9. 5at %P| Gséndy efence 15
=0T at Yy Rdehqt 7N 17 U apgence 16 AT~ U atvaZn u;@g 0 0
bset %H-G Sat—12—0jpbsence,—18Ar o 8at %y 3
q Al-2at%Ni~0.6athd U8 A ~absence |
] Al-2at%Ni—0.2at%Nd 90 X absence
6 | Al-2at%Ni-0.6at%Mn 40 Q absence
7 | A-2at%Ni-0.5at%la 29 O absence
8 Al-2at%Ni—0.3at%V 24 O absence
9 Al-2at%Ni-1.8at%Mg 10 @) absence
10 ] Al-2at%Ni—0.08at%Mg ‘ 110 X absence
11 | Al-2at%Ni-0.8at%Gd 7 O absence
12 |  Al-2at%Ni—~1at%Dy 38 @) absence
13 Al-2at%Ni-1at%Tb 40 o absence
14 | Al-2at%Ni—-0.5athPt 120 X absence
15 { Al-0.1at%Ni~0.6at%Mn 26 O absence
16 | Al-0.1at%Ni-0.5at%La 18 O absence
17 | Al-0.1at%Ni-0.3at%V 16 O absence
18 | Ai-0.1at%Ni—1.8at%Mg 7 O absence
19 | AI-0.1at%Ni—0.8at%Gd 5 O absence
20 | Al-6at%Ni-0.6at%Mn 32 O absence
21 | Al-6at%Ni-0.5at%La 24 O absence
22 | Al-6at%Ni—0.3at%V 20 O absence
23 | Al-6at%Ni-1.8athMg 8 O absence
24 | Al-6at%Ni-0.8at%Gd 6 QO absence
25 | Al-2at%Ni-0.5at%Ta 40 O absence
26 | Al-2at%Ni—0.5at%Sm 39 O absence
27 | Al-2at%Ni—0.5athEu 40 O absence
28 | Al-2at%Ni~0.5at%Er 40 O absence
29 Al 20 O absence




19 Al-0.1 at%Zn-0.8at%=d 4 0 absence

21 Al -6at%n-0.5at%.a 25 0

20 Al -6at %Zn-0. 6at %9h 31 O absence

absenceb322 Al -6at%n-0. 3at %/ 28 0 absence

23 Al -6at%n- 1. 8at%y 20 0 absence 24 Al-6at%n-0.8at%:d 10 0 absence
2at‘VZE@ 32 t%ra 25 0 absence 26 Al -2at%’n-0.5at%m 25 0 absence
2at ¢ t

25 Al -
27 Al -

p| ng SoI ution Al
Gec%p‘?@'tﬂﬁbsen

ce G\lﬁai'@&z 0/cGe- D. 6at %8915 0 ab

e Deyelogpne §‘%{‘Et‘%’5e

al |Eﬁifé1 r@@@*él”bpl nig

253'5?"@

o&u 30 0 absence 28 Al -2at oZn- 0 5at %Er

qq'ﬁﬁemew;alrsm
P@g%wwé

\'a

{1 pruer T

28 0 absence

onposi tion
psion 1

BC&ler0§a %z 25 x
e=0 22t ONd 21 X

W&S@n%t

a 18 0

Bat %6Gd 9 0

apsende 8 AM2a2mASECe- Of 3at %/ 32 0 abseince 9 A -2at (’/@epaes&aémm 11 0

absgnde  1g_§ls;dal76e- 085[%&@78 x presencex 1T A|2gfd8RaD-

a Al-28t%Ag-0.6at%Nd 40 apserce A absence
5 | Al-2at%Ag-0.2at%Nd 50 X presence
6 { Al-2at%hAg-0.8at%Mn 39 @) absence
7 | Al-2at%Ag—05at%La 35 O absence
8 | Al-2at%Ag-0.3at%V 30 O absence
9 | Al-2athAg—1.8atkMg 22 QO absence
10 _} Al-2athAg—0.08athMg 42 X presence
11 | Al-2at%Ag—0.8at%Gd 9 O absence
12 | Al-2at%Ag-1at%Dy 32 O absence
13 | Al-2athAg-1athTb 32 O absence
14 1 Al-2athAg—0.5athPt 75 X presence
15 JAI-0.1at%Ag-0.6at%Mn 12 O absence
16 | Al-0.1at%Ag—~0.5at%La 7 O absence
17 | Al-0.1at%Ag-0.3athV 10 O absence
18 | Al~0.1at%Ag—1.8at%Mg 10 QO absence
19 | Al-0.1at%Ag—0.8at%Gd 5 O absence
20 | Al-6athAg—0.6at%Mn 39 O absence
21 | Al-6at%Ag—0.5at%la 34 O absence
22 | Al-6at%Ag—0.3at%V 30 O absence
23 | Al-6at%Ag—1.8atliMg 22 O absence
24 | Al-6at%Ag—~0.8at%Gd 14 Q absence
25 | Al-2at%Ag—~0.5at%Ta 35 O absence
26 | Al-2at%Ag-0.5at%hSm 40 0] absence
27 | Al-2at%Ag—-0.5at%Eu 35 O absence
28 | Al-2at%Ag-0.5athEr 37 O absence




13 Al -2at %e- lat%b 40 O absence 14 Al -2at%3e-0.5at %t 63 Xx presence
15 Al-0.1 at %Ge-0. 6at %vh 13 0 abséMdce 16 Al-0.1 at%3e-0.5at%.a 14 0
absence 17 Al-0.1latl oGe-0.3at!%/ 18 0 absence 18 AI-0. lat %Ge- 1. 8at %Wy
13 0 abseng_e 19 Al-0.1 at %3e-0.8at%=d 5 0 absence 20

Al - 6at %ce- 0 2Bl5t 32 0 absence 21 Al-6at%>-0.5at%.a 30 0 absence 22
Al - 6at %e- 0. 3at %/ 31 O absence 23 Al-6at%>e-1.8at%w 25 0 absence 24

Al - 6at %e- 0. 8at %=d 19 0 absence 25 Al-2at %e-0.5at%a 22 0 absence 26
Al - 2a1 %e- 0. 5at %5m 2110 abshimcRate B7 Al - RedtistéBee Gkabstt %Eu F?ﬁ?tin% aljsence 28
AN@a} %GeCompasitigin 32| 0 ReygenedodBon TabRealitGDeeobinn ﬁ%{f Jd), fesi stance
agg'ﬂnét Pitting No. Conposhm{wn Devel opi ngogkifrutio 251 Ne Devel opi ng
(Inn¥ n] n) SwHe&w@A Cor Josi on 140Al - 6at ¥0u 58 xxpresende prasélce2dt | oCu 48 X
Hregepce ?}l—@ét%gnwf OZE 48 X qiy esence| 4 Al-zat %:u-g. GaEdEF] A absence
178 F* TRH05a5%2n ) e presence absence

4 | Al-2at%Zn-0.6at%Nd 15 A absence :

5 Al-2at%Zn-0.2at%Nd 25 X presence

6 | Al-2at%Zn—0.6at%Mn 20 Q absence

7 | Al-2at%Zn—-0.5at%lLa 15 @) absence

8 Al-2at%Zn-0.3at%V 25 O absence

9 | Al-2at%Zn-1.8at%Mg 16 O absence

10 | Al-2at%Zn—0.08athMg 33 X presence

11 | Al-2at%Zn-0.8at%Gd 8 O absence

12 | Al-2at%Zn-1at%Dy 28 O absence

13 | Al-2at¥%Zn-1athThb 25 - O absence

14 | Al-2at%Zn—0.5at%Pt 65 X presence

15 JAI-0.1at%Zn-0.6at%Mn 17 O absence

16 | Al-0.1at%Zn—0.5at%La 10 O absence

17 | Al-0.1at%Zn—0.3at%V 12 O absence

18 |AI-0.1at%Zn-1.8at%Mg 3 O absence

19 {AI-0.1at%Zn—0.8at%Gd 4 O absence

20 | Al-6at%Zn—0.6at%Mn 31 O absence

21 | Al-6at%Zn-0.5at%lLa 25 O absence

22 | Al-6at%Zn-0.3at%V 28 QO absence

23 | Al-6at%Zn-1.8at%Mg 20 O absence

24 | Al-6at%Zn—0.8at%Gd 10 O absence

25 | Al-2at%Zn-0.5at%Ta 25 O absence

26 | Al-2at%Zn-0.5at%Sm 25 O absence

27 | Al-2at%Zn~-0.5at%Eu 30 O absence

28 | Al-2at%hZn—0.5at%Er 28 QO absence




" d/r‘

7 Al -2at%Cu-0. 5at%.a 31 Q absence 8 Al-2at%u-0.3at%/ 22 0 absence 9
Al - 2at PACu- 1. 8at| AMy 15 0 absence®510 Al - 2at %Cu- 0, 08at %90y 42 X presence
11 Al -2at % Cu-0.8at %=d 12 0 absence 12 Al-2at%Cu-tat%y 33 0 absence 13
Al - 2at %Cu- lgt ng 38 0 absence 14 Al-2at%Cu-0.5at%’t 85 x presence 15
Al -0. lat o2 dAt odh 20 0 absence 16 Al-0.1 at%Cu-0.5at%a 12 0 absence
17 Al -0. lat%Cu-0. 3at %/ 16 0 absence 18 Al-0.1 at%u-1. Sat%w 10 O
absence 19 Al-0. lat%u-0.8at%:=d 10 O absence 20 Al - 6at %Cu-0. 6at %vh 40

abgence 21 Al -6at? - Sk e 30 U aSense agaidt Aj - 6? ({/Qé Of3at%/ 35 0
bkerjce Q@Empdsitbat %4 1 D8at vl S@Bich alb SAdatre DeRelopil - to=sd 22 0
bserlce 25 Al - 2at %Cul 0. 5afw@aind0 0 albsenceolutips Al - 6}&585‘8“5 t%Sm 27 0
bgerfce  Al-dath@at YU 0. bat VEa 26 0 bsence x28 Al - abfyéaén@e5 t9%Er 38 0
DSENCE © - 'S UCATVED AT|dTSpl ayy devi cefl n Al allo

1Ij%npaﬁwﬁAIQ?%¥{ Lf[ | Vv U)\I UCE | I I al U' lptbl-y:T:y CUTIT 7 ?L%ggt‘\ﬂg—l. I'T IJUt y
ilntlerlnosiPi- % of rlactory-—fBt-al—and-sons-of—al-l—of R[ESENCE

4 | Al-2at%Ge-0.6at%Nd A absence

5 | Al-2at%Ge-0.2at%Nd 21 X presence

8 | Al-2at%Ge-0.6athMn 15 O absence

7 1 Al-2at%Ge—-0.5at%La 18 @) absence

8 Al-2at%Ge-0.3at%V 22 O absence

9 | Al-2at%Ge-1.8at%Mg i1 0} absence

10 1Al-2at%Ge-0.08athMe 28 X presence

11 | Al-2at%Ge-0.8at%Gd 9 O absence

12 | Al-2at%Ge~1athDy 20 O absence

13 | Al-2at%Ge—1at%Th 40 O absence

14 | Al-2athGe—-0.5athPt 63 X presence

15 |Al-0.1at%Ge~0.6at%Mn 13 O absence

16 {AlI-0.1at%Ge—0.5at%La 14 QO absence

17 | Al-0.1at%Ge—0.3at%V 18 @) absence

18 |AI-0.1at%Ge—1.8at%Mg 13 O absence

19 JAI-0.1at%Ge—-0.8athGd 5 O absence

20 | Al-6at%Ge-0.6at%Mn 32 O absence

21 | Al-6at%Ge-0.5at%la 30 O absence

22 | Al-6at%Ge—-0.3athV 3 O absence

23 | Ai-6at%Ge-1.8at%Mg 25 O absence

24 | Al-6at%Ge-0.8at%Gd 19 @) absence

25 | Al-2at%hGe-0.5at%Ta 22 O absence

26 | Al-2at%Ge—-0.5at%Sm 21 O absence

27 | Al-2at%Ge—0.5at%Eu 33 O absence

28 | Al-2at%Ge—0.5at%Er 32 @) absence




5 all oy conponents deposit or are concentrated at the interface of
contact between the Al alloy film#8hd the conductive oxide film
wherein the Al alloy filmconprises 0.1 to 6 at% of at |east one

el enent Sel'FCbtéei fromthe group consisting of N 10 and Ge, and 0.1 to
2 at%of at §8%4? one el enent selected fromthe group consi sting of Cr,
M, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr, &d, Th, Eu, Ho, Er, Tm Yb, Lu and

Dy_as alloy conponents. 15 2. The di spl ay_devi ce_accor di nQLtO claiml1,
whereiln the electricdl I EshBE Ratefry oOf tmagﬁdc_ea;lgdur@y 11 mt,ha 7ub cm or
| pis. 4f t erCdwmtsitioneat rfenbeatori@SEoludieyr gedk@isk Sevapohor | 3Q tks. 20 3.
Alsputltering target fa‘: Drofhgming a_dijspl ayBolulervi ce bis e&rr?s'o?o m the Al
all oy |fi | mAgaaeali ng tjo claingd, congrising:x0.1 to|6pads¥ned pt | east
Ofie sET[EMEN BRG] €0 [ T OM { Ngg Gr oUp JonsT st ing of ?ﬁ!leﬁ@e nd 0.1 to
2 ——omgetenent ; setectgd—rommihe—gro ng of 25

N PN T i TR Al NS A #3111 ) B W
LU 4nd @\,Zag"é@ua@ y hNﬂqnnnn;an'ré?' ’ ’ A ' | absence ’

5 | Al~2at%Cu~0.2at%Nd 48 X presence

6 | Al-2at%Cu—0.6at%Mn 40 Q absence

7 | A-2at%Cu-0.5athla 31 O absence

8 | Al-2at%Cu-0.3at%V 22 O absence

9 | Al-2at%Cu-18at%Mg 15 O absence

10 | Al-2at%Cu-0.08at%Mg 42 X presence

11 | Al-2at%Cu~0.8at%Gd 12 O absence

12 { Al-2at%Cu-1at%Dy 33 O absence

13 | Al-2at%Cu—1at%Th 38 O absence

14 | Al-2athCu—0.5at%hPt 85 X presence

15 JAI-0.1at%Cu-0.6at%Mn 20 O absence

16 | Al=0.1at%Cu—0.5at%La 12 O absence

17 | Al-0.1at%Cu~0.3at%V 16 O absence

18 JAI-0.1at%Cu-1.8at%Mg 10 O absence

19 |AI-0.1at%Cu-0.8at%Gd 10 O absence

20 | Al-6at%Cu~0.6at%Mn 40 O absence

21 | Al-6at%Cu—-0.5at%La 30 O absence

22 | Al-6at%Cu-0.3athV 35 @) absence

23 | Al-6at%Cu—1.8at%Mg 25 O absence

24 | Al-6at%Cu-0.8at%Gd 22 O absence

25 | Al-2at%Cu-0.5at%Ta - 40 O absence

26 | Al-2at%Cu—0.5at%Sm 27 O absence

27 | Al-2at%Cu—0.5at%Eu 26 O absence

28 { Al-2at%Cu-0.5at%Er 38 O absence
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WHAT IS CLAIMED IS:

1. A display device in which an Al alioy film and a
conductive oxide film are directly connected without
interposition of refractory metal and some or all of Al
alloy components deposit or are concentrated at the
interface of contact between the Al alloy film and the
conductive oxide film,

wherein the Al alloy film comprises 0.1 to 6 at% of at
least one element selected from the group consisting of Ni
and Ge, and 0.1 to 2 at% of at least one element selected
from the group consisting of Cr, Mn, Ru, Rh, Pd, Ir, Pt, La,
Ce, Pr, Gd, Tb, Eu, Ho, Er, Tm, Y¥Yb, Lu and Dy as alloy

components.

2. The digplay device according to claim 1, wherein
the electrical resistivity of the Al alloy film is 7uQ * c¢m
or legs after heat treatment at 250 degrees Celsius for 30

minutes.

3. A sputtering target for producing a display
device used to form the Al alloy film accerding to claim 1,
comprising: 0.1 to 6 at% of at least one element selected
from the group consisting of Ni and Ge, and 0.1 to 2 at% of
at least one element selected from the group consisting of

Cr, Mn, Ru, Rh, P4, Ir, Pt, La, Ce, Pr, G4, Tb, Eu, Ho, Er,
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Tm, Yb, Lu and Dy, as alloy components.



