1 DI SPLAY DEVI CE AND SPUTTERI NG TARGET FOR PRODUCI NG THE SAME 5 BACKGROUND
OF THE INVENTION Field of the Invention The present invention relates to a
di spl ay device shaped |like a thin filmand a sputtering target for
produci ng the sane, and nore particularly, to a novel display device
i ncludi ng an oxi de conductive film and ag Al 10 alloy filmand for use in
sem conduct or devices, flat panel displays of the active and the passive
matrix types such as |liquid crystal displays, reflection filns, optical
conponents and the like and to a sputtering target for producing the sane.
15 Description of the Related Art Thin filmtransistors (TFTs) serve as
switching elements in a |iquidSdMfdtd SHdSEa Nt the active matrix type
for instance, and the liquid crystal display has a TFT array substrate
i ncl udi ng pi xel el ectFodes PR TB-RHF e FEon [ﬁEﬂmﬁbﬂFﬂbﬁgm@ﬁch as scanni ng
| ines and signal |ines, an opposed substrate which includes a common
el ectrode and is disposed over a predeterm ned di stance facing the TFT
array substrate, and a liquid crystal layer which is injected between the
TFT array sBbSKEREENRNGEt heE 2ENVYpbEe substrate. A liquid crystal display
of the passive 2 matrix type includes interconnection portions such as

5 Field of the Invention

The present invention relates to a display device
shaped 1like a thin film and a sputtering target for
producing the same, and more particularly, to a novel
display device including an oxide conductive film and an Al

10 alloy film and fcor use in semiconductor devices, flat panel
displays of the active and the passive matrix types such as
liguid crystal displays, reflecticn films, optical
components and the like and to a sputtering target for
producing the same.

15 Description of the Related Art

Thin film transistors (TFTs) serve as switching
elements in a liquid crystal display of the active matrix
type for instance, and the liguid 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 and 1is disposed over a predetermined distance
facing the TFT array substrate, and a liquid crystal layer
which is injected between 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

-comon el ectrode and is disposed over a predeterm ned distance facing this

-

i nterconnection 5 substrate, and a liquid crystal layer which is injected
bet ween the interconnection substrate and the opposed substrate. The pi xel
el ectrodes may be nmade of an oxide conductive filmsuch as an indiumtin
oxide (ITO film which is obtained by m“ing about 10 nass% of tin oxide
10 (SRO in indiumoxide (1n203). Wiile pure Al or Al alloy such as Al -Nd
is used for the signal lines of the interconnection portions electrically
connected with the pixel electrode of such a cqgnductive oxide film
(her ei naf t eP3&F<E r V@FrednégUdSerPnfgrépéBﬁF568§")Poétﬁﬁp§i-@§§@r £ m
made of refractory netal, such as Mb, Cr, Ti and W is interposed as
barri er net &F2NpefdeddNele 2a8Ag8aNRNddNERd BRe OpPRSEeiBEEEEaES ¥8 1Chat
the signal lines will not directly contact the pixel electrodes. However,
the recent y8&rgdRave asearPmPrat tegtt 2ole orand ssfondéFreaed r eVeact Gry
nmetal and direct connection of the pixel electrodes with the signal |ines.
Accor di ng t erraegsrmDoednentdibt@re 11-B37976, Afhfier ilmdeaccenegdd oof
pi xel electrode of an 1ZO fil mobtained by m xing about 10 nmass% of zinc
oxi de in i ndiubmtoxitde @25dreallzesidi cegstednt bayen whisihgnas linnestedl
Pat ent Docunent 2 (JP, 11-283934, A) describes a surface treatnent nethod
by neans of bpltassa prtbeessinmngrcoaneccitiphantabisarade t hed | kéeof oppdisaion
el ectrode, while Patent

substrate. The pixel electrodes 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 (5n0) in indium oxide (In;0s).

While pure Al or Al alloy such as Al-Nd is used for
the signal lines of the interconnecticn 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, 1is interposed as barrier metal
between the signal lines and the pixel electrodes so that
the signal 1lines will not directly contact the pixel
electrodes. However, the recent years have seen an attempt

20 for omission of such refractory metal and direct c¢onnection
of the pixel electrodes with the signal lines.

According to Patent Document 1 {(JP, 11-337976, A) for
instance, use cof pixel electrode of an IZ0 film obtained by
mixing about 10 mass% of =zinc oxide in indium oxide

25 realizes direct contact with signal lines.



Docunment 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 such as N, 0, Si, Cor the like is
Where these nethods are used, clearly, it is possible to nmmintain
- the contact resistance with pixel electr%des at a 10 low | evel even when

st acked.

such refractory netal as that descri bed

above is omtted. The reason of

i nterposing barrier netal according to these conventional techniques is

because direct contact

signal 15 lines $n€§giX6| el ectrodes jncrease E&@ contact resistance

degrades the qua

28570 Rodietbyed iwHge. 1thi

oxidized and its surface gets oxidized in the atnosphere, and because
el ectrodes SWhi@RearEcAERalt oRF BRI SRt MEANE hef rPSBFRACBECESAF§RIRO1ON
resi stance Al oxide |layer as A is oxidized by oxygen which is created or
added duri ngpienidepesi erohheFbikengfof @helli atararren. | dpéteabatppt

interface of contact between the signal lines and the pixel electrodes

bet ween interconnections of Al or Al alloy formng

and

1ipefdus8CACTEREF yaget s

pi xel

i ncreases thecewpnbcd (/Bsi stantelder webndepersbgnap mehbedand faemphgel 25

el ectrodes and deteriorates the quality of a displayed 4 inage.

Meanwhi | e,

al t hough bazsi@rgakeal ahaguncéuandi andoéipreventiangesoxpflati 6nref Lhgesurface
of Al alloy and keeping an Al alloy filmand a pixel electrode in favorable

cont act,
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impurities such as N, 0, Si, C or the 1like 1is stacked.
Where these methods are used, clearly, 1t is possible to
maintain the contact resistance with pixel electrcdes at a
low level even when such refractory metal as that described
above is omitted.

The reason of interposing barrier metal according to
these conventional techniques 1s because direct contact
between interconnections cf Al or Al alloy forming signal
lines and pixel electrodes increases the contact resistance
and degrades the guality of a displayed image. This 1is
because Al easily gets oxidized and 1its surface gets
oxidized in the atmosphere, and because pixel electrodes
which are metal oxides seat in their surfaces a high-
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 between the
signal lines and the pixel electrodes increases the contact
resistance between the signal 1lines and the pixel

electrodes and deteriorates the quality of a displayed



fabrication of a conventional structure in which barrier netal is
.interposed at this contact interface, it is necessary to secure a film
deposition chanber for formng barrier netal in addition to a film
deposition sputtering 10 apparatus for formng a gate el ectrode, a source
-electrode and further a drain electrode. Neverthel ess, as nmass production
of liquid crystal panels has realized a ﬁom/cost, an increase of the

manuf acturing cost and a drop in productivity due to creation of barrier
netal are becoming 15 significant. Against this background, an el ectrode
material, a manufacturing process and the like for om ssion of barrier
metal are rE8@Atty demanded. In response, Patent Docunent 2 proposes
addition of one surface_ treatnment step. 20 Meanwhile, permtting continuous

fil m deposition Beanvighte elédorsde, Par soer cBebPdctiBtie2ori i Grig™h ©f
electrode within the sane filmdeposition chanber, Patent Docunent 3
i nevi t abl y BEdERHsingrexplakessi pf shepsurfasehef, Adualiey andfkeenping
coefficients of thermal expansion between a film 25 which contains
impurities anddh &lleaywhith aedfaeceirebnebethpadet iesfavheabhencarhoentihat a
filmfalls off froma wall surface of the chanber during continuous use is
ranpant, anginberef oberriieri sneezbsdarynitng often stop iawisgepmedtlgs £or the
pur pose of mmintenance. In addition, 5 since Patent Docunent 1 requires
changi ng anfalpdicattion odxideceohVentfiohmlwh tchidtsumar entdhi atosbapopekar to
an indiumzinc oxide (1ZO film the material cost is
metal is 1interposed at this contact interface, 1t 1is
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 scurce electrode
and further a drain electrode. Nevertheless, as mass
production of liquid crystal panels has realized a low cost,
an increase of the manufacturing c¢ost 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 deposition of a gate
electrode, a source electrode or a drain electrode within
the same film depcsition 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 is free from



expensive. Noting this, the inventors devel oped the technique 10 descri bed
in 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 sinplify processing steps while omtting such barrier netal as
t hat descri bed above w thout increasing the nunber of 15 the processing
steps and with which it is possible to btai n excellent electrical
characteristics and heat resisting property which realize a | ow contact
resistance at a low electrical resistivity without fail and achieve
standardi zafion of the material with a rgflectign ele trode %0 TAB

connect i on MRt oHRS andPEnP ISR GRefl & dédice “hu% is an
attenpt to solve the problem described above by using, as the mat eri al of
an Al al | oywa}t| igunfacg | &f wiiteh EoRidiceds @UflpﬁroﬁéﬁténgPyﬁofuﬁﬁ | bAst
one el ement selected fromgro of Au, Ag, Zn, Cu, N, Sr, 25 Sm Ge and B
and maki ng BapRRRL of aPﬁes@%ﬂﬂ%}%onﬁ%néﬁt JFeffiral B8 & d€Poss okoran
concentrated |layer at the contact interface nentioned above, and it has
been confi ragederdbes deongtihesdirdossents, mallndldreyicsont ailm n@ddltlonf
predeterm ned amount of N exhibits excellent capabilities. 5 By the way, a
proces$ tenpenrat ufetfeort pPodumény d degplhys deviaow imgcean| yinddnds ténbecone
low for a better vyield and an inproved productivity, and for further, there
are ongoi ngoehdeavidrls)t of use avlriagdi nibaviwmgrent oy hestt pesubkarngo an
tenperature as a base material. Hence, while a
indium zinc oxide (IZ0) film, the material cost 1is
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 1in an attempt to
establish such a technique with which it 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 1t 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 technique 1is 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 ¢ at% of at least

one element selected from group of Au, Ag, Zn, Cu, Ni, Sr,

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



10 demand for a heat resisting tenperature is not very strong, there is a
significant demand for an interconnection nmnaterial having a | ow el ectrical
resistivity. The material of source and drain el ectrodes of anorphous
silicon TFTs, one type of display device elenents, 15 for instance is
required to have a low electrical resistivity and a heat resisting property,
and demanded specifications are for exanple an electrical resistivity of
BpQ cmor lower and a heat resisting tenperature of about 350 degrees

Cel sius. This heat resisting tenperature is 20 determ ned by a maxi num

tenperature applied upon.the source and drain el ectrode qﬁ{in oduci ng,
and this medPREAT Eenpger AEBPRIFsOF ¢ Ji?rtéecgf fﬂﬂ?ﬁi ﬁ"% ar'§ ngﬂﬁ%@F n film
which is to be formed as a protection filmon the electrodes. 25 It has
become possiBFertecebRerhialgesid@YSnsitat £ bnD7st RSRTeverR Gt rBeq ofrat
tenperature owing to advanced film deEosition techniques, and it is
beconi ng podBPHY e thESEorcmeMeirsot ekt i 8A1PYI MANT 3& % ? aPrBAeEBEFERSENd
drain electrodes at about 250 degrees Celsius. This gives rise 5to a
demand for &RCWREe?Eohettnbhl hait exral lohbsean@at L1FESEsting tenperature is
approxi mately 250 degrees Cel sius and whose electrical resistivity is
sufficbently | owBY Weg, att loWwgesen AEmMRPFOYUEEl M en®raidu:iggeda from
before as an interconnection nmaterial for a display 10 device is formed by
sputtering,displée deyvécef mrcomtlar | bynds| mof dravseindyloWi Sorethodetakkoy
conponent s added beyond a

yield and an improved productivity, and for further, there

are ongoing endeavors to 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 for an interconnection
material having a low electrical resistivity.

The material of source 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
8uC * 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 is a temperature of forming an insulation film
which 1is tc be formed as a prectection film on the

electreodes.

25 It has become possible to obtain a desired insulation



solubility imt to Al is conpelled to exist in the dissolved state. The
electrical resistivity of Al alloy containing an alloy elenent in the

di ssolved state is is generally higher than that of pure Al. However, when
an Al alloy filmcontaining an alloy el enent beyond a solubility [limt is
heat ed, all oy conponents precipitate at ghe grain boundaries as an
internetallic conpound, and as the Al alloy filmis further heated, grain
growt h advances and Al 20 starts re-crystallizing. Wile the tenperature at
which the precipitation and the grain growth occur in this manner is
different d ndi ng upon the alloy elenment, the  precipitation d_the grain
growt h of tﬁgfﬁlﬁb T ofpon@nt W dEEMEELE HHE eP@éBgiéé & '%ﬂﬁ£§%§lgP t he
Al alloy film 25 The conpressive stress inside the filmincreases _as 8 the
grain grow AeRPeYF eBesCdliBlilCReafPAy, l tand dLTMBINGrRPHS Y oWt hOf GPERer
progresses due to further heating, the |imt wll be surpassed and crystal
grains will2appeakeeblonheftinm s0r f BRELASURRK| 08Rs FOEIERe 3BRe BF2&fress 5
rel axation. Alloying is effective in holding grains in a halt by means of

t he int er me€bfFLECEBEPAGENGISECi P 1 aliedigecat Ceheigpai n Boumdaives, rise
suppressing hillocks and enhancing the heat resisting property. A

convenbi onaFoappr dgganHasfobean t onsdvanveepiéeinpi tat¢om an@hpss nhgadwt h of
all oy 10 components utilizing this phenonenon for realization of both a

| oner el ectreésdbtingi sehperyptand dshegpnwsimstialy Propdegyeos aalaiual | oy
film However, a |owered process tenperature does not encourage sufficient
preci pitatiandobvhose electrical resistivity is sufficiently low.

Meanwhile, although an Al alloy £film generally used

from before as an interconnection material for a display

10 device is formed by sputtering, in the case of an Al alloy

film formed by this method, alloy components added beyond a

solubility 1limit to Al 1s compelled to exist 1in the

dissolved state. The electrical resistivity of Al alloy

centaining an alloy element in the dissclved state 1is

15 generally higher than that cf pure Al. However, when an Al

alloy film containing an allcy 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

20 starts re-crystallizing. 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.

25 The compressive stress inside the film increases as



conventional alloy conmponents as an internetallic conpound, 15 which |eads
.to a problemthat grain growth does not advance and an electrical
resistivity does not easily decrease. For exanple, although the heat
resisting tenperature of Al-2at%\d disclosed in Patent Docunent 4 is as

- high as 350 degrees Cel sius or nore, electrical resistivity is 20 only
11.5 uG cmafter heat treatnent at 250 egrees Celsius for 30 mnutes, and
al though the heat resisting tenperature of Al -2at%\ -0.6%Nd is as high as
350 degrees Celsius or nore, the electrical resistivity decreases down

only 8.7 pG cmafter heat treatnent at 250 degre 5 Cel sius for
Mt es, ¢ hGEEStITd T eBYPHG  BHOR 15559 FUR her 1R Eirenehd ¢ oF
THE INVENTICN As descri bed above, although source and drain electrodes are
nost |anueEE@Hnb9rQWFBmEPEHhSFOE§§§re§S?énﬁé@aﬁﬁr£UI§PEEehﬁﬁ§%QQeIé@?rodes
al ways carrﬁ a current to read fromand wite in pixels, to suppress the
el ectrical reédist ity B %%@%@S%?%C?P6d€r§§ﬁﬁﬂoﬁgfﬂém5é&%#%nﬁppe@Fféétlve
in reducing the power consunption of a display device. Further, the | ow
electrical EBSi sfiVitySWATa0et hes el okt koS porQl onidid owidke aofi mé t&6RSt ant
which is determned by the product of the electrical resistance and the
el ectrcal &apashrtyonwhi dhl mkesd i ispedépbléveo I nmaiakding a0ypbes diBpkay
quality even when a display panel is to be fabricated in a large size. 15
The present hahatemty oredias béetheadentigrndtyhtliof ¢hwmpound precipitating
at the grain boundaries, suppressing hillocks and enhancing
the heat resisting property. A conventional approach has
been to advance precipitation and grain growth of alloy
10 components utilizing this phenomenon 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 dces nct advance
and an electrical resistivity does not easily decrease.
For example, althcugh 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 of Al-2at%Ni-0.6%Nd is as high as 350 degrees
Celsius or more, the electrical resistivity decreases down

to only 8.7 pQ » cm after heat treatment at 250 degrees

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



ci rcunstance above, and accordingly, ains at establishing a technique with
-which it is possible, on the assunption that om ssion of barrier netal
addressed above in relation to the conventional techniques is possible, to
directly and 20 securely contact an Al alloy filmw th pixel electrodes and
. achieve a low electrical resistivity bet%pen the pi xel electrodes even when

a low thermal processing tenperature is-used for the Al alloy film More
specifically, even when thermal processing at as |ow tenperature as 250 25
degrees Celsius for 30 minutes is performed, it is possible 10 to achieve
t he electrifal resistivitg of, 7 pO cmor lower of the Al alloy filmw thout
creating def BEERSELEAPERVERE Focks, provide a display device which is
adaptive to_a |lowered processing tenperature and provide a sputtering 5
target for %V%%%$BnOEfT§@ 5NV%§T?@Nn1mhich is useful for producing such a
di splay device. In the structure of a display device according to the
present inventi oRSwhidSPcEdinRss t BBOBRobl endipdiie, 8AUAFe aldsy fAFAMBnd a
conductive oxide filmare connected 10 directly with each other w thout any
i nterposed fEEFREPORY ABeal Moghd ilmftlhiehcgidksplyy devi teweredt hPEOEBRFact
interface, some or all Al alloy conponents precipitate or is concentrated,
and the A héhpyréaftunei ssande éheale aldes\trogsiscrlotritai perag & heusreoy
conponents 0.1 through 6 at% of 15 at | east one el enment selected fromthe
group consisti ngeafl KiromAganzn, wau tand iG amwdkewd ch fart heppreasai hbel) 0.1
through 2 at% of at | east one el enent selected fromthe

electrical resistivity in these electrode portions 1is

extremely effective in reducing the power consumption of a
display device. Further, the low electrical resistivity in

1C the electrode portions lowers a time constant which is
determined by the product of the electrical resistance and
the electrical capacity, which makes it ©possible to
maintain a good display quality 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 possibkble, on the assumption that
omission of barrier metal addressed above 1in relaticn to
the conventiconal techniques 1s possible, to directly and

20 securely contact an Al alleoy 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 Al alloy film. More specifically, even
when thermal processing at as low temperature as 250

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



group (hereinafter sonetines referred to as "group X') consisting of My,

Cr, M, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr, 20 &d, Th, Sm Eu, Ho, Er, Tm Yb,
Lu and Dy or 2) 0.1 through 1 at% of at |east one elenment selected fromthe
group (hereinafter also referred to as "group Z") consisting of Ti, V, Zr,
Nb, Mo, Hf, Ta and W The Al all oy filn1qﬁgording to the present invention,
25 after deposited on a transparent substrate, preferably has 11 an

el ectrical resistivity of 7 uC cmor lower followng thermal processing at
250 degrees Celsius for 30 mnutes. The other structure according to the
present invention is directed to a sputtering target_for producing an Al 5

alloy film Wi @RNiLEVE h&r £USGHSG IehEnt 16ty Hel di spiayCBedFce 4Bdve,
and is made of Al alloy which contains, as allo¥,conp nents, 0.1 through 6
at% of at | 8ast el efehPY skiett &g Hhdh t RESGFIE cOMSESEF nF Wi NBS Ag,
Zn, Cu and Gel and further contains 0.1 through 2 at% of at |east one type
10 of el eneRtldBFEEL e®TPVIMEL He Gt DRPALOASYSERNY LMY, S Gdamhlve RGO Rh, ~ Pd,
lr, Pt, La, Ce, Pr, G4, Th, Sm Eu, Ho, Er, Tm Yb, Lu and Dy or 0.1
t hrough 1 atoweredt PeENstsvhed elt@mnfradilected PHAYIHR gr o8PUESRERELI ng of
Ti, V, Zr, No, Mo, Hf, Ta and W 15 According.to t he géesent invention, it
i s posSi bl etesgetortodactcapiionl poy Afli 1ad Wiy hi piRewhdicactirodese Bt edefry
wi thout forming a barrier nmetal |ayer and secure a sufficiently |ow
el ectrical pesdstingt puehen Whenlay delvatevely | ow thermal processing
tenperature such as 250
In the structure of a display device according to the
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 interposed refractory
metal, and 1in this display device, at this contact
interface, some c¢r all Al alloy components precipitate or
is concentrated, and the Al alloy film is made of Al alloy
which contains as the alloy components 0.1 through 6 at% of
15 at least one element selected from the group consisting of
Ni, Ag, Zn, Cu and Ge and which further contains 1) 0.1
through 2 at% of at least one element selected from the
grocup (hereinafter scmetimes 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, V, Zr, Nb, Mc, Hf, Ta and W.

The Al alloy film according to the present invention,

25 after deposited on a transparent substrate, preferably has



20 degrees Celsius or lower is used. The thermal processing tenperature in
this context nmeans a processing tenperature which becones the highest
during producing a TFT array for instance, and exanples of this tenperature
for heating a substrate during filmdeposition by nmeans of CVD to form 25
various types of filns, the tenperaturevﬁ_ a heat treat 12 furnace during

f
heat curing of a protection film etc. &n the Al alloy filmaccording to

the present invention is applied to source/drain interconnections during
producing a liquid crystal display panel in which a 5 process tenperature is
recently becomng lower, it is ossible to attain a | ow el ectrical .
resi stivity2Bt SdaEw: PreriRi 1 Hrotessi A t'enpRratllr ©Twi t ok #ﬁﬁiPWFHQ t he
advant age OL the direct connect%on Bﬁth t he pixil. eIEctngesh 10 BRI EF
DESCRI PTI ONCREFRAE PRAGERES" R §¢ 4°PsI§95eREnEFLE 1 BRpE Qhat Br JLUFERSof an
enl arged cross sectional surface of exenplary structures of a |iquid
crystal panel sub8BratBeana8taUrfHaRd2EFYEHANIdL pFas BEGFEBL1ENVEIWMAPEN a
di spl ay device array substrate according to the present invention is
appl i ed; Fi§s i@ &théfatd c SBPItETANSr yEITBAL off O cPBS8UCEREL iaghall
surface of an exenplary structure of a thin film transistor which is used
in the3di sppayotefié®e whigh 20 subberacécaiéedigi agementhefs thst déabédynent
of the present invention;

device above, and 1is made of Al alloy which contains, as

alloy components, 0.1 through & at% of at least one element
selected from the droup 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, Pd, Ir, Pt, La, Ce, Pr, Gd, Tb, Sm, Eu, Ho, Er, Tm,
Yb, Lu and Dy or 0.1 through 1 at% of at least cne element
selected from the group consisting of Ti, V, Zr, Nb, Mo, Hf,
Ta and W.

15 According to the present invention, 1t is pcssible to
contact an Al alloy film with pixel electrodes directly
without forming a barrier metal layer and secure a
sufficiently 1low electrical resistivity even when a
relatively low thermal processing temperature such as 250

20 degrees Celsius or lcower 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 temperature 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. 3 is an explanatory diagram which shows in order an exanple of steps
for producing the display device array substrate shown in Fig. 2; 25 Fig. 4
is an explanatory diagram which shows in order 13 an exanple of steps for
produci ng the display device array substrate shown in Fig. 2; Fig. 5is an
expl anatory di agram whi ch shows in order . _an exanple of steps for producing
the display device array 5 substrate sh&ﬁh in Fig. 2; Fig. 6 is an

expl anat ory di agram whi ch shows in order an exanple of steps for producing
the display device array substrate shown in Fig. 2; Fig. 7 is an

expl anat ory_di agram whi ch sho in.order. 10 ap exanple.of steps for
broduci ng ¢ RAFRRSPI 2yt 4a9i Beshr FaY NEuBLt PaPECSROMC N FLE: STCFig. 8 is an
expl anat ory di agram whi ch shows in order. an exanpl e of steBs for producing

the display devi tB®Brr&)e SubstdEtY sHowd i RASOFI1PI 150F §heg PEegpnt

expl anat ory di agram whi.ch shows in order an exanple of steps for producing
the di spl ayl@ESTE&CRrrdy SEBdticst e KhowPRACH grada Filgtezgopgeghions

expl anat ory di agram whi ch shows in order an exanple of steps for producing
t he di spl ayddeiNgePEPAEFing0 asdbistirigt CHRi ih FREY Pamely. in1wBhelhsaa
tenperature-stress curve on an Al alloy film Fig. 12 is a schematic

expl anat or ypype@assf wewpessture 1is recently becoming lower, 1t 1is

possible tc attain a low electrical 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 1is a schematic explanatory view of a cross
sectiocnal surface of an exemplary structure of a thin film
transistor which 1s wused 1in the display device array

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

Fig. 3 is an explanatory diagram which shows in order
an example of steps for producing the display device array
substrate shown in Fig. 2;

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



sectional surface of an exenplary structure of a thin film 25 transistor

. Which is used in a display device array 14 substrate according to other
enbodi ment of the present invention; Fig. 13 is an explanatory di agram

whi ch shows in order an exanple of steps for producing the display device
-array 5 substrate shown in Fig. 12; Fig.:§4 is an explanatory di agram which
shows in order an exanple of steps for Hroducing the di splay device array
substrate shown in Fig. 12; Fig. 15 is an explanatory di agram whi ch shows in
order 10 an exanple of steps for producing the display device array

substrate shown in Fig. 12; Fig._ 16 is an expl anatqr i agram.whi ch shows in
ordor o eRamErete e s ran e e Tl dr e 0y taled et AE SO at o

shown in Fig. 12; 15 Fig. 17 is_an explanatory diagram which shows in order
an exanpl e 8PPStERSEr SPCPRodlcFAG -t Ké di spl ay device array substrate shown
in Fig. 12; Fig. 18 is an explanatory diagram whi ch shows in order an
exampl e of stepsfiér prddudhgiheth spraydiayrae Whiah sbowsupst PEEETshown
in Fig. 12; Fig. 19 is an explanatory di agram which shows in order an
exanpl e of 3fepgamgdepddidians ther dwsplayinevike difRyaysdBY¥LEat @rsROWN in
Fig. 12; and Fig. 20 is a drawi ng which shows a Kelvin pattern used 25 for
measur énent sgbstheteomhavn AasFitdanée between an Al
Fig. 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. 2;
15 Fig. 9 is an explanatory diagram which shows in order
an example c¢f steps for producing the display device array
substrate shown in Fig. 2;
Fig. 10 is an explanatory diagram which shows in crder
an example of steps for producing 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



15 alloy filmand a transparent conductive oxide film DETAI LED DESCRI PTI ON
. OF THE PREFERRED EMBODI MENTS According to the present invention, for
contact of the 5 pixel electrodes and the Al alloy film the Al alloy film
contains, as its alloy conponents, 0.1 through 6 at% of at |east one
. el enment selected fromthe group consistiq% of Ni, Ag, Zn, Cu and Ge, and
further contains 0.1 through 2 at% of at 1east one el enent selected from
the group X or 0.1 10 through 1 at% of at |east one el enment selected from
the group Z. As the Al alloy filmcontains 0.1 through 6 at% of NI or the

li ke, and further contains 0,1 through. 2 at% of  at eas e el ement
sel ect ed frBHﬁ?ﬁEaE?ou%F§?¥)l%ﬁl1¥hrg&&ﬁr15eTb8?¢@8PLaIO$engaoﬁéeéﬁgﬁent

selected fromthe group Z, at a relatively |ow thermal processing

t enper at ur el MVBREEPBitates or Ni or the |ike concentrated | ayer are formed
at the contact interface with the_pixel electrodes, which decreases the
contact resistan&éd-203Flpt RBr eXBsaHaseFYbEd2PR2BeRILED heNS pRefFPRTati on
as nmetal lic conpounds of elenents belonging to these groups X and Z added
mai nly for RRpE&eBRBAt Of IUEPhedmr r@mcglqﬁgg propéreyledcirvigeegrray
recrystallization of A, reduces the electrical resistance of the Al alloy
filmibsel fsahdt2stgrehevy decFéasedsZthe el ectrical resistance as a whole 16

i ncluding the contact surface. Meanwhile, when containing 0.1 through 6 at%
of Ni or Fig. 14 is an explanatory diagram which shows in order

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

Fig. 15 is an explanatory diagram which shcws 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 substrate 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 in Fig. 12; and

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

25 for measurement of the contact resistance between an Al



the Iike and further containing 0.1 through 2 at% of at |east one el enent
sel ected fromanong My, La, M, Gd, Ta, 5 Dy and Tb out of the el enents
selected fromthe groups X and Z or 0.1 through 1 at% of V, the A alloy
filmis effective in remarkably inproving the resistance agai nst an
- al kal i ne devel opi ng sol ution. During proqgging a display device, an

i nterconnection 10 pattern is forned at step call ed photolithography.
That is, a photosensitive resin (photoresist) is exposed with an UV |ight
source and devel oped with an al kaline devel oping solution, and an

i nt erconnect i on ttern i,s forned of a, resin. Follow. his, using the
rosin oo o fhlRy EhIA A26°a) PEIRFPRRERL GOORBA PRePEDO OBt ATNI ng Ay

i nterconnection. At the stage of this devel opnent, the surface of the A
alloy filmis exposed to the al kaline devel opi ng solution. A generally used

devel opi ng solution contains 2.38 wt% of TMAH &tetranethﬁl anmoni um
hydr oxi de) , PCRABLKREBNPERERAP T 20N aPF oy HE| PREEBRREPNENEOBINENRPough 6 at % of N

is exposed to this deveIoEing solution, etching progresses at the speed of
80 t hrough 120 nAEAPRAIE £he eenPraFynti anvRetéate 6PTAFCALREY Pl fBet o
which My, La, M1, V, Gd, Ta, Dy and Tb are added fromthe 25 groups X and
Z, thedSetchPhyesped@citsosigppraassedhaloh 86109 17 lhr ddgh A0 aklevniiflti ng
that the etching speed of pure Al in conventional use is 20 nmmn,
enpi ri cal | ycepeakinag, asappsoxiliatieloprgouising &/hi &- lspdecbwdgh | € nat® caliseta
problemof filmthinning.
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 element selected from the group X or 0.1
10 through 1 at% of at least one element selected from the
group 2.
As the Al alloy film contains 0.1 through & at% of Ni
or the like, and further contains 0.1 through 2 at% of at
least one element selected from the group X or 0.1 through
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 elements belonging to these groups
X and Z added mainly for improvement of the heat resisting
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



5 Further, the developing tinme varies dependi ng upon resins, exposure
conditions and the |like, and since the time that the surface of the A
alloy filmis exposed to the devel oping solution is about sonme dozens of
seconds or nmaximumw thin one mnute and the filmthickness of an 10

i nterconnection is generally around 100 ;%rough 400 nm if etching-induced
sl owi ng down of the etching speed approxXximately down to half or slower not
only prevents elimnation of the Al alloy filmat the photolithographic
step but obviates filmthinning to quite a sufficient 15 extent. This

achi eves precise processing of the interconnection pattern. Rework, or redo
of the photbPF?Hggpgpﬁﬁe §88gaF 8PFEAC®executed. This means stripping of a
phot oresi st and redo . of the_ photolithographic step once again upan

occurrence of 20MANYBAGENENNEEL COMT AN 1TRe U ik NP s pptessed Fil AY
t hi nni ng prom ses an advanta%e that rework can be done nore than once. It
i s therefor&lpodsiff e2@ SUghDEIrcaRAN A T e Ot he THHRHEY of 3¥rfoclsast eps
and a manufacturing cost while 25 maintaining the display quality of a
di spl ay devieasSuéhecas Edent] igpheriad sfapndpapnay Matr dahi gind eGeél . Tahi | e
enbodi mrents of the display device according to the present invention wll
now be>descPi¥bead Tetat | o tihe refememce selentedsdaoimatidt: dgewimgsX t he
present invention 5 is not limted to the illustrated exanples but may be
i mpl enent edawidt & appr dprli aterowdhfilcattdnotfo Yhe téet et alloy film is
effective in remarkably improving the resistance against an
alkaline developing solution.
During prcducing a display device, an interconnection
10 pattern is formed at a step called photolithography. That
is, a photosensitive resin (photoresist) is exposed with an
UV light source and developed with an alkaline developing
solution, and an interconnection pattern 1is formed of a
resin. Following this, using the resin as a mask, an Al
15 allecy film is etched, thereby cbtaining an interconnection.
At the stage of this development, the surface of the Al
alloy film is exposed to the alkaline developing scluticn.
A generally used developing sclution 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 7, the etching speed is suppressed down to 10



neeting the intentions nentioned earlier and described below Those
nodi fications all fall wthin the technical scope of the invention. 10
Further, although the Al alloy filmaccording 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 dlsplay dévice or the li ke, a gate el ectrode
15 of an anorphous silicon TFT, and a TAB connection el ectrode for
i nput/output of a signal to outside without formng a barrier netal |ayer
bet ween the TAB connectlon electrode and a TAB el ectrode, such enbodinents
will not betlie=eshpd. ne/gir | Mot eheba ¢ taRpIeAsALS0y SHRRF off aRUERI ar ged
20 cross sectional surface of the structure of a liquid crystal panel which
is mounted b &Nl FQUVENEAPSRAI Ugiespisay20 dppardt useTl Whiehl Y hePpR s5Rat
invention is applied. The liquid crystal panel shown in Fig. 1 includes a
TFT array sappreaimaticlandopposethssbspeatew2l hhiteh tsus@sadispbsed €4ci ng
the TFT array substrate 1, and a liquid 19 crystal layer 3 which is disposed
bet ween t hef THT @nimyingubstrate 1 and the opposed substrate 2 and functions
as a light nodulation |ayer. The TFT array substrate 1 is forned by thin
filmtbansi st or sFGFEdsy, 4 @ra adged lopiag Stimsulwat:dings t Hapspaient spbstrate
(gl ass substrate) la, pixel electrodes 5 and interconnection portions 6
including seannsNg dxpesiresi goadlitioes, aeic. tAbe loppgsedngubsingt etRe
i ncludes a comon el ectrode 7

time that the surface of 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
apprcximately down to half or slower not only prevents
elimination of the Al alloy film at the photolithographic
step but obviates film thinning to guite a sufficient

15 extent. This achieves ©precise processing of the
interconnection pattern.

Rework, or redo of the photolithographic step is often
executed. This means stripping of a photcresist and redo
of the photolithographic step once again upen occurrence of

20 an abnormal pattern or the like, and suppressed film
thinning promises an advantage that rework can be done more
than once.

It is therefore possible to significantly reduce the
number of process steps and a manufacturing cost while

25 maintaining the display quality of a display device such as



formed entirely on its surface which is on the TFT array 10 substrate 1
.side, acolor filter 8 which is disposed at a position opposed agai nst the
pi xel electrodes 5, and a |light shielding film9 which is disposed at a
position opposed against the thin filmtransistors (TFTs) 4 on the TFT
.array substrate 1 and the interconnection portions 6. 15 Pol arizer plates 10
and 10 are di sposed on the outer surfaced of the i nsul ati ng substrate
formng the TFT array substrate 1 and the opposed substrate 2, and the
opposed substrate 2 seats an orientation film 11l which aligns Iliquid
crystal nolecules of the liquid crystal layer 3 20 along a predeterm ned
direction. #nlifeiflj guvatetydiaplpanef Rabieg {BVelstructure, an electric
field devel opi ng between the opposed substrate 2 and the pixel electrodes 5
control s the dir@gilenegbodiaendsi enft athendofriihy Idejliiat caysediim®l &oul es
within the 25 liquid crystal layer 3 and nodul ates |ight which is 20
transmttedthy pheskhguidvenysbal widyemcd W ctescsr dieposeddebat weenthhe TFT
array substrate 1 and the opposed substrate 2, whereby the amount of |ight
which is traeasaréhed by the aspposetdedubisbwates? tbBecpntsehkednandtanni mage
is displayed. 5 Further, the TFT array is driven by a driver circuit 13 and
a contbol ciscuidt 14,imdwenlg to achHABitlapeti2twhi chbxamplkeadiliio @iitysi de t he
TFT array. In Fig. 1, denoted at 15 is a spacer, denoted at 16 is a seal

material, demplededted? st pPrRregtiianef i hotiriBadenat eh atthk8 kgtant
diffusion plate, denoted at 19 is a
meeting the intentions mentioned earlier and described
below. Those modifications all fall within the technical
scope of the invention.

10 Further, although the Al allecy film according to the
present inventicn is applicable also to a display device of
the passive matrix type which does not include thin film
transistors, a reflection electrode of a reflecticon-type
liquid crystal display device or the like, a gate electrode

15 of an amorphous silicon TFT, and a TAB connection electrode
for input/output of a signal to ocutside 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 secticonal surface of the structure of a ligquid
crystal panel which is mounted to a liquid crystal display
apparatus to which the present invention is applied.

The liquid crystal panel shown in Fig. 1 includes a

TFT array substrate 1, an opposed substrate 2 which 1is

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



pri smsheet, denoted at 20 is a light guide plate, denoted at 21 is a
reflection plate, denoted at 22 is a back light, denoted at 23 is a holding
frame, and denoted at 24 is a printed circuit board, which will be
described later. 15 Fig. 2 is a schematic explanatory view of an enl arged

. cross sectional surface of the structure_qof a thin film transistor portion
according to the first enbodi nent which 1Ps applied to the array substrate
of the present invention. As shown in Fig. 2, a scanning line 25 is forned
by an Al 20 alloy filmon the transparent substrate la, and a part of the
scanning line 25 functions_as_a gﬁte el ectrode 26 which _controls turning on

and of f t heSE¥PRa+i lAYSTandi ¥3FN AS sA§RRPSEANLS &St néleoy! Bn AFTaYI oy
filmsuch that the signal line intersects the scanning line 25 via a gate
25 insul atifgPsirate7l and &hpacPreechsudisgiaty iheFdnEitohsoRd as a
source el ectrode 28 of the thin filmtransistor. This type is generally
cal l ed the bbyhbmngate atyissy Lavarpi xelThaegldd odrthe gutkestimgis atli ngsfilm
27, there is the pixel electrode 5 of an ITOfilmwhich is 5 obtained by
m Xi ng SnO Whtthedn26B8 fhini ditlancerars triad s el(E€Tsddel 28rohnyhd tdn nafi | m
transistor formed by an Al alloy filmis electrically connected as a direct
contact w ihsthetpnael tedespaodets. sWhenratgat ¢glaksageubstsappli etlato the
gate electrode 10 26 via the scanning line 25 on the TFT array substrate 1,
the thin fipixél anséstoodeésr Bsand, iandracinéyveivol pageiosappl irdludiadvance
to the signal line reaches the pixel

scanning lines, signal lines, etc.

The opposed substrate 2 includes a commen 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 transistors (TFTs} 4 on the
TFT array substrate 1 and the interconnection portions 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
ligquid crystal molecules of the liquid crystal layer 3

20 along a predetermined direction.

In the liquid c¢rystal panel having this structure, an
electric field developing between the opposed substrate 2
and the pixel electrodes 5 controls the direction cf the

orientation of the 1liquid crystal molecules within the

25 liquid crystal layer 3 and modulates light which 1is



electrode 5 fromthe source electrode 28 via the drain electrode 29. As the
drive voltage of a predetermned 15 level is supplied to the pixel electrode
5, a potential difference is created fromthe opposed substrate 2 as
described in relation to Fig. 1, the liquid crystal nolecules contained in
the liquid crystal layer 3 are aligned %@d l'ight is nodul ated. 20 A net hod
of producing the TFT array substrate 1 sfiowmm in Fig. 2 will now be
described briefly. As the thin film transistor formed as a sw tching

el ement, an anorphous silicon TFT using anorphous silicon hydride as a

sem conductor |ayer w.l ] be described as an exanple, 25 Fjgs. 3,through 10
Wi i1 be rof b FRANEbLFOrPUSk? | bi g 32 bHE ekahBr X of ShaHE OF HiSHASFRG ¢ he
TFT array substrate 1. First, by sputtering or the like, an Al alloy film
is formed i pEbYeRR FRenTEhi @khe¥sSebshbohe D0dfAntbBA PREC§PAsSUPshBatRat e
(transparent substrate) la, and the Al alloy film 5 is patterned, thereby
form ng t heZgavbespbit £hge apeuarnd Afhe igbdnmtnigeh | he PEagFnyttay byt thai s
stage, it is desirable to etch the rimof the Al alloy filmtapered at
about 30 toppoaghd4eudegrebs golishacntheltederndeanf imheegasedipnsaradi ng
film27 described |ater woul d be favorable. 10 Next, as shown in Fig. 4, by
pl asma>CVD or thButrtker,t hbe JdtTe amsay at sndrfivem 2% is doived byrausilicon
oxide film (SiOx) whose filmthickness is about 300 nmfor instance, and
an anor phous3skehidcan doydricde didani{ta- B ; Hpwinhgseéof ial MAR hiagkanes?d whiabout
500 nmand a silicon nitride film (Si Nx)

is lead to outside the TFT array.

In Fig. 1, denoted at 15 is a spacer, dencoted at 16 1is

a seal material, dencted at 17 1is a protection £film,

10 denoted at 18 is a diffusion plate, denoted at 19 is a
prism sheet, denoted at 20 is a light guide plate, denoted
at 21 is a reflection plate, denoted at 22 is a back light,
denoted at 23 is a holding frame, and denoted at 24 1is a
printed circuit beoard, 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 portion according to the first embediment 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 electrcde 26 which
contreols turning on and off the thin film transistor. A
signal line 1s 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



15 whose filmthickness is about 300 nmare forned for instance. This is
foll owed by patterning of the silicon nitride film(SiNx) as shown in Fig.
5 by back surface exposure wusing the gate electrode 26 as a mask, thereby
formng a 20 channel protection film After further form ng an n+ anorphous
silicon hydride film(n"a- Si: H) doped %nth phosphorus whose film

t hi ckness is about 50 nmfor instance of 't hi s, the anorphous silicon
hydride film (a-Si:H and the n' anorphous silicon hydride film (n+a-Si:H)
are 25 patterned as shown in Fig. 6. 23 An Al alloy filmwhose film

t hi ckness is about 300 n for ex le is en formed on this, and_through
patterni ng 2as®sh3Wwh®f n® E%@trqdetﬁgp%guF ?é@t?bgg 582RAL8GP At edT M Bh the
signal line and the drain_electrode 29 to be brought 5 into contact with the
pi xel el ect PR 55a98NFoRhkd. 51 AY ThhebIbLPReIRIRCEVRBEe 28 and the drain
electrode 29 as a mask, the n° anorphous silicon hydride film(n'a-Si:H on
the channel prot 8@t ifonPEKEM (IRON | §Nt Wb r Sdwedi NPl ahbig ifilm g278,
using a plasma CVD apparatus or 10 the like for instance, a silicon nitride
film30 is theposiltedthat lied f¢lesEre@knésso bf aabouko 360 1mvfrorch ex&npl e,
thereby obtaining a protection film The film deposition is perfornmed at
about 250 delgteeredebyi usifigry Enét andd Riler foor mimgtanpdot orfesiiseihayer
31 on this 15 silicon nitride film30, the silicon nitride film30 is
patterned, ahdchredat 80t diol eh@2thdnf drined transhiestsdti onmed by an Al
alloy film is electrically connected as a direct contact
with the pizel electrode 5.
When a gate veoltage 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 volitage
supplied in advance to the signal line reaches the pixel
electrode 5 from the scource electrode 28 wvia the drain
electrode 29. As the drive voltage of a predetermined
15 level 1is supplied to the pixel electrode 5, a potential
difference 1is c¢reated from the opposed substrate 2 as
described 1in relation teo Fig. 1, the 1liguid crystal
molecules contained in the liquid c¢rystal 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 amorphous
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



nitride film30 by dry etching or the Iike for instance. Further, although
not shown in the drawi ngs, at the sane tine, a contact hole is fornmed in a
TAB connection section 20 on the gate el ectrode 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 amne or the like for i nstanéé, and at last, within a retention
time of about 25 eight hours for exanple, an I TO filmwhose film thickness
24 is about 40 nmfor instance is fornmed as shown in Fig. 10, and the pixel
el ectrode 5 is obtai ned by Patternln At the sane tine, the ITOfilmis

patt er ned f%@eb%%@mﬁbem?¥h5 928 Ph PRedFARNGohRecT FBn2kEaYi BRPBETERE dat e
el ectrode at 5 the edge portion of the panel, which conpletes the TFT array
substrate 1. In FhESTFTDHr FRYLEEBSDPAPE fhSr ilddGed By Ahea b hofll lmbsge, the
drain electrode 29 of Al alloy and the pixel electrode 5 directly contact
each ot her &ptinedeighdethl® £i bottotekResandlt abouTO2 PP mnfon TAB gbamecti on
directly contact each other. At this stage, as the material of the A alloy
film formsgbtheateai breheparode 29vfbratabt haceandl the &llayloy falimoy of
Al and at | east one elenment selected fromthe 15 group consisting of Au, Ag,
Zn, Cuy Sr,iSnpattecanedpBi timayebbefuseinandha gahdi ¢lentfodefd6nang the drain
el ectrode 29 nay be properly controlled, which still neaningfully reduces
t he cont actsteshshanténbebdedrmighe 3Al. aldtoyHid stage, it is desirable
to etch the rim of the Al alloy film tapered at about 30
through 40 degrees so that the coverage of the gate
insulating film 27 described later would be favorable.
10 Next, as shown in Fig. 4, by plasma CVD or the like, the
gate insulating film 27 is formed by a silicon oxide film
(S10x) whose film thickness is abcocut 300 nm for instance,
and an amorphous silicon hydride film (a-Si:H) whose film
thickness 1s about 500 nm and a silicon nitride film (SiNx)
15 whose film thickness is about 300 nm are formed for
instance.
This is followed by patterning of the silicon nitride
film {SiNx) as shown in Fig. 5 by back surface exposure
using the gate electrode 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
cn this, the amorphous silicon hydride film (a-Si:H) and

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

25 patterned as shown in Fig. 6.



formng the drain electrode 29 and the pixel electrode 5 20 as Patent

- Literature 4 has clarified. Wth respect to alloy containing Al-Ni for

i nstance, after processing at the tenperature of 250 degrees Celsius for
30 mnutes, the electrical resistivity is 3.8 p@cmin the case of
-Al-2at%i, 5.8 pUcmin the case of Al -4atN 25 and 6.5 pO cmin the case
of Al -6atoNi, which neans that 25 an all filmcontaining Al-N w il well
achieve a target value for a low electrical resistivity. However, the heat
resisting tenperature of such AI-Ni alloy is as |ow as 150 through 200

degrees Cel sius ? use% for sour el ectrode or a rain é ctrode of
an ordi nary dlspﬁﬁyggeﬁ ¢8y Hdtimg ﬁﬁi? TR HeatF n Eng at'llre is
about 250 degrees Cel sius, such Al -N aIIo will be insufficient in terns
of heat resfSFiRE2PPOerty thand formeast ?ﬂe&ﬁ}%alaHQOtﬁéoPﬁF BRCSPFBY Hade of
Al and at | east one elenent _selected fromthe group con5|st|ng of N, Ag,
Zn, CQu and @, ShewRt her F58udy whBedsABr EFofl ERET8EaNABOI AESIBR LBt Hithe
type of the third conponent elenent and the quantity to add, in an effort
to clarify Bheopighiedh Mine ex@i bhe #irais epbettredd Qéaﬁﬁlh¢t?r@ﬂghtp82
cmor lower after thermal processing while securing a heat resisting
proper by oninhe contlertoivi2b0 tdegraes ICH lsiatsrodean Tomseqgiereed . i t Usasgf ound
that m xing of the elenents belonging to the groups X and Z descri bed
earlier 20tha poedeterel aedradmuiBs drdnthromyaa rcoahttessdauaiPerasf a
mask, 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 1like for instance, a silicon nitride film 30 1is
depesited 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 c¢n this
15 silicon nitride film 30, the silicon nitride film 30 1is
patterned, and a contact hole 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
time, 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 1is stripped
using a stripper sclution containing amine or the like for

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

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



el ements would form Al nulti-conponent alloy which would exhibit an
electrical resistivity of 7 p0O cmor |lower after thermal processing while
securing a heat resisting property which would not create hillocks or the
li ke even 25 in the presence of heat at about 250 degrees Celsius. 26 The
. elenments belonging to the group X may bezyg, C, WM, Ru, Rh, Pd, Ir, Pt,
La, Ce, Pr, &, Th, Sm Eu, Ho, Er, Tm “Yb, Lu and Dy, from which one or
two types nay be used. For effective exhibition of an inproved heat
resisting 5 property and a reduced electrical resistivity due to addition
of these alloy elenents, the anounts of the added elenents needs be from

0.1 through'® &9t MBANRAI I8F tRe tagicemerit S PAChP YR het gFd8p ¥°may be
Ti, V, Zr, Nb, Mo, Hf, Ta and W from which one or two types may be used.
For 10 effe2{véhexmibicl onl @FLEede npr dvedeaine@shyt Pig terepact-y Ahd a
reduced electrical resistivity due to addition of these alloy elenents, the
anmount s of the adwedtémemeritte hHeedSibe ftpomald.teroiedoudt oanrdsnanyiehenent
bel onging to any one of the groups X and Z, 15 if added in the anount bel ow
0.1 at% wiTRBnor &bhi 848 theneccévein sleatherhadt tresisaieage peoperdy &ht ended
in the present invention, whereas when the content of the elenents
bel ongbng toh¢ hedgrroupoXtéxueedS 2hat %amell t hehdoht emtmpietehe tdleenBATS
bel onging to the group Z exceeds 1 at% the 20 effect of reducing the
el ectrical aesagtsvbsyraoftethe film material will be insufficient although
the heat resisting property will inprove nore than needed. Considering both
In the 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 ITO film for TAB connection directly
contact each other.
At this stage, as the material of the Al alloy film
forming the drain electrcde 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, Sm, 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 between the Al alloy film
forming the drain electrode 29 and the pixel electrode b5,
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 nQe+«cm in
the case of Al-2at%Ni, 5.8 uQ-*cm in the case of Al-4atgNi

25 and 6.5 pnQ -+ cm in the case of Al-€éat%Ni, which means that



the heat resisting property and the |owered electrical resistivity of the
-filmmterial, a preferable amount to 25 add is fromO0.3 at%to 1.8 at% as
for the elements 27 belonging to the group X and fromO0.2 at%to 0.8 at% as
for the elenments belonging to the group Z. The content of each elenent in
- the case of adding two or nore el enents y be determned with reference to
the total content. 5 As shown in Table 1 ich wll be described later, the
el enents belonging to the groups X and Z are sel ected based on exanples
regardi ng heat resisting properties and the effect of reducing the

el ectrical resini viti«is which were confjrnmed through experinents, the

criteria foitlsefety¥i édlfo B EhIal MY With Peldr &ide 6 thetarget
tenperature-stress curve on an Al alloy filmshowm in Fig. 11. That is, in
Fig. 11, theakyabbPr s deribt@bepuf &Cal , remkstiyhbst B denotes Al alloy to
whi ch the el enent belonging to the group X is added, and the synbol C
denotes Al al | oyHewevas, waAhehhepé desisittl Nidel tomfiatq i & el gseelp Zlr¥iadded.
The Al alloy filmB to which the element belonging to the group X is added
exhibits grahiey tenpsedsiwestiessthuputinadOOndegasesofCalmiuenpelihenre.
Al t hough grain gromh is suppressed during the initial stage of the
t enperat ur eu2dd | doreazse sograien gtowt hode artrs at drariel acleetycflewof an
tenperature and stress relaxation occurs abruptly within a narrow
t enper at ur ecrangery | tiisplegnsdelered, t hat itthe tititssohewechaedienent hpatseat in
this alloy deposits as an internetallic conpound within a short period of
time at temperature is about 250 degrees Celsius, such Al-Ni alloy

will be insufficient in terms of heat resisting property

and is not practical.

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

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

In consequence, 1t was found that mixing of the
elements belonging to the groups X and Z described earlier

20 in predetermined amounts from among 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 cor the like even

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



25 this stage and that grain growth of Al advances and the 28 el ectri cal
resistivity drops in accordance wth the deposition. Nanely, the electrical
resistivity is sufficiently lowered at a relatively | ow heating
tenperature. On the other hand, further heating with 5 conplete stress

rel axati on pushes out crystal grains due2%o conpressi ve stress devel opi ng
inside the thin filmand easily results“rn creation of hillocks or the

| i ke. The heat resisting tenperature of this alloy is considered to be
around a tenperature of stress relaxation. 10 On the other hand, the A
alloy filmto which the elenent belonging to the group Z is added simlarly
exhi bits greater'RonpteReRve SELERIIRPT hoarFiehd s Bf ke Pet dlfper@Eure,
and grain gromh of Al starts in a simlar tenperature range. However, the

el enents béffonditg Ry thid 157 grivup 224 LR fiUsdel £ rOm tHer dissoived St at e

and precipitate as internetallic conpounds at a relatively slow speed, the
i ntermet al T cOWpduhd®Pridici ph i evir Atz e yor viiWhi hyre sviteRey tlesrpesed ur e
range, and stress relaxation occurs gradually as the precipitation takes
pl ace. It 201 herfdfegrtd ieakeghsbghiibncapf Haat ilmgpraveéda beasi deeabsyinang
time until stress relaxation occurs sufficiently, the dissolved elenents
al nostSent ipetpepreci Pid ate asedugaedr neted {1 ccabnpoehist hite giad n Twowt h
of Al progresses and the electrical resistivity of the nother material of
25 the fil mdbcoimn | ov ehesghallioy ehecknaspunthet kenchedts 2 the added

elements needs be from 0.1 threugh 2 at%. Meanwhile, the

elements belonging to the group Z may ke Ti, V, Zr, Nb, Mo,

Hf, Ta and W, from which cne or two types may be used. For

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

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

15 if added in the amount below 0.1 at%, will not achieve the
level of the heat resisting property intended in 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 72 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 is from 0.3 at%2 to 1.8 at%4 as for the elements



resisting property enhances. In short, as conpared with the elenents
-belonging to the group X, the elenents belonging to the group Z are nore
effective in inproving the heat resisting property as they nore slowy
deposit as 5 internmetallic conmpounds, and thus, it is possible to
-sufficiently inprove the heat resisting §:operty even when the anmount of
addi ng these elenents is suppressed relatively small. Wile the electrical
resistivity is dependent also 10 upon the anount of adding the alloy

el enents, the elenments belonging to the group Z, when added in snaller
anounts than_the el epents belonging tqQ the group X are, reduce the

el ectrical P%§P§5F99t§oegaﬁ ﬁfoapréléP?v§F9mlBmﬁhééﬁlﬁ@ Ot BnBEFafiir £0&s
clarified later in relation to an exang 15 (Table 1). Further, the
el ement s belBRAgPAENEBLENBEYPBEPNE, toak ﬁoaéﬁUEaﬁ nth@ecaaa@atuﬁfs@éﬁh|arge
anounts as the anounts of adding the elenents belonging to the grouB
are charact etepedlti ant Hde tdase a0 aftirel FWoo olavo iRoi eseEN {hohay) @hen
deposited as electrode filnms. In other words, when an el enent which
preci pi t at edeasrahnedt ei bt aelfiBCencerrbguhUeatbtaﬂ onpéentthin a narrow
tenperature range during heating is chosen |like those elenents belonging to
the grbup X, theRAspsbognain fabhehladhanbesili hbestirongébed5lahert ehbil e
stress created inside the filmbeconmes during 30 cooling down to a room
t enper at ur ecadémenthebtloggimbi ch tbal dronpat 8 wnidd&. abHewseéected bheedase of
all oy from
on examples regarding heat resisting properties and the
effect of reducing the electrical resistivities which were
confirmed through experiments, the criteria for selection
10 can be explained with reference to the temperature-stress
curve on an Al alloy film shown in Fig. 11.
That is, in Fig. 11, the symbol A denotes pure Al, the
symbol B denotes Al alloy to which the element belonging to
the group X is added, and the symbol C denctes Al alloy to
15 which the element belonging to the group Z is added.
The Al alloy film B to which the element belonging 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 at a relatively low
temperature and stress relaxation occurs abruptly 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



which an internetallic conpound precipitates gradually over tine in
. accordance with a tenperature increase |ike the 5 elenents belonging to the
group Z, since precipitation and grain growh are interrupted upon heating
to the sane tenperature range as that for the group X, stress relaxation
. does not progress sufficiently, and thergfore, the tensile stress which

remains in the filmdecreases 10 during @bsequent cooling down to a room
tenperature. Considering this, for prevention of voids attributable to the
tensile stress, it is desirable to select the elenents belonging to the
group Z. The_reason that the content of NN or the like, which 15 serves as
the base of Sh8dEHLIGRt oy Fefd SddtV ity t HEFRihgel fr oRCOIEaNGe H bR n FhE
present invention is because this is an inportant requirenent to secure the
heat resisti@gOptbpeRty of NgRelw altihsy ngﬁFtFéﬁﬁﬂanqﬁskﬁt%WkiﬂikéS
concentrated |ayer at the contact interface with the pixel electrodes, 20
and reduce thWeftonentlvresieiared width tHe pivedlatdivedtr odésw | heghénrgont ent
of Ni or the like is below 0.1 at% it is not possible to attain the |evel
of the heattemg¢satnye. propgart fhient ehded imende phaddmr i theentingn, wihk N or
the like concentrated |ayer created at the contact interface 25 with the
pi xel el ectcodesebecotessénsalfketent, pandea 8ttsariysfatt orginbfdue bb
reduci ng the contact resistance is not obtained. On the contrary, if the
content of dbmpreshevel i kerexceens <8 cati%g t hesébect thealthrigsi Stiilwi t wndf t he
Al alloy filmitself increases, the response speed of the

easily results in creation of hillocks or the like. The

heat resisting temperature of this alloy is considered to
be arcund a temperature of stress relaxation.

10 On the other hand, the Al alloy film to which the
element belonging to the group Z 1is 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 Z is diffused from the dissolved state and
precipitate as intermetallic compounds at a relatively slow
speed, the intermetallic compounds precipitate gradually
within a wide temperature range, and stress relaxation
occurs gradually as the precipitation takes place. It

20 therefore takes significant heating and a considerably long
time wuntil stress relaxation occurs sufficiently, the
dissolved elements 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 enough, for which amount the heat



5 pixels slows down, the consunption power increases and the quality as a
- display deteriorates to an inpractical extent. Noting these advantages and
di sadvantages, it is desirable that the content of NI or the like is
preferably from0.1 at%or over, nore preferably from0.2 at%to 6 at% and
- 10 even nore preferably 5 at% or |ess. A%%ording to the present invention,
formng the Nl or the |ike concentrated“lfayer in the surface of the Al
alloy filmis effective for reduction of the contact resistance (direct
contact resistance) at the contact interface with 15 the pixel el ectrodes,

and the thickness,of this oncentrated |layer is preferably from 0. 5nm or
t hi cker, nﬁ?élﬁfé?%rQHP?eF dm AP HRT 0 1§qwﬁh%gﬁffﬁﬁt MPay et eFablly 5 nm

or thinner. The average N concentration of this concentrated |ayer is
preferably Eo@bl 8l8Rehbfe BELODILRG aver agBecofEERPr aki onthA t BeSBAREFe Al
alloy film and nore preferably, 2.5 tines or nore. In an Al alloy film
cont ai ni ng RELORILRG [tokeShaNi 9BPUPt He AikemPpE§od fefd 1961 ubh | LRRTPVINE of N
or the like inside the Al alloy filmprecipitates at the grain 25
boundari es bheAheak| sgsdeéing thepealt vprage dgsingnare t Ho@hy | dReesat past of
precipitating N or the like is diffused and concentrated in the surface of
the Al 2al | oyntérmptahtdicancinpountdhe | akd cbhuent ratedibaypesisbier ned.
Further, according to the present invention, a halide of Ni or the 5 |ike,
due to its bolfvapentpresspreyvedads netatvoledidtiizey maspéytduevayg whehi ng of
a contact hole for instance and
the amount of adding these elements 1is suppressed
relatively small.
While the electrical resistivity 1s dependent also
10 upon the amount of adding the alloy elements, the elements
belonging to the group Z, when added in smaller amounts
than the elements belonging to the group X are, reduce the
electrical resistivity even at a relatively low heating
temperature as c¢larified later in relatiorn to an example
15 (Table 1).
Further, the elements belonging to the group Z,
although can not 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 electrcde films. In other words,
when an element which precipitates as an intermetallic
compcund all at once within a narrow temperature range
during heating is chosen like those elements belonging to

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

25 the tensile stress created inside the film becomes during



stays in the surface of the Al alloy film so that the concentration of N
.or the like in the surface of the Al alloy fil mbecones higher than the
concentration of Ni or 10 the like of the Al alloy bulk nmaterial. It is
therefore possible to control the concentration of Ni or the like of the
-surface layer, the thickness of the concgﬂ}rated | ayer and the |ike by
nmeans 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 may get
partially concentrated toward the surface |layer side at this stage, the

techni cal scope,of BQ? resent invention covers th % as ., wel]. Wen. a
di spl ay devF8§?FH8I “ﬁg gﬁeE?F?OQWrémeﬁf%ﬁHﬁﬁrég eFoﬁﬁﬁ?%?ﬁtthlﬁEnner
is used as a Ii%uid crystal'displgi?apparatus for instance, it _is not only
possi bl e t oSORiLAi AR theVel et ri cHPWe¥RT st ARcebet GRER e Pt key from
el ectrodes and the interconnection portions for connection but also prevent
def ect s suchhashhinl éeksrBRiadlie CREP2SNES PEEE 1L LERES| ApRPEVEd IHegler
resisting property because of 33 the existence of the elenents included in
the groups X1#Ad I3 FaepKERNCS| deth he diemnaturel daedepnet hel kg olips X
and Z forminternetal lic conpounds together with the Al matrix material, N
or the3likecdateptécbgiltaganon tohels: Vidun t%, ofinhe gracarboahdani esnd
recrystallization of Al which is the matrix material is facilitated and the
el ectrical pesistagrewdf tdmee ndtrrier metterd alipdecr bagesngantl Herecesaie i s
possi bl e to suppress an adverse influence over
temperature range as that for the group X, stress
relaxation does not progress sufficiently, and therefore,
the tensile stress which remains in the film decreases
10 during subsequent cooling down to a room temperature.
Considering this, for prevention of voids attributable to
the tensile stress, it is desirable to select the elements
belonging to the group 7.
The reason that the content of Ni or the like, which
15 serves as the base of added alloy, 1s set to the range from
0.1 to 6 at% in the present invention is because this is an
important requirement 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 1is below 0.1 at%, it 1is
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 1nsufficient, and a



the quality of a displayed i nage as much as possible. 10 A liquid crystal
- di spl ay apparatus was fabricated as an experinent according to the
enbodi ment 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 woul d be obtaineg by a 15 conbination of an ITO film
and barrier netal (of M, etc.). Wth't ts liquid crystal display
apparatus, it is therefore possible to achieve equivalent capabilities to
those of a conventional liquid crystal display apparatus, wthout
di sposing barrjier metal. Hence, om ssion of barrier netal 20 sinplifjies the
manuf act ur i SRE PHHREY hge BRACEoRr iTAREsinD the r e8BERFEN 161 18 tRdywsf ak uri ng
cost. Further, it is possible to realize a sufficiently |ow electrical
resistivitydh abaingdvelQn 8w e iuay ¥ enplerdiar@ gt aaf D5 dediees
Celsius, it is possible to further enlarge the 25 range of choices of the
types of thlellmtexiatdsofo tadied 34thespllay tddviace, rahies protesspiig thendit i ons,
etc. Fig. 12 is a schematic explanatory view of an enlarged cross sectional
surface of alhlewt fudtwuretoél i tihiardadeam, t chrsi steporgeorgiary t ofot e
enbodi ment which is 5 applicable to the array substrate of the present
i nventd on, piamls nsidies i dowst r ahedcexanpbéica tlowerf ildmirngsares sArot theavi ng
the top gate structure is used. As shown in Fig. 13, a scanning line of an
Al alloy fqlanitsy far reeddidp laa i rdsparerdtsbsd rat eihpr a@nical patterof. 10
the scanning line functions as a gate el ectrode 26 which

Noting these advantages and disadvantages, 1t is desirable

that the content of Ni or the like is preferably from C.1
at% or over, more preferably from 0.2 at% to 6 at%, and
10 even 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 ccntact resistance
(direct contact resistance} at the contact interface with

15 the pixel electrodes, and the thickness of this
concentrated layer 1is preferably from 0.5nm or thicker,
more preferably from 1.0 nm to 10 nm, and further
preferably 5 nm or thinner. The average Ni concentration
of this concentrated layer is preferably double c¢r more of

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

In an Al alioy film containing Ni or the like, Ni or
the like beyond the solubility limit of Ni or the like
inside the Al alloy film precipitates at the grain

25 boundaries of Al alloy due to thermal processing or the



controls turning on and off of the thin filmtransistor. A signal |ine of
Al alloy is forned such that the signal line intersects the scanning |line
via an inter-layer insulation film(SiOx), and a part of the signal |ine
functions as a 15 source electrode 28 of the thin filmtransistor. In a
.pixel region on the inter-layer insulatign film (SIOx) , there is a pixel
electrode 5 of an ITOfilmwhich is obtéﬂhed by m xing SnOwith In2Q3 for
instance, while a drain electrode 29 of Al alloy of the thin film
transi stor 20 functions as a connection electrode portion which is
electricalléiconnected with the pixel electrode 5, That is the drain

el ectrode 2916fs A2 30y Bf PRECHRLALING N afi $06r dikecifydddhtséfs and
is electrically connected wth the pixel electrode 5. 25 Hence, as a gate
vol tage is RBE ronchetgatedelisctifriesvsizeevpi tthe Selamnl Hyy | fhémonafle TFT
array substrate as in the exanple shown in Fig. 2 described earlier, the
thin filmepaldi sttorthar htkencandeatdetred Jelvedge S etbimeddvaitsthes t he
signal line reaches the pixel electrode 5 fromthe 5 source el ectrode 28 via
the drain ekecbrddeg23c dit geredwnt dinvenvobhage d&faladsr edetlér nbnethkevel
is supplied to the pixel electrode 5 a potential difference is created
from an oppoked eecttodetiO lasy deswer bpdesnurel atdars twoFi geladtillizgui d
crystal nolecules contained in a liquid crystal 10 layer 3 are aligned and
i ght is nodakated.dukimei hedclofngr oduc ngeottecTFhcaer aibrsubsttathee shadn in
Fig. 12 will now be described. The thin filmtransistor
stays in the surface of the Al alloy film, so that the
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 material. It is therefore
possible to control the concentration of Ni or the like 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 covers 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 between the pixel
electrodes and the interconnection porticons for connection

but also prevent defects such as hillocks owing to the

25 effect of the improved heat resisting property because of



formed in the array substrate according to this enbodinent has the top gate
« structure which uses a polysilicon (poly 15 Si) filmas a sem conductor

| ayer. Figs. 13 through 19 are drawi ngs which schematically show steps of
producing the array substrate according to the second enbodi nent. First,
-using a plasma CVD apparatus or the like for instance, a silicon n|tr|de
(SIiNX) filmwhose film 20 thickness is about 50 nmand a silicon oxide
(SiOx) filmwhose filmthickness is about 100 nm are deposited at a
substrate tenperature of about 300 degrees Celsius for exanple, and

further, hous 5|I| on hydrlde ose filmthickness
o about B0CHM FBTSBRAREI 6 £hIL S ey odid Bl 1S ¢ 6P TBRe B0
t her mal proce53|ng and 36 | aser annealing for the purpose of turning this
anmor phous sfti cdiHyfTdeStBCSi LAF ﬁMQquﬁ%)b%$§%¢?@céﬁ fife 9Eherfral
processing nmay be atnospheric thermal processing at about 470 degrees

Cel sius for2BBout bREMhoUYLeraRt-alfllsr SOMBAYAASYERAIIGIET usihl dmexider

| aser annealing apparatus for instance, |aser is irradiated upon the
anor phous BaEFésn Rtdry el ( aNgi : ¢ feiblem Wi k@, el epergyrofahpoutn 28be
mJ/cm for exanple, whereby a polysilicon (poly-Si) film having the
t hi cknéss ofiabouty0oFprisieorgrasnaboandsried, obtem mest A IHiizatlizn &bl Rdwi ng
this, as shown in Fig. 14, the polysilicon (poly-Si) filmis patterned
t hr ough pl ashachbt chengthet cmatAsxshomhernaFi gisl5faaisitrted ornde EBROX)
filmis deposited into the filmthickness of about 100 nm for
electrical resistance of the matrix material decreases, and
hence, it is possible to suppress an adverse influence over
the quality of a displayed image as much as possible.

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

15 combination c¢f an ITO film and barrier metal (of Mo, etc.}.
With this liquid crystal display apparatus, it is therefore
possible to achieve equivalent capabilities to those of a
conventional liquid crystal display apparatus, without
disposing barrier metal. Hence, comission of barrier metal

20 simplifies the manufacturing processing and contributes to
a reduction of a manufacturing cost. Further, 1t 1is
possible to realize a sufficiently low electrical
resistivity at a relatively low heating temperature such as

250 degrees Celsius, it is possible to further enlarge the

25 range of cheices of the types of the materials of the



15 exanpl e, thereby obtaining a gate insulating film27. After film

. deposition of an Al alloy filmwhich will becone the gate el ectrode 26
integrated with the scanning |ine on thus obtained gate insulating film27
into the film thickness of about 200 nmfor instance by sputtering or the
. 20 like, the Al alloy filmis patterned 5% pl asma etching or the |ike, and
the gate electrode 26 integrated with th scanning line is obtained. As
shown in Fig. 16, a mask is then forned with a photoresist 31 and doped

wi th phosphorus at about 50 keV to 25 1x1015/cnR using an ion inplantation

apparatus or,.the like 37 for, exanple, thereby form ng an n° polysilicon
e e YaLtpFay] Seuirs: orbf, ATPREBORGorPhEoh PRoryoRey 1 and. Che

photoresist 31 is thereafter stripped, followed by thernal processin% at
about 500 degree&1@e| $FusSfdr SFASRahee RRPERNAECERUYASWIPES @Bi BRI 2APEES
this, as shown in Fi%? 17, a silicon oxide (SiOx) filmis deposited into
the filmthfERBESSSILEBGM S8DDaGMm fodr BRanplteugt ugesudst rat'dr enpeddt ur e
of about 250 degrees Celsius using a plasma CVD apparatus for exanple, 10
thereafter F6RRFAGLAR | mereldyeF | sul aPLbALf i | eAbedipdwE or é8iigth j sis
simlarly patterned, thereby dry etching the inter-layer insulation (Si )
fil mahd theprsilifebheokpdehef aFneyf sthetyate PhAsthat bigstntminventonnact
hol es are fornmed, and after fil mdeposition of an Al alloy filmby 15
sputtering ando irhe thiel mit hisknassdofexaquite 4568 nohior fidhmnplrensth&cAl
alloy filmis patterned and the source
having the top gate structure is used.
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 transistcr. A
signal line of Al alloy is formed such that the signal line
intersects the scanning line via an inter-layer insulation
film (Si0Ox), 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 SnO with In;0; for instance, while a
drain electrode 29 of Al alloy of the thin film transistor
20 functions as a connection electrode portion which is
electrically connected with the pixel electrode 5. That 1is,
the drain electrcde 29 of Al alloy of the thin film
transistor directly contacts and is electrically connected

with the pixel electrode 5.

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



el ectrode 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-Si) filmeach via a
contact hole. A silicon nitride (SiNX) filmis then deposited, as an
inter-layer insulation film into the filjpthickness of about 500 nm for
exanpl e at a substrate tenperature of about 250 degrees Cel sius using a

pl asma CVD apparatus for 25 exanple as shown in Fig. 18. After formng the
phot or esi st 38 Iayer 31 on this, the silicon nitride (Si Nx) filn1is

patterned, ﬂgy etchin ﬁ?fﬁi mstangﬁ]e %. ontact hole 32 is fornmed in
this silico nFﬂl TSN FHY nr PRI 8% $TFol ?ﬁys???%ﬁfﬁbeoﬁstﬁg
photore5|st u5|n%i 5 an am ne-based, stripper solution or the like i
simlar faShPorf i Rifat S88EEr iBed" aBove aft3FT P nGaBy ‘fEanstivt tB%?gen
pl asma for exanple as shown in Fig. 19, an ITOfilm is deposited as
descri bed eatlMefranaiphptefHsnst RRoagh ﬂeﬂrl§?cﬁpﬁéag@h§ﬁéb9“féﬂﬁﬁﬁ&ethe
pi xel electrode 5. While the 10 drain electrode 29 is brought into direct
contact wit kot fi@e gibeslalel bene olleashaar Fhg PHFe lprdcasiafy theran 6het he
|i ke concentrated |ayer is formed and the contact resistance decreases at
t he i nberfaseubeewedrcthedal 2§ voy thd rdfaln ebecheode a¥ h, ehedt R6dENRY and
the pixel electrode 15 5, and as for the Al alloy filmitself, deposition of
Ni or the érémentiolbeloengiingat predetgroupsdXlenelZ ias suprkiedt abl tbe
conpounds pronotes recrystallization of Al and the electrical resistance of
this filmipsekfl @gleattrpde 5, a potential difference is created from
an opposed 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 to this embodiment
has the top gate structure which uses a polysilicon (poly-

15 Si) 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 1s about 50 nm and a silicon oxide (5i0x) film
whose film thickness is about 100 nm are depcsited at a
substrate temperature of about 300 degrees Celsius for
example, and further, an amorphous silicon hydride (a-Si:H)

film whose film thickness is about 50 nm for example is

25 then deposited, which is followed by thermal processing and



decreases. 20 For stabilization of transistor characteristics, annealing is
. thereafter perforned at about 250 degrees Celsius for about one hour, which
conpl etes the polysilicon TFT array substrate. Using the TFT array
substrate according to the second 25 enbodi nent descri bed above and a
. liquid crystal display 39 apparatus inclﬁging the TFT array substrate,
simlar effects to those according to t first exanple described earlier
are obtained. Further, as in the first exanple, the second exanple as well
permts use of the Al alloy 5 according to the present invention as a
reflection ;electrode of a reflection-type liquid crystal dis
: WcioBeTPbea no R

1 : gla¥. The
material of ¥Her pPRBF2ELBEL Fode B URLFPDRE 2HoE T % r HHet aBPY PRAYEm ti n
oxide or indiumzinc oxide, and it _is desirable that the electrical
resistivitySbtTEHe AYADIAF| of2TPI s B Tist &8P 0 FPLYEH bFCRess of 'fore
preferably 5pf cmor |ess by depositing sone or all of the alloy conponents
di ssol ved i AieFea hoptEeF 1Ry i Lny shat 2l BesPhat &f neharnpt RoABOHRERI of
form ng the concentrated |layer. Wiile a nethod of formng the Al alloy film
above may aBcoBe WdPordepRsst CeAsisputieri RYOBE tdEe | hRBY, spitt e f BT s
particularly preferable. Hence, the present invention covers a sputtering
t ar get > madeddf YA oggnayieii ciSEbAt alnSX 1aet Ned Salt edig 3l itdrapperihgsan Al
alloy filmhaving the above conposition, 20 substantially the sanme
conposi tionfas thesconpesi tioper 1is irradiated upon the amorphous
silicon hydride (a-Si:H) film with the energy of about 230
mJ/cm® for example, whereby a polysilicon (poly-$i) film
having the thickness of about 0.3um for instance is
10 cbtained (Fig. 13).
Following this, as shown in Fig. 14, the polysilicon
(poly-Si} film is patterned through plasma etching, etc.
As shown 1in Fig. 15, a silicon oxide (SiOx} film 1is
deposited into the film thickness of about 100 nm for
15 example, thereby obtaining a gate 1insulating film 27.
After film deposition of an Al alloy film which will beccme
the gate electrode 26 integrated with the scanning line on
thus obtained gate insulating film 27 1into the film
Lhickness of about 200 nm for instance by sputtering or the
20 like, the Al alioy film is patterned by plasma etching or
the like, and the gate electrode 26 integrated with the
scanning line is cobtained.
As shown in Fig. 16, a mask 1is then formed with a

photoresist 31 and doped with phcsphorus at about 50 keV to

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



descri bed above, i.e., contains 0.1 to 6 at% of at |east one el enent
-selected fromthe group consisting of Ni, Ag, Zn, Cu and Ge as an alloy
conponent and 0.1 to 2 at% of at |east one el enent selected fromthe group
consisting of My, 25 &, M1, Ru, Rh, Pd, It, Pt, La, Ce, Pr, &d, Th, Sm Eu,
-He, 40 Er, Tm Yb, Lu and Dy or 0.1 throu%h 1 at% of at |east one el enent
sel ected fromthe group consisting of Ti 2N, zr, Nbo, M, H, Ta and W
Using the TFT array substrate thus obtained, a liquid 5 crystal display
apparatus serving as a display device as that shown in Fig. 1 described
earlier is conpleted. In short, the surface of the TFT array substrate thus
conpl et ed i E°E0SKEBPWEY h FHSIHAENY e TR Ed2ANA r BBBEELI L6t HErBBY YT B an
orientation film 10 On the other hand, as for an opposed substrate 2,
chrom um f oflihstapeelyswpbhier hed Paivshl heeRi xPpohvyaSyl afslmsupsdr b and a
light shielding film9 is forned first. Color filters 8 of red, green and
bl ue resi nsphgeoraenstf gined ithegaps twint Mty ttheed i ghel kdwed dbngthekmad. A 15
transparent conductive filmof I1TO or the like is disposed as a conmnobn
el ectrode 7poaceheihgght shoeltdiddg fddogne®=antelshes chborifistames 8hiwhi ch
conpl etes an opposed el ectrode. The top-nost |ayer of the opposed el ectrode
is coabed wahsepoliyffudeofior i nstance, dried and rubbed, whereby an 20
orientation film211l is obtained. The surface of the array substrate 1 and
that of the oppasedrsulisid,atas2 beawhngid heier.i envation sfiillimohl akeéde

(8i0x) film is deposited intc the film thickness cof about

500 nm for example at a substrate temperature cf about 250

degrees Celsius using a plasma CVD apparatus for example,

10 thereafter forming an inter-layer insulation film, a
photoresist is similarly patterned, thereby dry etching the
inter-layer insulation (S5i0x) film and the silicon oxide
film of the gate insulating film 27, contact hcles are
formed, and after film deposition of an Al alloy film by

15 sputtering intc the film thickness of a&about 45C nm for
example, the Al alloy film is patterned and the source
electrode 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 inte contact with

20 the n' polysilicon {n'poly-3Si} film each via a contact hole.

A silicon nitride (5iNx) 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



t hen opposed agai nst 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 41 liquid crystals. At this stage, by
interposition of a spacer 15 between the two substrates or otherw se
. appropriately, the gap between the two sggstrates is maintained

approxi mately constant. 5 The enpty cell “obtained in this manner is placed
in vacuum and with the injection inlet imersed in liquid crystals, the
pressure is returned back to the atnospheric pressure gradual |y, whereby
the liquid g %stal naterl h con |n|ng%the I| rystals is_njected into

the enpty 10°¥8FI1 3% AquiFdicrystar 15§E1C9R + Snd X&) nffddf oh® i nl et
is closed. At |ast, polarizer plates 10 are bonded to the both outer
surfaces ofPRhECEREH; @RACRYCENYI &6 iNke (95 GiTF SRt & PRRERCE FiPLRer, as
shown in Flg 1, adriver circuit for 15 driving the liquid crystal display
apparatus |32 bfeEe¥Redl 1y E%hﬁe%%bﬁcgﬁt%lﬁﬁedﬁlgﬁiﬂxbr§§%%} panel and
arranged in a side portion or a back surface portion of the Iliquid crystal
panel . Wth a frEaesihel bell hgvad bpentngersegvphgthe phdireptaystunsane of
the liquid crystal panel, a 20 back light 22 acting as a surface |ight
sourcey a Ia@hamlgarUeSpﬂaﬁérZ@nﬁﬂjSpluﬂxﬁnmpfrahe 23 ket hien |4 qaiditayst a
panel is held and the liquid crystal display apparatus is conpleted.
Exanpl es fashion to that described above after ashing by means of
oxydgen 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 electrcde 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 electrode 29 and the pixel electrocde
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 is 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 liquid crystal display



25 Wiile the present invention wll now be described in 42 greater details
-wWth reference to exanples, the present invention is not restricted by
t hese exanples but nay be inplenented with appropriate nodification to the
extent neeting the intentions nmentioned earlier and described 5 bel ow
Those nodifications all fall within the %%thical scope of the invention.
Exanple 1 Wth respect to the Al alloy fil’ns, which are showmn in Tables 1,
3, 5, 7, 9 and 11, having various alloy 10 conpositions, the electrical
resi stances and the direct contact resistances with the Al alloy filns
brought in direct contachgmﬁth pi xel el ectrodes are neasured and the heat
n

resisting propeFetes (ANRFLEEkNdenditty) Widon HERY ngSWPStERES Al 8ETOYAFi | ns
at 250 degrees Celsius for 30 mnutes 15 are investigated. The experinent
to obtain tREIABRSUtemElIcs Y SAGROTEREr FBedhBel oW st ) exsmRike ufles6r1PRE pi xel
el ectrodes: Indiumtin oxide (1 TO obtained by adding 10 nmass% tin oxide to
i ndium 20 exFdesD) athi rPHbGdingdr m Agrédsdit i dhsinGadeat hosphepsaBp AR,
Pressure = 3 niforr, Filmthickness = 200 nm 3) Heating condition: 250
degr ees Cel has se®@0:d nenempse 25 4) webht @trigft eagheelehehhecdnt aphédyin Al
aIon.543 according to the present inventicon as a reflection
electrode of a reflection-type liquid crystal display.
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 alloy film 1is adjusted to 7pQ * cm or less or more
preferably 5uG - cm or less by depositing some or all of the
alloy components dissolved in the non-equilibrium state as
intermetallic compounds cr ferming the concentrated layer.
While a method of forming the Al alloy film above may
15 be wvapor deposition, sputtering or the like, sputtering is
particularly preferable.
Hence, the present inventicn covers a sputtering
target made of Al alloy which cecntains, as the materials
for forming an Al alloy film having the above composition,
20 substantially the same compesition as the compositicn
described above, 1i.e., contains 0.1 to & at% of at least
one element selected from the group consisting of Ni, Ag,
Zn, Cu and Ge as an alloy component and 0.1 tc 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, Th, Sm, Eu, Ho,



Content of each element contained in Al alloys which are investigated in
.this Exanpl e was neasured by using ICP (Inductive Coupled Plasma) em ssion
spectronmetry nmethod. 5) Method of neasuring the electrical resistivity of 5
the Al alloy thin film: The electrical resistivity of the A alloy thin
filmwas neasured by 4-term nal neasureQ%nt usi ng Kelvin patterns, and
those exhibited the electrical resistivity of 7p0 - cmor | ower were
determ ned favorable (0) but those exhibited the electrical 10 resistivity
exceedi ng 7u0 cm were deternined defective (x) 6) Method of neasuring t he
di rect cont res Kel vin terns t hose shown_i :

(havi ng the EOn?ﬁ &ﬁ %?Q 8T l)?hﬁﬁqih Wet'e® 1% f%Brp%%? donﬁnd
4-term nal neasurenent (a nethod according to which a current was sugplled
to | TOA afteyeRhdSalevbetageotr b(pe et RBBNCPTOL AL 1BF) 6Y was Headtr elPusing

a different termnal) was perfornmed. In short, a current I was fed between
|, and 12 shewntifn Frgando?-a vol tage V 20 between V, and V2 was nonitored,

the direct contact resistance Rin a contact portion C was accordingly
cal cul ated as [ RUsipw2theVilFT/ arzjay sndsthiode exXtibielaimed, contagnid
resi stance of 1k4 or |lower were determ ned favorable (0) but those

exhi bi bed t hevsbat act spdsiystaprera2bs egeewdhag dk G wdiepdetverdr etk datect i ve
(x). 44 7) Method of neasuring the heat resisting properties : Under the
condi ti ons testrshedni n3yigAll described earlier is completed.

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

10 On the other hand, as for an opposed substrate 2,
chromium for instance is patterned into a matrix on a glass
substrate and a light shielding film 9 1is formed first.
Color 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 or 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 coated with
pclyimide for iInstance, dried and rubbed, whereby an

20 crientation film 11 is obtained.

The surface of 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 fer introduction of



alloy thin filns al one were formed on gl ass substrates. Then |ine-and-space
patterns whose widths were 10pmwere 5 formed, vacuum heat treatnent was
performed at 250 degrees Celsius for 30 mnutes, the surfaces of
i nterconnections were observed with SEM and the nunber of hillocks having
-the dianeters of O.lpmor |arger was coqued. Those exhibited the hillock

t

density of 1x10-9/n2 or |ower were 10 de

rm ned favorable (0) but those

exhibited the hillock density exceeding 1x10 /n2 were determ ned defective
(x). 8) Method of measuring the thickness of the concentrated | ayer
containing a, and the content of_ a inp.the conce%&rat ed layer; Wth respect

to a part ofl¥REs&RISELLsI5 sHywn tRASTaBFREE

Enterp@sLhirn1 0% hed film

t hi cknesses after thermal processing of the a concentrated |ayers (Ni-
concent r at e¥PRaGer ily Tadf'evaen Agrédnceita at 8HPFAYa&FSEn Ofabl etherwise
Zn-concentrated |ayer in Table 3, Cu-concentrated |ayer in Table 4, and
Ge- concent raPRrEcPAy2Eel v Tabhe 5y2R0 hetweedentlei eBWehr BUGRtERBES st onal
TEM observation using "FE-TEM HF-2000" manufactured by Htachi, Ltd..

Furt her nor elaiheatopd epiPBrokimat@lyhecastantentrat ed | ayers

wer e determ ned

by conponent analysis fromcross sectional TEM sanples using EDX (Si gna
manuf aet ured by KEVEXPLIS CRhel resthigedr énaddeid t nafabled sl nleordhin0. 45
Table 1 NB Third El ement (X)Heat Resisting Property Electric Resistance

10

15

20

25

vacuum, and with the injection inlet immersed in liquid
crystals, the pressure is returned back to the atmospheric
pressure gradually, whereby the liquid crystal material
containing the liquid crystals is injected into the empty
cell, a liquid crystal layer is formed and the injection
inlet is closed. At last, polarizer plates 10 are bonded
to the both outer surfaces of the cell, which completes the
liquid crystal panel.

Further, as shown 1in Fig. 1, a driver circuit for
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. With a frame including an opening
serving as a display surface of the liquid c¢rystal panel, a
back light 22 acting as a surface light source, a 1light
guide plate 20 and a holding frame 23, the liquid crystal
panel is held and the liquid crystal display apparatus 1is
completed.

Examples

While the present invention will now be described in



Al (hillock density)(after heating at 250C for 30 min) o.ase TypeThe Ampunt
- (25000) Fi I m Materi al Direct Contact oyAdded (at9% Resistance 1Al -2at %\ --x00
2Al - 2at %\ NdO. 60x0 3Pt 0. 01x00 4My10O00O 5Cr 1000 6Mn1000 7Ru1000 8Rh1000
9Pd1000 101 r1000 11Pt 1000 12Al -2at %Ni - XLa1C00 13Gd1000 14Th1000 15Dy1000

- 16Ce1000 17Snl000 18Eul000 19Er 1000 20Pt 2. 50x0 21lr2.50x0 22W). 01x00

23Ti 0. 5000 42

greater details with reference to examples, the present
invention is not restricted by these examples but may be
implemented with appropriate modification to the extent
meeting the intentions mentioned earlier and described
5 below. Those modifications all fall within the technical
scope of the invention.
Example 1
With respect to the Al alloy films, which are shown in
Tables 1, 3, 5, 7, 9 and 11, having various alloy
10 compesiticons, the electrical resistances and the direct
contact resistances with the Al allecy films bkrought 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 1is as
described below.
1) Structure of the pixel electrodes: Indium tin
oxide {ITO}) obtained by adding 10 mass% tin oxide to indium
20 oxide
2) Thin film forming conditions: Gas atmosphere =
Ar, Pressure = 3 mTorr, Film thickness = 200 nm
3) Heating condition: 250 degrees Celsius x 30
minutes

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



24V0. 5000 25Zr 0. 5000 26Np0. 5000 27Al - 2at %N\i - ZMb0. 5000 28Hf 0. 5000 29Ta0. 5000

at %0Ni - X000 36Al - 3at %N - XPt 1000 37Al - 6at %\ - X000 38Al - 8at %Ni - XOxO0
39Al - 0. O5at %Ni - Z00Ox 40Al -t at %Ni - Z000 41Al - 3at ¥Ni - ZTa0. 5000 42Al - 6at ¥Ni - Z000
. 43Al -8at %\ - Z0x0 46 It is noted that, in Table 1, the filmthi ckness of

Ni -concentrated | ayer and the content of

ARj

in the Ni- concentrated | ayer

. 30WD. 5000 31Nb2.50x0 32Tal.50x0 33Al - 2at %\Ni Sn1x00 34Al - 0. 05at %N - X00x 35Al -1

t he

were nmeasured after thermal processing for each sanple which satisfied the
conditions of the 5 present invention. In the result, the filmthickness of
the each N -concentrated | ayer was within the range of ~_about Oc%to 2 nm

and the cort@mtent R iSRG hee bRy contained in “Al "alloys whi

10

15

20

25

are
investigated in this Example was measured by using ICP
(Inductive Coupled Plasma) emission spectrometry method.

5) Method of measuring the electrical resistivity of
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 (0) but those exhibited the electrical
resistivity exceeding 7uQ * cm were determined defective
(x).

o) 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
fabricated, and 4-terminal measurement {(a method according
to which a current was supplied to ITO-Al alloy and a
voltage drop between ITO-Al alloy was measured using a
different terminal) was performed. In short, a current I
was fed between I; and I, shown in Fig. 20, a voltage V
between V; and V. was monitored, the direct contact
resistance R in a contact portion € was accordingly
calculated as [R = (V> - Vi) / I.], and those exhibited the
contact resistance of 1kQ or lower were determined
favorable (o) but those exhibited the contact resistance

exceeding 1kQ were determined defective (x).



concentrated | ayer was generally within the range of twwce to nine tinmes as
- much as the average content of Ni in each 10 thin filmof A alloy (not
shown in Table 1). In Table 1, the results of experinents are shown, in

whi ch amounts of the third elenments selected fromthe elenents belonging to
-the group X or Z were changed. It was confirnmed that simlar results of the
experinents could 15 be obtai ned when ot Hér el enents bel onging to the group
Xor Zand not listed in Table 1 were used as the third el enents. 47 Table
2 No. ConpositionDirect Contact Resistance (10 p mx 10 g m Contact Hall)
Contact Resistivity (9 Val ue 1Al - 6at %\ 10Qo 2Al - 6at %Ni - 0. S5at %.a22po ,

3Al - 2at 98N 1000( ¢ ! 4Al MOEPOR - 0°5at vERSITN S AlLBRt oaReat sat £ 5786 RI

6Al - 2at 9N - 0. 8at %=d290 7Al - 2at N - 0. 3at %vh1530 8AI - 0.1 at %N 31700

OAl - 0. | at %0\PrOp5at£a3320 10M&x105kel dwilidoions described in 3), Al

alley thin films alone were formed on glass substrates.
Then line-and-space patterns whose widths were 10um were
5 formed, wvacuum heat treatment was performed at 250 degrees
Celsius for 30 minutes, the surfaces of interconnections
were observed with SEM, and the number of hillocks having
the diameters of 0.lum or larger was counted. Those
exhibited the hillock density of 1x107°/m’ or lower were
10 determined favorable (o} but those exhibited the hillock
density exceeding 1x107°/m° were determined defective (x).

8) Method 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

15 shown in Tables 1, 3, 5, 7, 9 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)

20 were identified through cross secticnal TEM observation
using "FE-TEM HF-2000" manufactured by Hitachi, Ltd..
Furthermore, the contents cof o in the o-concentrated layers
were determined by component analysis from cross secticnal
TEM samples using EDX (Sigma manufactured by KEVEX).

25 The results are added to Tables 1 through 10.



P 1 48 Table 3 NB Third El enent (X)Heat Resisting Property Electric

» Resistance Al (hillock density)(after
TypeThe Armount (250C)Film Material Dirddt Contact oyAdded (at % Resi stance
1Al - 2at %A- - x00 2Al - 2at %AgNd0. 60x0 3Pt 0. 01x0O 4My1000 5Cr 1000 6Mn1000 7Rul000

+ 8RN1000 9I_3|_dg.|0(%0 101 r1000 Al -2 11% Pt 1000 -X 12at Gd1000
apie

heating at 250C for 30m n) o.ase

. e isti Electric Resistan
No. | Base Alloy Third Element (X) | at(h'?;:;it?egn':gmy (after heating ot 2e;0§’<t:af:: 30 min)
Type -;::;1 Amount (25000) Film Material Dll'ecf: Contact
ed (at%) Resistance
1 Al-2at%Ni - - X @) 0)
2 Al-2at¥Ni | Nd 0.6 O X ®)
3 Pt 0.01 X O O
4 Mg 1 O] O )
5 Cr 1 O O O
6 Mn 1 O O O
7 Ru 1 O O O]
8 Rh 1 O O @,
9 Pd 1 O Q ®)
10 Ir 1 ) O O
11 Pt 1 ) O O
12 | Al-2at%Ni-X | La 1 O O O
13 Gd 1 O O O
14 Th 1 O O @)
15 Dy 1 O O O
16 Ce 1 O O O
17 Sm 1 O O O
18 Eu 1 O O O
19 Er 1 O] Q O
20 Pt 25 O X O
21 Ir 25 O X O
22 W 0.0 X O 0
23 Ti 0.5 O ) O
24 ' 05 O O O
25 Zr 05 O O O
26 Nb 0.5 O O @
27 | Al2at%Ni-Z | Mo 0.5 O @) O
28 Hf 0.5 O ®) O
29 Ta 0.5 ) @) 0O
30 W 0.5 O ©) O
31 Nb 25 O X @)
32 Ta 1.5 O X @)
33 Al-2at%Ni Sn 1 X @) @)
34 | AI-0.05at%Ni-X @) @) >'<
35 | Al-1at%Ni~X O [e)] @)
36 | Al-3at%Ni-X | Pt 1 O O @)
37 | Al-6at%Ni-X O @) 0]
38 | Al-8at%Ni-X o X @)
39 | AI-0.05at%Ni—Z] (@) @) X
40 | Al-1at%Ni-Z @) [®) @]
41 Al-3at%Ni-Z Ta 05 O O @)
42 | Al-6at%Ni-Z @) @] @)
43 | Al-8athNi-Z O X @)




Ag 13Tb1000 14Dy1000 15Cel1000 16Sni1000 17Eul000 18Er 1000 19Pt 20x0 20Ir 2. 50x0
« 21IWD. 01x00 22Ti 0. 5000 23vas000 24Zr0.5000 Al -2 25%A NbO. 5000 -Z 26at

Mb0. 5000 g 27Hf 0. 5000 28WD. 5000 29Nb2. 50x0 30Tal. 50x0 31Al - 2at %AgSn1x00

321 - 0. 05at %A00x 33Al -0.1 at %A - X00
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It is noted that, in Table 1, the film thickness of
the Ni-concentrated layer and the content ¢f Ni in the Ni-
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 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 denerally within the range of twice
to nine times as much as the average content of Ni in each

10 thin film ¢f Al alloy (not shown in Table 1).

In Table 1, the results of experiments are shown, in
which amounts of the third elements selected from the
elements belconging to the grocup 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 1 were used as the third elements.



34Al - | at %A XLal000 35Al -tat %A X000 36Al -fiat %\ XOx0 371-0. 05at %Ag- Z0x

. 38AI-0.1 at %A -Z000 39Al -1 at %A ZTa0. 5000 40AIl - 2at Z000 41Al -fi at %A Z0x0 49
It is noted that, in Table 3, the fil mzhickness of the Ag-concentrated

| ayer and the content of Ag in the Ag- concentrated |ayer were neasured
.after thermal processing for each sanple which satisfied the conditions of
the 5 presEte4d nvention. In the result, the filmthickness of the each
Ag-concentrated | ayer was within the range of about 0.5 to 2 nm and the
content of Ag in the each Ag- concentrated | ayer was generally within the

range[0T Wi ce (O nine UINes §s MuUChppg, §gnt €R content of Ag in each
10 th Iﬂgfl | m of al | oy (not ?hown e i@i 1?13 g&?@ﬁi@ 3, the results of
exper | M8nls are SHBRFFUIM  whi gk ampunf' & o T CRrRet B ent <] sel ected from
the PElemgnts bel ongi ng to the|Qeoroag Résistivitg (W[ e chavaee. 1t  |as confirned
t hat p coul d [[5 be ogal ned when ot her
el ene Zanmd ol tTsteg T m Tabte 3 were used
as th Pt ChertS Tabl-¢—4—No—Corpesit+prb-reet=Contact] Resi st ance

3 JAI=2at%Ni 100 ©

4 JAl-2at%Ni—0.5at%La 73 ©

5 JAI-2at%Ni—1.8at%La 73 ©

6 JAlI-2at%Ni—0.8at%Gd 29 ©

7 JAI-2at%Ni—0.3at%Mn 153 ©

8 FAI-0.1at%Ni 317 ©

9 _JAI-0.1atkNi—0.5at%La 332 O

10 JAl 5x1Q° X

11 |Mo 10 ©




(10pmx10untont act Hall) Contact Resistivity (Q Value 1Al -6at Y%Ag8@

. 2Al - 6at %Ag- 0. 5at %4.a120 3Al - 2at ¥%Ag400o 4Al - 2at %Ag- 0. 5at %.a390

5Al - 2at %Ag- 1. 8at %vg35Q 6Al - 2at %Ag- 0. 8ag%:=d350 7Al -0.1 at %Ag2200 8AI-0.1
at %Ag- 0. 5at %4.a255 51 Table 5 NB Third El enment (X)Heat Resisting Property
El ectric Resistance Al (hillock density)(after heating at 250C for 30m n)
0.ase TypeThdaklspunt oC) Film Material Direct Contact oyAdded

(at 99 (250] Resi stance 1Al - 2at %&Zn- - x00 2AI -t at %ZnNd0. 6OxO 3Pt 0. 01x00 4My1000
5Cr 1qO00 6pvn1000 Third Element (X) | Heat Resisting Property Electric Resisotance .
No. Base Alloy — (hillock density) (after heating at [2)50 C fcor 30nl|n)
Type| aied (i) (250°C)  [Fim Material]  ®F % PR

1 Al-2at%A - - X o} o
2 Al-2at%A Nd 0.6 o) X @]
3 Pt 0.01 X O O
4 Mg 1 Q O O
5 Cr 1 @) O O
6 Mn 1 O O O
7 Ru 1 O O O
8 Rh 1 @] O O
9 Pd 1 O O @)
10 Ir 1 O O O
11 Pt 1 @] O O
> Al~2at%Ag-X o 1 o 5 5
13 Tb 1 O O O
14 Dy 1 O O QO
15 Ce 1 O O O
16 Sm 1 O O O
17 Eu 1 O @) @)
18 Er 1 O @) @)
19 Pt 2 O X O
20 Ir 2.5 Q X O
21 W 0.01 X O O
22 Ti 0.5 O O O
23 v 05 O @) 0
24 Zr 0.5 O O @)
25 Nb 0.5 O O @)
26 | ATZathAETZ 05 O ) O
27 Hf 0.5 O O O
28 W 0.5 O O O
29 Nb 25 O X @)
30 Ta 1.5 o X @
31 Al-2at%Ag | Sn 1 X [0) [o)

| 32_JAI-0.05at%Ag—X O o X
33 JAI-0.1at%Ag—X O O Q
34 | Al-1at%Ag-X | La 1 @) [®) Q
35 | Al-2at%Ag-X (@) O Q
36 | Al-6at%Ag-X @) X O
37 _JAI-0.05at%Ag—7 @) Q X
38 | Al-0.1at%Ag-Z | O O (@)
39 { Al-latkAg—Z | Ta 05 @) O @)
40 | Al-2at%Ag-Z | (@) (@) O
41 | Al-Bat%Ag-7 @) X O _




7Ru1000 8Rh1000 9Pd1000 101r1000 Al -2 11t% Pt1000 -X 12a Gd1000 n 13Tbh1000
- 14Dy1000 15Cel000 16Snl000 17Eul000 18Er 1000 19Pt 20x0 20l r2.50x0 21W). 01x00
22Ti 0. 5000 23V0. 5000 24Zr0.5000 Al -2 25t9% Nb0. 5000
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It is noted that, in Table 3, the film thickness of
the Ag-concentrated layer and the content of 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 te 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 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

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



-Z 26a Mp0.5000 n 27Hf 0. 5000 28W). 5000 29Nb2. 50x0 30Tal. 50x0

- 31Al - 2at %ZnSn1x00 32l - 0. 05at %&Zn-x 33Al -0. 1 at %&Zn- X000 34Al -t at %Zn- XLal0

35Al - 2at %&Zn- X000 36Al - 6at %Zn- Xx0 37Al -4p 05at %Zn- ZOx 38Al -0. 1 at %&Zn- Z000

39Al -1 at %Zn- Z0. 5000 40Al - 2at %&Zn- Z000 41Al -fi at %&Zn-Z0x0 52 It is noted that,
-in Table 5, the filmthickness of the Zn-concentrated |ayer and the content
of zZn in tTablezh- concentrated | ayer were neasured after thermal processing
for each sanple which satisfied the conditions of the 5 present invention.
In the result, the filmthickness of the each Zn-concentrated | ayer was

vvithih_rTﬁ'ge_or apout U. 5[10 Z NMDietibonat Reedaksl 01 Zn | n t he each
Zn- cpreentrat edcémp@itiorrs gengral ly wWilsinx 10he GoatagieHaf t Wi ce
Contact Resistivity {(2) Value

1 JAI-6at%Ag 8 ©

2 JAl-6athAg-0.5at%la 12 ©

3 |JAI-2ath%Ag 40 ©

4 |Al-2at%Ag-0.5at%La 39 @)

3 JAl-2athAg-1.8athMg 35 ©

6 _JAI-2at%Ag-0.8at%Gd 35 ©

7 JAI-0.1athAg 220 O

8 _JAI-0.1athAg-0.5athLa 255 O




to nine tinmes as nuch as the average content of Zn in each 10 thin film of
- Al alloy (not shown in Table 5). In Table 5, the results of experinents are
shown, in which anbunts of the thirdsel enents selected fromthe elenents
bel onging to the group X or Z were changed. It was confirned that simlar

- results of the experinents could 15 be obtai ned when other el enents

bel ongi ng @Blehe group X or Z and not listed in Table 5 were used as the
third elenments. 53 Table 6 No. ConpositionDirect Contact Resistance (10/1 m X
10, u m Contact Hall) Contact ReS|st|V|ty (Q val ue 1Al - 6at %Zn33Qo

2Al - qat - 0. 5at L as %&gﬂmz SICtinY Présaiy LN - U. O/ '
5Al vzh- %, t - O(hBa&xk 7 Qo] 7(AdterBeatin atommfc@&csofam 40.1
at WE%S At /fa%%@ép |'G'1e7ArdHBlt ird %@gynt ( “Hqﬂenlaﬁim Sirestolaaper|t y
El ectleic BResi st ance k N.ldeg_wp sit 28 (Resiftance 30 _1fi n)
0.asq 1 Al-2at%Zn - (_) C_)
2 Al-2at%Zn | Nd 0.6 O X O _
3 Pt 0.01 X O O
4 Mg 1 O O @]
5 Cr 1 O O O
6 Mn 1 @) O O
7 Ru 1 O O O
8 Rh 1 O O Q
9 Pd 1 O @ Q
10 Ir 1 O @ Q
11 Pt 1 O @ ]
n Al-2at%Zn-X od 1 o o o)
13 Th 1 QO O O
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 @
19 Pt 2 O X Q
20 Ir 25 e X @)
21 W 0.01 X O O
22 Ti 0.5 O O O
23 V 05 ) O O
24 Zr 0.5 O ®) O
25 Nb 0.5 Q O O
26 | ARthInZ o 05 ) e [®)
27 Hf 05 O O O
28 W 0.5 @] @] @)
29 Nb 25 @) X @)
30 Ta 1.5 O X C_)
31 | Al-2athZn_| Sn i 3 0. @)
32 JAI-0.05at%Zn-X] O 0]} x__
33 | Al-0.1at%Zn—X O O @)
34 | A-1at%zn-X | La 1 [e) O @)
35 | Al-2at%Zn-X ] O O
36 _| Al-6ath%Zn-X o __ X 0]
37 |AI-0.05at%Zn-Z o) O X
38 | A-0.1at%Zn—2Z O @) Q
39 | Al-1at%Zn-7 0.5 O O O
40 | Al-2at%Zn-7 O @) O
41 | Al-6at%Zn-Z o) X @)




TypeThe Anmount oC) Film Material Direct Contact oyAdded (at% (250Resi stance
- 1Al - 2at %Cu- - xO0 2Al - 2at %CuNd0. 60x0 3Pt 0. 01x0OO 4My1000 5Cr 1000 6Mh1000
7Rul1000 8Rh1000 9Pd1000 101r1000 Al -2 11t% -X a GJ1000 u 13Th1000
14Dy1000 15Cel1000 16Sml000 17Eul000 18Er 1000
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It is noted that, in Tabkle 5, the film thickness of
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

5 present invention. 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

10 thin film of Al alloy (not shown in Table 5).

In Table 5, 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 bkelonging to the group X or

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



19Pt 20x0 201 r2.50x0 21WD. 01x00 22Ti 0. 5000 23V0. 5000 24Zr 0. 5000 Al -2 25t%C
- Nb0. 5000 -Z 26a Mp0.5000 u 27Hf 0. 5000 28WD. 5000 29Nb2. 50x0 30Tal. 50x0

31Al - 2at %CuSn1x00 32I - 0. 05at %Cu- Ox 33A3- 0. 1 at %Cu- X000 34Al -1 at %Cu- XLa1000
35Al - 2at %Cu- X000 36Al - 6at %Cu- XOx0 371 -0. 05at %Cu- 00x 38AI-0. 1 at %Cu- Z000

- 39Al -1 at %Cu- ZTa0. 5000 40Al - 2at %Cu- Z000

Table 6

Direct Contact Resistance
No. Composition (10 4 m X 10 ¢ m Contact Hall)
Contact Resistivity (Q) Value

1 |Al-6at%Zn 33 @)
2 |Al-6at%Zn-0.5at%La 50 ©)
3 |Al-2at%Zn 152 Q@
4 JAl-2at%Zn~0.5at%La 121 ©
5 JAl-2at%Zn~1.8at%Mg 108 ©)]
6 |Al-2at%Zn-0.8at%Gd 97 ©
7 JAI-0.1at%Zn 405 O
8 |Al-0.1at%Zn-0.5at%La 325 e




41AI -fiat % u-Z0x0 55 It is noted that, in Table 7, the filmthickness of

- the Cu-concentrated | ayer and the content of Cu in the Cu- concentrated

| ayer were neasured after thermal proddssing for each sanple which

satisfied the conditions of the 5 present invention. In the result, the film

- thickness of the each Cu-concentrated |ayer was within the range of about

0.5to 2 H-ﬁPe nd the content of Cu in the each Cu- concentrated | ayer was

gener al | thin the range of twice to nine timeﬁs as_nuch as the average

contgnt of Cu in each 1,18 Eidhhdhtfokd @fBeAIstinanm)@yy
o

Tabl §No. | h8at&AUbY S

third el efents sel ec{eghd|r Ampant b emgbg°chel on

wer e . L =

coul e and

not I i iAC2etiTwe | Nebrle udbBl aslthe tHDrd ele

No. Cgns] ti onDi rect | Geatjact 0Besi sfance (20/1 m

Cont dctg Resistivity fQpyql ue {A - 6ht %u33500 2AT | 6at Sat W a¥8500

3Al - dtsv/a,JlQOO 4Al -2 g W%?ﬁ%%fﬁ o)
6 Mn 1 O O @]
7 Ru 1 O O @)
8 Rh 1 O O O
9 Pd 1 O @ O
10 Ir 1 O O O
11 _ v | Pt 1 O @) O
2 Al-2at%Cu-X Gd 1 o) o o)
13 Tb 1 @) O O
14 Dy 1 O O O
15 Ce 1 O O @]
16 Sm 1 O @) Q
17 Eu 1 O O O
18 Er 1 O O O
19 Pt 2 O X O
20 Ir 25 @) X O _
21 W 0.01 X O O
22 Ti 0.5 O O O
23 \' 0.5 O @) O
24 Zr 0.5 O Q O
25 Nb 0.5 O @ O
26 | ArZathCu=Z o0 05 O 0O o
27 Hf 0.5 O O O
28 W 0.5 ) O O
29 Nb 25 O X O
30 Ta 1.5 _O X O
31 Al-2at%Cu Sn 1 _ X Q o
32 JAI-0.05at%Cu—X @) O X
33 JAI-0.1at%Cu-X O O O
34 | Al-1at%Cu-X ] La 1 O O O
35 | Al-2at%Cu-X O O O
36 _| Al-6at%Cu-X O X o
37 _|AI-0.05at%Cu-7] (@) Q X
38 JAI-0.1at%Cu-Z @) O O
39 | Al-1at%Cu-Z | Ta 0.5 O O O
40 | Al-2at%Cu-Z @) @) Q
41 | Al-6at%Cu-Z @) X )]




6Al - 2at %Cu- 0. 8at %=d2220 7Al - 0. | at %Cu2150 8Al -0. | at %Cu- 0. 5at %4.a3200 57 Tabl e
- 9 Third El enent (X) Heat Resisting Property Electric Resistance (hillock
density)(after heating at 250C for 30 mn) No.Base Al oyTypeThe Anobunt
(2500C)Fil m Direct Contact Added (at% Materi al Resi stance 1Al -2at %e--x00
- 2Al - 2at %eNd0. 60x0 3Pt 0. 01x0O 4My1000 SC%%OOO 6M11000 7Rul1000 8Rh1000
9Pd1000 101 r1000 Al -2 1t% -X 2a

It is noted that, in Table 7, the film thickness of
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 conditicns of the

5 present invention. In the result, the film 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 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 tc the group X or

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



Gd1000 e 13Th1000 14Dy1000 15Cel1000 16Smi000 17Eul000 18Er 1000 19Pt 20x0

- 201 r2.50x0 21WD. 01x00 22Ti 0. 5000 23V0. 5000 24Zr 0.5000 Al -2

t %5

-Z 26a

Mb0. 5000 e 27Hf 0. 5000 8w0. 5000 9 2Nb2.30x0 O0Tal. 50x0 31Al - 2at %=Sn1x00
321 - 0. 05at %3e- 00x

Table 8
Direct Contact Resistance
No. Composition (10 4 m X 10 ¢t m Contact Hall)
Contact Resistivity () Value

1 JAl-6at%Cu 335 ©
2 JAlI-6at%Cu—0.5at%La 285 ©
3 JAI-2at%Cu 190 @)
4 JAl-2at%Cu-0.5at%La 192 O
5 JAI-2at%Cu-1.8athWMg 256 O
6 JAI-2at%Cu—0.8at%Gd 222 O
7 |AI-0.1at%Cu 215 O
8 |AI-0.1athCu—0.5at%La _ 320 @




33AI -0.1 at %Ge- X000 34Al -1 at %3e- XLal000 35Al -t at %Ge- X000 36Al -fi at %3e- Xx0

- 371-0. O5at %e- 00x 38Al -0. 1 at %e-Z000 39Al - | at %ze- ZTa0. 5000 40Al -t at %5e- Z000

41Al - 6at %-2Zx0 58 It is noted that, i51 Table 9, the filmthickness of the
Ge-concentrated | ayer and the content of Ge in the Ge- concentrated | ayer

- were neasured after thermal processing for each sanple which satisfied the
conditiond®® S he 5 present invention. In the result, the filmthickness of

the each Ce-concentrated laver was within the range of about 0.5 to 2 nm
bnt ent  of THiFRIEMEREK [Pt Reasticedoprad
2 bang? of faud ' ' k deasit _
Sch BeoT oy, m DY (Dgtgeshiown
experi nmen Iy%ere Adbolatt) | n %Ocﬁ anoyniMatefal the Reisistarekene
TN Ge © CRET|( S D& Iopgll Mg YO INeE grqup & or WET € s nanged I;
™ N3 AP L ™S or—mm exXpeT-Tents—t ne
- S -Y L oW i i hbl e 9
as the thi{dPelleneH04. 5P Tabl e 10 ®) O
Mg 1 O O O
Cr 1 O O O
Mn 1 O O Q
Ru 1 O @) O
Rh 1 O O O
Pd 1 O O O
Ir 1 O O O
Pt 1 @) @) O
Al-2athGe—X G 1 o) o) 0
Tb 1 O O O
Dy 1 O @) O
Ce 1 O @] O
Sm 1 O O O
Eu 1 O O @)
Er 1 O O QO
Pt 2 O X O
Ir 25 O X O
W 0.01 X O 0
Ti 0.5 O @) O
v 0.5 O O Q
Zr 0.5 O O O
Nb 0.5 O O O
Al-2at%Ge—Z Mo 05 0 0 o)
Hf 0.5 O O O
W 0.5 O @) O
Nb 25 O X O
Ta 1.5 Q X @)
Al-2at%Ge | Sn 1 X _ _O O
I-0.05at%Ge-X (@) (@) X
Al-0.1at%Ge-X @) Q Q
Al-1at%Ge-X | Le 1 @) Q @)
Al-2at%Ge—X @) @) @)
Al-6athGe-X @ X O
AI-0.05at%Ge-7 O O X
Al-0.1at%Ge-Z @) @) @)
Al-1athGe-Z | Ta 0.5 O O O
Al-2at%Ge-Z O O )
Al-6at%Ge—2Z Q X Q_




No. Conposi tionDi rect Contact Resistance (10)1 mx 10 u m Contact Hall)

- Contact Resistivity (9)Value 1Al -6at %2300 2Al - 6at %=e- 0. 5at %4.a44Qo

3Al -t at %3150Q0 4Al - 2at %e- 0. 5at %4.a123Qp 5AI-0.1 at %3350 6Al -0.1

at %Ge- 0. 5at %4.a2850 60 According to the experinental results shown in Tables
* 1 through 10, it is possible to suppress the electrical resistance of an Al
alloy filmitself and the contact resistiance with pixel electrodes at |ow
| evel s while 5 securing a sufficient heat resisting property at a
relatively | ow heating tenperature such as 250 degrees Celsius. And
therefore, it is_possible t e a materi.al [ has, -her et of ore bee

i npossible to uségdﬁg trboﬁetcg yﬁﬂEUf flinc?{é%ﬁal%eﬁ? &g&i ?Jllﬁ‘b g?b‘f)g?ﬁ/s aggt he
material of the 10 display device and thus provide richer offerings of

mat eri al cth@e@?“E?BﬁﬁP§¥?t?H ﬁW?reﬁ§ﬁbﬁQeeﬁPQﬁﬁRﬁi%gdsﬁe%%iEggtgﬁf

resi stance 15 agai nst an al kal i ne sol uti on using TMAH devel opi ng sol ution
and presencECBFeBbEaheE dRYEDINTThgresrresfod iidite thkmat i aPEESERBAL each

sanple of an Al alloy thin filnms having various alloy conpositions |isted
in Tabl es 1iorthedtlyh sEgple which satisfied the conditions of the

5 present invention. In the result, the film thickness of
the each Ge-concentrated layer was within the range of
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 9, 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 cother elements belonging to the group X or

Z and not listed in Table 9 were used as the third elements.



20 In particular, Al alloy filns were fornmed on glass substrates under the

- conditions described in 3) of above- described Exanple 1. Each of the Al
alloy filnms obtained by the above std® was directly imrersed at 25 degrees
Cel sius in ordinary devel oping solutions (solutions 25 containing 2.38 mass%
* TMAH) , the tlne until the films got 61 conpletely dissolved was neasur ed,

t he etchln@ bledfes per unit time (one mnute) were calculated fromthus
nmeasured tinme and the anounts of adhering filns, and the resistance

agai nst _an al kaline solution was eval uated in accordance 5 with the

foll owi ng criteria 0: the etcphing rappest CWREct Réddtadd: N M
et chi :@0 rpte of ’%ﬁtm n or fpster 1Py RhONEm EoRct/HapT m i, x: the
r n

et chi Thte of or - of pitting
corrosi on was 10 investi gat ejCdnach Resistivitz é20bser vaVelya under| t he opti cal
m cr oscppgaltemaaef 1 cation: 400k), andggas confjrmed byyan ob§|er vation with
SEM (mlagn A|L§£%GQIU 5aMOPX) - | \n the res}w T, T nPIse naV@Q no 1 greign

partifctes ||g corTOoSTonsS)Twere ernred—as—abgence—tjut t hose
I ALE%I% i~cl-es 15 (Bbitti n:ﬂ r—\rrncl Hned as

havi o : 5—
"pre ntefAl- fﬂ’i%éﬁ" H?ﬂi’“—amn the et chi h23 rate he resi@rance agai nst
al kalj n® {avelafiGeg sol uti on, hnd t he33f esencel or _ab€nce of in tting
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Table 11 Etching Rate in Resistance against Pitting No.ConpositionDevel opi ng
Sol ution Al kal i ne Devel opi ng Corrosion (nm mn)Sol ution

1Al -fi at %\ 80xabsence 2Al - 2at %0Ni 120xabsence 3Al - 0. 5at %\i 105xabsence

4Al - 2at %Ni - 0. 6at ¥0Nd610absence 5Al - 2at %N - 0. 2at ¥8Nd90xabsence

* BAl - 2at 9N - 0. 6at %vh400absence 7Al - 2at N -.Q. 5at %4.a290absence

8Al - 2at ¥Ni - 0. 3at W/240absence 9Al - 2at%N|-f 8at %vg100absence

10Al - 2at %Ni - 0. 08at %ML10xabsence 11Al - 2at %N - 0. 8at %=d70absence

12Al - 2at %N - | at ¥Dy380absence 13Al - 2at %Ni - | at %9b400absence

14Al - 2at %N - 0. 5at %t 1 Oxab 15A1 - 0..] at %Ni.- 0. 6at.%vh2 absence 6Al-0.1
at 9%\ - 0. Sat % a180ab3Ehted 1 %g 1 PO TG NS Al oar Fs e 1astes

18Al -0. 1 at “Ni - 1. 8at % 70absence 19AI -0, | at %Ni - 0. 8at %=d50absence
20Al-6at%NﬂL0ﬁ§5P%Mﬁ bséﬁcé“s p0551ble to suppress the electrical

resistance of an Al alleoy film itself and the contact
resistance with pixel electrodes at 1low levels while
5 securing a sufficient heat resisting property at a
relatively low heating temperature such as 250 degrees
Celsius. And therefore, it 1s possible to use a material
which has heretofore been impossible to use due to 1its
insufficient heat resisting property as the material of the
10 display device and thus provide richer offerings of

material choices.

Example 2
In this example, as described hereinafter, resistance

15 against an alkaline solution using TMAH developing solution
and presence or absence of a pitting corrosion were
investigated about each sample of an Al alloy thin films
having various alloy compositions listed in Tabkles 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 allcy films obtained
by the above step was directly immersed at 25 degrees
Celsius in ordinary developing solutions (sclutions

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



21Al - 6at %\ - 0. 5at %4.a240absence 22Al - 6at %N - 0. 3at %/200absence
23Al - 6at %N - 1. 8at %vg80absence 24Al - 6at %N - 0. 8at 4=d60absence
25Al - 2at %Ni - 0. 5at %9a400absence 26Al - 2at %Ni - 0. 5at ¥6nB90absence
27Al - 2at %Ni - 0. 5at %cu400absence 28Al - 2at %Ni - 0. 5at %&r 400absence 29Al 200absence
- 63 Table 12 Etching Rate in Resistance a%ginst Pitting
No. Conposi ti onDevel opi ng Sol uti on Al kal i Devel opi ng Corrosion
(nm m n) Sol uti on 1Al - 6at %Ag55xpr esence 2Al - 2at %Ag42xpr esence
3Al - 0. at %Ag40xpr esence 4Al - 2at %Ag- 0. 6at ¥0Nd48Aabsence 5AI - 2at %A
0. 2at %Nd50xpr esence. 6Al -t at ¥Ag-.0. 6at %Wh390absenc
7Al -t at %\g-%@%% %k 2BB0SHSER éf%glAl waSt DRGSHI St %ﬁ%asgsheeggm%ﬁ ORET

- 1. 8at %R20absence 10Al - 2at %A 0. 08at %M 2xpr esence
unit time (one minute) were calculated from thus measured

time and the amounts cf adhering films, and the resistance
against an alkaline solution was evaluated in accordance

5 with the following criteria. 0: the etching rate slower
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: 4C00x), 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 solution, 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.



11Al - 2at %Ag- 0. 8at %=d90absence 12Al -t at %Ag- |

- lat %9 b320absence 14Al - 2at %A - 0. S5at %Pt 75xpr esence
15Al - O. | at %Ag- 0. 6at %vh120absence 16Al -82. 1 at %7g- 0. 5at %d.a70absence
17Al - O. | at %Ag- 0. 3at W/100absence 18Al - O | at ¥%Ag- 1. 8at ¥gl00absence

" 19Al - 0. | at %Ag-
21Al - 6at %Ag- 0.

g

I%_1<31134Oabse

nce 2

2Al - 6at ¥Ag
4 A O/

at %6d50absence 20Al - 6at ¥%Ag- 0. 6at YWvh390absence
- 0. 3at %/300absence

at %y320absence 13Al - 2at %A

bl e 13

ence

23Al - 6at %Aq- 8at “dvb220absen Al - 6at %A\a- 0

25Al -pat A\g- 0. 5at %a350abfencEtchiggRate int UAf- Gasswmwagsepqgng

27A - og- 0 CoEPIELISS 0ab§ e rReveloa Solptigna| oAlpliroiEvImiEbY epge 64, T

Et chilog Bhie i Deciatanch o) st o .

Al kaljnt Pevel 8pibathNtor r ogi on_(nr@0ri n) Sol Liti on 1Al -fi at yZrebeemrees
2 Al-2at%Ni 120 X absence
3 Al-0.5at%Ni 105 X absence
4 Al-2at%Ni—-0.6at%Nd 61 A absence
5 Al-2at%Ni—-0.2at%Nd 90 X absence
6 | Al-2at%Ni-0.6at%Mn 40 O absence
7 | Al-2at%Ni-0.5at%La 29 O absence
8 Al-2at%Ni—0.3at%V 24 O absence
8 1 Al-2at%Ni-1.8athMg 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 O absence
13 Al-2at%Ni-1at%Th 40 O absence
14 | Al-2at%Ni—0.5at%Pt 120 X absence
15 | AI-0.1at%Ni—0.6at%Mn 26 O absence
16 | Al-0.1at%Ni—0.5at%La 18 O absence
17 | AlI-0.1at%Ni~0.3at%V 16 O absence
18 | Al-0.1at%Ni-1.8at%Mg 7 Q absence
19 | Al-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-6athNi-1.8athMg 8 O absence
24 | Al-6at%Ni—-0.8at%Gd 6 O absence
25 | Al-2at%Ni-0.5at%Ta 40 O absence
26 | Al-2at%Ni—-0.5at%Sm 39 O absence
27 | AlI-2at%Ni—-0.5at%Eu 40 @] absence
28 | Al-2at%Ni~0.5at%Er 40 O absence
29 Al 20 O absence

ng Sol ution



2Al - 2at %Zn30xpr esence 3Al - 0. 5at %Zn28xpr esence 4Al - 2at %Zn- 0. 6at ¥Nd150absence
- BAl - 2at %Zn- 0. 2at ¥0Nd25xpr esence 6Al - 2at %Zn- 0. 6at %vh200absence

7Al - 2at %Zn- 0. 5at Y4.al50absence 8Al - 2at %&n- 0. 3at %/250absence

9Al - 2at %Zn- 1. 8at ¥ML60absence 10Al - 2at %&Zn- 0. 08at %B3xpr esence

11Al - 2at %Zn- 0. 8at %d80absence 12Al - 2at %Zn- lat %y280absence

13Al - 2at 9%Zn- latBp2Ebabsence 14Al - 2at %&Zn- 0. 5at %Pt 65xpr esence 15Al-0. 1

at %Zn-0Q, 63t %dh170absence 16Al-0.1 atogn-0 9

17AI -p. 1af %n- 0. 3at .%/120ausen51@hiﬂ_ﬁwte 0. | a| YResistanButetviy 3Pabpapng
19A! - [Ne af 9zn Compasitien40atps ePryelon@Moltien o nAlkeliaR O/RPRIEOAbSE NG o,
21Al -Batou¥n-0 5at 94 a250abhdence omApinRat ozh- 0 33P0 30ahdence
23Al -pat %n- 1. 8&6atAZ00abgence 2458 - 6at %Zn- 0. 8at B’@leOaEsem}mnce
25Al -Pag A¥n- 0. ApbaBAgS0abgence 2648 - 2at %Zp- 0. Sat ¥6nP50als epesnce
27Al - Zag rn- U.A?ﬁéymgguab?ence Zt’»ﬁj tat 7&n- 0. cat yr cola S%p&%m@é‘)
4 | Al-2athAg-0.6athNd 48 A absence
5 Al-2athAg-0.2atkNd 50 X presence
6 | Al-2at%Ag-0.6at%Mn 39 O absence
7 | Al-2athAg-0.5at%lLa 35 O absence
8 Al-2at%Ag-0.3athV 30 O absence
8 | Al-2at%Ag-1.8at%Mg 22 O absence
10_| Al-2atkAg-0.08at%Mg 42 X presence
11 | Al-2at%Ag-0.8at%Gd 9 O absence
12 | Al-2athAg—1at%Dy 32 O absence
13 | Al-2athAg—1athTh 32 (@) absence
14 | Al-2athAg-0.5at%Pt 75 X presence
15 ] Al-0.1athAg-0.6at%Mn 12 O absence
16 | Al-0.1at%Ag-0.5at%La 7 O absence
17 | Al-0.1athAg-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 Q absence
20 | Al-6at%Ag-0.6at%Mn 39 QO absence
21 | Al-6at%Ag—0.5at%La 34 Q absence
22 | Al-6at%Ag-0.3at%V 30 O absence
23 | Al-6at%Ag-1.8at%Mg 22 O absence
24 | Al-6at%Ag—0.8at%Gd 14 O absence
25 | Al-2at%Ag—0.5at%Ta 35 ®) absence
26 | Al-2at%Ag-0.5at%Sm 40 O absence
27 | Al-2at%Ag-0.5at%Eu 35 @) absence
28 | Al-2at%Ag—0.5at%Er 37 O absence




Tabl e 14 Etching Rate in Resistance against pitting No.ConpositionDevel opi ng
Sol ution Al kal i ne Devel opi ng Corrosion (nm mn)Sol ution
1Al - 6at %33xpresence 2Al - 2at %25xpr eilence 3Al - 0. 5at ¥%25xpr esence
4Al - 2at %Ge- 0. 6at ¥0Nd90absence 5AI - 2at %Ge- 0. 2at ¥Nd21xpr esence
6Al - 2at %e- 0. 6at %0vh150absence 7Al - 2at %e- 0. 5at Y4.al80absence
8Al - 2at ¥%Ge- 0. 3kl Mdabsence 9Al - 2at %Ge- 1. 8at 9ML10absence

10Al - 2at %Ge- 0. 08at %v8xpr esence 11Al - 2at %ze- 0. 8at %=d90absence
12Al - 2at %e- | at ¥Dy200absence 13Al - 2at %Ge- | at %db400absence

[6Al-0.1

14A -Pat Ue- 0. 5al Pt 63XPr §SENERhnDRdte WM. 1al VitesiRanbethgaiit | J0amence
at %o 5ht %4 Chapabisience 17 ADevBlogngetioliEer 0| 3akbiBoabsande &
18A -0 | af %Ge- 1. 8at %G 130dbsencemi®ml - 0. | ht %ce SouBat %cddoSEesi08
20Al -baf UY=x- 0. ppbatwra20abdence 40 % presence
2 Al-2athZn 30 X presence
3 Al-0.5at%Zn 28 X presence
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 O absence
7 | Al-2at%Zn-0.5at%La 15 @) absence
8 Al-2at%Zn-0.3at%V 25 @) absence
9 | Al-2ath%Zn—-1.8at%Mg 16 O absence
10 | Al-2at%Zn—0.08at%Mg 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—1at%Tb 25 O absence
14 | Al-2at%Zn-0.5at%Pt 65 X presence
15 | Al-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 | Al-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%La 25 O absence
22 | Al-6at%Zn-0.3at%V 28 O 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%Zn—0.5at%Er 28 ) absence




21Al - 6at %Ge- 0. 5at %.a300absence
23Al - 6at %e- 1. 8at %vg250absence
25Al - 2at %Ge- 0. 5at %da220absence
27Al - 2at %Ge- 0. 5at ¥Eu330absence
Et ching Rate in Resistance agai

22Al - 6at %Ge- 0. 3at W/310absence

24Al - 6at %Ge- 0. 8at %=d190absence

26 Al - B5t %e- 0. 5at ¥&nR10absence d

28Al - 2at %Ge- 0. 5at %&r 320absence 66 Tabl e 15
nst Pitting No. ConpositionDevel opi ng Sol ution

Al kal i ne Devel d@bleg!4orrosi on (nnf mi n) Sol uti on 1Al - 6at %Cu58xpr esence
2Al -t at %Cu48xpresence 3Al - 0. 5at %Cud8xpresence 4Al - 2at %Cu- 0. 6at ¥0Nd430absence

5Al - 2at %Cu- 0. 2at ¥%Nd48xpr esence

6Al - 2at %Cu- 0. 6at “%vh400absence

7Al - BTV~ 0. 5at YA-a3 10abs Pic eEag Fed WU~ - ReuiolHeTaRsi e e oo
Al - 2l 84- 1. Banpdgjlib®abs ¢ ndeveloping Solution Alkaline Developing Corrosion
{nm/min) Solution
1 Al-6athGe 33 X presence
2 Al-2athGe 25 X presence
3 Al-0.5at%Ge 25 X presence
4 | Al-2at%Ge—0.6at%Nd 9 A absence
5 | Al-2at%Ge-0.2at%Nd 21 X presence
6 | Al-2at%Ge-0.6at%Mn 15 O absence
7 | Al-2at%Ge—0.5at%La 18 O absence
8 | Al-2at%Ge-0.3at%V 22 O absence
9 | Al-2at%Ge-1.8at%Mg 11 O absence
10 AI—2at%Ge—0.08at%Mg 28 X presence
11 | Al-2at%Ge—-0.8at%Gd 9 O absence
12 | Al-2at%Ge-1at%Dy 20 O absence
13 | Al-2at%Ge-1at%Tb 40 O absence
14 | Al-2at%Ge—0.5at%Pt 63 X presence
15 JAI-0.1at%Ge-0.6at%Mn 13 O absence
16 | Al-0.1at%Ge—0.5at%La 14 O absence
17 | AlI-0.1at%Ge—0.3athV 18 O absence
18 |Al-0.1at%Ge—1.8athMg 13 @) absence
19 JAI-0.1at%Ge—-0.8at%Gd 5 O absence
20 | Al-6at%Ge-0.6at%Mn 32 O absence
21 | Al-6at%Ge—0.bat%La 30 @) absence
22 | Al-6at%Ge-0.3at%V 31 @] absence
23 | Al-6at%Ge-1.8atkMg 25 O absence
24 | Al-6at%Ge-0.8at%Gd 19 O absence
25 | Al-2at%Ge-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 O absence




10AIl - 2at %Cu- 0. O8at %v2xpr esence 11Al - 2at %Cu- 0. 8at %=d120absence
12Al - 2at %Cu- | at Dy330absence 13Al -2at %Cu- 1 at ¥db380absence

14Al - 2at %Cu- 0. 5at 9%t 85xpr esence 15Al - @6l at ¥%Cu- 0. 6at ¥vh200absence
16Al - 0. | at %Cu- 0. 5at %4.al20absence 17Ai -0.1 at %Cu-0. 3at %W/160absence 18Al-0.1
at %Cu- 1. 8at %vgl00absence 19AI-0. | at %Cu- 0. 8at %=d100absence

20Al - 6at %Cu- 0. §abBu00absence 21Al - 6at %Cu- 0. 5at %.a300absence
22Al - 6at %Cu- 0. 3at W/350absence 23Al - 6at %Cu- 1. 8at ¥g250absence
24Al - 6at %Cu- 0. 8at %=d220absence 25Al - 2at %Cu- 0. 5at ¥da400absence

26Al -[2at Ju- 0. Sat on? /0ab} eNCechnzRatedAt W&u-hhséﬁhgﬁgabggabsep,&% _ _
28A - [N ACu- OCERbHELIGBOaD e Mieeldpihe Bbidklon| S Chikalindiavéiing 1 8 E.El ay device in
whicH an N alloy filman§i a dontwoti ve bxi deSélitlom ar e| dMPHEF'PY fonnect ed
wi t hqutq | ntergosgatcgn of [refractggry netal and sgne or il brédenée P al | oy
conp neil[ 3 Gep&%ét%e ar e Concentd’aat ed a_t [ ne_ | Q[ ert ac_, % QS%R agt bet W_een
t he ! ii oy—* _E,QIEQ tire \..U||duu4tsl ve—oxtpe—fi M wrerefrr—tire 1oy film
conprl-sesi o218 Brls of Lot presence

4 | Al-2at%Cu-0.6at%Nd 43 A absence

5 1 Al-2at%Cu-0.2at%Nd 48 X presence

6 | Al-2at%Cu-0.6at%Mn 40 QO absence

7 | Al-2at%Cu-0.5at%La 31 O absence

8 Al-2at%Cu-0.3at%V 22 QO absence

9 | Al-2at%Cu-1.8at%Mg 15 O absence

10_J Al-2at%Cu-0.08athMg 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%Tb 38 O absence

14 | Al-2at%Cu-0.5at%Pt 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-1.8athMg 10 @) absence

19 JAI-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-0.3at%V 35 O 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 @] absence

28 | Al-2at%Cu-0.5at%Er 38 O absence




| east one el enent selected fromthe group consisting of Ni, 10 Ag, Zn, Cu
and Ge, and 0.1 to 2 at% of at |east one elenent selected fromthe group
consisting of Mg, &, M1, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr, &d, Th, Sm Eu,
Ho, Er, Tm Yb, Lu and Dy as alloy conponents. 15 2. A display device in
which an Al alloy filmand a conductive gxide filmare directly connected
Wi thout interposition of refractory met &’ and some or all of Al al | oy
conponents deposit or are concentrated at the interface of contact between
the Al alloy filnland the 20 conductive oxide film wherein the A alloy
filmconprises 0.1 to 6 at% of at |east one elenent selected fromthe group
cont ai ni ng %@Aghls QP IMeD &' and Ge, and 0.1 to 1 at% of at |east one
el enent selected fromthe group consisting of Ti, V, Zr, No, Md, Hf, 25 Ta
and Was all oy conponniisspé8y3deTheedilgplay clewinc lactlorali ngl i @rdiam 1 or
2, wherein the electrical resistivity of the Al alloy filmis 7pOcm or
| ess after headucteaemenkide 250 ldegraes CHlmdaisly f oroBleaiedit egitBodt The
di spl ay device according to claim2, wherein the electrical resistivity of
the Al alloyntétposstiiod of oefrasscayt eethéatand eabmentomat a250 adeghées
Cel sius for 30 mnutes. 10 5. A sputtering target for producing a display
5 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,
10 Ag, Zn, Cu and Ge, and 0.1 to 2 at% of at least one element
selected from the group consisting of Mg, Cr, Mn, Ru, Rh,
pd, Ir, Pt, La, Ce, Pr, Gd, Tk, Sm, Eu, Ho, Er, Tm, Yb, Lu

and Dy as alloy compconents.

15 2. A display device in which an Al alloy 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

20 conductive oxide film,

wherein the Al alloy film comprises 0.1 to 6 at% of at
least one element selected from the group containing of Ni,
Ag, Zn, Cu and Ge, and 0.1 to 1 at® of at least one element
selected from the group consisting of Ti, V, Zr, Nb, Mo, HE,

25 Ta and W as alloy componhents.



device used to formthe Al alloy filmaccording to claiml1, conprising: 0.1
to 6 at% of at |east one el enent selected fromthe group consisting of N,
Ag, Zn, Cu and Ge, and 0.1 15 to 2 at % of at |east one el enent selected
fromthe group consisting of Mgy, &, M1, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr,
Gd, Tb, Sm Eu, Ho, Er, Tm Yb, Lu and Dy,8 as alloy conponents. 20 6. The
sputtering target for producing a displa device used to formthe A alloy
filmaccording to claim?2, conprising: 0.1 to 6 at% of at |east one el enent
selected fromthe group consisting of Ni, Ag, Zn, Cu and Ge, and 0.1 to 1
at % of at | east gne el enent, selected fromthe group 25 caonsisting of Ti, V,
Zr, Nb, M, Hf, Ta and’fy HSRAA0yde8leBnporréiting to claim 1 “or 2,

wherein the electrical resistivity of the Al alloy film is

TpQ c cm or less after heat treatment at 250 degrees Celsius

for 30 minutes.

4. The display device accerding to claim 2, wherein
the electrical resistivity of the Al alloy film is 7uQ - cm
or less after heat treatment at 250 degrees Celsius for 30
minutes.
10
5. A sputtering target for producing a display
device used to form the Al alloy film according to claim 1,
comprising: 0.1 to 6 at% of at least one element selected
from the group consisting of Ni, Ag, Zn, Cu and Ge, and 0.1
15 to 2 at% of at least one element selected from the group
consisting of Mg, Cr, Mn, Ru, Rh, Pd, Ir, Pt, La, Ce, Pr,
Gd, Tb, Sm, Eu, Ho, Er, Tm, Y¥Yb, Lu and Dy, as alloy

components.

20 6. The sputtering target for producing a display
device used to form the Al alloy film according to c¢laim 2,
comprising: 0.1 to 6 at® of at least one element selected
from the group consisting of Ni, Ag, Zn, Cu and Ge, and 0.1
to 1 at% of at least one element selected from the group

25 consisting of Ti, V, Zr, Nb, Mo, Hf, Ta and W, as alloy



components.
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