Ag- BASE | NTERCONNECTI NG FI LM FOR FLAT PANEL DI SPLAY, Ag-BASE SPUTTERI NG
TARGET AND FLAT PANEL DI SPLAY BACKGROUND OF THE | NVENTION Field of the

I nvention The present invention relates to a sputtering target for de-
positing an interconnecting filmor an interconnecting filmfor a flat
panel display (hereinafter, abbreviated to "FPD') by a sputtering process
and to a FPD provided with an interconnecting filmor an interconnecting
filmformed by sputtering using the sputtering target. Description of the
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classified by pixel driving systeminto active matrix FPDs (TFT-driven
FPDs) and passive matrix FPDs. Referring to Fig. 2, the active matrix FPD

has many pi xels each prggégﬁg%gbﬁﬁ SFtﬁﬁﬁsPﬁgﬁﬁ&+§kectrode (or areflecting
or ep .

el ectrode) 1 and a TFT rrving t I'xe e TFT has interconnecting
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el ectrode aré extended longitudinally and data lines 5
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interconnecting film formed by sputtering using the sputtering target.

Description of the Releted Art

FPDs include liquid crystal displays (LCDs), such as amorphous
silicon thin film transistor (TFT) LCDs and polysilicon TFT LCDs, field
emission displays (FEDs), electroluminescence displays (ELDs), such
as organic/inorganic ELDs, and plasma display panels (PDPs). FPDs are
classified by pixel driving system into active matrix FPDs (TFT-driven
FPDs}) and passive matrix FPDs.

Referring to Fig. 2, the active matrix FPD has many pixels each
provided with a transparent electrode {(or a reflecting electrode) 1
and a TFT 2 for driving the pixel. The TFT has interconnecting films
serving as a gate electrode 4, a source electrode 6 and a drain electrode
7. DAddress lines 3 are extended longitudinally and data lines 5 are
extended laterally in spaces between the pixels. Each address line 3
is connected to the gate electrodes 4 of the TFTs 2. Each data line
5 1s connected to the source electrodes € of the TFTs 2. The drain
electrode 7 of each TFT 2 is connected to the transparent electrode

1. The required characteristics of the address lines 3, the data lines



the reflecting electrode) 1. Films formng the address lines 3, the data
lines 5, the gate electrodes 4, the source electrodes 6 and the drain

el ectrodes 7 will be generically called interconnecting films in this
specification. The passive matri x FPD does not have any conponents
corresponding to the TFTs of the active matrix FPD. As shown in Fig. 3, the
passive matrix FPD has a transparent upper substrate 21, such as a gl ass
substrate, a transparent |ower substrate 22, such as a gl ass substrate,
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substrate 21, parallel, data electrodes 24 fornmed on the inner surface of
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el ectrodes 23, and a liquid crystal ing up the space between the upper
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scanni ng el ectrodes 23 and the data electrodes 24 to nmake pixels visible.
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generically called intéerconnecting filns 1in this specification. Active
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interconnecting filmis fornmed o oy excellent in electrica

condye itWitsy speeats ifgi idpnce and fine patterning by wet etching.
I nterconnecting filnms having still lower electrical resis- tivity and stil
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progressive increase in the screen size of FPDs and demands for higher
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hi gh-definition FPD requires an interconnecting 2 film capabl e of being
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wi |l be explained. Inportance of |low electrical resistivity wll be

expl sukedrate, a transparent lower substrate 22, such as a glass substrate,
parallel, scanning electrodes 23 formed on the inner surface of the
upper substrate 21, parallel, data electrodes 24 formed on the inner
surface of the lower substrate 22 so as to extend perpendicularly to
the scanning electrodes 23, and a liquid crystal filling up the space
between the upper substrate 21 and the lower substrate 22. Voltages
are applied to the scanning electrodes 23 and the data electrodes 24
to make pixels visible. Films forming the scanning electrode 23 and
the data electrodes 24 will be generically called interconnecting films
in this specification. Active matrix FPDs and passive matrix FFDs will
be inclusively called FPDs.

The interconnecting film is formed of an Al alloy eXcellent in
electrical conductivity, heat resistance and fine patterning by wet
etching. Interconnecting films having still lower electrical resis-
tivity and still higher heat resistance have been demanded in recent
yvears with the progressive increase in the screen size of FPDs and

demands for higher definition FPDs and diversification of FPDs.

Fabrication of some high-definition FPD requires an interconnecting



FPD of a |l arge screen size, such as a large television set, needs |onger

i nterconnecting lines forned by processing an interconnecting film A

hi gh-definition FPD, such as a high-picture-quality television set, of

hi gher resol uti on needs narrower interconnecting |ines of an
interconnecting film Longer or narrower interconnecting |lines have a

hi gher el ectrical resistance that del ays the conduction of electrical
signals. It is preferable to forminterconnecting lines of a materi al
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electrical signals. Interconnecting lines having a | ow el ectri cal
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Al -base all oys. Thus Ag-base all oys capable of form ng interconnecting
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materials for formng the foregoing interconnecting lines. |nportance of
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polysilicon TFT LCDs have been narketed in recent years in addition to the
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di versified. Interconnecting lines undergo high-tenperature heating in

speciRlhirgiHdeatiinirt 1gh Fraressesh abos HyHHm@EIo i ergpidDsey el Alss.onFeet
exanpl e, an activation process for activating polysilicon in a

manuf@e thi gingr prosedstion nevdkaakirongr theekovnhenpenat di@egolofsiahi con TFT
LCD heats the interconnecting lines at a tenperature between 450 and 500C

in a vacettoiyeonengy£l Bmof Isondeatdng grracess.in esednneg timac dsneisnbbuded
in a FED manufacturing process heats interconnecting lines at a tenperature
bet weehi4bheraatecBr508C 1 es i eamtatdpitedel bys Séeecahdoytlies of edektaticad
process. The interconnecting lines of the conventional anorphous silicon
TFT LCynatre. ndtt dequreéfdreblietoefimt dntt ercosneic thinghltisrper taimetheatilng.
Thus high heat resistance is a new requirenent brought about by new FPDs.
having a low electrical resistivity to suppress the delay of conduction
of electrical signals. Interconnecting lines having a low electrical
resistivity of, for example, 3.0 uQdcm cannot be formed of conventional
Al-base alloys. Thus Ag-base alloys capable of forming interconnecting
lines having an electrical resistivity of 3.0 pQcm or below are
attractive materials for forming the foregoing interconnecting lines.
Importance of high heat resistance will be explained. New FPDs,
such as low-temperature polysilicon T¥T LCDs have been marketed in
recent years in addition to the conventional amorphous silicon TFT LCDs
and FPDs have been progressively diversified. Interconnecting lines
undergo high-temperature heating in special manufacturing processes
for manufacturing those new FPDs. For example, an activation process
for activating polysilicon in a manufacturing process for manufacturing
the low-temperature polysilicon TFT LCD heats the interconnecting lines
at a temperature between 450 and 500°C in a vacuum by one cycle of a

heating process. A sealing process included in a FED manufacturing

process heats interconnecting lines at a temperature between 450 and



It is difficult for conventional Al -base alloys to cope with high heat

resi stance necessary to wthstand hi gh-tenperature heating at high
tenperatures in the range of 450 to 500C. Therefore, Ag-base alloys capable
of coping with such a requirenment are attractive materials for formng the
foregoing interconnecting lines. Inportance of fine patterning wll be

expl ained. The width of the interconnecting lines of the FPD decreases with
the increase of the resolution of the FPD. Cenerally, the finely patterned
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an interconnecting filmby a wet etching process. Since thé control of the

shapeigterBenfactewg NligetoRFeatien¢dnvee idchadl findtPoud tsiBicoesiFrrbl@ to
formthe interconnecting lines by processing an interconnecting film capable
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characterized by their excellent lowresistivity and high heat resistance
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| ines of Ag-base alloys are etched at a high side etching rate. Therefore,
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difficult and the fine patterning of interconnecting |lines of Ag-base
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fine patterning is not a problemw th processing wide reflecting el ectrode
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films to formnarrow interconnecting lines. 4 Various Ag-base alloys for

f or m pgpeblersdrumeinge ifid Bhchay i fgquisteretteGtid adthawtelvecihatealials for
resistivity and high heat resistance have been proposed. An Ag-base all oy

cont atormgng the2fowcYoRunaricht@ icpntfectirdg Quines. proposed in JP-A

2001-102325. An Ag-base alloy containing 0.1 to 3w %Pd and 0.1 to 3 W%

A, Au, Pt,Itvorfancer ofTEinki paCberning will be explained. The width of
the interconnecting lines of the FPD decreases with the increase of
the resolution of the FPD. Generally, the finely patterned
interconnecting lines of the FPD are formed in a desired shape by etching
an interconnecting film by a wet etching process. Since the control
of the shape of the narrow interconnecting lines is difficult, it is
desirable to form the interconnecting lines by processing an
interconnecting film capable of being easily and finely patterned.
Generally, films of ARg-base alloys characterized by their excellent
low resistivity and high heat resistance are etched at a high etching
rate, and side surfaces of interconnecting lines of Ag-base alloys are
etched at a high side etching rate. Therefore, control of the shape
of interconnecting lines of Ag-base alloys is difficult and the fine
patterning of interconnecting lines of Ag-base alloys having a width
of 10 pum or below needs to be improved. Difficulty in fine patterning
is not a problem with processing wide reflecting electrode films and

reflecting films and is a problem with processing interconnecting films

to form narrow interconnecting lines.



and Si was proposed in JP-A 2001-192752. An Ag-base alloy containing 0.1 to
10 % Au and 0.1 to 5wt% Cu, A, Ti, Pd, Ni, V, Ta, W M, C, Ru, and My
was proposed in JP-A2002-140929. AnAg-base alloy containing 0.1 to 2 at%
Sc, Y, Sm Eu, Th, Dy, Er, and Yb and 0.1 to 3 at% Cu and Au was proposed
in JP-A 2003-113433. Thin filnms for formng interconnecting |ines proposed
in JP-A 2004-126497 and JP- A 2003-293054 are forned of Ag-base alloys
containing Au, Cu, Ti and Zr. Alamnated filmhaving a |ow electrical
resistivityafbou§ Egrngse rdldrooniiect fogmihgnestepeopnsedihg IPims 24120929
consists of an alloy filmformed of an alloy containing at |east Ag or Cu
as a puchagplicednencelecandcad sebistieifyland Ailghmhpaterde$i$vabheyibayea

| ow el ectrical resistivity, for formng interconnecting |ines, proposed in
JP- A BO&d-prEdy@s ednsizmt fg-0fa s adlllogy cbnkmiafingnOatd @5 eard &unend attd east
Ag or Cu as a principal conponent, and a nitride film An Ag-base alloy for
f or mwgt r&i hvect ipppad et tinod@-A bovl1andzeetl ecin Mygfbhid e, a M cleartaining
processed in large sizes as conpared with the films for form ng

i nt ereohnect Bugsl Pdeandcontaites 3 @t% 1A, 3AQ,at%, Ndtwnday, d&,1 tig NiQ &% Cu
and 0.1 to 1.5 at% Au was proposed in JP-A 2002-323611. A reflecting film
f or meandfS amwaypragw sl lioy JPoRt 200LRYOQ7602 .t aAd Xgdbdie andicy cSmtwdning
proposed in JP-A 2004-76080. The interconnecting filns of Ag-base alloys
propo8el tm Thevt ¥ dnegoidng .patenbwddctuneritls fldar, far,niNag Vpt Bacdanedd, dg,
lines of FPDs 5 are classified roughly into interconnecting filns of

Ag- baRe, ahlddys wasomt aposed imobPeA 3e0aF 14I0828nt sAndurtbaese Rl oPdcarte iAingand
those of Ag-base alloys containing rare-earth nmetal elenments, such as Sc,
Y, ShlBER AtDFc,EN,afc, YBu, THoseDWg-Basaral [Yéy anidade latbodv &t edhr iagdl
resistivity, and the noble netal elenents and the rare-earth netal elenents
addedrg owahieprgpbasd anl dysAi @Picveéd 3dhA8 -heBinefidmanferoforming

interconnecting lines proposed in JP-A 2004-126497 and JP-A 2003-293054
are formed of Ag-base alloys containing Pu, Cu, Ti and Zr. A laminated
film having a low electrical resistivity, for forming interccnnecting
lines, proposed in JP-A 2004-2929 consists of an alloy film formed of
an alloy containing at least Ag or Cu as a principal component, and
a silicide film. A laminated film having a low electrical resistivity,
for forming interconnecting lines, proposed in JP-A 2004-76079 consists
of an alloy film of an alloy containing at least Ag or Cu as a principal
component, and a nitride film. An Ag-base alloy for forming reflecting
electrode films and reflecting films, which are processed in large sizes
as compared with the films for forming interconnecting lines, ccntains
0.1 to 3.0 at% Nd and ¥, 0.1 to 2.0 at% Cu and 0.1 to 1.5 at% RAu was
proposed in JP-A 2002-323611. A reflecting film formed of an Ag-base
alloy containing 0.01 to 4 at% Bi and/or Sb was proposed in JP-A
2004-76080.

The interconnecting films of Ag-base alloys proposed in the

foregoing patent documents for forming interconnecting lines of FPDs



t he Ag-base all oys. Suppression of cohesion during a heat treatnent and
stability to a heat treatnent are of the same technical significance.

| mprovenent of heat resistance is achieved by suppressing the increase of
surface roughness due to the cohesion of Ag caused by heating. Al though the
| ow el ectrical resistivities of the known Ag-(Ru, Pd, Au) alloys and the
known Ag- (Sc, Y, Sm Eu, Tbh, Dy, Er, Yb) alloys are satisfactory to sone
extent, their heat resistances at high tenperatures are not satisfactory.
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Ag alloys containing Bl with an intention to suppress the cohesion of Ag
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Ag-Bi alloys are indented for formng reflecting electrode filns and

refl egi-bisd id Mo forcdiiBinidfer steesanndl negulrelepbaract et iags sef the
reflecting electrode filnms and reflecting filns are different fromthose of

the igw,emQnmect DRY Etidres ¥f. t MRciskt RgebaBec 1 NGy inae allless ehecpuripase
and uses of the 1nterconnecting filns of the present invention are
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The present invention has been nmade in view of those problens and it is

t her eflomeerats Glyjcand taf tiHee Ay-esasd allvent iimpriowey ehed@ealt ¢ eisiistzneenecti ng
filmof an Ag-base alloy having a low electrical resistivity and high heat
r esi sireen ey -flars FRE), o s S pGhippiriens ifoar @t cohestiba Agriage sahl@y teeatment
depositing an interconnecting filmfor FPDs, and a FPD having
i nt erapaghetabiidtlitnes HaxrtmedebympnacassbfigHehsamentteartnoimwer singiffibemot. t he
Ag- base alloy. The inventors of the present invention found through the
exam IngtiorergntAgfbhsetat ¢ systarseeict acblipvednbyi supy ess ingsreddntireese
all oy elenments that an Ag-base alloy containing Nd in a Nd content in
of surface roughness due toc the cohesion of Ag caused by heating.
Although the low electrical resistivities of the known Ag- (Ru,
Pd, Au) alloys and the known Ag-(Sc, Y, Sm, Eu, Tb, Dy, Er, Yb) alloys
are satisfactory to some extent, their heat resistances at high
temperatures are not satisfactory. JP-A 2002-323611 and JP-A 2004-
76080 refer to Ag alloys containing Nd and Ag alloys containing Bi with
an intention to suppress the cohesion of Ag and the crystal grain growth
of Ag due to heating. Those Ag-Nd alloys and Ag-Bi alloys are indented
for forming reflecting electrode films and reflecting films for FPDs.
The sizes and required characteristics of the reflecting electrode films
and reflecting films are different from those of the interconnecting
lines of the interconnecting films. Thus the purpose and uses of the

interconnecting films of the present invention are different from those

of the prior art alloy films.

SUMMARY OF THE INVENTION
The present invention has been made in view of those problems and

it is therefore an object of the present invention to provide an



a specific Nd content range and/or Bi in a Bi content in a specific Bi
content range has excellent properties. An interconnecting filmaccording to
the present invention for formng interconnecting lines of a FPD is forned
of an Ag-base alloy <containing 0.1 to 4.0 at% Nd and/or 0.01 to 1.5 at% Bi,
and Ag as the remainder. The Ag-base alloy may contain, in addition to Nd
and/or Bi, one or sone of elenents including Cu, Au and Pd in a content in
the range of 0.01 to 1.5 at% A sputtering target according to the present

i nvenidosr dinedepRsi £109 88 LAt E?CBQQECE&M%“ hEPiher of QW Rdectrical
interconnecting lines of FPDIs Tornmed of an Ag-base alloy containing 0.1
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all oy form ng e sputtering target may contain, in addition and/ or
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range of 0.01 to 1.5 at% A FPD acCording to the present inventionis
providetbmiidyihd! 85 CORASRALEYI hiNESnbE! FEUNEY BLOEESELRE i ideer connect i ng

filmof the foregoing Ag-base alloy. The interconnecting fi'l mof the

AQ-b@%&éﬁééhhéﬁ¥§HQiFﬂlﬁoofhﬁhe7ABLB§§Etah@&?ﬂti0” for a FPD has a low
el ectrical resistivity and high héat resistance. Therefore, both the active

matrix and e RRAS MErs N&E e FPEL PERYT dedeMt L Bnt BSuLAL eheangactheg | ines
formed by processing the interconnecting filmof the Ag-base alloy have
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Ag- base alloy according to the present invention is suitable for depositing

the dXiey covieattHaHdd mrofhd-te sA0=hase abheXinThg Nat enconNEdntend im of
t he Ag-base all oy deposited by using the sputtering target has an excellent
al | oya copgpobfidc and contehef aghgeyanlley Bhiemgnk distbnRehitoin a specific

Bi content range has excellent properties.

An interconnecting film according to the present invention for
forming interconnecting lines of a FPD is formed of an Ag-base alloy
containing 0.1 to 4.0 at% Nd and/cor 0.01 to 1.5 at% Bi, and Rg as the
remainder. The Ag-base alloy may contain, in addition to Nd and/or Bi,
one or some of elements including Cu, Au and Pd in a content in the
range of 0.01 to 1.5 at%.

A sputtering target according to the present invention for
depositing an interconnecting film for forming interconnecting lines
of FPD is formed of an Ag-base alloy containing 0.1 to 4.0 at% Nd and/or
0.1 to 9 at® Bi, and Ag as the remainder. The Ag-base alloy forming
the sputtering target may contain, in addition to Nd and/or Bi, one
or some of elements including Cu, Au and Pd in a content in the range
of 0.01 to 1.5 at%.

A FPD according to the present invention is provided with
interconnecting lines formed by processing an interconnecting film of
the foregoing Ag-base alloy.

The interconnecting film of the Ag-base alloy according to the



uni form t hi ckness, excellent characteristics and capable of form ng

i nterconnecting lines for high-performance FPDs with high reliability. The
FPD according to the present invention provided with the interconnecting
lines formed by processing the interconnecting film of the Ag-base all oy
has remarkably inproved ability and reliability. BRI EF DESCRI PTION OF THE
DRAW NGS The above and ot her objects, features and advantages of the
present invention will becone nore apparent fromthe followi ng description
t akenpt @s eonnat éond ovh tfo# ke FRCChERaBYl dW el MigSs 1 ives Mt ichi t Fiahd hiigh a
graph showi ng the dependence of electrical resistivity of various Ag-base
al | oylsest wéd Dyt shesentTivond Bote, Fbeth Zhe At b angetix f sagnentapyssiypi cal
pl an view of pixels of an active matrix FPD, and Fig. 3 is an enl arged,

f r agneat vl FPDyPproal dpban tih eWeoi npé xebsne of irg LA v CopRkdilxy PPBcedsing
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An interconnecting filmin a

pr ef etlied mretinmadt acg dridimg £t the ERe bpisesedl oy rivent ireamdrdtalf by tpgoved
interconnecting lines of a FPD is forned of an Ag-base alloy containing 0.1
to 4. ol AN dfeYidh D1ity0 ITHe affdtBier iayd telrhert elfen@rd Sg-helskediaddofg
and inevitable inpurities. The Ag-base alloy may contain, in addition to Nd
and/ cicdrrdn@ltdothd. prasemaneénoentdoon 0 shenmeblie ifoel deposi®@ingAthand Pd.
Nd and/or Bi contained in an Ag-base all oy suppresses increase in the

sur f atet exughmessing fiblmndEr Cloafegthame falllny.or The dahtelecAgchaseg dhiloy
due to the cohesion of Ag even if the interconnecting filmis heated at a

hi gh ¢£ntper Ranleese @l vay udepositdd eyt nosiphe rdeasgutheEroves tadyethéats an
resi stance of the interconnecting film This highly heat-
excellent alloy composition, a satisfactoryalloyelement distribution,
uniform thickness} excellent characteristics and capable of forming
interconnecting lines for high-performance FPDs with high reliability .
The FPD according to the present invention provided with the

interconnecting lines formed by processing the interconnecting f£ilm

of the Ag-base alloy has remarkably improved ability and reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the following
description taken in connection with the accompanying drawings, in
which:

Fig. 1 is a graph showing the dependence of electrical resistivity
of various Ag-base alloys on alloy element content;

Fig. 2 is an enlarged, fragmentary, typical plan view of pixels
of an active matrix FPD; and

Fig. 3 is an enlarged, fragmentary, typical plan view of pixels

of a passive matrix FPD.



resistant interconnecting filmhas a |ow electrical resistivity. The
interconnecting filmof the Ag-base alloy containing Nd and/or Bi has a
satisfactorily low electrical resistivity and high heat resistance required
of the interconnecting filmfor formng the interconnecting |ines of the
FPD. Wen the Ag-base alloy contains Bi, the Ag-base alloy nmaintains
sufficient cohesion resistance even if the Ag-base alloy is subjected to
three or nore cycles of heating at 450C or above and has sufficiently high

heat resistance. ThESCHITErIioN eJEOFHERGIHIRERRETEEMB@DTRENDY processing the
interconnecting filnms of the Ag-base, alloy according to the present

invention ixpriouertdenmdct ity Bhral iaprddfierrf driediermtermdakiing the
effect of Nd on the inprovenent of heat resistance, i.e., the suppression

of I nciegseesdnsuihaertionolivessodentoihhereohasecenngl 1iAgs o1 rsiFgm fiiscant
when the Nd content is below 0.1 at% A Nd content above 4.0 at% i ncreases
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limt electrical resistivity o 5.0 pOcm after heating at 300C of the
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interconnecting film wll be represented by a val ue neasured after heating
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the lower Iimt of the Nd content is 0.1 at% preferably, 0.2 at% and the

upperl !5 nat% odné her NdomenbéntlemeAt® ahdupiebecabl pu 3n@ @& A Nd content

not greater than 1.5 at%is particularly preferable because electrical

resi stivit Wofartdreor rgieraonrenisdidirf idnmiefi-balse All-llbys s upidres sess inawer sehan

the upper Iimt electrical resistivity of 3.0 gncm Thus an optinum Nd

cont et the sur fdme ramghness 0o 8 anoi Bt &@r avseThinefffidat fofmBi odnthd@g-base

i nprovenent of heat resistance, i.e., the suppression of increase in

sur f axelovudimetss tlhe cohehéovohéshgnewen if the interconnecting film is
heated at a high temperature in a vacuum or the atmosphere and improves
the heat resistance of the interconnecting film. This highly heat-
resistant interconnecting film has a2 low electrical resistivity. The
interconnecting f£ilm of the Ag-base alloy containing Nd and/or Bi has
a satisfactorily low electrical resistivity and high heat resistance
required of the interconnecting film for forming the interconnecting
lines of the FPD. When the Ag-base alloy contains Bi, the Ag-base alloy
maintains sufficient cohesion resistance even if the Ag-base alloy is
subjected to three or more cycles of heating at 450°C or above and has
sufficiently high heat resistance. Thus, the interconnecting lines
formed by processing the interconnecting films of the Ag-~base allocy
according to the present invention improve the ability and reliability
of the FPD remarkably.

The effect of Nd on the improvement of heat resistance, i.e., the

suppression of increase in surface roughness due to the cohesion of

Ag is insignificant when the Nd content is below 0.1 at%. A Nd centent

above 4.0 at% increases the electrical resistivity of the



Ag is insignificant when the Bi content is below 0.01 at% A Bi content
above 1.5 at% increases the electrical resistivity of the interconnecting
filmbeyond the upper limt electrical resistivity of 5.0 plcmof the

perm ssible electrical resistivity range. Therefore, the lower Iimt of the
Bi content is 0.01 at% preferably, 0.1 at% and the upper limt of the B
content is 1.5 ate, preferably, 1.0 at% A Bi content not greater than 0.7
at%is particularly preferable because electrical resistivity of the

i nt ericaredrirm fidgn Of i1k be ydimdoage abpoy 1imid iRt t ke supRer iliybE

el ectrical resistivity of 3.0 plcm Although the reason that the addition of

Bi 1@ thquhenbaseeal heytiRas an3ebPecs s oMmsupprRess NGl s neLgaseikpiel ectrical
resistivity after a plurality of cycles of heating is not clearly

el ucirdatiet ivity ganigef.er E@dctratal hee efftectiof ofhehadditidradpofeBidpri ha
Ag-base alloy 1is due to the foll ow ng phenonenon. Wien an Ag-Bi alloy thin

fil mwifll Be theprussetédipyeat volué snéosurdd afBeZOBebaygy thefornmed on the
surface of the Ag-Bi alloy thin filmto isolate the Ag-Bi alloy thin film

f r omj rithe cdrmsphed @ £ iGN 808600 Yun 1Y AFTRINaldeo¥pkhii #ikid.m hasrhikghe,

cohesion resistance. Wen the Ag-Bi alloy thin filmcoated wth the Bi203

| ayertHes 1baatred il tacki ghe tredmemidnte iisn0t heats o abi e G f:age apfl t he
B1203 layer is further oxidized and densified to isolate the Ag-Bi all oy

t hi n tid wppaid dfiaditorifl ¥ her dah bRt ehtospher @.atGongaafentdlyl v t .. 0 preaper Ai es
of the Ag-Bi alloy thin filmwll not be deteriorated due to the cohesion
of Agidecentiehtt hetAgrB8atal|idyarn Ni.id &tk £ gadrad oM ltdr 1 vt be edenrsd 1B BB3atayer
is heated repeatedly at a high tenperature. Thus the interconnecting film of
t he prlesEmtidaleesicn vty ofidiid énkayeonhekbmiognki st ofigt né Alhéraky Bl lalyl oy
filmand the Bi 203 | ayer coating the Ag-Bi alloy film It is inferred that
t he Bis towkenthaf the appkactihdyer]l damrieaserandstheiBy edE.enfiCrin.t hEhAg- Bi
alloy film

an optimum Nd content is in the range of 0.3 to 0.7 at%.

The effect of Bi on the improvement of heat resistance, i.e., the

suppression of increase in surface roughness due to the cchesion of

Ag is insignificant when the Bi content is below 0.01 at%. A Bi content

above 1.5 at$% increases the electrical resistivity of the

interconnecting film beyond the upper limit electricel resistivity of

5.0 uQcm of the permissible electrical resistivity range. Therefore,

the lower limit of the Bi content is 0.0l at%, preferably, 0.1 at$%,

and the upper limit of the Bi content is 1.5 at%, preferably, 1.0 at¥%.

A Bi content not greater than 0.7 at% is particularly preferable because

electrical resistivity of the inferconnecting film of the Al-base alloy

is lower than the upper limit electrical resistivity of 3.0 pQcm.

Although the reason that the addition of Bi to the Ag-base alloy

has an effect on suppressing increase in electrical resistivity after

a plurality of cycles of heating is not clearly elucidated, it 1is

inferred that the effect of the addition of Bi to the Ag-base alloy

is due to the following phenomenon. When an Ag-Bi alloy thin film of
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decreases because the Bi 203 layer is fornmed on the Ag-Bi alloy film and,
consequently, the Ag-Bi alloy filmhas a high electrical conductivity,
nanely, a low electrical resistivity, conparable to that of Ag. Therefore,
it is preferable that the Ag-base alloy for depositing an interconnecting
film for a FPD, which is repeatedly heated in the atnosphere during the
manuf acturing process, such as an interconnecting filmfor a FED, contains
Bi. An interconnecting filmof the Ag-base alloy having a Nd content in the

foregoingridep@nt aRbntanaeicsretebed aRi30] owyeliChkngofaée &Y tNMeluetakieng
and side surfaces of interconnecting Iines fornmed by etching the

I nt ercoRRRCAGRBIf Al Mb@r ehseaf CEA N SliGhaGtelite Aherlnd BT 69NiIerd i Midim firlbm of
t he Ag-base all oy having an Nd content in the foregoing Nd content range

has ithy Qumerfb fpmerpat tCQfﬂ’Bé’tﬁ.\enTﬁWﬁftQ{@,Aé-tBi saPIefermbhefi hathadlhige
Ag-base alloy for formng the interconnecting |ines of FPDs having i gh

r esoldHedi cronted NSt d¥kc e AN WAGPaIR Ad-BY GANA AiNiG Falhk Nbaard wBithhase
i mproved corrosion resistance, nanely, high chem cal stability. The el enents

Cu, MAi,endalerfig hkert dd®t QVRSghhRenrASiaNiniesd staBepheeentg@lsurface
stability) of the Ag-base alloy and prevents the halogenation of Ag in an

at nogpihehe EOML diaia) iBaF 9gERe t W8LdiSieNafd d&s DF 1 &€ ticonsoahdet tige aghisi on
of Ag initiated by hal ogenation. A Cu, Au and/or Pd content of below 0.01

at % il Ionethdet £ vemigut i sd Ovd NP1 § Mr k0t F 654 00 £ S1%¢ & AN CorEmse Pl s sheg

t he cohesion of Ag. The electrical resistivity of the Ag-base alloy is
excegsiopnt v glhof wien AdeB O 1 gy andi/rorf iRk cditlemict Healdevre rioraateth due
Therefore, a desirable Cu, Au and/or Pd content of is in the range of 0.01
to 1.t tAtehcghedsorabb§, Agnetvbe ifngkeohgoBH5aldog. 2han¥%f idwscoptetiewalihy,
in the range of 0.1 to 1.0 at% The relation between the anmount of additive
el endrits datdeadBng; layer is heated repeatedly at a high temperature.

Thus the interconnecting film of the present invention is a
double-layer film consisting of the Ag-Bi alloy film and the Bi,0, layer
coating the Ag-Bi alloy film. It is inferred that the Bi content of
a surface layer increase and the Bi content of the Ag-Bi alloy film
decreases because the Bi,0, layer is formed on the Ag-Bi alley film and,
consequently, the Ag-Bi alloy film has a high electrical conductivity,
namely, a low electrical resistivity, comparable to that of Ag.
Therefore, it is preferable that the ARg-base alloy for depositing an
interconnecting film, for a FPD, which is repeatedly heated in the
atmosphere during the manufacturing process, such as an interconnecting
film for a FED, contains Bi.

An interconnecting f£film of the Ag-base alloy having a Nd content
in the foregoing Nd content range is etched at a low etching rate by
wet etching and side surfaces of interconnecting lines formed by etching
the interconnecting film are scarcely etched. Thus the interconnecting

filmof the Ag-base alloy having an Nd content in the foregoing Nd content

range has improved fine patterning. Therefore, it is preferable that

11



Nd and el ectrical resistivity will be explained. Test filnms of pure Ag, an
Ag-Nd all oy containing 2.2 at% Nd, an Ag-Y alloy containing 2.5 at%Y, an
Ag-Ru alloy containing 3.1 at% Ru, an Ag-Pd alloy containing 3.0 at% Pd and
an Ag-Au alloy containing 2.9 at% Au were formed in a desired thickness of
300 nmon gl ass substrates, respectively, by a dc magnetron sputtering
process. The test filns were heated by a heat treatnent furnace (Naruse
Kagaku Ki kai K K. ) that heats a specinen at 300C for 0.5 h in a vacuum of

0. 27xdRe D P e BehQW £8RArLPRI YA i1GRle F@HNdMIHY e8nek &heri®sShavhihlyns
were neasured by the follow ng electrical resistivity neasuring nethod.

Sheethigsi S AGASI 65 Antidiend o/f. Th&ﬁﬁg‘é@é_@e@@%‘&e@o@ﬁfaﬁnﬂﬁg EOU W ake
nmet hod using 3226 MD H TESTER ( Hi oki nki k.k.) . Film 12 thickness t was

meas ug £thalay ifbFbe 8 166 2991 6 BNER d ITRUMENES), hEyREHdkAdaT %%ia%itiil\rinittyy p

was cal cul ated by using a formula: p = (Sheet "resiStance Rs) x (F

thickness tphe Rxemdnts @ IrBRNa880PENGuEBRe¥AEMBELOBsOLNRI RBkHbEAbY _
resistivities of various Ag-base alloys after heating at 300C for 0.5 h in

a vacged ¥¢dficdl { ekl BNt H0N 06Y) A @bl AgdbaBet AB] H3S4vd YreddHt STRARUr ed
sheet resistances Rs and filmthickness t. The electrical resistivity

vari egalog@aat Yomi dh Adeiral d1pYa gl BB r £ QU in iWRPHaldddh ticHd 0% uehearnt

contents of the Ag-base alloys that nake the electrical resistivities of

the Aghbestnalioys an8 ogreatehekhan 2f0AgPBATaLE e8NBYN HRQloYwnaltlionas found
that the Ag-Nd alloy had a low electrical resistivity of 5.0 pf2cm or bel ow

even if the ad,opelaienr rdd@tento RS 0.49 4t didbiore fifecawvelhe
upper limt alloy elenment contents were 4.0 at% for the Ag-Nd alloy, 2.7

at % f Dmptdreirg-thalkloayoshdh at¥ikeantckear@-Rprald mimndhgr eahesioh kahag. 0
at% for the Ag-Pd and the Ag-Au all oy.
The electrical resistivity of the Ag-base alloy is excessively high
when the Cu, Ag and/or Pd content is above 1.5 at%. Therefore, a
desirable Cu, Au and/or Pd content of is in the range of 0.01 to 1.5
at%, preferably, in the range of 0.05 to 1.2 at%, most preferably, in
the range of 0.1 to 1.0 at%.
The relation between the amount of additive elements including
Nd and electrical resistivity will be explained. Test films of pure
Ag, an Ag-Nd alloy containing 2.2 at$% Nd, an Ag-Y alloy containing 2.5
at%® Y, an Ag-Ru alloy containing 3.1 at% Ry, an Ag-Pd alloy containing
3.0 2at% Pd and an Ag-Au alloy containing 2.9 at% Au were formed in a
desired thickness of 300 nm on glass substrates, respectively, by a
dc magnetron sputtering process.
The test films were heated by a heat treatment furnace (Naruse
Kagaku Kikai K.K.) that heats a specimen at 300°C for 0.5 h in a vacuum
of 0.27x10"° Pa or below, and the electrical resistivities of the test

films were measured by the following electrical resistivity measuring

method. Sheet resistances Rs of the test films were measured by a dc

four-probe method using 3226 M{) Hi TESTER (Hioki Denki k.k.). Film

12



The effect of the Bi content of the Ag-base alloy was exam ned by the
follow ng experinents. Test filns of various Ag-Bi alloys were deposited in
a desired thickness of 300 nmon glass substrates, respectively, by a dc
magnetron sputtering nmethod. The electrical resistivities of the test filns
wer e neasured. Sheet resistances Rs of the test filnms were neasured by a dc
four-probe nethod using 3226 MO H TESTER (H oki Denki k.k.). Film

thi ckness t was nmeasured by ALPHA-STEP 250 ( TENCOR | NSTRUMENTS). El ectri cal

resi st Mineds Waswasahesbated By ngpna-gTher pebai TBRCORhGMSTREMESTZNCE RS) X
(Filmthickness t). It was known fromthe values of electrical resistivity

p th@le&qmecsamégidsmip@%hb%d%sfmf?wt@aeopfugihﬁ besbrhbhg® pef gkgetkhe

test 13 filns are heated. The tes ms were heated at 300C for 0.5 h in

the atdmshei @ Rghexs?pgimrgﬁigkﬁgggstﬁ$ of the test filns were neasured
after heating by the tToregoing nethod, the electrical resistivities of the

test films Fiwerel cied call gt osh byhoning the veregeisg beraukacrrihaiheated test
films having an electrical resistivity not higher than 5 12cm were

eval yal ikt 85 ALEERI ARG UL W8 RN Kedoyktdlr e £ i & G et Bosec e pgsan
electrical resistivity exceeding 5 i (2cm were eval uated as unacceptable and

wer e Hrefrked vidiuR wioeSal ReguklsmehtevahuahtoledkemsAedn oinn thabbesid. 024
Table 1 Sanple Electrical resistivity (pc cn) Electrical resistivity No.

Thi n tffid MetbeaicelsRbeB0Es § OF aRc8s IR AnéihEl B Thsphekel €. S4ltdnel efPr@cBO5

at% Bi all oy Measurenment of electrical resistivity is inpos- sible due to

cohesdei st A Y. Pdr 8¢ 90 Binabkoy %i¥hOthe alloy element content. Upper
limit alloy element contents of the Ag-base alloys that make the
electrical resistivities of the Ag-base alloys not greater than 5.0
uQcm are shown below. It was found that the Ag-Nd alloy had a low
electrical resistivity of 5.0 uQlcm or below even if the alloy element
content was as small as 4.0 at% or below.

The upper limit alloy element contents were 4.0 at® for the Ag-Nd
alloy, 2.7 at% for the Ag-Y alloy, 5.0 at% for the Ag-Ru allcy and greater
than 5.0 at% for the Ag-Pd and the Ag-Au alloy.

The effect of the Bi content of the Ag-base alloy was examined
by the following experiments. Test films of various Ag-Bi alloys were
deposited in a desired thickness of 300 nm on glass substrates,
respectively, by a dc magnetron sputtering method. The electrical
resistivities of the test films were measured. Sheet resistances Rs
of the test films were measured by a dc four-probe method using 3226
MO} Hi TESTER (Hioki Denki k.k.). Film thickness t was measured by
ALPHA-STEP 250 (TENCOR INSTRUMENTS}. Electrical resistivity p was
calculatedbyusing a formula: p= {Sheet resistanceRs) x (Filmthickness
t}. It was known from the values of electrical resistivity p that

cohesion did not occurred in any one of the test films before the test

13



4 Ag-0.2 at%Bi alloy 2.1 0 5 Ag-0.5 at%Bi alloy 2.7 0 6 Ag-1.5 at% Bi
alloy 4.8 0 7 Ag-3.0 at%Bi alloy 7.9 x It is known from Table | that
sanples Nos. 3 to 6 have Bi contents wthin the desire Bi content range and
have | ow el ectrical resistivities, respectively. A sanple No. 7 had a Bi
content of 3.0 at% exceeding the wupper Iimt of the desired Bi content
range and had a high electrical resistivity. A sanple No. 2 had a Bi
content of 0.005 at% below the lower Iimt of the desired Bi content range
and chiesd adr®ceadted.in the filmwhen the filmin the sanple No. 2 was
heated. The sanple No. 2 was a discontinuous thin film was not

el ectrical |’Dhé3(t'é%lt0tf'1'1918 t/Bee Bbgebaresisdercecef ot hen samre Bemodpheukd not
be neasured and the electrical resistivity could not be determ ned. The

I nt erpon gRlding ebiilsadic elshBR sAGE baree talstoy ifipe dor dinek Sinted iatiteycasaechgng
lines of a FPD can be deposited on a substrate by a vacuum evaporation

et hasy taR £Ohe b ahynge TREMOEHY eBe8PUL ELN | e iRt bk i e A\ cPUhEerd 919 £ BB Od

i s reconmendabl e. The interconnecting filmof the Ag-base alloy deposited
by a sk lcenicwd atkid e, uasngopparRataddihg formullial. N"ETHENOS: t €dl tustothemst hin
filmformng nethods, is excellent in alloy conposition, alloy elenent

di st rnMnf%r@ecﬂeb*ﬁ@l&@Iﬂ QéQILBhOth?ztrﬁ@t mw@&eﬁﬁanhasl%ﬁmé@@vaneaeéal es
required t he interconnecting mincluding |low electrical resistivity,
hi gh aeadcd@st sthbacenanderdSmexkell ebthf kneipaleeandnghosed hagisg tabl e for
formng interconnecting I|ines for high-performance FPDs wi th high

reli adl édtyicdh rig-ikasiesialy excepdiher b pRdmigele évaldepedids ngatheptable
interconnecting filmof the Ag-base alloy can be nmanufactured by any one of
a casandgeret hetdked 8ibbear icnyswet hRdsahtsao & pvayl Jadrimmgreeshodn in Table

1.
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A vacuumnelting and casting nmethod is particularly reconmendabl e.

A

sputtering target manufactured by a vacuumnelting and casting net hod
contains inpurities including nitrogen and oxygen in an inmpurity content

| ess than that of sputtering targets manufactured by the other
an interconnecting filmdeposited by using the sputtering
target manufactured by the vacuumnelting and casting net hod has
properties including high heat
is suitable for formng the intercomge 4ng |ines of
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within the desire Bi content range and have lowelectrical resistivities,

respectively.

A sample No. 7 had a Bi ccontent of 3.0 at% exceeding the

upper limit of the desired Bi content range and had a high electrical

resistivity.

A sample No. 2 had a Bi content of 0.005 at%® below the

lower limit of the desired Bi content range and cohesion occurred in

the film when the film in the sample No. 2 was heated.

The sample No.

2 was a discontinuous thin film, was not electrically conducting, the

sheet resistance of the sample No. 2 could not be measured and the

electrical resistivity could not be determined.

The interconnecting film of the Ag-base alloy for forming the

interconnecting lines of a FPD can be deposited on a substrate by &

vacuum evaporation method, an ion plating method or a sputtering method.

A sputtering method is recommendable.

The interconnecting film cf the

Ag-base alloy deposited by a sputtering method, as compared with thin

films deposited by other thin film forming methods,

is excellent in

alloy composition, alloy element distribution and the uniformity of

the thickness, has excellent properties required of the interconnecting

film including low electrical resistivity, high heat resistance and
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A FPD having interconnecting lines formed by processing the interconnecting
filmof the Ag-base alloy is capable of exercising excellent perfornmance
and has high reliability. There are not particular restrictions on the
construction of the FPD of the present invention and the FPD nmay be of the
known construction, provided that the FPD has the interconnecting |ines
formed by processing the interconnecting filmof the Ag-base alloy of the

present invention. The present invention will be described in terns of _
exameeel IH finespat teRueRYl Oind S snetikbBl ket Tors iy aategabnappkisgti on
to the exanples specifically described herein. Experinent 1 Test thin filns

of purimey for ani fg-pastotmbNye WVEPBs dRPoRi hedhi Reldadesited thickness of 300
nm on gl ass (Corning 41737) substrates of 50. 8 mmin dianmeter and 0.7 mm
in thickness Byy-dbake e} r oo sSpett 1,06 | Ngrgeet hed dspHgitisputheri ng system
HSR- 552 (Shi mazu Sei saku-sho) . The dc magnetron sputtering nethod used a
Sput isviengdmtegeting plle & e APbHamalinydicareber mand faotoried bl skpess
or a sputtering target of pure Ag and a predeterm ned nunber of chips of

al | oprsd effeatcsa ©f 115g mEthod AN knfefiharmanost aom & hepspptiiceming hathed.

Conditions for the do magnetron sputtering nmethod were base pressure:

0. 27¥1 Ora'cllam-predssinre anef cAstdas: mOtRddPes fd v duller Iof révcoyasndadlsccni

sputtering power: 17 200 W di stance between el ectrodes: 52 mm and

t enpespatitrey iofg sidirsigtatrenu ffaednrtesiber atwaeuuitrpkt ineamed dalsd ity methbds

are shown in Table 2 or Table 3. The conpositions of sanples of the test

fil nmecerdiud hgpuSatples Noclddofg hid rogen ahd oxfyiglem 0f apumecuigi iecenteatyzed

by an inductively coupled plasna em ssion spectronetry (1 CP eni ssion

spectiremrethgh thabrmf sgudttierding tange bd neErasiec tmssd byethe artdtaryretiPds nass

spectronetry) . The test thin filns were evaluated in terns of heat
Consequently, an interconnecting filmdeposited by using the sputtering
target manufactured by the vacuum-melting and casting method has
excellent properties including high heat resistance and excellent fine
patterning and is suitable for forming the interconnecting lines of
high-performance FPDs with high reliability.

A sputtering target of the Ag-base alloy according vo the present
invention for depositing the interconnecting film of the Ag-base alloy
for forming the interconnecting lines of the FPD contains 0.1 tc 4.0
at¥ Nd and/or 0.1 to 9 at% Bi and Ag as the remainder, and another
sputtering targetf of the Ag-base alloy according to the present
invention further contains 0.01 to 1.5 at$% Cu, Au and/or Pd.
The sputtering target for depositing the interconnecting filmhas

a Bi content larger than that of the interconnecting film because the
Bi content of the interconnecting film deposited by a sputtering method
using a sputtering target is only several to several tens percent of
the Bi content of the sputtering target. It is inferred that the Bi
content of the interconnecting film is smaller than that of the

sputtering target because Bi having a melting point greatly different
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resi stance and fine patterning by the follow ng nmethod. Heat resistance was
eval uated on the basis of increase in surface roughness (average surface
roughness Ra). Surface roughness of the test thin filmwas neasured before
and after heating in an atomc force mcroscope observation node (AFM
observati on node) using a scanning probe mcroscope (Nanoscope II1a,
Digital Instrunments) . Increase in surface roughness due to heating was
calculated by using a fornula: (Surface roughness increase) _ (Surface

roughmess taktebthrgt évgporat SUr f 86w toaldhnesscdipfie heati g depokie eldesh
thin filnms were heated in eighteen heating nodes specified by conbinations

of headid nmbsiutid,] Mg iNcCipt nerbeaktng spupeeaivgegiel d3h0Ghe25QGaand
500C, heating time of 0.5 h, two types of heating atnosphere, nanely, a

vaculgpu taldrasihey e b da @ nwiet g sphef & Csph e pegr gndanentlr B¢ heabifgicult
frequencies, nanely, one heating cycle, two heating cycles and three

heat ity spyaites:, dreRlorlesis! dARCoxRS R@lonatee sardeeepbabkacagguibekedqw th
a circle when increase in surface roughness was 1.0 nm or bel ow or was

eval yalrerbt andunaceept Hbl et éndd ydeaskavsil) asceonpanb@nwigrrease s vastitjace
roughness was greater than 1.0 nm Results of evaluation of the test thin
fil mpxiedtzathlen t he vacuum at nosphere are tabulated in Table 2 and those of
the test thin filns heated in the atnospheric atnosphere 1R are tabulated in
Table 3. 19 [FPX havwirly Qrkerconnecify 0l heM Ko tired Oby ~pYboebshndl €0 .- n
nnn fL-' ~iDMOOOONMNN) 00O0O

interconnecting film of the Ag-base alloy is capable of exercising

excellent performance and has high reliability. There are not

particular restrictions on the construction of the FPD of the present

invention and the FPD may be of the known construction, provided that

the FPD has the interconnecting lines formed by processing the

interconnecting film of the Rg-base alloy of the present invention.

The present invention will be described in terms of examples. The
present invention is not limited in its practical application to the
examples specifically described herein.

Experiment 1

Test thin films of pure Ag or an Ag-base alloy were deposited in
a desired thickness of 300 nm on glass {(Corning #1737) substretes of
S50.8 mm in diameter and 0.7 mm in thickness by a dc magnetron sputtering
method using a sputtering system HSR-552Z (Shimazu Seisaku-sho}. The
dc magnetron sputtering method used a sputtering target of pure Ag of
101.6 mm in diameter and 5 mm in thickness or a sputtering target of
pure Ag and a predetermined number of chips of alloy elements of 5 mm
x 5 mm x 1 mm arranged on the sputtering target. Conditions for the

dc magnetron sputtering method were base pressure: 0.27x107° Pa, pressure

of Ar gas: 0.27 Pa, flow rate of Ar gas: 30 sccm, sputtering power:
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O 7 2hblw, distance between electrodes: 52 mm and temperature of substrate:

room temperature. Properties of the thin films are shown in Table 2
or Table 3. The compositions of samples cf the test films excluding
Sample No. 1 of the test thin film of pure Ag were analyzed by an
inductively coupled plasma emission spectrometry {(ICP emission
spectrometry) or an inductively coupled plasma mass spectrometry (ICP
mass spectrometry). The test thin films were evaluated in texms of heat
resistance and fine patterning by the following method.

Heat resistance was evaluated on the basis of increase in surface
roughness (average surface roughness Ra). Surface roughness of the
test thin film was measured before and after heating in an atomic force
microscope observation mode (AFM observation mode) using a scanning
prove microscope (Nanoscope IIlla, Digital Instruments). Increase in
surface roughness due to heating was calculated by using a formula:
{(Surface roughness increase) = (Surface roughness after heating) -
{Surface roughness before heating). The test thin films were heated
in eighteen heating modes specified by combinations of heating
conditions including heating temperatures of 350°C, 450°C and 500°C,
heating time of 0.5 h, two types of heating atmosphere, namely, & vacuum
atmosphere and an atmospheric atmosphere, and three heating frequencies,
namely, one heating cycle, two heating cycles and three heating cycles.
Heat resistance was evaluated as acceptable and marXed with 2 circle
when increase in surface roughness was 1.0 nm oxr below or was evaluated
as unacceptable and marked with a cross when increase in surface
roughness was greater than 1.0 nm. Results of evaluation of the test
thin films heated in the vacuum atmosphere are tabulated in Table 2

and those of the test thin films heated in the atmospheric atmosphere

18
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resistivity. The heat resistance of Sanple No. 2 containing 0.04 at% Nd is
unsati sfactory due to excessively small Nd content. Sanples Nos. 11, 12, 13
and 14 according to the present invention containing a third alloy el enent
exhi bited high heat resistance in heat treatnments under all the heating
conditions. Addition of alloy elenents to the Ag-base alloys form ng Sanpl es
Nos. 7, 8, 9 and 10 in conparative exanples and achieving the desired |ow
el ectrical resistivity is not effective in inproving heat resistance.

Sanpl es Nogt 15 &nobnafdokOTabeeBol sadli 3figed Oryangl dreatod e stsanred@ Si af heat
treatnments under all the heating conditions. Fine patterning was eval uated

by t téef abbawthgnmetl ded. aAcopdtl hgr ted:iphqixarssitstinvdnnitaviang $emlei Me .
stripes arranged at spacings of 10 pmwas formed on each of the test thin
films by thephedolthhworidphiicy processr a0ty ydexgmp he megusrddldlerst épsheit
applying a photoresist to the surface of the test thin filmin a
phot areedistlandd omingy ¢hakhagef hecphal avelditsicrf bEnyd ebgpasienggt-ba sghat dogsi st
film to ultraviolet |ight, devel oping the exposed photoresist filmto form
a patkaepiedNphoboceatatinfingnB . 0l ea%hing Har spatkersed velot aieki sleéttiraind
drying the patterned photoresist film A photoresist AZP 4110 (d ari ant
JapamekkisKiyiand amh&ZhdetekepéstafrarbnadpparNdd Kcpnwarie ingseédod4Thest est
thin filmwas etched by a wet etching process including the sequential
st ep¥doiswetsat o agt b he duestotdnaedsivel ¢lsaaiilngd tdren t2h et clsechlest Nbhi n
film drying the etched test thin film renoving the photoresist film and
dryi Ad .t b2, et 2 heed] Qldsbcthrdihigl o thenpxedeati thvent Ldn arorcatrai mg rgt BOOA
parts phosphoric acid, 3 parts nitric acid and 20 parts dei oni zed water was
used add cynedevleatt exTiile tesketedht beakt res Lt drhee tigstheieli hrepitmendspbedety
was neasured and etching rate was cal cul ated by using a formula: (Etching
ratepld the heating conditions.
Addition of alloy elements to the Ag-base alloys forming Samples
Nos. 7, 8, 2 and 10 in comparative examples and achieving the desired
lowelectrical resistivityisnot effective in improving heat resistance.
~ Samples Nos. 7, 8, 9 and 10 are not satisfactory in heat resistance
in heat treatments under all the heating conditions.

Fine patterning was evaluated by the following method. A
patterned photoresist film having 1C um wide stripes arranged at
spacings of 10 um was formed on each of the test thin films by a
photolithographic process including the sequential steps of applying
a photoresist to the surface of the test thin film in a photoresist
film, prebaking the photoresist film, exposing the photoresist film
to ultraviolet light, developing the exposed photoresist film te form
a patterned photoresist film, cleaning the patterned photoresist film
and drying the patterned photoresist film. A photoresist AZP 4110
{Clariant Japan K. K.} and an AZ developer (Clariant Japan K. K.) were
used. The test thin film was etched by a wet etching process including

the sequential steps of wet-etching the test thin film, cleaning the



(Thi ckness of the test thin film/(Time for conpletely etching the test

thin filnm. SEM m crographs of the wet-etched test thin filns were taken
and the widths of lines in the SEM m crographs were neasured. Side etching
ratio was cal culated by using a fornula: (Side etching ratio) = (Wdth in
m croneter of an originally 10 mw de etched Iine)/10 m x 100 (% . The
fine patterning was evaluated in terns of wet-etching rate and side etching
ratio. The test thin filns satisfying wet-etching rate of 3 nms or bel ow,

whi cl tich ek @wrat Weh- et ¢hi N@ryahg e &&éuﬂt%sta&hw ¢h1thhi pehbbiRgOfnoUr e

Ag are etched, and side et chi ng ratios smaller than 10 % wer e eval uated as

excehﬂh%rtforle@lfsltn&ﬂa{ RIS i LAY @ tiReked et ERiR giingl. e, anandxbhead £st
thin filns not satisfying those conditions were evaluated as unsatisfactory

in fisRaRaAldneEBhRE iARRGWB0E 1%%%@% éﬁ%ﬁ&b@i& N&?&L&@%&m a&%rml ts

of evaluation are showi in 3EXXOOOOX X X X
[ s ey Ao gy gh et 1 G 101 0o ki
Time needed to wet-etch the test thin film completely was measured
and etching rate was calculated by using a formula: (Etching rate) =
(Thickness of the test thin film)/(Time for completely etching the test
thin film). SEMmicrographs of thewet-etched test thin fi1lms were taken
and the widths of lines in the SEM micrographs were measured. Side
etching ratio was calculated by using a formula: [(Side etching ratio)
= (Width in micrometer of an originally 10 um wide etched 1ine)/10 um
x 100 {%). The fine patterning was evaluated in ferms of wet-etching
rate and side etchingratio. The test thin films satisfyingwet~etching
rate of 3 nm/s or below, which is below a wet-etching rate of 10.0 nm/s
at which thin films of pure Ag are etched, and side etching ratios smaller
than 10% were evaluated as excellent in fine patterning and were marked
with a circle, and the test thin films not satisfying those conditions
were evaluated as unsatisfactory in fine patterning and were marked

with a cross. Measured data and results of evaluation are shown in Table

4.
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~n~r wrnoNcnv toU It is known from Table 4 that Sanples Nos. 3, 4
and 5 of in exanples of the present invention and Sanple No. 6 in a
conparati ve exanple have inproved fine patterning owing to the addition of
Nd to the Ag-base alloys forming the thin filns. The Nd content of Sanple

No. 6 is__excessively |arge and _Sanple No. 6 has an excessively high
el ectri¢al [resistijvijty. |Th cgntient of |0.04 at% of Sanple No. 2 is
excessiyely | spall jand [the fine pdttlerni pgjof Sanple No. 2 is
unsatisfaq;ory. The 1Ag- base | Iloys jcoptai ning a third alloy el enent and
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satisfactory fine patterning. Al though Sanples Nos. 7, 8, 9 and 10 in
conparati ve exanpl es have satisfactorily low electrical resistivities, even
Sanpl e No. 7 having conparatively inproved fine patterning is not excellent
in fine patterning. Experiment 2 Fabrication of Test Thin Filnms Test thin
films of pure Ag or an Ag-base alloy shown in Table 5 were deposited in a
desired thickness of 300 nmon glass (Corning 01737) substrates of 50. 8 mm
in diameter and 0.7 mmin thickness by a dc nmagnetron sputtering mnethod

using a sputt ££ ikiway 8+ 6M TEIM S22t KPhisBEd e2€l 0 s SaKUS) 5 JPQéﬂ@xQﬁSP@é ron

sputtering nmethod used a sputtering target of pure Ag of 101.6 mmin

di amgirethansh &sémt iihvdHiGd1eehd 8akpIBAR 1 & 18PHIdRHIIG HidFd ek atip lemed vei ng
a pure Ag sputtering target and a predeterm ned nunber of chips of alloy

el eMBRpT offe d M pa B Ph i dMBw B d angeth O dde: ¢h SPELET tHdthar 88ibase
Conditions for the dc magnetron sputtering nmethod were base pressure:

0. 27%100%Yy sPFories WHe aThiM f@Shs. 0726 R Jddwntale Harffldak. 3 iscem
sputtering power: 200 Wdc, distance 25 between el ectrodes: 52 nm and

t enpexaleysg vafl s uRslyeakea $4aRf1e W5 op@mseﬁnOExbags_tibbuyfthﬁ alecshpya i n
Table 5. The conpositions of sanples of the test filns excluding Sanple No.

1 of riahe stasti thhi NThbi kah afnfune Agover & vnaltygesphy B, inductkyebyi¢oupl ed
plasma arc emi'ssion spectronetry (I CP emi ssion spectronetry) or an

i ndugiaigl gndceHpl ednpl gsfRe FASHgSPL A IPERE Mo ( LCRsMassaspeFhcedRyLY) THAE
test thin filns were evaluated In terns of cohesion resistance and

el ecg-Galse ASicsid \WdntaiGoihesi HNcResd stianee dhendriesend fovenhgogamiel ésnes
cohesion resistance by the term "ability to suppress the cohesion of Ag
due WNesheatli,ng2and3t engup@r essexamples of the present invention contain
0.5 at%¥ Nd. Samples Nos. 11, 12, 13 and 14 of those thin films have
satisfactory fine patterning. Although Samples Nos. 7, 8, 9 and 10 in
comparative examples have satisfactorily lowelectrical resistivities,
even Sample No. 7 having comparatively improved fine patterning is not
excellent in fine patterning.
Experiment 2
Fabrication of Test Thin Films
Test thin films of pure Ag or an Rg-base alloy shown in Table 5
were cdeposited in a desired thickness of 300 nmon glass (Corning #1737)
substrates of 5.8 mm in diameter and 0.7 mm in thickness by a dc magnetron
sputtering method using a sputtering system HSM-552 (Shimazu Sei-
saku-sho). The dcmagnetron sputtering method used a sputtering target
of pure Ag of 101.6 mm in diameter and 5 rmm in thickness, a composite
sputtering target of including a pure Ag sputtering target and a
predetermined number of chips of alloy elements of 5 mm x 5 mm x 1 mm
arranged on the Ag sputtering target. Conditions for the dc magnetron
sputtering method were base pressure: 0.27x10”° Pa, pressure of Ar gas:

0.27Pa, flowrate of Ar gas: 30 sccm, sputtering power: 200 Wdc, distance

25



i ncrease in surface roughness (average surface roughness Ra)". Cohesion
resi stance was evaluated in terns of increase in surface roughness. Surface
roughness of test thin filns was neasured before and after heating. Surface
roughness of the test thin filmwas neasured in an AFM observati on node)
usi ng a scanni ng probe m croscope (Nanoscope. Illa, Digital Instrunents) .
Then, the test thin filnms were heated in fifteen heating nodes specified by
conbi nations of the following conditions. Atnosphere: Atnospheric

at nogRiteeen( @Nealidd 02 HartinW tenperat W e oA 50hs PPt andsb&OC (three

conditions) Heating time: 0.5 h (one condition) Nunmber of heating cycle: 1,

2, 3PprépandiSy fdfvermontiii @isins Swd at@wnoughmesd eofs .t hehkestmphs nt {oha was
nmeasured by the aforesaid nmethod, increase in surface roughness due to

heat o1y se@pl e@alcfulhlecd ey USiIRG @xiQiung sehpnikase.roughineas testeasen =
(Surface roughness after heating) - (Surface roughness before heating). The

26 t ¢d9tint ifn phidd A grede: € Vel Ay £6d asy age eph @bl €1 vaty wes ep Mg kplla wnd ha ac
circle when the surface roughness increase was 1.0 nmor below. The test

t hi n ehiils®d onersp Ml ditd tefly asI UM agfeps Bbh especk v@fiet Ry ked wht indactiesby when
t he surface roughness increase was greater than 1.0 nm Results of

eval gatuipdiedofp leahies s 4 e &t tngeehen (1R he£sé $héotfohaBryner ertheateadt i n
the atnosphere are tabulated in table 5. 27 GU OC{ NXXpppppXXX
X X mhinpfiladwerd vl 0aBpdN PG elim® ¢ f @oBes@hnOjesistance and electrical
resistivity.
Cohesion Resistance
The present invention defines cohesion resistance by the term:
“ability to suppress the cohesion of Ag due to heating and to suppress
increase in surface roughness (average surface roughness Ra)”.
Cohesion resistance was evaluated in terms of increase in surface
roughness. Surface roughness of test thin films was measured before
and after heating. Surface roughness of the test thin film was measured
in an AFM observation mode) using a scanninc probe microscope (Nanoscope
IITa, Digital Instruments). Then, the test thin films were heated in
fifteen heating modes specified by combinations of the following
conditions.
Atmosphere: Atmospheric atmosphere {one condition)
Heating temperature: 450°C, 500°C and 550°C (three conditions)
Heating time: 0.5 h (one conditicn)
Number of heating cycle: 1, 2, 3, 4 and 5 (five conditions)
Surface roughness of the test thin film was measured by the
afcresaid method, increase in surface rcughness due to heating was

calculated by using a formula: (Surface rcughness increase] = (Surface

roughness after heating) - (Surface rcuchness befcre heating). The

26
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circle when the surface roughness increase was 1.0 nm or below. The

test thin films were evaluated as unacceptable and were marked with
a cross when the surface roughness increase was greater than 1.0 nm.
Results of evaluation of cohesion resistance when the test thin films

were heated in the atmosphere are tabulated in table 5.
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is knowmn fromTable 5 that the test thin filnms in Sanples Nos. 3 to 7
formed of Ag-base alloys containing not less than 0.01 at% Bi have
excel I ent cohesion resistance regardl ess of heating conditions. The B
content of Sanple No. 7 fornmed of an Ag-base alloy containing 3.0 at%Bi is
excessive and Sanple No. 7 has an excessively high electrical resistivity.

The test tfy §f I<I'1 h”f I@xﬁpISaeoI\? 5 I\QB‘BIE‘I?% st R’.‘f'lr éf?lgdlrp%ta 'Er?yéi ng Bi

and the test th|n ' m avi ng conten 05 at %

T fil I
are 3J tosﬁcﬁﬁy‘)f 'hﬁ‘iIA‘aeSs%ase ﬁf o) Tin %&tesiteéé‘ t’ng o1l L1 Hagpl e

or med al | oy aving a specifie content and

CO”I |gh C@% 1&‘?‘§tc&{‘@s%n fdd 14 ald %egz‘j 5 L5 'd?%‘é%'tgglgoéoné‘i %PIsPd

have esi on resistance regar eat1 ng condi t ons he te

t hi I fo ot I
| npd ﬁ@ndéfhtnegt%réﬂoﬁtssa%}ﬁ?ln% &IES oA% ek '&91 @l e %se 095¢ é,t I&'o"n‘ﬂa%l%)j

el enents a are rnterior eSI on resi stance

Al thpugh, {9eg] nyenti08s025PERR dSREAEPRE.TH h%% Bﬁegﬁcegglvely high

electrical resistivity. The test thin film in Sample No. 1 formed of
pure Ag and not containing Bi and the test thin film in Sample No. 2
having a low Bi content of 0.005 at% are unsatisfactory in cohesion
resistance. The test thinfilms in SampleNos. 13to 15 formedof Ag-base
alloys having a specified Bi content and containing at least one of
third alloy elements including Cu, Au and Pd have high cchesion
resistance regardless of heating conditions. The test thin films in
Samples Nos. 8 to 12 containing one of those third alloy elements and
not containing Bi are inferior in cohesion resistance.

Although the invention has been described in its preferred
embocdiments with a certain degree of particularity, obviously many
changes and variaticns are possible therein. It is therefore to be
understood that the present invention may be practiced ctherwise than
as specifically described herein without departing from the scope and

spirit thereof.
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enbodi nents with a certain degree of particularity, obviously many changes
and variations are possible therein. It is therefore to be wunderstood that
the present invention may be practiced otherwise than as specifically
descri bed herein without departing fromthe scope and spirit thereof. 29
What Is Cained Is: 1. An Ag-base alloy wiring film for formng wring
lines of a flat panel display, fornmed of a Ag-base alloy containing 0.1 to
1.5 at. %Nd, 0.01to 1.5 at. %Bi, and Ag and inpurities as the renminder.

2. An fgzbase @L£9Me§p?§;ering target, for formng a wiring filmfor
formng wiring lines of a flat panel display, forned of a Ag-base alloy as
set forth inclaiml. 3. Aflat panel display conprising wiring lines forned

by Processl Rg-Ravh i e ) L Al; S £ RIS cRMARY BLRLRY Afneglaim L 30
of a flat panel display, formed of a Ag-base alloy
containing 0.1 to 1.5 at. % Nd, 0.01 to 1.5 at. % Bi,

and Ag and impurities as the remainder.

2. An Ag-base alloy sputtering target, for forming a wiring
film for forming wiring lines of a flat panel display,

formed of a Ag-base alloy as set forth in claim 1.
3. A flat panel display comprising wiring lines formed by

processing a wiring film of the Ag-base allcoy stated in

claim 1.
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