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.
Descri pti f t +EPRs FoRrcrude PRgaid DCEPIRdl, diospRays
(LCIB)?Qsggﬁgagﬁgﬁ%gghgggélgFlfggﬁsthin filmtransistor (TFT) LCDs and
pol ysi |1 con TFT LEeRerchifhdrarbgshan displ aysc(FEDSPLAY

el ectrol um nescence glsp ays (ELDs), such as organic/inorganic ELDs, and
pl asma di splay panels (PDPs) . FPDs are classified by pixel driving
systeminto active matrix FPDs (TFT-driven FPDs) and passive matrix
FPDs. Referring to Fig.garkiteu@stdyernmt INREFPDOKas many pi xel s each
provided with a transparent electrode (or a reflecting electrode) 1 and

a TFT 2 for.dyiyi ng,d henpinelon The TFT has interconnecting filnms serving
as a gate electrode 4, a source electrode 6 and a drain electrode 7.

Addr ess |’Jlil'ﬂ§3p§?§ér?t ext eadeton ongl $ e nad | y spdt tat ang | hesostafer de-
extended laterally in spaces between the pixels. Each address |ine

. is
CO“;@@H@%% o he teat@releeatiredes 14 of arhénTETsopnecadmadat aml f ek 2 ﬁia%
connected To the source electrodes 6 of the TFTs 2. The drain_ el ectrode

7 of,gaehqTEF12yi $heesnaatedr oabheeviatspatent FBPELt PydE SPULFRE DI
required characteristics of the address lines 3, the data lines 1 5, the
gat grekestr edasté, at FeDspunvédedewtitbdes 6NERYCORBCGtAPE faHEc o dds 7
are different fromthose of the transparent el ectrode (or. the qgflg&%ing
el eghtedepnihecEihgst f bmfianpechbyasiotesar 11has 139 the SNt 113 %5 e
gate el ectrodes 4, the source electrodes 6 and the drain electrodes 7
will be geaecriptlipncalfl| sdei Reée&6AnBELing filnms in this specification.

TETs of |t REPACENObuARL PO FRDTTAS S hOMER T gl Lo e Banel Ve ki
[ anspacent thondi: Gubseratecss, bhoh oo dran St R e T
SCagrrgiggsi%lne%tirs%%%sysze’( EIE rsr’getd e necttr}%fu@nqglres%érrfcaecedigpltd% (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 TET 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. Address 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 is connected to the source electrodes © of the TFTs 2. The drain

electrode 7 of each TFT 2 1is connected to the transparent electrode
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1. The required characterlstics of the address lines 3, the data line



upper substrate 21, parallel, data el ectrodes 24 fornmed on the inner
surface of the |lower substrate 22 so as to extend perpendicularly to the
scanni ng el ectrodes 23, and a liquid crystal filling up the space

bet ween the upper substrate 21 and the | ower substrate 22. Voltages are
applied to the scanning el ectrodes 23 and the data el ectrodes 24 to nake
pi xels visible. Filnms form ng the scanning el ectrode 23 and the data

el ectrodes 24 will be generically called interconnecting filnms in this
speci fihealj0n ACNME JB 14 X FRDS AN passéver oaés | & FrDstie| drabe

i nclusivel’y called FPDs. The interconnecting filmis formed of an Al
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patterning by wet etching. Interconnecting filnms having still |ower

el ¢y iG] Jasingy hidtivhand sti ki 1hkgliernhigat theskdtianse hawesbéenthe
demanded in recent years with the progressive increase in the screen
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of FPDs. Fabrication of sone high--definition FPD requires an .
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characteristics of the interconnecting filmw/ll be explained.

| Moy tance Hfediom @lersnical resistivity will be explained. A FPD of a
| arge screen size, such as a large television set, needs |onger ,
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hi gh-definition FPD, such as a high-picture-quality television set, of
hi gher Hee 9@ITEt bont he edist ivae roswer 1% MESr.coAveshpng L7 nEkd of3/afhe passive
interconnecting film Longer or narrower interconnecting | i nes have a
hi ghetrr it eERD ilvas a et ahapaeehhavPHer agybehsagenddet SYRMof SePeftAPEal
signals. It is preferable to forminterconnecting lines of a ngtgri%g
haviulgs traow el scenepakerss)ewevisWp st alifhprest héSdeI By 5t SEERGGE Fon

of electrical signals- Interconnecting |ines haying_a | ow electrica
reshatavley, oscanrpingxahprErodes ZébﬁPE&ﬁHoPnbg%FogﬁgﬁroFuggﬁggnP%o%gF
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| ow-t enperature polysilicon JFT . b Kk 2 tspsear S
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EFS&@?@%%%?E&%Y@ﬁ%%gi%ﬁﬁgkiggg'Zin ghcoppectog LiHesratdder go voltages
g I'n special manufacturing processes
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. Activematrix FPDs and passive matrix FFDs will
be inclusively called FFPDs.

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
years with the progressive increase in the screen size of FPDs and

demands for higher definition FPDs and diversification of FPDs.

Fabricaticn of some high-definition FPD requires an interconnecting



for manufacturing those new FPDs. For exanple, an activation process for
activating polysilicon in a manufacturing process for manufacturing the
| ow-t enperature polysilicon TFT LCD heats the interconnecting lines at a
t enmperature between 450 and SOO 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 tenperature between 450 and 3 500"C in the

at nosphere by several -cycles of a heating process. The interconnectipg
i ngs 0. .the 1coRvent i gat 1 Dy Pttsersidd CoORCTRESLED ChRERBET F8GUFF U to
be resistant to such high-tenperature heating. Thus high heat resistance
i S 8, e SAULLEIBNE L P ouThtw BbDUbe byxpewiF@Ds. It is difficult for
conventional Al-base alloys to cope with high heat resistance necessary
to W thst N gh-d etperal Wedtesitdaig s imtghy 1 e midhatér E$PrR1TRE r ange
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an interconnecting filmby a wet etching process. %i,nce tih%sc%r}t %gl of
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desirable to formthe interconnecting |lines by processi :
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Generally, filns of Ag-base alloys characteri.zed by thei |lent; ~-lyow
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and side surfaces of interconnecting |ines of s alldoys angtestiched
at aibnhghssi det et muef e e TRef 8F rjé}t%ro%%l}no‘?ﬁgcoﬁ?fﬁéqseﬁape of

i nterconnecting |lines of Ag-base.al]Qys i LI @&Ndthe ddiiction
pat herangga dfow ﬁtléﬁ@é’ﬁﬁé‘ét¥ﬁ§lFFﬁ‘é§L%ftoA§§8gggggl o%/s havi ng a width of

10 ~i mor bel ow needs to be_inproved. .DiifheHLtynhbRifibng Padb teeredngicdls
not 0% BrEBLERCHLt §1FP6 é‘ss&ﬁgg%cgg%gé%%}gt Fr%gleel ect%oge filns and
reflecting films and is a probl i p 810 ficRIscennestvarg forals
to fEcmStartidw Pﬁt'eFQBrﬁfé‘?ﬁ?%%’ %’:nr?\gg&ﬁl %/glgl?(é)us Ag-obase alloys for
forni.ng interconnect,j £l i sghpneqsf fedmiowy ol et cdwatcting
resi@t‘%ﬁﬁ%ééﬁayﬁi'ghhﬁqgsatﬁg]r ggsgﬁézgnggy%avg been proposed. An Ag-base
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attractive materials for forming the foregoilng interconnecting lines.

Importance of high heat resistance will be explained. New FPDs,

such as low-temperature polysilicon TFT 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

foractivatingpolysiliconjjlananufacturingprocessformanufacturlng

thelow—temperaturepolysiliconTFTLCDheatstheinterconnectinglines

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



wt % Cu was proposed in JP-P, 2001-10232S. An Ag-base all oy contai ning
0.1 to 3w%Fd and 0.1 to 3 M% A, Au, Pt, Cu, Ta, C, Ti, N, Co, and
Si was proposed in JP-A 2001-1927S2. An Ag-base alloy containing 0.1 to
10 w% Au and 0. 1 to 5wt% Cu, A, Ti, Pd, N, V, Ta, W M, C, Ru, and
My was proposed in JP-A 2002-140929. AnAg-bab5e alloy containing 0.1 to 2
at% Sc, Y, Sm Eu, Tb, Dy, Er, and Yb and 0.1 to 3 at% Cu and Au was
proposed in JP-A 2003-113433. Thin filns for form ng interconnecti n%b
lin 0 i 3 1 28494 And dP-o% 2003 2830541¢ arme daisved - 6F
Ag-%@%g §191 253% Cag{ﬁfd%pm@nrgao?uy? Cu, r‘l? anyéd:in. A lam nated film havi ng a
Iovx%%gigé%}lﬁ@gdﬁai sthukt ¥f £BE Fenukngionkér eonmpbbing siliiges, Tlop6Sed
in - 04- 2929 consists of an alloy filmformed of an alloy
Conéﬁi@{d{gréguiﬁééttobﬁeqreﬁ%t@ltatprsim pabheorporeaturamEaElRg | i dRHE f
ilm amnated f ilmhaving a low electrical resistivity, for formng
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filmof an alloy containing at |east Ag or Cu as a princi pal c,orgg nent ,
andrg nitdioe durd!mr Adndgnbaseazal Abybher Abkey g EPPECYLRE DY 2¥¥%ﬂe
films and reflecting filns, which are processed in |arge sizes a'rsRi
conpacedrwhtl hheekislary fror Wiahritrgd htiercdrereanatg g Cingheadi 15:9%. 1
to 3.0 at% Nd and Y, 0.1 to 2.0 at% Cu and 0.1 to 1.5 at % Au was

Pr opesed ria® uIRsA1 2002323644 . oA 4%7 ItectIAYCH i | FRéor FeE® of AGTPAFR G S
alloy containing 0.01 to 4 at% Bi and/or Sb was Qrogo ed in %FiAals r
200427608@. oTheop ntencidrmectthng ¢ qudr ey AFss 8 LaF 63&"&% §E4° 1R 19
f oregoi ng patent docunents for formng interconnecting |lines of FPDs 5
ar e folrassidf itde rfoutpdod gt ianeaERiediy gt 35T ns of Ag- base al | oys
contai ning noble netal elenents, such as Ry, .Pd and_ Au,_ _.and

Ag- base alllgyps teomeaiodi rf@nreapéiéﬁrrpﬁ“ﬂef“’éﬂepgrrgﬁ? sflﬂs{ﬁgh agﬁgg\?ﬁc\i/ﬁ OSfm

Eu, Tb, Dy, Er and Yb. Those Ag:-base oys_ h I tihcab £
r esittd ViRther card e Hel Hobt B ¢etAt Eie s %%rdg%/%%ér%% gg%gh metal

el enents added to the Ag-b all oys i ou8s. thg heat,Jasd stance of  the
Ag- Bde THIVYELBYRT € ‘?oﬁ f ca(ﬁ{yg ior dur hg fz}q-he?s‘ptreat nent and

stability to a heat .treatnent a f .t I echiigals shgpefdcanceing
| MprigVEHETRMIHIC et 1AE& st r?gélee ]fL%D%gﬁi %\%ﬁ gy TsUppr essing the increase

of surface roughness . e s of Laused bynbeathegcontrol
Al t FBLgH Y HETBY & %a%?lrjﬁ:ial]? ﬁr%gﬁ Stivities of '%?’he known Ag- (Rii, Pd, Au)

2;{ﬁ%fa%?%rgﬁgiéqg¥NQjﬁgin$f%bw !TﬂﬁgﬂcdﬂheéﬂlndDﬂJnEﬁ,i%bﬁ}éﬁh@wgt,aﬁé is

y to sone extent, their heat resistances at high
desirable to form the interconnecting lines by processing an
interconnecting film capable of being easily and finely patterned.
Generally, films of Ag-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 pm or below needs to be improved. Difficulty in fine patterning

is not a problem with processing wide reflecting electrode films and

reflecting films and iseaproblen\withﬂprocessing interconnecting films

to form narrow interconnecting lines.



tenperatures are not satisfactory. JP-R 2002-323611 and JP-A 2004- 7 6080
refer to Ag alloys containing Nd and Rg 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 formng reflecting electrode filns and reflecting filns for FPDs.

The sizes and required characteristics of the reflecting electrode filns
and reflecting filnms are different fromthose of the interconnecting
lines of yheibnser LiINGyfd Fos. fIhusng e par powes anh udes o7 heHend
interconnecting filnms of the present invention are different fromthose

of LhenRrdariaid 130 eYetikaeal SMARY. OFt THED NYBNTHGAE Tifes plestin have
i nvention has been made in view of those problens and it is therefore an
obj &b O r&PEsBEESEM AgPtentd @) loy popthdeing 6 Tt edinBet #Rg 1 Y% of
an Ag-base alloy having a low electrical resistivity and high heat .

r esi;84 ang e Orp RSs e SPUE-ar L0G1tangae Sof An g Fepdagel 1Y GPrterning
depositing an interconnecting filmfor FPDs, and a FPD having _ .

i Nt gr coRpeGHLitRg Pl Rest Donmed By wikoédssitrg Eie Gint dfcoffectliing Mirl mPof
the Ag-base alloy. The inventors of the present invention found  thraqugh
t heanaxair was i Prows s dg-base-# PoPs -182F6et i vANYAGOM SF it nd ¥ &ArdEd P17
additive alloy elenents that an Ag-base alloy containing Nd in

content tbnl 0 awshebi fars Nd oot ent ér@ngetbndlior B8lr M -aVBi Téon Erﬁ‘o’i T

specific Bi content range has excellent properties. An_interconnect.
fi| muacoot Higneg prDDQSQdeiseﬁf’"Rrﬂm“i](ﬂﬁ)%igr- %rM%E§%?ZE85n%O ¢ Eill(r}{lgllrﬂgg

lines of a FPD is formed of an Rg-base_allo ontaining.0Q. .1 .

at %ONd andPoat®.S5041 ¥.o0 S, Fiat $PBi PYanErAga%% f%eanc}' @m@i rtlgefj’. ai’rﬁeéﬁig%rgjase
all oy may contain, in addition to d/ gt .Bi ,.. e Ar .of, el enment s

i nchudivag ©FCPASSthd Pd | a?%ﬁléﬁgjqﬁ' tﬁ 10 afnlglggoffgg. Sf%rf?l&%f 5 at% A
sputtering target according to the_present ;N [ p-denest L3 agp an

i nt éNEEFEEENaGig T FARESP TGN 1Pﬁ#§ cgﬁﬁécg?ﬁg9??H%§J of FPD is forned

of an Ag-base alloy .contai.ning 0. 4 % 3 0. 1at D19 red Qe Bi
andaﬁfg%8§mﬁﬁéoféﬁéﬁﬁH§F?1$ﬁg%A 9%Eégnépgg§ET%$ﬁiggQQ?%g sputtering
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FPDla.’L%CeOsr,diprJ]c%ptoqsé&%npﬁ%s—%nﬁOb@yﬁgbgoﬂﬂoﬁﬁ&t@%ﬂ&ﬁl witllby film formed of
an alloy containing at least Ag or Cu as a principal component, and
g silicide film. A laminated film having a low electrical resistivity,
forforminginterconnectinglines,proposed:U1JP—A2004—76079consists
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
electrodefilmsandreflectingfilms,whichare;mocessmjinlargesizes
as compared with the films for forming interconnecting lines, contains
0.1 to 3.0 at% Nd and Y, 0.1 to 2.0 at% Cu and 0.1 to 1.5 at® Au was
proposed in JP-A 2002-323611. A reflecting film formed of an Ag-base
alloy containing 0.01 to 4 at% Bi and/ocr 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



i nterconnecting lines forned by processing an interconnecting film of

the foregoi ng Ag-base alloy. The interconnecting film of the Ag-base

all oy according to the 7 present invention for a FPD has a | ow el ectri cal
resistivity and high heat resistance. Therefore, both the active matrix
and the passive matrix FPD provided with the interconnecting |lines
formed by processing the interconnecting filmof the Ag-base all oy have
remarkably inproved ability and reliability. The sputtering target of

t he, Ag-base at 10y raeqerdi hgtd oi ther present inavehtnenof sA§UPEAB| el BY S
depositing the interconnecting filmof the Ag-base alloy. The

i ntgscomnestd Nl metof] tdierAgrtmsewtt @y depodic eachfuusipig these ©F
sputtering target has an excellent alloy conposition, a satisfactor

al 10y-104 exrent 1 6y st edbusinmmg nmtéﬂearthimkh@is?l@m@@Fﬁenﬁuéﬁaﬁécﬁériétics
and capable of formng interconnecting lines for high-perfornanﬁe,FP

Wi tdy, hizgh, rred,i alyi,| Efyandheb FPDhaceoRdiRgseoztheypriesént? et fonT1C2
provided with the interconnecting Iines fornmed by processin g;e 1
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ability and reliability. BRI EF DESCRI PTI ON OF THE DRAW NGS The ,above %nd
ot hel ebhest sddéeat arse dht atvark dgess dEHe e prideftedthverdish e P
becone nore apparent fromthe follow ng description taken i ntconr%%céthiton
Wi t ihé hegaossepahyong- drawimgessien ahicahesHqp quiidg ag%:?ﬁﬁ' sHowing the
dependence of electrical resistivity of various, Ag-base, al.l Qys-. | oy
el eapdts tedritlerty tPigheat ity eatmeitaprge®t Fragrdin 5‘?‘3’?“%%% Eaﬁg%&sfé%%\??éew of
pi xel s of an active matrix FPD, and Fig. 3.is an_enlar , st ,
t ypEmREopERANG @l s7a i gE6 tapCeal p AL R Hh P %“EBg?gﬁgﬁgs%% %TI o\l‘-%ey
THE PREFERRED EMBODI MENTS An i ntercaonnect.ing fd lym i r ing.
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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 aﬁd.Ag—Bi alloys are indented
for forming reflecting electrode films and reflecting films for FPDs.
Thesizesandrequiredcharacteristicsofthereflectingelectrodefilms
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



in the surface roughness of an interconnecting filmformed of the Ag-base
all oy due to the cohesion of Ag even if the interconnecting filmis
heated at a high tenperature in a vacuum or the atnosphere and inproves
the heat resistance of the interconnecting film This highly heat-
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

r equi f £d-Ghntbe: h ot excenBeckhnggfbhsef ol 1bgr hkngnghe inweréniEdErhg

| ines of the FPD.” Wien the Ag-base alloy contains Bi, the Ag-base all gy
mai it &4 §§i§9{%ia?rixd?rﬁiq}pﬁ%@tomel’se%it&haﬂcéoevﬁﬁDEf a P UAg- g e dlarepti 8f
subjected to three or nore cycles of heating at 450C or above and has

suf {j cirentd s izah feabrr @spss anteg dFhust ereninecdriconAedi hgr |Fikss and
formed by processing the interconnecting filnms of the Ag-base, alloy
accgr dpponkoitheipteseshnkaventi annisprovaethbyabirbiceysang s ability

of the FPD remarkably. The effect of Nd on the inprovenent of heat

r esi stapeennkceingt e lmsoppressignbefei addegse in surface roughness due
to the cohesion of Ag is insignificant when the Nd content is ?elow 0. 1
at% A hUTn@niﬁnéntabsvef4tﬁeap®&5noteé§§§n$ﬁ@neﬁéépﬂi6§Fopgéi§ Fvity of

the 9 interconnecting filmbeyond the upper limt electrical [ esy ‘%ﬂ@éy
of ehaflinkt2om af Perbeeat e hious BOWPAT GFVeHe CHBLRLEING) B2 bt @t AEAl
resistivity range. Electrical resistivity of the intercon ting fi

wi | k1beyr epemsrhtethdy an A tkes $asirel CoMtér Mds il\‘r?‘glPh%%g Lo didd T

interconnecting filmat 300" C unl ess otherw se _specif,i : 1.4 he
| over spiesiiff ief Neheomd eadntieMds 216/ Platsy 1o & eBrlabﬁOy“,teg‘.d’z l;;{]% esfé%rcf% ftthte
upper limt of the Nd content is 4.0 at%, preferably, 3.0 at% A Nd
conBéntonsengr Earer @ﬁéneﬁ0%§%ﬂn%i3¥%ﬁﬁﬁﬁ%ﬁﬁ%uly pref erabl e because
electrical resistivity of the.intercon [ j Alcbaseralday
is | ower 5ﬁahnFﬁ§CBBB§F%PPﬁi léPeEFFngﬁggeg?s P%?%ﬁé%%ﬁg. 60~chn1 Thus

an gptinmum Nd content is _in.the 0. %n The-18ifecil afy Bi
on TREMIMGE SVEFENCTRE Heat® }é2¥§{gﬁg§,??P ég %B%ﬁg@ gﬁp%?égg}on of Y

i ncrease .in _surface rqugh sygueni Pt he ephesion efts Ag,i anbnBggas fileant
wheﬁOP%€l§1n§begn?0ig'%eﬁgﬁl%g 01 g?@b R R content above 1.5 at%

‘ “Crr%%%%q‘e*}% e‘rﬁl%tﬂggﬁéséeﬁf@i Wialycohtkhe, i1 edeannect i agid Bhay beyihd

the upper Timt electrical resistivity of 5.0 ~Dcm of the perm ssible

el eqlfd &l 48l 4 itond@ngeindheasi@ren, Aheahovied Lhnktcoftene B the
content 1s 0.01 at% preferably, 0.1 at%

range of 0.01 to 1.5 ath.

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/cr
0.1 to 9 at% Bi, and 2Ag as the remainder. The Bg-base alloy forming
the sputtering target may contain, in addition to Nd and/or Bi, one
or some of elements including Cu, Au and rd 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



and the upper limt of the Bi content is 1.5 at% preferably, 1.0 at%
"~Bi content not greater than 0.7 at%is particularly preferable because
el ectrical resistivity of the interconnecting filmof the Al-base alloy
is lower than the upper limt electrical resistivity of 3.0 ~Dcm

Al t hough the reason that the addition of Bi to the Ag-base alloy has an
ef fect on suppressing increase in electrical resistivity after a
plurality of cycles of heating is not clearly elucidated, it is inferred
t haty & e, ef friednof ort h:addiFpiona ef & Biowt @ ltelns rAgase salsitéy 1 tivs agdehi 8"t he
fol'l owm ng phenonenon. Wen an Ag-Bi alloy thin filmof 10 the present

i Nvient f Ofcd Ssforaed, ThdidQrd aysrth stfeorammd on nae DurdatethofPiHe! Y- Bi
alloy thin filmto isolate the Ag-Bi alloy thin filmfrom the ,

at npspher eprCenseguentdyth tthe Ag: & canneoyt tig A inielsnf aaBeAlghPTe6RESH B
resi st ance. en the Ag-Bi alloy thin filmcoated with the B 203 Iayﬁr

i s peatiet atcenitighitedmabireée hg-be sat absphidiaye teEagiid lac eMPEPVERe

B' 201 layer is further oxidized and densified to isolate the Ag-Bi . _alloy
t hi gpfi}fysakisfartabilytir olhemtitosphar &210hts &fudhel f9-PRee alloy
properties of the Ag-Bi alloy thin filmwll not be deteriorated e to
t heacobesing ob Ayeepersiehtt havagiBpnakFoyut kPR 1 FRTCOSPEG Wt “ffe
dense Bi 103 | ayer is heated repeatedly at. a hiqh teg&erature. Thusfgq%

i nt enconnenhingihiol Midfh ohetheeBenpasavEhtdbn 96 JPdGIEPEN94yd° firm
consisting of the Ag-Bi alloy f i Imand the B 20, |ayer .coafli t.h
Ag- Bf dheojgfbbae &11py @apebieadiharushes Bh% SR RE g atasrﬁ%tgg“eaﬁ g“‘;?er

i ncrease and the Bi content of the Ag-Bi alloy fil de : e
t heeBe03eh&ywkl ey coBPREA tdAM @SA&Q%@ FPoy 239 B emgt %2‘0%%2‘&3’3%2‘%?] v,

the Ag-Bi alloy filmhas a _high electrical. nductivi ] 1
el e@Dglf@ém Kééicéﬂe\ﬁstfy,e’t?ﬁr}gfg“%blc@aﬁ?cttﬁgtl SOCC:‘?L C,Eg.%tnfjheciaé‘agrle%? leaﬂ't )fiosﬁﬂ Sy

preferable that the Ag-base all f It it nept i Ngy .
Fi 1 i CEaFORNER i CPeT o (o pad HBTS ERETE A0 1 Fhey Cal oaphar o dur | ng 't he

manuf act urin rocess,, such J Nt [ fdddnfiam aHRED,
contt&end TR; &% LS St ?E%éﬁ%dé%é#ﬁ%ﬂgﬁﬁg}gggglglIo;'having a Nd

connecting

content in the.fo ' tent iy atreh et s r oo etrodi figlm
r at é“ﬁ)‘frc\%ineeecclhqg[]gﬂg{n%gsﬂl\%gw B protts ing z

; ! ~surf” aces of interconnecting lines formed
by etching, F—Bgsbnéfiog%é@%nr&ﬁamy Argrevesanpel yt et ahed e ks 1 Hey -
|nterconnec?|ng fiTmof the Ag-base alloy having an Nd content in the
foregoing Nd content range has inproved fine patterning. Therefore, it
is preferable that 11

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 accempanying drawings, 1n
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.



the Ag-base alloy for formng the inter connecting lines of FPDs having
hi gh resol uti on contains Nd. An Ag-base alloy containing both Nd and Bi
has i nproved corrosion resistance, nanely, high chem cal stability. The
el ements Cu, Au and Pd further inproves the corrosion resistance

(chem cal stability) of the Ag-base alloy and pre-vents the hal ogenation
of Ag in an atnosphere containing hal ogen ions, such as chlorine ions
and the cohesion of Rg initiated by hal ogenation. A Cu, Au and/or Pd
content of bel owrkk@ivods dmeffECABFERRED i BRB@VINENTHhe corrosion

resi stance and suppressing the cohesion of Ag. The electrical .

resi stivigy gfcdheogebasegatiny i @xcessined drighlingrdn aciee 1CRIAG O
and/or Pd content is above 1.5 at% Therefore, a desirable Cu, Au and/or
Pd E'Hélt?f‘és@ﬁti $nirBnthenr ange fofrm@nQl iha et chnnar®ingr efigesblof, & AFPhé s
range of 0.05 to 1.2 at% nost preferably, in the range of 0,1 to 1.0

at % o Fheqr ekabhongbetweenltbe amnuntinahgaddilt itwe delle 84 pad@ng - N
and electrical resistivity will be explained. Test filns of pure Ag, an
Ag- Nd 1ald g¥3 ®ant ahaidtthek 21 anhNd,irar Vg Aplaoyd tofY Af AP kg 1RSI0 14AGSY,

an Ag-Ru alloy containing 3.1 at% Ru, an Ag-Pd al }Nc;ﬁ/ containing . 3.0 at%
Pd apd Ag-BgsAuaallogy negnicintisng,2.i9 acvisdanerte Mok medl/iar £1ddsi%ted©

t hi ckness of 300 nm on gl ass substrates, respectively, hy dc nagnetron
sputterng precess.sofie dfestlefdnts Word UiEde by A& Fedst RS -eat nent
furnace (Naruse Kagaku Kikai K K. ) that heats a specinen at 300' C for
0.5 h in BHdvacddor Bfi 0027xined3iPamrAGeddve ahtPY Mttt ifTac =2
resistivities of the test filns were nmeasured py the foll ow B

el edtriloaburdsicst f v ghne@asdramg N LRECRBY S CEHESE PJYE% ?gfﬁlﬁge%gmﬁg%oﬁg tHe e

test filns were nmeasured by a dc _f our-pr met hod_ usi : i
TESEEROWHdSlE tRertiie kconeson o (A g D Rl s b{\/h% e

ALPI LA- STEP 250 ( TENCOR | NSTRUVENTS) . El ect,,i cal. r i i Vi
o DERAEEE bos By tE PRI aE Th e barusl Of (€ RS AAbhY findiSves

thickness t). Fig. 1is aph. show cvaryation6f; £y CcHeat-

r esitfs Viedited e(?fl%Fa?r?%%soangc-kbegsJen%?ﬂo@%%ﬁg}/&hﬁgﬁhg Igltl SeE%OO'CQtC fyf)r 0.5 h
in a vacyumw.th all oy el.enent..cqn{epnt LA @1t heshasigief . ttiee
measied ¢ PAESCS r?ccetgnlétfé(rilg‘ %lg?rr?tec%“gl?nmeeg?qtl. The el ect rilcgl

resisti Victc}ﬁri/eacrti i%f%uin'%][olfy tﬂ’ietﬂgiﬂgs@-l 4 DYoo ¢l iR i rcioly erd andpper Bilhas t

al | c};?téelrerren co nts of the Ag-base alloys that make the electrical
resiSti it i lt)he.Ld%\g‘eQ%%@c raldz0Y s cRls taraateantdhangs. Beat 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 hg-base alloy 1is
subjected to three cr 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, alloy
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 content

above 4.0 at$% increases the electrical resistivity of the



~00cm are shown below It was found that the Ag-Nd alloy had a | ow
electrical resistivity of 5.0 ~Dcm or below even if the all oy el enent
content was as snmall as 4.0 at% or below. The upper limt alloy el enent
contents were 4. 0 at%for the Ag-Nd alloy, 2. 7 at%for the Ag-Y all oy,
5. 0 at%for the Ag-Ru alloy 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
exam ned by the follow ng experinents. Test filns of various Ag-Bi

al | 0yiSe ek Sn e SEPRS £ £1h ik y@rdesheedopdi ckiness edfec300 auh orsglsasyity of
substrates, respectively, by a dc magnetron sputtering nethod. The

el ectfi L@SLST Wl ti; f thectest fhbnpewelesmeasuekdctSheet

re?'s a%?:lgsn ?%'egf h%éﬁtetl'?@s% films were meggured by a dc four-probe nethod
usi Ags 3226y i MR tHin JESTER e(CHirakia 1Detki s ki ki §y o fFFthenittiegiamsme at g L1 1n
measured by ALPHA- STEP 250 (TENCOR | NSTRUVENTS) - Electrical resistivity

p “@§1lC@éCﬂéﬁiégeﬁYequygaavhmnﬂumaasp;e@ShééEIrégﬁ§ﬂagcéhﬁs) X
(Filmhickness t) . It was known fromthe values of electrical

resistivit¥nBcthal foohest @oaitdundes sastiesd sa spwridiedf Theredsre,
films before the fest 13 filnms are heated. The test filns were heated at
300} e f 0w 5l i th dih@hat Nosphetent TEh@ .dhest, reseEearedy, RS- 2 the adst
films were neasured after heating by the foregoing_nethod, %hg
el echeigaper e51mit Vo f i s Ofd tdomtieadt ifi Krd aiwdr ePEaf etdat 8d by’ Bithy the
foregoing fornmula. The heated test filnms havi n? an electri aja K o
r esikatdom t gnato hicgleert ethahad M Qerhiwé fePavhl cat ety & bIE ETE
were marked with a circle and those having an electri %@r istivit
exceedihgibatlr s wey ot Byl Gaﬁe‘dltﬁqﬁﬁ?ﬁfbtp]t%@&ma‘?%% r]gfn%?ﬁ%(?lvﬁ\ﬁyh a
cross. Results of evaluation are shown in Table 1. 24fT bbrer;l% Thus
SambeEbeet rircal thestBpeviliyri] e SAFEF 62 E T 68 Sty i t@‘ AT | ichh 5
No. (Heated at 300C for 0.5 h.i nt}‘he at ms%@“ﬂf' Ol\/Eqaspra nt  of
el eetr PE&RMUES Nt GANGET s F5ids -SPRAGTF 005 at9 Bi° all oysi bl e due to
' - % Bi - % Bi . .
cohesi on. T}?{égefo‘fgétacg OEEI ogltlhoél%h\%go%é%e%tzoﬁth@a’?ﬂ r@lsllgy,%m]:%, 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$% increases the electrical resistivity of the
interconnecting film beyond the upper limit electricel resistivity of
5.0 pQcm of the permissible electrical resistivity range. Therefore,
the lower limit of the Bi content is 0.01 at$%, 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 interconnecting 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 1s

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

is due to the following phenomenon. When an Ag-Bl alloy thin film of
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5Ag-0.5 at% Bi alloy2. 70 6Ag-1.5 at% Bi alloy4.80 7Ag-3.0 at% B
alloy7.9x It is known from Table 1 that sanples Nos. 3 to 6 have B
contents wthin the desire Bi content range and have | ow el ectri cal
resistivities, respectively. A sanple No. 7 had a Bi content of 3.0 at%
exceeding the wupper limt 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 limt of the desired Bi content range and cohesion
OCQWd @F ddbntt heviddtmosher themédl na igi,Ohé ssenplie Normedwes HeassdiaThe
sanpl e No. 2 was a discontinuous thin film was not electrically
conduatidngg-tHiez 1skget hi st slance icfoltdte sarphe-Ro. aPleyuttdi moti Iye from
measured and the electrical resistivity could not be determ ned. The

i ntersonnestpRerél | aisdheegt basehal AgyBi ozlioynthgnt helm has high
interconnecting |lines of a FPD can be deposited on a substrate by a
Vacthhe SVapOor et i otanet hodjhan titen Aud-ati regl Imet Hauirorf id ms setted iy e tthéd.
A sputtering nethod is recormmendabl e. The interconnecting filmof the
Ag-Bage lalyay i dapast ¢@d thy na ghpuenee i aigunetihodh e asnespbared Whe IFUEiene
filnms deposited by other thin filmformng nmethods, is excellent in _.

al | oF teenpasi.tienerald dyrehememtidised isbgt fonsahdetie dartelmi tye &9 Blhe
t hi ckness, has excellent properties required of the interconnecting r}film
i nchlbibpgHowféllectritafaresisiyviEgm tMegﬁtﬁeaphFégi-st%?f&%E%‘EPF%Y rthe
excellent fine patterning, and is suitable for formng 'ntenconqgciqg%

| i nesopertheghofether hanBe FPbaywrein hf HHt ret+ hoidh (32 Fg-Dse Al
sputtering target for depositing the _intercannecting filmof the, Ag-hase
al 'ty tha beheargPacfuPed SHiprany ‘bive PoF 5 CiYng“Hg’t rfolcikm ézos%ér: der‘“%n%a
met hod and a spray .form ng net hod A vacuum nel ting I t hod

i s pBFt FURSr Py:PeddfdndablEated srpﬁﬂetagcrel th g%{}%ﬁgtf%@%#%%u y a
vacuum el ti ng._and .casti ng _net hod nt ai i it A i nd ty ogen
and oxygeh’PA & eiﬁﬁ%FFFﬁgggﬁ%éﬁﬁ fﬁggéOgﬂz%egﬁéf§%¥ﬁ§ﬁﬂﬁﬁgggﬁggfgi5£ts
manyf actured b he_ot her. net . eguent |y, [ cemect ing,dd | m
QepdSrEed By Y05 fo Pre SHiT o By SPEront et arad by The o e

rget manufactured by the

vacuum mel ti dpGagthng reiflod has s exaeldren threepethiesii dehuehng £
higﬁoﬁgépgfgggsggngg g%gegxce?ﬁent iﬁ% patterning and is suitable for

for ng,lhed NLEEOMMRGIANG ldnestnd mihighnpard ermufioe KPS wilohi Ghin

reliabiTity. A sputtering target of the Ag-base alloy according to the

Preg@Rlreases because the Bi,0, layer is formed on the Ag-Bi alloy film and,
conseguently, 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 Ag-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 film of the Ag-base alloy having a Nd content
in the foregoing Nd content range 1is 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



invention for depositing the interconnecting filmof the Ag-base all oy
for formng the interconnecting |lines of the FPD contains 0.1 to 4.0 at%
Nd and/or 0.1 to 9 at% Bi and Ag as the renmi nder, and anot her

sputtering target 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 |arger than
that of the interconnecting filmbecause the Bi content of the ,

i Ntk £ opnegtdang 1t dephsih sty yha ispetrrerneg tisghodne st hg FPsspart BFi ng
target i's only several to several tens percent of the Bi content of the
Sputi gk i dRigedn ddndSingierrednt hgtbehe 8iloyormidmining Foth Nd and
interconnecting filmis smaller than that of the sputtering target
becays%ﬁm?aw@g ecpebtiog o it areat hprdilih cheak AeHrGm chablét LAg
evaporates front the interconnecting fil mdeposited on the substrate, Ag
is sputteresd @lemespstterihy yhel 8dhfyheherhanpraovsputbér FREIYPEPE at
which Bi is sputtered and hence Bi is difficult to_ sputter, and Onl}'] Bi

i s eukdizedcen(themsoal acealnfltte) splitther Pagbasear §beY ot iE iGN ts the
sputtered because Bi, as conpared with Ag, is easily oxidizable. A EPD
havhagobahet connett hagih | mesafeg see by GBSty Hhe I $ht e tonnetl 7§
filmof the Ag-base alloy is capable of exercising., excellent performnce
andchasrhhghipeki abd ithe. cPhesdoar @ hdd lﬁlérttjia&?l%apy SIS N the
construction of the FPE) of the present. |nventjon d the F of
the knownAcownstRacandnor pPavieREePhatl RHed'E %satt e nlt%eeréz%nér%ﬁef)ﬁé]

lines formed by processing the .interconnecting fij f - 1oy
of tREIpAEENtDE RRANTIDIEY FfS LGt &SEH aPHv% §%o 5%%‘#‘1!’“%5 %gggré\?ﬁggé?r@

terns of exanples. The  present inventjion is ngt, |.Jjm 1L dit agtdrcal
appPheati6RtEd Cirte T S&api ™ ysp‘))e%cintf <49 fadseesc%%léé)d Sfafég%dne.rgélflx%elg{ mendt I

Test thin filnms qf pure A n -ba 0Fii-ed ficke, a
desih&d thicckies gofa“ﬁé’rﬁrﬁo%n&éiéa%g%@( r%én%yﬂ%%tdfﬁbstrat es of al50. 8

mm i.n di_apet er._and. 0. i i sg fbysaidcrragpghsenosputdericid . 5
met K6§ *0&FA§ g%p%‘tut éilﬁér{g@Ps??t E%EE%%%SEE (%hilmazu Sei sdzjaku-sho) . The dc

MGGty .Ogr%%tr%%ﬁi 19 et had, ys8d St SPUE &fd ng 2t argetmokt puref dgaiofy, LOL. 6
mm in diaeter and'5 mmin thickness or a sputtering target of pure Ag

and tqjeorr%qlggteerdg ned, nunbero oft£hi ps of alloy elements of 5 Mm x 5 mMm x |
nm arranged on the sputtering target. Conditions for the )
The relation between the amount of additive elements including
NG and electrical resistivity will be explained. Test films cf pure
Ag, an Ag-Nd alloy containing 2.2 at% Nd, an BAg-Y alloy containing 2.5
at% Y, an Ag-Ru alloy containing 3.1 at% Ru, an Rg-Pd alloy containing
3.0 at% Pd and an ARg-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 0.27x107° 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 (Hiocki Denki k.k.). Film
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dc magnetron sputtering nethod were base pressure: 0.2~xlVPa, pressure
cf Ar gas: 0.27 Pa, flowrate of Ar gas: 30 sccm sputtering power: 17
200 W di stance between el ectrodes: 52 -nm and tenperature of substrate:
roomtenperature. Properties of the thin filns are shown in Table 2 or
Tabl e 3. The conpositions of sanples of the test filns excluding Sanple
No. | of the test thin filmof pure Ag were analyzed by an inductively
coupl ed plasna eni ssion spectronetry (I CP em ssion spectronetrﬁé or an
i ndygtdimel 95 coupk e0nph asrBdMASSASPRAL EBEEL £§0 (| CENCRBS SNSHREVENMEL ry)
The test thin filns were evaluated in terns of heat resistance and fine

patgd €r A Ao Dy fé’@i?@i\l’ﬂy\f{ ngwaet Belcu Heatarlesivstiance fwsmeval uafedSbAcEhe
basis of increase in surface roughness (average surface roughness Ra)

Surfaces# oumagbness of (bhem testkhbss thlmwas neasured before and af -ter
heating in an atomc force mcroscope observati on _node AFNIEbservation
node) usimigya BCaanangraphobkowingosbepeat NahdsBopé FLFALTDFFit al
Instrunents) . Increase in surface roughness due to heating was

cal cud at ey by i bisi ®g v f iorusilPar-basSuefi oy sr ofighndess i ing @atséﬁozc s Pace
roughness after heating) - (Surface roughness bef or e eatin%) - The test
thim filasvaenenheatedzlinyeedhrean keateny R6AESTIREES Pled iy P251s ©
conbi nati ons of heating conditions includin% heati n Eenpgiat %e%rqzal
350t10; MS0HG @@ hEe0 Cesihbancag ks medofl on ths qkng yped® 6 Freati g

at nosphere, nanely, a vacuum_ at nosphere d an _at npspheri.c _at no e,
andr@hiaéihéaviNgrﬂEﬁedG@ﬁ@ﬁé§;Wlﬁ@némf,aﬁﬁgyhéﬂfwﬁﬁﬁb§§Fgfﬂﬁﬁo ﬁggggng

cycles and three heating cycles. Heat resistance vwas €
acceprabl elapy saerRed twicom tends Qe tﬁ‘\%@ﬁ ibr?csreeaégélqyﬁs g'\glr tl;g%q%oug ‘ness

was 1.0 nmor bel ow or was ev ted as un W tch |
crogéeﬁﬁéhcﬁﬁcF€§§éqHY%ﬁh%§xé¥lﬁ%%gﬁhggg%éﬁﬁggég?gﬁl%Hgﬁﬁ%ﬁgQ%%
Results of evaluation of the test _thin fil eated, i n, VARHUWM ]

at nBSsere ard bR St Y- | i TaR%e f?unﬁathtahggzteh%o?“%eghed {helslt}beyt hin films

R oes S5t i en, TP IRty BB RIROfy B B SR 8 ERTAPL 6y Tl ckend

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 alloy and greater
than 5.0 at% for the Ag-Pd and the Ag-Bu alloy.

The effect of the Bi content of the Ag-base alloy was examined
by the following experiments. Test films of various Ag-Bl alloys were
deposited in a desired thickness of 300 nm on glass substrates,
respectively, by a dc magneiron sputtering methed. 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
MQ HEi TESTER (Hioki Denki k.k.). Film thickness t was measured by
ALPHA-STEP 250 (TENCOR INSTRUMENTS) . Flectrical resistivity p was
calculatedkn/usingzaformula:43={SheetresistanceRs)><(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
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films are heated.

The test films were heated at 300°C for 0.5 h in the atmosphere.
The sheet resistances Rs of the test films were measured after heating
by the foregoing method, the electrical resistivities of the test films
were calculated by using the foregeing formula. The heated test films
having an electrical resistivity not higher than 5 nQcm were evaluated
as acceptable and were marked with a circle and those having an

electrical resistivity exceeding 5 pflcm were evaluated as unacceptable
and were marked with a cross. Results of evaluation are shown in Table

1.
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Table 1
Sample Thin film Electrical resistivity {(pf2cm) Electrical resistivity
No. (Heated at 300°C for 0.5 h in the atmosphere) = 5pQcm
5 Ag-0.005 at% Bi alloy Measuremenlt of electrical reSIgtlvny is impos- x
sible due 1o cohesion.
3 Ag-0.01 at% Bi alloy 1.7 O
4 Ag-0.2 at% Bi alloy 2.1 O
5 Ag-0.5 at% Bi alloy 2.7 O
6 Ag-1.5 at% Bi alloy 4.8 O
7 Ag-3.0 at% B alloy 7.9 b

It is known from Table 1 that samples Nos. 3 to 6 have Bi contents
withhdthedesireBicnntentrangeandhavelowelectricalresistivities,
respectively. A sample No. 7 had a Bi content 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 cccurred in
the film when the film in the sample No. Z was heated. The sample No.
2 was a discontinucus thin film, was not electrically conducting, the
sheet resistance of the sample No. 2 cculd not e 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 depcsited on a substrate by a
vacuumevaporationnmthod,anionpﬂatingn@thod<n:asputteringmethod.
A sputtering method is recommendable. The interconnecting film of the
Ag-base alloy depocsited by a sputtering method, as compared with thin
films deposited by other thin film forming methcds, is excellent in
alloy composition, allcy element distribution and the uniformity of
fhe thickness, has excellent properties reguiredof the interconnecting

film including low electrical resistivity, high heat resistance and

15
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excellent fine patterning, and is suitable for forming interconnecting
iines for high-performence FPDs with high reliability.

Bn Ag-base alloy sputtering target for depositing the
interconnecting film of the Ag-base alloy can be manufactured by any
one of a casting methed, a sintering method and a spray forming method.
A vacuum-melting and casting method is particularly recommendable. A
sputtering target manufactured by a vacuum-melting and casting method
containsimpuritiesincludingnitrogenandoxygeninzﬂlimpuritycontent
less than that of sputtering targets manufactured by the other methods.
Consequently, an interconnecting film deposited by using the sputtering
target manufactured by the vacuum-melting and casting method has
excellent properties including high heat resistance arnd 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 to the present
invention for depositing the interconnecting film of the Ag-base alloy
for forming the interconnecting lines of the FFD contains 0.1 to 4.0
at% Nd and/or 0.1 to 9 at% Bi and Ag as the remainder, and another
sputtering target of the Ag-base alloy according to the present
invention further contains 0.01 to 1.5 at®% Cu, Au and/or Pc.

The sputtering target for depositing the interconnecting film has
a Bi content larger than that of the interconnecting film because the
5i 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 1is inferred that the Bi
content of the interconnecting film is smaller than that of the

sputtering target because Bi having a meltiing point greatly different

16
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from that of Ag evaporates from the interconnecting film deposited on
the substrate, Ag is sputtered at a sputtering yield higher than a
sputtering yileld at which Bi is sputtered and hence Bi is difficult
to sputter, and only Bi is oxidized on the surface of the sputtering
target and is not sputtered because Bi, as compared with RAg, 1s easily
oxidizable.

A FPD having interconnecting lines formed by processing the
interconnecting film cf the Ag-base alloy 1is capable of exercising
excellent performance and has high reliability. There are not
particular restrictions on the constructicn of the FPD of the present
invention and the FPD may ke of the known construction, provided that
the FPD has the interccnnecting lines formed by processing the
interconnecting film of the Ag-base alloy of the present invention.

The present invention will be described in terms of examples. The
present inventicn 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
5 desired thickness of 300 nm on glass (Corning #1737) substrates of
50.8 mm in diemeter and 0.7 mm in thickness by a dc magnetron sputtering
method using a sputtering system HSR-53Z (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 alley elements of 5 mm
x 5 mm x 1 mm arranged on the sputtering target. Conditions for the
dcn@gnetronsputteringmethodwerebasepressure:O.27x10ﬁPa,pressure

of Ar gas: 0.27 Pa, flow rate of Ar gas: 30 sccm, sputtering power:

17
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200 W, 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 of 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 terms 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 observaticn mode (AFM observation mode) using & scanning
probe microscope (Nanoscope I1Ia, Digital Instruments). Increase in
surface roucghness due tc heating was calculated by using a formula:
(surface roughness increase) = (Surface rocughness after heating) -
({surface roughness before heating). The test thin films were heated
in eighteen heating modes specified by combinatiocns of heating
conditions including heating temperatures of 350°C, 450°C and 50C°C,
heating time of 0.5 h, two types of heating atmosphere, namely, & vacuum
atmosphereandaﬁuatmosphericatmosphere,andthreeheatingfrequencies,
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 Cr 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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are tabulated in Table 3.
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resistivity. The heat resistance of Sanple No. 2 containing 0.04 at% Nd
is unsatisfactory due to excessively small Nd content. Sanples Nos. 11,
12, 13 and 19 according to the present invention containing a third

all oy el ement exhibited high heat resistance in heat treatnments under

all the heating conditions. Addition of alloy elenents to the Ag-base
alloys formng Sanples Nos. 7, 8 9 and 10 in conparative exanples and
achieving the desired low electrical resistivity is not effective in

i mpr ovi ngcheat xhesinstapaeTabSanpt esndos. L1t $a1®led NEG -afe Aognd ° of
satisfactory in heat resistance in heat treatments under all the heating
conglid ars. tFinetpaktesotogdiag evalhmtetInnt RS VESILION A§CneERBAS 2O
patterned photoresist filmhaving 10 mw de stripes arranged at . spacj ngs
of £1@fm Mast &et meei ont Eachiob thepaestivhi eXdTPhe 3HF &XPFHOERNY tlﬁolg?% hi ¢
process including the sequential steps of applying a photoresist Lo t he
surfeace efnddeviest tchihef i fedh of plistioriesi §€ N¢|Yamths FaREs§ ¢hetY
photoresist film exposing the photoresist film to Itéav'ol t ki?ht1
develgpingidt he expasec ipltotofest $tNdihas t28) BHRS Sa V5dth et deg% bresi st
film cleaning the patterned photoresist film__and drying t.he patterped
phatayiesiistify | mThe phestoresiistanze 9f183mPEr A a??t nyéﬁé‘grnl{nq(l.%';ma%g%an
AZ devel oper (Clariant Japan K. K ) were wused, The test thi i S

et o d shyn az wet fetEhirygdpe d@egéceﬁéwaﬂﬁgsmaﬂrﬁeNQe‘a%E??él ;Etaeééléosgm% '
wet-etching the test thin film cleaning the 22 etche i bl:

dr yi hg 1Zhe 18t ehedl ¢ estcanding EPn e SFRA e-ﬁgenﬁﬁspo?%é?%nﬁq?% fgﬁé%
drying the etched test thin fil A m xed, acid . i I H Q0
parasloncsifiorhe el giE: Eetarti Ce5EPE2ARG légie;gaé ;{S’}eg%’?%eﬁ%t%gﬁﬁgt er
was used as an etchant..{ine needed to wet-etch the test thin film
conpl bt BF§ WB&TABEsGPBE  tdfRd et ching rate was cal cul ated by using a

(ol e (ELeh 00 (o195 p\TRRALRSES il bhogies! oL o geid i Fore o

conpl et el inf SEM m crographs of the

vet - et ched fesy thin fil e takencyangdi t Beami didis: ©f i g nese ide stire dSEM
mi cP8yr a hs§MZ$éﬂﬁ%géaﬁgggogﬁééaketch?ﬁg ?atio was cal cul ated by using a
forpul a;, (Side NG +15341:9) i s Fot \Widtdr 4 v dTi g rionmtceri rof haat ordsgistainiae -10
~LnT W’ éjéﬁ%%%ﬁg%?gg)%lé EL%fuinfoo (9%9. The fine patterning was
evagg@{s?gsi Roker e &f, WetoRf ol nge maite sad ssiader cetichim@aadt i s ITFie st
thin ns satisfying wet-etching rate of 3 nms or below, which is

bel oW gcwet +ekGhinRe ratedfr 110 td heamingmicidithiondi | ns of pure Ag
are etched, and Eide etching ratios smaller )
Fine patterning was evaluated by the following method. A

patterned photoresist film having 10 pm wide stripes arranged at
spacings of 10 pm 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 to 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 A2 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



than 10% were eval uated as excellent in fine patterning and were marked
with a circle, and the test thin filns not satisfying those conditions
were eval uated as unsatisfactory in fine patterning and were narked wth
a cross. Measured data and results of evaluation are shown in Table 4. 23
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ctched test thin film, drying the etched test thin film, removing the
photoresist film and drying the etched test thin film. A mixed acid
solution containing 800 parts phosphoric acid, 3 parts nitric acid and
20 parts deionized water was used as an etchant.

Time needed t.o 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 films were taken
and the widths of lines in the SEM micrographs were measured. Side
etching ratio was calculated by using & formula: (Side etching ratio)
= (Width in micrometer of an originally 10 pm wide etched line)/10 um
x 100 (%). The fine patterning was evaluated in ferms of wet-etching
rate and side etching ratio. The test thin films satisfying wet-etching
rate of 3 nm/s or below, which is below a wet-etching rate of 10.C nm/s
2t 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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of Nd to the Ag-base alloys formng the thin filns. The Nd content of
Sanple No. 6 is excessively large and Sanple No. 6 has an excessively
high electrical resistivity. The Nd content of 0.04 at% of Sanple No. 2

is excessively smmll and fine patternning of Sanple No. 2 is
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0.5 at% Nd. Sanples Nos. 11, 12, 13 and 14 of those thin filns have

sati sfactory fine patterning. Al though Sanples Nos. 7, 8, 9 and 10 in
conpar ati ve exanpl es have satisfactorily low electrical resistivities,
even Sanple No. 7 having conparatively inproved fine patterning is not
excellent in fine patterning. Experinment 2 Fabrication of Test Thin Filns
Test thin filnms of pure Ag or an Ag-base alloy shown in Table 5 were
deposited in a desired thickness of 300 nmon glass (Corning #1737)
substrat e 9k 50wi$ fFE Nali anet Bet dwhdl e 7 Nom. i 3, dhankiless byeazgples
magnetron sputtering nethod using a sputtering system HSM 552 ( Shimazu
Seisf Saklpsheknt Theedeisagnel senpdpulit erd g aetdigo: XsElva espRRtler Naye

t ar get o? pure Ag of 101.6 mmin diameter and 5 nmin thickness, a
COMPSHbeed SPUhE ephgetal get ovinyncbuthagaddptienAgfspdt ter thg fargeéeand
a predeterm ned nunber of chips of alloy elements of 5 Mmx 5 mMmx 1 mm
ar r angegls onothendgtiputheni Bylhar gethe Comdicn oerst fof $aepte Hagnet+dn
sputtering nmethod were base pressure: 0. 27xlI 03 Pa, pressure of Ar gas:

0. 2dxPas s frewr bt pgofarAt Sgagile30osconipas RN terdaRp Piler Diggoenegerical

di stance 25 between el ectrodes: 52 mm and tenperature of substrate:
1SQ-&s1isPiopeyt i eBhoid henthinh ¢ f |0 daps $shdwapd eTHBI-e2 9.5 THeessively
conpositions of sanples of the test filns excluding Sanple No. | of _ the
t estmabi nanditne of i mpme tAg were afabgFBdebloan? i bl udts atel SF aoupied gft‘ﬁsma
arc emssion spectronetry (ICP em ssion spectronetry) qr an inguctively
couptedapkashdonassospeéRiogetr FhirdPadasy §6§@€P5n§¥ﬁy%ofﬁﬁnﬁe ETPL PN
filmse were evaluated in terns of cohesion resistanc% and eke%&{%% %ain
resNesi vity. 18ohe3di ®nc Redi of art@iThes ftesdit PAVET I ot “d&Fimes’ conesion
resistance by the term "abi]lity to ppress, t ohesi of: :Ag d 0
heafi AgahhdVEo STRIPP €33 N??]crje]a'selé’n @%ﬁp%‘le“r @lr]fght%leossse (tgl\r}enr zifgl'(:ignssutlll grge
roughness Ra)". _Cohesion resista S.e d..Ln ter f.LRC e
| Sart 3eC EPIghhEE S S TACE T ol of B o IO R 11 1% e hentared
before and.after heating.. S 13 +f5i i w8 s
neagﬁpgﬁragﬁW%Fﬁﬁﬂﬁ %%2%9%%?%%f%§%%§9%£?§3§29£%%§§f%§§%f%%gﬂhicroscgﬁe

Nanoscope I i gl | s ilShy i atheBnfihgnss werte
gea?@ﬁni%am?#%ﬁg%thgg%?ha ﬁgﬁégpggéi%%¥éh by é%ﬂgﬁﬁngons o? tEe >

fo'EQ@EﬂgenQOQQjEﬁgﬁ§patterning.

Experiment 2

Fabrication of Test Thin Films

Test thin films of pure Ag or an RAg-base alloy shown in Table 5
were deposited in a desired thickness of 300 nmon glass (Corning #1737)
substratesofSO.BImnindiameterandO.7rmninthickne55byaadcn@gnetron
sputtering method using a sputtering system HSM-552 (Shimazu Sei-
saku-sho) . The dc magnetron sputteringlnethod'usedzasputtering‘target
of pure Ag of 101.6 mm in diameter and 5 mm in thickness, a ccnposite
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: 0.27x107° Pa, pressure of Ar gas:

O.27Pa,flowrateof}nrgas:BOsccm,sputteringpower:EOODGdc,dlstance

25



At nosphere: At nospheric atnosphere (one condition) Heating tenperature;
450' C, 500' C and 550' C (three conditions) Heating tine: 0.5 h (one
condition) Nunber of heating cycle: 1, 2, 3, 4 and 5 (five conditions)
Surface roughness of the test thin filmwas neasured by the aforesaid
met hod, increase in surface roughness due to heating was cal cul ated by
using a formula: (Surface roughness increase) = (Surface roughness after
heating) - (Surface roughness before heating). The 26 test thin filns
Veng eyailal es- gso @cseptabhe and werperatked witbhuhstcetel el dAEh. t he
surface roughness increase was 1.0 nmor below. The test thin filnms were
eval wjedt Bss unRcaept able ainthweree rardked Wi tleble cr-osSheheATPREI SUFPace
roughness increase was greater than 1.0 nm Results of evaluation of
cohesi anplass sé andee vinest thiel e stxaidifg |Seep et -hdaodd thg tREL thin

at nosphere are tabulated in table 5. 2~ 1 x x 0 0 O xI X X X

OMER ) N Gohr ¢ Ry TNGOEDER[ by4e Opboct) vely pppeﬁeﬁuplgs%aoarc
O0Or 61i b0O0Q) 1~t - NODOO rt oOOG dMOOO LLLC (YY) ‘ .
emission spectrometry (ICP emission spectrometry} or an inductively
coupled plasma mass spectrometry (ICP mass spectrometry). The test
thin films were evaluated in terms of cchesion resistance 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
inzﬂlAﬂﬂobservationnmde)usingzascanningprobenﬂcroscope(Nanoscope
IIIa, 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, 50C°C and 550°C (three conditions)
Beating time: 0.5 h {one condition)
Number of heating cycle: 1, 2, 3, 4 and 5 (five conditions)
surface roughness of the test thin film was measured by the
aforesaid method, increase in surface rcughness due to heating was

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

roughness after heating) - (Surface roughness befcre heating). The
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test thin films were evaluated as accepteble and were marked with a

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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(1) It is known from Table 5 that the test thin filnms in Sanples Nos.

to 7 fornmed of Ag-base alloys containing not |ess than 0.01 at% Bi have
excel I ent cohesion resistance regardl ess of heating conditions. The Bi
content of Sanple No. 7 forned of an Ag-base alloy containing 3.0 at% Bi
is excessive and Sanple No. 7 has an excessively high electrical
resistivity. The test thin filmin Sanple No. 1 forned of pure Ag and

not cont ai niikg kBowandrtherdwsd & hhatf thedds Sampne f Noms 2in Isawipig: saNkbew Bi
content of 0.005 at% are unsatisfactory in cohesion resistance. The test

thin §d|mweed St eadNasssd X 1S darieihafg Agrthdsess alblzoy$ .Mavieng &1
specified Bi content and containing at |least one of third alloy elenents

i NCh &bl Nl &1 1 it adsh £els g viee hi ghatohesi pirdresd stfanee tiegardhess iohs .
heating conditions. The test thin filns in Sanples Nos. 8 to 12

contigé NBNOc Ofteenf & hosend hé o al1 oo wlehent smakd-incte edibdi nong aBniage
inferior in cohesion resistance Al though the invention has been descri bed
in 3ts prtefBired eceobediinentsdwisthpaecdivt ai’n hdegree eaiteparitiedyl ardiaty,
obvi ously many changes and variations are possible therein. It is
t hegpéoteitalbeesiunderstood Thattddie hresdntin nnehainphe thy. be fnramd edd
otherwi se than as specifically described herein wthout departing from
t hepscepRgamdd sptrionthaenenf. BR2o%aWhathe st fai el |5t1m in Sample No. 2
having a low Bi content of 0.005 at% are unsatisfactory in cohesicon
resistance. The test thin films in Sample Nos. 13 to 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 cohesion
resistance regardless of heating conditicns. 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
embodiments with a certain degree of particularity, obviously many
changes and variations are pessible therein. It is therefore tc be
understood that the present invention may be practiced otherwise than

as specifically described herein without departing from the scope and

spirit thereof.
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1. An interconnecting film for formng interconnecting lines of a FPD,
formed 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 renmainder. 2. The interconnecting film
according to claim1l, wherein the Ag-base alloy contains, 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% 3. A sputtering target, for
depositing an interconnecting film for form ng interconnecting |ines of
FPOyLferfed-ofiac-Agthase alloy containing 0.1 to 4.0 at% Nd and/or 0.1
to 9 at%Bi, and Ag as the remminder. 4. The sputtering target according
to claim3, wherein the Ag-base alloy contains, in addition to Nd and/or
Bi, one or sone of elenments including Cu, Au and Pd in a content in the

range of 0,0k Oint]e15:c§{%ct5_tngﬁ~ filat, panelf dirSplAY rieemIorsidg ing lines
i nterconnecting |ines forned y processing an interconnecting film of
t heo AGs rase abhkayass atedahpaskaimdy c3dtaining 0.1 to 4.0 at% Nd and/or

0.01 to 1.5 at% Bi, and Ag as the remainder.

2. The interconnecting film according tc claim 1, wherein the
Ag-base alloy contains, 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%.

3. A sputtering target, for depesiting an interccnnecting film
for forming interconnecting lines of FPD, formed of a Ag-base alloy
containing 0.1 to 4.0 at% Nd and/or 0.1 to ¢ at% Bi, and Rg as the

remainder.

4. The sputtering target according to claim 3, wherein the
Ag-base alloy conteins, in addition to Nd and/or Bi, one or some of
clements including Cu, Au and Pd in a content in the range of 0.01 to

1.5 ats.
5. A flat panel display comprising interconnecting lines formed
by processing an interconnecting film of the Ag-base alloy stated in

claim 1.

30



