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PTI ON W RI NG MATERI AL AND W RI NG BOARD USI NG THE SAME 5 TECHNI CAL

FI ELD The present invention relates to wiring materials and reflective
el ectrodes for use in TFT liquid crystal displays (TFT-LCDs) or organic
el ectrol um nescence devices, and a manufacturing nethod thereof. 10
BACKGROUND ART Thin-filmtransistor (TFT) liquid crystal displays (which
are referred to sinply as TFT-LCDs, hereinafter) have distinctive
features, such as high display pepkergapegognd 15 superior energy
efficiency, and have thus becone nmainstream displays used in portable
personal conputers, |aptop conputers, TVs, and other display systens.
Wi le different manufacturers offer different nethods for producing
TFT-LCDs, each nethod involves nan%Tsteps and requires deposition of
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The present invention relates to wiring materials and
reflective electrodes for use in TFT liquid crystal displays
(TFT-LCDs) or organic electroluminescence devices, and a

manufacturing method thereof.

BACKGROUND ART

Thin-film transistor (TFT) liquid crystal displays (which
are referred to simply as TFT-LCDs, hereinafter) have
distinctive features, such as high display performance and
superior energy efficiency, and have thus become mainstream
displays used in portable personal computers, laptop computers,
TVs, and other display systems. While different manufacturers
offer different methods for producing TFT-LCDs, each method
involves many steps and requires deposition of various metals
and metal oxides. Thus, there is a need to reduce the number
of production steps involved.

TFTs are also used to drive organic electroluminescence
(EL) displays, another type of display devices.

Basic structure of TFT-LCDs

The basic structure of conventional TFT-LCDs is first




TFT-LCD has a basic structure in which a liquid crystal 10 is sandw ched
between a color filter substrate 12 and a TFT 5 substrate 14. A backli ght
16 is placed behind the TFT substrate 14 to illum nate the transm ssive
TFT-LCD from behind. The color filter substrate 12 has a structure in
which a color filter 22 is sandw ched between a gl ass substrate 18a 10 and
a transparent electrode 20. The color -filter substrate 12 transmts red

(R <3 SR Gnedelleye (B, LboBte The TFT sHbRtCatgelgrpnshudes o

t ransparent ectro sposéd on'a gl'ass su rate i'gna
voltages .are applied, to the transparent electrode 20 via a TFT 24. 15 In
the consttt i%dh &Hshienat s Fross-seGtige pBFafhoup, Eheatrangad ssd vene
face of. the color filter substrate 12 and another polarizer on one face of
t he TFT ibdiGhttasia e stmurstraudn emiich wellliduigverystiade I tis Unl i ke
the transm ssive TFT-LCD of Fig. 3, a reflective 20 TFT-LCD has a

const r ugdriviidhedigdt di B baldistfialterl dupstdlatdes? d e t#an the

transparent electrode 20b, a reflective electrode made of alum numor a

I m ' Lak a9 tk lLegtive. IET: flect
ncom g SRS ! GoBo RO LAZET FE PRePBacR BRR128 b8 Refer ring now to
Fig. 4, the basic structure of a single 2 pixel .on the TFT substrate 14 of
the trafdfisdgiale fTHach Jlamingdien e & reosassivep TET W I T shown, data
on a signa

behind.

The color filter substrate 12 has a structure in which a
color filter 22 is sandwiched between a glass substrate 18a

10 and a transparent electrode 20. The color filter substrate 12
transmits red (R), green (G), and blue (B) light.

The TFT substrate 14 includes a transparent electrcde 20b
disposed on a glass substrate 18b. Signal voltéges are applied
to the transparent electrode 20 via a TFT 24.

15 In the construction shown in Fig. 3, a single polarizer
is arranged on one face of the color filter substrate 12 and
another polarizer on one face of the TFT substrate 14. Such a
construction is well known in the art.

Unlike the transmissive TFT-LCD of Fig. 3, a reflective

20 TFT-LCD has a construction in which the TFT substrate 14
includes, rather than the transparent electrode 20b, a
reflective electrode made of aluminum or a similar reflective
material. Since the reflective TFT-LCD reflects incoming light,
it does not require the backlight 16.

25 Referring now to Fig. 4, the basic structure of a single
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line 30 is applied to the transparent electrode 20b via swtching by a TFT
24. The TFT 24 includes a source electrode 5 32, a gate electrode 34 and a
drain el ectrode 36. An anorphous silicon 38 and other materials are
deposited in the region of the gate electrode 34. Referring to Fig. 5,
which is a schematic cross-section taken along the line V-V of Fig. 4,
the gate electrode 34 is 10 disposed on the glass substrate 18b and is

overl ai t.h di sed .abave the trode 34
is the %l\géeelr %?tg{n%ri‘p%ués@ss |ct%ns'®8 ﬁ'q_'g‘ S ot EE TS alefe%;cﬁdl % he
drain eleltrode 36 are arran ed on opposite ends of the anorphous silicone
38, eaclPloMR 44y § A9Ghe MFiee gAFeSBPER:r88E2 PRedeSd@RBdnents are

entirely overlaid with an |nsulat|on film40. The transparent el ectrode
20b is diigyos¥d iovapplhied fxultdte diraridspartéhtard cctroelee @0k odld y connect ed
to the drain electrode 36 via a through hole 40b formed in the insulation

film40.53Q Wi bysed im 265 T- pRESTER Qhelﬁ&mae&l Qnseﬁr?EETe%Eexédfeor
driving conventlonal TFT LCDs, the possibility of using such netals as Cr,

TaWgan th t r.od S Q the ource/ el,ectrodes has
been ex%r% ﬁd da&e ese rre aleé‘c'4 a(‘frCIe JF@&& v SR 5%1 g’dt;uthpsa?%Bg’?elﬁti bl e
to corrosi.on, whereas TaWand MW .are relatlvely resistant to corrosion

but havéld ¥@ySBeadd qthar matiediadse are deposited in the region of

the gate electrode 34.

Referring to Fig. 5, which is a schematic cross-section
taken along the line V-V' of Fig. 4, the gate electrode 34 is
disposed on the glass substrate 18b and is overlaid with an
SiNx film 35. Also disposed above the gate electrode 34 is the
layer of amorphous silicon 38.

The source electrode 32 and the drain electrode 36 are
arranged on opposite ends of the amorphous silicone 38, each
partially overlapping the gate electrode. These components are
entirely overlaid with an insulation film 40. The transparent
electrode 20b is disposed over the insulation film 40 and is
electrically connected to the drain electrode 36 via a through

hole 40b formed in the insulation film 40.

Wiring used in TFT-LCDs

In the production of TFT arrays for driving cenventional
TFT-LCDs, the possibility of using such metals as Cr, TaW, and
MoW in the gate electrodes or the source/drain electrodes has
been examined.

Of these metals, Cr is readily workable but is
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Thus, workable netals with | ow electrical resistance have been w dely
used. Wien we sinply say "netals with low 5 electrical resistance,” what
conmes first to mind-are such netals as Ag, Cu, and Al. ‘For this reason

TFT arrays (transistor arrays) using alum num based w ring have been
proposed conventionally. It has been known that alum num may cause
formation of protrusions known as "hill ocks” on the 10 surface of

el ectro : for l.ectr c t he urce el.ect.rodes of a
TFT, th%%%FFﬁgg%%ehégpggﬁgFﬁéﬁé’t%@g%gégrﬁgéfﬁﬁﬁiHgﬁfgfﬁoﬁq15§éwe d cone
into contact with the top .transparent electrode, resulting in defective
product $ESEREANE (@ KT IRSdRTaldéd hageaPuARKIm deptaicad Tesdgtiag¥eof such
15 hill ocks. When such an alum num el ectrode directly conmes into contact
with the sili @busl,ayerkabdet hetadlangpahedbwekéettodeal hesdseancal avieum
may diffuse into the silicon |ayer, causing a decrease in the device

per f or mpRed @Hdetiydaisiedn OffhahuRknyimglyi 849 alneidfis witiihgpite likely
results in an increase in the electrical resistance between the

transpart l.ectr ; enlE]. r.esul e n f the TFT
arr;%/ ﬁ?g%gi%ll%%]“r%g%égggp fc%ﬁ OF -ﬁﬁ&At%cc))ﬁlg u%gﬁ%% trtragym%?lggg?%a%%tcgl a high

el ectrical resistance conparable to that K of TaWand MoW 25 For these

r easonsMe&Ad ScdfvEFri GMal anGnfrloveliPhpbhbiickeasepl BYE ArERYScture in which
t he al um num el ectrode is

{transistor arrays) using aluminum-based wiring have been

proposed conventionally. It has been known that aluminum may
cause formation of protrusions known as "hillocks™ on the
surface of electrodes. When formed on electrodes such as the
source electrodes of a TFT, the hillocks may penetrate the
overlaying insulation layer and come into contact with the top
transparent electrode, resulting in defective products. Thus,
Nd has been added to aluminum to prevent formation of such
hillocks.

When such an aluminum electrode directly comes into
contact with the silicon layer and the transparent electrode,
however, aluminum may diffuse into the silicon layer, causing
a decrease in the device performance or oxidation of aluminum
into alumina, which quite likely results in an increase in the
electrical resistance between the transparent electrode and
the TFT. As a result, the components of the TFT array may fail.

The addition of Nd to aluminum may also lead to a high

electrical resistance comparable to that of TaW and MoW.

For these reasons, one conventional, improved approach
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sandw ched by Mo or Ti to mnimze the contact resistance with the

oxi de- made transparent electrode. Specifically, Mo is first deposited over
the silicon layer and the alum numlayer 5 is then forned on top of the M
filmto prevent diffusion of alumnuminto the silicon |ayer. Another
s then deposited over the alum num|ayer to prevent the increase in

| ayer i

(%}

the contact resistance with the transparent el ectrode due to oxidation.

bri ef,

t t TET-. enpl the 10 three-l.ayered wrings of
Mo/ Al / I\/bé.?&% eeﬁqaéy%;{géc}: ‘%ﬁ ilnLnngQﬁ"olféH)'ltﬁyeAﬁr]ﬂm&%" a%seoc':e%%c[eofesd for the sanme

Conventional Exanpl es of Ag Alloys Japanese Patent No. 1297072
% Y ol e amiddase dhd [cptiastys@piatangmivetal to

reason.

descri b&@TsHE diednh

form 15 electrical contacts. The patent discloses the use of an Ag alloy
cont ai nithe Dxrticl<2Onatdé dfraorsparrentwe lafctrmdeCo, SpedikicalAg,aMooys of ot her

conposi

tions are al so described. Al so, Japanese Patent No. 1585932

descri besi rit AepddiBed Yiad RiHY siN i @M 14yd AP YWHS Ofund diftn 220 and
0.05 to 8wm % 20 respectively. Japanese Patent Laid-Cpen Publication No.

2001519252 1 esﬁiﬂr&%.oqpetoggorglt%é @40""‘]5'11‘31@ %?@:&g%gﬁdﬁé siiosn uosf:Ed. as a

metal material for various
t hi s- publ,ication .c nti?ns 0..1 to 3wt % of Pd al on
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roni C par
B ARtor TSt Hiconylayas . sABpEngr HPnLAYRE: ifs then
deposited over the aluminum layer to prevent the increase in
the contact resistance with the transparent electrode due to
oxidation. In brief, the conventional TFT-LCDs employ the
three-layered wirings of Mo/Al/Mo. Three-layered wirings of
Ti/Al/Ti are also employed for the same reason.

Conventional Examples of Ag Alloys

Japanese Patent No. 1297072 describes one example in
which an Ag-based alloy is used as a material to form
electrical contacts. The patent discloses the use of an Ag
alloy containing 5 to 20wt% of one or two of Fe, Co, and Ni.
Ag alloys of other compositions are also described. Also,
Japanese Patent No. 1585932 describes an Ag alloy containing
Ni and Zr in amounts of 5 to 25wt% and 0.05 to Bwt%,
respectively.

Japanese Patent Laid-Open Publication No. 2001-1%2752
describes one example in which an Ag-based alloy is used as a
metal material for various electronic parts. The Ag alloy
described in this publication contains 0.1 to 3wt% of Pd along
with total of 0.1 to 3wt% of Au, Pt, Cu, Ta, Cr, Ti, Ni, Co,

5

escribed in
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A

Japanese Patent Laid-Open Publication No. 2001-102592 describes one
exanple in which a particular Ag-based alloy is wused in gate el ectrodes.
Aside fromAg to serve as the ngjor 5 conponent, this alloy contains Pd
and one or nore netals selected fromzn, Co, Fe, C, M, and Ti.
Conventional Exanples of Cu Alloys Japanese Patent No. 1549371 (Japanese
Pat ent Application 10 No. Sho 57-6061) describes the use of a copper all oy
as a nmeerigd died eLII4 S used in various sem conductor instruments.
Aside fromCu to serve as the najor conmponent, the copper alloy described

in this patent._contain 4 tqQ 4w % of N and Q.1 to lw%of Si_ 1t also
contains P andTaRsana?ssel}a%% %t?d%éipeerﬂ sgﬂbjd'ﬁé‘ﬁé?él é‘é’['e%o%ﬂ%ﬁg&l84
(Japanese Patent Application No. Sho 58-65265) describes particular Cu

al | oys, 4eRIFiksmntaiaigipral asin inl] o restipiedmr Aamhepacthe lGenliys
described are one containing 0.01 to 2.Om % of Cr, one 20 containing 0.005
to 1. Owntsesd iZr gahwl adrectomdes .ni Agibet fir6m AgndoZserfksas dapamagerPat ent
No. 2136017 (Japanese Patent Application No. Sho 62-124365) describes one
exanpl e cImeARiny, tHiOW oy dbsftdimsS el RIWHO Y bR GRARANs al | oy
described 25 in this patent contains 1.0 to 4. Om % of N, 0.2 to |.Om % of

6 Si, O'S%(i%%tte%l (h%%q oafn'AQZO’a%’Z.CQ/ytO no'r aln%ssfiqf Zn, Mh, Co and/or other

net al s.

Conventional Examples of Cu Alloys

Japanese Patent No. 1549371 (Japanese Patent Application
10 No. Sho 57-6061) describes the use of a copper alloy as a
material for lead wires used in various semiconductor
instruments. Aside from Cu to serve as the major component,
the copper alloy described in this patent contains 0.4 to 4wt%
of Ni and 0.1 to 1lwt% of Si. It also contains P and As as
15 minor components.

Japanese Patent No. 1914484 (Japanese Patent Application
No. Sho 58-65265) describes particular Cu alloys, each
containing Cu as the major component. Among the Cu alloys
described are one containing 0.01 to 2.0wt% of Cr, one

20 containing 0.005 to 1.0wt% of Zr, and one containing both Cr
and Zr.

Also, Japanese Patent No. 2136017 (Japanese Patent
Application No. Sho 62-124365) describes one example of copper
alloys for use in semiconductors. The copper alloy described

25 in this patent contains 1.0 to 4.0wt% of Ni, 0.2 to 1.0wt% of
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Conventi onal Exanples of the Use of Copper in Electrodes for Displays 5
Japanese Patent No. 2579106 (Japanese Patent Laid-Qpen Publication No. He
05-188401) mentions a Cr/Cu/Cr three- |ayered structure of gate el ectrodes
for TFT (thin-filn) transistors used in TFT-LCD panels. In addition,
Japanese Patent Laid-Open Publication No. Hei 10-153788 nentions a 10
construction of gate electrodes for use in liquid crystal displays. This

gate el iy oGO CORSESIE. B @O &) n®f2 QU br AesANWr gL QueXigs | ayer
di sposed over the alloy. Furthernore, Japanese Patent Lai d- Cpen

Publ i cat mentions a |layered structure of conductive

net al s é%ﬁgﬁygfﬂéggépperéﬁ% thin f|In1patterns and 1ZO thin film patterns..
Jaoanes- 0 atlon No. 2001-223217 descri bes

a thin 49 tional Rxamp il : per. in Fetegteedesnfervith a

copper thin f|In1of 1. OxlO 6 0-cm or Iess. 20 DI SCLOSURE OF THE | NVENTI ON

As descriigplai®mve, formation of the three-layered wiring requires

sandw chi ng the al um num el ectrode, which involves conplex processes of

i ni tbal deposiddmmere NatntliNo f Gl TOwb 27 dpamepoTddant afaadopswm based
nmetal, and then another 7 deposition of Mo or Ti. As described above,

exarrpl esp i1 1Rl @ Sh WderudHad5-188401) mentions a Cr/Cu/Cr three-

layered structure of gate electrodes for TFT (thin-film)
transistors used in TFT-LCD panels. In addition, Japanese
Patent Laid-Open Publication No. Hei 10~-153788 mentions a

10 construction of gate electrodes for use in liquid crystal
displays. This gate electrode consists of an alleoy of Cu and
Zr, and a ZrO oxide layer disposed over the alloy. Furthermore,
Japanese Patent Laid-Open Publication No. 2001-196371 mentions
a layered structure of conductive metals comprising copper

15 thin film patterns and IZO thin film patterns. Moreover,
Japanese Patent Laid-Open Publication No. 2001-223217
describes a thin film of a metal oxide conductor having a
contact resistance with a copper thin film of 1.0x107® Q-cm or
-less.

20
DISCLOSURE OF THE INVENTION

As described above, formation of the three-layered wiring

requires sandwiching the aluminum electrode, which involves
complex processes of initial deposition of Mo or Ti, followed

25 Dby deposition of aluminum-based metal, and then another
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al um num having | ow el ectrical resistance include Ag and Cu. Thus,
attenpts have been nade to address the aforenentioned 5 problens by using
Ag and Cu el ectrodes. Ag and Cu, however, have poor adhesion to gl ass
substrates and silicon filnms and readily conme off during the production
process. The present invention has been nade in view of the above-

descri bed problens with a principal objective of providing a 10 wiring

mat eri al ' » o] | oy that contains Ag as a nmajor conponent
A R P T

(i.e., ers 1 nproved adhesion to glass substrates and
silicon films. It.is a,second objective of the present invention to

provide a wiri ‘?%Ft%‘?’ibd‘?&fg?%@e'a Sanniad £t é‘?eﬁiﬂrlst ihems iR ains Cu as a
maj or c%ggfnent (i.e., CQu alloy) and offers inproved adhesion to glass
subst r at®@kuminug haeorg f1eweelact mieal mesistancegmaliude Mg andyChn an
effort to find a way to address the aforenentioned problens, the present

I nvent orehisy eatftoatmsk ¢ Nedvd Nesen piadd e addr&a e QVRs EaREn Dorsd Ny a
wiring made of an Ag alloy that contains Ag and Zr as essential conponents

and gur thedn1 GO NSs Al | BasinPne, et tegd fr e YRR Gonsi sting
of Au, NI, Co and ‘Al . i h}gt’g1 pr? ovenrgtﬁh%t%ﬁcﬁ: 'an%ggagﬁ té):;l;/h’vvlgi]lroi ng es%ﬁows a
good 2 adhesicnlééh | ass squﬁrates, has a |l ow electrical_resistance, 8

and al | d¥&'% iR9% R GWn TPHERD A S HEOR i §1 % 338 er even

when the wiring cones into direct contact
readily come off during the production process.

The present invention has been made in view of the above-
described problems.with a principal objective of providing a
10 wiring material using a particular alloy that contains Ag as a
major component (i.e., Ag alloy) and offers improved adhesion
to glass substrates and silicon films.
It is a second objective of the present invention to
provide a wiring material using a particular alloy that
15 contains Cu as a major component (i.e., Cu alloy) and offers
improved adhesion to glass substrates and silicon films.

1. The invention regarding Ag alloy

In an effort to find a way to address the aforementioned
problems, the present inventors have found that these problems
20 can be overcome by using a wiring made of an Ag alloy that
contains Ag and Zr as essential components and further
contaiﬁs at least one metal selected from the group consisting
of Au, Ni, Co and Al.
It has proven that such an Ag alloy wiring shows a good
25 adhesion to glass substrates, has a low electrical resistance,
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with the silicon layer. This Ag alloy wiring thus causes little or no
decrease in the performance of the conponents of 5 a TFT array. It has

al so proven that even when an el ectrode (transparent el ectrode) for
driving liquid crystal displays that contains indiumoxide, tin oxide, or
zinc oxide as a major conponent is fornmed directly over the Ag alloy netal
10 el ectrode, the contact resistance between the netal electrode and the

t ranspar i 11 _no 0 xcessi vely. .| arge and .t he device
wil | opeasg% e%f%%% ;;Pletlffq‘l"eé A%Par}'? toﬁ%ectfé’aﬁap‘—“r ST 2 yé%%%b%‘? t %yt%%ut tering.
The target. used contains Ag and Zr as,  essential 15 conponents.

Speci fi caHHICON A YSF grYehaehen ddhast 1 inth CHRgLskP | H ERRth GomBaGer t hat
the resulting thin film contains 60 to 99wt % of Ag, 1 to 5wt% of Zr, O to
20wt % ofwitdacthefsifluicoi kawkxCo, Thid Agt aldey efirAng kthugemanales t he
target used in the sputtering has the same conposition as the 20 desired
film |InitdEe BN dddiCed £S5 U itk fpd Mdataredesd natk ftOor By
adj usting the conposition, conpounds such as AgZr2 and AgZr are produced.
As agf esau:&t tzi‘:er%‘ spersibility of Zr is inproved, |eading to generation
of NrZr, |§£ and" Ni 3Zr, and 25 AuZr2 and AU2Zr. This facilitates the

diispersion of the third 9 conponent to ensure stable sputtering. The Ag
al l oy netal ellé:ct SR8 BFHigh SVGR whef) &k electrode

(transparent electrode) for driving liquid crystal displays

that contains indium oxide, tin oxide, or zinc oxide as a

major component is formed directly over the Ag alloy metal

10 electrode, the contact resistance between the metal electrode
and the transparent electrode will not become excessively
large and the device will operate stably.

The Ag alloy is preferably deposited by sputtering.

The target used contains Ag and Zr as essential

15 components. Specifically, the target has a composition
adjusted in such a manner that the resulting thin film
contains 60 to 99wt% of Ag, 1 to 5Swt% of Zr, 0 to 20wt% of

each of Au, Ni and Co, and 0 to 39% of Al. 1In general, the

target used in the sputtering has the same composition as the
20 desired film. In this manner, the resulting film has a desired
composition.

By adjusting the composition, compounds such as AgZr; and

AgZr are produced. As a result, the dispersibility of Zr is

improved, leading to generation of NiZr, NiZr; and Ni3Zr, and
25 AuZr: and Au;Zr. This facilitates the dispersion of the third

g



substrates and silicon films, does not come off during the production
process, and can thus be manufactured in a stable 5 manner. Specific
constructions of this aspect of the present invention are as follows: 1-A
The invention regarding the wiring nmaterial Intended to overcone the
above-descri bed problens, the 10 present invention provides a wiring
material nade of an Ag alloy that contains Ag and Zr as essenti al

conpone ﬁﬁﬁk t al t o] netal selected fromthe group
consi st :‘%gmo Artljé Utf\‘ilB %‘?P%n%&%?}ésséﬁ%rﬂggeal | oy shows an inproved
adhesion to gl gss substrates and sjilicon wafers. 15 Al sg, the present
invention is tMe BT ihgloaiIETa elefHerds haw advvah Rdhesin g @laey
contains 60 to 99w % of Ag and 1 to 5w% of Zr. If the amount of Zr is
| wt % or swestrates amed siebicen fefiectdéess moit ofdree nefif ahdrime wldesi on
strength to a silicon 20 wafer remains low. In conparison, if Zr is
present prodxeesen Sred@se} sand Nedn theud asd sianckadenesd fig 4 esistpace)  of
the filmmade of the wiring nmaterial becones |arge, sonetines exceeding 4
[LQ em Kha&p increased occurrence of abnormal discharge is observed
during sputtering. Thus, if 25 present in any anount outside the range of 1
0 : > : . .
Lo o ey AT Fons ridiiond 'S I depect CF e dredent ' 0 1O

invention are as follows:

1-A The invention regarding the wiring material

Intended to overcome the above-described problems, the
10 present invention provides a wiring material made of an Ag
alloy that contains Ag and Zr as essential components and
further contains at least one metal selected from the group
consisting of Au, Ni, Co, and Al. Such an Ag alloy shows an
improved adhesion to glass substrates and silicon wafers.
15 Also, the present invention is the wiring material,
wherein the above-described Ag alloy contains 60 to 99wt% of
Ag and 1 to Swt% of Zr.
If the amount of Zr is 1lwt% or less, then the desired
effeét is not obtained and the adhesion strength to a silicon
20 wafer remains low. In comparison, if Zr is present in
excessive amounts, then the resistance (specific resistance)
of the film made of the wiring material becomes large,
sometimes exceeding 4 pfdrcm, and an increased occurrence of
abnormal discharge is observed during sputtering. Thus, if

25 present in any amount outside the range of 1 to 5wt%, Zr may
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The Ag alloy described in the first paragraph of this section for use in
the wiring nmaterial preferably contains 60 5 to 99wt % of Ag, 1 to 5wt % of
Zr, 0 to 20wt % of Au, O to 20wt % of Ni, O to 20wm % of Co, and O to 39wt % of
Al. It was observed that the addition of Au, Ni, and Co increases the
strength of the adhesion to a glass surface. Nonetheless, if any of these
conpdnents are present in anounts 10 exceeding 20m % the consequences W ||
be an |n%®§§§e |n ost for Au,, and an crea‘gd resi st ance sp cific

resi stanc € (P HED9 RALTE L WS T A RIPRE A § 2 nERE oF %bnor nal

di scharge during sputterl ng for Ni. Thus, if present in any - anount

exceedi MEIDREBPCR MM HAIAU, Ni and Co may inpart to 15 the wiring nateri al
undesired properties for low resistance wrings. Wile Au, Ni, and Co have
been descri bedthe tAg ol @y e s apijrest i iat erthd haitr dagdumdgidpseo f hilids net al s
must be of the type that does not diffuse into the sem conductor |ayer or

of 20 t heedtyiteh tiw mslﬁoéh@fﬁﬂﬁin%*}ﬁ‘e&@ﬁfﬂ rﬁf@@eﬁbiﬁ%oﬁ@é‘l&Qn ctor
devi ces even when it diffuses into t sem conduct or Iayer or each nust

b d

sgmagoﬁg:uctor e\r}%ée}g&a qf)rr“-f)Ige]"g%o I{eﬂ; t?;réae%'q%;{ao n?? ude 25;%?20‘%% AgZr .
25 Exarrpl s of 244% aII include Nl Zr, N Zr2, and N 3Zr. 11 Exanpl es
of the A AY}'aI ot;i% q%d%f quAlEEZ‘rO s ofaftl - AUAZY |

It was observed that the addition of Au, Ni, and Co
increases the strength of the adhesion to a gless surface.
Nonetheless, if any of these components are present in amounts

10 exceeding 20wt$%, the consequences will be an increase in cost
for Bu, and an increased resistance (specific resistance)
greater than 4 pQd'cm and an increased occurrence of abnormal
discharge during sputtering for Ni. Thus, if present in any
amount exceeding 20wt%, each of Au, Ni and Co may impart to

15 the wiring material undesired properties for low resistance
wirings.

While Au, Ni, and Co have been described, it should be
appreciated that each of these third metals must be of the
type that does not diffuse into the semiconductor layer or of

26 the type that does not affect the performance of the
semiconductor devices even when it diffuses into the
semiconductor layer, or each must be added in amounts that do
not affect the performance of the semiconductor devices.

Examples of the Ag/Zr alloys include AgZr; and AgZr.

25 Examples of the Zr/Ni alloys include NiZr, NiZr;, and NisZr.

11



The wiring material according to the present invention may further contain
Otolw%of at |east one netal selected 5 fromthe group consisting of
"Re, Ru, Pd, and Ir. The wiring material according to the present invention
preferably has a specific resistance of 4 pD-cmor |ess. Wen used in thin
films to serve as wirings of sem conductor devices, the material with 4
~LQ cmor a larger 10 specific resistance wll cause del ayed signals of

non- negbkghples n@gntheder /ARUS1 16y s | SnPl €AETASH 1 0 LR Na by, t ﬁﬁ&ng

wiring materials with 4 [LO-cmor Smaller specific reésistance, In filns

for mﬁrig@§ﬁ;hat cause |l ess delayed signals. 15 I-B The invention

regar di ng the W ring boards 20 The present invention also provides a wiring
board conprisjing a substrate, and wirings forned on the substrate and
made of the wirihgdHetRd iBatemiah@errrdbu adhs ibeeserbnbysent bon
According to the present invention, the substrate used in the wiring board
i s pref emapl funtheassosdsn r@t o olwiad sof i aonlessbsdnatmet A skebectdbed, the
wiring material of the present invention has strong adhesion to gl ass

SubsEr at foNEhé | §1 6@ Heheist ag GAMRE hugy bepyisechd orpake wirings that do
not 25 readily cone off the substrate. 12 When tested for the adhesion

strength of tr¥hé“$if§hé(haterial according to the present invention

preferably has a specific resistance of 4 uQd‘cm or less.
When used in thin films to serve as wirings of

semiconductor devices, the material with 4 pQ-cm or a larger
specific resistance will cause delayed signals of non-
negligible magnitude. Thus, it is preferred to obtain, by
using wiring materials with 4 uQ-cm or smaller specific
resistance, thin films for wirings that.cause less delayed
signals.

1-B The invention regarding the wiring boards

The present invention also provides a wiring board
comprising a substrate, and wirings formed on the substrate
and made of the wiring material having the above-described
composition.

According to the present invention, the substrate used in
the wiring board is preferably a glass substrate or a silicon
substrate. As described, the wiring material of the present
invention has strong adhesion to glass substrates and silicon
wafers and can thus be used to make wirings that do not

readily come off the substrate.

12



the substrate, the wiring board according to the present invention gives
an adhesion of 3N or higher. If this adhesion is |lower than 3N, the wiring
may conme off the substrate during 5 the production process. Preferably,
the wirings of the wiring board according to the present invention are
formed on a substrate as a gate wring or a gate electrode of a thin film
transistor. In such a case, the present invention serves as "sem conductor

device 10 W rigkbDoasked SHEH ﬂ%‘%dﬂ@%&?%ﬂﬁ?ﬁﬂﬁ cppst%ié)'ﬁfﬂ@'nﬂ& m ze

t hus
hel ps i nprove .the performmance of thin film transistors. The wirings of the
Wiring b%(}?ﬁ ds%k():sr(}ﬁ%%’g PUGEY BESS T Wsiot et S 9 P S BRIy for med
on a substrate as a source wring and a drain wiring or a source el ectrode
and a driEt¥ENel@ITOWRS AN tAheFiamak ailbian drighey so Iifn tiyiss adhssiarme
present invention serves as a sem conductor device wiring board. This
const r ucts droweketshan 3sstilid evixoimy may zeomdeo 20 ttesisikstosatod dineisgur ce
and gate electrodes of thin film transistors and thus hel ps i nprove the

perfgrmmﬁgaﬁjoddﬁgﬁoﬁiéfaééggﬁistors. Preferably, the wiring board of the
present invention is non-conductive at |east on its surface and includes a

25 conduct | ve dirlale i le iy 1 SRR e Vsl iy WP c IR HS0! Y.

the wirings a oxi

the resi stance of the gate el ectrodes o m transi stors

the present invention are formed on a substrate as a gate
wiring or a gate electrode of a thin film transistor. In such
a case, the present invention serves as "semiconductor device
10 wiring board."™ Such constructions make it possible to minimize
the resistance of the gate electrodes of thin film transistors
and thus helps improve the performance of thin film
transistors.
The wirings of the wiring board according to the present
15 invention are preferably formed on a substrate as a source
wiring and a drain wiring or a source electrode and a drain
electrode of thin film transistors. BAlso in this case, the
present invention serves as a semiconductor device wiring
board. This construction makes it possible to minimize the
20 resistance of the source and gate electrodes of thin film
transistors and thus helps improve the performance of thin
film transistors.
Preferably, the wiring board of the present invention is
non-conductive at least on its surface and includes a
25 conductive metal oxide layer deposited over the wirings.

13



Wi ring board of the present invention forma stacked wiring of a

two-| ayered structure. The conductive netal oxide filmfor use in the
present 5 invention may be a transparent el ectrode such as |ZO
(registered trademark). Such a construction can be used to mnimze the
resi stance of el ectrodes of reflective LCDs or organic EL devices and
hel ps i nprove the performance of thin film 10 transistors and, thus, the
performance of reflectjve LCDs and orqgani.q EL devjces. According.to the
present i nvent?%eng,er’taﬁbei%'on%h%t‘f%l%st a"’fq“&oéfedé“ef 13 morRA "’T‘%eé’:l né)he
anor phous, transparent conductive filmthat is fornmed of indium oxide and

zi nc oxiHer ¥l Prard i sthe dvresehposventors ke mtstaeked| vbning of

relationship holds: In/(In+tZn) = 0.8 to 0.95. If this value is |ess than
0.8, then twdrelaysiad astceucfutde netal oxide thin filmnmay becone
excessively large, whereas if the value is greater than 0.95, the etching

rate may be demfeasstiud0 A Gt NGbLiid e 1 %ﬁntuééwi@{“ﬂr%"pré?eﬂmrphous
transparent conductive filmhas a work function of 5.4 eV or arger. Wen

the wiri gggﬁ ' i on. i,s used 1,0 consjruct an organic
EL d\glvi c{g?v wor 61}8{1@% ir}gengg ?F@?%‘?@% eo'lleaértgreor earseucphr eafseprrsie%l in order to

enhance éﬁéﬁ;{ﬂfﬁﬁ'é¥gdéﬁgék)ﬁhe I nvention regarding Cu alloys 14 5

Such a construction can be used to minimize the
resistance of electrodes of reflective LCDs or organic EL
devices and helps improve the performance of thin film

10 transistors and, thus, the performance of reflective LCDs and
organic EL devices.

According to the present invention, the conductive metal
oxide film may comprise an amorphous transparent conductive
film that is formed of indium oxide and zinc oxide and has an
atomic composition such that the following relationship holds:
In/(In+Zn) = 0.8 to 0.95. If this value is less than 0.8, then
the resistance of the metal oxide thin film may become
excessively large, whereas if the value is greater than 0.95,
the etching rate may be decreased.

According to the present invention, the amorphous
transparent conductive film has a work function of 5.4 eV or
larger. When the wiring board of the present invention is used
to construct an organic EL device, work functions of 5.4 eV or
larger are preferred in order to enhance hole injection.

2. The invention regarding Cu alloys

14



In an effort to find a way to address the aforenentioned problens, the
present inventors have found that these problens can be overcone by using
a particular Cu alloy in the wirings. Specifically, this Cu alloy contains
Cu, the major conponent, in an anmobunt of 80 to 99.5% and further contains
Au and Co in a total amobunt of 0.5 to 20w % It has proven.that this Cu
alloy wiring has high adhesion to glass substrates, has a | ow resi stance,

oot 10" cont Ahr THE R o1 T MY ANERSY Fhe it ROEE 1

direct 10 contact I'’cone oy
causes little or no decrease in the performance of the conponents_of a TFT

array. IRTHYERT s RESSHHa IR e N afe f¥M9 ddiat (thesR Ry eniems

el ectrode) for driving liquid crystal displays 15 that contains indium
oxi de, 43N A& deverroms ey dx§ oy s Rerwietlanfporehtoy sir dthedvirirgs | y
over the Cu alloy nmetal electrode, the contact resistance between the
netal elSdaificcakng, ttteld ranspirentcaleatioda WiHe ned decasRosxsessi vel y
| arge and the device can operate stably. 20 The Cu alloy is preferably

depos t ofh Lyh, SEASAY 199 0TS, 165 06 RO NSorfth BOE/AT LRy 061 Nt ai ns

Cu as the major conponent. Specifically, t arget has a conposition
of G aft DS IR b B G: 25 In general, the target used in
the sputterin%éﬂﬁ;éig;gﬁggathat this Cu alloy wiring has high adhesion
to glass substrates, has a low resistance, and hardly diffuses
into the silicon layer even when the wiring comes in direct
contact with the silicone layer. This Cu alloy wiring thus
causes little or no decrease in the performance of the
components of a TFT array.
It has also proven that even when an electrode
(transparent electrode) for driving liquid crystal displays
that contains indium oxide, tin oxide, or ;inc oxide as a
major component is formed directly over the Cu alloy metal
electrode, the contact resistance between the metal electrode
and the transparent electrode will not become excessively
large and the device can operate stably.
The Cu alloy is preferably deposited by sputtering.
The target used contains Au and/or Co and contains Cu as
the major component. Specifically, the target has a
comﬁosition adjusted in such a manner that the resulting film
contains 80 to 99.5wt% of Cu and 0.5 to 20wt% of Au and/or Co.

In general, the target used in the sputtering has the same

15



15 conposition as the desired film In this manner, the resulting film has
-a desired conposition. The target nade of such conpounds as CuAu and Cu3Au
facilitates not only the dispersion of Cu, but also the 5 dispersion of
the other conponents. As a result, the sputtering process is stabilized.
This Cu alloy nmetal electrode has high adhesion to glass substrates and
silicon filns, does not cone off during the production process, and can

Lhus ot C SEHEA e dd Tl P Sq 1 RN GG BRGSO N R TS fq [ 11 S

aspect of the prese I nvention w now pDe descri rting

I nvention _regarding the wiring material. 2-A The invention regarding the
wiring rietld?itgs & 8RR FUP Ve the above-described probl ens, the

present invention provides a wiring nmaterial nade of a Cu alloy that is
conposed of CThealtmmyet tnfade ahdiurh Compnohdsc @ dufsa Gnd CwAuanount of
80 to 99.5wmt % and Au and/or Cu in a total ampunt of 0.5 to 20wm % 20 Such a

Cu al | oyr AAOME: Al d MOV PANRS I DB Sl AP Df PSR eBLNciad | T con
wafers. More preferably, the wiring material contains O to | OM% of Au and

0o o A B TSI L RS GBSy QRS revenl e
sputtering process is stabilized.

This Cu alloy metal electrode has high adhesion to glass
substrates and silicon films, does not come off during the
production process, and can thus be manufactured in a stable

10 manner.

Specific constructions of this aspect of the present

invention will now be described, starting from the invention

regarding the wiring material.

2-A The invention regarding the wiring material

15 Intended to overcome the above-described problems, the
present invention provides a wiring material made of a Cu
alloy that is composed of Cu, along with Au and/or Co, and
contains Cu in an amount of 80 to 99.5wt% and Au and/or Cu in
a total amount of 0.5 to 20wt%.

20 Such a Cu alloy shows an improved adhesion to glass
substrates and silicon wafers.

More preferably, the wiring material contains 0 to 10wt%
of Au and 0 to 10wt% of Co.
Experiments conducted by the present inventors revealed
- 25 the following facts concerning the amounts of Au and Co: Au

16



16 and Co cannot provide the desired effects if the total amount of the
two conponents is 0.5%or less. In such a case, the wring material has
| ow adhesion to a glass surface. Also, if the total anobunt of these
conponents exceeds 5 20wm % the consequences will be an increase in cost
-(for Au), and an increased resistance (specific resistance) and an

I ncreased occurrence of abnormal discharge during sputtering (for Co)

Thus, ifypsesentsffed n%)%@id noyat 3 9F 5 qaéffeéeémfza;%% Ay, and Co, may

inpart to the wiring materi undesrre O propertre om1resrs ance
W rings. |Ie,€u and Co have beﬁﬁ ggscrl ed, it_shoul d be appreciated
that each 2 TATPYReRtS LS S$he I FAGHh&A fdte di f f use

into the sem conductor layer or of the type that does not affect the
per f or newiteing maeenbakendsohowcadhesitun cles avelaswhesurfadeffuses into the
sem conductor |ayer, or each nust be added in anounts that does not affect

the performanlef, the S €O EAMsuieVd £ eshe s &g didh 1@t & tadg@ccor di ng
to the present i nvention preferably has a specific resistance of 4 pD-cm

2GRN SEn A ot B L1111 ety ey A L Ny Ot SPRLEOAGC! o

EVI CES e materia cm or ar ger specific I'ESI stance

cause deI ed sjgnals of non- liglble ni tude. Thus S referred
to obt alaH“X h@?ﬁ%ﬂ%ﬁ |’F|%)S+r%ﬁ%r?‘?%?ts J%p‘ﬁ?%]rﬁﬁﬁn%%l?%‘ﬂ %‘bgm fic 25

resi st ance, thrn films for wirings that cause | ess del ayed
increased occurrence of abnormal discharge during sputtering

(for Co). Thus, if present in a total amount of greater than
20wt%, Au and Co may impart to the wiring material undesired
properties for low resistance wirings.

While Au and Co have been described, it should be
appreciated that each of these third metals must be of the
type that does not diffuse into the semiconductor layer or of
the type that does not affect the performance of the
semiconductor devices even when it diffuses into the
semiconductor layer, or each must be added in amounts that
does not affect the performance of the semiconductor devices.

The wiring material according to the present invention
preferably has a specific resistance of 4 pQ-<cm or less.

When used in thin film to serve as wirings of
semiconductor devices, the material with 4 pQQ'cm or larger
specific resistance will cause delayed signals of non-
negligible magnitude. Thus, it is preferred to obtain, by
using wiring materials with 4 pQ-cm or smaller specific
resistance, thin films for wirings that cause less delayed

17



17 signals. The invention regarding a wiring board using the above
described wiring material will now be described. 2-B The invention
regarding the wiring boards 5 The present invention also provides a wiring
board conprising wirings forned of the above-described wiring material, a
conductive netal oxide film and a substrate. Preferably, the wirings and
the nmetal oxide layer in the present invention forma stacked wiring of a
t wo- Iaye %ﬂl fo structure. The conductive netal oxide filmfor use in the

present T Hi 1 on may be a transparent el ectrode such as 1ZO which is a
regi stered trademark. Such a construction can be used to mninmze the 15
resi stance of BlRckitRsien regarding e Wiking knaghiusimg theiakavemd
hel ps i nprove the perfornmance of thin film transistors and, thus, the

per f or matesc nfbed fw Eciny end si ahdvi o geow doeEldatemt idesd . Pref erabl y, the

Wi ring board of the present invention 20 contains at |east one netal

sel ect echig ofpd hﬂl-\gé%&i‘%g@];d{_}& e Rph_rngg% k%zardag\d lr. This nmetal is
cont ai ned—Tm an anou ton1c per cent. Wen
g(r)gfng:jge?h:andem rg&dls %%ﬁ%tgﬂlgéglf%qg a\?\%sf func |aorvlrray nq‘lfoaar ecggﬁ 2021 ev.
'n CO”paﬂ&ﬂﬁﬂls§§§3£?¥fhgs formed of the above-described wiring
material, a conductive metal oxide film, and a substrate.
Preferably, the wirings and the metal oxide layer in the
present invention form a stacked wiring of a two-layered
10 structure.
The conductive metal oxide film for use in the present
invention may be a transparent electrode such as IZO, which is
a registered trademark.
Such a construction can be used to minimize the
15 resistance of electrodes of reflective LCDs or organic EL
devices and helps improve the performance of thin film
transistors and, thus, the performance of reflective LCDs and
organic EL devices.
Preferably, the wiring board of the present invention
20 contains at least one metal selected from the group consisting
of Ru, Pd, Re, and Ir. This metal is contained in an amount of
0.05 atomic percent to 5 atomic percent.
When contained in amounts less.than 0.05 atomic percent,
the metal may not provide the desired effects and its work

25 function may not reach 5.4 eV. 1In comparison, the metal
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18 present in anmbunts greater than 5 atom c percent may result in a
decreased etchability and may cause unexpected coloring. Wiile the
preferred range is specified as 0.05 to 5 atomc percent in the present
invention, it is nore preferred 5 that the netal is contained in an anount
of approximately 3 atom c percent: an exanple will be described later in
which 3 atomc percent of the netal is contained. According to the present

i nvent i Qbire 4d1et COMAMRShYEs r@%@étepx&% f | IR SRy GETREd B Rdly AFDE RTOUSH

transparent conductive 10 filmthat is fornmed of ‘i ndi um oxi'de and zinc

oxi de a tom,c_.c osition such that the follow rel ationship
ol de: -9 Sr el O G IBET Ay el il e e HERO RS hon Lhe
resi stance of the netal oxide thin film my becone excessively |arge,
whereas if thd'Ribeicthe REekiEied manae d5 “seesifiediahihd? dt@ ay be
decreased. Preferably, the substrate for use in the wiring board of the
present dtmeit ipgrdéentnoin comluetesentonintentsiod,acet iPmedez ghtgfethedw ri ng
board according to the present invention conprises a wiring fornmed on the

subsbr atithatdciee 2441 Nid i ddht s BRsd Siroran SUSUCONST A i HEmABKEY | 3
possible to mnimze the resistance of the el ectrodes and wirings of thin

I HIm 1 ranshsd gSéré’é}PH s edigs1d T OV &d e RELIUdTBNEG O s f Nl cf T4
ransistors. 2
atomic percent of the metal is contained.
According to the present invention, the conductive metal
oxide film may comprise an amorphous transparent conductive
10 film that is formed of indium oxide and zinc oxide and has an
atomic composition such that the following relationship holds:
In/{In+Zn) = 0.8 to 0.95. If this value is less than 0.8, then
the resistance of the metal oxide thin film may become
excessively large, whereas if the value is greater than 0.95,
15 the etching rate may be decreased.

Preferably, the substrate for use in the wiring board of
the present invention is non-conductive on its surface.
Preferably, the wiring board according to the present
invention comprises a wiring formed on the substrate and a

20 thin film transistor.

Such constructions make it possible to minimize the
resistance of the electrodes and wirings of thin film
transistors and thus helps improve the performance of thin
film transistors.

25
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19 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a table show ng different
properties of wiring materials according to the present enbodinent. Fig. 2
is a table showing different properties of wiring 5 nmaterials of the
present enbodinent. Fig. 3 is a schematic cross-section of a transm ssive
TFT-LCD. Fig. 4 is a schematic plan view showi ng the basic structure of a
single pixel of a transm ssive TFT-LCh. 10 Fig. 5 is a schematic

V‘ of Fig. 4. BEST MODE FOR CARRYI NG
OUT THE +RNE , . G&f the present invention will now

15 be described with reference to the acconpanyi ng drawi ngs. 1. An

enbodi ment of Rgal | byisnat hablendoowimatdifferentl poypést pespofeditbnger ve
as a wring material according to the present invention. This alloy

cont ai nsmé&geasal BeadvbpHingNPONENE PpAdsSHEVZSMIEOQIn&shesi on to 20 gl ass
substrates and silicon wafers. In particular, one exanple I's described in

whi ch such an Ff%loy iS Pregycedsby, &R t&f¥ dﬁ p@lgél§§lxlg§§5rlbe

t he preparat|on target used in th spu Reess
pr edet erm ned t|o alon , or Au is mxed 25 with Ag and
el t o IR EEThE bR nEhe | RECT ErhatbotHmSRE ¢ i s 20

Fig. 3 is a schematic cross-section of a transmissive

ken_al ong the I|ne. \/-

TFT-LCD.
Fig. 4 is a schematic plan view showing the basic
structure of a single pixel of a transmissive TFT-LCD.
10 Fig. 5 is a schematic cross-section taken along the line

v-v' of Fig. 4.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the present invention will now
15 be described with reference to the accompanying drawings.

1. An embodiment of Ag alloy

In this embodiment, an Ag alloy is proposed to serve as a
wiring material according to the present invention. This alloy
contains Ag as the major component and shows good adhesion to

20 glass substrates and silicon wafers.

In particular, one example is described in which such an
alloy is produced by sputtering. First, we briefly describe
the preparation of a target esed in the sputtering process. At
a predetermined ratio, Zr, along with Ni, Mo, or Au, is mixed

25 with Ag and melted in a vacuum smelting furnace. The melt is

20



all owed to cool and harden and the hardened alloy is rolled into a plate,
which in turn is cut and abraded to forma target neasuring 4 inches in
di aneter. For sputtering, the target is nmounted on a backing plate of a
sputtering apparatus. 5 By the tinme the sputtering process using this
target is finished, a filmhas been deposited on a glass surface or a
silicon wafer. The performances of thin filns having different

conposi t ADNswad et 608BAL edndi hAra8s aNA! PRE . hdPgeh&§UL1 80 9T 1 5heo1 EAPAr i son
are shown in the table in Fig. 1, which contains 10 the Conpositions used,

conductiyitjie e k0, Tl d. .ot her ta,  _The conpesition of each
fiIn1mas¥%%%e$n$%%%gby&§%g&-%ggﬁuﬁﬂc%%a%% y%%$ %%ﬁ%ﬁ?dEﬁgcf?ﬁﬂ Probe

M cro-AnaI¥sis), and the  conductivity, of each filmwas determ ned by the
four probRt9St BeRARNELRI EatRCRes niNaQimBaker ed Hr I tRIEINGL iyt h i n
the scratch test and tape peel test. The apparatus used for the scratch

t est ‘wastatged- Ssrmvuht@dsper a( C8MEing Tlateeaf stspngtdrivag dpperatusd
under the follow ng conditions. 20 Scratch distance: 20 mm Scratch [oad: O

to 16 N pyogkereife dRe I\Eg PreSEAGt SHosPEEdis 20y "WH I Nt 9§ di anond

cone: 200 min dianmeter 25 After the scratch test using the above
Cond'tloffniéﬁﬁﬁ, a film has been deposited on a glass surface or a

silicon wafer. The performances of thin films having different
compositions are compared with one another. The results of the
comparison are shown in the table in Fig. 1, which contains

10 the compositions used, conductivities of the thin films and
other data.

The composition of each film was determined by an X-ray
microanalyzer (EPMA: Electron Prcbe Micro-Analysis), and the
conductivity of each film was determined by the four probe

15 technique.

Each film was measured for the peel strength in the
scratch test and tape peel test. The apparatus used for the
scratch test was Micro-Scratch Tester (CSME). The peel
strength was determined under the following conditions.

20 Scratch distance: 20 mm

Scratch load: 0 to 10 N

Load rate: 10 N/min

Scratch speed: 20 mm/min

Shape of diamond cone: 200 pum in diameter

25 After the scratch test using the above conditions, the
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21 sanple was observed with a light m croscope and the di stance between
the point where the glass substrate (wafer) or silicon was exposed (peel
point) and the starting point of scratching was neasured to determ ne the
peel load. 5 In the tape peel test, a Ilmmpitch grid is cut on the thin
filmwith a knife, and a strip of an adhesive tape is applied to the film
The tape is then peeled and the degree of peeling of the filmis

deter 1 ngd3B ESHL S OLoURER 9 JhE AELRASDek kol nd 55805 0"

I ndustrial Standards iJISQ The table in Fig. 1 shows six exanples in

whi ch di PEEYERR the| Boints ¥haEs Bheagdprpy srbshrateo (WaferingrofhéicRBt al s
to Ag, were used as the target in sputtering to deposit a filmon 15 a

gl ass suwasrexpoaad dpselipointafend theEstapténd-Roifth wvhssaddedhtiag( Ag +
Zr) to formthe target. In Exanple 1-3, N was added to (Ag + Zr), while

Al s addetntas(AGa gl detOrkXABDRe lpdel | fofuampl e 1°5, Pd was  added to
t he conp05|t|on where Au was added %Ag + Zr) shown 20 in Exanple 1-1. In

Exa | e 1-6, h £0onpos e wa dded 0 (Ag +
Zr) own in Egnm@ﬁeagggg IB‘?nieg% eggmﬂ&lé%$éﬁé%§%5|% é??en%t %f(SgN or

reater |eved each exa np peeling was observed on the 25
glass suBEf?af% w%Fb|€ohnﬁg?era? ?h%tfh%g ﬁe%?g?%%?31ve tape 1is

applied to the film. The tape is then peeled and the degree of
peeling of the film is determined as a measure of adhesion.

The scratch test and the tape peel test were performed

10 according to standards defined by Japanese Industrial
Standards (JIS).

The tablerin Fig. 1 shows six examples in which different
alloys, formed by adding Zr, Au, Co, Ni, and other metals to
Ag, were used as the target in sputtering to deposit a film on

15 a glass substrate and a silicon wafer.

In Example 1-2, Co was added to (Ag + Zr) to form the
target. In Example 1-3, Ni was added to (Ag + Z2r), while Al is
added to (Ag + 2Zr) in Example 1-4. In Example 1-5, Pd was
added to the composition where Au was added to (Ag + Zr) shown

20 in Example 1-1. In Example 1-6, Ru was added to the
composition where Au was added to (Ag + Zr) shown in Example
1-1.

In each example, the adhesion strength of 3 N or greater

was achieved. In each example, no peeling was observed on the
25 glass substrate or silicon wafer in the tape peel test.
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22 In Conparative Exanple 1-1, Ag was used alone. In this exanple, the
adhesion strength was 1 N or |ess and peeling was observed on each of the
gl ass substrate and the silicon wafer. Conparative Exanples 1-2 through 1-8
did not use Zr. 5 Peeling was observed on the glass substrate and the
silicon wafer in each of these exanples. Conparative Exanple 1-9, in which
Pd was added to Conparative Exanple 1-2, showed a | arge specific

resi stance and thus did not achieve the objective of the invention. In 10
addi tion, peel ImCompanbeiys ctrampifel gyl asko sibstuzsed. alexanplln this This
exanple is for reference and conprises a transnissive TFT-LCD in which an
exenpl argx#gpbé ) oyhef adihesipn esenéngtivenis on N SoriSkélss nahdiepgeling. wikil e
the basic 15 structure of transm ssive TFT-LCD has al ready been descri bed

W th 1efgledreed Okl §5ch 3ot OtRe YRS Uéukﬁ?é%’fﬁéié’ﬁd {hd B{ 1 BYEK Swh POE . Shown

in Figs. 3 to 5) are torned Iin attua production processes. First, an Ag
al l oy containi 1. 7wt % Zr_and 3. 5w % s .20 posited on a transparent
gl ass subst rat(g&i%?)rq ¥e tF¥AP LS ¢ ‘r%ﬁ@‘%‘fu%o’ogirfgﬁ MM Y¥petftic
resistance = 2.8 VQcm by using the high frequency sputtering technique.
The ProcResling was fobseved ?oorhe chbeyatskstidiee rand| thagsiliaens

subjected to a photo-etching process using an aqueous etching 25 solution
cont ai niwvagten t im ceach dof acie¢se examplesmnd phosphoric

Comparative Example 1-9, in which Pd was added to
Comparative Example 1-2, showed a large specific resistance
and thus did not achieve the objective of the invention. In

10 addition, peeling was observed on the glass substrate.
[Example 1-1]

This example is for reference and comprises a
transmissive TFT-LCD in which an exemplary Ag alloy of the
present invention is used in the wiring. While the basic

15 structure of transmissive TFT-LCD has already been described
with reference to Figs. 3 to 5, various protective
films/layers {not shown in Figs. 3 to 5) are formed in actual
production processes.

First, an Ag alloy containing 1.7wt% Zr and 3.5wt% Au is

20 deposited on a transpareﬁt glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 2.8 uQ+cm)
by using the high frequency sputtering technique. The process
is performed at room temperature. The resulting film is
subjected to a photo-etching process using an aqueous etching

25 solution containing nitric acid, acetic acid, ana phosphoric
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23 acid to forma gate electrode 34 and wirings for the gate electrode of
desired shape. Next, using the gl ow discharge CVD technique, a silicon

nitride (SiN,) filmto serve as the gate insulation filmis 5 deposited to
a filmthickness of 3000 angstrons. This is followed by the deposition of
a-Si:H(i) film38 to a film thickness of 3500 angstrons. As the discharge
gas, an SiH4 NH3- N2 gas and an Si H4- N2- based m xed gas are used for the

depositiQ?%?E?%gfoﬁﬁhh'?Lk%ggf?%@ﬁggé2§4aéé%:$K£in%éEgé?ggg%?%5£5pe0tiVely'

The Si N. I'S subfec chi'ng "usTn Brma

desired g{otective %a er,.for the channels. Using an Si H4- H2- PH3- based
m xed ga ,e%Brgggsf.F%ﬁ?l??@n§P§pethen deposited to a filmthickness of

3000 angstronms. 15 Subsequently, an Ag alloy containing 1. 7wt % Zr and
1. 7wt % Ni i s WePpositetngvihe t oy xdSichirge f¢VPn teckniquen tai skhissenof
0.3 pm (specific resistance = 3.4 pQcn) using the sputtering technique.

The processride pesiy)neilal vomaiveNRe alhy gatBhiindlwdids fien isibj ected
to a photo-etching process 20 using an aqueous etching solution containing

nitrisC agdsbsiBEEtES @Cfglma,(gﬁi@,ggé o5 ¢ 03%3#%%9&5@9 d8sid q[dsngattern of

a source electrode 32 and a drain electrod sequently,
a-Si:FKi%%iqu%f and the a-S§:H(n) filmare each etched into a desired
attern BtehE iPRR T Rty Qa2 T 2B (Ebnf ikt 3®ntqi 2 iR et chi ng
pe :
with an aqueous sol ution of
thickness of 3500 angstroms. As the discharge gas, an SiHs-
NH3-N; gas and an SiH4-N;-based mixed gas are used for the
deposition of the SiNy film 35 and the w~Si:H(i} film 38,
10 respectively. The SiNy film 35 is subjected to dry etching
using CFy gas to form a desired protective layer for the
channels.
Using an SiH4-H,~PH3;-based mixed gas, an o-Si:H(n) film is

then deposited to a film thickness of 3000 angstroms.

15 Subsequently, an Ag alloy containing 1.7wt% Zr and 1.7wt$% Ni

is deposited over the a-Si:H(n) film to a film thickness of
0.3 pum (specific resistance = 3.4 pQ:cm) using the sputtering
technique. The process is performed at room temperature.
This layer is then subjected to a photo-etching process
20 using an aqueous etching solution containing nitric acid,
acetic acid, and phosphoric acid to form a desired pattern of
a source electrode 32 and a drain electrode 36. Subsequently,
the o-Si:H({(i) film 38 and the a-Si:H(n) film are each etched
into a desired pattern using dry etching with CFy; gas in
25 conjunction with wet etching with an aqueous solution of
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24 hydrazine (NH2NH2' H20) Using the gl ow di scharge CVD techni que, a
silicon nitride (SIiN.) filmto serve as the gate insulation filmis then
deposited to a filmthickness of 3000 angstrons. As the discharge gas, an
Si H4-NH. 3-N2 gas is used for the 5 deposition of the SIN. film The SiN.
filmis then subjected to a photo-etching process by dry etching using CF4
gas to form an output port for the gate el ectrode 34, an output port for

the sourbpdeaeineodBHAR], HpO) a tUwrioughtHeolgd A0kl itsehares D elefiridgad,
connection between the drain electrode 36 and the 10 transparent el ectrode

20b. TheaAgiditeh giceifedessnobtaimead Jerddfy BMOHLL G IO AsMa to
clean the surface. Subsequently, an anorphous transparent conductive film

conposed I n | ngi Lgde,an | | | s.deposited_ _usjing the
put tor I Tt cent ool detdh P2 818 ELIE Ol SRneSs BPT I ToeniSkRdabTS
sintere bod%eof.l B-ZnO in which the atomc ratio of In/(ln+Zn) has
been adjt¥t B¥€ A1 BCRATIGHIRS, St 2R Mbad2 i S Fotmt et dnfPhetR@t hode of a
pl anar magnetron sputtering apparatus so that it can serve as the target.
Usi ng adepeelbigoncfatherSai drigen gfbecSaNai fiiliy &pptiven newledgcted| vol %
oxygen as the discharge gas, a filmfor transparent electrode 20b is

depositetbt® phbétbretdhikfiestoobsd dPPOsStERimg J¥End-CRY dld fHRGHd QN

anal ysis of the resulting 1n203-2Zn0O film showed no peaks, indicating that

Lhe Il Tofagut D" POPLSEo2 o HECgd £8 U1 80rddd B4 XTad TENERA 908 €' £SET 00e

the source electrode 32, and a through hole 40b to provide
electrical connection between the drain electrode 36 and the

10 transparent electrode 20b. The Ag alloy electrode so obtained
is then exposed to argon plasma to clean the surface.

Subsequently, an amorphous transparent conductive film

composed mainly of indium oxide and zinc oxide is deposited
using the sputtering technique. The target used for the

15 sputtering process is a sintered body of In;03-2n0O in which the
atomic ratio of In/(In+Zn) has been adjusted to 0.83. This
sintered body is mounted on the cathode of a planar magnetron
sputtering apparatus so that it can serve as the target. Using
a pure argon gas or an argon gas containing approximately

20 1lvol% oxygen as the discharge gas, a film for transparent
electrode 20b is deposited to a film thickness of 1200
angstroms. The X-ray diffraction analysis of the resulting
In;03-2n0 film showed no peaks, indicating that the film was
amorphous.

25 The resulting film for transparent electrode 20b was
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25 subjected to a photo-etching process using a 3.4wt % aqueous sol ution of
oxalic acid to forma desired pattern for pixel electrodes and output

el ectrodes. A black matrix pattern is then forned to conplete an a-Si TFT
substrate 14. This TFT 5 substrate 14 was used to make a TFT-LCD fl at

di splay. Video signals were provided to the display to confirmthat the

di spl ay had good performance. [Exanple 1-21 This exanple conprises a

ref|eCt|¥ﬁbIEEtE§Dtbn “ghBEOaEtcﬂQnﬁxﬁg§E§E¥ fgid |8y30?wEQ gﬁ%%ﬁ@t

invention iS used in th W ring SIc struc ure 0] ctive TFT-LCD
Is different, .fromthat.of the.t n155|v TET- In that a |
refIectlvgﬂgFégPrSEeoﬁglﬁgeacﬁﬂ t a?grgfat §SiFg sBﬁFEﬁFn gPécPﬂgﬁé 20b on
the TFT substrate 14 of the transm ssive TFT 15 LCD. Wile not shown in
Figs. 3 bestrodepoasdpputputi edectrpdsst ayerklagk mispotk teat teract sal
production processes. It is well known that reflective TFT-LCDs are

di ff er enthénobforineanssi asinpeetETahCRSSi IFMBBYbYAYSteaside Trpm the
el ectrodes. First, an Ag alloy containing 1.7wt% Zr and 3.5m % Au is 20

depos t eguBBt fatBansPREENLSELAES ﬁHfQétéaT?TlﬁéDtPlétf&ﬂﬁ%l%np' Ckpegso of 1500

angstrons (specific resistance = 2.8 C}c by using t gh frequency
tt d at t Th
esul t1 g pnree nHE, pFUTi BEaT eSS e nkoa SR BK BG FPRELEE HEFRotaR aqueous

etchin solutjon containing nitric aC|d acetlc aci d, and phosphoric
9 gfspfay had good perfgrmance P P

[Example 1-2]

This example comprises a reflective TFT-LCD in which an
exemplary Ag alloy of the present invention is used in the
wiring. The basic structure of reflective TFT-LCD is different
from that of the transmissive TFT-LCD in that a light
reflective electrode is used in place of the transparent
electrode 20b on the TFT substrate 14 of'the transmissive TFT-
LCD. While not shown in Figs. 3 to 5, various protective
films/layers are deposited in actual production processes. It
is well known that reflective TFT-LCDs are different from
transmissive TFT-LCDs in many ways, aside from the electrodes.

First, an Ag alloy containing 1.7wt% Zr and 3.5wt% Au is
deposited on a transparenf glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 2.8 uQ-cm)
by using the high frequency sputtering technique. The process
is performed at room temperature. The resulting film is
subjected to a photo-etching process using an aqueous etching
solution containing nitric acid, acetic acid, and phosphoric
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26 acid to forma gate electrode 34 and wirings for the gate electrode of
desired shape. Next, using the gl ow discharge CVD technique, a silicon
nitride (SiN.) filmto serve as the gate insulation filmis 5 deposited to
a filmthickness of 3000 angstrons. This is followed by the deposition of
(x-Si:H(i) film38 to a film thickness of 3500 angstrons. As the discharge
gas, an SiH4- NH3-N2 gas and an Si H4- N2- based m xed gas are used for the
deposition of the SIN. film35 and the (x-Si:H(i) film 38, 10 respectively.
The Si N, 3Gidmtes fiodms ghjgatee @ LegtaogecBdhiang wisilngsCEprgadet gater m a
desired protective layer for the channels. Using an Si H4- H2- PH3- ba' sed

m xed gasleatrads of mesfiiden ishapehen deposited to a fil mthickness of 3000
angstrons. 15 Subsequently, an Ag alloy containing 1. 7wt % Zr and 1. 7wt % Ni

i s deposited owekt,hasang theny1bivl Bitenarbil BvbhiekRasSuel 20s31RR0
(specific resistance = 3.4 ~Q-cn) using thé sputtering ‘technique. The

process | ryf.or t e ture,, Subsequent | an_a hous
transpargﬁFggg%ngﬁgﬁg ?%?ﬁrkéogggﬁgogédt%%i%?§e0$n?%%?5h?%x£giﬂaﬁa zi nc
oxi de_is deposited usinﬁ the sputtering technique. This layer is then
subj ett e§ePISAtEALLS- 8t LRilAg thickeess Qdi A§04nangsEaamSet cRRAY 81 uti on
containing nitric acid, acetic acid, and phosphoric acid to forma desired
pattern dbl2bwadsbuyr theedepbsddéol2odnd-gidHdin €hemt B8dec36. fIuhsequently,
thickness of 3500 angstroms. As the discharge gas, an SiH4-
NH3-N; gas and an SiH4-N;-based mixed gas are used for the
deposition of the SiN, film 35 and the a-Si:H(i) film 38,
10 respectively. The SiNy; film 35 is subjected to dry etching
using CFsy gas to form a desired protective layer for the
channels.
Using an SiH.-H,-PH3;~based mixed gas, an o-Si:H(n) film is

then deposited to a film thickness of 3000 angstroms.

15 Subsequently, an Ag alloy containing 1.7wt% Zr and 1.7wt% Ni
is deposited over the o-Si:H(n) film to a film thickness of
0.3 pm (specific resistance = 3.4 pQ-cm) using the sputtering
technique. The process is performed at room temperature.

Subsequently, an amorphous transparent conductive film

20 composed mainly of indium oxide and zinc oxide is deposited
using the sputtering technique.

This layer is then subjected to a photo-etching process
using an aqueous etching solution containing nitric acid,
acetic acid, and phosphoric acid to form a desired pattern of

25 a source electrode 32 and a drain electrode 36. Subsequently,
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27 the cc-Si:H(i) film38 and the (x-Si:H(n) filmare each etched into a
desired pattern using dry etching wwth CF4 gas in conjunction wth wet
etching with hydrazine (NH2NH2- H20) . Using the glow di scharge CVD
technique, a silicon nitride (SiN,,) film5 to serve as the gate insulation
filmis then deposited to a filmthickness of 3000 angstrons. As the

di scharge gas, an Si H4-NH3-N2 gas is used for the deposition of the SiN

film The SIN,_, filmis then subjected to a photo-etching process b dry
etching GE8Bng-EFAHJdd £d1lmodh ardothgut-Fért (por fipm aaﬁeef@he@é@ﬁﬂ@éﬁe 34,
an output port for the source electrode 32, and a through hole 40b to
provi de &n&et pi dasiceAnpettennbusweendrivhetghang wisht £6deg3% md t he
transparent el ectrode 20b. The Ag alloy electrode so obtained is then

exposed tenjugefiphawi®h Wwetckeanihfewsuhf Bo8ra2dnSURREGNIRIVH,Y) .amsbga?l | oy
containing 1. 7wt % Zr and 3.5w % Au is deposited to a filmthickness of 0.2

W (Speciﬁécg%?ﬁshigégt‘ﬁgé évh £d2hRThuls! %ggﬁ’ﬁcéﬁuf&%ﬁ:&ﬂg 48GRD| AHeym The

process is p or me room tenperature. Subsequently, an anorpgous
oxi 43 | s CHeBBEPPeR® KEPng=FRe aRlLPERPRGTRORNAF qLESP THEPPRRER Ged for t he
sputtering_process is a sintered body of 1n203-ZnO in which the atomc
rati o of TEAM( ERigkneRgasobedR0AdpNIEEHOME . 0. 53 thdi dlsehan e R HodNi s
nount ed on the cathode of a planar nagnetron 25 sputtering apparatus so
that it BaH,<9#iydN.agabhést asgdt fodsthg deposition of the SiNy film.
The SiNyx film is then subjected to a photo-etching process by
dry etching using CF4 gas to form an output port for the gafe
10 electrode 34, an output port for the source electrode 32, and
a through hole 40b to provide electrical connection between
the drain electrode 36 and the transparent electrode 20b. The
Ag alloy electrode so obtained is then exposed to argon plasma
to clean the surface.
15 Subsequently, an Ag alloy containing 1.7wt% Zr and 3.5wt#%
Au is deposited to a film thickness of 0.2 pum (specific
resistance = 2.8 uQl'cm) using the sputtering technique. The
process is performed at room temperature.
Subsequently, an amorphous transparent conductive film
20 composed mainly of indium oxide and zinc oxide is deposited
using the sputtering technique. The target used for the
sputtering process is a sintered body of Inz03-ZnO in which the
atomic ratio of In/(In+Zn) has been adjusted to 0.83. This
sintered body is mounted on the cathode of a planar magnetron

25 sputtering apparatus so that it can serve as the target. Using
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28 a pure argon gas or an argon gas containing approximately |vol % oxygen
as the discharge gas, a filmfor transparent electrode 20b is deposited to
a filmthickness of 1200 angstronms. The X-ray diffraction analysis of the
resulting 5 1n203-ZnO f il mshowed no peaks, indicating that the filmwas
anor phous. To forma desired pattern for reflective pixel electrodes and
out put electrodes, the resulting filmfor transparent electrode 20b was
subj ect ed poranazgoaoyssebthiang asgbut gas tneaAhangi BBpRokinatadiyd, acetic
acid, and phosphoric acid, which had had its concentration adjusted so
that it geul t alyls r d the.hndi Lde- zi oxi de

| ayer at gﬁgeg&iaﬁfagﬁ #gfrpiggg%?égnggg'the%lpgrﬁég]?ghggﬁ% % 5 an a- 15
Si TFT su rate 14,.Thi,s TFT substrate 14 was used to make a TFT-LCD fl at
i pl ay. CURGEEORAAPS R PEPEROVEHed0: B EHATIEERERPSES ConEOM t hat Lhe

di spl ay had good performance. [Exanple 1-3] This exanple is for reference
and conpPREESramsubsThet%¥-ray dofinaghive aalbesiseof nthwi césabt engnpl ary
Ag alloy of the present invention is used in the wiring. A conductive

met al5 oxildg0f-And vidd ndepesiddethd pdakes , SaAMRlidmIMY tdat RheXaing whsl. The
filmwas deposited to a thickness of 300 angstrons using the sputtering

t echni qugmbkrphods.a target made of |n203-ZnO The atomc ratio of In/

(I n+Zn) had

To form a desired pattern for reflective pixel electfodes
and output electrodes, the resulting film for transparent
electrode 20b was subjected to an aqueous etching solution

10 containing nitric acid, acetic acid, and phosphoric acid,
which had had its concentration adjusted so that it could etch
the Ag alloy layer and the indium oxide-zinc oxide layer at

once.

A black matrix pattern is then formed to complete an a-

15 SiTFT substrate 14. This TFT substrate 14 was used to make a
TET—LCD flat display. Video signals were provided to the
display to confirm that the display had good performance.
[Example 1-3]}

This example is for reference and comprises a substrate

20 for organic EL device in which an exemplary Ag alloy of the
present invention is used in the wiring.
A conductive metal oxide film was deposited in the same

manner as in Example 1-1. The film was deposited to a

thickness of 300 angstroms using the sputtering technique with
25 a target made of In;0;-Zn0. The atomic ratio of In/(In+Zn) had
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29 been adjusted to 0.83. Thus, this conductive nmetal oxide film
corresponds to the transparent el ectrode described in Exanple 1-1. Exanple
1-3 is characteristic in that the conposition of 5 the conductive netal
oxide filmcontains Pd in an amount of 3 atomc %wth respect to the total
amount of netals. The work function of this conductive filmwas

determ ned, by an atnospheric-ultraviolet photoel ectron spectroneter

(AC- 1, RderndeidtiedCtqg 0Lt&R.), ThashethiB5ceXduindiveameng lt batideh& il
conductive filmhad desirable properties for use as an anode of an organic
EL devi ¢orr\®idcnd?d teRs-Hes ] | , : Lar | so be
used. Wen usgd, t hese net g%sdﬁg%?of)ﬁggr%%%g%%n& 11&%"@%V and
5.61 qu_respectiver. Thus, each proved 15 to have desirable properties
for use "as ‘an anode of an organic EL device. 2. An enbodi nent of Cu all oy
In this enbodinent, a _Cu alloy is proposed to serve as a wring materi al
accordi ng to tH@Mplesdm3 Sy ShairgsteTiiss ig Loy thas &bt siomposy tdon i€ maj or
conmponent and shows good adhesion to glass substrates and silicon wafers.

I n partitée sondued iscameiteli oxdeec filled dontwliingh Peludn am axldueyt icf @ oduced
by sputtering. First, we briefly describe the preparation of a target used
in tge altmﬁam;a?r i%ngairtrrpcz%%%ed&t 25 thePetalehifonsd bat taAl . anghar wERKi S

m xed w an

function of this conductive film was determined, by an
atmospheric-ultraviolet photoelectron spectrometer (AC-1,
Riken Keiki Col, Ltd.), to be 5.65 eV, indicating that the

10 conductive film had desirable properties for use as an anode
of an organic EL device.

While Pd was used in this example, Ru, Re, and Ir may
also be used. When used, these metals gave work functions of
5.51 eV, 5.63 eV and 5.61 eV, respectively. Thus, each proved

15 to have desirable properties for use as an anode of an organic
EL device.

2. An embodiment of Cu alloy

In this embodiment, a Cu alloy is proposed to serve as a

wiring material according to the present invention. This alloy
20 contains Cu as the major component and shows good adhesion to
glass substrates and silicon wafers.

In particular, one example is described in which such an
alloy is produced by sputtering. First, we briefly describe
the preparation of a target used in the sputtering process. At

25 a predetermined ratio, Au and/or Co is mixed with Cu and
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30 nelted in a vacuum snelting furnace. The nelt is allowed to cool and
harden and the hardened alloy is rolled into a plate, which in turn is cut
and abraded to forma target neasuring 4 inches in diameter. For
sputtering, the target is nmounted on a 5 backing plate of a sputtering
apparatus. By the time the sputtering process using this target is
finished, a filmhas been deposited on a glass surface or a silicon wafer.

The per f s [B&g§esn 0§ G&M'éﬂ@l@ﬁﬂ%“ﬁu%&é@re@he GRIROSId | QNS UL tﬁ&”par ed

wi th one another. The results of t conpari son are shomn I'n the table

in Fig Th 15 cont nposj tions of ets used, film
thlcknesées %%%2% g%e?e%?%tgg%sgar ?ﬁ§$f ii?%s+§t5$%t e§|8ﬁate'
strengt hs, the results of the tape peel test and other data Each fil m was
deposi t eHEN r Hont L ERphS af ik AN 1P ERARMDSER | BT cbRTIST | Meadiar Hed ef i ned
by an X-ray mcroanalyzer (EPVMA: El ectron Probe Mcro-analysis), and the
conduct i inches neasdianetesi stBamnc epartd espiegy, f ither esirsfednde) nafunteatorf id m
was determ ned by the four probe technique. The peel strength of each film

was det a5 ety Usldge So20a Sépiht Bér 118§ ipshea ang, cedithieonS red ttose used in

t he above- descrlbed enbodi ment of Ag all oy. Each iImwas tested in the
0 octp S e oo A LRI o S LR, 1 HIg g
been deposited on a glass surface or a silicon wafer.

The performances of thin films having different
compositions are compared with one another. The results of the

10 comparison are shown in the table in Fig. 2. The table
contains the compositions of the targets used, film
thicknesses, measured resistances, specific resistances,
adhesion strengths, the results of the tape peel test and
other data. Each film was deposited at room temperature.

15 The composition of each film was determined by an X-ray
microanalyzer (EPMA: Electron Probe Micro-analysis), and the
conductivity (measured resistance and specific resistance) of
each film was determined by the four probe technique.

The peel strength of each film was determined using a

20 similar technique and conditions to those used in the above-
described embodiment of Ag alloy.

Each film was tested in the tape peel test using a
similar technique and conditions to those used in the above-
described embodiment of Ag alloy. The table in Fig. 2 shows

25 the number of lmmxlmm tape pieces out of 100 that came off.
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25 the nunber of | mxl mm tape pieces out of 100 that came off. 31 5 The
scratch test and the tape peel test were perforned according to standards
"defined by Japanese Industrial Standards (JIS). [Basic Exanples] The table
in Fig. 2 shows total of six exanples: exanples in which the target was
conposed of Cu with Au added; exanples in which the target was conposed of
Cu with Co added; and exanples in which the target was conposed of Cu with

Au and Co bot h,added._ln each exampl,e, .one of t above-described all oys

10 w5 ueed asTiheS AR Trer HAL Ul e et St iy Ko HOThE A
filmon a glass substrate or a silicon wafer. In Exanples 2-1 and 2-2, the
target fRFCPEFHRAGES hetpdards i def werd dovplrrRanete dPdrshr il added. The
targets of Exanples 2-1 and 2-2 contained Au in anounts of 4. Owm % and

1. 7% 155tangpeeds vellS) In Exanple 2-1, the specific resistance was
determned to be 3.8 1JZ cm The adhesion strength was 5.72 N for the
glass spibsiiatExansissH8 N for the silicon wafer. The results of the tape
peel test indicate that no peeling was observed for the 20 gl ass substrate

and @nly two . pi SRR S 14 er
Exarrgl e.2-2, ?ﬁ;ee g%)ae%%)iicﬁfgls 'ste%ﬁ%é was eJtler&r#ﬁse téo e 2.9 ?XAL %:%15 The
adhesi on, strength was_4.37 N for the SS

in whi the target was compoégéiof Cu with Au added; examples
in which the target was composed of Cu with Co added; and
examples in which the target was composed of Cu with Au and Co
both added. In each example, one of the above-described alloys
was used as the target that was subjected to sputtering to
deposit a film on a glass substrate or a silicon wafer.

In Examples 2-1 and 2-2, the target for forming the thin
film was composed of Cu with Au added. The targets of Examples
2-1 and 2-~-2 contained Au in amounts of 4.0wt% and 1.7%,
respectively.

In Example 2-1, the specific resistance was determined to
be 3.8 uQcm. The adhesion strength was 5.72 N for the glass
substrate and 3.48 N for the silicon wafer. The results of the
tape peel test indicate that no peeling was observed for the
glass substrate and only two out of 100 tape pieces came off
the silicon wafer.

In Example 2-2, the specific resistance was determined to
be 2.9 pQQ*cm. The adhesion strength was 4.37 N foF the glass
substrate and 3.12 N for the silicon wafer. The results of the

tape peel test indicate that no peeling was observed for the
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substrate and 3.12 N for the silicon wafer. The results of the 25 tape peel
test indicate that no peeling was observed for the 32 glass substrate and
only five out of 100 tape pieces cane off the silicon wafer. In Exanples
2-3 and 2-4, the Cu target for formng the thin filmcontained Co.
Specifically, the targets of Exanples 5 2-3 and 2-4 contained Co in
anopunts of 3. 7wt % and 4.8% respectively. In Exanple 2-3, the specific

resi st angea 3¥iss s eF i dieghd onbe 258 KB Ty adliesioneald %@ YBF 5. 54

N for the glass substrate and 3.65 N for the silicon wafer. results of

the 10 tgpe t ndi cate that no peeling was observed for the gl ass
substrate an%eﬁe%érgﬁa%%d'loo tape pieces cane off the silicon wafer. In

Exanpl e 2-4, the specific resistance was determined to be 3.2 t) cm The
adhesi on st rengdt If g N 1 tdd gItdss Cu darasd ok aminesghe for the
silicon wafer. The results of the tape peel test indicate that no peeling
was obsdihvied Fighm t¢antajinest Gubstpacdfacdlign tbe thrgedst afe Exampdescane
off the silicon wafer. In Exanples 2-5 and 2-6, the Cu target for formng

the 520 248 marfd |29 & agrat Atk \LCANh GnouBRACidf GRlTwts thei target of  Exanple
2-5 contained Au and Co in anmounts of 2.3wt% and 2.7% respectively. The
target ofedocaipilgei4; 6 contained Au and Co in anmounts of 1.2%and 4.2%
respectively.

In Example 2-3, the specific resistance was determined to
be 2.9 uQl‘cm. The adhesion strength was 5.54 N for the glass
substrate and 3.65 N for the silicon wafer. The results of the

16 tape peel test indicate that no peeling was observed for the
glass substrate and ten out of 100 tape pieces came off the
silicon wafer.

In Example 2-4, the specific resistance was determined to
be 3.2 pQ cm. The adhesion strength was 5.68 N for the glass

15 substrate and 3.68 N for the silicon wafer. The results of the
tape peel test indicate that no peeling was observed for the
glass substrate and ten out of 100 tape pieces came off the
silicon wafer.

In Examples 2-5 and 2-6, the Cu target for forming the

20 thin film contained Au and Co. Specifically, the target of
Example 2-5 contained Au and Co in amounts of 2.3wt% and 2.7%,
respectively. The target of Example 2-6 contained Au and Co in
amounts of 1.2% and 4.2%, respectively.

In Example 2-5, the specific resistance was determined to

25 be 3.9 uQYrcm. The adhesion strength was 5.52 N for the glass
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In Exanple 2-5, the specific resistance was determned to 25, be 3.9 11
cm The adhesion strength was 5.52 N for the glass 33 substrate and 3.54 N
for the silicon wafer. The results of the tape peel test indicate that no
peel i ng was observed in the glass substrate or in the silicon wafer. In
Exanpl e 2-6, the specific resistance was determned to 5 be 4.0 pQcm The
adhesion strength was 5.31 N for the glass substrate and 3.07 N for the

silicon fer. The_ resul f.the ., tape peel test indicate that no_ peeling
was obse%@té%t’f%t?h ngg?%éi @u%%? e %’rlf‘ﬁm? HEALET i cIRendieaulyscopdiif i ve
Exanpl es] 10 The table of Fig. 2 also contains Conparative Exanples 2- 1

t hr ough 22Re fReek okt | bodionte Bt meEeen) g deae rétheer vedoim. the

Conpar ative Exanple 2-1 was conposed only of Cu. In this Conparative
Exanpl e dlashesulpecrdte sesistanees bscoletwifened 15 to be 4.0 ~LQ cm The
adhesion strength was 0.1 N or less for each of the glass substrate and

the silicon waferg t f 4 | ndi e that all of
t he one hundre E’Exaap p% g%le}ég ztahnéé s(#%%lacg}c%%§t#rﬁc;et g"{%sgs&eg% o lr%ﬁ%a%%d
the _silico fer. 20 I n Conpparative Exanple 2-2, the Cu target for

f or Png Rhe - 4 S 91 mTen BANRSd OF. GHERPELR WaSt -3 IoMpAma e Fhasifl o

2-2, the specific resistance was determned to be 10.1 ~VQ cm The
adhesi orS'\RFterRfith ard .65 W for the i ldwensmafient eTaed resedts of the

tape peel test indicate that no peeling was observed in the
glass substrate or in the silicon wafer.
[Comparative Examples]

10 The table of Fig. 2 also contains Comparative Examples 2-
1 through 2-9 for comparison with Basic Examples described
above.

Comparative Example 2-1 was composed only of Cu. In this
Comparative Example 1, the specific resistance was determined

15 to be 4.0 puQ-cm. The adhesion strength was 0.1 N or less for
each of the glass substrate and the silicon wafer. The results
of the tape peel test indicate that all of the one hundred
tape pieces came off in each of the glass substrate and the
silicon wafer.

20 In Comparative Example 2-2, the Cu target for forming the
thin film contained 3.0wt% Zr. In this Comparative Example 2-2,
the specific resistance was determined to be 10.1 pQ+cm. The
adhesion strength was 0.65 N for the glass substrate and 1.64
N for the silicon wafer. The results of the tape peel test

25 indicate that twelve cut of 100 tape pieces came off the glass
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N for the silicon wafer. The results of the tape peel test 25 indicate that
twel ve out of 100 tape pieces cane off the glass 34 substrate and 40 pi eces
came off the silicon wafer. In Conparative Exanple 2-3, the Cu target for
forming the thin filmcontained 1.9WM% N . In this Conparative Exanple
2-3, the specific resistance was determned to be 8.9 Ji cm The 5
adhesion strength was 0.24 N for the glass substrate and 1.41 N for the

silicon Mﬂbgtraﬁheaﬁésﬂbt§1@Ee§h§aﬁép§fﬁe§het§§11cbﬁdh8959 that all of the
one hundred tape pieces cane off the glass substrate and 30 pieces cane

ff th I

for i nS the Cipninribere bt TRRALY L HEBIE G reatdSe hapardEnindErtnp o
2-4, e iIC re i st anc s_determined to be 11.1 Q cm The_ adhesion
2t ongt nEnEB LR RPREaThRE T, KRR CRh et 118 cthie Gomaanatiye | Reampleagns,

wafer. The results of the tape peel test indicate that all of the one
hundr ed th@espitetficcoeristédntbewaddotassisedsts ave ang H0Q-pnecesheanme of f
the silicon wafer. In Conparative Exanple 2-5, the Cu target for formng

the 5thiadfiésiorost aength Gudst §624. N fot hilse GPIPSE abunySt FXEE8PAEA21541 the
specific resistance was determned to be 9.0 1'cm The adhesion strength

was 0. 79{0"%$Prtﬁé‘esﬂiﬁétﬁn3&'§§éfat h%ncie%uﬁl g)cf\loalt%r(}fa%%og:lé[é cqrypfer. The

results of the tape peel test cate t ape pl eces cane
of f the ?@tra%fl g %ﬁe |ecesuc qg off the S|Iécg£mge£§£ tﬂg
Conpar at (Mgeturdred SraRhP i
glass substrate and 30 pieces came off the silicon wafer.
In Comparative Example 2-4, the Cu target for forming the
10 thin film contained 5.4wt% Al. In this Comparative Example 2-4,
the specific resistance was determined to be 11.1 uQr-cm. The
adhesion strength was 0.13 N for the glass substrate and 1.71
N for the silicon wafer. The results of the tape peel test
indicate that all of the one hundred tape pieces came off the
15 glass substrate and 50 pieces came off the silicon wafer.
In Comparative Example 2-5, the Cu target for forming the
thin film contained 6.5wt% In. In this Comparative Example 2-5,
the specific resistance was determined to be 9.0 uQ+cm. The
adhesion strength was 0.73 N for the glass substrate and 0.82
20 N for the silicon wafer. The results of the tape peel test
indicate that 20 out of 100 tape pieces came off the glass
substrate and 30 pieces came off the silicon wafer.
In Comparative Example 2-6, the Cu target for forming the
thin film contained 2.8wt% Bi. In this Comparative Example 2-6,
25 the specific resistance was determined to be 10.2 puQ-<cm. The
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thin filmcontained 2.Bmt % Bi. In this Conparative Exanple 2-6, 25 the
specific resistance was determ ned to be 10.2 pQm The 35 adhesion
strength was 0.62 N for the glass substrate and 0.94 N for the silicon
wafer. The results of the tape peel test indicate that all of the one
hundred tape pieces canme off in each of the glass substrate and the
silicon wafer. 5 In Conparative Exanple 2-7, the Cu target for formng the

thin filaaeeston nefrdndth %S9 0 60 tlhi So LOMMAr fLd e mﬁé&@- nd & 64
p.0

specific resistance was determned to be 46.6 -cm The adhesion

strengt hy Wasr O SS qsubstrate a 4. N for the silicon
waf er. The resulf)et?sé\io P‘%%%“?%%%ﬁbeé[?{ét Z&S%l o] i%%d?%%t é:aﬁ?atpeﬁ %% he one
hundred tape pieces cane off in each of the glass substrate and the
silicon Jv%cfjeqa?tef ntei'&%paraf]atci’ s R g’%%‘feq HARS REAGRY FHre fof iy the
thin filmcontained 1.2wt% Ti. In this Conparative Exanple 2-8, the
speci fi FEsi sk dite WS st rate tandahe BiHLi@amwaler 15 adhesi on
strength was 0.47 N for the glass substrate and 0.78 N for the silicon

waf eb. The redld tCongfaddte daaExapgdle tost, thdiGateddmat 4 ﬂarr&ihﬂ;h%}ee
hundred tape pieces came off in each of the glass substrate and the

silicon waferes I CohpRadd v fgg%¢§ 29, . for ) the
20 thin ﬁi‘lk?llriranfclolr{l'?ai ned 1%%%102 W In r1?'hi -SI%Cottnh}pl%r gﬁ“@?@eﬂ{ﬁ eEW@?%eﬂ
speci fi ﬁ: resi stance was deternmned to be 21.5 [LQ-cm The adhesion

st rengt FRSREAFAN T THRNGH 485 dRIQTHned i@ derdi61¢ 2 ehe NS con

wafer. The results of the tape peel test
adhesion strength was 0.53 N for the glass substrate and 0.64

N for the silicon wafer. The results of the tape peel test
10 indicate that all of the one hundred tape pieces came off in
each of the glass substrate and the silicon wafer.
In Comparative Example 2-8, the Cu target for forming the
thin film contained 1.2wt% Ti. In this Comparative Example 2-8,
the specific resistance was determined to be 4.5 puQ-cm. The
15 adhesion strength was 0.47 N for the glass substrate and 0.78
N for the silicon wafer. The results of the tape peel test
indicate that all of the one hundred tape pieces came off in
each of the glass substrate and the silicon wafer.
In Comparative Example 2-9, the Cu target for forming the
20 thin film contained 1.6wt% W. In this Comparative Example 2-9,
the specific resistance was determined to be 21.5 uQl*cm. The
adhesion strength was 0.4d7? N for the glass substrate and 0.78
N for the silicon wafer. The results of the tape peel test
indicate that all of the one hundred tape pieces came off in
25 each of the glass substrate and the silicon wafer.
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indicate that all of the one hundred tape pieces cane off in 25 each of the
gl ass substrate and the silicon wafer. 36 [Application Exanpl es]

[ Application Exanple 2-11 This exanple is for reference and conprises a
transm ssive TFT-LCD in which an exenplary Cu alloy of the 5 present

I nvention is used in the wiring. Wile the basic 10 structure of

transm ssive TFT-LCD has al ready been described wth reference to Figs. 3

to 5, va Aou . rg&ect've il ms/layers (not shown in Figs. 3 to 5) are

f or med iL—%@iﬁgi——%ﬂegﬁﬁﬁﬂiﬁ§grocesses. First, a Cu alloy containing 2.3wm %
Au. and 2. 7wt % Co is _deposited on a transparent glass substrate 18b to a
film thiRRPEsgabionsBrRampyet 2okb (specific resistance = 3.9 [LQ*cm) by
usi ng the high frequency sputtering technique. The resulting filmis

subj ected to arlphetexatphe nys pfocessfeisemde ldndncanpPnsewn per sul f at e- based
aqueous etching solution to form a gate electrode 34 and wirings for the

| . . i h i | h D
gate el eetaRai okivaosttofcanep N lan ﬁ*ﬁ%ﬁ%@ﬁf@ggﬁ%g

technique, a silicon nitride (SN e I'nsul ation

8,2 PR ERCBAA 2 LRGSR oL, 3000 AR P TN 1
3500 angg%;gggﬁrgso rfégggﬁfgggge a?T—f%bsigﬁJalready been described
with reference to Figs. 3 to 5, various protective
films/layers (not shown in Figs. 3 to 5) are formed in actual
production processes.

10 First, a Cu alloy containing 2.3wt% Au and 2.7wt% Co is
deposited on a transparent glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 3.9 pQ-cm)
by using the high frequency sputtering technique. The
resulting film is subjected to a photo-etching process using

15 an ammonium persulfate-based aqueous etching solution to form
a gate electrode 34 and wirings for the gate electrode of
desired shape.

Next, using the glow discharge CVD technique, a silicon
nitride (SiNy) film to serve as the gate insulation film is

20 deposited to a film thickness of 3000 angstroms. This is
followed by the deposition of a-Si:H(i) film 38 to a film
thickness of 3500 angstroms. As the discharge gas, an SiH;-
NH3;-N; gas and an SiH4-N;-based mixed gas are used for the
deposition of the SiN, film 35 and the a-Si:H({i) film 38,

25 respectively. The SiN, film 35 is subjected to dry etching
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NH3- N2 gas and an Si H4- N2- based m xed gas are used for the deposition of
the SiINk film35 and the (x-Si:H(i) film38, 25 respectively. The SiN. film
35 is subjected to dry etching 37 using CF4 gas to forma desired
protective layer for the channels. Using an Si H4- H2- PH3- based m xed gas,

an a-Si:H(n) filmis then deposited to a filmthickness of 3000 angstrons.
5 Subsequently, a Cu alloy containing 1.2wt % Au and 4.2wm % Co i s deposited

he, &Sk : fi log ta a filmthi f, .0, 3 i £ i st
2 o af SR B e | SR B Y sl R o et at

roomtenperature. This layer is then subjected to a photo-etching process
10 usingﬁgﬂngghﬁous et ching solution containing hydrochloric acid,

pot assi um hydr ogen peroxysul fate, and hydrofluoric acid to forma desired
pattern of a dbuirce &l il ede-BR;-ubed diidiet @lssctarpde-$56:H GUbseOuenisy,
the a-Si:H(i) film38 and the a- Si:H(n) filmare each etched into a

desired fredn eddporsi g dfy & 5f £l i widds G TR ia[hlf)&}d%ﬁgl ion wth wet
etching with an aqueous solution of hydrazine (NH2ZNH2H2O). Usi ng the gl ow

di g%% &ﬁy& : j11.c0 i tride (Si filmt V. S the
[ Ingﬁlgg{ %Jn T l'r(m 'S 'ﬂ;hﬁ cep%isil(%)éd&f eérler{ol\clheq (]t'oé\wbét)# iz*umarfcgi%?n"’e& (g? 3900
angstronp. As, the discharge gas, an SiH4 20 NH3-N2 gas is used for the
deposi t i BPFL L YNk Fhe rﬁ-l%é*' (g A 147 i& fiHem thigfknesy ob &3

phot o- et ching process by dry etching using CF4 gas to form an output port
for the Watepecific resistance = 4.0 pQ-+cm) using the sputtering

technique. The process is performed at room temperature.
This layér is then subjected to a photo-etching process

10 using an aqueous etching solution containing hydrochloric acid,
potassium hydrogen peroxysulfate, and hydrofluoric aéid to
form a desired pattern of a source electrode 32 and a drain
electrode 36. Subsequently, the a-Si:H(i) film 38 and the a-
Si:H(n) film are each etched into a desired pattern using dry

15 etching with CFy gas in conjunction with wet etching with an
aqueous solution of hydrazine (NHp;NH;*H;0). Using the glow
discharge CVD technique, a silicon nitride (SiN,)} film to serve
as the insulation film is then deposited thereover to a film
thickness of 3000 angstroms. As the discharge gas, an SiHs—

20 NH3-N; gas is used for the deposition of the SiNy; film. The
SiNy film is then subjected to a photo-etching process by dry
etching using CFy; gas to form an output port for the gate
electrode 34, an output port for the source electrode 32, and
a through hole 40b to provide electrical connection between

25 the drain electrode 36 and the transparent electrode 20b. The
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el ectrode 34, an output port for the source electrode 32, and a through
hol e 40b to provide el ectrical connection between 25 the drain el ectrode 36
and the transparent el ectrode 20b. The 38 Cu alloy electrode so obtained is
t hen exposed to argon plasma to clean the surface. Subsequently, an

anor phous transparent conductive film conposed mainly of indium oxide and
zinc oxide is deposited 5 using the sputtering techni que. The target used

for the u S LS i ntered bod In2 -ZnO in which the
atonic ré |%ig }€?ﬁ£3§? h%sg%€ hn%ﬁjh§t%%g? Th?sarg?htﬁtéamﬁody
I's mounted on the cat hode of a planar magnetron sputtering apparatus so
that it tanckedRethe spefageget. Using 10 a pure argon gas or an argon gas
cont ai ni ng approximately |vol % oxygen as the discharge gas, a filmfor

transparent efweiequentDy, | an depophad torandpd medthi cdisst Dfe 1200m
angstronms. The X-ray diffraction anal ysis of the resulting 1n2G3-ZnO film

shovwed neomesksd rhai‘ﬁhP?tcbf‘QiﬁdPﬁEmt&?iée 'eﬁt 1nd SR pilﬁot%pJ%‘fﬁéc?s“' ting

filmfor transparent el ectrode 20b was ected to a I ng

proc ss % Ueous, sol ution f X aci d to forma desired
pat t gr n rﬂ%i xe% % s STEHI Bt Tgi e%larr&ﬁ’ s SR Eo th& ri x pattern
s 20 then formed to conp Iete an ot-Si TFT substrate 14. This TFT substrate
14 was tﬁé‘éﬁi%‘-’#ﬁkd’@qffﬁlﬁ Licb 3 | siknteRgsd edwiafeo n8sghnPsinewbiphothéed to

the display to confirmthat the
atomic ratio of In/{In+Zn) has been adjusted to 0.83. This

sintered body is mounted on the cathode of a planar magnetron
sputtering apparatus so that it can serve as the target. Using

10 a pure argon gas or an argon gas containing approximately
lvol% oxygen as the discharge gas, a film for transparent
electrode 20b is deposited to a film thickness of 1200
angstroms. The X-ray diffraction analysis of the resulting
In;03~-2n0 film showed no peaks, indicating that the film was

15 amorphous.

The resulting film for transparent electrode 20b was
subjected to a photo-etching process using a 3.4wt$% aqueous
solution of oxalic acid to form a desired pattern for pixel
electrodes and output electrodes. A black matrix pattern is

20 then formed to complete an o-SiTFT substrate 14. This TFT
substrate 14 was used to make a TFT-LCD flat display. Video
signals were provided to the display to confirm that the
display had good performance.

(Application Example 2-2]
25 This example comprises a reflective TFT-LCD in which an
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di spl ay had good performance. [Application Exanple 2-2] 25 This exanple
conprises a reflective TFT-LCD in which an 39 exenplary Cu alloy of the
present invention is used in the wring. The basic structure of reflective
TFT-LCD is different fromthat of the transm ssive TFT-LCD in that a |ight
reflective electrode is used in place of the transparent 5 el ectrode 20b on
the TFT substrate 14 of the transm ssive TFT- LCD. Wile not shown in Figs.

3105 ¥nengusrProacstivg of LA/ bAYELS: ALy aRERSL o0 hB.gCIHALpRr oduct ion
|1 |

processes. It is we known that reflective TFT- are erent from

transm ssj FT ' i s, aside fro .thegglﬂ trodes. 10 First, a
Cu al oflé%:%ﬁ? i n?ﬁ%%ﬁu’r anﬁmf 'P%t %eé}qc 1V s’ﬁe ort af“t&%ﬁﬁfﬂ?fr ent
gl ass Sﬁgstr te 18b_to a film thickness of 1500 angstrons (specific
resi st anteo B3t of chie ByanEnhesive TGP ehuckrat sputiahtng t echni que.
The resulting filmis subjected to a photo-etching process using 15 an
amoni ur¥pelect Ive eebeskrodeubnussed cin ol aod uif orhé ot faispa egat e

el ectrode 34 and wirings for the gate el ectrode of desired shape. Next,

usi ng t heledorodi SZOiRrge €A tETMiskerate Sid O hditFiken{sSE NG Fitm to
serve as the gate insulation filmis 20 deposited to a filmthickness of

20]9?| ﬁ}ng.?é['i OMgn 1 1 $10tS shdun0¥ed Eq)ést.h% (E%pgsfi a1 o2 zfn-r%it:elc_:| ) 11m38 to

films/layers are deposited in actual production processes. It
1s well known that reflective TFT-LCDs are different from
transmissive TFT~LCDs in many ways, aside ffom the electrodes.

10 First, a Cu alloy containing 2.3wt% Au and 2.7wt% Co is
deposited on a transparent glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 3.9 uQ-cm)
by using the high frequency sputtering technique. The
resulting film is subjected to a photo-etching process using

15 an ammonium persulfate-based aqueous etching solution to form
a gate electrode 34 and wirings for the gate electrode of
desired shape.

Next, using the glow discharge CVD technique, a silicon

nitride (SiN,) film to serve as the gate insulation film is

20 deposited to a film thickness of 3000 angstroms. This is
followed by the deposition of a~Si:H(i) film 38 to a film
thickness of 3500 angstroms. As the discharge gas, an SiHs-
NH3-N; gas and an SiH4-N;-based mixed gas are used for the
deposition of the SiN, film 35 and the o-Si:H(i) film 38,

25 respectively. The SiN, film 35 is subjected tc dry etching
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t hi ckness of 3500 angstronms. As the discharge gas, an Si H4- NH3-N2 gas and
an Si H4- N2- based m xed gas are used for the deposition of the SINX film 35
and the a-Si:H(i) film38, 25 respectively. The SINX film35 is subjected
to dry etching 40 using CF4 gas to forma desired protective |ayer for the
channel s. Using an Si H4- H2- PH3- based m xed gas, an a-Si:H(n) filmis then
deposited to a fil mthickness of 3000 angstronms. 5 Subsequently, a Cu all oy

Cont al Nt i g 206 Do A1 b YRRAYESY MBI NG Spd() 11 to

a filmthickness of 0.3 m(specific resistance using the
sputteri nﬁgfgnique. The process is perforned at roomtenperature. This

| ayer is en Subjected to a photo-etching process 10 using an agueous

et ching sol ution containing hydrochloric acid, potassium hydrogen

per oxysul f at e, Vst MRirofHarder BHadiabed rigred ayadnsiaredfi thetm) of i bmsbsir ce
el ectrode 32 and a drain electrode 36. Subsequently, the a-Si:H(i) film 38
and t he thersidaffogitfed mare £boh Eiodiaes ntaf BOHES|arefstedh€r n usi ng dry

15 etching with CF4 gas in conjunction with wet etching with hydrazine

( NH2BH2 HAM s e disd it § hea ahovA T SF e rten MR G echilany £heid I B9 Nkd H'fglem

(SINX) filmto serve as the insulation fil'm is then deposited to a _
Used oS S U AR (1160 o7 L atble g B 1 e (ORASHIRSS el T
subjected to a photo-etching process by dry etching using CF4 gas to form
- pm (specific resistance = 4.0 uQ-cm) using éLe sputtering
technique. The process is performed at room temperature.

This layer is then subjected to a photo-etching process
using an aqueous etching solution containing hydrochloric acid,
potassium hydrogen peroxysulfate, and hydrofluoric acid to
form a desired pattern of a source electrode 32 and a drain
electrode 36. Subsequently, the a-Si:H(i) film 38 and the a-
Si:H(n) film are each etched into a desired pattern using dry
etching with CF, gas in conjunction with wet etching with
hydrazine (NH;NH;*H;0). Using the glow discharge CVD technique,
a silicon nitride (SiNy) film to serve as the insulation film
is then deposited to a film thickness of 3000 angstroms. As
the discharge gas, an SiH;~NH3-N; gas is used for the
deposition of the SiN, film. The SiNy film is then subjected
to a photo-etching process by dry etching using CF; gas to form
an output port for the gate electrode 34, an output port for
the source electrode 32, and a through hole 40b to provide
electrical connection between the drain electrode 36 and the

transparent electrode 20b. The Cu alloy electrode so obtained
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an output port for the gate electrode 34, an output port for the source
el ectrode 32, and a through hole 40b to provide electrical connection

between the drain electrode 36 and the 25 transparent el ectrode 20b. The Cu
all oy electrode so obtained 41 is then exposed to argon plasnma to clean the
surface. Subsequently, a Cu alloy containing 2.3wt% Au and 2. 7wt % Co i s
deposited to a filmthickness of 0.2 m (specific resistance = 3.9 pD-cm

using the sputtering technique. The 5 process is performed at room
t enper atft e&% %3%% u"sot%‘]%%%rbaﬁh]e?ﬁm%otrfd&]t‘?% tfl'PGF M¥ohifRed mainly of

I ndi um oxi de and zinc oxide is then deposited using the sputtering
t echni que. TheSukgemuentslad farCu lel lsputaertiaining coebat ¥ Aw aidt2rbat body
of 1n20G3-ZnO in which the atomc 10 ratio of In/(1n+Zn) has been adjusted

to 0.83.cdhis gdpyeies hody fsimoutacthads tde cat hede fled Pl @nar

magnetron sputtering apparatus so that it can serve as the target. Using

a pure 93Ol = raen. gas. cont ai,ni n roximatel.yv . 1vol % oxygen as
t he di sg%%(r)lg%e gacse? aa#]'l?r#?o?rgfr%%s& ?te}pn el ec nrn?eecz%bl?%e'de e|yt ed to
a fi$n1thickness.of 30 aqﬁstrons. The X-r diffraction analysis of the
resuPt i MF OGP ZRE I Eh e d W fEREL4HHi%ati ng that the fil m was

anor phous. To forma desired pattern for reflective pixel electrodes 20
and out put el ddt PRREEPhQUR YENARaTRNY idondustt itvea fddar aampagest thaidel Y0b
was subjected to a photo-etching process using

of indium oxide and zinc oxide is then deposited using the

sputtering technique. The target used for the sputtering
process 1s a sintered body of Iny0;-ZnO in which the atomic
10 ratio of In/(In+Zn) has been adjusted to 0.83. This sintered
body is mounted on the cathode of a planar magnetron
sputtering apparatus so that it can serve as the target. Using
a pure argon gas or an argon gas containing approximately
lvol% oxygen as the discharge gas, a film for transparent
15 electrode 20b is deposited to a film thickness of 300
angstroms. The X-ray diffraction analysis of the resulting
In;0;-Zn0 film showed no peaks, indicating that the film was
amorphous.

To form a desired pattern for reflective pixel electrodes
20 and output electrodes, the resulting film for transparent
electrode 20b was subjected to a photo-etching process using
an ammonium persulfate-based agueous etching solution. This
solution had had its concentration adjusted so that it could
etch the Cu alloy layer and the indium oxide-zinc oxide layer
25 at once.
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an amoni um persul f at e- based aqueous etching solution. This solution had
had its concentration adjusted so that it could etch the Cu alloy |ayer
and the indium oxide-zinc oxide |layer 25 at once. 42 A black matrix
pattern is then fornmed to conplete an (x- Si TFT substrate 14. This TFT
substrate 14 was used to nake a TFT-LCD flat display. Video signals were
provided to the display to confirmthat the display had good performance.

5 [Applicati o Bxpswh n Bilx THH St SN e Hen fﬂfrn{&:? %&%@g&oy v rdses a

substrate for organic EL device in which an exenplary Cu t he

present & meptigid Syusedy | nffg% Wt Mt 13 Gl RN N

2.3m % Au and 2. 7wt % Co mas dep osited on & glass SUBSLT ate Ilm
t hi ckne f 0 str eC|f|c resi st ance 3.9 ~L .
conduct |S€FIP (tj]g P]o? ltdr?é’n SdEpG<iSt é’&rﬁvé’lmtvﬁéled()? gljl'ieoy film

The film was_deposited to a thlckness of 300 angstrons using the
sput t er i HPREBh M QuUeoRF 11 sthaly gete mbicrp oty 15d @8l g foitant@ni ¢ rati o
of In/(1n+zZn) had been adjusted to 0.83. Thus, this conductive netal oxide

fi | mbcor FAgsploinckst tan BExtempgYerspifr ent el ectrode described in Exanples 2-1
and 2-2. The present Application Exanple 2-3 is characteristic in that the

composi ti on OfrHite SRR 116 B Ao ridied ldifll LN Rdt Al amount
of 3 atomc %wth respect to the total anmount o
for organic EL device in which an exemplary Cu alloy of the
present invention is used in the wiring.
First, a Cu alloy containing 2.3wt% Au and 2.7wt% Co was
10 deposited on a glass substrate to a film thickness of 1500
angstroms (specific resistance = 3.9 uQ-cm).
A conductive metal oxide film was then deposited over the
Cu alloy film. The film was deposited to a thickness of 300
angstroms using the sputtering technique with a target made of
15 1Inz03-Zn0. The atomic ratio of In/(In+Zn) had been adjusted to
0.83. Thus, this conductive metal oxide film corresponds to
the transparent electrode described in Examples 2-1 and 2-2.
The present Application Example 2-3 is characteristic in
that the composition of the conductive metal oxide film
20 contains Pd in an amount of 3 atomic % with respect to the
total amount of metals.
The work function of this conductive film was determined,
by an atmospheric-ultraviolet photoelectron spectrometer (AC-1,
Riken Keiki Co., Ltd.), to be 5.65 eV, indicating that the

25 conductive film had desirable properties for use as an anode
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The work function of this conductive filmwas determ ned, by an

at nospheric-ultravi ol et photoel ectron spectroneter (AC-1l, Riken Keiki Co.
Ltd.), to be 5.65 eV, indicating that the 25 conductive film had desirable
properties for use as an anode 43 of an organic EL device. Wile Pd was
used in this exanple, Ru, Re, and Ir may also be used. \Wen used, these
netal s gave work functions of 5.51 eV, 5.63 eV, and 5.61 eV, respectively.

Thus, eagh £ﬁqy§§%§1é§E€§¥§¥g§%Lrable properties for use as an anode of an

organi ¢ EL devi t he present invention provides a wring
mat eri al that _shows | nproved adhesjon strength to glass substrates and
silicon wafer § eﬁgf“fgi‘f%e‘g IovHes i St - ﬁlfﬂﬂgﬁc AMEN[IRRY i n t he
wirings in TFT-LCDs, organic EL devices, or other electronic devices, the
wiring riat¥Qike wiedhe arsed, n\desieo mepad\se gavet we rke diuned: ian st e
wirings and its |ow resistance hel ps i nprove properties of the devices.

The preserBliawers |éd, eV, awd o, 61 pav | i e ety OY T8lus, 1226 dddied S
sputtered to forma filmto serve as a netal electrode, also nakes it

possibl g 4 g, 3¢ i 4d %5¥%%:Q* | on. steps. involved and enabl es
the effi c(% ent t:“npr%g uctglﬂ:;c:]ﬁe 0 art If'ji{/cgl.dL{’?’;[héusé,1S tHe a}nn?/&;ent?%na%lt?%%%mr%w
cost prqﬁre}iom of TFT-LCDs and TFT-driven organic EL devices. In
particulat “P6T%e present invention enploys a particular conposition that

m ni m zes the occurrence of abnormal discharge during
As set forth, the present invention provides a wiring

material that shows an improved adhesion strength to glass
substrates and silicon wafers while offering a low resistance.
10 Thus, when used in the wirings in TFT-LCDs, organic EL devices,
or other electronic devices, the wiring material of the
present invention prevents the peeling of the wirings and its
low resistance helps improve properties of the devices.
The present invention, in which a particular Ag alloy or
15 Cu alloy is sputtered to form a film to serve as a metal
electrode, also makes it possible to minimize the number of
production steps involved and enables the efficient production
of TFT arrays. Thus, the invention allows low cost production
of TFT-LCDs and TFT-driven organic EL devices. In particular,
20 the present invention employs a particular composition that
minimizes the occurrence of abnormal discharge during
sputtering and thus enables efficient production of the

devices.
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sputtering and thus enables efficient production of the devices. 44 CLAl M5
1. Awring material conprising an Ag alloy that contains Ag and Zr as
maj or components and at | east one netal selected fromthe group consisting
of Au, N, Co, and Al. 5 2. The wiring material according to claiml1,
wherein the Ag alloy according to claiml contains 60 to 99w % of Ag and 1
to S5w%of Zr. 3. The wiring material according to claiml1l, wherein the Ag
al l oy according to claim| contains 6Qay#s99W % of Ag; 10 1 to 5w % of Zr;
Oto 20w % of Au; O to 20m % of Ni; O to 20wt % of Co; and O to 39wt % of
Al . 15 The i rj rial_according. to any, on f claims 1 to, 3,

further 4“'(l:bnt aizxr(]\q%igp%’%%%%% %?mﬁuéla%n%n%n ] ael‘el]g%‘{' R CPRHATRRAGr oup
consisting of Re, Ru, Pd, and Ir. 5. The wiring material forned of the Ag
al l oy ac¥t HhPt ey eerePeRrert i #rd 1ak olershaenagnet abeseiectedsi st ance
of 4 20 ~LQcmor less. 6. Awring board conprising: a substrate; and a
wiring chnposte ofrote obvmshgt img eof aAu adtbdy didg dred amy.

5 2. The wiring material according to c¢laim 1, wherein the Ag
alloy according to claim 1 contains 60 to 99wt$% of Ag and 1 to
5wt¥ of Zr.

3. The wiring material according to claim 1, wherein the Ag
alloy according to claim 1 contains 60 to 99wt% of Ag;

10 1 to 5wt% of Zr:

0 to 20wt% of Au:
0 to 20wt% of Ni;
0 to 20wt% of Co; and
0 to 39wt% of Al.

15 4. The wiring material according to any one of claims 1 to 3,
further containing 0 to 1lwt% of at least one metal selected
from the group consisting of Re, Ru, Pd, and Ir.

5. The wiring material formed of the Ag alloy according to
any one of claims 1 to 4, having a specific resistance of 4
20 pQ:cm or less.
6. A wiring board comprisings:
a substrate; and
a wiring composed of the wiring material according to any

one of claims 1 to 4.

25 7. The wiring board according to claim 6, wherein the
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one of clains | to 4. 25 7. The wiring board according to claim®6, wherein
the 45 substrate is a glass substrate or a silicon substrate. 8. The wiring
board according to claim6 or 7, wherein the adhesion strength of the
wiring to the substrate as determned by the scratch nmethod is 3 N or
higher. 5 9. The wiring board for a sem conductor device according to any
one of clains 6 to 8 wherein the wiring conprises a gate wring and a

gate ele thin,filmtrapsistor forned, on the wiring board. 10.
The mﬁri%gﬁggg?ggfg? E g%ﬁ?éoﬁﬂ&é?5?§8e9Fc@ ﬁﬁngﬂpnﬁuPﬁtriéeany one of
clains 6.to 8, _wherein the wiring conprises a source wiring and a drain
wiring, &nd a TRGr¥eréngchrabd aRECrdipg i@ elabmrbder &f whehehnf then
transi stor formed on the wring board. 11. The wiring board according to

any one aflhesapnsstreongth, of 1bhaheieing tbhethabstbateats asndeeadmehive at
| east on its surface; and a conductive netal oxide |layer is deposited over

the wirbpgehd2scFiechi hétBoR0asd3agcor dhighdp, claim1l, wherein the 20
wiring and the conductive netal oxide filmforma stacked wring of a

Lo S SUME L ELnd S dbE AL SRR ARSRLE AR Gy 4%
any one of claims 6 to 8, wherein the wiring comprises a gate
wiring and a gate electrode of a thin film transistor formed
on the wiring board.

10. The wiring board for a semiconductor device according to
10 any one of claims 6 to 8, wherein the wiring comprises a
source wiring and a drain wiring, and a source electrode and a
drain electrcde, of a thin film transistor formed on the
wiring board.
11. The wiring board according to any one of claims 6 to 10,
15 wherein: the substrate is non-conductive at least on its
surface; and
a conductive metal oxide layer is deposited over the
wiring.
12. The wiring board according to claim 11, wherein the
20 wiring and the conductive metal oxide film form a stacked
wiring of a two-layered structure.
13. The wiring board according to claim 11 or 12, wherein the
conductive metal oxide film comprises an amorphous transparent
conductive film that is formed of indium oxide and zinc oxide

25 and has an atomic composition such that the following

46




conductive filmthat is forned of indium oxide and zinc oxide 25 and has
an atom c conposition such that the following 46 rel ationship hol ds:
In/(IntZn) = 0.8 to 0.95. 14. The wiring board according to any one of
claims 11 to 13, wherein the anorphous transparent conductive film has a
work function of 5.4 eV or larger. 5 15. A wring material, conprising a
Cu al | oy conposed of Au and/ or Co, and Cu, wherein the Cu alloy contains

Cu in an Tnﬁ 0 %g 99. 5wt % and Au and Co in a total ampbunt of 0.5 to
20wt % 18S-FhiCWe Fﬂgh ?ErléP/éEEB?H?ng 908CF%|913§ wherein the anount
of Auis O to 10w% 17. The wiring material according to claim15, wherein
the anouht-of Theiwiping hoardsadsording rimpamptene abf cohpimsi hy theldy
all oy according to any one of clainms 15 to 17, having a specific

resi stamglkenéid tAS afpephous! esansgh@repetvusﬂl@@cbwé dfi LRNRAL SANGorR W ring
formed of the wiring material according to any one of clains 15 to 18; a

;gggrgfhf@nggigﬁ @flge4w$ynbrapgﬁ%gp a substrate. 20. The wiring board
g to claim19 ereint Wi ring and the conductive netal oxide
Filmef orfiya StAq klepln:\glmzrrlé@grfgla ééArﬁ)prlfyu{qeda Sél.{ Y lucgye composed of Au
and/or Co, and Cu, wherein the Cu alloy contains
Cu in an amount of 80 to 99.5wt% and
Au and Co in a total amount of 0.5 to 20wt%.
16. The wiring material according to claim 15, wherein the
10 amount of Au is 0 to 10wt%.
17. The wiring material according to claim 15, wherein the
amount of Co is 0 to 10wt%.
18. A wiring material comprising the Cu alloy according to
any one of claims 15 to 17, having a specific resistance of 4
15 pQ-cm or less.
19, A wiring board, comprising:
a wiring formed of the wiring material according to any
one of claims 15 to 18;
a conductive metal oxide film; and
20 a substrate.
| 20. The wiring board according to claim 19, wherein the
wiring and the conductive metal oxide film form a stacked
wiring of a two-layered structure.
21. The wiring board according to claim 19 or 20, wherein the

25 conductive metal oxide film contains 0.05 atomic % to 5
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21. The wiring board according to claim19 or 20, wherein the 25
conductive netal oxide filmcontains 0.05 atomic %to 5 47 atomc % of at
| east one nmetal selected fromthe group consisting of Ru, Pd, Re, and Ir.
22. The wiring board according to any one of clainms 19 to 21, wherein the
conductive netal oxide filmconprises an anorphous 5 transparent
conductive filmthat is fornmed of indiumoxide and zinc oxide and has an
atom c conpEsi td ' td ' . In/(In+tzZn) =
0.8 to 0.95. 23%. Zéwlr%%é b%%dﬁ%c%%%d%%géﬁo&afn%nmerpeo%(ﬂ%ms 19 to 22,
conprising the substrate with a non-conductive surface. 10 24. A wring
boglr)d, F5IRE Oé %‘frbs?ci'at@' @8 rifrg di sposed on the substrate and
formed of the wiring material according to any one of clains 15 to 18; and
a thin f343m t (Ehssiwitioing ®argl according to any one of claims 19 to 21,

wherein the conductive metal oxide film comprises an amorphous
transparent conductive film that is formed of indium oxide and
zinc oxide and has an atomic composition such that the
following relationship holds: In/(In+Zn) = 0.8 to 0.95.
23. The wiring board according to any one of claims 19 to 22,
comprising the substrate with a non-conductive surface.
24, A wiring board, comprising:

a substrate;

a wiring disposed on the substrate and formed of the
wiring material according to any one of claims 15 to 18; and

a thin film transistor.
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