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TECHNI CAL FI ELD The present invention relates to wring materials and
reflective electrodes for use in TFT liquid crystal displays (TFT-LCDs) or
organi c el ectrol um nescence devices, and a nmanufacturing 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 performance Das@RIZTI@OPer i or energy efficiency, and have
t hus becone nmai nstream displays used in portable personal conputers, |aptop
conputers, TVs, and other display systens. Wiile different manufacturers
offer different nmethods for producing TFT-LCDs, each nethod involves many

steps and requiyeS e RASIHRTON, ANDY WTRAYE BRRADS v nangHiekalyEoxi des. Thus,
there is a need to reduce the nunber of production steps involved. TFTs are

al so used to drive organic electrolum nescence (EL) displays, another type
of display devices. Basic structure of TFT-LCDs 25 The basic structure of
conventional TFT-LCDs is first 1 S MAR 2007 described. Referring to Fig.
3, a trESNEHvE TR LCD i s

The present invention relates to wiring materials and
reflective electrodes for ﬁse in TFT liquid crystal displays
(TFT-LCDs) or organic electroluminescence devices, and a
manufacturing method thereof.

10
BACKGROUND ART

Thin-film transistor (TFT) liquid crystal displays (which
are referred to simply as TEFT-LCDs, hereinafter) have
distinctive features, such as high display performance and

15 superior energy efficiency, and have thus become mainstream
displays used in portable personal computers, laptop computers,
'm) 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
20 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

25 The basic structure of conventional TFT-LCDs is first



shown in a schematic cross-section. As shown, the transm ssive
a basic structure in which a liquid crystal 10 is sandw ched be
color filter substrate 12 and a TFT 5 substrate 14. A backli ght
behind the TFT substrate 14 to illum nate the transm ssive TFT-
behind. The color filter substrate 12 has a structure in which a
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transparent electrode 20 via a TFT 24. 15 In the constructron shomn in Fig.
3, a singl& Y Hized PIT Qi oh Bhe'Fade ol iR A0 ¥y 't Substrate
12 and another pol arizer on one face of the TFT substrate 14. Such a
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substr ateud rathel Ldes A baidkarighltan 6t He pranspabent.nel eaker ade 20
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10 and a transparent electrode 20. The color filter substra

transmits red (R), green (G), and blue (B) light.

color filter 22 is sandwiched between a glass substrate 18a

te 12

The TFT substrate 14 includes a transparent electrode 20b

disposed on a glass substrate 18b. Signal voltages are a

to the transparent electrode 20 via a TFT 24.

pplied

15 In the construction shown in Fig. 3, a single polarizer

is arranged on one face of the color filter substrate 12
another polarizer on one face of the TFT substrate 14. S

construction is well known in the art.

and

uch a

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

20 TET-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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shown in a schematic plan view As shown, data on a signal |ine 30 i$MAR2007
applied to the transparent el ectrode 20b via switching 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

schemat i c. - i 'ﬁ%9n7 t lin - .Qf - El .gat e

el ectro eygapﬁgl%%%;gﬁgbéie oﬁﬁ%ﬁggbf§§§j§L§§¥P§F%%f§g%gggﬁiékgsé? aid with
an Si Nx film 35. Alsqldi%pose abave the atg el ectrode 34 is.the. |ayer of
amor phou® E1 i dbif SR So ' el &t of8 35°8Ra £AEYdPRI A 8F8Rfrode 36 are
arranged on opposite ends of the anorphous silicone 38, each 15 partially
over | apphite tHe ifataprliad ricddheTHese searsorte fle @ dentdOleMidover | ai d wi t h

an insulation film40. The transparent | electrode 20b is di sposed over the
i nsul ationtdedimgd@iared TEI 2] .ectThecdFlly 2éohnettiddst a therdeaeheetectirode 36
via a through hole 40b fornmed in the insulation film40. 20 Wring used in

TFT-5CDs37 N o hey Y QAU ) n O3 sTRh AT &Y% il 1ddt W@ G@NVenhi gRakpndfis- LCDs,
the possibility of using such netals as G, TaWw and MWin the gate

el ectrodes, or _t sour cel/.drain .el ect-rodes has n, exam.ned. 25 O these
net al s, Sllicsonr 2528dia}nyc{ m%r}kealﬁlnéa eu]ieia}lss 3% Q%lgﬁslz{% lsnusrpg%ptriegllémt gft

corrosi on, whereas TaWand MoWare relatively
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 overlaid with an
SiNy 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
15 partially overlapping the gate electrode. These components are
entirely overlaid with an insulation film 40. The transparent
L 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 f£ilm 40.

20 Wiring used in TFT-LCDs
| In the production of TFT arrays for driving cénventional
TET-LCDs, the possibility of using such metals as Cr, TaW, and
MoW in the gate electrodes or the source/drain electrodes has
been examined.
25 Of these metals, Cr is readily workable but is
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resistant to corrosion but have a large electrical resistance. Thus, 8MAR2007
wor kabl e netals with | ow electrical resistance have been w dely used. Wen
we sinply say "netals with low 5 electrical resistance,” what cones first to
mnd are such netals as Ag, Cu, and Al. For this reason, TFT arrays
(transistor arrays) using alum numbased wiring have been proposed

conventignaldyritie hag m% e A WHINUWAJ oW CAUS & 1011BSd

d18n
protrusi ons known as 'ocks™ ‘on the 10 surface of electrodes. V%en forned

on el ectyodes. spch. sccmeosf&#re%et §lRed rodeg pf A JRT e hidd Occkscﬁqay
penetrate over aying 1 nsulation layer and conme into con t he
top transparent el ectrode, resultlng in defectlve products. Thus has

been added to Al MARKEP I RdRLS obkdt il6W St estan opg kﬁelﬁlc?d%@é“ce\/\ﬁ@ﬁ’esuch

an alum num el ectrode directly comes into contact with the silicon |ayer
and t he beamspadely watt r den wieowewply abym huetaby dithusewinto the
silicon layer, causing a decrease in the device perfornmance or oxidation of

al umisnune P&kt £ ©a Bl 148 186 arvdd ch wHE T ecdridee! A dRsWd sniidd aird nargase in the
el ectrical resistance between the transparent el ectrode and the TFT. As a

result, fhecommonegt sof bhe ET sorayneytatln, The a&i&iﬁggon of Nd to

alunlnun1nay al so el'ectrical resi$tance conparable to that

f Tawand MOW 25 For_t t | d h 4
8 MAR 2007 <TG Y5 o M OO R T g 2o e

) proposed conventionally. It has been known that aluminum may
| ) cause formation of protrusions known as "hillocks" on the
10 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
15 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
20 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.

25 For these reasons, one conventional, ‘improved approach



sandwi ched by Me or Ti to mnimze the contact resistance with the
oxi de- made transparent electrode. Specifically, Me is first deposited over
the silicon layer and the alum numlayer 5 is then forned on top of the Me
filmto prevent diffusion of alumnuminto the silicon |ayer. Another M

| ayer is then deposited over the alum numlayer to prevent the increase in

the contaghb166si 8t 8REE-WLED theyhfanSPRE et ugl SGh rode-gHeqL 055 Oxidation. In
brief, the conventional TFT-LCDs enploy the 10 three-layered w rings of

Mo/ Al / Mo, _Three:|l ayered wirings, of .Ti/A /Ti, are also enployed for the sane
reason. SEBAUSREPanar Eranpl LE 6P By MY 65 sthar e et et KB S 2805 2
describes one exanple in which an Ag-based alloy is used as a material to

form 15 EPecPricarnadnt hERRSPFReNbattRtt BPER | oSS AHd Aidld Yof Meh 1&g  al | oy
containing 5 to 20wt % of one or two of Fe, Co, and Ni. Ag alloys of other
conposi t Fonst adepabsbedesteirbelde AL $bcon JhpemesendPatlemt a Nomid&85D3Per
describes an Ag alloy containing N and Zr in anmounts of 5 to 25wt % and

0.05 30 Bwt ¥heROf6empecbhveby. ofapanege Palento Ligislv&pend PEbhstahi on No.
2001- 192752 descri bes one exanple in which an Ag-based alloy is used as a

metal” mag efhahuhOinVar tQYSs &) BELA 0Nk e PAT ot G AQ ald\% idesgrdped in this
publication contains 0.1 to 3wt%of Pd along 25 with total of 0.1 to 3wt % of
Au, P, 8gpog?te§}bvg}’tﬁ%’afgminém8lg$g}Zgg?pré%éngrtﬁgr%%cgggggsin
the contact resistance with the transparent electrode due to
oxidation. In brief, the conventional TFT-LCDs employ the
10 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
15 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 8wt%,
20 respectively.
Japanese Patent Laid-Open Publication No. 2001-192752
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

25 with total of 0.1 to 3wt% of Au, Pt, Cu, Ta, Cr, Ti, Ni, Co,

5
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Japanese Patent Laid-Open Publication No. 2001-102592 describes one é%ﬁﬁﬁﬁ@”
in which a particular Ag-based alloy is wused in gate el ectrodes. Aside from
Ag to serve as the nmajor 5 conmponent, this alloy contains Pd and one or nore
metals selected fromzn, Co, Fe, Cr, M, and Ti. Conventional Exanples of

Cu Al l oys Japanese Patent No. 1549371 (Japanese Patent Application 10 No.
Sho 57-6061) odeserhkkescthesuse of a copper alloy as a material for |ead
wires used in various sem conductor instruments. Aside fromCu to serve as

the maj or Co”pf?gﬁghasit E’Qt%\%?pﬁé'8'—S¢B¥n?§§kﬁﬂ9§€'i&‘i‘ﬁ$‘i Sz@@i—eggzﬁ%‘t ains 0.4

to 4w % of N to % o . I't al'so contains P and as 15 m nor
conponent,s. Japanese Patent No., 1914484 (Japanese Pafent lication 9 No.
Sho’ 53. 68585 LRBSc P e  BAPLPCAPal  Ca o | BICe  GALRT ASPAF ARnGL ChY abst he
maj or conponent. Anong_the Cu alloys _described are one containing 0.01 to
2. Ot % of:Sef, 18ngapo ebAECAFAFRG- 0. ? of ZOTOADL ST SATVaRP diE dBhtel ni ng
both & and Zr. Al so, Japanese Patent No. 2136017 (Japanese Patent

Appl i Tat conpNoenShotb2s12436%) cdeseinbeBd oaed exaapbe mbreapeealsal | oys for
use in sem conductors. The copper alloy described 25 in this patent contains

1.0 to 4s0m%%efl NromOzR,t 00} B Y%cof MB, BaMARr2007 Si, 0.0005 to 0.5% of
Ag, and 2. Omt % or |less of Zn, M1, Co and/or other netals.

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 Appliéation
e 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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Conventional Exanples of the Use of Copper in Electrodes for Displayd¥AR2007
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

constructd;o é@%O@%t%oebe%Er%?egl O0L5ndSe thL'BB'?eEEygkakn,dMﬁp' ¥s. This

gate electro consi sts of an on of "Cu and a ZrO oxi de | ayer
di sposed _qve allo Eurthernnre Japanese Patent Lai d-Qpen Publication
No. 2001- On@ﬁtl 8 | ayered structure of conductive netals
conpr|S|C9 copper 15 th|n f|In1patterns and | ZO thin f|In1oatterns

o8a lpExanmp lesi @L0Ok = PBREKQ 1N s f cri bes

Mor eover i < &
athinfilmof a netal oxi de conduct or haV|ng a contact resistance with a
copper tWispiliaym of 1.0x10-6 SZcm or |ess. 20 DI SCLOSURE OF THE | NVENTI ON
As descri bed above, formation of the three-layered wiring requires

sandwschi ng t hgaghuekaupnekaet kedepswoiob i(D¥phMEeSe POABhEXLRLACESERS Of
initial deposition of Me or Ti, followed 25 by deposition of alum num based

Tetal - andyfinen anol fer ;8 o¥ARe200T) fleResbhion ef/Me/ek Threfs described

above, exanples of netal s other

layered structure of gate electrodes for TEFT (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 alloy 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 IZ0 thin film patterns. Moreover,
Japanese Patent Laid-Open Publication No. 2001-223217
»J) 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 by deposition éf aluminum-based metal, and then another

7



al um num having | ow el ectrical resistance include Ag and Cu. Thus, a?ﬁ@ﬁ%?%ﬂ
have been made 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 films and readily come off during the production process. The
present invention has been made in view of the above- described probl ens
wth a pr'”%'ﬁ%koﬁﬁbfc&ivﬁ o& prOV|d|ng a 10 wiring naterlal using a

a a

partlcular conta |ns "Ag as a nmajor conponent (i.e., Ag alloy) and
of fers inproved adhesi on gl ass substrates and silicon filns. It is a
second obj ecti #8& SFSFﬁébﬁgeéﬁﬁYern@éﬁ@Pbﬁst%ﬁ %ﬁ%@%%eo%h%FrY%@nnaterlaI
using a particular alloy that 15 contains Cu as a major conponent (i. Cu

al | oy) anmdunfifiemshaivapgoved adhesionalorgbastasubsinatedeahd sndi Con filns.
1. The invention regarding Ag alloy In an effort to find a way to address

t he af or eragti anedmppsohkeasbethempresent aldvess ot se haverénundibhad t hese
probl enms 20 can be overcone by using a wiring made of an Ag all oy that

cont aj ns ‘%Qb?@ﬂszbyaﬁs?ﬁ?em;i ghqceqrangat s-a8d, flﬂ&} &pnt@avge%ﬁ}t | east

one neta ected from group consi sting It has
proven that such_an

subst r at 887 hRE°4 FS@?§F88t¥ch gnggmﬁE%thOd ZSﬁ?ggggl 3 toa??@

little or no netal atons to diffuse into the silicon | ayer even when the
wiring cérediilit 6onpr e€f eBntagt the production process.

B The present invention has been made in view of the above-
'> described problemé 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.

e 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
contains 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,



with the silicon layer. This Ag alloy wiring thus causes little or ndMAR2007
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 conmponent is forned directly over the Ag alloy netal 10

el ectrodgp 4t QﬁlSQQt g‘EEting?tﬁBCﬁePgi"@@&né h@o”&ﬁ% glegl{gdg, and the
transparent electrode wi Il not becone excessively Targe and the device will
operate stably. The Ag alloy is ef erably deposited by, sputtering. The

LT got uSSUTEHR LRHET AG RO DP T aEhEs At Pl CTB R oHpoR et SCSHeeR IRl 1y ¢ he
target has a conposition adjusted in such a manner that the resulting thin
film contahnshe0sibigont e perAg, THigs ABilthaf WALing ttdpowtasssfs each of

Au, Ni and Co, and 0 to 39%of Al. In general, the target used in the
-sputterihgthas thensadeceeaposihi e asetherRéncessf eché i tompdmert b sofranner,
the resulting filmhas a desired conposition. By adjusting the conposition,
conpoyindg @g@hag§agng2 and AgZr are produced. As a result, the

di spersibility of Zr is inproved, |eading to generation of N Zr, N Zr2 and
Ni 3Zr, and 25 Zy 2_and_Au Thj acilitates the dispersion of the third
9 8 MAR 2007 @gn%%%eﬁgs?ogéég%?eﬁg %b?‘éérlép‘ﬂﬁ?rér?rhge.ijel%lgg%\%e al l oy netal

electrod? has a hi gh adhesion to glgis, , o ,
transparent electrode) £06r driving liquid crystal displays

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

\_/

major component 1is 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 5wt% of Zr, 0 to 20wt% of
each of Au, Ni and Co, and 0 to 39% of Al. In 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 NizZr, and
25 AuZr, and Au,Zr. This facilitates the dispersioﬁ of the third

9



substrates and silicon filns, does not cone off during the production®MAR2007

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

materi al pge AR Al ALOLLIAL caNkaLDIAg and Zr as essentia

conmponent's further contains at feast one netal selected fromthe group

consi sting of . N, , and _AlL. Such _a al | oy.sho an, inproved
Caheston to ol 10 &ehattayalesAd STFCEsAORaTERsS 153N SanephehpERsdnass
invention is the wring material, wherein the above-described Ag all oy
cont ai ns BB stFadit w6t siddcand 116  5@eesSonOZr Come phéE diBdRg @%le is |w%
or less, then the desired effect is not obtained and the adhesion strength
to a silippenuc2donafeodesrai rsid ewn lthusobpamasafiacitlirgd e pr esebilel n
excessi ve anounts, then the resistance (specific resistance) of the film
made of thenwting material becomes |arge, sonetines exceeding 4 Qcm and
an increased occurrence of abnormal discharge is observed during
sputtering. Th .. 25 I ny -appunt Ldet r lto
Soi% 2 may TSGR 2007 L Arro 8 Rt rRG rmeer FAT DdesFed

roperties for | ow resistan W rings.
p p invention are as O(i?_OWS! g

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 5wt% of 7Zr.
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 pQ+cm, 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

10



The Ag alloy described in the first paragraph of this section for usd&M4R2007
the wwring nmaterial preferably contains 60 5 to 99wt % of Ag, 1 to 5wt % of

Zr, 0to 20m % of Au, O to 20wm % of N, O to 20wmt % 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

component Sedke PLeSRR!uhPLATTHDLS 10, cxgRedlng, 20, £he, cpnseguences wi |

be an increase I'n cost r-Au an i ncrease ance specific
reS|stance%, greater than 4 jQ cmand an increased occurrence of abnorma

di schar gEabPFAGCE Ut FERPRg for Ni. Thus, if present in any anount
exceeding 20wt % each of Au, Ni and Co mmy inpart to 15 the wiring material
undesi red propBReiBg aboyoReFesikE@nte Lhe rivegst MWFAErIRh F ,thhd Co have
been described, it should be appreciated that each of these thlrd net al s
must be eécthen fypeutbaindoks wotingfhaserial optdfesanl ¢oncwics ons | ayer or
of 20 the type that does not affect the performance of the sem conductor

devi aes eyepowbencktagi fiusessibs oot her, sengorsies osr | AYETro ©5 2@eh nust be
added in anounts that do not affect t he perfornmance of the seni conduct or

devi ces | gs, of Syl pel AYLF 2y nd AgZr. 25 Exanples
of e o o§§ ?%gfuﬁg%26% g§g29298a%%& LT 8 MAR 2007 Exanpl es

of the Zr/ Au aIons i ncl ude Aqu2 u2Zr AquS and Audzr .
was observed that the addition of Au, Ni, and Co

increases the strength of the adhesion to a gless surface.
Nonetheless, i1f any of these components are present in amounts

10 exceeding 20wt%, the consequences will be an increase in cost
for Au, and an increased resistance (specific resistance)
greater than 4 pQr+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 te

15 the wiring material undesired properties for low resistance
wirings.

e , 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 Ni;Zr.

11



The wiring material according to the present invention may further cBAtAR 307
0O to Iw%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 L cmor less. Wen used in thin
films to serve as wirings of sem conductor devices, the material with 4 pfcm
or a lar QﬁémplgssB%CtBbCZE?ﬁh%@@@?s%h&l&é&'sﬁuﬂﬁ% a%ﬁﬂz%' 9Ralzs-, of 3 QN-
negligi bl e nmagni tude. Thus, it is preferred to obtain, by usi ng W ring
rraterlaI§ V\% h 4 Qcmor smaller specific resistance, thin filnms for

Wi rings R4t cause | ess del ayed signals. 15 1-B The invention regarding the
W ring boards The present invention also provides a wiring board , conprising
a substrate,  ahdewitFHE8 PRFREUIONAERRISEBEt At Ehe arerfeide BRVeMel @R ri ng
material havi ng the above-described conposition. 20 According to the
present maveftirbhert hensabst Pate Lwed ©h athkeatiome boatdli sepeetedably a

gl ass substrate or a silicon substrate. As described, the wiring materi al

of the pEesenthei gyenpi e8nbastshyong rapesuhpnpdp ghassrsubstrates and
silicon wafers and can thus be used to nmake wirings that do not 25 readily

come, of f the syt fiateng 128 M08 2000, yhep testied focsthe adhesi o otrength

of the wiring to the substrate, the wring boar cording to the present

preferably has a specific resistance of 4 puQ-'cm or less.
) When used in thin films to serve as wirings of

semiconductor devices, the material with 4 pQ-cm or a larger

10 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
signals.

15 1-B The invention regarding the wiring boards

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

20 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

25 readily come off the substrate.

12



i nvention gives an adhesion of 3N or higher. If this adhesion is | ondMAR N7
3N, the wiring may cone 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 el ectrode of
athinfilmtransistor. In such a case, the present invention serves as
"sem conduct or i kL o] S Suc i i t, possible
to mnimze t%@g¥e§§§%§%z\%6%Pg?ﬁegg}g?sel%ﬁre%]go s}{ f;‘ff tﬁkﬁ ‘“?lPIIk%]“Ji’ r%cﬁsi stors
and thus_hel ps. i pprove e performance.of thin film transistors. The

M T ngs bt RECRI PR RS " bORF R AELOR AP HESE o PHeEpHib et UA8 KHRER T on are
preferably formed on a substrate as a source wring and a drain wring or a
source elBEBRBHRNaBHVES dRRi Adhef el rode3Bfo¥ igher m thfakdiist rdhesAlofo in
this case, the present invention serves as a sem conductor device wiring
board. Thsslowastthbeti 8\, nekeswitipgssapl eohe ofhithe estihet 20t e esisimmce of
the source and gate electrodes of thin film transistors and thus hel ps

i nproye the peshocrepgeppbctin filmtransistors. Preferably, the wiring
board of the present invention is non-conductive at |east on its surface

138 WAR 2007 TRRETETART Y he ut T RGeS o T Re A e e T (he

W ring bogrd of the Eresent invention forma stacked wiring of
the present 1nvention 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 1invention are preferably formed on a substrate as a source

wiring and a drain wiring or a source electrode and a drain

|
A
A

electrode of thin film transistors. Also 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



a two-|ayered structure. The conductive netal oxide filmfor use in tfAdAR2007
present 5 invention nmay be a transparent el ectrode such as 1ZO (registered
trademark). Such a construction can be used to mnimze the resistance of

el ectrodes of reflective LCDs or organic EL devices and hel ps inprove the
performance of thin film 10 transistors and, thus, the performance of
reflective LCOS: and-a0T gani ke Eb: ARA£e8ng AGRONIAND (A LdIe PIESEM [dyenti on,
the conductive netal oxide filmmy conprise an am)rplhous transpar ent
conductiv\ée i}‘}i Ikr)nth t s, forned ofti nd‘irurr,éoxi d§ and zitnc oxi de, and has an 15
atom ¢ cBhpdEPtPeRATCuRh FRE PTRESH bl TR P21 2t B H B AT A 18 (Th+zn) =
0.8 to 0.95. If this value is less than 0.8, then the resistance of the
netal oxRdEYPhiAYEreth RRyuBkEBPe excessively large, whereas if the value is
greater than 0.95, +the etching rate may be decreased. 20 According to the
present inventTia, cohéuandvhoesal toandparelt Tondust iive the mimsea wor k
function of 5.4 eV or |arger. Wien the wiring board of the present

inverg i odnrénts6d m&P 6ONSt £ HEhspar O Qad] Ecthtodievd een awrkzd unctions of 5.4
eV or larger are preferred in order to enhance hole injection. 25 2. The
invention, Legarding CU.abhQys) 14 8 MAR 2007 In an effort to find a way to
address the af orenenti oned problens, the present inventors have found that

these problem;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 trahsparent conductive
film that is formed of indium oxide and zinc oxide and has an

15 atomic composition such that the following relationship holds:

In/ (In+Zn) = 0.8 to 0.95. If this wvalue is less than 0.8, then
J*;>. 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.
20 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.

25 2. The invention regarding Cu alloys

14



can be overconme by using a particular Cu alloy in the wrings. 8 MAR 2007
Specifically, this Cu alloy contains Cu, the major conponent, 5 in an anount
of 80 to 99.5% and further contains Au and Co in a total anount of 0.5 to
20m % It has proven that this Cu alloy wiring has high adhesion to glass
substrates, has a | ow resistance, and hardly diffuses into the silicon

|ayer even whep, the ¥kFHPY €ONBSNG My did oo 1y &%@@%M%fé}&éﬂi&ﬁ@@e

| ayer. This Cu alloy wring thus causes e or no decrease Iint

f TFT It h A
When_an EFGBIFBHe " LEr BRSSFbnt TLFAELFbd5]V§ ofo Ui VTRt | Thr e BrgRtar o

di splays 15 that contains indiumoxide, tin oxide, or zinc oxide as a nmjor
conponenEai sPe oP HRBECEE Y | YS bu@ra t Pt EiCal 4 5yCiet bl oY el Rchddel L 11@S cont act
resi stance between the netal electrode and the transparent el ectrode wl|l
not becofpeextissiVe) ythiarge ahtioy heomevite ©an Opermed fostadshyon@t ,The Cu
alloy is preferably deposited by sputtering. The target used contains Au

and/ @ Cgnaafl gestatnsf Boaso HHESIBLE £OFPONENtonSPRES fACadhY. Ccd hent ar get
has a conposition adjusted in such a manner that the resulting film

cont ai ns;80,t 9199 §Mﬁt68f §usapd Poprd 0 20wt % of Au and/or Co. 25 In
gener al , 8 targ%t used in tﬁg sputtering has the sane 15 8 MAR 2007

ggg}o;)g;;;gpmgg e desiged fLlm I LhLs Taper,; the resultige filmhas a

to glass substrates, has a low resistance, and hardly diffuses
into the silicon layer even when the wiring comes in direct
10 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 haé also proven that even when an electrode
(transparent electrode) for driving liquid crystal displays
15 that contains indium oxide, tin oxide, or zinc oxide as a
major component is formed directly over the Cu alloy metal
R, electrode, the contact resistance between the metal electrode
and the transparent electrode will not become excessively
large and the device can operate stably.
20 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.

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

15



The target made of such conpounds as CuAu and Cu3Au facilitates not 8AIAR2007
the di spersion of Cu, but also the 5 dispersion of the other conponents. As

a result, the sputtering process is stabilized. This Cu alloy netal

el ectrode has high adhesion to glass substrates and silicon filns, does not

conme off during the production process, and can thus be manufactured in a

stabl e éQmﬁBQE@EonSggCtifléCd&QEJ:?éHU?ihQnS o disS rAgRRG!, Ahd e RheseY

invention wll now be descri bed, startlng fromthe invention regarding the
Wi ring H%R?£Iﬁ 2- A Thgelnv§nt| gardlng the wiring material 15 |Intended
to overcone the a ove escri prob?ens the present |nvent|on provi des a

W ring naterlal made of a Cuy alloy that is conposed of al ong with Au
and/ or Co, and'R@oh?&d®s @ﬁd?nogns%ﬁ%u%?mEﬁuQﬁﬁt%ﬁSﬁﬁ%ﬂw@%%ﬁﬂkﬁ@ and/ or Cu
in a total amount of 0.5 to 20wt % 20 Such a Cu alloy shows an inproved
adhesi onfaoiglihgsessnpst pat gsthaddsspeconomad erSu, Nonte predetlabl y, the
wring material contains O to |OM% of Au and O to | Oum % of Co. Experinents

condwet edibyet beopr esethei bYRBEOESMpENGat ©€d 125 o hesfiald,ownrg facts
concerning the amobunts of Au and Co: Au 16 S MAR 2007 and Co cannot

prOV|de %Qgggg?iﬁg ﬁéé@gésiéf%%£§i19£éé.a”D“”t of the two conponents is

. 5% or a case,

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
*m) 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



wiring material has |ow adhesion to a glass surface. Also, if the tot&MAR2007
anount of these conponents exceeds 5 20w o, the consequences will be an
increase in cost -(for Au), and an increased resistance (specific

resi stance) and an increased occurrence of abnormal di scharge during
sputtering (for Co) Thus, if present in a total anmpbunt of greater than

20w % AnangoCRafiRYel WRAGY dLOchBequtiag BRFeCial sundesi ted. 10.pbaRerti es

for | ow resistance wrings. e Au an ave been described, 1t should
be appreciated, that each of thes hird tals st _be of the type that
does notogig%ﬁs "Pnt8PRe S ﬁi%gnguéfoPrlgg%F'ofﬂ%fsu? e t5pe 1 h %gdoes not
affect the performance of the 15 sem conductor devices even when it diffuses
into thevigerdcBAdEELal RajedOWordBEERCRUEP BeJhdBEdSHATaRBuUNts that does
not affect the performance of the sem conductor devices. The wiring materi al
according to théspresénthentventloamopnef ef abhgsbascmpspent §i excesist ance of
4 Mcmor |ess. 20 When used in thin filmto serve as wrings of

sem condpok@k  denecesnsthbchBEer hiah 1Wbthad [AEreB:8r iharget -(gpechhi ¢ _
resistance will cause delayed signals of non- negligible magnitude. Thus, it

resi stance wifl cause delayed signal's of “non- megligible m u
peti 1798 Peoi bbbacacdr ken PHACY UrPReTThScEanBe ahlel PAEChG) oy 17 o

MAR 2007, signals. The inventi%n egard&ng,a Wi ring board using t he above-
increased occurrence of abndrma ischarge“during sputfering

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

10 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

15 semiconductor devices even when it diffuses into the
semiconductor layer, or each must be added in amounts that

L does not affect the performance of the semiconductor devices.

The wiring material according to the present invention
preferably has a specific resistance of 4 puQl'cm or less.

20 When used in thin film to serve as wirings of
semiconductor devices, the material with 4 pQ-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

25 resistance, thin films for wirings that cause less delayed
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described wiring material wll now be described. 2-B The invention re¥aRxy
the wring boards 5 The present invention also provides a wiring board
conprising wirings formed of the above-described wiring material, a
conductive netal oxide film and a substrate. Preferably, the wirings and
the netal oxide layer in the present invention forma stacked wiring of a

t wo- Iayegeﬁ 210, structure. The conductive nmetal oxide filmfor use in the

pr esent vention may be a t ranspar ent eIectrode such as 1ZO, which is a
regi stered tradenark. uch a_cons ruction can used t.o m e the 15
resi stance of %c%%%% %If‘ Tt 19 Edst bt oor it g9 tgﬁnaé)eosvea—nd hel ps
i nprove the perfornmance of thin film_transistors and, thus, the perfornmance
of refl e@eFvBLPEHS BAHNY JRYEPT £2 LW Hblitws bPrdqst=iSA - the wiring board of
the present invention 20 contains at |east one netal selected fromthe group
consi sti hgB Dhe Rinv&dt iqe, raqarding Tthes wietialg iloamwid ai ned i n an anmount  of
0.05 atomic percent to 5 atom c percent. Wen contained in anmounts | ess than

0. 05 ;atom ¢ pergendresdiie Imiadt By 0o Pk ided he wdesidedbeidects and its
work 25 function nmay not reach 5.4 eV. In conparison, the netal 18 8 MAR

2007  presg £1é£‘n§‘”&?ﬁr‘f‘£§ gr £aERL4 than 1 %M&—&@{&Hﬁed’@)&fﬁﬁ”t in a

decreased etchabifity a may cause unexpected colorin

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. In comparison, the metal

18



Wile the preferred range is specified as 0.05 to 5 atomic percent i$MpRE07
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 descri bed
later in which 3 atomc percent of the netal is contained. According to the
present invention, the conductive netal oxide filmmay conprise an

anor pho“@réé@rﬁ‘épﬂ %o&g{@rﬁféy@eé%ﬁ |t érrhlcs a&&{éﬁ& ?r[alyl ndidim.oxide and

zi nc oxi and has an o corrp03| I on su | ow ng

rel ati onship hol ds / ( | f this val elslessthan
080 ¢ et OPHEEH UL F AP DE T RIAY GRS 1R R B

excessively large, whereas if the value is greater than 0.95, 15 the
etching rate Ml deRraQrrot slaadliyp, spesiddiest egt & -or t@sé in the
wiring board of the present invention is non-conductive on its surface.

Pr ef er abdtyomidepanaemy boartte guosyatitngitverttherpr eésents rMoneemtnedeaepri ses a
wiring formed on the substrate and a 20 thin filmtransistor. Such

constsr ucth pnsc ket dl posstdtea 1@ dn it Mz arddigt (Esiapgpnsanft diRe 2l ect rodes
and wirings of thin fi I m transi stors and thus hel ps i nprove the performance

of thin 1{5%11[6 R ISRl O e%ﬁarﬂﬁ%neg W 204 eé@%'l%%@%%%'f@na&h%hﬂﬁ

DRAW NGS I's a erent properties of

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+Z2n) = 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
 7) 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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materials according to the present enbodinent. Fig. 2 is a table shovﬁlﬂéRzom
different properties of wiring 5 materials of the present enbodi nent. Fig.
3 is a schematic cross-section of a transmssive TFT-LCD. Fig. 4 is a
schematic plan view showi ng the basic structure of a single pixel of a
transm ssive TFT-LCD. 10 Fig. 5 is a schematic cross-section taken along the

i ne .V-¥|IE% B cr¥prBER o MOPE: FOR, I NG QUT THE | NVENTI ON Preferred
eﬁbodlWEﬁgS—6%—¥$L?fﬁfﬁﬁﬁﬂ?—hﬁveﬁffﬁﬁﬁﬁﬁgg now 15 be described with :
reference to the acconpanying. drawi ngs. 1, _An enbodinent of Ag_al]loy In this
ebodi et . antag - al | 09 F2CBEbpoSBaNLa) sE L BENE PYRRe et vt OF % WeGor di ng
to the present invention. This alloy contains Ag as the major conponent and
shows gomdtadhadpoaccerdongl Aestbabereaces emdodimeérbn wafers. In
particul ar, one exanple is described in which such an alloy is produced by
sputtering. FiFsty, deibraethyldesnowbeg dhefereparptoparofea dargetimged in
the sputtering process. At a predetermned ratio, Zr, along with Ni, M, or

Au, is mMixed 2518 bR AgcapdeBhtednbBa@n¥acuum snel ting furnace. The nelt is
20 8 MAR 2007 allowed to cool and harden and the hardened alloy is rolled

into a plate, W"'g‘?hs' E‘st5”Q%fgémgk'ica?ﬁoé‘é’—ré‘&e@iéﬁ SO Brad S OEL; PEASUNI NG 4
i nches in di anetér.  For Sputtering, e
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 fo the present invention. This alloy
contains Ag as the major component and shows good adhesicn 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 ﬁsed 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



target is nounted on a backing plate of a sputtering apparatus. 5 By 8iMAR 2007
time the sputtering process using this target is finished, a filmhas been
deposited on a glass surface or a silicon wafer. The performances of thin
films having different conpositions are conpared with one another. The
results of the conparison are shown in the table in Fig. 1, which contains

10 the conpPostdi €HScHSEdan& ONEEgsh Vakd eshOfhd feertdd mfid i aneb) pdder data.
The conposition of each filmwas determ ned by an X-ray m croanal yzer

( EPMVA: r e - i S, tii Vi f.each film
was det gﬁngé\e%n%Jié?%'e %ﬁéﬂp@g%&% %gécﬁﬁr}idq%ﬁg ac I Iﬂrﬁ V\%%rrér?reaasur ed for
the peel strength in the scratch tes(%, and tapegpeel test. . The apparat us

used for 2hect BT LRI RSst %\%&W - B EF TedPer SPESHEF 1NIThé NFeel

strength was determ ned under the follow ng conditions. 20 Scratch di stance:
20 nm Scergeh isamoudted ©0 W basddngaréate0 o @ epSdrentidly symettataes .
nm m n Shape of dianpond cone: 200 min dianeter 25 After the scratch test
usi n@ t hBy abloy et tieadilié ofsut tdein@ lp Bo MAR 200ih g s ec ansgetobiser ved with a

| i ght m croscope and the distance between the point where the gl ass

substrat gi (¥efh&d) Orrihi K29 LIS SXROSECd RGela RPIJNY Andeddie Stafting

poi nt of scratching

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 daﬁa.

The composition of each film was determined by an X-ray
microanalyzer (EPMA: Electron Probe 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
L_) 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 pm in diameter

25 After the scratch test using the above conditions, the
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was neasured to determine the peel load. 5 In the tape peel test, a $MAR2007
Immpitch gridis 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 determ ned as a neasure of adhesion. The
scratch test and the tape peel test were perforned 10 according to

st andards_defi ned_by. Japanese.lndustrial _ Standards (J The.table in Fig.
T ahows SPUEARANDT €S T ALGRT ol 1T ot bR BT BN DR By AT T A,
Co, Ni, and other netals to Ag, were used as the target in sputtering to
deposi t Qe?W?ﬁ?th%5p%?ﬁYaﬁgeégbg??ag%@%ﬁuF%P§ﬁ4?Eﬁwﬁ%%§%ﬁl QT L B Gl e
1-2, Co was added to (Ag + Zr) to formthe } target. In Exanple 1-3, N was
added tow@Age¥pdsdd Wheed poineg) andedhe os{Pgr inFrpoint Bxanpteaticking n
Exanple 1-5, Pd was added to the conposition where Au was added to (Ag +

Zr) showpa20méastxedpte deflermin&Exan®l gedr 6lofW. was added to the
conposition where Au was added to (Ag + Zr) shown in Exanple 1-1. In each

exanpl e, the agdhesjon.st&ength ofs3 {\%]gfmgrgﬁgﬁcg{s a8 achigved, Y each

exanpl e, no peeling was observed on strate or silicon wafer
Rigo rativ | e Ag was

Lgeéhglg gfnfﬁfiﬂfgf Qa%éFg?Pghe E%s%€%£§t3§ﬁﬂﬁﬁa %3?% %ﬁééé%% and
Peeling pBs, 19858 VERe OF1 £2°" Rl e AL riiPYedld 20d (1S Hograd ofer-
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 table.in 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 + Zr), while Al is
added to (Ag + Zr) in Example 1-4. 1In Example 1-5, Pd was
added to the composition where Au was added to (Ag + Zr) shown

20 in Example 1-1. 1In 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 thé

25 glass substrate or silicon wafer in the tape peel test.
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Conpar ative Exanples 1-2 through 1-8 did not use Zr. 5 Peeling was oB&&ARZY7
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 resistance 1 . and thus did not achieve the

obj ective of the invention In 10 addition, peeling was observed on the

gl ass substrat s exanple is for reference conprlses
a transm ssive'TE mE@B %ﬁvﬁh%%ﬂ % ei ﬁp % Py Rg %f?%y g?n?he:§b

invention is used in the wiring. Wile the basic 15 structure of

transm sSEGBPTRT- LED ﬁﬁéeappaaayrﬁéaﬁhd@%rlbﬁdormﬂr%ﬁSr@m@r@ﬁ%ém@ ¥Rgs. 3
to 5, various protective filns/layers (not shown in Figs. 3 to 5) are
formed i nbaetrwald cpr eduobt pdntprogéssessubbtsateaandAgtheél syltoohavaiag. 1. 7wt %
Zr and 3.SWwt % Au is 20 deposited on a transparent glass substrate |18b to a

film thicknessofbat80@vangsbhpnEs(specthisugesi sgadcq mo2. 8s& £A) by using
the high frequency sputtering technique. The process is perforned at room

tenpes at yi, %1159 wh§S bgwgeal b[vutﬁe §¥RLectedst Po - PRQLOF BL CHI NY-pKOCESS

usi ng an aqueods etc Ing 25 solution®contarning nitric acid, acetic acid,
ric o forma gate electrode 34 and w rings

P PhoSERREC i g2 Ratn O thdle, B5lRls

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 tc 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, and phosphoric
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Next, using the glow discharge CVD technique, a silicon nitride (Si R%A‘H"Wn
to serve as the gate insulation filmis 5 deposited to a fil mthickness 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 Si H4- NH3- N2
gas and an Si H4- N2-based m xed gas are used for the deposition of the Si Nx
film35 t =S H(j i S tgvel T; I i 35 is
subj ect e%@?g ?yﬁgﬁh?nggt%s‘%%ggﬁa&gé@t%%%ov!}lnﬁelaﬁl%ses%?%o%ée%éﬁ ve | ayer
for the eﬁéhagngl s.OLFJsging.gndSi HA- H2- PH3- based m xed gas, an a-Si:H(n) film
is then®de |?%d o9& H Fth thfRkness of 3000 angstronms. 15 Subsequently,
an Ag alloy containing 1. 7wt% Zr and 1.7wto Ni_ _is deposited over, the
a-Si:H(n) filmesdta ¢5ingtHrekpbe Ssclrmoen (Whd@IhEl d¥si st ahicel <018, 4
Qcm using the sputtering technique. The process is perforned at room
t enper at nieridai $§Sikylerfiila tthers sty ect ddet gad ephotserlettdloimnd igmodesss 20
usi ng an aqueous etching solution containing nitric acid, acetic acid, and
phosphor depasi deliotbos nraldeshi €dnPas t&F NBOI0 enFHFsies el aatilsode 32 and a
drain el ectrode 36. Subsequently, the a-Si:H(i) film38 and the a-Si: H(n)
filmare h ched, . in desire tLern, usi ry, etching. with CF4 gas
foEOY?%ntAF%em%¥p§ 1ﬁfé£ 9fp§;él.ﬁ 1? f%héi 8 éo égflﬂ% 9

in 25 conjunc chihg Wth an aqueous sol ution 4 8 MAR
2007 h ' NH -H20) .. Usi th I .di sch CVD t echnj ,
i 11 con HPEFFRESE SP R oD I RIT5ESERES 4 1S Qe TPACS: decgn 27 CLR e ©

NH3;-N, gas and an SiH4-Ny-based mixed gas are used for the

o
N—

deposition of the SiNy film 35 and the o-Si:H(i) film 38,

10 respectively. The SiNg film 35 is subjected to dry etching
using CF4 gas to form a desired protective layer for the
channels.

Using an SiH4-H;-PHj;-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 pm (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 agueous 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 oo-S1i: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

25 conjunction with wet etching with an agqueous solution of
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filmis then deposited to a filmthickness of 3000 angstrons. As t h& MAR 2007
di scharge gas, an SiH4-NH3-N2 gas is used for the 5 deposition of the Si Nx
film The SiNx 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
out put port for the source electrode 32, and a through hole 40b to provide

el ectri cal,qeQpDEEt (19m,NISt WaEN. t e idaipeelheel,r adecBaraadcl/be tL@nhranepar ent
el ectrode 20b. The Ag all oy el ectrode so obtained is then exposed to argon

plasma to gl eanohhg; SUI§aces ;g SUBSEqHeR 196N AMRARNQUS J 113y

a8k
conducti ve %’l m conposed mal nl'y of 1 ndium oxi de and zi'nc oxi %21@1 S &eposi ted
using the.sputterin echni gue., The et, used for sputtering
orocess FATR Lt BPEBEAD OO hoch. S th i 4 el O ST
In/ (1 n+Zn) has been adjusted to 0.83. This sintered bodﬁ‘/@its nmount ed on the
cat hode 8% Bhpl dhaFh#EgRed?dn 23 pti LetithgNapis atuisusd t the can serve as
the target. Using a pure argon gas or an argon gas containi ng approxi mately

20 | viol %lepygenias ohetlde séhdy ge lgas, Thef BLKRy forl riamspeeredubpdeicdd ode 20b
is deposited to a filmthickness of 1200 angstrons. The X-ray diffraction

anal ysi Sthatlbﬁofgséltéﬂlﬂﬂ%ébﬂ&ggsg f &ty shaweath nos Peaksy, igRdi eat ifkdgrt hat
the filmwas anorphous. The resulting filmfor transparent el ectrode 20b

aqucous 231 vETaR oRoBkarvE ot it e POPSESHED PR LR RS o gt
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 Iny03-Zn0O in which the

atomic ratio of In/(In+Zn) has been adjusted to 0.83. This

o

sintered body 1s 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 1vol% 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-Zn0 film showed no peaks, indicating that the film was
amorphous.

25 The resulting film for transparent electrode 20b was
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el ectrodes and output electrodes. A black matrix pattern is then f ot MA§ XY

conplete an a-Si TFT substrate 14. This TFT 5 substrate 14 was used to nmake a
TFT-LCD flat display. Video signals were provided to the display to confirm
that the display had good performance. [Exanple 1-2] This exanpl e conprises
a reflective TFT-LCD in which an 10 exenplary Ag alloy of the present

i nventi ogubSebed +8 &hEhoWbhLiNgnidde, PASESs SIS e W & ofwiefd feddye TFT-LCD
is differgn © fron1tha?§%? t he tr%ﬁ%ﬁ?ssivésTngﬁ%D in gﬁat éﬁ%%ght

fl [ ' ' f b
he TeT SahdtrateStaok FRet B S o W AL Gl SRR,

Figs. 3 to 5 various protective filnms/layers are deposited in actual
product i %?ﬁ%?%‘é‘é%% e3nd | QUERUL y@] $CEIRARS t hdt DléPkedgityd *TRRHLERE drSe
different from transm ssive TFT-LCDs in many ways, aside fromthe

el ect r odelsen Ff o shed atio Agomap 1 eye camt @t 51 TIPT 1s hd Obadre adl. 3.TRMSWIAT is 20
deposited on a transparent glass substrate 1Bb to a film thickness of 1500

angsty onsubspest &i T4 ress steagers Rale V- TN -LAYy #dhadidiel oy gh viikeguency
sputtering technique. The process is performed at roomtenperature. The

resul ting; Ghh i gorsUEes1ada! o aiphl 561 Ehi 119 RUOLESS UADGAD agueous

etching 25 solution containing nitric acid,” acetic acid, and phosphoric 26

8 MAR 2007 cidto forma gate el ectrode 34 and wirings for the gate
electrodgl%?f% s??%dg%%gk%?ggbrmance'

[Example 1-2]
This example comprises a reflective TFT-LCD in which an

10 exemplary Ag alloy of the present invgntion 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 TET substrate 14 ofvthe transmissive TET-
15 LCD. While not shown in Figs. 3 to 5, various protective

films/layers are deposited in actual production processes. It

N y
o
N

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
20 deposited on a transparenf glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 2.8 pQ-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, and phosphoric
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Next, using the gl ow discharge CVD technique, a silicon nitride (SﬂN&?RFWVm
to serve as the gate insulation filmis 5 deposited to a fil mthickness 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 Si H9- NH3- N2
gas and an Si H4- N2- based m xed gas are used for the deposition of the SiNx
film35 and the % Hi) fil respectively. The SINx film35 is
subj ect edt &Py QFEh?nQatﬁsFﬁéCéﬁﬁ §as?t gngoWhFanaésf?édtB?ogéE?|ve | ayer
for the channels. Using an Si H4- H2- PH3- based m xed gas, an a-Si:H(n) film
i s thenedepssiredofodasirem shirpkness of 3000 angstroms. 15 Subsequently,
an Ag alloy containing 1.7wt% Zr and 1. 7Wwt% N is deposited over the
a-Si:H(n) filnNeata tishimgt hhekgéss discRaBgen (¥peceéthoiges) séapteicol. 4
Ocn using the sputtering technique. The process is perforned at room

t enper at Wi i gabgedient fyimafo agRFRhoYs tHanshal entseondugt izverfiign 20
conposed mainly of i ndi um oxi de and zinc oxide is deposited using the

SpUtt§r'Q%g%%§@QBqH8 T?&ﬁm‘%ﬁ%&khés% oF §89be§£§gt£8m§ Phai0s efehi ng

process ueous etc ion con ArNg Ritric Acid, acetic
acid, and phosphorlc acid to forn1a desired pattern of 25 a source el ectrode
32 and alf@tdPHesl B¢t FBBe98BOSEGBEBqAENEI I 1 HET) 8T AR 3B0%C #hElAMS| : H(i)
film38 and the a-Si:H(n) filmare each etched into a desired pattern using
dry etchtﬁgcﬁppﬁscpﬁ gagli angstroms. As the discharge gas, an SiHg-

NH3-N; gas and an SiH;-N;-based mixed gas are used for the
deposition of the SiNy film 35 and the a-Si:H(i) film 38,

10 respectively. The SiN, film 35 is subjected to dry etching
using CFs gas to form a desired protective layer for the
channels.

Using an SiH4-H,-PHs3;-based mixed gas, an 0-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

‘\.../’f

0.3 pm (specific resistance = 3.4 pQl'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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conjunction with wet etching with hydrazine (NH2NH2H20). Using the §MWR2007
di scharge CVD technique, a silicon nitride (SiNt) film5 to serve as the
gate insulation filmis then deposited to a filmthickness of 3000
angstronms. As the discharge gas, an SiH4-NH3-N2 gas is used for the
deposition of the SiNK film The SIN' filmis then subjected to a

phot o- et chi ng pr.ocess by . dry etching using CF4 gas to form an output port
for the §5Fb%Tﬁléﬁééﬂr5&é“3§% éﬁdoﬁpgug‘ﬁég (Pér%ﬂH@ §68r€§C€I§5F&8ge 32,

and a through hole 40b to provide electrical connection between the drain

P . : :
el ect r ode™¥® andeshiée o RRSHELENUSeNEc FrydetebhnITHethAGFal I35 Blect rode so
obtained is then exposed to argon plasma to clean the surface. 15
Subsequentdny,unart 1Ag aliltby wetanteaiching ¥i¥w %/4raande3.(BWgNH,-AYO) s degpioss t ed
to a filmthickness of 0.2 m(specific resistance = 2.8 pQxm using the

sputteri rte eQl QUechERge pVOCESEhnS gperf ar Bediabnr agRri @BPesalyy efilm
Subsequent |y, an anorphous transparent conductive film 20 conposed mainly

of i ndi ump oxi a c i.de i i S| h : i echni que.
The tar got tSed T The. oBst farrng arpcsea™ 83, Pk BeBBUSLEY 5P Phoos. 2o
I n/(ln+tZn sted to 0.83. This

L?nrgiggfﬁ@%&tﬁg%%%%ﬁggékgﬁ%bﬁeag Fﬁ68@éop Sgﬁ§$d$9- 4T 09?25 Thuttering
apparatus so that it can serve as the target. Using 28 8 MAR 2007 a pure
argon gasidn-HHsdgeisgds e6saifrirn§happebrpihiienyofvéhes 8xYgefl He- t he

di scharge gas, a filmfor transparent

N The SiNy film is then subjected to a photo-etching process by

7'> dry etching using CF, gas to form an output port for the gaﬁe

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 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. The target used for the
sputtering process is a sintered body of Inp03-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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el ectrode 20b is deposited to a filmthickness of 1200 angstrons. fH%A§?P£y
diffraction analysis of the resulting 5 I n2G3-Zn0O fil m showed no peaks,
indicating that the filmwas anorphous. To forma desired pattern for

reflective pixel electrodes and output electrodes, the resulting filmfor
transparent 1 electrode 20b was subjected to an aqueous etching sol ution

10

cont ai ni AYpOker begaki dasacet ke aggén ?@dg ebosPNeIhE @f@}%ﬂoxiﬂ\@i@hyhad had its
a

concentration adjusted so that it cou
i ndi um oxi,d¢=zjn

formed to conple
used to
di spl ay

the wring. A conductive netal

etch the Ag

i en - e b i X is then
784,92 Lol B, Al gudmial ensl A

using the sputtering technique with 25 a target made of |1n203-2ZnO. The
atom ¢ raghbepRbusN/ (I N+Zn) had 29 8 MAR 2007 been adjusted to 0.83. Thus;
this conductive netal oxide film

e

10

15

20

25

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
containing nitric acid, acetic acid, and phosphoric acid,
which had had its concentration adjusted so that itvcould 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-
SiTEFT 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.
[Example 1-3]

This example is for reference and comprises a substrate
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

a target made of In,03-ZnO. The atomic ratio of In/(In+Zn) had

29

| oy | ayer and the

strate 14 was
ke,a  TFI-LCD flat display. Videp signals were.p i ded to the
P B CEoRPAP P Rabe  FEPaF ShPLy el GoUd HorTBoance L4 thanpl e 1-3)
This exanple is for reference and conprises a substrate
devi ce i ANGRFERMAN ebarpl a3y A Hinast igh e lysriss@ft thevemsudit ing used in
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as i b Exanmpde ZhOl.fiThe shiowmdvas gepasi, t eddicaaintyhtbkhnesbeot i2l0wangst r ons
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corresponds to the transparent el ectrode described in Exanple 1-1. %%3#&%?
1-3 is characteristic in that the conposition of 5 the conductive netal
oxide filmcontains Pd in an anmount of 3 atomic %wth respect to the tota
amount of nmetals. The work function of this conductive filmwas determ ned,
by an atnospheric-ultraviol et photoel ectron spectroneter (AC-1, R ken Keik
Co., Ltdern teliietmdesoey - 8i3ndi Eanf ngthhat cemeuctpve onget | veide| i Had
desirabl e properties for use as an anode of an organic EL device. Wile Pd
was usecdrreshichdexamplté,e ReanReparand klenayodal sesbheibvsddinVWBeampied, these
metal s gave work functions of 5.51 eV, 5.63 eV and 5.61 eV, respectively.
Thus, egch proved 15 to have desirable properties for use as an anode of an
organic EL device. 2. An enbodinent of Cu alloy In this enbodinent, a Cu
alloy is propgsed to serve _as.,a__Ww.ring nmateria ccordin 0.the present
Mventi on | ThEe e g, 1230 TeonPar RS a5 Ehe ik 8F  EORpOHERY SHHACERBls good
adhesion to glass substrates and silicon wafers. In particular, one_exanple
i s deschiffeFANNUticR §GERLar*18R &y s CpréatRad PBy 18patt eFPHEE Rirst, we
briefly describe the preparation of a target used in the sputtering
pr ocess .atAmizs 3a wptederspricied or &hkeotonalandpontColi metrbted witd Qrlnd 30
8 MAR 2007 nelted in a vacuumsnelting furnace. The nelt is allowed to
function of this conductive film was determined, by an

atmospheric-ultraviolet photoelectron spectrometer (AC-1,

‘-\
: 3
S’

Riken Keiki Co?, 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.

:m) 2. An empodiment 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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cool and harden and the hardened alloy is rolled into a plate, whi cAMAR2007
turn is cut and abraded to forma target neasuring 4 inches in dianeter.
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

performapgeseQf ihhinvhthiR bavingngi fhenend. aerpPagiiti QRS ANngeRared with
one another. The results of the 10 conparison are shown in the table in

Fig. 2 Ihe tablhe,contai ns,he. conpesitsons of {he dargetsused.fidm
t hi cknesses, neasured resSistances, specific resistances, —adhesi'on '
strengths, the results of the tape peel test and other data. Each fil mwas
deposi t edRaEh r Yot EERpE? attt e@n‘iSa]qﬂF%d%rﬁ)‘bsfql%rﬁ ot iHth M93THINERT 4

determ ned by an X-ray mcroanalyzer (EPMA: El ectron Probe M cro-analysis),
and the igohesicinviiyn¢hensurted rsasitsteaiod afdes pegigkitc iisesiostndgcernofa  each
filmwas determ ned by the four probe technique. The peel strength of each
fil mavasbdekengi pedtasoNga aspeOt ot Mhd adppecdnigue sgndheondindel @he to t hose
used in the above- described enbodi nrent of Ag alloy. Each filmwas tested in

the tapespeelet 884 Ypbods@ u§im|%i§e@mweisarﬁ$h%&i onst {9y tipse used

in the above- described enbodi nent of Ag all oy. 'e in Fig. 2 shows 25

the number of | mxl pm t i t.of 100 that . ff, 31 8 MAR 2007
The Scr abERt SE0RNEER et Ane. Resl SLEET e e Tkt aler

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
,J ' 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 Ilmmxlmm tape pieces out of 100 that came off.
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according to standards defined by Japanese Industrial Standards (JI $MAR2007
‘[Basic Exanples] 5 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 both added. In each exanple, one of the

above- descri beghal Loys: 10 yes: usRE a8e!heod A5gel {hat yas. Sub oledy o

sputtering to eposit a filmon a glass substrate or 1T con wafer. In
Examples _2-1_and 2:2, the . target for form the thin, filmwas conposed of
G th AGCRERRHT ThestargaredoroERhRpI L RATERG I bh Al ned AU i n
anmounts of 4. Om % and 1.7% 15 respectively. In Exanple 2-1, the specific
resi st anc&2Re8rdat éFhrhed to be 3.8 pf-cm The adhesion strength was 5.72 N
for the glass substrate and 3.48 N for the silicon wafer. The results of
the tapéBpeet Emsmpiladicate that no peeling was observed for the 20 gl ass
substrate and only two out of 100 tape pieces cane off the silicon wafer.

In BEx@anpl e 2- 2rhéheaspecifi Eifest sipowse weSaded Brsi neskdmpl &e: et &g The
adhesion strength was 4.37 N for the glass substrate and 3.12 N for the

ol TR R S R R R U e e R
100 tapeigisﬁgghcggg gg;get was composed of Cu with Co added; and
) examples in which the target was composed of Cu with Au and Co
:-) both added. 1In each example, one of the above-~described alloys
10 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%,
15 respectively.
In Example 2-1, the specific resistance was determined to
.:> be 3.8 pQ-cm. 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
20 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 pQ-:cm. The adhesion strength was 4.37 N for the glass
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
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the silicon wafer. In Exanples 2-3 and 2-4, the Cu target for forni n§"Re%’
thin filmcontained Co. Specifically, the targets of Exanples 5 2-3 and 2-4
contained Co in amounts of 3. 7wt % and 4.B% respectively. In Exanple 2-3,
the specific resistance was determined to be 2.9 jil cm The adhesion
strength was 5.54 N for the glass } substrate and 3.65 N for the silicon

waf er. Theagestlgstoftd hend Idhlape eeedud est lionditeatee dikate Nnegpreldify was
observed for the glass substrate and ten out of 100 tape pieces cane off
the siligonmafesn Jdebxanple 2-4, the specific resistance was determ ned
to be 3.2 Qcm The adhesion strength was 5.6B N for the glass 15

substrate and frhatfxal}%)l r té’l% ld con, W%fer CTll Q%rﬁ Sc“'for % %E%tt%%e peel
or e ubs

test indicate Yeel G g Was obs’erved Iass s ate and ten
out of 100 taéoe pi eces cane off the silicon wafer, mpl es 2- 5 and 2-6,
t he Cu ttabrjdét gt Cfcij“rt'rﬁlﬁbecﬁ@ 26PeRLAIFRL MY coh DS F\@Hgﬁﬁsaﬁé Egamples

Specifically, the target of Exanple 2-5 contained Au and Co in anounts of
2. 3wb% ahdB 2172 -4 espeotingd yCo The ammydts off Brdmilte aaxdb odrit,ai ned Au and
Co in armounts of 1.2% and 4.2% respectively. In Exanple 2-5, the specific
resi st ancesp@scidesiefmned to 25 be 3.9 Qcm The adhesion strength was 5.52
N for the glass 33 8 MAR 2007 substrate and 3.54 N for the silicon wafer.

The results (ﬁlﬁrﬁiample 2-3, the specific resistance was determined to

be 2.9 pQ-+cm. The adhesion strength was 5.54 N for the glass

Ky
i
RN

substrate and 3.65 N for the silicon wafer. The results of the
10 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
fw} 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 p-cm. The adhesion strength was 5.52 N for the glass
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tape peel test indicate that no peeling was observed in the glass s%%‘s‘%{rnge
or inthe silicon wafer. In Exanple 2-6, the specific resistance was
determined to 5 be 4.0 pn*cm The adhesion strength was 5.31 N for the

gl ass substrate and 3.07 N for the silicon wafer. The results of the tape
peel test indicate that no peeling was observed in the glass substrate or
in the ssubhsomtwafard J.Cohpariadn vehdExairples] wHEcekhe trabl ecefilEsgof2takso
cont ai ns Conparative Exanples 2- 1 through 2-9 for conparison with Basic

Exanpl e&ﬁ@%é@pieﬁ@%&mimaﬁ@ﬂ W Beplgy draks Wsaaepsied o y of Cu.
In this nparative Exanple 1, the specific resistance was determ ned 15

to be 4%18%% cgﬂbs'l'%[e%%ceiho%siﬂp Std e%g;iEé%ﬁ%a%e% N or | ess for each of .the

gl ass su ate an Silicon wa e results J of the tape peel test
indicate that all_of the one hundred ¢tape pieces cane off in each of the
gl ass subst rat’e dFHEMHE %194 &OiF vRe&GLE 150 e 1I6smpacatiare dBteHRESs 20 t he
Cu target for formng the thin filmcontained 3.OM% Zr. In this

Conpér atbheet BExafpl@n2- The wlbespeni kitcengshstvascé . Bas Ndéber theredltesbe 10. 1
Qcm The adhesion strength was 0.65 N for the glass substrate and 1.64 N
for the sidstconaenairet .3.THe N et ttheofsitlhedrape fleael trast r25uilndi odt ehthat
twel ve out of 100 tape pieces cane off the glass 34 8 MAR 2007 substrate
and 40 pigeespcame-fd e Sddd cabaf®rpeeling 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 pQ-cm. The adhesion strength was 0.1 N or less for
each of the glass substrate and the silicon wafer. The results
CJ 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 pf2-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 out of 100 tape pieces came off the glass
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In Conparative Exanple 2-3, the Cu target for formng the thin fi| i MAR 2007
contained 1.OW % N . In this Conparative Exanple 2-3, the specific

resi stance was determned to be 8.9 pfF cm The 5 adhesion strength was 0. 24
N for the glass substrate and 1.41 N for -the silicon wafer. The results of
the tape peel test indicate that all of the one hundred tape pieces cane
of f the sWids uptd #l rARF30 Eiec o fcdfe 6fifl lapa sidlfiedon wafer. In
Conparative Exanple 2-4, the Cu target for formng the 10 thin film

cont ai ned 5. A CAImpalna ttiivies IGampdreati-Be Ekenphe t2rdet tthe Spemihigc the

resi stance was determned to be 11.1 Qcm The adhesion strength was 0.13 N

for the wiassrisupsidrate g 1L Ak Nifior thersiiki coppwaben velgam@l ts-0f the
tape peel test indicate that all of the one hundred tape pieces canme off

the 15 gl ass subhstrate .and 50 pieces . cane off the silicon, wafer, . In

Conpar at i SEMINE 35 RS Py G5 ForFor Henget Re® #0F At | AiSont ai ned
6.5W% In,. In this Co rativ anple 2-5, he specific resistance was
det ePmi fstied Be S‘i@"g) W&th)'%dﬁgsﬁ%n tg’l?r Qﬁr@tsﬁ SGIPE N3G qﬂ4 gl ass
substrate and 0.82 20 N for the silicon wafer. The results of the tape peel
test i ndifcw €hehall2eautwadier:00Thapeephétesofapmkeof fpeheeglassstsubstrate
and 30 pieces cane off the silicon wafer. In Conparative Exanple 2-6, the Cu

target fiordifceros nghatthe 11t M thd mneomtaidied 2adwt WiBicesl raidal © fEonmar at i ve
Example 2-6, 25 the specific resistance was determned to be 10.2 Q cm The

35 8 MAR1ZQ0Y s adhesiven Sid et s Gk Nerornkhe 1gliass suketrate and 0.94

5?) 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 pQ-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
:j thin film contained 6.5wt% In. In this Comparative Example 2-5,
the specific resistance was determined to be 9.0 puQ-+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 pieﬁes 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 pfl:cm. The
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N for the silicon wafer. The results of the tape peel test i ndi cat e® M2
all of the one hundred tape pieces cane off in each of the glass substrate
and the silicon wafer. 5 In Conparative Exanple 2-7, the Cu target for
formng the thin filmcontained 1.7wt% Sn. In this Conparative Exanple 2-7,
the specific resistance was determned to be 46.6 in-cm The adhesion

st rengt lRdEss RIBE3INdngth haglbss Uity dthe add sG. GhN ot e ledsil.i%on
wafer. The results of the tape peel test 10 indicate that all of the one
hundr ed N afper pilecesi lciagem ofdfdm gaehretulhe gkaskesubptrptelandsthe silicon
wafer. In Conparative Exanple 2-8, the Cu target for formng the thin film
cont ai neghdi Mbhat ldn it S M@t}iu\fﬁr@ﬁarﬂélf% £i®ced RAPEFS 136

resi stance was determned to be 4.5 pQxm The 15 adhesion strength was 0. 47
N for the glas ubstrate d.0.78 N for the.silicon fer. The results of
t he tapeeapcgleﬁ)fets < lna |Sca%{e%st%raattealﬁn%%qehgg&ﬁgoﬁug’ rfggr ‘t ape pi eces cane
off in each of the glass substrate and the silicon wafer. In Cgonparative
Exanpl e 2-9, tiie (OFREHGES SEFBG g théhe26 Ut hith IRt fododCaiied thew v w
In this Conparative Exanple 2-9, the specific resistance was deternmned to
be 21.5 them fihlen euitiesiread st rbrigt Bwas 10, 447 sNChop atrlaé igleadxagpist Pat/e and
0.78 N for the silicon wafer. The results of the tape peel test indicate

that al ltpd ddweome hndreddapef e samokhb R 2% ea¢in @ t hengl ass
substrate and the silicon wafer. 36 S MAR 2007 [Application Exanples]

adhesion strehgth was 0.53 N for the glass substrate and 0.64

N,

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 pQ-+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

St

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 pQ-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.

36



[ Application Exanple 2-1] This exanple is for reference and conpri sed MAR 2007
transm ssive TFT-LCD in which an exenplary Cu alloy of the 5 present
invention is used in the wiring. Wiile the basic structure of transm ssive
TFT-LCD has al ready been described wth reference to Figs. 3 to 5, various
protective filns/layers (not shown in Figs. 3 to 5) are forned in actual

producti @ﬂplgigg§§§g§.E;Qm§ié§}, a Cu alloy containing 2.3wt9- Au and 2. 7wt %
Cois d T ent glass substrate 18b to a film thickness
of 1500 strons. (specific resistance = 3.9 jsQm by using the high
frequenc?ﬂg%tiﬁ%ggll%% }é%lﬂ%ﬁequg.i]?he resulting filmis subjected to a

phot o- et chi ng process usjng, 15 an amoni um per sul f at e- based aqueous et chi ng
sol ution to fofids ¥Rl vtt Foter SR EHRFMITDFOHRIL 9% Jat e el ectrode of
desired shape. Next, using the glow discharge CVD technique, a silicon
nitride tGMNsifsivetDEBerVe as whiclyadre ¢xsuylatiorcd idimaoy oR20ckdeposited to
a filmthickness of 3000 angstrons. This is followed by the deposition of

a- Si H(i présém 38ntonaidnl 1y tdegknesshofw 850 angstinentheApatshe di schar ge
gas, an SiH4- NH3-N2 gas and an Si H4- N2- based mi xed gas are used for the

sepes O Phrbfe ST 28 S o S A Tl S8 feepest v

to forn1%i9§5£é§grgﬂgée€éi fgé?yﬁrtéog,t$§}ious 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

;7 . 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 SiHy-
NH3;-N, gas and an SiH4-N,-based mixed gas are used for the
deposition of the SiNy film 35 and the a-Si:H(i) film 38,

25 respectively. The SiNy film 35 is subjected to dry etching
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. . . . . . 8§ MAR 2007
channel s. Using an Si H4- H2- PH3- based m xed gas, an a-Si: H(n) f|In1|§ t hen

deposited to a fil mthickness of 3000 angstronms. 5 Subsequently, a Cu alloy
containing 1.2wt% Au and 4.2wt % Co is deposited over the a-Si:H(n) filmto
a filmthickness of 0.3 m(specific resistance = 4.0 pn cn) using the
sputtering technique. The process is performed at roomtenperature. | This
| ayer i sistthenCsubjeeted form phidesieed by gprivicesslavidr ustngttan aqueous
etching solution contai ning hydrochloric acid, potassium hydrogen

per oxysehkahelsand hydrofluoric acid to forma desired pattern of a source
el ectrode 32 and a drain electrode 36. Subsequently, the a-Si:H(i) film 38

and the a- Sigggﬂg Bh!§E§£§H§§@Qrﬁégéédﬂ£§%§ gageséﬁegigﬁﬁgﬁﬁp §§5Hgégry 15

etching with as in conjunction wt tching aqueou

sol uti on, of drazin NHZ2NH2H20) . . Using th di scharge CVD techni que,
205t 11 conh PEPRETHRANGD' R i fo Foarphta S nao Pl utBRRFT I m s ¢ hon
deposited thereover to a film thickness of 3000 angstroms. As the discharge
gas, an S8PRgaseniE- Ng GHsaildotiseanfaining Hep¥sitPBnaBE £heWEENKCfifm The
SiN filmis then subjected to a photo-etching process by dry etching using

CF4 gasdepobkadtedanveut phe pest :Hdn)t ielgate aeféthr odécBdesanodudpdt port
for the source electrode 32, and a through hole 40b to provide el ectrical

connect pan (Bgtweenc2pethetdhakbn=elect 1Qdenpbudnflgt beet EpAsPAEEAY el ectrode
20b. The 38 8 MAR 2007 Cu alloy electrode so obtained is then exposed to
argon pkashRique. The process is performed at room temperature.
>-) This layér is then subjeéted 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 CF, gas in conjuhction'with wet etching with an
agqueous solution of hydrazine (NH;NH;*H;O). Using the glow
1:) discharge CVD technique, a silicon nitride (SiNy) film to serve
as the insulation film is then deposited thereover to a film
thickness of 3000 angstroms. As the discharge gas, an SiHy-
20 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 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

38



to clean the surface. Subsequently, an anorphous transparent conduct BMAR 2407,
conposed mai nly of indium oxide and zinc oxide is deposited 5 using the
sputtering technique. The target used for the sputtering process is a
sintered body of 1n203-ZnO in which the atomc ratio of In/(ln+Zn) has been
adjusted to 0.83. This sintered body is nmounted on the cathode of a planar
magnet r 61 Sttt exlienf eosrarst wbtsoindratis tthean es@osedas o lvegcar getastdsi ng 10
a pure argon gas or an argon gas containing approxinmately 1|vol % oxygen as

t he di sctargeegfasha fudfiadeoor transparent el ectrode 20b is deposited to a
filmthi ckness of 1200 angstronms. The X-ray diffraction analysis of the

resulting | n2GB;s drid1, s howegh 1P HRRAK S r 2GRN @l tlike fdihm was 15
anor phous. The resulting filmfor transparent el ectrode 20b was subjected

to a phot g-etching .prcess .usi.ng a 3. 4w % aqueous _.spl ution of .oxalic acid
to forma ¢ e%slerded%plgptyeroﬁsflonrdlp%(e de: eaé]td?o&éls? anfd c?utlﬁut 5 oesé”[%recc)ides. A
bl ack matrjix pattern is 20 then fornmed to conplete an a-Si TFT substrate 14.
Thi s OTFTIS sttt U4 SIHO USEFTs Wske ANTFTaEeptf Paeddfspl &Y Vi deo
signals were provided to the display to confirmthat the display had good
per f or megE. t§ AP ipatdems Bl rie2jeRPotyl © feXanPbeZ2n@npr iwescla the
reflective TFT-LCD in which an 39 8 MAR 2007 exenplary Cu alloy of the
present ddvieid idtis dsech/A (Td4m) 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
Iny,03-Zn0 film showed no peaks, indicating that the film was
15 amorphous.
The resulting film for transparent electrode 20b was
VNJ 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 a-SiTFT substrate 14. This TET
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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Wi ring. The basic structure of reflective TFT-LCD is different f r om&YAR 28Y
the transm ssive TFT-LCD in that a light reflective electrode is used in

pl ace of the transparent 5 el ectrode 20b on the TFT substrate 14 of the
transm ssive TFT- LCD. Wiile not shown in Figs. 3 to 5, various protective
films/layers are deposited in actual production processes. It is well known
t hat reféxemeplar T ldooare dilid aregrerft omvantdmnissivaedrADR B i n many
ways, aside fromthe electrodes. 10 First, a Cu alloy containing 2.3wt % Au
and 2. 7w26 0oy | sThdae;hxasiibe@tmmwumean@aeéﬂbcgliaes TgUbsCDatie H3l feaeatfi| m

t hi ckness of 1500 angstrons (specific resistance 3.9 S2-cm) by using the

hi gh freguencyhSPUS L erid G £ 8edh SHiere Tier -micgs uld Itnﬁatf id mightsubj ected to a
phot o- et chi ng process using 15 an anmoni um persul fat e-based aqueous etching

sol ut! Ogrdéﬁhé&mﬁ\ze]%aéteroe& ect d’sdina W J |d}ggﬂ§ortrt chis queen eI ectrode of

} desir usi ng T ow d| s¢h ar ge a silicon

nltrlde(Sl ilmto serve asthe te| sulatl n filmis 20 deposited to
a fiPm tHt ?(‘h%%‘i U gh EHystiromite rle AN SRIpSsi thion of
a-Si:H(i) film38 to a film thickness of 3500 angstroms As the discharge
gas, an SiM4- WRHZeNnogashawa dm Siks-N2- baséd wexedugaprarectseed for the
deposition of the SIiNk film35 and the a-Si:H(i) film38, 25 respectively.
The Si NXf{ilimsy Bdydss siny eddmsk 1edirih etehidlg prAAE IR 20@cedisdng €4 gas

to forma desired protective layer for the
is 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 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
i} desired shape.
Next, using the glow discharge CVD technique, a silicon
nitride (SiNg) 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 SiHy-
NH;-N, gas and an SiH4-Nj~based mixed gas are used for the
deposition of the SiNy film 35 and the a-Si:H(i) film 38,

25 respectively. The SiN,; film 35 is subjected tc dry etching

40



channel s. Using an Si H4- H2- PH3- based mixed gas, an a-Si:H(n) filmisSMAREH7
deposited to a filmthickness of 3000 angstronms. 5 Subsequently, a Cu all oy
containing 1.2wt% Au and 4.2wt % Co is deposited over the a-Si:H(n) filmto
a filmthickness of 0.3 m(specific resistance = 4.0 jF cn) using the
sputtering technique. The process is perfornmed at roomtenperature. This

| ayer i sugimen Gubgecst ¢d tfora phdesietdhpagtprotesslafeusifng aheaqueous
etching solution containing hydrochloric acid, potassium hydrogen

per oxyswHi=airs1and hydrofluoric acid to forma desired pattern of a source
el ectrode 32 and a drain electrode 36. Subsequently, the a-Si:H(i) film 38

and the a- égi f|| lq{e oz %ta%ré '19<te% %tagﬁfl red %% hﬁ usi;ng . dry 15

etching with S|nc o w ra2|ne

( NH2NH2H20 | th | o i.sc CVDt c S|I|con nitride
(S o) P %Oé%\reeistgwe Hgfmtiﬁ 58 it PO Ersadssgted o a film
t hi ckness of 3000 angstrons. As the di scharge gas, an Si HA-NH3-N2 gas is

used>Sf orSultfe PEHERosia iGh a9l avh oStk THingm L - Pié Sk anid -2 t3hé&® Subj ect ed
to a photo-etching process by dry etching using CF4 gas to form an output

port forddgwsigaie ®Biactytaden-34, : B )oWiduwt teord fiam thieksycefeload rode 32,
and a through hol e 40b to provide electrical connection between the drain

el ectr ogen 3(@;?@!31 < tdangparent el gstid0de 30k, tﬂée S(B‘ultaclellq)ﬁgel ectrode so

obt ai ne I\/AR 2007 1s then exposed to argon plasma to clean the
Surface'technlque. The process is performed at room temperature.

gi) This layer is then subjected to a photo-etching process
10 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
15 etching with CF; gas in conjunction with wet etching with
hydrazine (NHZNHZﬂhO). Using the glow discharge CVD technique,
i:): a silicon nitride (SiN,) film to serve as the insulation film
is then deposited to a film thickness of 3000 angstroms. As
the discharge gas, an SiH4-NH3-N; gas is used for the
20 deposition of the SiNy 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

25 transparent electrode 20b. The Cu alloy electrode so obtained
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Subsequently, a Cu alloy containing 2.3wt% Au and 2. 7wt % Co is deposi¥aB20¢y
a filmthickness of 0.2 m(specific resistance = 3.9 1LQ cm using the
sputtering technique. The 5 process is perforned at roomtenperature. An
anor phous transparent conductive film conposed nainly of indium oxide and
zinc oxide is then deposited using the sputtering technique. The target
used forid heheaputmridd) traaeess pglasassitt erlednbady glurfrz@3- ZnO i n whi ch
the atomc 10 ratio of In/(l1n+Zn) has been adjusted to 0.83. This sintered

body is nount ediondetaat,hedeofaia B 2Rak TRGAS RORLLSPHLL 8HUNG . 3RRAr at US
so that it can serve as the target. Using a pure argon gas or an argon gas

cont 2 .09 ARRLGINE] X YOI B A 804 he B orle dedrs e L m T

angstronms. The X-ray diffraction analysis of the resulting 1n203-2Zn0O film
showed M HeHIENCS ridliTat MY Thatud Y filemsRad tegimPprOFhnITyef-or A& desired
pattern for reflective pixel electrodes 20 and output electrodes, the
resubti mrddesn figr rechespEcemt mwactiegder2@iyngas subj ected to a
phot o- et chi ng process using an anmoni um persul f at e- based aqueous et chi ng
sol ution. Thi fn sodarghem shad dnaghairtes: tc aotentctatieon iad) usinedsed thdanhlit coul d
etch the Cu alloy layer and the indium oxi de-zinc oxide |ayer 25 at once.
42 8 MAR 20041 Rl:atde nBld i2¢ Ratd:arde iis then bepird tke catpletcan a
sputtering technique. The target used for the sputtering
process is a sintered body of In;03-Zn0 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
1vol% 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,03-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 aqueous 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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Si TFT substrate 14. This TFT substrate 14 was used to make a TFT- LCI§ MARR007
di splay. Video signals were provided to the display to confirmthat the

di spl ay had good perfornmance. 5 [Application Exanple 2-3] This exanple is
for reference and conprises a substrate for organic EL device in which an
exenplary Cu alloy of the present invention is used in the wiring. First, a
Cu al l oy cont ai bilagk2m3wkYxAbaadndrad. 79t ¥hén WesmedOtdepospl edeoanaagl ass
substrate to a filmthickness of 1500 angstrons (specific resistance = 3.9

pnm . Aigendgebiste et als.oxtdesftim yasst here dEpasdd ask@yero thigke QG al | oy
film The filmwas deposited to a thickness of 300 angstrons using the

sputteri B hii, que i a3t &ﬁi -@m@ T, mc ratio of
Iﬁ/(ln+£ﬁ? %g@ gégﬁ gﬁ%ggtgd ?%9&%?8 : u%?#%%$§9%%ndu€%i€§ ﬁ%%al oxi de
filmcoryres

onds to the transpatent,.el ectrode described in Exanples 2-1 and
22 The-FPASnt OAFBICATT GRoExAiE 812039Y s EHaPaot ePPEE PERACC hat t he
conposition _of the conductive netal oxide film 20 contains Pd in an anount
of 3°at dAPPLICRiLERr EZpBPLet 6 Bhe total anpunt of netals. The work function
of this conductive filmwas determ ned, by an atnospheric-ultraviolet
phot oel ect r onTgpectranmpfer i6AEot, reRekenc&Keakil Comprisds)a sobbersté5 eV,
i ndicating that the 25 conductive filmhad desirable properties for use as
an anodegor43r3aMAR 2004eveteannohdaBhCakledeNMpE8ry 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 pQ-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 1Iny03-Zn0O. 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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While Pd was used in this exanple, Ru, Re, and Ir may also be used.sﬁﬁgﬁﬂm7
used, these netals gave work functions of 5.51 eV, 5.63 eV, and 5.61 eV,

respectively. Thus, each proved 5 to have desirable properties for use as an
anode of an organic EL device. As set forth, the present invention provides

a Wringr gt erigahithat, siaewsean inproved adhesion strength to gl ass
substrates and silicon wafers while offering a | ow resi stance. 10 Thus, when

used in the Wti.RQS plyN T- . 0 [ Vi ges, . .or h ctronic
devi ces, thew%ﬁ%?%gpgarégig%ggﬁlphégggegén pgﬁveﬁﬁfoﬁebrgggn?% ﬁhg peel i ng
of the wirings and its _ | ow resistance hel i nprove properties of fhe

devi ces A1 Fetpr @36Rr | WOBRT FORS | NTHE CRES Bard T Eal 40T Ao ST T650%7 o5 cu
alloy is sputtered to forma filmto serve as a netal electrode, also nakes
it possitbPé €Y nminibRi 2.t REAngribér e¥f rPEBAGELVEAYSt ePBUs nveR sl dPEPItE@nabl es
the efficient production of TFT arrays. Thus, the invention allows |ow cost
product itonhaok TEEirGb3 capdopkeTidesvénronganee Eh dawideesf bn pagdhdul ar, 20
the present invention enploys a particular conposition that mninmzes the
occurrepge gef,iaknormal di scharge during sputtering and thus enabl es
efficient production of the devices. 44 8 MAR 2007 CLAIMS 1. A wring

meterial comprising an.pg aileyoLbal contalns:Ag ,A00i4Ls23 GeERRgents and
at | east one netal sélectéd fro €

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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group consisting of Au, Ni, Co and Al, wherein the Ag alloy 5 contains

96. 6wt % or nore of Ag. 2. The wiring material according to clai rgpMar®er ei n

the Ag alloy according to claim1 contains 96.6w%to 99wt % of Ag and 1 to
Swm % of Zr. 3. The wiring material according to claim1, wherein the Ag 10

all oy according to claim1 contains dQLATMS. 4w % of Zr; O to 2. 4w % of Au; O
to 2.4w%of Al; O0to 2.4wm%of Co; and O to 2.4wm % of N . 15 wherein sum

of Au, 1A, @0,ARd N ria% KAt 1IMIEdNEN g A Yy 411 tMdd ng Twdield al
according to any one of clainms 1 to 3, further containing O to Imﬁé%of at

| east ang wht al %%Hn%%%&t d ra%IHO]Eahcfhlgara gp o %”%iestteh”%c?qfe&%d %é'fon{:) d.peand Ir.

5. The wring materral forne oy according to 0 any one of

boar o G SPRG. S PSS Pitve! e ch M g ¢BRFEagH QI B W iThy mat eri Bl

according tg any 25 gne of clainms 1 to 4. 7. The wiring board according to
cl aP m EONMRENS| 7 ot Ry LU BDIZMIER 2J0P9 'substrate is a gl ass substrate or a

silicon substrate. 8. The wiring board according to claim®6 or 7, wherein
t he 2. The wiring material according to claim 1, wherein the Ag

alloy according to claim 1 contains 96.6wt% to 99wt% of Ag and 1
to 5wt% of Zr.
3. The wiring material according to claim 1, wherein the Ag
10 alloy according to claim 1 contains 1 to 3.4wt% of Zr;
0 to 2.4wt% of Au;
0 to 2.4wt% of Al;
0 to 2.4wt% of Co; and
0 to 2.4wt% of Ni.
15 wherein sum of Au, Al, Co and Ni is not more than 2.4wt%.
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
20 any one of claims 1 to 4, having a specific resistance of 4
pQ-.cm or less.
6. A wiring board comprising:
a substrate; and
a wiring composed of the wiring material according to any
25 one of claims 1 to 4.

7. The wiring board according to claim 6, wherein the
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adhesion strength of the wiring to the substrate as determ ned by8MaR 2007
scratch nethod is 3 Nor 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 wiring and a gate electrode of a thin filmtransistor forned on the
wiring board. 10. The wiring board for a sem conductor device according to
10 any one of clains 6 to 8, wherein the wiring conprises a source Wring
and a dulastrakei ng, a aptlaasssubseretecdbrodesahilcan dnhshretectrode, of a thin
filmtransistor forned on the wring board. 11. The wiring board according

to anygpne ofh&lwd MBn® b2, acdSrahegetd: c1hemsebsiraj ewhsr8on- epaducti ve
at least on its surface; and a conductive netal oxide |layer is deposited

over t § £i N h L1 L NG drac din ai kn the
00 i 1 Rencdhoh Nt St N6 VERL 1 POAG T GOFRL (L POsLPaELBAT ddeetiieheun the

two-| ayered structure,. . ,The wirin oard according to claim1l or 12,
mhere?%ytﬁge %%ﬁ%ﬁ%?i@%%ﬁggafso§1geogiﬁhsg%ﬁprises an anor phous transparent
conductive filmthat is fornmed of indium oxide and zinc oxide 25 and has an

at oli c9conmposi® i Bt sREMPeREE RAE Fof EBIF Ny UGt 8 MARY 288 72CFRF 4t POnsHi p

holds: In/(IntZn) = 0.8 to 0.95. 14. The wiring board according to any one
of cl agmg dretof 1@laims 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 electrode, 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



wherein the anorphous transparent conductive filmhas a work funct SR $007
5.4 eV or larger. 5 47

relationship holds: In/(In+Zn) = 0.8 to 0.95.
14. The wiring board according to any one of claims 11 to 13,
wherein the amorphous transparent conductive film has a work

function of 5.4 eV or larger.
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