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

FI ELD The present invention relates to wiring materials and reflective

el ectrodes for use in TFT liquid crystal displays (TFT-LCDs) or organic

el ectrol um nescence devices, and a manufacturing nethod thereof. 10
BACKGROUND ART Thin-filmtransistor (TFT) liquid crystal displays (which

are referred to sinply as TFT- LCOgrdusmeimafit er) have distinctive features,
such as hi gh display perfornmance and 15 superior 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

of fer different t f ro?x i 5ﬁ5l%g§§$§) Eﬁgﬁhgfgi I.hvol ves many
steps and requi %@@@%%ﬁ%@% Lf\ﬁ)aﬁg[ ;%(\I A@i 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
convént IT@CANITEL- FARI O s first 1 described. Referring to Fig. 3, a
transmssive TFT-LCD is shown in a schematic cross-section. As shown, the
transm ssiVe The present invention relates to wiring materials and
reflective electrodes for use in TFT liguid 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 TFT-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,
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



TFT-LCD has a basic structure in which a liquid crystal 10 is sandw ched
between a color filter substrate 12 and a TFT 5 substrate 14. A backlight 16
is placed behind the TFT substrate 14 to illum nate the transm ssive
TFT-LCD from behind. The color filter substrate 12 has a structure in which
a color filter 22 is sandw ched between a gl ass substrate 1Ba 10 and a

transpargidc£]156d I 04 feld-r iHRE 1&PIMIg f i3t er Subsifials 12 retpangmis red (R),
green (G, and blue (B) light. The gTFT substrate 14 includes a transparent

el ectrod di POSE, ss subst ate 18b Si_gn vql t ages. ar.e
appl i ed ° "9 hlentian%béajrflaé%%ge ec e~ 2N a8 fzgl %fbe I nairﬁs 1s51ve
constructlon showmn in Fig, 3, a S|ngle pol arizer _is arranged on one face of

the col ofF ?l@cf%rh%%b%t?%ﬁéc 1?t%%%itu3éﬁ"|o]trhe"l’h3p%¢a?|123e‘iub% oRestatel®fithe TFT
substrate 14. Such a construction is well known in the art. Unlike the

transm ssanawil¢ied Crofedn gp Solar reflieet i sebs20a ¢ T2 Chhdhas BETonstructi on
in which the TFT substrate 14 includes, rather than the transparent

el ecbr odsuPdbrate 1£f 1 ectjaesklaleat rlcqurr@ﬂ%c@fd iUy ersi m | ar
reflective rraterl aI Since the reflective TFT-LCD reflects incom ng |ight,

it does t _ZF%:EB@ 4, t he basic
structure o?{a Si n %ZP%% g%%]etlﬁj séurE{s%rate g ?Cthe transm ssi ve

TFT-LCD i s ,s(?ovvn |n a schematic plan view. As shown, data on a signal
behind.

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

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

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

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

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

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

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

gate el ghtynde, 34 s TRV LAisposad oy (e 9SS Hbsitdalw H8erane, i 55 overlaid
with an S;Nx film35. A so disposed above the gate el ectrode 34 is the

| aver ol anprpfious sbldean 34,1 The, Soprcgceleshrode 32 and.the drain

el ect rode are ~arranged on opposite ends o he “amor phous “Si°l'i'Cone 38,
each 15 partially overl apping the gate el ectrqode. These conponents are

entirel yigferdGilf aRM itr%ﬂilréﬁ iR TSRGRAT. RS thgfs patentia el ect rode 20b

i s disposed over the insulation film40 and is electrically connected to
t he draisvidadcitrpdey 36 T 2 t hifTbeghFThéke inobuflesnmad sonrrke eilestilradieon fil m
40. 20 Wring used in TFT-LCDs In the production of TFT arrays for driving

conventiymala gHtk LRt Ade ErsHld d k0 WSidid rodeh Jet ahs amo@phol@dW and
MoWin the gate el ectrodes or the source/drain el ectrodes has been

exam nedq,; {2 [5%3! , I.S readi . Qut, i s suscepti bl e
to corr (;dssllléﬁc,oqvm%agr]:az]? a arrsuﬁn a&e\ﬁl/lzsiarles ?%éaﬁe%g&ac@rqgsﬁs%gn rtegglc(%l? rogﬁs)i on but
have a Iﬁ{ge electricalcfeggstance.

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
electrode 20b is disposed over the insulation film 40 and is
electrically connected to the drain electrode 36 via a through

hole 40b formed in the insulation film 40.

20 Wiring used in TFT-LCDs
| In the production of TFT arrays for driving cdnventional
TFT-LCDs, the possibility of using such metals as Cr, TaW, and
MoW in the gate electrodes or the source/drain electrodes has
been examined.
25 Of these metals, Cr is readily workable but is
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Thus, workable netals with |ow electrical resistance have been w dely used.
Wien we sinply say "netals with low 5 electrical resistance,”" what cones
first to mind are such netals as Ag, Cu, and Al. For this reason, TFT
arrays (transistor arrays) using alum numbased wiring have been proposed
conventionally. It has been known that alum num nmay cause formation of

protru5|ons kno as "hillocks" on the 10 face el ectr d \When forned
on el ectroqed™ mh jfs {17 T Sontee ehl &%@r M%ITI—NT Arthd ocek1§’ may

penetrate the overlaying insulation Iayer and cqone into cont act with the

top tr&fSp&tERt dedIFRSIFedt MRS ® st BIE S rddiddt LeSHREENceNd has
been added to alum numto prevent formation of such 15 hillocks. Wen such
an al um num elféetsr othe rdiabdet g tede v iitht d owc edeacttr iwiatlh riefsé ssianiceomalvay er

and the transparent el ectrode, however, alum nummay diffuse into the

si | i conHeayehidedysivagd.a Waeheasesinpl hesdeviae=terd o immceowr oxidation of
al um num 20 into alumna, which quite likely results in an increase in the

el ec% M el Jt8Sic3liancs jReLUREN nt he T aRgRAT 81 s%' e q@e gagttt henlFT. As a

result, the conponents of the TFT array nmay . ion of Nd to

al um num nay al so | ea i | ecirical resist e arable to that
of Taw &3 5289 ut'h rAgfasoﬁgr ghescﬁﬁeéﬂ?ioﬁgf aFﬁfWSved approach 4
enpl oys a structure in which the alum num el ectrode is sandw ched by M or
Ti to nilfinensdsities eareas) redingt ade@inumrbased wiring have been

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



t he oxi de-nmade transparent electrode. Specifically, Mo is first deposited
over the silicon layer and the alumnumlayer 5 is then forned on top of the
Mo filmto prevent diffusion of alumnuminto the silicon |ayer. Another M
| ayer is then deposited over the alum numlayer to prevent the increase in
the contact resistance with the transparent el ectrode due to oxidation. In
brief, the canventdangle T - L0 Qe tedihdhréasd @ysiedi wi rings of
Mo/ Al / Mo. Three-layered wirings of Ti/A/Ti are also enployed for the sane
reason. _ Conventi onal anpl.es of Ag Alloys Japanese Patent_ No. 1297072
descri be€ nocpn‘“'el C(ra}&earrprlf % D{%r(l O%f% h Q' gl-nblazsé/e}hﬁ Icooyneti Ll B Fat “élrtio%tl to
form 15 electrjical contacts. The patent discloses the use of an Ag alloy
cont ai nitff PHELTRDE oFr FhP et we lstciwdaso, Sardifiicaldy aMooys of ot her
conpositions are al so described. Al so, Japanese Patent No. 1585932

descri beSi mat Alpratd iyed orvear ning siNii@nd lryem ammburites afuri riwm 2bawés and
0.05 to 8WMm % 20 respectively. Japanese Patent Laid-Qpen Publication No.
2001519275 hele st t@s et X asplthd MV iCin &b Agrdbasied @l f0ysisn used as a
metal material for various electronic parts. The Ag alloy described in this
publ f cat Gt G A%, Gl (91 S Ofa ek 81 986 2 N 16943 5Qf ek O Sut % of

Pt, Cu Ti, N, or other netals.” Japanese Patent
Lai d- Opecpe Publ i cdati on 'i%e 2a0101-.1025 2

posited over uminum layer to prevent the increase in
the contact resistance with the transparent electrode due to
oxidation. 1In 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 réason.

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,



descri bes one exanple in which a particular Ag-based alloy is wused in gate
el ectrodes. Aside fromAg to serve as the major 5 conponent, this alloy
contains Pd and one or nore nmetals selected fromzn, Co, Fe, C, M, and
Ti. Conventional Exanples of Cu Alloys Japanese Patent No. 1549371 (Japanese
Patent Application 10 No. Sho 57-6061) describes the use of a copper alloy
as a nmHEericd Jioied apgkges used in various sem conductor instrunents.
Aside fromCu to serve as the nmjor conponent, the copper alloy described
in this patent %é?ﬁ i g O [1 2 A te | 1 S t al so
contains P and] a%éigpa%eﬁlo% q-?:aé)ll\r,r&bc?rgeérql{t sﬂb\]lglpr%ntgsoén Iggjt'e\r,?t%l\g.lo?gslgégl84
(Japanese Patent licati No. .Shqg 58-65265) .descyi bes rtjcular Cu

al | oys, Cgeasc%le%%%t %i?@alﬁp%slq hvémréT ot %aorfﬁ)]o()ﬁé]rﬂr Zgﬁr_ﬁ?%s%ﬁea A1 19ys
descri bed are one containing 0.01 to 2. OM % of Cr, one 20 containing 0.005
to 1. OMWASS 2 IR DRI ni AG 66t ATCR AgndozBerA_s@s JAFafes@Pat ent
No. 2136017 (Japanese Patent Application No. Sho 62-124365) descri bes one
exanpl e aimmpoppdr, @iyl fay asetdainsdd comtuoteores: rdmwee coppers al | oy
described 25 in this patent contains 1.0 to 4. OmM % of Ni, 0.2 to 1. Om % of

6 Si, 0.40Qxdey 055 ofn Ao, anck 2.E %aror dssrof Zn, M, Co  and/or other
nmetal s. Conventional Exanples of the Use of Copper in Electrodes for

Conventional Examples of Cu Alloys

Japanese Patent No. 1549371 (Japanese Patent Application
10 No. Sho 57-6061) describes the use of a copper alloy as a
material for lead wires used in various semiconductor
instruments. Aside from Cu to serve as the major component,
the copper alloy described in this patent contains 0.4 to 4wt$%
of Ni and 0.1 to 1lwt% of Si. It also contains P and As as
15 minor components.
Japanese Patent No. 1914484 (Japanese Patent Application
{ No. Sho 58-65265) describes particular Cu alloys, each
containing Cu as the major component. Among the Cu alloys
described are one containing 0.01 to 2.0wt% of Cr, one
20 containing 0.005 to 1.0wt% of Zr, and one containing both Cr
and Zr.
Also, Japanese Patent No. 2136017 (Japanese Patent
Application No. Sho 62-124365) describes one example of copper

alloys for use in semiconductors. The copper alloy described

25 in this patent contains 1.0 to 4.0wt% of Ni, 0.2 to 1.0wt% of
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D spl ays 5 Japanese Patent No. 2579106 (Japanese Patent Lai d- QOpen
Publ i cati on No. Hei 05-188401) nentions a C/Cu/Cr three- |ayered structure
of gate electrodes for TFT (thin-filn) transistors used in TFT-LCD panel s.
I n addi tion, Japanese Patent Laid-Open Publication No. Hei 10-153788
mentions a 10 construction of gate el ectrodes for use in liquid crystal

di spl ayssi Tho sogasetgl ectgode n?nsaﬁaszoaﬁw@%\ 8t p¥ys9f ofuzANdMnZr coand a ZrO
oxi de Iayer di sposed over the ioy Furt her nore, Japanese Pat ent Lai d- Open

Publi catiog, No. ,2Q01- &g@g%g mentions a |layered structure of conductive
nmetal s conprising copper 15 thin filmpatterns and 1ZO thin filmpatterns..
Mor eover P.tent La|d o-en ica |on No, 2001 23217 descrlbes
a thin fi e hal E Twith a
copper thin fl|ﬁ10f 1 0x10 6 O- cnlor | ess. 20 DISCLCSURE OF THE | NVENTI ON
As descrPheplan®ve, formation of the three-layered wiring requires

sandwi ching the al um num el ectrode, which involves conplex processes of

i nitisal deposidapanefe MaoentdiNo f ok Dewlc 267 dnyaeposh4 t emt of.a adubpanm based
netal, and then another 7 deposition of Mo or Ti. As described above,

exarpgesi@%lﬁ@&é‘lén oyher & Paps - as oD DUMERYV HFs | HVE L) €6 €+ CahrEgSi stance
i nclude Ag and Cu.

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

10 construction of gate electrodes for use in liquid crystal
displays. This gate electrode consists of an 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 IZO thin film patterns. Moreover,
Japanese Patent Laid-Open Publication No. 2001-223217
describes a thin film of a metal oxide conductor having a
contact resistance with a copper thin film of 1.0x107° Q-cm or
less.

20
DISCLOSURE OF THE INVENTION

As described above, formation of the three-layered wiring

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

25 by deposition of aluminum-based metal, and then another

7



Thus, attenpts have been nmade 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 nade in view of the above- described
problenms with a principal objective of providing a 10 wiring material using
a partic contains Ag as a nmmjor conponent (i.e., Ag alloy)
and offéﬁ%&§%%#%§gdggg%%§?gﬁﬁito gl ass substrates and silicon filns. It is a
second objective of th esent invention to rovide a wiring materi al
using a parti i af?esaqq]%/% V& RIS &f %%]%&%mnt (i.e., Cu
alloy) and offers inproved adhesion to glass substrates and silicon filns.
1. The inlemingn hagandi by Alettvicadh s ieftfarce tindivde shAgvagnd ocCaddr ess

t he aforenmentioned problens, the present inventors have found that these

pr obl ensThiZ$), Catt 1Rp 1Oy e £OEEL YN UBd dieg 8o Vi ddl e sTaittee 0d £ @rerfgn @l boyd t hat
contains Ag and Zr as essential conponents and further contains at |east
one get al, g6l & %fﬁm%%%&a’m%@éé@fa&spf MU anld o0 Ak Ay, 1t has
proven that such an Ag alloy wring shows a good 25 adhesion to glass
substrates, has a lagw el ectric resi stance 8 and lows Liftle or no
reral | atGREe npoa TR TH of ¢ role &1 B S aeBEre At bl b T cones
into direct contact wth the silicon layer. This Ag alloy wiring thus
causes readily come off during the production process.

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

1. The invention regarding Ag alloy

In an effort to find a way to address the aforementioned
problems, the present inventors have found that these problems
20 can be overcome by using a wiring made of an Ag alloy that
contains Ag and Zr as essential components and further
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,



little or no decrease in the performance of the conponents of 5 a TFT
array. It has also proven that even when an el ectrode (transparent

el ectrode) for driving liquid crystal displays that contains indium oxide,
tin oxide, or zinc oxide as a nmajor conponent is fornmed directly over the
Ag alloy nmetal 10 el ectrode, the contact resistance between the netal

el ectrodgnq apth &he 1{enspasento ehecs ogeoms I4o net s feconen excegsi vely large
and the device will operate stably. The Ag alloy is preferably deposited by

sputteri . The [get_use ng.ai ns. nd Zr_as_gessential 15 conponents.
Speci fi c%}g}ly(,jo hleé)?%ggéé\fer?la‘ghgagc }ﬁ%o"%}ﬁg%i C%Hé?%s%%%oi(ﬁlgﬁ%% %Oﬂg%%gr t hat
the resulting thin film contains 60 to 99wt % of  Ag, 1 to 5w%of Zr, O to
20wt % of "1ldachPdfS i Cr Hre o, THE ¢% ¢ 1399 §rANg thugeferles the tar get
used in the sputtering has the sanme conposition as the 20 desired film In

t hi s manhettle her resufiecrepde | in hidse goaieSd rethce onposhie | ormp®yerd$ usfi ng t he
conposi tion, conpounds such as AgZr2 and AgZr are produced. As a result,
the di spersipiditayyof Zr is inproved, |eading to generation of NiZr, N Zr2
and Ni 3Zr, and 25 AuZr2 and Au2Zr. This facilitates the dispersion of the

third 9 conpopent,d Oaf%f;tfsrgo\%r@bt!ﬁaépé*}ér?mg% ameeféfg??llré&é/drmt al el ectrode

has a hi gh adhesion to substrates and silicon oes not cone

of f durl(%&éﬁgﬁarent electrode) for driving liquid crystal displays

that contains indium oxide, tin oxide, or zinc oxide as a
major component is formed directly over the Ag alloy metal
10 electrode, the contact resistance between the metal electrode
and the transparent electrode will not become excessively
large and the device will operate stably.
The Ag alloy is preferably deposited by sputtering.
The target used contains Ag and Zr as essential
15 components. Specifically, the target has a composition
adjusted in such a manner that the resulting thin film
contains 60 to 99wt$% of Ag, 1 to 5wt% of Zr, 0 to 20wt?% of
each of Au, Ni and Co, and 0 to 39% of Al. 1In general, the
target used in the sputtering has the same composition as the
20 desired film. In this manner, the resulting film has a desired
composition.
By adjusting the composition, compounds such as AgZr; and
AgZr are produced. As a result, the dispersibility of Zr is
improved, leading to generation of NiZr, NiZr, and Ni3Zr, and
25 AuZr; and Au,Zr. This facilitates the dispersion of the third

9



production process, and can thus be manufactured in a stable 5 manner.
Specific constructions of this aspect of the present invention are as
follows: 1-A The invention regarding the wiring material Intended to
overcone the above-descri bed problens, the 10 present invention provides a
wiring material made of an Ag alloy that contains Ag and Zr as essenti al
conponen and furthe nt aj at _J| t_one netal selected fromthe group
consisti(%é;m%éIn u? ié,eéﬁﬁggn%£%§%eSﬂ%ﬁégﬁriﬁgalon shows an i nproved
adhesion to gl ass substrates and sjlicon wafers. 15 Al so, the present
invention is t?ﬁ?v@?i%bl%ﬁi%ﬁ¥%&,el%ﬁ%ﬁ%ﬁ% R above? relkesbed By %l?%?
contains 60 to 99w % of Ag and 1 to 5Sw%of Zr. If the anmount of Zr is IwW%
or | ess,stihehratwes desdredliedfeftlns, ndbesbtal nednandf f heundhgstba strength
to a silicon 20 wafer remains low. In conparison, if Zr is present in
excessi ierod@ttisn phedeshe £081 sdnceud Spechdheraeshséance)a otaphe film
made of the wiring material becones |arge, sonetines exceeding 4 js(xm and
an ircreasgdpccurrence of abnormal discharge is observed during
sputtering. Thus, if 25 present in any anount outside the range of 1 to

5wt % Z 0 i t to the wiri terjal ' ties for |
asi Stance. wi (TGS Fhe X ey GEAHT B T ey 9 BrBG AR of Chis

invention are as follows:

1-A The invention regarding the wiring material

Intended to overcome the above-described problems, the
10 present invention provides a wiring material made of an Ag
alloy that contains Ag and Zr as essential components and
further contains at least one metal selected from the group
consisting of Au, Ni, Co, and Al. Such an Ag alloy shows an
improved adhesion to glass substrates and silicon wafers.
15 Also, the present invention is the wiring material,
wherein the above-described Ag alloy contains 60 to 99wt$% of
Ag and 1 to 5Swt% of Zr.
If the amount of Zr is 1lwt% or less, then the desired
effeét is not obtained and the adhesion strength to a silicon
20 wafer remains low. In comparison, if Zr is present in
excessive amounts, then the resistance (specific resistance)
of the film made of the wiring material becomes large,
sometimes exceeding 4 uQ-+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 5Swt3%, Zr may

10



section for use in the wiring material preferably contains 60 5 to 99wt % of
Ag, 1 to 5Sww%of Zr, O to 20m % of Au, O to 20wm % of Ni, O to 20w % of Co,
and 0 to 39wt % of Al. It was observed that the addition of Au, Ni, and Co

i ncreases the strength of the adhesion to a glass surface. Nonetheless, if
any of these conponents are present in amounts 10 exceedi ng 20w % the
consequences W | | qg an.increase in gost for éu and_an ingreafed

resi st ant®sperd £ resT SR AMER T i bat &1 T hiai £ FEAT Bt 2nt Phet 84sed
occurrence of abnornmal discharge during sputtering for Ni. Thus, if present
in any ZMDUtARSRSEHT HPE20w % each of Au, Ni and Co may inpart to 15 the
wiring material undesired properties for |ow resistance wrings. Wile Au,
Ni , and Co havéehéden alelszy | desth; rited higul tthehef 1 mpprsciagsaph haf Eath of t hese
third netals nust be of the type that does not diffuse into the

sem condiedoion afer We ofn 26hé hei t e idred r doesp rofe wdh Bt cdhrea pes f 60 mance
of the sem conductor devices even when it diffuses into the sem conductor

layes, of, eagfy qrust Qe added 4p-anpunt s, that, a1t ATAECto LhE PELE Or mance

of the semiconductor devi ces. Exanpl es 'of the Ag/Zr alloys include AgZr2 and
Braml e b InG 219 AT o5 Tl T A 22 Mot e Wazr 3, and Auazr. The
wiring material according to the present invention

It was observed that the addition of Au, Ni, and Co
increases the strength of the adhesion to a gléss surface.
Nonetheless, if 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 pQ-cm and an increased occurrence of abnormal
discharge during sputtering for Ni. Thus, if present in any
amount exceeding 20wt%, each of Au, Ni and Co may impart to

15 the wiring material undesired properties for low resistance
wirings.

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

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

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

25 Examples of the Zr/Ni alloys include NiZr, NiZr,;, and NisZr.
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may further contain O 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 Qcmor |ess.
When used in thin filns to serve as wirings of sem conductor devices, the
material with 4 jQcmor a larger 10 specific resistance will cause del ayed
signal s 5 |1l i s it.4s preferre obt ai,n, by
usi ng w%ang Y 2($|§a %%f@@%&%rlgﬁ%{? %rlgusip%di ﬁ%&ﬁgr‘egluggéhcgé?at hi n
films f i rings that cause |ess delayed signals. 15 1-B The invention
regar di %‘yﬁe W ring boards The present invention also provides a wiring
board conprising a substrate, and wirings formed on the substrate and nmade
of the wiring The etiBInhdld Ry ke atevedides v Hde ot timveni2ionccor di ng
to the present invention, the substrate used in the wiring board is

pr ef er ahhay af wttatssr sedast dai €0 oto alwti$ | €dmat Slhsdt adrge st dlesss 1 betedt he
wiring material of the present invention has strong adhesion to gl ass
substr at soRNh ST dESaN N £L5i AN £ake Mg, beg usgth to- make wirings that do
not 25 readily come off the substrate. 12 Vihen tested for the adhesion
strength of t W ring t the substrate, the wring board according to the
present inven |eonnglfl€/he%q%antear atsalsi%cncoo & gcro mhg%é%eﬁ?n% h %v%%%%%r?on

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

semiconductor devices, the material with 4 pfd'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 pfd-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
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



is lower than 3N, the wiring may cone off the substrate during 5 the

production process. Preferably, the wirings of the wring board according to
the present invention are formed on a substrate as a gate wring or a gate
electrode of a thin filmtransistor. In such a case, the present invention
serves as "sem conductor device 10 wiring board " Such constructions nmake it

possible to mm{dﬂ ztees% f&srtsrtearb l(;trp #r des J?flrrtréu n film
ce 0

transi stors hus ps i mprove e per

transi st Wi rings of the wri board ccordrn tothe resent 15
i nventi o ear%l-giﬁte?ae?%blgp? o"ftrﬁjdl%rto%?’g%%??"a’t DE &P s RFe$FP T ng and a
drain wiring or a source electrode and a drain electrode of thin film
transi stioreentllao divehian cadkesidre ohr¥bert hites i od fsdhies aghegion

sem conductor device wiring board. This construction makes it possible to
m ni m zei 4 Heowr rasirstanceciod wheispuiae @itk gafi e tecduosiesatd dilmindi I m
transistors and thus helps inprove the performance of thin film

trangi st[s. FIR{r A Yordhesyi ring board of the present invention is
non- conduct i ve at Ieast on its surface and includes a 25 conductive netal

oxi de layer d e over_the wrin t3 Prefleraﬁ%al he ygrén S and t he
nmet al oxi de | ]r%-:f Werr Jﬁdjai?d) e’ 1prré’s% Eﬁcgle“’fﬁcf r%
stacked wiring of a two- Iayered structure
the present invention are formed on a substrate as a gate
wiring or a gate electrode of a thin film transistor. In such
a case, the present invention serves as "semiconductor device
10 wiring board.” Such constructions make it possible to minimize
the resistance of the gate electrodes of thin film transistors
and thus helps improve the performance of thin film
transistors.
The wirings of the wiring board according to the present
15 invention are preferably formed on a substrate as a source
wiring and a drain wiring or a source electrode and a drain
electrode of thin film transistors. 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.
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The conductive netal oxide filmfor use in the present 5 invention may 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 film10 transistors and, thus, the performance of reflective LCDs and

organi ¢ EL devjcas.. focr di [0 the DEESSA. LINeN . od he, sonduptiye metal

oxi de film may corrprl ‘an am)rp transpare conducti ve lmt

formed of, i ndi ym ox d zinc oxide and has an 15 atom c so ositio such
that ¢ hr PTG & G aH PRt AT i) & OB Kes VDR 10K b s
value is |ess than 0.8, then 1 the resistance of the nmetal oxide thin film
may becmw@x@sﬁsﬁ%lgﬁﬂWWGMereas if the value is greater than 0.95,
the etching rate nay be decreased. 20 According to the present invention,

t he anor phous THe ajtspRIENtve arctect iose dd [Thias o wek ifrurtid @redertc 4 eV or
| arger. When the wiring board of the present invention is used to construct

an osganify e 48y inks MOTK § Kl ons10fe 1B 4 RGO sudrgerias e preferred in
order to enhance hoI e Il’lj ection. 25 2. The invention regarding Cu alloys 14

In an ef address the aforenenti oned problens, the
pr esent {IO%/% %tgerrfsé ave lI that these probl ens

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

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

According to the present invention, the conductive metal
oxide film may comprise an amorphous transparent conductive
film that is formed of indium oxide and zinc oxide and has an

15 atomic composition such that the following relationship holds:
In/ (In+zZn) = 0.8 to 0.95. If this value is less than 0.8, then
the resistance of the metal oxide thin film may become
excessively large, whereas if the value is greater than 0.95,
the etching rate may be decreased.

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
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can be overcone by using a particular Cu alloy in the wrings.

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 wh t 7 ones. | I Q, Lo i i1 e
| ayer. This m%al%}gy&vééﬁgtc% ﬁgnd c%aSJsaré}seccltol '}ﬂ e orsaﬁ%hégﬁe%:ﬂ;be%és}ger?ﬂnl%rﬁ%@
performance of the conponents, of a TFT array. It has also proven that even
when an BIGRITHte thY RRIRH et BT DA S hOtHG it |5 RESRISTS

di splays 15 that contains indiumoxide, tin oxide, or zinc oxide as a major
conponerfall P FVRICAIS d |Ys overa thrr tGrwld oy et bloy eleciredel rimgs cont act
resi stance between the netal electrode and the transparent el ectrode wl|l
not becdreextiessli Me! ythisar@e alibyt horadesdirce @an dpems poistadmpyon&®e ,The Cu
alloy is preferably deposited by sputtering. The target used contains Au

and/ gr G, anfl LA Nse @b as dhe BRI cometontSPatd fAcaldy. .cd hentar get
has a conposition adjusted in such a manner that -the resulting film

cont ai ns, §0 9 % 40 20m % of Au and/or Co. 25 In
2 ftachoetta%ol a%nc%%t 0815 i% ﬁ%ods%u

gener al , arget use ering has the sane 15 conposition as

the desired film_ 1In this manner, the resulting  filmhas a desired .
conposi ti on. It has proven that this Cu alloy wiring has high adhesion

to glass substrates, has a low resistance, and hardly diffuses
into the silicon layer even when the wiring comes in direct
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 has also proven that even when an electrode
(transparent electrode) for driving liquid crystal displays
15 that contains indium oxide, tin oxide, or ;inc oxide as a
major component is formed directly over the Cu alloy metal
electrode, the contact resistance between the metal electrode
and the transparent electrode will not become excessively
large and the device can operate stably.
20 The Cu alloy is preferably deposited by sputtering.
The target used contains BAu and/or Co and contains Cu as
the major component. Specifically, the target has a
composition 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 only
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 \r C ; t41 0ns -Qf (S f

i nventi ch]an rtﬁLo(W ﬁag&gde}g%r?eg&&?éi?%ltr?ngl rgﬁﬁqtshg%?%\%grﬁt f&(gln q%esg‘l;lft}q% t he
W ring teri.al The invention regarding the wiring material 15 Intended
to over {17 rfoo %r‘?%%o r]co]b‘? ns, the present invention provides a
wring material made of a Cu aIon that is conposed of Cu, along with Au
and/ or Co, andhecdmLeiais WaNS P ars it HRNRSTUEE 136 SOVSIWARGIHAY and/ or Cu
in a total amount of 0.5 to 20wt % 20 Such a Cu alloy shows an inproved
adhesi orfddi giltasses sudtstardte st lendisiga caiomaifer®@a, Morte girsesd etladl y, the
wring material contains O to |OM% of Au and O to | Oum % of Co. Experinents
condyct e iy A PIHS ae | e Qf&nﬂ&&@alsed A% at heshall owiag facts
concerning the anounts of Au and Co: Au 16 and Co cannot provi de the

0
?ﬁSISI‘ugﬂ Sg)f Lgcge;rslriié)trhoecetsost ailS sntDaLialllzedthe two conponents is 0.5%or |ess.

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

10 manner.

Specific constructions of this aspect of the present
invention will now be described, starting from the invention
regarding the wiring material.

2-A The invention regarding the wiring material

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

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

More preferably, the wiring material contains 0 to 10wt%
of Au and 0 to 10wt% of Co.
Experiments conducted by the present inventors revealed

25 the following facts concerning the amounts of Au and Co: Au
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wiring material has | ow adhesion to a glass surface. Also, if the total
anount of these conponents exceeds 5 20w % 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 Cc). Thus, if present in a total anpunt of greater than

20wt % Ay and, G ARY: %Edéotflgedé%ff&g Cgﬁﬁs&éllyn é'ESQ%iOaBEB%”'eS

for | ow resistance mnr e Au and ave been escri It should

e 200750 Lok RgEh. g1 tesg L cH 17 L L

affect the performance_of the 15 senlconductor devi ces even mhen it diffuses
into theWisenycBatiatiat Nagetowordeaghomise dedbadiedsihfagdunts that does
not affect the performance of the sem conductor devices. The wiring materi al
according to thkseyesEnthe nvend il camoyitefef abthysdasompspect §i exeesdst ance of
4 4Qcmor |less. 20 When used in thin filmto serve as wrings of

sen ¢ondpie)ef, deNéCeSnséiEeABES! a1 Vhé Nart ﬂ&krégggrlﬁaéggf (8BBCAL) ¢ _
resistance wi il cause delayed signal's of non- negllglb e nagnltude Thus, it

[ Pref orgd.} 0, g0l 2l 8 PYec SE OGN (LRGC TRI eT Lol po v LD g or srmller

specific resistance W TTNngs cause ess Helayed 17

signals., The invention regarding a mnrlqg board u5|ng t he above
increased occurrencCe of abnormal discharge during sputtering

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

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
does not affect the performance of the semiconductor devices.

The wiring material according to the present invention
preferably has a specific resistance of 4 pQr+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 will now be described. 2-B The invention
regarding the wiring boards 5 The present invention also provides a wiring
board conprising wirings forned of the above-described wiring material, a
conductive netal oxide film and a substrate. Preferably, the wirings and
the netal oxide layer in the present invention forma stacked wiring of a
t wo- Iayegg@naﬂg structure. The conductive netal oxide filmfor use in the
present invention may be a transparent el ectrode such as I1ZO which is a

registered tr e 15
resi stance of ectrodgggo a$%?€ {M@ ﬁ@iﬁﬁmgq%%ggﬁg%éﬁig1g%€}%§S$§nd hel ps
|nprove mance of thin transistors a d thus t he performance
refl e‘i???/gekﬁ?%swhﬁdngd?@%‘?ﬁ%ak ngn%%”é PerdeErh “the wiring board of
the present |nvent|on 20 contalns at Ieast one net al selected fromthe group
consi stiags 2 A il ‘ gogb@eai ned in an anount of
0.05 atom c percent to 5 atontc percent VMen contained in anounts | ess
.tha’ 0.05 at orhie peroent , intdret het adl smypnoti geova del t heg desared ef fects
and its work 25 function may not reach 5.4 eV. In conparison, the netal 18

present ¢SmBFPsNS BH £AhQE FHAReQ &t OMRE PSEEENcJBYihESUIriRg a decreased
etchability and may cause unexpected col oring.

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 IZ0, 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



While the preferred range is specified as 0.05 to 5 atomc percent in the
present invention, it is nore preferred 5 that the netal is contained in an
anount of approximtely 3 atom c percent: an exanple will be described | ater
in which 3 atomc percent of the netal is contained. According to the
present invention, the conductive netal oxide filmmay conprise an

anor phoysrddeis pai o srilugtd e AG Hdd i thadmi s Jordmek q{ia%' neld 4m ©x§ e and

zinc oxide and has an atom c conposition such that the follow ng

rel ati onshj ; Nt = 0. 0 5. |f ' j ess than
0.8, t he%nmﬁ%ogrée% s?éaér}%(eﬂlgflz‘{%eanr?gt a B} ocxalQI Y t%lenxé%tsrﬁa%éﬁ%%%nn%
excessively |l arge, ereas if the value is greater than 0.95, 15 the
etching rate %&ﬁﬁe%r%%&rﬁe@é%llﬁ & 2 @ bt WRein the
wiring board of the present invention is non-conductive on its surface.

Pr ef er aipmitheasiqdntyg bodrhe ausaiithg nvuenthieonr ddents nanemiofecoipri ses a
wiring formed on the substrate and a 20 thin filmtransistor. Such

consbrudthans ke tid]l piosstdlteaireednin rdrz ardent reSiagimneeindtdye | ect r odes
and wirings of thin film transistors and thus hel ps i nprove the performance

of thin adddiB AN 0T ok BRIBR PESCERIFTH O OR aktds DRAWING Fig. 1 is
a table showing different properties of wiring
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+Zzn) = 0.8 to 0.95. If this value is less than 0.8, then
the resistance of the metal oxide thin film may become
excessively large, whereas if the value is greater than 0.95,
15 the etching rate may be decreased.

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

20 thin film transistor.

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

25
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materials according to the present enbodinent. Fig. 2 is a table show ng
different properties of wiring 5 materials of the present enbodinent. 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

line V-MipF Bk8crferBES o MOPE: FoRA | NG QUT THE | NVENTI ON Preferred
enbodinEnts“Uf—tﬁE—present—rnventronﬁ§$$$ now 15 be described with
reference to the_ acconpanyj drawi ngs. 1..An_enbodinent, of Ag.allgy In this
enbodi nent , anP%%'a Ig§ ?s{%S%%OaE%W ogs%+%€éﬁggg pﬁ???ﬂ%l tg?igfrgggording
to the present invention, This alloy contains Ag as the major conponent and
shows goBRItaBh@ss oRCErd2D9 gl askneubseratbseBRAACETEREon wafers. In
particul ar, one exanple is described in which such an alloy is produced by
sputtering. FiFsg, weibraecthilyleeshovbeg dhEfereparptoparofea vaArgeringed in
the sputtering process. At a predetermned ratio, Zr, along with Ni, M, or

Au, iss Nhxedr291%i bh Afc apde BBhE €8mbBdam¥aguum snel ting furnace. The nelt is
20 allowed to cool and harden and the hardened alloy is rolled into a

plate, which ig;turg {s cu cﬁé‘rﬂa@?&agﬁgsé—c’séé’{f&ﬁ o} 35 9fL A ABRFULI PG 4 1nches
in diameter. For sputtering, the
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 Dbe described with reference to the accompanying drawings.

1. An embodiment of Ag alloy

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

20 glass substrates and silicon wafers.

In particular, one example is described in which such an
alloy is produced by sputtering. First, we briefly describe
the preparation of a target used 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
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target is nounted on a backing plate of a sputtering apparatus. 5 By the
time the sputtering process using this target is finished, a fil mhas 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 conMposéd i OOScHSEdand oglbeéh Vatd eshofhd hgeidd nafldysiandol péher dat a.
The conposition of each filmwas determ ned by an X-ray m croanalyzer

(EPMAT H e ron, frobe M eeo-Analysis)s apd dde &Pmtté!' Eyrifacach film

was determ ned by t he four probe 15 techni que. Each filmwas rreasured for
the peel_strength in t scr at tch test. and tape peel t The ar at us
used T or tHEST Sttt e A e e srelisr e R

strength was determ ned under the follow ng conditions. 20 Scratch d| st ance:
20 mm  Sc3Edeh 19alounted 20 R bPPekdngairdateo o i rsP el £10 spRRYrabys .
nm m n Shape of dianpond cone: 200 min dianeter 25 After the scratch test
usi n§ t hey atiow et Tondihe omsyttdrein@ lpsargd € wabn@bslet vedaméh asl i ght

m croscope and the distance between the point where the glass substrate
(wafer) ofnsihd&0Na MBBPm XPOSIEEL K PESho POESY Jordnd dhes St it fage POENS Of

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

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

The composition of each film was determined by an X-ray
microanalyzer (EPMA: Electron 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
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 um in diameter

25 After the scratch test using the above conditions, the
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was neasured to determne the peel load. 5 In the tape peel test, a

M pitch 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 andar ds deglned by Ja anese | ndustrial Standards (JIS). The table in Fig.
1 shows SPXPekalffes FﬁrWﬁﬁchdeﬁe#éﬁpt BLLEYSCOPEr pBd 5Fea§d§ﬁ@nfﬁ Au,

Co, Ni, and other netals to Ag, were used as the target in sputtering to
deposit RetwWesnofihespaigtaybegebsheageéaand sabsiticaten (Wafer) o Biddgioa 1- 2,
Co was added to (Ag + Zr) to formthe target. In Exanple 1-3, N was added
to (Ag +wédk) expbiskd Abeks padded tad(AdetsZa)tingExanpleof- 4crhhdaxampl e
1-5, Pd mas added to the conposition where Au was added to (Ag + Zr) shown

20 in Ex ﬁfi Erebntgxgggggm;ngxtﬁg g@gla§ggg to the conposition where Au

was adde shown 1 n I'n each exanple t he adhesi on
strength of 3 | 0 ater s, achi eve a eeli ng was
obserted on +han sBAGFALE' ARl FAEL of ST BARCAAPEL Sl ot FECr BBe theol fost
22 In Conparative Exanple 1-1, Ag was used alone. In this exanple, the
adhesi ont&iPefdth Washlanksitresdngng pé&irnginas aghseived taRcedsh of the

gl ass substrate and the silicon wafer.
applied to the film. The tape is then peeled and the degree of

peeling of the film is determined as a measure of adhesion.
The scratch test and the tape peel test were performed
10 according to standards defined by Japanese Industrial
Standards (JIS).

The 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. In Example 1-5, Pd was
added to the composition where Au was added to (Ag + Zr) shown

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

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

was achieved. 1In each example, no peeling was observed on the
25 glass substrate or silicon wafer in the tape peel test.
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Conpar ati ve Exanples 1-2 through 1-8 did not use Zr. 5 Peeling was observed
on the glass substrate and the silicon wafer in each of these exanples.
Conparative Exanple 1-9, in which Pd was added to Conparative Exanple 1-2,
showed a |l arge specific resistance and thus did not achieve the objective
of the invention. In 10 addition, peeling was observed on the gl ass
substrate. [Exanple 1-1] This_exanple_is for reference and conprises a
transni ssi ve TﬁT-E@EpﬁﬁaﬁﬁVéhEéﬁmgggnﬁréryAﬁgwéFIB?egfagﬁée'pr ehlg1s
invention is used in the wiring. Wiile the basic 15 structure of

transmi sskempTFET- LED hdbesliroady rseethdessr Lb¥dorwilelsr eher pecd ing Riags. 3
to 5, various protective filns/layers (not shown in Figs. 3 to 5) are
formed i Bbaetttal opr edudt b@n theogeases subskghteaAnAgtakl 6y 1dadhaiwaifeg .1. 7W 0
Zr and 3.5wt0 Au is 20 deposited on a transparent glass substrate |18b to a

film thi ckneSéoﬁga%QQQV@ng%ﬁgm( specthiugRSiSBanes nod §seQW), by using
the high frequency sputtering technique. The process is perforned at room

USi g an’2Q04B0s “BRCRPIG 38 s ST uE P ShaREar PG ALET PRCaETd, SAdFCE ac d,
and phosphoric, 23 acid to forma gate electrode 34 and wirings for the gate
el ect r od#36£Tdé8i PaA sRApENCREXEXATBILAF t he gl ow di scharge CVD technique, a
stiteon Comparative Example 1-9, in which Pd was added to
Comparative Example 1-2, showed a large specific resistance
and thus did not achieve the objective of the invention. In
10 addition, peeling was observed on the glass substrate.
[Example 1-1]
This example is for reference and comprises a
transmissive TFT-LCD in which an exemplary Ag alloy of the
present invention is used in the wiring. While the basic
15 structure of transmissive TFT-LCD has already been described
with reference to Figs. 3 to 5, various protective
films/layers (not shown in Figs. 3 to 5) are formed in actual
production processes.
First, an Ag alloy containing 1.7wt% Zr and 3.5wt% Au is
20 deposited on a transpareﬁt glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 2.8 p-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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nitride (SINx) filmto serve as the gate insulation filmis 5 deposited to a
filmthickness of 3000 angstrons. This is followed by the deposition of
a-Si:H(i) film38 to a film thickness of 3500 angstrons. As the discharge
gas, an SiH4- NH3-N2 gas and an Si H4- N2- based mi xed gas are used for the
deposition of the SiNk film35 and the a-Si:H(i) film 38, 10 respectively.

The Si NG d4d ”Eo"’5f<5 ayg%@@é eéjl%]@t e &£ NG \ USi s 43_‘49@?@ %it_Bé” m a

desired protective for t annel s. Usi ng an S based m xed
dep05| ted to a filmthickness of 3000

gas, an h
angst r ons ecltsr@%se%ugn é eha,% alloy containing 1. 7wt% Zr and 1. 7wt % Ni
i's dep05|ted over the a- Sl H(n filmto a filmthickness of 0.3 m(speC|f|c

resi stance = FUKPSHITHI dhhFhe FRtEang VR daiBe THe Prbeeds

per f or med at roomtenperature. This layer is then subjected to a

phot o- etrchimigder 628%s fAQnugiongeaveaqueeths ghclki ngssdlagtiioon fddmt disni ng
nitric acid, acetic acid, and phosphoric acid to forma desired pattern of

a sogr cejg it ade 3% andim ot ih&d £ B BGngthsamientints ithe a-Si: H(i)
film38 and the a-Si:H(n) filmare each etched 1nto a desired pattern using

gglymeitgh' éNi Eé]h%ra arS]%II{l 25 conég;ct :5%1 n%{ efl\lglltr%\?vs h| ng%\l\%lef an aqueous

t echni qu asilic ride (SiNx) filmto ser easthe gatelnsulatlon
FTm i o Do e (UG HiTT 1 T cPiesbeor 006 aRg hronen Sk

NH3-Ny; 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,

10 respectively. The SiNy film 35 is subjected to dry etching
using CF4y gas to form a desired protective layer for the
channels.

Using an SiH4-H;-PHj3-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 pQrcm) using the sputtering
technique. The process 1is performed at room temperature.
This layer is then subjected to a photo-etching process
20 using an aqueous etching solution containing nitric acid,
acetic acid, and phosphoric acid to form a desired pattern of
a source electrode 32 and a drain electrode 36. Subsequently,
the o-Si:H (i) film 38 and the a-Si:H(n) film are each etched
into a desired pattern using dry etching with CF,; gas in

25 conjunction with wet etching with an aqueous solution of
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As the discharge gas, an Si H4-NH3-N2 gas is used for the 5 deposition of the
SiNk 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 output port for the source electrode 32, and a through hole 40b to
provide electrical connection between the drain electrode 36 and the 10

transpangpir £} 8ed r oo, Ngbr,ohhe 63 iall eveeheelr ade csa reRt avited edhh il
exposed to argon plasma to clean the surface. Subsequently, an anorphous

{1 anspareny, ponduct] ue: 441 1 corPosath T ok e Jndiamapisie and 7l oxi de

i s deposi using t sputtering technique. e tar or the 15
sputteri rocess is,a sintered body, of In2@3-27Zn0 i ich the atomc
o o or T (Tt rad Sebreadruct e I BT ae <o s el Eorghe
mount ed on the cathode of a planar magnetron sputtering apparatus so that
it can St vdhasdisehargeedas Utk PlseNargpn Jasused akohrigen gas

contai ning approxi mately 20 |vol % oxygen as the discharge gas, a filmfor

t ranspardayios e set roflec 2OS 1, ddfesi t 8det 8iH, i Imths ckines ss b7 4206d
angstronms. The X-ray diffraction analysis of the resulting 1n2@3-ZnO film

showed ng, PeaksotdNek SREAG PN s § %fdfgé@&immsch%a@%J it | ng
filmfor transparent el ectrode 20b was 5 subjected to a photo-etching
process usior]gtpa 3. 4wt % soel uti'é)n of oxﬂ ic_acid to forma.desired

pattern For pi xuetr P&t ecf‘?%gtegesa%adt out pu?tre?deect Fodes! %tb?%%kp%? r?‘%r pattern
'S the source electrode 32, and a through hole 40b to provide
electrical connection between the drain electrode 36 and the
10 transparent electrode 20b. The Ag alloy electrode so obtained
is then exposed to argon plasma to clean the surface.
Subsequently, an amorphous transparent conductive film
composed mainly of indium oxide and zinc oxide is deposited
using the sputtering technique. The target used for the
15 sputtering process is a sintered body of In;03-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
sputtering apparatus so that it can serve as the target. Using
a pure argon gas or an argon gas containing approximately
20 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-Z2n0 film showed no peaks, indicating that the film was
amorphous.

25 The resulting film for transparent electrode 20b was
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then forned to conplete an a-Si TFT substrate 14. This TFT 5 substrate 14 was
used to make a TFT-LCD flat display. Video signals were provided to the
display to confirmthat the display had good performance. [Exanple 1-2]
This exanple conprises a reflective TFT-LCD in which an 10 exenplary Ag
alloy of the present invention is used in the wring. The basic structure

of reflecty -LED, | L ff f t h r o SSi FT-LCD in
that a l%ﬂﬁé’é’cg{%l ectl vlgh&ebf;écﬁ%g{en? sﬂ;ﬁégé%glgnu%%%ego??‘ﬁgc’t?g{ﬁégggent

el ectrode fOb. on tPe TFiI'.substrate 4 of the transm ssive TFT 15 LCD. Wil e
not showrPTATEPYsOT PFJLEC IatT ot %?H?e%t?%lr?(ﬁ%ﬁ%%r °hrB*%Bposited in
actual production processes. It is well known that reflective TFT-LCDs are

di f f er er®@ 1 ¢oRPAEF aFR%i QEFREt TEHeComde s mény hadis Madsiide HatdiRdhel s
el ectrodes. First, an Ag alloy containing 1.7wt% Zr and 3.5m % Au is 20

deposi t eghom PothedSPar Efhp e BSSasURSSIBEE d8bstpatefidm mhickress of 1500
angstrons (specific resistance = 2.8 }sWcm by using the high frequency

sput tser i High s ecind qUe. wIdHeuPEQCESSmaks HEFFRITEl Afaf 0QN3 S EAPEr atiH& The
resulting filmis subjected to a photo-etching process using an agueous

esul I ted to & photo-elchi ng process queous
acid o foriret oufte aPERTAROn] LG W b Y BB G BB 0Ge of

desired glhéagleéy '\Egé'gé‘éé ngegpgrr%r(l)g\é.dl scharge CVD technique, a silicon

[Example 1-2]
This example comprises a reflective TFT-LCD in which an
10 exemplary Ag alloy of the present invention is used in the
wiring. The basic structure of reflective TFT-LCD is different
from that of the transmissive TFT-LCD in that a light
reflective electrode is used in place of the transparent
electrode 20b on the TFT substrate 14 of‘the transmissive TFT-
15 LCD. While not shown in Figs. 3 to 5, various protective
films/layers are deposited in actual production processes. It
is well known that reflective TFT-LCDs are different from
transmissive TFT-LCDs in many ways, aside from the electrodes.
First, an Ag alloy containing 1.7wt% Zr and 3.5wt% Au is
20 deposited on a transparent glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 2.8 ufd-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

26



nitride (SINx) filmto serve as the gate insulation filmis 5 deposited to a
filmthickness of 3000 angstrons. This is followed by the deposition of
a-Si:H(i) film38 to a film thickness of 3500 angstrons. As the discharge
gas, an SiH4- NH3-N2 gas and an Si H4- N2- based mi xed gas are used for the
deposition of the SiNx film35 and the a-Si:H(i) film 38, 10 respectively.

The Si Nx_film35. s subjected.to, dry etchin usi.ng CE4 g to forma
desired SFégg% i§8rﬁaﬁe?3$8re}ﬁgtr8ﬁ§n§g|E?gug%ﬁéngﬁ §P %a§-5ﬁ§?based m xed
gas, an a-Si:H(n) filmis then deposited to a filmthickness of 3000

angst r on81e¢5rSGBsegueReiyedashageal | oy containing 1.7wt% Zr and 1. 7wt % Ni
is deposited over the a-Si:H(n) filmto a filmthickness of 0.3 pm
(specific resi NeahceusiBgdtheFgdny désnbarbe SPOt terhnggqueechnisgiecothe
process is perfornmed at roomtenperature. Subsequently, an anorphous

t ranspar gt reaadystinye film t20sepvposed: mai g tye of nsnth tidveXE demand zi nc
oxide is deposited wusing the sputtering technique. This layer is then

subj ect ede}8s2tBAOLE- §1 GRNRI LR RkRSS s UE BB0BNaf %EQBﬁs?tC@ﬁﬂg $gl ution
containing nitric acid, acetic acid, and phosphoric acid to forma desired

pattern of 25 a source electrode 32 and a.drain el ectraode 36. Sybsequently,
27 the aggﬂiﬂVP? gVI 8895RASLR&CR- 8F: KrRY  filtm &7 meéghtgtéhééﬁninto a
desired gﬁttern usi ng drﬁ etching with CF4 gas in conjunction with wet

et chi ng WtRkRpaFainé SPRHERBBHZONS - Ushpigthe discharge gas, an SiHg-

, 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,

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

Using an SiH4-H,-PHsz-based mixed gas, an a-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 um (specific resistance = 3.4 pQ-cm) using the sputtering
technique. The process is performed at room temperature.

Subsequently, an amorphous transparent conductive film

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

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

25 a source electrode 32 and a drain electrode 36. Subsequently,
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t he gl ow di scharge CVD technique, a silicon nitride (SINx) film5 to serve
as the gate insulation filmis then deposited to a filmthickness of 3000
angstrons. As the discharge gas, an SiH4-NH3-N2 gas is used for the
deposition of the SiNx film The SiNx filmis then subjected to a
phot o- et ching process by dry etching using CF4 gas to form an output port

for the Qﬁéealgﬁghgﬁzr?Q§m3%8 %BgOHhBUh—@Qﬁh(EQrfﬁﬁ% ig%r%%cﬁﬂ%ﬁkﬁﬁﬂﬁ 32,

and a through Ob to provide electrical cConnection between the drain

el ectrodg 38 and.Lhe ly %Q%Eﬁggs§%§g§%§dgt399PgTQ?tHQ%EE' 8y ?hegtVOde S0

obtained’i's t%en exposeggto argon to cléan't surface. 1
Subsequently, an Ag alloy containing 1.7wt% Zr and 3.5wt % Au i s deposited
to a fil RPPAPERAESE VALD. Yem espEengi ¥ithebydraRdae= (NHaNH2 ) usi hginde
sputtering technique. The process is performed at room tenperature.
Subsequethkyglan discphogs €Vanspahantueondustilieohi hatt r2@ecdSpdsedf mamnl y
of indiumoxide and zinc oxide is deposited wusing the sputtering technique.
The tmrgeb deedef a6 the gaput iesuNgtPbACESSmI $satbeAt aepdshedy @b bn203- ZnO
in which the atomic ratio of In/(In+Zn) has been adjusted to 0.83. This

si nter edebody ch$ -ARUALEE r0R0bRCABERPERSOT As Pl RDag 1 SBGRRLE 0§a 2D SRUttEring
apparatus so that it can serve as the target. Using 28 a pure argon gas or

a0, 20901952 GETLel L0, APRLEN BRLolKe WYL LSRR e, sphLge 9o0, 2
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

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 pm (specific
resistance = 2.8 pfd-cm) using the sputtering technique. The
process 1s 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 In,03-Zn0O 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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angstronms. The X-ray diffraction analysis of the resulting 5 1 n203-ZnO film
showed no peaks, indicating that the filmwas anorphous. To forma desired
pattern for reflective pixel electrodes and output electrodes, the
resulting filmfor transparent electrode 20b was subjected to an aqueous
etching solution 10 containing nitric acid, acetic acid, and phosphoric
acid, wiplrdatrdatd gis conoend r@dn oy adgarst £0h 5oy taydrotimauetdyetch the
Ag alloy layer and the indium oxide-zinc oxide |layer at once. A black

matrix pefdes ot ér‘i‘%‘sﬁ?f‘ié‘ﬁﬁhé@n&ﬂﬁ@%@ an Ar1Mor s Hlasspstéste 14. This

TFT substrate 14 was used to nake a CD flat display. Video signals

were proy dis onfl di spl a good
performaniceeéat %< ﬂﬁ? Cgélg }tseée:xanp T e |is.| f%r}lcek er%nc% a?(goconpri ses a
substrate 20 for o] nic EL device in which _an exenplary Ag all oy of the
present FHEHEI®H | §%@sé<d°rlaﬁ’ e Wactign Anedwddet O\rlrg B tdEIF i | m was
deposited in the sane nmanner as in Exanple 1-1. The fllmvvas deposited to a
t hi cknesbn0k-300 angmst sbowedshnngpehéssputtdécahgngethatqbbewttihm2bas t ar get
made of 1n23B-Zn0O. The atomc ratio of In/(l1n+Zn) had 29 been adjusted to
0.83. Thugorghbss conductive netal oxide film corresponds to the transparent
el ectrode described in Exanple 1-1.

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

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

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

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

This example is for reference and comprises a substrate

20 for organic EL device in which an exemplary Ag alloy of the
present invention is used in the wiring.

A conductive metal oxide film was deposited in the same
manner as in Example 1-1. The film was deposited to a
thickness of 300 angstroms using the sputtering technique with

25 a target made of In,03-Zn0O. The atomic ratio of In/(In+zn) had
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Exanple 1-3 is characteristic in that the conposition of 5 the conductive
netal oxide filmcontains Pd in an anobunt of 3 atomc %wth respect to the
total anmount of metals. The work function of this conductive filmwas
determ ned, by an atnospheric-ultraviolet photoelectron spectronmeter (AC 1
Ri ken Kei ki Co., Ltd.), to be 5.65 eV, indicating that the 10 conductive
fil m haddedrsadabbeeprbpedt 8es fldruaselass arprahodel veofmete brganie Elldevi ce.
While Pd was used in this exanple, Ru, Re, and Ir nmay also be used. Wen
used, tbEsLeEPLAUS g@veh@otkaﬁgpste@ﬂsepéc. bPo&d @¥schib8deVnandahpbd eV,
respectlvely Thus, each proved 15 to have desirable properties for use as
an anod ?f an organic EL device. 2. An enbodinent of Cu alloy In this
enbodi nen a Cu alloy is proposed to serve as a mﬁring naterial accordi ng
to the present invention. This allo 20, contai ns,  Cu as Lor conponent
and shows goo%x%ﬁﬁ%%l%n*tbsg?%%gagﬁ %?%}%Sl%th§Yl?%%nC%%P%?é 1PR ©
particul ar, one exanple is described in which such an alloy is produced by
sputt ertheg. cendgctive betel| gxddscfibe conkaprepBdainoanofmngunar gét 3used in
the sputtering process. At 25 a predetermned ratio, Au and/or Co is m xed
W th Cuzendlic39 wethedespeatvasuunestetél ngnduwninace. mdbelsel tThs wbitlowed to
cool and harden and the hardened alloy is rolled into a plate, which in

turn iseghte 204 braded LondOEM fet AL ORTWwABASYELAEifled, by an
atmospheric~ultraviolet photoelectron spectrometer (AC-1,
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.

( 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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inches in diameter. For sputtering, the target is nounted on a 5 backing
plate of a sputtering apparatus. By the tinme the sputtering process using
this target is finished, a filmhas been deposited on a glass surface or a
silicon wafer. The performances of thin filns having different conpositions
are conpared with one another. The results of the 10 conparison are shown

in the tahled ndid.vaeuuesdal! ghd ontaldis t heheopRasi tisons 1@fvddhe s arget s
used, film thicknesses, neasured Tesistances, specific resistances,

adhesi o tr e e 8 ﬁg |. test d. her . Each

film was% og)el pgagﬁ 2% raoighr oa:‘:)n‘r%njs tjé eﬁﬁ%eh?‘afaﬁ%érhee.& %gL e%cso rrrgogls]i et%? olnntg aea%ﬂaa# ?’I m was

det er m ned an X-ray, mcroanal yzer (EPMA:_ El ectron Probe M cro-anal ysis),
r

and theV ddt iR Y ur A4S d® FFBFediditel AT bf each
filmwas determ ned by the four probe technique. The peel strength of each
film wasingdtes imeliandtey a F20 Suititaringehiihguéazgetcondimouained ont lkose
used in the above- described enbodi nent of Ag alloy. Each filmwas tested in

the papegueindg esllatiesidl) & sRitid vimd epdpigiteisindBgondiet itams tdet hose used
in the above- described enbodi nent of Ag alloy. The table in Fig. 2 shows 25

the numiey, «Qfe )i IgPBRdane B8PS W Qg0 that; Ll of fa £ 30 Thes scratch

test and the tape peel test were perfornmed according to standards defined

by Japa%eese% léﬂ'e%%sstirtlea onStaang %rsdss s(u‘]rlfé?de or a silicon wafer.

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

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

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

The peel strength of each film was determined using a

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

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

25 the number of 1lmmxlmm tape pieces out of 100 that came off.
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[ Basi c 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 bed alloys 10 was used as the target that was subjected to

sputtering to rleposile @, fiddp %?og{?z%ﬁﬁigtﬁﬁ @?Jis(% Irﬁ')&p@o%gr. I n

Exanples 2-1 and 2-2, the target was conposed of
Cu wth Au added. The_ targets_of anples -2-1 and 2-2 contajned Au in
anount s OF°% g@%%dsﬁér?@ﬁri% ‘?eef% éﬁi%l“{/‘—’}p?rﬁeﬁaﬁ%ﬁ%%s%fit he specific

resi stance was determned to be 3.8 pkZ'cm The adhesion strength was 5.72
N for thetgprdasds siibsirate and 3.48 N for the silicon wafer. The results of
the tape peel test indicate that no peeling was observed for the 20 gl ass
subst r at BBawntdc ofkampigs but of 100 tape pieces cane off the silicon wafer.
In Exanple 2-2, the specific resistance was determned to be 2.9 Qcm The

adhesi on strenid v@sid. 37 N §or tdrowld asstasudstd bt eeaitbBed? Medmsiéhe
silicon wafer. The results of the 25 tape peel test indicate that no peeling

1S OSSN P SRS RIS 0 e AP Piles JRRE

For forrqéubﬁig% the target was composed of Cu with Co added; and
examples in which the target was composed of Cu with Au and Co
both added. In each example, one of the above-described alloys

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 uQ-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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thin filmcontained Co. Specifically, the targets of Exanples 5 2-3 and 2-4
contained Co in anounts of 3.7wmt % and 4.8% respectively. In Exanple 2-3,
the specific resistance was determned to be 2.9 Qcm The adhesion
strength was 5.54 N for the glass substrate and 3.65 N for the silicon
wafer. The results of the 10 tape peel test indicate that no peeling was

obser veqfa¥s tfhstHAss Subdrniaf erand dgn caut1 f £ taRe-d ecnse e of f
t he SI I I con wafer. In Exanple 2-4, the specific resistance was determ ned

to 3 S&? g_hﬁi,afatcg}ey on strength was 5.6B N for the glass 15
substrate an of the silicon wafer. The results of the tape peel
test indicate th obser ed for the %ss substrate and ten

peel i
out of 100 tap& X@E@sl r£’%fafn e 4rsitc Gt dEEet X0e and 2-6,

the Cu target for forming the 20 thin filmcontained Au and Co

Speci fi ddliry filge qtgeinast Caxafpeeifisaddit athed tAggghe ©F FExampd@sts of

2.3Wm % and 2.7% respectively. The target of Exanple 2-6 contained Au and

Co i a@wmunirsl of-41.R%tanichell 2% irespeniriteelof . vWbeamile £-8, the specific
resi stance was determned to 25 be 3.9 Acm The adhesion strength was 5.52
N for thegasasived3d/ substrate and 3.54 N for the silicon wafer. The results
of the tape peel test indicate that no peeling was observed in the gl ass

substrate or ifht€¥%ﬁ%ﬂé Ak “@5§§ ‘'specific resistance was determined to
be 2.9 pQ-cm. The adhesion strength was 5.54 N for the glass
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
( 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 puQrcm. The adhesion strength was 5.52 N for the glass

33



In Exanple 2-6, the specific resistance was determned to 5 be 4.0 iQ@m
The adhesion strength was 5.31 N for the glass 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 silicon wafer. [Conparative
Exanpl es] 10 The table of Fig. 2 also contains Conparative Exanples 2- 1

t hrough s%b%tfr%rtec%fmﬁ@ SN Widd) Bagl Gibpanpl esirdescrirhed r.ahqys. oForparative
Exanpl e 2-1 was corrposed only of Cu. In this Corrparatlve Exanple 1, the

speci fi si st an ter d 15 19 e Qcm The dhe on strength
was O. 1CCﬁ % eeegqueor eac c?ftrgt %21 g ass FSib strate ané) J[eyesclal i cgtr{1 waf er. The
results _of the tape peel test indicate that all of the one hundred tape

pi eces @S SISt rédeh B ithdhgl sdd isemsteded -and the silicon wafer. 20 In
Conparative Exanple 2-2, the Cu target for formng the thin film contained
3.0M% Zr. In ItnhiEsca@(pﬁ}earZatﬁ,ve;hExa@plcéf2c2,restLls$a$1|@eciwfaisc degsirstiareck twas

determ ned to be 10.1 jsQm The adhesion strength was 0.65 N for the gl ass

subsgrate ang Lb4nlN fehet B@hébhbﬁogt%fu?f:h ¥hg sesul steE Tt'ﬂ% Lape speel
test 25 indicate that twelve out of ape pieces cane off the glass 34

substra i f e ;i N f i l e
23, thts%b%%?%e%n?ﬁ?s%ﬁ%% SO S e ?23?@8%%}@ R <

Cbnpara%g%% %é%qpteé% 1ndicate that no peeling was observed in the

glass substrate or in the silicon wafer.
[Comparative Examples]

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

Comparative Example 2-1 was composed only of Cu. 1In 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

( 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. 1In this Comparative Example 2-2,
the specific resistance was determined to be 10.1 pufd-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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the specific resistance was determned to be 8.9 pfcm The 5 adhesion

strength was 0.24 N for the glass substrate and 1.41 N for the silicon

waf er .

hundred tape pieces cane off the

The results of the tape peel test indicate that all of the one

thin fildugantaidedd. AMPhdes I&ﬂéﬂl&ﬁ@&ﬁ@f@ﬂﬂ&@% the

specific resistance was determned to be 11.1 pCcm The adhe5|on strength
or, t he .si 0, fer. The

H% Jtsveégféxa%ﬁg ca@tde th]f} CITW oafrg[%te éoonlg Ol\%éllr & 1iape

15 gl ass substrate and 50 pieces cane off the silicon

was 0.13 N for tQ%
results of the ape pee
pi eces cane off the

waf er .

for the glass substrate and 0.82 20 N for the silicon wafer.
t he papeadieslidredt rdnylifcadass theag4 20 fup tfe G dapby toeaSe caide Df41t he
substrate and 30 pieces cane off the silicon wafer. In Conparative

Exanpl e -, r e %hltlaéc%twaf&rr Forfngekng ¢ st Bien thisl My %” Rlced &8wt % Bi .

gl ass

gl ass substrate and 30 pieces canme off the
silicon wafer. In Conparative Exanple 2-4, the Cu target for fornlng t he

10

IR Gt T DI £ 5 Nhe &R Y geCamRToriEIHP LI M fi I m
contained 6.5wt % In. In this Conparative Exanple 2-5, the specific

resi st arides vigrse dieftiar meaweics tandre a0 qe@emmiTiesd tacel Hoess 8P gt®Rengt h Thes 0. 73 N

The results of

In this Conparative Exanple 2-6 25 the specific resi ce was determ ned

to be 10. 2 pf d t 0.62 N f th I bstrat
0,52 10250 T S5 atemen siganeth ves B qw%’%pelﬁegqffs e

indicate that all of the one hundred tape pieces cane off in

10

15

20

25

glass substrate and 30 pieces came off the silicon wafer.

In Comparative Example 2-4, the Cu target for forming the

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
glass substrate and 50 pieces came off the silicon wafer.

In Comparative Example 2-5, the Cu target for forming the

thin film contained 6.5wt% In. In this Comparative Example 2-5,

the specific resistance was determined to be 9.0 pQ-cm. The
adhesion strength was 0.73 N for the glass substrate and 0.82
N for the silicon wafer. The results of the tape peel test
indicate that 20 out of 100 tape pieces came off the glass
substrate and 30 pieces came off the silicon wafer.

In Comparative Example 2-6, the Cu target for forming the

thin film contained 2.8wt% Bi. In this Comparative Example 2-6,

the specific resistance was determined to be 10.2 pQd-cm. The

35



each of the glass substrate and the silicon wafer. 5 In Conparative Exanple
2-7, the Cu target for formng the thin filmcontained 1.7wto Sn. In this
Conparative Exanple 2-7, the specific resistance was deternmned to be 46.6
jtQcm The adhesion strength was 0.53 N for the glass substrate and 0.64 N
for the silicon wafer. The results of the tape peel test 10 indicate that

all of thaesnenhuhdeedthapaspioe®es Ncam® ahle ign aseacheft tdhe gD .substrate
and the silicon wafer. In Conparative Exanple 2-8, the Cu target for formng

the thin b Bheontaiined Yadwh% Tinel PoLhi 65 CoPPRRAL LYBEXRAR! B2:8, the
specific resistance was determned to be 4.5 pQcm The 15 adhesion strength

was O AToNikar g 9l 433 BubSHALeAnd. 0,18 (Nefor e silicon vafer. The

resul t s "8f e t ape peel £és
pi eces cane off in each of the %Iass substrate and the silicon wafer. In
Conpar afR¢8® Pafpre 92295 sHOstrater god toe FalAiceg WRder20 thin film
contained 1.6wo W In this Conparative Exanple 2-9, the specific

resist ance wagnd€vepairaéd veo Eemples 27¢mth€h€u adhgsitof ost femgtimowased. 4d7
N for the glass substrate and 0.78 N for the silicon wafer. The results of

the tapenpeelfiti@stconitidinedt @ .thats ad. ofint haianeochpadsed veaps piraee -cane
off in 25 each of the glass substrate and the silicon wafer. 3

LAppl { ogton Bxamlesl o5 LARRldcaH o0 BL Rk e 2l oIMi% B3PS Sohe'
adhesion strength was 0.53 N for the glass substrate and 0.64
N for the silicon wafer. The results of the tape peel test
10 indicate that all of the one hundred tape pieces came off in
each of the glass substrate and the silicon wafer.
In Comparative Example 2-8, the Cu target for forming the
thin film contained 1.2wt% Ti. In this Comparative Example 2-8,
the specific resistance was determined to be 4.5 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
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.
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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 actua
production processes. 10 First, a Cu alloy containing 2.3wm % Au and 2. 7wt %

Co is deposited on tran pa ent glass substrate 18b to a film thickness
of 1500-Eﬁ%%ii%i%iigggéimﬂi—iLsistance = 3.9 jfcn) by using the high
frequency sputtering technique. The resulting filmis subjected to a
photo-etX%Pmbl%@Bh@@sEﬁémﬁbelg'bh anmoni um per sul f at e- based aqueous et ching
solution to form a gate electrode 34 and wrings for the gate el ectrode of
desi red shape.TiNextexasphg 1dhefgt ove Tk sehes genC\viEpriechse sjue, a silicon
nitride (SiNx) filmto serve as the gate insulation filmis 20 deposited to

a filmthiekagssspie 30P0-AOOSIH ORI cHNhS égerh9l 4 pyed by11H5¢ depegition of
a-Si:H(i) film38 to a film thickness of 3500 angstrons. As the discharge

gas, can SiH4- - a i H4- N2- b i xed .gas e used for the

deposi t  ShEen( Ba llen 0250 20l 30. & TH: BRs D3RP ﬁ?‘?]) ?ﬁl%aesat,a'{ezsb%rsglgcpect ivel y.

The SiNx film35 is_subjected to dry etching 37 using CF4 gas top forma

desi red %?6¥%E¥¥%eofaEE%n?%+S§h%e gﬁﬁhhg?shaib?%ﬁe%ﬂyg??ﬁnFéeiﬁﬁlB% ed mi xed
: -Si:H filmi

gas. an ﬁitﬁ ré?éreécg]ég Figs. 3 to 5, various protective

films/layers (not shown in Figs. 3 to 5) are formed in actual
production processes.

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

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

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

20 deposited to a film thickness of 3000 angstroms. This is
followed by the deposition of o-Si:H(i) film 38 to a film
thickness of 3500 angstroms. As the discharge gas, an SiH4-
NH3-N; gas and an SiH4-N;-based mixed gas are used for the
deposition of the 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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then deposited to a filmthickness of 3000 angstrons. 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 pQn) using
the sputtering technique. The process is performed at roomtenperature.
This layer is then subjected to a photo etching process 10 using an aqueous

et chi ng soldy 15 ge %thﬁdrd%%*ié% fr%%ie@tl @Otlfétg/%' URBY digen

peroxysulfate hy ro | 'uoric aci orma desir pattern of a source
electrod d a drain electrode 36. Subsequently, the a-Si:H(i) film 38
and the % %ﬁ n) filmare each etched into a desired pattern using dry 15
et chi ng mnth CF4 gas in conjunction with wet etching with an aqueous

sol ution of hydiad sa (NHRNH2HRIO)-bagsichgidesl glagw adi et de(rov tleehs que,
a silicon nitride (SiNx) filmto serve as the insulation filmis then

deposi t ethdrhetegmegirt dd teo fd [ 1rt hitckaiesss 0fo f3EID Grgsistameus As t he di schar ge
gas, an SiH4 20 NH3-N2 gas is used for the deposition of the SiNx film The

Si Nxs5f i Igndsedtait IspbjLahieh 1102 dIHELBBNI NS WP RS ey Ardvt tEhi g using
CF4 gas to form an out put port for the gate el ectrode 34, an output port

for the source e 3 n t hol rOV|de trica
connect |erPQnSJtetveveAer? dcﬁ]e c%ﬁ a|§inq{e tgr}o q'?PG te r an%epsasr et edete‘%ct rode
20b. The 38 Cu oy eIectrode o) obﬁggned is then exposed to, argon plasm

to cl ead™ SR G TeSipdeftentT - i At p e riEis Rt ¥iuct i ve il m

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

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

15 etching with CFy gas in conjunction'with wet etching with an
aqueous solution of hydrazine (NH;NH,*H,O0). Using the glow

( 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 1s used for the deposition of the SiNy film. The
SiNy film is then subjected to a photo-etching process by dry
etching using CFy gas to form an output port for the gate
electrode 34, an output port for the source electrode 32, and
a through hole 40b to provide electrical connection between

25 the drain electrode 36 and the transparent electrode 20b. The
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conposed mainly of indiumoxide and zinc oxide is deposited 5 using the
sputtering technique. The target used for the sputtering process is a
sintered body of In2G3-2ZnO in which the atomc ratio of In/(ln+Zn) has been
adjusted to 0.83. This sintered body is mounted on the cathode of a planar
magnetron sputtering apparatus so that it can serve as the target. Using 10

a pure arngallgas dre@r@Eiegg@o gast LiotTddi i nhappxpddat ey atamt % Dxsmgen as
the discharge gas, a filmfor transparent electrode 20b is deposited to a

filmthigknassithkQrangstrons. The X-ray diffraction analysis of the
resulting 1n203-2Zn0O filmshowed no peaks, indicating that the filmwas 15

anor phous. Th I.Hpti ilmf ransparent_ el ect.rade 20h was ubj ect ed
to a photo-et %ﬁbﬁ% ureélcr%g‘ s l?rsﬂl ﬁgr{ogtpggfvﬁpgorga&us %&se%tts&%lﬁoﬁlocﬁl\é\?e &%“ﬁ‘c acid

to forma desired pattern for_ pixel . electrodes and output el ectrodes. A
bl ack n&FIBOA Bl X0 AT SPHRAF 0L Pt F e d-SidaPPsiiRd rate 14.

This TFT substrate 14 was used to nake a TFT-LCD flat display. Video
si gnal s ugemey iy i ey itrtee tdiadpliague.o €oef trroehatisele fodi $pleay had good
performance. [Application Exanple 2-2] 25 This exanple conprises a
refl ectispaithfelrdddP grivoich A SShieeplydy Gf ald,0y-phot he Presenthe
invention is used in the wring. The basic structure of reflective TFT-LCD
is di fferemtc irAmd kit 9f/ (e 4420308 SRiHe sl lidedd ith thafs a brhghyt
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 oOr an argon gas containing approximately
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
Iny,03-Zn0 film showed no peaks, indicating that the film was
15 amorphous.
The resulting film for transparent electrode 20b was
( subjected to a photo-etching process using a 3.4wt% aqueous
solution of oxalic acid to form a desired pattern for pixel
electrodes and output electrodes. A black matrix pattern is
20 then formed to complete an a-SiTFT substrate 14. This TFT
substrate 14 was used to make a TFT-LCD flat display. Video
signals were provided to the display to confirm that the
display had good performance.
[Application Example 2-2]

25 This example comprises a reflective TFT-LCD in which an
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reflective electrode is used in place 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 filns/layers are deposited in actual production
processes. It is well known that reflective TFT-LCDs are different from

transm ssive TFT-LCDs in many ways, aside fromthe electrodes. 10 First, a

Cu al | aye eaphiairy n % B & phelMi Gavent iA8P0S tieskONi@ dHanspar ent

gl ass substrate 18b to a film thickness of 1500 angstrons (specific

resi st a%% & r?é . ?Ff_‘éc 1 N\ Slﬁqug uirie ki gh chreguency papyi-terisn Qlitf%%%%ingue.

The resulti mis Subjected to a photo-etching process using n
anmoni u er syl f at e- hased aqueous et chj solution to farm a gate el ectrode
34 and %rfq“h%g‘aftoroq H:&eggtr@ "Eﬁ%vfehiﬁqg_@i%&q?rﬁﬁe?lw, usi ng the

gl ow di scharge CVD technique, a silicon nitride (SiNx) filmto serve as the
gat e i nFRTAEGEA VS |ghdF rome deposiackdnt ®lads |9 tthiec ke RIFred0o0 angst r ons.
This is followed by the deposition of a-Si:H(i) film38 to a film thickness
of 3500 edrgsiroeiss.2 s drhechtd STHTArgy® gasyt ear 4SidH9 -t HH3=rNvh gaiss saindk arFT-

Si H4- N2- based m xed gas are used for the deposition of the SiNx film 35 and

the a- Sipdd(i ) whithe 38« %ﬁo&%s]@%ctpmg@l.ya_ thesSi My fiphm B3 otecsyRkected to dry

etching 40 using CF4 gas to forma desired protective |ayer for the

channel Sfil%ssi/rl%y%nrsSial_lp'e_ Ialze_p%l_sml_tbe%S%% rQcxcei\%lg(%Dsr’odaw}lnctai_osri :pH M dddmis,
is well known that reflective TFT-LCDs are different from
transmissive TFT-LCDs in many ways, aside from the electrodes.
10 First, a Cu alloy ccntaining 2.3wt% Au and 2.7wt% Co 1is
deposited on a transparent glass substrate 18b to a film
thickness of 1500 angstroms (specific resistance = 3.9 uQ-cm)
by using the high frequency sputtering technique. The
resulting film is subjected to a photo-etching process using
15 an ammonium persulfate-based aqueous etching solution to form
a gate electrode 34 and wirings for the gate electrode of
( desired shape.
Next, using the glow discharge CVD technique, a silicon
nitride (SiNy) film to serve as the gate insulation film is
20 deposited to a film thickness of 3000 angstroms. This is
followed by the deposition of a-Si:H(i) film 38 to a film
thickness of 3500 angstroms. As the discharge gas, an SiHg-
NH3;-N, gas and an SiH4—N2—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
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then deposited to a filmthickness of 3000 angstrons. 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 piD cn) using
the sputtering technique. The process is performed at roomtenperature.
This layer is then subjected to a photo-etching process 10 using an aqueous

et chi ng usAlnet icon gaat abnicBgmhydreshkeni prackdr i vBot a§siruvhydhegen
per oxysul f at e, hydrofluoric acid to forma desired pattern of a source

el ectrodg a%é d a drain electrode 36. Subsequently, the a-Si:H(i) film 38
and the a- (n) filmare each etched into a desired pattern using dry 15
etching with CF4 gas in conjunction with wet etching with hydrazine .

( NH2NH2H20) . Uéﬂﬁl@ e 5 g}IHév\,hd‘Ps%% RPGECIB*CEC HAPquén % i1 Con it ide
(SINk) filmto serve as the insulation film is then deposited to a film

t hi cknegdesf BEOG idegsthcoms LiAM thHekgieseh@rigs 0gds angrs tSjoaE NH3- N2 gas is
used for the 20 deposition of the SINx film The SiNx filmis then subjected
t 0 a5 phctubseiquiing ypr ec€ss diyl odr oettahindgqudi. e tGFAwgasid o fargd Gn iaut put
port for the gate electrode 34, an output port for the source el ectrode 32,

and a thy 4 eI i,cal e #@§p he drain
el ect rogie%%% g ?ﬁ%qg t%r g{t?éagg(r?t gﬁgltg{ rto%de %8%% ‘Cltﬁf %}I&G‘E{ oy e Cfect rode so
obt ai ned 41 i s.then expoipd to ar %n as taq cI n the ur f.ace.
Subsequéfft 1 YPeSIE CalFfSy SEGRES mi A G &ﬁ@ S5 ¥eposited to

a filmthickness of 0.2 nt(spe0|f|c
technique. The process is performed at room temperature.

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 (NH;NH;'H,0). Using the glow discharge CVD technique,
( ' 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 S5iN, film. The SiN, 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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resistance = 3.9 Qcn) using the sputtering technique. The 5 process is
performed at roomtenperature. An anorphous transparent conductive film
conposed mai nly of indiumoxide and zinc oxide is then deposited using the
sputtering technique. The target used for the sputtering process is a
sintered body of 1n203-ZnO in which the atomc 10 ratio of In/(ln+Zn) has

been adj ustelleh Oc Rp83cd ThbSa 84bhepELsmPOLY &BcaRUPLEDs@PLLBE. cat hode of a
pl anar nmagnetron sputtering apparatus so that it can serve as the target.

Using a pure [ g S | P0G, appr oxi et ely Lo
oxygen as the %?%%ﬁ%?g@tg é?§a6§i€g%§grc§$€%€%g¢€n '%@Eelé%téggeZZzﬁgfs
deposited to a filmthickness of 300 angstrons. The X-ray diffraction
anal ysi sC®f1§ heepPesiitefdnge #ndoBMZRD FKnas S hohel- AotpebRRSCiAYFcati ng t hat

the filmwas anorphous. To forma desired pattern for reflective pixel

el ect r odessig2famnd oul pht @l ewi rodésg the spsutérnggf teéahhbdguer arBpar ent
el ectrode 20b was subjected to a photo-etching process using an anmobni um
per syl f ap eobasedi agpepfisrieédha bigrsoh ut émperdtise. sol uti on had had its
concentration adjusted so that it could etch the Cu alloy |layer and the

i ndi um oxi de- ZARCa RS+ EIeoh 8YEF an g5a Aén ONESnd det £ d| BLKm NBEMpSsORTHhEIA1{S then
formed to conplete an a- Si TFT substrate 14. This TFT substrate 14 was used

to make g fEJshLPHEIQL FhaPlvc JLFSQ PLOPALS LSS PLOY! dsthhochbe

sputtering technique. The target used for the sputtering
process is a sintered body of Iny,03-ZnO in which the atomic
10 ratio of In/(In+Zn) has been adjusted to 0.83. This sintered
body is mounted on the cathode of a planar magnetron
sputtering apparatus so that it can serve as the target. Using
a pure argon gas or an argon gas containing approximately
lvol% oxygen as the discharge gas, a film for transparent
15 electrode 20b is deposited to a film thickness of 300
angstroms. The X-ray diffraction analysis of the resulting
{ In,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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display to confirmthat the display had good performance. 5 [Application
Exanpl e 2-3] This exanple is for reference and conprises a substrate for
organi c EL device in which an exenplary Cu alloy of the present invention
is used in the wring. First, a Cu alloy containing 2.3wt % Au and 2. 7wt % Co
was 10 deposited on a glass substrate to a filmthickness of 1500

angstronms (sSpecifiae i %{%Jt%tﬁn(ﬁ%tte?rn i@ (E'E)en "Eo‘iﬂm’é@i‘l@o‘ \é%ngﬂit@c'e QH @ film
was t hen deposited over the alloy film The filmwas p03|tedtoa

t hi ckne Qs g e t n ctarget
made of %}g%f n%?%sfa%g&‘rhlg ‘at grﬁnﬁcg: rrrglt?l SEQEE%S;%I %4Zﬁ§ghggg§een ad j%ustged to
0.83. T i s._.conductive netal oxide f | m corres S to e transparent
el ectro%:ﬁ’désc@r cﬁ%ﬁ)l ed19e9 ﬁﬁanﬁ 5. Y$he BFggé Edappl Fgﬁtl on Exanpl e
2-3 is characterlstlc in that the conposition of the conductive netal oxide

film 20 ddeptlaivng oPgand igm ddedntthef dd sitlewi hagh wioold pesfedimansa-he t ot al

anmount of netals. The work function of this conductive filmwas determ ned,
by ah at(mpgphemsitd-om tHxawipdleet24H}jot oel ectron spectroneter (AC-1, Riken KeiKi
Co., Ltd.), to be 5.65 eV, indicating that the 25 conductive film had

desirabl e propefts exafi@neuse %%ra&e%%Q@%ce4%n@fc%& g @ Budevwige Wile
Pd was used in this exanple, Ru, Re, and Ir so be used. When used,

these m%a% ﬂg@#ﬁé“§ﬂ<ngﬂglo?§w%lch an exemplary Cu alloy of the

present invention is used in the wiring.
First, a Cu alloy containing 2.3wt% Au and 2.7wt% Co was
10 deposited on a glass substrate to a film thickness of 1500
angstroms (specific resistance = 3.9 pfd'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 In;03-Zn0. The atomic ratio of In/(In+Zn) had been adjusted to
0.83. Thus, this conductive metal oxide film corresponds to
{ the transparent electrode described in Examples 2-1 and 2-2.
The present Application Example 2-3 is characteristic in
that the composition of the conductive metal oxide film
20 contains Pd in an amount of 3 atomic % with respect to the
total amount of metals.
The work function of this conductive film was determined,
by an atmospheric-ultraviolet photoelectron spectrometer (AC-1,
Riken Keiki Co., Ltd.), to be 5.65 eV, indicating that the

25 conductive film had desirable properties for use as an anode
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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 wiring material that shows an

i nproved adhesion strength to glass substrates and silicon wafers while
offering a | ow resistance. 10 Thus, when used in the wirings in TFT-LCDs,
organi ¢ &t alevdeesnic L oddetce) ectronic devices, the wiring material of the
present invention prevents the peeling of the wirings and its |ow

resistance helyps 1dmsPUes PRI tiesiofs thedem cas,, Hie pgsent hayention,
in which a particular Ag alloy or 15 Cu alloy is sputtered to forma film

to serve, pg, g Ieialy ehfelf ooy also Jmkes il Bassl blg,d ¢ Ml ze dhe
nunber of production steps 1" nvdl ved and “enabl &S 'Thé efficien proé)uctl on

of TFT arrays. _Thus,_the invention allows | ow cost production of TFT-LCDs
and TFT-ArI VeV oryeti CEL i 2edl ¢ PR BFel v (TheiSor &&h RLAER i on
enpl oys a particular conposition that mnimzes the occurrence of abnornal
di schar geo chavenglesal bz i pugpeendt tdrist @naldesaefdn crende ppbductdoogpanict he
devices. 44 CLAIMS: 1. Awring material, conprising a Cu all oy conposed of
Au and/ gr1, Geviadwl, Cu, wherein the Cu alloy contains 5 Cu in an anount of 80
to 99.5Wm % and An and Co in a total anpbunt of 0.5 to 20w %

As set forth, the present invention provides a wiring
material that shows an improved adhesion strength to glass
substrates and silicon wafers while offering a low resistance.

10 Thus, when used in the wirings in TFT-LCDs, organic EL devices,
or other electronic devices, the wiring material of the
present invention prevents the peeling of the wirings and its
low resistance helps improve properties of the devices.

The present invention, in which a particular Ag alloy or

15 Cu alloy is sputtered to form a film to serve as a metal
electrode, also makes it possible to minimize the number of

( production steps involved and enables the efficient production

of TFT arrays. Thus, the invention allows low cost production
of TFT-LCDs and TFT-driven organic EL devices. In particular,

20 the present invention employs a particular composition that
minimizes the occurrence of abnormal discharge during
sputtering and thus enables efficient production of the

devices.
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2. The wiring material according to claim1, wherein the anount of An is O
to |Om% 10 3. The wiring material according to claiml, wherein the
anount of Cois Otol OM% 4. Awring material conprising the Cu all oy
according to any one of claims 1 to 3, having a specific resistance of 4
M&cm or less. 15 5. A wring board, conprising: a wring formed of the
wring material according to any one of clains | to 4; a conductive netal
oxi de f¢iAIM®ad a substrate. 20 6. The wiring board according to claimb5,
wherein the wiring and the conductive nmetal oxide filmforma stacked
wiring of a two-layered structure. 7. The wiring board according to claim5
or 6, wherein the conductive netal oxide film contains 0.05 atomc %to 5

atom c % of at .l.east. one netal. sel ect.ed fromth roup consi stin 25 of Ru,
. R, l-and ApinfgRatei Shpfrind AGARY sobdPtg ALy R CPEERR 5 o
7, wherein the conductive netal oxide filmconprises an anorphous

t r anspdPeft aleRERMENYe filmthat is formed of indium oxide and zinc oxide
and has an atomi c conposition such that the follow ng relationship holds:

I n/ @l n+Zn) =Xwingantam@n®sf 8Gta99.5wdoand i ng board according to any one of
claims 5 to 8, conprising the substrate with a non-conductive surface. 10.
A W ring boakdandOop i StaigmouhOof). Stb30wEh.e; a wiring di sposed on the
substrate and fornmed of the wiring material according to any one of clains
1to 4, and a thin filmtransistor.

2. The wiring material according to claim 1, wherein the amount of Au is 0 to 10wt%.
10 3. The wiring material according to claim 1, wherein the amount of Co is 0 to 10wt%.
4, A wiring material comprising the Cu alloy according to any one of claims 1 to 3,
having a specific resistance of 4 uQ-cm or less.
15 5. A wiring board, comprising:
a wiring formed of the wiring material according to any one of claims 1 to 4;
o a conductive metal oxide film; and
a substrate.
20 6. The wiring board according to claim 5, wherein the wiring and the conductive metal

oxide film form a stacked wiring of a two-layered structure.

7. The wiring board according to claim 5 or 6, wherein the conductive metal oxide film
contains 0.05 atomic % to 5 atomic % of at least one metal selected from the group consisting

25 ofRu, Pd, Re, and Ir.
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8. The wiring board according to any one of claims 5 to 7, wherein the conductive metal
oxide film comprises an amorphous transparent conductive film that is formed of indium
oxide and zinc oxide and has an atomic composition such that the following relationship

holds: In/(IntZn) = 0.8 to 0.95.

9. The wiring board according to any one of claims 5 to 8, comprising the substrate with

a non-conductive surface.

10. A wiring board, comprising:

a substrate;

a wiring disposed on the substrate and formed of the wiring material according to any
one of claims 1 to 4; and

a thin film transistor.
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