SPECI FI CATION  THIN FI LM TRANSI STOR, THI N FI LM TRANSI STOR SUBSTRATE,
PROCESSES FOR PRODUCI NG THE SAME, LI QUI D CRYSTAL DI SPLAY USI NG THE SAME,
AND RELATED DEVI CES AND PROCESSES; AND SPUTTERI NG TARGET, TRANSPARENT
ELECTROCONDUCTI VE FI LM FORVED BY USE OF THI' S, TRANSPARENT ELECTRODE, AND
RELATED DEVI CES AND PROCESSES Technical Field [0001] First group: field The
invention of the first group relates to a thin film transistor substrate f
or driving the liquidcrystal of a liquid crystal display. The invention
also relates to a process for prodgerngrdderofhin filmtransistor substrate,
and a liquid crystal display using the thin filmtransistor substrate.
[0002] An abbreviation of athin filmtransistor is used to call a thin
filmtransistor substrate a TFT substrate in sonme cases. [0003] Second
group: d Th inven n of the seco rou relates to_a process

ot oduci ng W BE T@%\vé%iTOPm o R st sy PReBRSERS BORF! | m

t ransi st or Cgé(\’ Si TFT a poI silicon thin filmtransistor 1 (p-SiTFT).

Mor e speci FREAAIYG & @ GRYBAREPIEELAY USGUF FHESAYEL ANDRESHITEY
enabling to reduce the cont act resistance between a pixel electrode pattern
and sour ce/ drEVICEY ANJS PROTIEIHSe @bht QBYTTERING TARGET, TRANSPARENT

ELECTROCONDUCTIVE FILM FORMED BY USE OF THIS, TRANSPARENT ELECTRODE,

AND RELATED DEVICES AND PROCESSES

Technical Field
[0001]

First group: field

The invention of the first group relates to a thin film
transistorsubstrate fordrivingthe liquidcrystalofaliquidcrystal
display. The invention also relates to a process for producing the
thin film transistor substrate, and a liquid crystal display using
the thin film transistor substrate.

[0002]

An abbreviation of a thin film transistor is used to call a
thin film transistor substrate a TFT substrate in some cases.

[0003]

Second group: field

The invention of the second group relates to a process for
producing a ligquid crystal display, using an amorphous silicon thin

film transistor (a-SiTET) or a polysilicon thin film transistor



resi stance between the following: wiring netals of a gate wiring

| eadi ng-out section and source/drain el ectrode | eadi ng-out sections; and a
transparent electrode. The invention also relates to a process for
produci ng the sane. [0004] |In particular, the invention relates to a
contrivance about a sputtering target, a transparent el ectroconductive film
obtained by a production process using this sputtering target,
andatransparent el ectroconductive gl ass substrate having this t ranspar ent

el ect roco”{!#%&'rﬁ filvged 9,}985#154‘1 gﬂ %8“ hvd il ;%t ?E?a ' s 10 th' rd

group relates to th| ransi erelna eno as ar

i nsome cases bstrate rtlcular nvent|on r ate o a
process f&FS)FSE % ?é;%ﬂn%93 #ngéﬁb§FF5f%1: nﬂoﬁt??ﬁnﬁeﬁléFﬁ%T%J WSIREW,
using this TFT substrate. [0006] Fourth group: field The present invention
of a fourthP§Fdusleerares G TE T Prafte QUL G ATEA B dici g Sa qricgaha EFSEA

di splay, using an anorphous silicon thin filmtransistor (a-SiTFT) or a
pol ysi | i coregisitante| petwestsitsieof ol RovinaS FETIng Mte lspedi &i ealld wirtihe
invention relates to a liquid crystal display enabling to reduce the
cont act resisstiageeubetwedon and poxete lredinradde tpatit @ead amng- @oeeidhai n
W rings, and the contact resistance between the followng: wiring netals of
a gate W rdfifla transparent electrode. The invention also relates to a process
for preducing the same.
[0C04]
In particular, the invention relates to a contrivance about
a sputtering target, a transparent electroconductive film cbtained
byaproductionprocessusingthissputteringtarget, andatransparent
electroconductive glass substrate having this transparent
electrocenductive film.

[0005]

Third group: field

The invention of a third group relates toathin filmtransistor
{hereinafter, denotedasaTFT insomecases) substrate, inparticular,
a TFT. The invention relates to a process for producing this TET
substrate, and a ligquid crystal display using this TFT substrate.

[0006]

Fourth group: field

The present inventicn of a fourth group relates to a process
for producing a liquid crystal display, using an amorphous silicen

thin filmtransistor (a-SiTFT) or a polysilicon thin film transistor



| eadi ng-out section and source/drain el ectrode |eading-out sections; and a
transparent el ectrode. The invention also relates to a process for
produci ng the sane. [0007] |In particular, the invention of the fourth group
relates to a TFT substrate (exanples of which including a TFT array
substrate wherein TFTs are arranged into an array form, a

| i quid-crystal-driving el ectrode substrate, and a sputtering target.
Background Art [0008] First group: background Hitherto, liquid crystal

di splays h ve,e%%erl been researched gnd,deveLoped. In particular, after
an entranc@ o Flqui d1%ey SPEFL I HF&piYay §PE ot VT g st zedt 2ol '&vidsildA€18n t he
stage, the researches and devel opnents have been nore actively nmade. As the
mat eri al o¥rysibed| desekiy 68881 oRI thve FEHYER d-her gSREACT drspphgRse ICPROWERAdI um
tin oxide) is generally used. This is because I1TOis excellent in

el ect r ocompd keViglgcandde randpan ency sowrt /can inedsiingshearat thedonitbhta
strong acid (aqua regia or a hydrochloric acid-based etchant). 3 [0009]
However, |f@ifsaaned batweean fthenmfoblewirar:geisidz@dnesidist pat & dyrsputtiagi ng i s
a crystalline film Thus, the state of the crystal is variously changed

dependi ng pihdikg-barReral 4k En@kohRes s hraker rotib e84 At Rit dh1e :ahapsphere
gas or plasma density, or the like so

and a transparent electrode. The invention also relates to a process
for producing the same.

[0007]

In particular, the invention of the fourth group relates to
a TFT substrate (examples of which including a TFT array substrate
wherein TFTs are arranged intoc an array form), a
liquid-crystal-drivingelectrode substrate, anda sputteringtarget.

Background Art

[0008]

First group: background

Hitherto, liquidcrystal displays have eagerlybeen researched
and developed. 1In particular, after an entrance of liquid crystal
displays for large-sized televisions on the stage, the researches
and develcpments have been more actively made.

As the material of pixel electrodes of the liquid crystal
displays, ITO (indium tin oxide) is generally used. This is because
ITO is excellent in electroconductivity and transparency, and can
easily be etched with a strong acid {agua regia or a hydrochloric

acid-based etchant).



that a crystalline filmand an anorphous filmmy be present to be m xed on
the sanme substrate. This m xture frequently causes problens that etching
failures (electric conduction to an adjacent el ectrode, the narrow ng of
the pi xel electrode by overetching, pixel inferiority based on etching
resi dues, and so on) are generated. [0010] In order to solve the problens
caused when I TOis etched, for exanple, Patent Docunment 1 discloses a

nmet hod of making an I TO pi xel electrode film anorphous, thereby making

| arge the etching rate of |ITO Al by action of an etching solution of an
HC - HNO3- H20- basEeP®d as to overcone elution of Al at the tine of the
etching. About a target of ITO black nodul es are generated on the surface
of the target whigswevdr,| ATOsfoomd nubassd yfiflor reda ceargeasiend $ulmratso t hat
overdi scharge is caused or foreign substances are generated to cause pixe

inferioritlyy stheserahgosheeoperpriobleensinm t Dhué) efuedicite $PQhE]cryErus, the
foll ow ng method has been investigated: a nethod of adding water or

hydrogen tos %@@%@giwhgage&ﬁa%%ehag %nfm&%témé_em&@o%iﬂh@ fpdp.8Qeas to
forma filmof ITO in an anorphous state, etching this filmof ITQO and

then heatifng. the Li Liniig. tystahlizeadtbe fiJm, However, Lhenaddifd gn of

water or hydrogen at the tine e fi fornmation quently causes a
dect e | ncfle 2abesl YENeRs 10 JCUIELLINY, suipluste, orceauasnithe |
mixed on the same substrate. Thismixture frequently causes problems
that etching failures (electric conduction to an adjacent electrode,
thenarrowingof thepixel electrodebyoveretching, pixel inferiority
based on etching residues, and so on) are generated.

[CO10]

In order to solve the problems caused wnhen ITO is etched, for
example, Patent Document 1 discloses a method of making an ITO pixel
electrode film amorphous, thereby making large the etching rate of
ITO/AL by action of an etching sclution of an HC1-HNO;~-H,O-based so
as to overcome elution of Al at the time of the etching.

About a target of ITO, blacknodules are generatedon the surface
cof the target when a film is continuously formed over a long time,
so that overdischarge is caused or foreign substances are generated
to cause pixel inferiority. These also become problems with
frequency.

[0011]

Thus, the fcllowing method has been investigated: a method

of adding water or hydrogen to sputtering gas when ITO is formed



[0012] In order to solve these problens, instead of ITOQ 1ZO ((registered
trade nane) manufactured by Idemtsu Kosan Co., Ltd.: indiumzinc oxide) is
used. The 1ZOis rich in usefulness as follows: the |1ZO can be made into
the formof a substantially conpletely anorphous film The |1ZO can be
etched with an etchant based on an oxalic acid, which is a weak acid, and
can al so be etched with a mxed acid of phosphoric acid, acetic acid and
nitric acid, an aqueous solution of cerium(lV) amoniumnitrate, or the

like. The {gﬁ% %?Eilnpefo%c:?g%s%% hfn%g.‘lg‘ﬁ:él [ B¢ %16 Q%t”%% ES&’F@Q%’% a8t [xade of

t he 1 ZO nakes € genération O ess en is sputtered,

and nekes jt possible.to resfrain th eperation of foreign substances.
Thus, Tt CRrEHEERET GHAd Phati P 09 S NSA ki Got S GhEo CrODTa RS a
target containing the 1ZO for exanple, Patent Docunent 2, which will be
listed up ¥ &rilndi B, atharafditigieobfvatedi At ehedrodsvd gt ofharr i8R de
contai ning a hexagonal |anellar conpound represented by the general formula
| N203( Zn0) ofvhke éii Amnf armda tipr2lreAenod gdicagses atdedihine iratlyebdhas tvamspar ent

el ectroconductive filmexcellent in noisture resistance (endurance) can be

formed. [ 06d4he uhtet heimpse;stiratepnrectisend thietdhrdatangatrocenctsturgd, he | Z0,
for exanple, Patent Docunent 3, which will be listed up later, discloses a

process of {hoaddit iRder2nify & SURSL! ahSund FOALNPes0l ution prepared by
di ssol ving an i ndi'um conpound and a zinc conpound in the presence
[0012]
In order to solve these problems, instead of ITO, IZ0
( (registered trade name) manufactured by Idemitsu Kosan Co., Ltd.:
indium zinc oxide) is used. The IZO0is rich inusefulness as follows:
the IZO can be made into the form of a substantially completely
amorphous film. The IZO can be etched with an etchant based on an
oxalic acid, which is a weak acid, and can also be etched with a
mixed acid ¢f phosphoricacid, aceticacidandnitric acid, an agueous
solution of cerium (IV) ammonium nitrate, or the like. The IZ0O can
be etched with a weaker acid than ITO. A target made of the IZ0 makes
the generation of nodules less when the target is sputtered, and
makes it possible to restrain the generation of foreign substances.
Thus, it can be mentioned that the IZO is a useful target.
[0013]
As a target containing the 170, for example, Patent Document
2, whichwill be listedup later, discloses a target made of a sintered

body of an oxide containing a hexagonal lamellar compound represented

by the general formula Iny0;(Zn0O) wherein m = 2 to 20. According



of an al kanolam ne; firing the resultant; and then subjecting the fired
product to reducing treatnent, thereby producing a transparent

el ectroconductive film According to this transparent el ectroconductive film
produci ng process, a transparent electroconductive filmexcellent in

noi sture resi stance (endurance) can be obtained. For exanple, Patent

Docunment 4, which will be listed up later, discloses, as a nethod for
etching a transparent el ectroconductive filmcontaining the |ZO a nethod
for produ@ ar ent

n liqujd crystal iL.spl wherein a. tran
el ectr oconduelve T conpr rrg A ot e e e bt i e U5t 18 of
oxalic acid.,in water, thereby formng a pixel _electrode. According to this
| i quid crﬁgPéFuﬁ?sfﬁ%ﬁﬁt%W%hdépﬂ@r%W6%e§§? 8¢ pf %@kl ect r ode pattern can
easily be forned since the oxalic acid solution is used to performthe
etching. Therefl®d4]lthe yield can be inproved. [0015] Second group:
background 6 Liquid crystal displays have characteristics that the power
consunpti on t herfafthesmposy dndetirediisplaysh sdrare@si tontatitnding tHaullEecol or
di spl ay, and other characteristics. Thus, out of flat displays, the liquid

crystal difspleasspaee PRESNT SbBghert 13 J Wi EIH wlBates] i stdeMel nprants sobsaaki ng
the size of their display screens |arge have been actively made. In

particul ary S?g_g%gs an; pethvendbhiXakased ratt auwidhgrystalkhah gﬁie@ek@a{

wherein a- (thin filmiransistors) or p-Si TFTS are arranged, as

swi t ching b%} Sﬂggélsvfn%r ak %%@?%ic\é%pghégla%’d a zinc compound in the presence

of an alkanolamine; firing the resultant; and then subjecting the
fired product to reducing treatment, thereby producing a transparent
electroconductive film. According to this transparent
electroconductive film producing process, a transparent
electroconductive filmexcellent inmoisture resistance (endurance)
can be obtained.

For example, Patent Document 4, which will be listed up later,
discloses, as a method for etching a transparent electrocenductive
film containing the IZ0, a method for producing a liquid crystal
display, wherein a transparent electroconductive film comprising
In:C:-7Zn0 is etched with a solution of oxalic acid in water, thereby
forming a pixel electrode. According to this liguid crystal display
producing process, a pixel electrode pattern can easily be formed
since the oxalic acid solution is used to perform the etching.
Therefore, the yield can be improved.

[CO15]

Second group: background




into a mtrix form and the pixels are each driven, the contrast ratio

t hereof does not deteriorate even if the display is nade highly definited
so as to have 800 x 600 pixels or nore. Thus, attention has been paid to
the liquid crystal flat display as a flat display for high performance
color display. In such an active matrix-based Iliquid crystal flat display,
a transparent electrode such as ITO (indiumtin oxide) is used as its pixel
el ectrode, and an Al-based alloy thin filmis used as its source el ectrode
in many cases. This, .is because I TO has a | ow sheet resistance and a high
perneabi lity a&&qﬂlldc%wséégi ‘ﬁ&sfﬁ]@yﬁa?%‘? (G TARESF LTt et TARTHEE ROYoW

resi stance and a, hi gh adhesiveness. [0016] Fig. 1 is a viewillustrating a
secti onal SpreWBEien ihangofy s ofoamrehdPphaisk BivEFTaat easstage-WHén t he
formation of a pattern of a pixel electrode is finished in the process of
produci ng fallli-goldr dirspseyl ftctotdiesptlayrameosridingst o Thhe, preserdt fiavent i on.
However, 7 any display in the prior art has the sanme basic structure except
t hemat eri aliebliays, phrdligel éctryede] dibpsays hee girspl aimay [ h reeedesenikrbed with
reference to this. [0017] In Fig. 1, a pattern of a gate electrode 2 is

fornmed on @vellbghintd &R8 M3 hb! teheOb B5S o8 Ui rad B5pha va- e 1 PSRy LVD
(chem cal vapor deposition) is used to forma SiN gate insulation film3,

an - anor Py §btﬂzéﬂn% éxLa{'sc#erTnzIr? g%gg%ﬁi%@%tb%%@ gﬂpg Jgfergr,eﬁ,sn}aacr}qxggagg@rphous

Si:H(n) film®6 conti y int Si'red forman

liquid crystal flat display wherein o-SiTFTs (thin film transistors)
orp-SiTFTs arearranged, as switchingelements for respectivepixels,
into a matrix form, and the pixels are each driven, the contrast
ratio thereof does not deteriorate even if the display is made highly
definited so as to have 800 x 600 pixels or more. Thus, attention
has been paid to the liquid crystal flat display as a flat display
for high performance color display. In such an active matrix-based
liquid crystal flat display, a transparent electrode such as ITO
{indium tin oxide) is used as its pixel electrode, and an Al-based
alloy thin film is used as its source electrode in many cases. This
is because 1TO has a low sheet resistance and a high permeability
and Al can easily be patterned and further Al has a low resistance
and a high adhesiveness.

[0016]

Fig. 1 is a view illustrating a sectional view of a vicinity
of an amorphous-SiTFT at a stage when the formation of a pattern
of a pixel electrode is finished in the process of producing a liquid

crystal flat display according to the present invention. However,



[0018] Furthernore, a netal filmnmade mainly of Al is deposited by vacuum
deposition or sputtering, and then a pattern of a source electrode 7 and a
pattern 8 of a drain electrode 8 are each forned by photolithographic
technique. In this way, an a-Si TFT el enent section is conpleted. [0019] An
I TOfilmis deposited onto this section by sputtering, and

phot ol i t hographic technique is used to forma pattern of a pixel electrode
9 electrically connected to the source electrode 7. The reason why the |ITO
filmis dqfosited after the Al filmis deposited is that a deterioration in
el ect ri cal “'BoLEEL3Yr UpertS PBePhedh” t17e TaRoPPRD RESSC ALAEaHE B )%4RAt he
source and drain electrodes 7 and 8 is not caused. A is inexpensive and is
| ow i n spedignatgrdsilafaicaizedrd eics rade esant Hag dharlay il fesrdgaaanidati ng a
decline in the display 8 performance of the liquid crystal display, the
decl i ne result ilegertnoen an tilier.ease in the resistance of the wiring of the
gate electrode 2 and the wiring of the source/drain electrodes 7 and 8.
[0020] In the apbmvie-inenti oned production process, when the patterns of the
source electrode 7 and the drain electrode 8 nade mainly of Al are forned

and then the I TGipgl. el egtpnde,9 g wopked i@ rbhe 2 PAd e LA AN
HC1- HNO3- H20- based et'ching solution, a situation that the A patterns elute

out at the i of \the eng of, the WRLKING MRYnqRe.E LeauRTt Y FaHSada1

vapor deposition) is used to form a SiN gate insulation film 3, an
amorphous Si:H (i} film4, achannel protection film5, and an amorphous
Si:H(n) film 6 continuocusly into desired form and patterns.

[0018)

Furthermore, a metal film made mainly of Al is deposited by
vacuum deposition or sputtering, and then a pattern of a source
electrode 7 and a pattern 8 of a drain electrode 8 are each formed
by photclithographic technigque. In this way, an o-SiTFT element
section is completed.

[0012]

An ITO film is deposited onto this section by sputtering, and
photolithographic technique is used to form a pattern of a pixel
electrode 9 electrically connected to the scurce electrode 7. The
reascn why the ITO film is deposited after the Al film is deposited
is that a deterioration in electrical contact property between the
amorphous-Si:H 4 (and 6) and the source and drain electrodes 7 and
8 is not caused. Al is inexpensive and is low in specific resistance,

and is an essential material for preventing a decline in the display



[0021] This results fromthe fact that Al also has a nature that Al is

di ssol ved in the HCLl- HNO3- H20- based etching solution, which is an ITO
etching solution. HNG3 in the etching solution forms a thin Al oxide film
on the surface of Al, and thus HNC3 is added thereto in order to prevent
elution of Al. However, it appears that if the tinme for etching the ITO
filmis long or defects portions, such as inpurities or foreign substances
i ncorporated during the deposition of A, are present inthe Al film the

above- ”entgf%%%@mexw @A@qlq%&fje&t sogs dlg\fngfut S eghent! {e;mtlg cell

reaction. I'n order to prevent such nown at an

I TO filmjLs nade anpr p hou t here i ncreasin Al etc rate to
any HCL- DT BB B oA SHATERGR S oTi W aEoPE e T 1 18

Pat ent Docunent 1, which will be Ilsted up later. The etchlng rate ratio is
a ratio befvwh téltecHilﬁgn%pfé%Jé’le EOBP8Y/ dtavie peeCt 5o@es iF aReBt TO filmis
made anor phous, elution of Al is not conpletely prevented since an

HC1- HNO3- H20- basEPatilchi ng solution is used. Thus, a highly definited
liquid crystal display is not easily realized. As an invention nade in

| i ght of such a ptaehkemoveRaktaniobet piredtict2ionmbrotess | Whbe thiespad aipsl at er,
is knowmn. This Patent Docunent 5 suggests that patterning of a transparent

el ectrode oARtheAsPux&d ckeethader Andotha dpath eft@frceach efdeana Hh1 gate
el ectrode, and source/drain el ectrodes, isnmadeeasybyuseofanoxali caci d-based

Al are formed and then the ITO pixel electrode 9 is worked into the

pattern with an HC1-HNC;~H;0-based etching soluticn, a situation that
the Al patterns elute out at the time of the end of the working may
be frequently caused.

[0021]

This results from the fact that Al also has a nature that Al
is dissolved in the HC1-HNO;-H;O-based etching solution, which is
an ITC etching solution. HNO; in the etching solutien forms a thin
Al oxide film on the surface of Al, anc thus HNOs; is added thereto
in order to prevent elution of Al. However, it appears that if the
time for etching the ITO film is long or defects portions, such as
impurities or foreign substances incorporated during the deposition
of A1, are present in the Al film, the above-mentiocned Al-oxidizing
effect does not act sufficiently by local cell reaction.

[0022]

In order to prevent such Al elution, it is known that an ITO
film is made amorphous, thereby increasing the ITO/Al etching rate

to any HC1-HNO3-H,0O-based etching solution. Thismatter is described



etching solution, and a transparent el ectrode having a conposition nmade of

i ndi um oxi de-zinc oxide is used in order to provide a process for producing
a highly definited liquid crystal display. [0024] According to such a
structure, it is known that contact resistance is generated between the
line of the Al gate and the transparent electrode, and between the A
source/drain el ectrodes and the pixel electrode. In general, the A I|ines
are usually covered wth a barrier netal such as Ti, C or No. Such a

barrier netal,_i i bed,i at, ent. n 6, 7,..8 and.9, which will be
i st ed up”?é’talérﬁ?‘tfi[g%%e%r%r&dﬁﬁho&“%?%‘g%rk%st&%ﬁd“ﬁol%é‘ ot thils i qui d

crystal display is usually conposed of TFT array substrate, a counter
substrate,r1ﬁHI§tHPsb?d§:%ﬁfﬁpBSFVee%d%ﬁg%leFﬂﬁﬁﬁxcrystal, sandwi ched
between the TFT array substrate and the counter substrate. In

t hemat ri x- based 19G%#ld crystal display, a voltage is applied to this
display material in selected individual pixels, thereby displaying a given
i mpage. On the THPwaveay substifatiee diT® folmeid aadenroompdwoseretimiion bl m
(hereinafter, referred to nmerely as a sem conductor film and so on while

on the cowrl es sobsiompt etal ¢ grervaRded & igNELIHE-aEDL-ade-baged€ Ftahihl ter, a
bl ack matrix, and so on. Such a liquid crystal display (hereinafter, sinply

referred tgag idanllPusedWhenrls) N8 qHTY a&F Ak substial 63082 5Q1Qp 18y e used,
will be called a TFT-LCD
isnoteasilyrealized. Asaninventionmade inlightof suchaprcblemn,
Patent Document 2, which will be listed up later, is known. This
Patent Dccument 5 suggests that patterningof a transparent electrode
and a pixel electrode 9, on a pattern of each of an Al gate electrode,
andsource/drainelectrodes, ismadeeasybyuseofanoxalicacid-based
etching solution, and a transparent electrode having a composition
made of indium oxide-zinc oxide is used in order to provide a process
for preducing a highly definited liquid crystal display.

[0024]

According to such a structure, it is known that contact
resistance is generated between the line cof the Al gate and the
transparent electrode, and between the Al source/drain electrodes
and the pixel electrcde. Ingeneral, theAl lines are usually covered
with a barrier metal such as Ti, Cr or Mo. Such a barrier metal is
described in Patent Documents 6, 7, 8 and 9, which will be listed
up later.

[C025]

Third group: background
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hereinafter. [0026] |In the above-nentioned TFT array substrate, for each

el enment, a TFT conposed of a gate electrode, a source electrode, a drain

el ectrode and a sem conductor film and at |east a pixel electrode are
formed into an array formon an insulating substrate made of glass or the

| i ke. Besides, an alignnent film a storage capacitor, and so on are forned
if necessary. Between the pixels are disposed signal lines such as gate

Wi rings and source wirings. The gate wirings and the source wirings, the

nunbers of whic [ ach several, are_ disposed.aon the insuylating substrate
so as to cross ah%r ﬁﬁﬁfrgﬁn% Seesc{ illglrlll(% rcﬁréls\%%g,élaSp&iaé’pjr%yuséllaiiyi%O“P%Fﬁéd.
Furthernore, an input termnal, 11 a driving circuit for Fﬁ]g\/i ng each of the
TFTs, and $o?2dh T4 6t ,ratﬁorar%ﬁﬁi%ﬁﬂsgrPBeeéEﬁao‘iilst yanafrrdit ety nes,
outside this display  area. [0027] |In order to produce such a liquid
crystal di 3ptagswheteichcaystat grpdylched begvegatids BiNd asoay cedyshratas
included in TFTs and other common wirings are produced into an array form
so as to fardtrhecdirsragulmteatel nfmtegratimalt-based éwnidcgsystrlidiispgay,
circuits, and others are arranged in the vicinity of this display area. For

reference,aivhlthge peegeiltigeat €fhis aligpl 8y elaeett aUe el e cgind i Wilduag ar e
toget her denoted as a gate, and a source electrode and a source wiring are

toget her denatied 2pe2-5QUiLS1AGN8I Bel BRI Qd@gemy be denoted sinply as a
drain in sone cases. A source and"a drain
On the TFT array substrate are formed a semiconductor thin
film (hereinafter, referred tc merely as a semiconductor film) and
so on while on the counter substrate are formed, a counter electrode,
a color filter, a black matrix, and sc on. Such a liquid crystal
display (hereinafter, simply referred to as a LCD}, wherein the TFT
array substrate and so onh are used, will be called a TFT-LCD
hereinafter.
[0026]
In the above-mentioned TET array substrate, for each element,
a TFT composed of a gate electrode, a source electrode, a drain
electrode and a semiconductor film, and at least a pixel electrocde
are formed into an array form on an insulating substrate made of
glass or the 1like. Besides, an alignment film, a storage capacitor,
and sc on are formed if necessary. Between the pixels are disposed
signal lines suchasgatewiringsandsourcewirings. Thegatewirings
and the source wirings, the numbers of which are each several, are

disposed on the insulating substrate so as to cross at right angles.

Inthisway, adisplayareaisformed. Furthermcre, aninputterminal,

11



are together denoted as a source/drain. In the patent, a first conductor is
specifically the gate, source and drain, and a second conductor is the
above-nentioned pixel electrode. [0028] It is also preferred to arrange, on
the insulating substrate of the TFT array substrate, an el ectroconductive
thin film (hereinafter, referred to nerely as an el ectroconductive film or
an insulating thin film (hereinafter, referred to nerely as an insulation
film, if necessary, in order to exhibit a given function. On the other

hand, on the counter suhstrate .are faorned e unter. electrode, the color
Tt er and Tre M Eke it FhP G YiBa Abetr SBE /et oS if ermide ToT
array substrate aq%@%he counter electrode are produced as descri bed above, a
gi ven gap GO TRABR PEILACt BRCR W5 TRELEIT Btles e o rdEr 18 HHiS déEPa2Y i qui d
crystal material therebetween. 1In this state, the two substrates are stuck
to each ot#¥é@-at their peripheries, and then a liquid crystal material is
injected into the gap between these substrates to produce a TFT-LCD. [0030]

Known thin fil mit0é€Rhi ques are used to formvarious semn conductor el enents
and others onto the TFT array substrate or the counter substrate used in

the TFT-LCD. |n1erdedet appedtces seh aeXiaplecrgerdicendytiprwrirenangs of a
TFT array substrate, the followng are formed on an insulating substrate,

as described abeye: s QWA CgafeS UL QAR HAIHL (hPResEHeinerrel grged to
as the first
other common wirings are produced into an array form so as to form
a display area. Input terminals, prewirings, driving circuits, and
others are arranged in the vicinity of this display area.

For reference, in the present patent, a gate electrode and
a gate wiring are together denoted as a gate, and a source electrode
andasourcewiringaretogetherdenotedasasource. Adrainelectrode
may be dencted simply as a drain in some cases. A source and a drain
are together dencted as a source/drain. In the patent, a first
conductor is specifically the gate, source and drain, and a second
conductor is the above-mentioned pixel electrode.

[C028]

It is also preferred to arrange, on the insulating substrate
of the TFT array substrate, an electroconductive thin film
(hereinafter, referred to merely as an electroconductive film) or
an insulating thin film {(hereinafter, referred to merely as an
insulation film), if necessary, inorder to exhibit a given function.

On the other hand, on the counter substrate are formed the counter

electrode, the color filter and the black matrix, as described above.

12



conductor hereinafter), a sem conductor film an insulation film a pixel
el ectrode (hereinafter, referred to as the second conductor), and so on. In
general, at this tinme, the second conductor and the first conductor do not
contact each other directly since the second conductor is f ornmedon the
insulation filmf ormedon the first conductor. For this reason, a contact
hole is made in the insulation filmin order to attain electrical
connecti on between the first and second conductors. In other words, the
first and second conductors are electrically connected to each ot her
through the cont@%2%ole. [0031] 13 It has been considered that the
material of the first conductor, in particular, the material of the gate
wiring and t he Soiregetie riBigarragreibstirstdesid abeycpurterAblect Aldeablrey from
the viewpoint of its properties and the process in order to prevent del ay

of signal piddanrsd 5| @sASLELRTab&RS, ave vBaegarade radegBetidad rdthbghl y
definited. This is because the pure Al or Al alloy has a low electric

resi st ances;; {3932k« llftqyfaé%rto 144 0asa ot beenyconshdes ed it had rddedagncase of

using, as the material of a transparent pi xel el ectrode (second conductor)

| 7O (i ndi upm tig Ox{ge). hZQ.({ Legloterad Lrads, NATB). o Lelem Lol Kosan, Co.,

Ltd.: indiumzinc oxrde) or t necessarll preferired t
use, as the material of é flrsi cqﬂgﬁﬁto% the urzf 1}3€I gﬁ for
the fol | oW TgH €436, T Meft i OF, &R by éFr ?erc‘ij‘t% t act
herei nafter, between the first and second

the gap between these substrates to produce a TET-LCD.

[0030]

Known thin film techniques are used to form various
semiconductor elements and others onto the TFT array substrate or
the counter substrate used in the TFT-LCD. 1In order to produce, for
example, semiconductor elements of a TFT array substrate, the
following are formed on an insulating substrate, as described above:

a gate, a source and a drain (these being referred to as the first
conductor hereinafter), a semiconductor film, an insulaticn film,

apixel electrode (hereinafter, referredto as the second conductor),

and so on. In general, at this time, the second conductor and the
first conductor do not contact each cther directly since the second
conductor is formedonthe insulationfilmformedeonthe first conductor.
For this reason, a contact hole is made in the insulation film in
order tc attain electrical ccnnection between the first and second
conductors. In other words, the first and second conductors are

electrically connected to each other through the contact hole.

[0031]
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conductors is attained, the contact resistance thereof becones a very high
value of 1 x E10 to 1 x E12 1) so that a favorable contact property cannot
be obtained. [0033] It has been therefore considered that it is difficult

to obtain a favorable contact resistance in any TFT array substrate having
a structure wherein a first conductor nmade of pure Al or Al alloy directly
contacts a second conductor nade of a transparent el ectroconductive film of
| TO, 1ZO or the like through a contact 14 hole made in an insulation film

[0034] As the'ﬂ% ggb8£n§8%¥1@ Okh%%gﬁ%mgnIgrléylf%ﬁég¥§g?g§b %%r been

hitherto investig N or avora e con Wween t he

first and Second co ductors. For , Patent, Docu 10, which wll be
|1 Sted up TAPAFCIGH LH o588 TRUERLAC 1l HT PARSI"CLORS G B)° SGUSFFAls 1R ng a

bi -l ayered structure conposed of an Al layer conprising A and an

el ect r ocontRRAG e 1 rededinakyer PuFs ¢4 5 %ﬁlé(aguﬁr;@m bRe di iAo inkheteilfsa pi xel
el ectrode is connected to a netal layer of a source electrode through a
cont act hopeopmade eisnaad palssipatiess 1fidyded ot beevaste dhiaty thhes pinel

el ectrode is connected to the netal layer in this way, electrical contact
bet ween t herstaiticeiehess rode-Lcardhbhe pioremaeleethrodes eeoams hayiorabl e.

[ 0035] Patent Docunent 11, which will be listed up later, discloses a
process f Ofe PIOARI. NOTAN 86 be¥euSBERRHSHIST FARE. o WG/ RiD A BRI Bdctric
resistance.
[0032]
However, it has not been considered that in the case of using,
as the material of a transparent pixel electrode (second conductor),
ITO (indium tin oxide), IZO ( (registered trade name), Idemitsu Kosan
Co., Ltd.: indium zinc oxide) or the like, it is not necessarily
preferred to use, as the material of the first conductoer, the pure
Al or Al alloy for the following reason: if ccnnection, which may
be referred to as contact hereinafter, between the first and second
cenductors is attained, the contact resistance thereof becomes a
very high value of 1 x E10 to 1 x E12 Q so that a favorable contact
property cannot be obtained.
[0033]
It has been therefore considered that it isdifficult toobtain
a favorable contact resistance in any TFT array substrate having
a structure wherein a first conductor made of pure Al or Al alloy

directly contacts a second conductor made of a transparent

electroconductive film of ITC, TZ0 or the like through a contact

14



| ayer is formed into a desired thickness inside a contact hole over a drain
el ectrode so as to reduce effectively a difference in |l evel based on the
contact hole, whereby the process for the production is made sinple and a
pi xel electrode is not easily cut. [0036] Patent Docunent 12, which will be
listed up later, athin film transistor array having a bi-layered structure
drain electrode conposed of a |ower |ayer nade of a netal capabl e of

form ng silicide 15 and an upper |ayer nade of copper, wherein a pixel

el ectrode QgegﬁqgjHgmhﬁgtgggeflﬂ@yer of the drain electrode through a
contact holé ma rotéctive Tayer. In the case that the pixel

electrode 1is co&ggﬁged to the upper Iayer whi ch is nade of copper, in this
way, the resi st f the drain electrode is lowin the thin film
transistor array so that favorable electrical contact can be naintained;

si mul t aneousl y, A VB (UEiE06aFP HECABPIY ddisPEOR isgui vBT krsPaFhofs hagehi gh
efficiency. [0037] Patent Docunent 13, which will be listed up | ater,

di scl oses beent hibhértaninvaasiseord rialvbngea fd pbtash ectfrudealbpie a:dmitabayer ed
structure conposed of a |lower |ayer nade of pure Al or Al alloy, and an

upper | ayesetvade tok fuse aAd secoAl cahbiayt s WhE6hefdmp e ska - oniuaarot
selected fromN, O, Si and C is added, wherein a second electrode is

el ectrically, ¢anaectad po 1tihecHRpReiatayerniebibhes i £5in mhactFRdes+EP038]

array substrate having a bi-layered structure composed of an Al layer
comprising Al and anelectroconductivemetal layerwhichisnoteasily
oxidized, wherein a pixel electrecde is connected to a metal layer
of a source electrode through a contact hcle made in a passivaticn
film. 1In the case that the pixel electrode is connected to the metal
layer in this way, electrical contact between the source electrode
and the pixel electrode becomes favorable.

[0035]

Patent Document 11, which will be listed up later, discloses
a process for producing an active matrix substrate, wherein a metal
layer is formed into a desired thickness inside a contact hole over
a drain electrode so as tc reduce effectively a difference in level
based on the contact hole, whereby the process for the preducticn
is made simple and a pixel electrode is not easily cut.

[0036]

Patent Document 12, which will be listed up later, a thin film
transistor array having a bi-layered structure drain electrode

composed of a lower layer made of a metal capable of forming silicide
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In the source electrode or the gate electrode in the substrate in each of
Pat ent Docunents 10 to 13, which will be listed up later, a portion
connected to the pixel electrode has a bi-layered structure (for exanple,
the source electrode in Patent Docunent 10 has a bi-layered structure
wherein Cr, Ti, My, Cu, Ni or the like is formed into a filmon a pure A
or Al alloy.). [0039] 16 Fourth group: background Liquid crystal displays
have characteristics that the power consunption thereof is |low and the

di splays can easily attain fyll-color display, and other characteristics.
Thus, out %0f FIatPEeh SpivaysT=theot (GHHRT er YRTATBIRSBIATS SIS ot <Png: 1 n
recent years, |iquid crystal displays of |arge sized screen are devel oped

activel y. COPReFRRE tOUTE UPRBoLEY SR CACHISAr vt 7 SCasiedteiahe 6ppsear 1 at

di splay wherein a-Si TFTs or p-Si TFTs are arranged, as switching elenents
for respedwileangsiextt 8 priogest avemeyex. f dnmheagrba heatptRelpd xedrd eghehder i ven,
the contrast ratio thereof is not deteriorated even if the display is nade
hi ghl y defiisnicbedestteds o ochbawgp80Qaye 600vickelis mate mdr eopddutls,inatheat i on
has been paid to the liquid crystal flat display as a flat display for high

per f or manggGoteE dsspkafee Idt taECHNr-AM atbiveodmtikl Xopagednt itind ey st al
flat display, a transparent electrode such as ITO (indiumtin oxide) is

used as | g Ritetofl £6M10dR, haRICAN Aased-aliay LhEGaLL I paised as its

source electrode 1n many cases. This is because 1 TO has a high sheet
resi stance _and_Al __.can eQ%ilé he patterﬂ%d and f%;ther Al has a.l.ow.
an VC

fesi st ance Ak a%ned; Siml ously, a age can be applled t6 a liguid
crystal with a high efficiency.

[0037]

Patent Document 13, which will be listed up later, discloses
a thin film transistor having a first electrode of a bi-layered
structure composed of a lower layer made of pure Al or Al alloy,
and an upper layer made of pure Al or Al alloy to which at least
cne element selected from N, ¢, Si and C is added, wherein a second
electrode is electrically connected to the upper layer of the first
electrode.

[0038)

In the source electrode or the gate electrode in the substrate
in each of Patent Documents 10 to 13, which will be listed up later,
a portion connected to the pixel electrode has abi-layered structure
(for example, the source electrocde in Patent Document 10 has a
bi~layered structure wherein Cr, Ti, Mo, Cu, Ni or the like is formed

intc a film on a pure Al or Al alloy.).

[0039]
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hi gh adhesi veness. (0040] Fig. 10 is a viewillustrating a sectional view
of a vicinity of an a-Si TFT at a stage when the formation of a pattern of a
pi xel electrode is finished in the process of producing a liquid crystal
flat display according to the present invention. Fig. 11 is a view 17
illustrating a sectional view of a vicinity of an a-Si TFT at a stage when
the formation of a pattern of a pixel electrode is finished in the process
of producing a liquid crystal flat display in the prior art. [0041] In
Fig. 11, a pattern of a gate electrode 3002 is formed on a

| i ght -t ransmi ssifsutl 958uRyRackgreundol, and next plasma CVDis used to
forma gate insulation film3003 made of SIN, an a-Si:H(i) filnB004, anda
channel prot ect ilgmufidi ¢ BOGE datlel ofs BeKeonsegutevebyics Nert, thdheoshannel
protection film 3005 is made into a desired form and pattern by etching.
Fur t her noreynsanpai &n : tigyedti e BOQGrandha diepbdyd idan wadel peatdairof Al are
deposited by CvD, vacuum deposition or sputtering, and then (a pattern of)

a source ehgatceder3@bialy at@ PHbrerRIr&raridiais. elegll odet 3308 1ate
formed by photolithographic technique, and further the a-Si:H(n) film 3006

and the a I , | enent
section |§§'guﬁggef& ]mhﬁgnec S?%?;ﬂ]gﬁsgiﬁgg %gﬁgsr iﬁﬁgggfggygéfg"s

deposi ted ; and A contach ke, 39

aa£d251z ‘s reengredevelopedactlvely
In particular, about an active matrix-based liquid crystal flat
display wherein a-SiTFTs or p-SiTFTs are arranged, as switching
elements for respective pixels, into a matrix form, and the pixels
are each driven, the contrast ratioc thereof is not deteriorated even
if the display is made highly definited so as to have 800 x 600 pixels
or more. Thus, attention has been paid to the liquid crystal flat
display as a flat display for high performance color display. In
suchanactivematrix-basedliquidcrystal flat display, a transparent
electrodesuchas ITO {indiumtinoxide) isusedas itspixel electrode,
and an Al-based alloy thin film is used as its source electroede in
many cases. This is because ITC has a high sheet resistance and Al
can easily be patterned and further Al has a2 low resistance and a
high adhesiveness.

[0040}

Fig. 10 is a view illustrating a sectional view of a vicinity
cf an a~-SiTFT at a stage when the formation cf a pattern of a pixel
electrode is finished in the process of producing a liquid crystal

flat display according to the present invention. Fig. 11 is a view
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An ITOfilmis deposited onto this section by sputtering, and then

phot ol i t hographic technique is used to forma pattern of a pixel electrode
3009 electrically connected to the source el ectrode 3007. At this tine, the
gate el ectrode 3002 is nade into a lamnated film of AI/Cr (or Al/M or
Al/Ti) and the source el ectrode 3007 and the 18 drain el ectrode 3008 are
each made into a three-layer-lamnated film of G/A/C (or M/ A /M or
Ti/A/Ti) . A purpose of this is to cause electrical contact property
between the 1 TO filmand the g source, and drain el ectrodes 3002, 3007
and 3008 njoltl%s&rééﬂﬁglaoﬁ%&%m% %ew Phek FeAsTvRY RAPT & POW T ﬁts?)éc’ﬂaﬂ?c

resi stance, and_ is an essential nmaterial for preventing a decline in the
di spl ay pe"r‘}?e’d‘r FARcECHTAR IR Ofi §UPt G YsCal 2dPsptalechEodects e esatt i ng
froman increase in the wiring resistances of the gate, source el ectrode
and drain ireltéet psdess3002 prado7inma: 3008.1d] oouljal THetr dasplawtiy: the | TO
filmis deposited after the Al film is deposited is not to deteriorate

el ectri calpciam act.property between a-Si:H (i) and a.-Si:H (n) filns 3004
and 3006 and the source and drain electrodes 3007 and 3008. This Al is

i nexpensive and fgpyiijn specific resistance, as described above. [0044] In
the case of working, in the above-nentioned production process, the pixel

el ectrode patters, 3999, 1 hi.eh (5o MAde: Of hTOe1 ol LhoamIGL: ENDS R0 Rased

etching solution a rmation o patterns of the source

el ectrode a?’qol?gh%ngrérpsemidsrs%'brl]eeé acstsr gggstrate 3001, and next plasma CVD is

used to form a gate insulation film 3003 made of SiN, an a-Si:H({i)
film3004, andachannelprotectionfilm3005madeof SiNconsegqutively.
Next, the channel protection film 3005 is made into a desired form
and pattern by etching. Furthermore, an a-Si:H(n) £ilm 3006 and a
metal film made mainly of Al are deposited by CVD, vacuum deposition
or sputtering, and then (a pattern of) a source electrode 3007 and
(a pattern) of adrain electrode 3008 are formed by photolithegraphic
technique, and further the a-Si:H({n) film 3006 and the a-Si:H (i)
film 3004 are finished. 1In this way, an a-SiTFT element section is
completed. Ifnecessary, atransparentresinresist 3010isdeposited
and a contact hole 3012 is made.

(0042)

An ITC film is deposited onteo this section by sputtering, and
then photolithographic technique is used to forma pattern of a pixel
electrode 3009 electrically connected to the source electrode 3007.
At this time, the gate electrode 3002 is made intoc a laminated film

of A1/Cr (or Al/Mo or Al/Ti) and the source electrode 3007 and the
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3008, which are nmade mainly of A, an accident that the Al patterns elute
out at the time of the end of the manufacturing process may be frequently
caused. [0045] 19 This results fromthe fact that Al originally has a nature
that Al is dissolved in the HCl- HNO3- H2- based etching solution, which is an
etching solution for etching ITO HNOGB in the etching solution forns a thin
Al oxide filmon the surface of Al, and thus HNG3 is added thereto in order
to prevent elution of Al. However, it i considered that if the tine for

is
etching the I.TOfilmi ects . portions, such as . rities or
foreign su%%?lﬁn%ieéséﬁrﬁ(%r%% ]g% eggérn}aﬁ% ]trﬁeo %Iépgg?t?a " of aﬂlggg?% flﬁ“?rélsent in

the Al fil t he. ,abgve-nentioned Al -oxjdizing effect does not act

suf fici ent%cﬁ%l{%gwe@l/lﬁr{gﬁﬁi WPSH A 1or dét p‘tlﬁp?ﬁeeﬂ?gr?@@dc%tﬁlcaéfsﬁti on,

it is known that an ITO filmis nade anorphous, thereby increasing the

| TO Al et chisfgrigaeé Cwaﬁémweéﬁywwﬁi@liEM%@éh@t@r@ﬁ'ﬁn@@épat i on.
This matter s described in Patent Docunent 1, which will be |isted up

| ater. [ Odblrbbmealerctredes 3002t he007Tendli 3008 sotededaner phaits, elutison of

Al is not conpletely prevented since an HCl- HNO3- H20- based etching sol ution

i's used. Thuskpedshivghdnd def 1w iedspéeiiidt ecysitdndd, SphaYis b8 s¥ergasil y
realized. [0047] An invention nade in |ight of the above-mentioned probl em
I's material for preventing a decline in the display performance of the

liquid crystal display, the decline resulting from an increase in

the wiring resistances of the gate, socurce electrode and drain

electrodes 3002, 3007 and 3008.

[0043]

The reason why the ITO film is deposited after the Al film
isdepcsitedisnct todeteriorateelectrical contact propertybetween
o-Si:H(i) and a—-Si:H(n) films 3004 and 3006 and the source and drain
electrodes 3007 and 3008. This Al is inexpensive and low in specific
resistance, as described above,

[0044)]

In the case of working, in the above-mentioned production
process, the pixel electrode pattern 3009, which is made of ITO,
with an HC1-HNO;-H,O-based etching solution after the formation of
the patterns of the source electrode 3007 and the drain electrcde
3008, which are made mainly of Al, an accident that the Al patterns
elute out at the time of the end ¢of the manufacturing process may

be frequently caused.

[0045]
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described in Patent Docunment 4, which will be listed up. This Patent
Docunment 4 describes that patterning of a transparent electrode and a pi xel
el ectrode on patterns of an Al gate and source/drain el ectrodes 20 i s nmade
easy by use of an oxalic acid-based etching solution. Furthernore, Patent
Docunent 4 suggests that a transparent electrode having a conposition
conposed of indiumoxide-zinc oxide is used in order to provide a process
for producing a highly definited liquid crystal display. Wen such a

structure is adopted, it.is generall n that _cantact resistance is
gener at ed bet wee Jﬁwéreﬂlg'ljés oi%qnhggil %{%Cl‘:ﬁ g{'\%ﬁdﬂft%qlfﬁﬁgﬁa?%ﬁta &1P&EPode,
andbet weent he Al source/drain electrodes and the pixel electrode. The A
lines are ‘&bt ysctveréychiitnthe HphrMQsrimbegedich1ng splutépnomhiph Such a
structure is described in Patent Docunments 6, 7, 8 and 9, which will be

| i sted up 1saseretchipg4giluthonfercasdion 1K .ngHWPs Wk thagddbanpracdusdpn it is
unavoi dable to use a barrier netal; it is therefore necessary to formthe

barrier nBimls Entbim Al loxnidadf eirclort heef shmfiachs o Absurtd thtisi BNdeased t hat
the production process is nade conplicated. [0049] The use of alloy wherein

vari ous meidlesi aheradgdeth taxd@lr k8 prepat edutHemeyeral i tHbwerdresuRedst hat it
is very difficult to make the above-nentioned contact resistance snall

This is becas@-aaq osider £id B, fB?re%ﬁiﬁagtE@%T%ujﬁﬁFfs %P@'ori&e%%'cfcs Thi s

oxide film 1s an insulator, and it appears that this 1nsulator nmakes the

n . : o . .
contact portions, such as impurities or foreign substances incorporated

during the deposition of Al, are present in the Al film, the
above-mentioned Al-oxidizing effect does not act sufficiently by
local cell reaction.

In order to prevent such Al elution, it is known that an ITO
film is made amorphous, thereby increasing the ITO/Al etching rate
by action of any HC1-HNO3;-H,O-based etching solution. This matter
is described in Patent Document 1, which will be listed up later.

[0046]

However, even if the ITO film is made amorphous, elution of
Al is not completely prevented since an HC1-HNOs;-H,0O-based etching
solution is used. Thus, a highly definited liquid crystal display
is not easily realized.

[0047]

An invention made in light of the above-mentioned problem 1is
described in Patent Document 4, whichwill be listed up. This Patent
Document 4 describes that patterning of a transparent electrode and

apixel electrode onpatterns of anAl gate and source/drainelectrodes
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resi stance large. Such a description is included in Patent Docunents
and 16, which will be listed up. 21 [0050] 1In order to decrease the contact
resi stance based on this oxide film suggested is a nethod of formng a

net al

14, 15

thin filmnmade of In, Zn or the like on an Al thin film According to

this method, the contact resistance becones small but it becones necessary

t hat

this thin filmis fornmed. Mbreover

there arise a problemthat the

transmttance of the pixel electrode declines, and other problens. Such a

description is included in Patent Document 17, which wl|
| ater. [0051[adpatedt Mociisert #8

(JP-A)

, . be listed up
Fspdifeseitaparrd Afsihilaat Fehuttidrd Open
No. 63-184726 Patent Docunent 2: JP-A No. 6-234565 Patent Document

3: JP- A NFurghe8mgge, PracehiloDonemeAtsuggesdPs AhRb.a 1ar240eht Pacentd®ocunment
5. JP-A No. 11-264996 Patent Docunent 6: JP-A No. 10-65174 Patent Docunent
7: JP- A Nmavkhgl84d&hpoRatient chastsmntor8ind Pard d¥o.dett1 2586250 Rat aBkd
Docunent 9: JP-A No. 11-253976 Patent Docunent 10: JP-A No. 4-253342

Pat ent DOCLHTBAled Lo pHBvAGNG: prsRQ562T, pPal&MnPRGHIBNY dkZind Pad NGy 1 8- 18058

crystal display.

When such a structure is adepted, it is generally known that
contact resistance is generated between the line of the Al gate and
the transparent electrode, and between the Al source/drainelectrodes
and the pixel electrode. The Al lines are usually covered with a
barrier metal such as Ti, Cr or Mo. Such a structure is described
in Patent Documents 6, 7, 8 and 9, which will be listed up later.

(0048]

In the case of using Al wirings in this way, it is unavoidable
to use a barrier metal; it is therefore necessary to form the barrier
metal inteo a film and etch the £film. As a result, it is feared that
the production process is made complicated.

[0049]

The use of allcy wherein various metals are added to Al is
reported. However, it is presumed that it is very difficult to make
the above-mentioned contact resistance small. This 1s because an
oxide film is formed on the surface of Al itself. This oxide film
is an insulator, and it appears that this insulator makes the contact
resistance large. Suchadescriptionisincluded in Patent Documents

14, 15 and 16, which will be listed up.
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Pat ent Docunment 13: JP-A No. 11-284195 22 Patent Docunent 14: JP-A No.

7- 45555 Patent Docunent 15: JP-A No. 7-301705 Patent Docunent 16: JP-A No.
1- 289140 Patent Docunent 17: JP-A No. 2003-017706 (Japanese Patent
Application No. 2001-200710) Disclosure of the Invention Problens to be
solved by the invention [0052] First group: objects However, in the case
that ITO which is generally used as a material of a transparent pixel

el ectrode, contacts A, there arises a problemthat a cell reaction is

easi |y caused. C%ystalline | TO cannot be etched with any other than a
strong acid such Qéoéqua regia or hydrochloric acid. Thus, there also
arises a problemthat, for exanple, the wiring material of TFTs or the |ike
is corroded therlewpider YWhilfereaw® Lise epehect résl strnasassast ormbrphsude | TO,

t he adhesi veness thereof to an underlying substrate is frequently | owered,
or the cadntlact snesestsahde bethwelrrd tdfe foT@imamdh tdee aTFEh Wk r f ign matier oAl may
be increased. It is also feared that when I TOis etched, residues are

gener at ed 89 Chabr atshofikeCht citi ialbehween Ihhe Bteoidiedesoorhias netabh) e about
the driving of the liquid crystal nmay be generated. Against this, 1ZOis

suggest ed 8% ABLALY RPRQYS: Bt S HheRbmes HAWEY Shur LRI Se MRS haled@s A rREODI em
t hat an especi al hexagonal 23

this thin film is formed. Moreover, there arise a problem that the
transmittance of the pixel electrode declines, and cther problems.
Such a descripticn is included in Patent Document 17, which will
be listed up later.

(0051]

Patent Document 1: Japanese Patent ApplicationlLaidOpen (JP-A)
No. 63-184726

Patent Deccument 2: JP-A No. 6-234565

Patent Document 3: JP-A Nc. 6-187832

Patent Document 4: JP-A No. 11-264955

Patent Document 5: JP-A No. 11-264996

Patent Deocument 6: JP-A No. 10-65174

Patent Document 7: JP-A No. 11-184185

Patent Document 8: JP-A No. 11-258625

Patent Document 2: JP-A No. 11-253976

Patent Document 10: JP-A No. 4-253342

Patent Document 11: JP-A No. 4-305627

Patent Document 12: JP-A No. 8-18058

Patent Dccument 13: JP-A Ne. 11-284185
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| amel | ar conmpound conposed of indi um oxide and zinc oxide nust be produced
so that the production process becones conplicated and further costs
increase. [0053] 1In light of the above-nentioned problens, the invention of
the first group has been nmade. An object thereof is to provide a thin f

il mransistor substrate having a transparent el ectroconductive filmin

whi ch residues and so on are hardly generated by etching. Another object of
the invention is to provide a liquid crystal display wherein this thin film
transi stor substrate is used. Still_another_ object of the invention is to
provi de a proces@%¥a- pPedIRt g 4:hi'E 2t n $#149%%r ansi st or substrate
effectively. [0054] Second group: objects In light of the above-nentioned
probl ens, the i mRaisnitoRoefmenthel xeddnd e oup-H¥dg0been made. An obj ect
thereof is to make sinple a process for producing a TFT (thin film

transi stor) subskaane Dypcumset of6:a JeraAnsSpark+iscaliect roconducti ve materi al
containing a specific netal for a pixel electrode and a transparent

el ectrode. In otfhfentWobesme@d 0D) 68t AOfio! Bydventbenispdreser extasra
production process which does not require any step of depositing a barrier

nmetal or égPaﬂga%gDn[ﬁ25§hxn§b@b?§51y, an object of the inventionis to
provi de a uttering 4 target for formng a filmof such a pixel electrode

or transparent

Disclosure of the Invention
Problems tc be sclved by the invention
[0052]

First group: objects

However, in the case that ITC, which is generally used as a
material of a transparent pixel electrode, contacts Al, there arises
a preblem that a cell reaction is easily caused. Crystalline ITO
cannot be etched with any other than a strong acid such as aqua regia
or hydrochloric acid. Thus, there also arises a problem that, for
example, thewiringmaterial of TFTs or the 1like is corroded therewith
while ITO is etched. 1In the case of amorphous ITO, the adhesiveness
thereof to an underlying substrate is frequently lowered, or the
contact resistance between the ITC and the TFT wiring material may
be increased. It is also feared that when ITO is etched, residues
are generated so that a short circuit between the electrodes or a
trouble about the driving of the liquid crystal may be generated.

Against this, IZ0 is suggested as an amorphous material.

However, this material has a problem that an especial hexagonal
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el ectrode by sputtering. [0056] Another object of the invention is that
even if an Al gate and a transparent electrode, or anAl source/drain and a
pi xel el ectrode are brought into direct contact with each other (wthout
using any barrier netal), a transparent el ectroconductive materi al
containing a specific nmetal is used for the pixel electrode or the
transparent electrode, thereby the contact resistance therebetween is nade
small. Such a contact resistance having a small value is realized, whereby
providing a liquid crystal display, capable of attaining half-tone _display,
wher ei n a s3lsltiegt 6CHRPHY (RITBOEAridpaPehtm sxddier 8BS n#tic icvdde iiter P&l for a
pi xel electrode is utilized. This is an object of the invention. [0057]
Third grouprcdpjescts Pladedur idyeduabbve  pracessdbagones prowddtaded prrotesses
inthe prior art, the contact resistance between a second conductor nade
of 1 TO | Zthewhdrheoktkeimmukadf.i rst conductor made of pure Al or Al alloy
is avery high value of 1 x E10 to 1 x E12 Q Thus, a favorable contact
resi stance cannofodsziobtained. In the case of making the structure of the
first conductor into a bi- |ayered structure conposed of different

tf B8 AADLBCCL Ol COMBC b LERLR! ANGE: shbehsidh B cult

th a sing g F

materials to obtf4r1%§%
to etch this 25 first conductor at one tinme e reagent (etching

soluti on) ¢ TSy ol HIRCBREANadS PRETQHDSE! HLDGE YR LoMERs, MRl 00 Vo
thinfilmtransistorsubstratehavingatransparent electroconductive
film in which residues and sc on are hardly generated by etching.
Ancther object of the invention is toprovide a liquid crystal display
wherein this thin film transistor substrate is used. Still another
cbject of the invention is to provide a process for producing this
thin film transistor substrate effectively.

[0054]

Second group: objects

In light of the above-mentioned problems, the invention of
the second group has been made. 2An object thereof is to make simple
a process for producing a TET (thin film transistor) substrate by
use of a transparent electroconductivematerial containingaspecific
metal for a pixel electrode and a transparent electrode. In other
words, an object of the inventicn is to provide a production process
which does not require any step of depositing a barrier metal or
the like.

{0055]

Similarly, anobject of the inventionis toprovideasputtering
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(etching solutions). Consequently, the production process is nade
conplicated. In light of the above-nentioned problens, the invention of the
third group has been nade. An object thereof is to provide a thin film
transistor and a thin filmtransistor substrate each having a |ow contact
resi stance when a second conductor and a first conductor are electrically
connected to each other. Another object of the inventionis to provide a
thin-filmtransistor-substrate-producing process enabling to produce this
thin filmtransi stor_substrate nore sinply at |ower costs. Still another
obj ect of tHESIBRtiGHISE ? He 1™ Af rRdr 6@‘-%651 ELC B ERACI O L At FAFIed SBE Y st al
display conprising this thin filmtransistor substrate. [0058] Fourth
group: obj®kaarrasedeycepweddrasgt he background art of the fourth group, the
production process is not made conplicated by using a transparent

el ect roconduct i vgQtet]eri al containing a specific netal for a pixel

el ectrode and a transparent el ectrode. An object of the invention of the

fourth group is Atreal bBfedr Ul thbhiRvdid Mt hansh st Qensybsis alie gatand a
simpl e process for producing the same. Another object of the |nvent|on of

e (oL LDl QAU o LKL AELE A R SRS
An Obj S a?ge E:) 8u!3rr1]¥%rr]{[tlooglrect confcgg{ twhlt%r 85’ io%heg Pwﬁ:\ﬁou% using any
barriermetal), a transparent electroconductive material containing

a specific metal is used for the pixel electrode or the transparent
electrode, therebythe contact resistance therebetween ismade small.

Such a contact resistance having a small value is realized, whereby
providing a liquid crystal display, capable of attaining half-tone
display, whereinasubstrateusingthistransparentelectroconductive
material for a pixel electrode is utilized. This is an object of

the inventiocn.

[0057]

Third group: objects

As described above, according to production processes in the
prior art, the contact resistance between a second conductor made
of ITO, IZO or the like and a first conductor made of pure Al or

Al alloy isaveryhighvalueof 1 xE10 tc1xE12 Q. Thus, a favorable

contact resistance cannot be obtained.
In the case of making the structure of the first conductor
into abi-layered structure composed of different materials toobtain

a favorable (low) contact resistance, it is difficult to etch this
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a liquid crystal display making it possible that: half-tone display is
attained; and even if a gate conprising Al and a transparent electrode, or
a source/drain (conprising Al) and a pixel electrode are brought into
direct contact with each other, the contact resistance therebetween is nade
small. Means for solving the problens [0060] First group: neans The
above-nenti oned objects of the invention are attained by wusing, as a

t ranspar ent pixel el ectrode, a transparent electroconductive filmwhich is
made mai nl i ndj um oxide, and further conprises one qQr twy or nore

oxi des sel%ﬁsédxfr}db‘ﬁltf’ﬁr?ﬁs‘?%tl%‘%waéh IIRPIGrRAASHE ofe-chingiealubirae - and

ni obi um oxi de. This transparent electroconductive filmis patterned with an
aci dic etldmsng 5% BEFERSAROTARSr 6o SheliNd Ave tines sHaped sNoaepganspar ent

pi xel electrode. Specifically, in the invention, the follow ng nmeans are
adopt ed. [(EGI&bling(I)1uEiiloes) - t Kensageat i n itlseamdqiuntﬁ_bh rocassiist oade
substrate conprising a transparent substrate, a source el ectrode forned
over the doarplspateat substrate, a drain electrode formed over the 27
transparent substrate, and a transparent pixel electrode formed over the

transparent subsfty qtl%htv‘@@r&ienaBB@elrE@ff’cSB%@%r@M@As,eltﬁ@t{ﬂ’&’&ltﬂo’% ar
transparent el ectroconductive filmhich is nmade nalnly of indium oxide, and

further CQHB!%%§§d°6§%dB'h%%“b&%n'H%&%.OﬁQQ%%j%8£e€ﬁe ofr9g1to provide a

thin filmtransistor and a thin film transistor substrate each having
a low contact resistance when a second conductor and a first conductor
are electrically connected to each cther. Another object of the
invention is to provide a thin-film~transistor-substrate-producing
process enabling to produce this thin film transistor substrate more
simply at lower costs. Still another object of the invention of the
third group is to provide a liquid crystal display comprising this
thin film transistor substrate.
(0058}

Fourth group: objects

As described as the background art of the fourth group, the
production process is not made complicated by using a transparent
electroconductive material containing a specific metal for a pixel
electrode and a transparent electrode. An object of the invention
of the fourthgroupistorealizea TFT {thinfilmtransistor) substrate,
and a simple process for producing the same. Another object of the
invention of the fourth group is to provide a pixel electrode of

such a TFT substrate, and a sputtering target useful for forming
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tungst en oxi de, nol ybdenum oxi de, ni ckel oxide and ni obi um oxi de, and the
transparent pixel electrode is electrically connected to the source

el ectrode or the drain electrode. [0062] In the present patent, the wording
"is made mainly of indium oxide" neans that indiumoxide is contained as a
mai n conponent, and generally neans the case where indiumoxide is
contained at an atom c conposition ratio of 50% or nore. Wen the
transparent pixel electrode is formed into a film a target is used which
is made nmainly of indiumoxide and further conprises one or two or nore

oxi des sel€ciegixbioaltamygsicen oxi de, nol ybdenum oxi de, nickel oxi de and

ni obi um oxi de, whereby nodul es are hardly generated in this target. [0063]
In the case that[dgopegst en oxi de, nol ybdenum oxi de, nickel oxide or niobium
oxide is incorporated into a transparent el ectroconductive film the

anor phous transpay eptcet att EReonduethve d4 kAL QR 'g%g% i@t Sy RAgEs film
can be etched with an etchant containing oxalic acid. e substrate

t t f.ar. . ' - ion i t
b000 " mor ¢ Atarad R el TR o lupR P ShESERLY enbEp MAROTLhETRIAGY e O
t t t. the ti f the fil 28 f ti, i into th

above. ment 1T TRRGE TR AV FOLF oleda i CBPAGFLED AbAThP LRATSHL At o

tenperature into roomtenperature or |ower, cooling is necessary to prevent
the ener gyelU¥s<eREr 9 2 SO EHE TSR fCHIRGS1NE Ahe abdba Plaed ¢lafferdeure is

hi gher than 200C, the transparent el ectroconductive filmmmy not be able to
be et ched arebrought intodirect contactwitheachother, thecontact resistance

therebetween is made small.
Means for solving the problems
[0060]

First group: means

The above-mentioned objects of the invention are attained by
using, as a transparent pixel electrode, a transparent
electroconductive film which is made mainly of indium oxide, and
further comprises one cor two or more oxides selected from tungsten
oxide, molybdenum oxide, nickel oxide and nicbium oxide. This
transparent electroconductive film is patterned with an acidic
etching solution, so as to be made into the shape of a transparent
pixelelectrode. Specifically, intheinvention, the followingmeans
are adopted.

[0061]

(1) First, the invention is a thin film transistor substrate
comprising a transparent substrate, a source electrode formed over

the transparent substrate, a drain electrode formed over the
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with the etchant containing oxalic acid by the crystallization of this
film or the like. Water or hydrogen maybe added to the atnosphere gas when
the filmis fornmed. This nmakes it possible to etch the formed transparent
el ectroconductive filmnore easily with the etchant containing oxalic acid
so as to decrease residues further. [0064] The addition of the nmetal oxide
makes it possible to crystallize the transparent el ectroconductive filmon
the substrate easily by heating the tenperature of the substrate to a
tenperature higher than 200C after the etching of the formed transparent

el ect r oconthRSRAE P ISPSTRETE e APE LAt TANSTRGFNE Ird X6 AT PR thiog RS $ver
preferably 220C, nore preferably 230C or nore. By the crystallization of the
t r anspar enthetsangprmidustbyeratiy,| vkl thedaaneparsnt esxedi nettewds if t he
transparent el ectroconductive filmcontacts an electrolyte in the state
that the isbmraaspheaitr¢tadtdnpocadnetiedfi bmahicilConsageant hyy ofticliing
failures, such as breaking of Al lines, are hardly generated. The specific

resi st anceoofdd, hgnd Fusthef MRehphi 385 RALEIM twBlAChS ACOREYES ke cEtLM sy educed
to a value simlar to that of 1TO 29 Mreover, this transparent

e A s LR
Eg 288 P Imrr?r%) ][t‘?}eﬁrggffiﬁ%}%)%%% rlpﬁg]gio%igct?)r%%emins efggtnrircrz%rﬁyp(r:grtlﬁer&beldy t]::)r om 30
the source electrode or the drain electrode.
[0062]
In the present patent, the wording “is made mainly of indium
oxide” means that indium oxide is contained as a main component,
and generally means the case where indium oxicde is contained at an
atomic composition ratio of 50% or more. When the transparent pixel
electrode is formed into a film, a target is used which is made mainly
of indiumoxide and further comprisescne or two ormore oxides selected
fremtungsten oxide, molybdenumoxide, nickel oxideandnicbiumcxide,
whereby ncdules are hardly generated in this target.
(C063]
Inthe case that tungsten cxide, molybdenumoxide, nickel oxide
orniobiumoxide is incorporated intoa transparent electroconductive
film, the amorphcus transparent electrcconductive film formed into
an amorphous film can be etched with an etchant containing oxalic
acid. The substrate temperature for the film formaticon ispreferably
from room temperature to 200°C, more preferably from 8C tc 180C°C.

The reason why the substrate temperature at the time of the film
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t he transparent el ectroconductive filmis less than 20 nm the surface

resi stance of the transparent el ectroconductive filmmay rise. On the other
hand, if the filmthickness of the transparent electroconductive filmis
nore than 500 nm the transmttance may be |owered or a probl em about the
wor ki ng precision may be caused. About the conposition of the transparent

el ectroconductive film the conposition ratio (hereinafter, referred to the
atomc ratio in sone cases) of In, mhich is the atomc ratio of In,
|spreferabI¥ as follows: the val ue of % [al | the, netaIsL IS fron10 85
to 0.99. 1Pl BolBoift iloHhOr BET c?béPf"erﬁeF lcI’l'la\e'sds rhdR b° 85, fPheY¥sit8t ance
value of the transparent_ el ectroconductive filmmay be increased or the

t r anspar en®T@tledr 6eohbttineke scbhraby TroPepaturysirdld irzen tenesraturehe
substrate on which this filmis formed is heated to 200C or higher. If the
conposi ti onr rlatea, otodhire ironecédwar 0189 rdent thanspargniicssenergy ;

el ectroconductive filmis crystallized at the tine of the formation of this

filmso that th@%ﬁHe'r”E&r?def he ﬂﬂé&%t@ﬁe&pe&gﬁuﬁé %G}Ng&‘%"éﬁémﬁ@@’(ﬁxa' ic

acid or a Iarge anount of residues be generated. The [In] represents

the nunber &Qﬁsgﬁg]@m angegﬁ &Fﬂx{%‘%&v@ %flmvﬁ%g%tl He ta%‘iet*{c%%@{c%%

electrocon uctive t he net represents the nunber of

il m T00GE o IS EBReRs Srerer Pul Lo AEQTpt Ao an O IR LA ECtal Fd at om

into the trans arent electroconductlve film The atom c indiumin _indium

oxide is athigki %ﬂ?ﬁﬁh%ﬁﬁ @heWaterorhydrogenmaybeaddedtotheatmosphere
gaswhen the filmis formed. Thismakes it possible toetch the formed
transparent electroconductive film more easily with the etchant
containing oxalic acid so as to decrease residues further.

[0064]

The addition of themetal cxidemakes it possible tocrystallize
the transparent electroconductive film on the substrate easily by
heating the temperature of the substrate to a temperature higher
than 2C00°C after the etching of the formed transparent
electroconductive film. The temperature for the crystallizationis
preferably 220°C, more preferably 230°C or more.

By the crystallization of the transparent electroconductive
film, cell reaction is restrained even if the transparent
electroconductive film contacts an electrolyte in the state that
the film is electrically connected to Al. Conseguently, etching
failures, such as breaking of Al lines, are hardly generated.

The specific resistance of the thus formed transparent

electroconductive film is reduced to a value similar to that of ITO.
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atom c tungsten, niobium nickel and/or nolybdenumin the oxide(s) selected
fromtungsten oxi de, nolybdenum oxi de, nickel oxide and niobiumoxide is a
second atom or second atons. In the case of incorporating Sn, the
conposition ratio of Sn, which is the atomc ratio of Sn, is preferably as
follows: [Sn] /[all the nmetals ] <0.2. The ratio is nore preferably as
follows: [Sn] / [all the nmetals] < 0.1. If the value of [Sn]/[all the
nmetals] in the transparent el ectroconductive filmis 0.2 or nore, residues
may be generated when the transparent el ectroconductive filmis etched.
The [ Sn] repreesent sthire tranbpareit lecaromendertivel £1ivolivmextallde in
transparent el ectroconductive film In the case of incorporating Zn, the
conposi ti ofrdraipa@edtyZn, which is the atomic ratio of Zn, is preferably as
follows: [Zn] / [all the netals] <0.1. The ratio is nore preferably as
follows: [Zn] / [@&lds) the metals] < 0.05. The [Zn] represents the number of
zinc atons per unit volunme in the transparent el ectroconductive film
[0067] 31 (2) The. | i i | .s0 hi ilm.transistor liguid st al
di spl ay conpri sihlﬁlgé gygﬁi&ﬁqg F#‘?ﬁ’?ro gn%}%stké‘lﬁlﬁss%g‘nrsetr}ta gecitorr%:rolngflﬁgl‘ée £
transparent substrate, .a source ctrode fornedover the transparent
substr at e, 2 PdFaFhR? %éﬁpﬁdid’ ft8r§¢9(§ DBy PO BT EF FRpaf EAPMstbSPr 21E ™ and a
transparent pixel electrode formed over the transparent substrate, a col or
filter substerafmergherefsraplooforedhact ébh irm pfurizd fédmorBitknd=sr wéd, and
a liquid crystal |ayer sandwi ched between the thin filmtransistor

substr at e @t tdrespeolent flidctencsnbsitriateefilnis less than 20 nm, the surface

resistance of the transparent electroconductive film may rise. On
the other hand, if the film thickness of the transparent
electroconductive film is more than 500 nm, the transmittance may
be lowered or a problem about the working precision may be caused.
About the composition of the transparent electroconductive
film, the compcsition ratio (hereinafter, referred tco the atomic
ratioinsomecases) of In, whichistheatomicratioof In, ispreferably
as follows: the value of [In]/[all the metals] is from 0.85 to 0.99.
If the composition ratic of In is less than 0.85, the resistance
value of the transparent electroconductive film may be increased
or the transparent electroconductive film may not be crystallized

even if the substrate on which this film is formed is heated to Z00°%C

or higher. If the composition ratic of In is mcre than 0.92, the
transparent electroconductive film is crystallized at the time of
the formation of this film so that the film cannct be etched with
the etchant containing oxalic acid or a large amount of residues

may be generated. The [In] represents the number of the indium atoms

30



wherein the transparent pixel electrode is a transparent el ectroconductive
filmwhich is nade mainly of indiumoxide, and further conprises one or two
or nore oxides selected fromtungsten oxide, nolybdenum oxide, nickel oxide
and ni obi um oxi de, and the transparent pixel electrode is electrically
connected to the source electrode or the drain electrode. [0068] 1In this
thin filmtransistor substrate, etching failures such as Al |ine breaking
are hardly generated in the production process thereof. Accordingly, if
such a thin filmtransi stor substrate is wused, a thin filmtransistor

li quid crystrabngt sgilagehavithg sratdpardef ezt toagobdupt bcridedm, [€0@68he ( 3)
The invention is a process for producing the thin film transistor substrate

accor di ng tad 1t heeiteml(s]) rephéodntfuthbefunkeonpiti SES tilkemstep fonepeosi ting
t he transparent el ectroconductive 32 filmover the transparent substrate,

and the step tofcUsh80i @RIRC e EspStahant Lo ret&haidie eposint ed transparent
el ectroconductive film thereby form ng the transparent pixel electrode.

[0070] The acid¢ﬁmﬁﬁchant is preferably a weak acid. Even when the
transparent el ectroconductive filmis etched with the etchant of a weak

id, id d t he et chi har dI d. Aboui the etchant
Cont i ni g Oxal FiE 58 954 RESEBHEEhEPat B LGP LBl (e SeidF P el 8raBl y 1 1om

1 to 10% by mei%ht nore preferably i ,
into the transparent electfroconductive film.

The atomic indium in indium oxide is a first atom, and the
atomic tungsten, niobium, nickel and/or molybdenum in the oxide (s)
selected from tungsten oxide, molybdenum oxide, nickel oxide and
niobium oxide is a second atom or second atoms.

In the case c¢f incorporating Sn, the compositicn ratio of Sn,
which is the atomic ratio of Sn, is preferably as follows: [Sn]/[all
themetals] <0.2. Theratioismorepreferablyas fellows: [Sn]/[all
the metals] < 0.1. If the value of [Sn]/[all the metals] in the
transparent electrocenductive film is 0.2 or more, residues may be
generated when the transparent electroconductive film is etched.
The [Sn] represents the number of tin atoms per unit volume in the
transparent electroconductive film.

In the case of incorporating Zn, the composition ratio of Zn,
which is the atomic ratio of Zn, is preferably as follows: [Zn]/[all
themetals] <0.1. Theratioismorepreferablyas follows: [Zn]/[all
the metals] < 0.05. The [Zn] represents the number of zinc atoms
per unit volume in the transparent electroconductive film.

{0067]
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froml to 5%by weight. If the concentration of oxalic acid is less than 1%
by weight, the etching rate of the transparent el ectroconductive film may
beconme small. If the concentration is nore than 10% by wei ght, a crystal of
oxalic acid nmay precipitate in the aqueous solution of the etchant
containing oxalic acid. [0071] (4) The invention is also the thin film
transi stor substrate producing process according to the item 3, wherein the
acidic etchant conprises any one or any two or nore of oxalic acid, a m xed
acid conprising phosphoric acid, acetic acid and nitric acid, or cerium
(1V) armmoni um ni QQBanée. ippgrion Seebhd adidpt 1 Fetaradl ST of Jl sy wiitRIL
descri be neans of the second group of the invention. 33 [0073] A

Sput t eri nglitsgrlget cOBprisirgr dechin Solnverthei abov esubentrebaedonproldiensa t he
invention is a sputtering target which is nmade mainly of indiumoxide, and

conpri ses NG sParend sQbsBdte "BE3l1LSe e beteiRr d i ke fHd StandiRirahtgr oup
M consisted of W My, Nb, Ni, Pt and Pd, or an oxide or oxides of the

oL (Bl AncEy a0ty Oikesnl onaesc bRl BB kRt Tl
and a transparent pixel electrode formed over the transparent
substrate, a cclor filter substrate wherein a colored pattern in
plural colorsis formed, anda liquidcrystal layer sandwiched between
the thin film transistor substrate and the color filter substrate,
wherein the transparent pixel electrode is a transparent
electrecconductive film which is made mainly of indium oxide, and
further comprises one or two or more oxides selected from tungsten
cxide, molybdenum oxide, nickel oxide and niobium oxide, and the
transparent pixel electrede is electrically connected to the source
electrode or the drain electrode.

[0068]

In this thin film transistor substrate, etching failures such
as Al line breaking are hardly generated in the producticn process
thereof. Accordingly, if such a thin film transistor substrate is
used, a thin film transistor liquid crystal display having small
defects can be produced.

[0069]

{3} The invention is a process for producing the thin film

transister substrate according to the item (1), which further

comprises the step of depositing the transparent electroconductive
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As described above, the invention is characterized in that an oxide or

oxi des of one or two or nore netal (s) selected fromthe second netal group
M2 consi sted of | anthanoi d-based netals, and one ortwoornorenetal (s)
selected fromthe first netal group M consisted of W M, No, N, Pt and
Pd, or an oxide or oxides of the netal (s) are sinultaneously added. [0075]
When the sputtering target of the invention is used to form a transparent

el ectroconductive filmby sputtering, the contact resistance between the
transparent el ectroconductive filmand other Al nenbers can be kept into a
smal | val Ue-18nCteie thairensPat fat sybsvecne8ié@ stsriefuissng aopefdic
Specifically, in the case of using the sputtering target of 34 the

i nvent i on gtehotnta atcanspardsposekedt rrdsperenpt xaleatireconddet 1ysy feput t eri ng,
val ues of contact resistances generated: between the Al gate line and the

t ranspar entheelekgt foteing helanweeantherAlt poueteéik@invdel.ect rodes and the pi xel
el ectrode; and between the Al source/drain wirings and the transparent

el ectrode can begwade smal ler than values of contact resistances generated
t herebetween in the prior art. [0077] 1In the present patent, the wording "A

| s made mmainl yngfchécid%%ft%hQnéirseB£8§§P§b3M‘a”;?éQ?<e£lc§&P' £ERRNRICPRE 2

conponent, nea

transparent electroconductive film is etched with the etchant of
a weak acid, residues based on the etching are hardly generated.

About the etchant containing oxalic acid, the concentration
of oxalic acid is preferably from 1 to 10% by weight, more preferably
from 1 toc 5% by weight. If the concentration of oxalic acid is less
than 1% by weight, the etching rate of the transparent
electroconductive film may become small. If the concentration is
more than 10% by weight, a crystal of oxalic acid may precipitate
in the aquecus solution of the etchant containing oxalic acid.

[0071]

{4) The invention is also the thin film transistor substrate
producing process according to the item 3, wherein the acidic etchant
comprises any one or any two or more of oxalic acid, a mixed acid
comprising phosphoric acid, acetic acid and nitric acid, or cerium
(IV) ammcnium nitrate.

[0072]

Second group: means

The following will describe means of the second grcup of the

invention.
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that X is a main conponent in the raw material of A, and generally neans
that X is a conponent having a conposition ratio of 50% or nore. [0078]

(6) I'n order to solve the above-nentioned problens, the invention is the
sputtering target according to claim1, wherein the value of [M]/([M] +
[In]), which is the conposition of one ortwoornorenetal (s) selected from
the first metal group M consisted of W M, Nb, Ni, Pt and Pd, or the
nmetal oxide(s) to indiumoxide, is from0.005 to 0.2, and the val ue of
[M]/([M] + [INn]), which is the conposition of the oxide(s) of one or two
or nore netal (s)[0&&llected fromthe second netal group M2 of

| ant hanoi d- based nmetals to indiumoxide, is fromO0.005 to 0.2, wherein the
[M] represents B85 Jtheteutrhgrtafgdthe atons of one or two or nore netal (s)
selected from the first netal group, the [ M] represents the nunber of the

atoms of one or ($nworrOLraBEer Bidlve $heSsboed-atbritioncihgrgecaond wrtal group,
and the [In] represents the nunber of the atons of netallic indium [0079]

Conposi ti on, At £ %%lsagggeeeéﬁ@gaﬁgp%é%@a%ﬁé ﬂs&ghgéﬁl ¥ %MQ%(%? in

the i nventi on, e COITp sitlon anol ase net a OoXI
| at t di / I
0005, 0 2 St el Sts i Brohun bR @3° poleddy YRl LedRigsst ' M)

metal group M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide

or oxides of the metal(s), and an oxide or oxides of one or two or
more metal (s) selected from the second metal group M2 consisted of
lanthancid-based metals.

[0074]

As described above, the invention is characterized in that
an oxide or oxides of one or two or more metal (s) selected from the
second metal group M2 consisted of lanthanoid-based metals, and cne
or twoormoremetal (s) selected fromthe firstmetal groupMl consisted
of W, Mo, Nb, Ni, Pt aﬁd Pd, or an oxide or oxides of the metal (s)
are simultaneously added.

[0075]

When the sputtering target of the inventicn is used to form
a transparent electroconductive film by sputtering, the contact
resistance between the transparent electroconductive film and cther
Al members can be kept intc a small value on the basis of the
above-menticned structure.

[0076]

Specifically, in the case of using the sputtering target of
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fromO0.01 to 0.1. [0080] 1In the present patent, the group of

| ant hanoi d- based netals is called a second netal group, and the netals are
together referred to as "M2". This M2 is also used as a synbol representing
| ant hanoi d- based netals. [0081] 1In the patent, synbol [] is used to
represent the nunber of the atons of the el enent per unit weight/vol une.

For exanple, [cerium or [Ce] represents the nunber of the atons of cerium
[indiunm or [In] represents the nunber of the atonms of indium [0082] 36
The de script ive manner of [M2 ], whereinM2, which is a collective term of
t he above-thenthvaeidionettal Sorinsa | tismspedennt olg¢dtrdde aksplxaisedeckiiie
represents the nunber of the atons of a netal selected appropriately from

t he secondyrepakttgroup. 0083] of | forithetvakuésoinddd gyeexpaessi on is | ess than
0.005, the effect of the addition thereof is not easily produced. Wen such

a sputtering tagebehSthsed tGAtRr Qe a3 thaNsPah 8Pl r&lte Gl kedeogt; pi xel
el ectrode, a large contact resistance may be generated between A and the

transpar ent el eqliqde, ofchetuencAb, andot he: piocel. el setiode o) 100841 O the

ot her hand, if the valu the expression is nore such a
sputteringﬂ&ﬁrget is used to produce a transparent

between the Al source/drain wirings and the transparent
electrode can be made smaller than values of contact resistances
generated therebetween in the prior art.

[0077]

In the present patent, the wording A is made mainly of X”,
wherein A represents a member and X represents a component, means
that X is a main component in the raw material of A, and generally
means that X is a component having a composition ratio of 50% or
more.

[0078]

(6) In order to solve the above-mentioned problems, the
inventicn is the sputtering target acccrding to claim 1, wherein
the value of [M1]/([M1] + [In]}, which is the composition of one
ortwoormoremetal (s) selected fromthe first metal groupM1 consisted
of W, Mo, Nb, Ni, Pt and Pd, or the metal oxide(s) to indium oxide,
1is from 0.005 to 0.2, and the value of [M21/([M2] + (In]), which
is the composition of the oxide(s) cf cne or two or more metal (s)
selected from the second metal group M2 of lanthanoid-based metals

to indium cxide, is from 0.005 to 0.2, wherein the [M1] represents
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el ectrode or pixel electrode, the specific resistance of the transparent

el ectrode or pixel electrode itself may becone a |large value. If the
expression is nore than 0.2 in same nanner, the transparent el ectrode or

pi xel electrode itself my not be etched wth ease. As a result, it may
beconme difficult to produce a substrate for a liquid crystal display.

[ 0085] Conposition of netallic W No, No, Ni, Pt and/or Pd, or the netal
oxi de(s) thereof In the invention, the conposition (ratio) of metallic W

Mo, Nb, Ni, Pt and/or Pd, or the netal oxide (s) thereof relative to indium
37 oxi de itheagufiesny efisthe Expresdi o C2)t{avRl /MMIpetal (1] Jete@@DErON2 The
val ue of this expression is preferably from0.01 to 0.15, nore preferably
from 0. 01 the Gitst Wethb, gNp NithePiMZAndeprefehttmy hehemdddedfitheaanmehal state
or in a netal oxide state. [0086] In the sanme nanner as the second netal

group M2, dihené&®iratwo @hroprOfe¥hl M), sBbectd fPomand Sskdi ﬁ@téﬁ@ra MBI rst
nmetal group M. In the sanme manner as the above-nentioned [ M],

represent ;i ene “[Lt?it?e{ ;?E 6‘csa{ ukiBEF olf%ﬂe ‘é‘%'okhgeé feryM e ?‘8%1% ) of one

or two or nore netal ecte ron1the irst nmeta group If the
val ue of the eth%§§|on IS Iess t han 0. 005, the effect

Composition of the lanthanoid-based metal coxide (s)

As described above, in the invention, the composition of the
lanthanoid-based metal oxide(s) relative to indium oxide is as
follows:

Expression (1)

[M21/([M2] + [In]) = 0.005-C.2

This value is preferably from 0.01 to 0.15, mere preferably
frem 0.01 to 0.1.

(0080]

In the present patent, the group of lanthancid-based metals
is called a second metal group, and the metals are together referred
to as “M2”. This M2 is also used as a symbol representing
lanthanoid-based metals.

[COB81)

In the patent, symbol [] is used to represent the number of
the atoms cof the element per unit weight/volume. For example,
[cerium] or [Ce] represents the number of the atoms of cerium.
[indium] or [In] represents the number of the atcms of indium.

[0082]
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of the addition thereof is not produced with ease. In other words, a large
contact resistance nay be generated between Al and the transparent

el ectrode or between Al and the pixel electrode. On the other hand, if the
val ue of the expression 2 is nore than 0.2, the specific resistance of the
transparent el ectrode or pixel electrode nmay becone |large and further the
transparent el ectrode or pixel electrode may not be etched with ease.
[0088] (7) The invention is also the sputtering target according to the

item (5) or (6), . wherein the oxide t ( l.ect e 8.fromthe
second metal grdu§ (%@CEF#%?IH%%?%O%% ‘ﬂjeetrgllgﬂz /“%‘rlgglgr‘—f‘%%lﬁg “o¥Coxi des
of one or nore netals selected fromlLa, Ce, Ho, and Er. [0089 In the case
of addi ng,tSTm par Ehe rRave-AcRbiatedXiedelsr hetdiserseidestef [Ge isHaland Er
out of oxides of |anthanoid-based netals as described above, the

above- nentisenied Biflectprasentadvhrt agdxhetore anome okermamébbl esel@atedf t hese
netals, two kinds nay be selected or netal oxides of all three kinds may be

added si nceogrdgpragebey ©fom the seteet edtaetghésy. is one or nore. [0090] (8)
The invention is also a sputtering target which is made of i ndi um oxi de,
and conpri ses: qm@ggp two or nore netal (s) selected fromthe first netal
group M consisted of W No, Nbo, Ni, Pt and Pd, or an oxide or oxides of

the metal (s); afkfo%ﬁé’%a%e%@ gf?fs 8I<pression is less than 0.005, the effect

of theadditionthereof isnoteasilyprecduced. Whensucha sputtering
target is used to produce a transparent electrode or pixel electrcde,
a large contact resistance may be generated between Al and the
transparent electrode or between Al and the pixel electrcde.

[0084]

On the other hand, if the value of the expression is more than
0.2 and such a sputtering target is used tc produce a transparent
electrode or pixel electrode, the specific resistance of the
transparent electrode or pixel electrode itself may become a large
value. If the expression is more than 0.2 in same manner, the
transparent electrode or pixel electrode itself may not be etched
withease. Asaresult, itmaybecomedifficult toproduce a substrate
for a liquid crystal display.

[0085]

Composition of metallic W, Mo, Nb, Ni, Pt and/or Pd, or the

metal oxide(s) thereof

In the invention, the composition (ratio) of metallic W, Mo,

Nb, Ni, Pt and/or Pd, or the metal oxide(s) thereof relative to indium
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one or two or nore netal (s) selected fromthe second netal group M

consi sted of |anthanoi d-based netals; and an oxide or oxides of one or two
or nore netal (s) selected fromthe third nmetal group M3 consisted of Zn,

Sn, Zr, Ga and CGe. [0091] As described above, in the invention, a structure
is adopted wherein the follow ng are sinultaneously added: an oxide or
oxides of one or two or nore netal (s) selected fromthe second netal group
M2consi st edof | ant hanoi d- basednet al s; andoneortwoor norenetal (s) 39 sel ected
fromthe first netal group M consisted of W Mo, Nb, Ni, Pt and Pd, or an
oxi de or ox%t léfa?hgok¥£ﬁV(s). [0092] In the prior art, |arge contact

resi stances are generated between the Al gate |line and the transparent

el ectrode, bet r&3s1gBufék/ drain el ectrodes and the pixel electrode, and
between the Al source/drain wirings and the transparent el ectrode. [0093]
On the ot her hand/l]ladddidi hglIrg )t ke Ci.A0BRAEiDN, the | arge contact

resi stances generated in the prior art can be made small by the

above- menti oned ™id vl ks &f i DRGNS s e reeabagtt rbRs) Stiapses is¢an be
made snmall to such an extent that the resistances can be practically

gnor ed. [R094LroFurtier adl 410N of othe axige () AL e VAL dPhapel ected

from the third metal group M3 consisted of Zn, SA, Zr, Ga an

be added in a metal state cor in a metal oxide state.

[0086]

In the same manner as the second metal group M2, the metal
group of W, Mo, Nb, Ni, Pt and Pd is called a first metal group MI1.
In the same manner as the above-mentioned [M2], [M1l] represents the
number of the atoms (per unit volume/per unit weight) of one or two
or more metal(s) selected from the first metal group.

[0c87]

If the value of the expression 2 is less than 0.005, the effect
of the addition thereof is not produced with ease. In other words,
a large contact resistance may be generated between Al and the
transparent electrode or between Al and the pixel electrode. On the
other hand, if the value of the expression 2 is more than 0.2, the
specific resistance of the transparent electrode or pixel electrode
may become large and further the transparent electrode or pixel
electrode may not be etched with ease.

10088]

(7) The invention is also the sputtering target according to

the item (5) or (6), wherein the oxide(s) of the metal{s) selected
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it possible to inprove the resistance value of the sputtering target itself
and restrain nodul es from being generated. The wording "to inprove the

resi stance" herein neans that the value of the resistance is made snmall.
Additionally, profitable effects as described in the follow ng are produced
onto the transparent el ectroconductive film forned by sputtering using this
sputtering target. [0095] An inprovenent in the specific resistance of the
formed 40 transparent el ectroconductive filmcan be attained. An

i mprovenent in the etching characteristic of the formed transparent

el ect r ocorfdift the FEFRT AT aredr ned of Ak prisimbasefnme el ¢ Aadapar ency
of the formed transparent electroconductive filmcan be attained. The

wor di ng " amn prpdevenentiden ¢henspecindre resilst artettharfziom Lapdirs Hodecr ease
in the value of the specific resistance. The wording "an inprovenent in the
etching charagreri stic" herein neans that the filmis nore easily dissolved
in an etchant used in etching. The wording "an inprovenent in the
transparency” hermgiggineans the degree of clearness is inproved, resulting
in amtter that the value of the light-transm ttance approaches to 100%

S0se) (5, e APVGItLAD b Jhaf e S LELLTE LR Ssaina gy

item (4), wherein thée va \ conposi tion
of one or Ly or more Metal () selected fromihe first, netal, qroup M

as described above, the above-mentioned effects and advantages become

more remarkable. Out of these metals, two kinds may be selected or

metal oxides of all three kinds may be added since the number of

the selected metal(s) is one or more.

[0090]

(8) The invention is also a sputtering target which is made
of indium oxide, and comprises: cne or two or more metal (s) selected
from the first metal group M1 consisted of W, Mo, Nb, Ni, Pt and
Pd, or an oxide or oxides of the metal(s); an oxide or oxides of
one or two or more metal (g) selected from the second metal group
M2 consisted of lanthancid-based metals; and an coxide or oxides of
one or two or more metal{s) selected from the third metal group M3
consisted of Zn, Sn, Zr, Ga and Ge.

(0091}

As described above, in the inventicn, a structure is adopted
wherein the following are simultaneously added: an oxide or oxides

of one or two or more metal (s} selected from the second metal group

M2 consistedcof lanthanoid-basedmetals; andoneor twoormoremetal (s)
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oxide (s) to indiumoxide, is from0.005 to 0.2, the value of [M]/ ( [M]
+ [In]), which is the conposition of the oxide(s) of one or two or nore
netal (s) selected fromthe second netal group M2 consisted of

| ant hanoi d- based netals to indiumoxide, is fromO0.005 to 2, and the value
of [MB]/([MB] + [In]), which is the conposition of the oxide(s) of the
netal (s) selected fromthe third netal group M3 consisted of Zn, Sn, Zr, G
and Ge to indiumoxide, is fromO0.005 41 to 2, wherein the [M] represents
t he nunber of the atons of one or two or nore neta%és) sel ected fron1the
first net&°l§F68P, FFethe M T ePro3birouPHe! rerBéFted ¢h¥, HomiPef Nbne or
two or nore netal (s) selected fromthe second netal group, the [ M]

r epr esent £tt hednbBdberr aof okhde avormxigest hé tet alqte)l (s¢l ected fromthe third
metal group, and the [In] represents the nunber of the atons of netallic
indium [0097] [lbaaehanoi d- based netal oxi de(s) As described above, in the
i nvention, the conposition of the |anthanoi d-based netal oxide(s) relative

to indi um oxide Iinstﬁ(%dpfﬁﬂ QWe, thegyaldi ek Ii:églér{a[rldgs arEMEbhe 7t PO5- 0. 2.

The [M2] is described as [Iant han0| d- based net al in some cases. Both of

o de( )| TOOBE] b Ange *BO0s 013 T Fﬁgebg%%%% o05E AT bt ween

the a;gp‘es%gﬁggggaﬁgfrgcqa;eg%adgit{‘rgd avention Jig Rreferably Lrom Q. oh to

Al source/drain wirings and the transparent electrode.

[CO93]

On theotherhand, according tothe inventicn, the large contact
resistances generated in the prior art can be made small by the
above-menticned structure. In other words, the contact resistances
can be made small to such an extent that the resistances can be
practically ignored.

[C094]

Further addition of the oxide(s) of themetal (s) selected from
the third metal grcup M3 consisted of Zn, Sn, Zr, Ga and Ge makes
it possible to improve the resistance value of the sputtering target
itself and restrain nodules from being generated. The wording “to
improve the resistance” hereinmeans that the value of the resistance
ismade small. Additionally, profitable effects as described in the
following are produced onto the transparent electroconductive film
formed by sputtering using this sputtering target.

[0095]

An improvement in the specific resistance of the formed
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[0099] If the value of the expression, which represents the conposition of
t he | ant hanoi d- based netal oxide(s) relative to indiumoxide, 1is |less than
0. 005, the effect of the addition thereof may not be produced. |In other

wor ds, a non-negligible contact resistance may be generated between A and
the transparent el ectrode or pixel 42 electrode. [0100] On the other

hand, if the above-nentioned value is nore than 0.2, the specific resistance
of the transparent el ectrode or pixel electrode may becone large, or in the
production process the transparent el ectrode or pixel electrode may not be
et ched wi ttraggparent gt nvscatieeliwy NEm RBn e ataimedior Pd, or the netal
oxide(s) thereof In the invention, the conposition of nmetallic W M, Nb,
Ni, Pt and/or Rdy improhemeret din oke detdtengt heaeadftgrelzaticvef tithd rMdirmeioxi de
is as follows: [In]/([In] + [M]) = 0.005-0.2. The value of this expression

i s preferaidinsbaeaht. Hledtr RohuchDie fanef erabby {41QMned.01 to 0.1. The [M]
represents the nunber of one or two or nore netal (s) selected fromthe

first metal groug ;M-MNbm ’iyit’he%r%arggcy[%ggé_fo%eybtrﬂ[}'ps Dene Pt
and/or Pd in the first netal group M y e added in a neta g%ate or in a
et al OXicgié%f%%%bnductive film can be attained.

The wording “an improvement in the specific resistance” herein
means a decrease inthevalue of the specificresistance. Thewording
“an improvement in the etching characteristic” herein means that
the film is more easily dissclved in an etchant used in etching.

The wording “an imprcovement in the transparency” herein means the
degree of clearness is improved, resulting in a matter that the value
of the light-transmittance approaches to 100%.

[0096]

(9) The invention is alsc the sputtering target according to
the item (4), wherein the value of [M1]/([M1] + [In]), which is the
composition of cne or two or more metal (s) selected from the first
metal group M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or the metal
oxide (s) to indiumoxide, is from0.005t0 0.2, thevalueof [M2]/([M2]

+ [In]), which is the composition of the oxide(s} of one or two cor
mere metal (s) selected from the second metal group M2 consisted of
lanthanoid-based metals to indium oxide, is from 0.005 to 2, and
the value of [M3]/({M3] + [In]), which is the composition of the

oxide(s) of the metal (s) selected from the third metal group M3

consisted cf Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0.005
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[0103] If the value of the expression is |less than 0.005, the effect of
the addition of W My, Nb, N, Pt and/or Pd nmay not be produced.
Specifically, about the transparent el ectrode or pixel electrode produced
by sputtering using the sputtering target of the invention, 43 a
non-negl i gi bl e contact resistance nmay be generated between Al and the
transparent el ectrode or between Al and the pixel electrode. [0104] On the
ot her hand, if the above-nentioned value is nore than 0.2, the specific
resi stance of the transp arent el ectrode or pixel electrode may becone

| ar ge. FuﬁFh@rnﬁP%re+quhﬁé Hﬂédﬁ%@?%ﬁ?”ﬁ@oé@%snquQﬁaOtr&ﬁ%p%?%ﬂﬁ &l €BErode or
pi xel el ectrode may not be etched with ease. [0105] Zn, Sn, Zr, Ga and/or
Ge oxi de( 9t Aycdescrotredreibove) $seladied Avent tlom Litrlsé m@ﬁ@bsﬁﬂﬂmn oheone or
nore netal oxides selected fromZn, Sn, Zr, Ga and Ge in the third netal
group M3 r@Mzdt reerdsenitsdinemaondadect $hastfonls| @ivsne [cBjwd MBpremdtian)(s) =

0. 005-0. 2, wherein the [ M3] represents the nunber per unit volune or unit

mass of thaetali(@orsehesbesnd ekl herdub, riche et 3y reFf@s@'atsTHhé refpEessi on
represents the atomic conposition ratio of the metal (s) in the third netal

Or oup 10, Il o0, vl Benloddll ) exprossl eoks il saustptant igbly 2

conposition ratio t he oxi e netal

MB. [(3106]and the [In] represents the number of the atoms of metallic indium.

[C0O7]

Lanthanoid-based metal oxide(s)

As described above, in the invention, the composition of the
lanthanoid-based metal coxide(s) relative to indium oxide is as
follows: the value of {Inl/([In] + [M2]) = 0.005-0.2. The [M2] is
described as [lanthancid-basedmetal (s)] in some cases. Bothof them
represent the number of the atoms of the lanthanoid-based metal
oxide (s).

[0098]

The range “0.005-0.2” of the value of the ratic between the
atom numbers described in the invention is preferably from 0.01 to
0.15, more preferably from 0.01 to 0.1.

[0099]

Ifthevalueof theexpression, whichrepresentsthecomposition
of the lanthanoid-based metal oxide(s) relative to indium oxide,
is less than 0.005, the effect of the addition therecf may not be
produced. In other words, a non-negligible contact resistance may

be generated between Al and the transparent electrode or pixel
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If the value of this expression is |less than 0.005, the effect of the
addition thereof is not easily produced. Specifically, about the
transparent el ectrode or pixel electrode produced by sputtering using the
sputtering target of the invention, a non-negligible contact 44 resistance
between Al and the transparent el ectrode or between Al and the pixel

el ectrode nmay be generated. [0107] On the other hand, if the
above-nmentioned value is nore than 0.2, the specific resistance of the
transparent electrode or pixel electrode may becone |large, or in the
producti orelprcacess.t he transparent el ectrode or the Iike may not be etched
with ease. [0108] (10) The invention is also the sputtering target
according to theilopem (8) or (9) wherein the oxide(s) of one or two or nore
netal (s) selected fromthe second netal group M2 consisted of

| ant hanoi d- base s an i i ~ al s of
Lo B %ho and. B EP R B ma i RoSle i iabiRh PRl STRE® LHER R B ot

Ce, Ho or r s _particularly preferr I.n the_invention, therefore, the
oxt decsy ot oetieB¥a FbF HatBRSFE aohe SO RIBYE LELFITHE Thbortton 1 s
al so a transparent el ectroconductive fil which is made mainly of indium
oxi de, andCGHPPAEER2Y RFEBE l?ﬁ%eorOQn%Peghﬁt%?OQ%St%QQIBéPﬁ%ﬁquﬂﬁ the first
metal group M consisted

transparent electrode or pixel electrode may not be etched with ease.

[0101]

Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide(s)

thereof

In the invention, the composition of metallic W, Mo, Nb, Ni,
Pt and/or Pd, or the metal oxide(s) thereof relative to indium oxide
is as follows: [In]/([In] + [M1]) = 0.005-0.2. The value of this
expression is preferably from 0.01 to 0.15, more preferably from
0.01 to 0.1. The [M1l] represents the number of one or two Or more

metal (s) selected from the first metal group, W, Mo, Nb, Ni, Pt and

Pd.

(0102}

W, Mo, Nb, Ni, Pt and/or Pd in the first metal group M1 may
be added in a metal state or in a metal oxide state.

[0103]

If the value of the expression is less than 0.005, the effect
of the addition of W, Mo, Nb, Ni, Pt and/or Pd may not be produced.
Specifically, about the transparent electrcde or pixel electrode

produced by sputtering using the sputtering target of the invention,
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of W No, Nb, Ni, Pt and Pd, or an oxide or oxides of the netal(s), and an
oxi de or oxides of one or two or nore netal (s) selected from the second
metal group M2 consisted of |anthanoid-based netals. 45 [0111] As

descri bed above, in the invention, the following two or nore materials are
added to indiumoxide. [0112] One or nore netal oxides selected from

| ant hanoi d- based netal oxides One or nore netals selected fromW M, Nb,
Ni, Pt and Pd, or an oxide or oxides of the netal (s) In the invention,
these are S|nultaneously added to a transparent el ectroconductive f|In1
Accor di nglgynonmehel ikde eintagsdi mepiHarcedimsphe arneshéed rtorgodl aedfi | m of
the invention to make a transparent el ectrode or pixel electrode, contact
resi st anceshe genesptetht Bdewtende her Aietgate Al rendandhet hexel ansgraredte.

el ectrode; between the Al source/drain el ectrodes and the pixel electrode,
between the Al sgura@e/drain wirings and the transparent el ectrode, and

bet ween others can be reduced to a substantially negligible value. [0113]

On the other hang, -/8 JtheCRS% 0N rUSHGHBvEMRMENTI R, 21 id %Sr[?@fé?rﬂ}n
el ectroconductive filmto nmake a transparent el ectrode or pixel ectrode,

contact r eOS.'ZS,t @Qges%e%%\fﬁggre%l%%gngg%f ghglteran%lp%%ent electrode or pixel

electrode may become large. Furthermcre, in the production process,
the transparent electrode or pixel electrode may not be etched with
ease.

(01051

Z2n, Sn, 2r, Ga and/or Ge oxide(s)

As described above, in the invention, the composition of one
or more metal oxides selected from Zn, Sn, Zr, Ga and Ge in the third
metal group M3 relative to indium oxide is as follows: [M3]/([M3]
+ [In]) = 0.005-0.2, wherein the [M3] represents the number per unit
volume or unit mass of the metal (s) selected from the third metal
group. This expression represents the atomic composition ratio of
the metal (s) in the third metal group to indium. The value of this
expression is also substantially a composition ratio of the oxide(s)
of the metal(s) in the third metal group M3.

[0106]

If the value of this expression is less than 0.005, the effect
of the addition thereof is not easily produced. Specifically, about
the transparent electrode or pixel electrode produced by sputtering

usingthe sputteringtarget of theinvention, anocn-negligible contact
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are generated between the Al gate |ine and the transparent el ectrode,
between the Al source/drain electrodes and the pixel electrode, and 46
between the Al source/drain wirings and the transparent el ectrode. [0114]
(12) The invention is also the transparent el ectroconductive film according
to the item(11), wherein the value of [M]/([M] + [In]), which is the
conposition of one or two or nore netal (s) selected fromthe first netal
group M consisted of W Mo, Nb, Ni, Pt and Pd, or the oxide(s) of the
nmetal (s) to indiumoxide, is from 0.005 to 0.2, and the value of [M]/([M]
+ [In]), weischtance feteerpost tanohtbé trdmspexide ¢lgctabdener dretweenckl nor e
netal (s) selected fromthe second netal group M2 of | ant hanoi d-based
nmet al s t o anadthen pxtale eliestboda mdy GRS geaebaZedWherein the [ ML] represents

t he nunber of the atons of one or two or nore netal (s) selected fromthe
first metal groypio7yhe [M2] represents the nunber of the atons of one or
two or nore netal (s) selected fromthe second netal group, and the [In]

represents the ugﬂgotﬂngﬂﬁgﬁt9§ﬁdﬁg Ewng@nth%%%é]eﬁﬁﬁpﬂg%QﬂdeP

met al oxi de(s) cribe ove, In e i nvention e conp05|t|on of t he
| ant hanoi as net al -oxi de(s)_re at ve to _indium oxid set as ol | ows:
2] ([ MR- 2o i el Bhataist e YNeTe 1 BReh At HEC RiBEr 81 Ehe atoms
of one or two or nore netal(s} in the second netal group M2 consisted of

| ant hanoi ¢Y558E89%E 3 LECPRPsiAtHfbeor in the proauction process the

transparent electrode or the like may not be etched with ease.

[0108]

(10) The invention is also the sputtering target according
to the item (8) or (9) wherein the oxide(s) of one or two or more
metal (s) selected from the second metal group M2 consisted cf
lanthanoid-based metals is/are an oxide or oxides of one or more
metals of La, Ce, Ho and Er.

[0109]

Of the lanthanoid-based metal oxides, an oxide of Ce, Ho or
Er is particularly preferred. In the invention, therefore, the
oxide(s) of Ce, He and/or Er is/are adopted.

[0110])

(11) The invention is also a transparent electroconductive
film, which is made mainly of indium oxide, and comprises: one or
two or more metal (s) selected from the first metal grcup M1 consisted
of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of the metal(s),
and an oxide or oxides of one or two or more metal (s) selected from

the second metal group M2 consisted of lanthanoid-based metals.
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is the nunber per unit mass or unit volume. The [In] represents the 47
nunber per unit volume or unit mass of the indiumatons. Accordingly, this
expression is the conmposition ratio of the netal (s) in the second netal
group M2 to indiumon the basis of the nunbers of the atons thereof. This
conposition ratio is also the conposition ratio of the oxide(s) of the
metal (s) in the second netal group M2 to indium oxide. [0116] This val ue
is preferably fromO0.01 to 0.15, nore preferably from0.01 to 0.1. [0117]
If the value of the above-nentioned expression, which represents the
conposi tion of tl®&1Lant hanoi d-based netal oxide(s) to indiumoxide, is |ess
than 0.005, the effect of the addition thereof my not produced. |In other
wor ds, about thést danspivethtabelvect tiodehe dnvphkibn eltéet Fotleomher ewn thi s
transparent el ectroconductive film is used, a non-negligible contact

resi st ancengrey mbee gE4IEY afred bgbvees irliuef cetder wirings and this
transparent el ectrode or pixel electrode. [0118] On the other hand, if the

above-nentioned yahye is nore than 0.2, the specific resistance of the
transparent electrodé or pixel electrode conprising the transparent

el ectroconductivye filmof the, invention may hec l.arge,, or in the
production proceds ThilCTE FEhspart esé%fE%Fséé%6¥9§§%éﬁngﬂgcg?% mﬁgﬁlnot be
etched with ease. [0119]

oxides

Cne or more metals selected from W, Mo, Nb, Ni, Pt and Pd,
or an oxide or oxides of the metal (s)

In the invention, these are simultaneously added to a
transparent electroconductive film. Accordingly, in the case of
using the transparent electrcconductive film of the invention to
make a transparent electrode or pixel electrode, contact resistances
generated:

between the Al gate line and the transparent electrode;

between theRl source/drainelectrodes and thepixel electrode,

between the Al source/drain wirings and the transparent
electrode, and between others can be reduced to a substantially
negligible wvalue.

{0113]

On the other hand, in the case of using a conventional
transparent electrocenductive film to make a transparent electrode
or pixel electrode, contact resistanceshavinganon-negligiblevalue

are generated between the Al gate line and the transparent electrode,

between the Al source/drain electrodes and the pixel electrode, and
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48 As described above, in the invention, the conposition of the

| ant hanoi d- based netal oxide(s) relative to indiumoxide is as follows:
[M]/([M2] + [InNn]) = 0.005-0.2. This conposition ratio is preferably from
0.01 to 0.15, nore preferably from0.01 to 0.1. Metallic W M, Nb, N, Pt
and/or Pd, or the nmetal oxide(s) thereof In the invention, the conposition
of the netal (s) in the first netal group consisted of W M, Nb, N, Pt
and Pd, or the netal oxide (s) thereof relative to indiumoxide is as

follows: [In]/([I + [M = 0.005-0.2. The value of this expression is
nore pref é’reﬁi’le% f%ﬁlos.‘ﬂlﬁ)qeddé?i%,w%}@ﬁsnﬁ%tB?e?W’a?l?la?ef‘FcﬁﬁG@.te’?dFo 0. 1.

W M, Nb, Ni, Pt and/or Pd nay be added in a netal state or in a netal
oxide state. [OFPAGPRIM is a generic termof the first netal group consisted
of W M, Nb, Ni, Pt and Pd, and the [M] represents the nunber per unit
mass or unit vol {rfe Bme lorehwooron srrrse Dt dlrés¥parertthel éctstcomitcali vgr oup.
The [In] represents the nunber of the atons of indium per unit nmass or unit

vol ume, asfideseetbedigpae thk0igdd (11 t hgeval wearef vhhae abpvesentivoned
expression is less than 0.005, the effect of the addition of W M, Nb, N,

D eardh, FATIH polgbe oo macyl e okl o IO ABITET. ()

of the inventieay fri3ede A AANACY HRLEME O ASLLESLSLANRS, T, §2,
Pt and Pd, or the oxide(s) of the metal{s) to indium oxide, is from
0.005 to 0.2, and

the value of [M2]/{[M2] + [In]), which is the composition of

the oxide{s) of one or two or more metal (s) selected from the second
metal group M2 of lanthanoid-based metals to indium oxide, is from
¢.005 to 0.2, wherein the [M1] represents the number of the atoms
of one or two or more metal (s} selected from the first metal group,
the {M2] represents the number of the atoms of one or two or more
metal (s) selected fromthe secondmetal grcup, and the [In] represents
the number of the atoms of indium.

[0115]

Lanthancid-based metal oxide({s)

As described above, in the invention, the composition of the
lanthanoid-based metal oxide(s) relative to indium oxide is set as
follows: [M2]1/{[M2] + [In]) = C.005-0.2. The [M2] represents the
number of the atoms of one or two or more metal(s) in the second
metal group M2 consisted cf lanthanoid-based metals. This number

is the number per unit mass or unit volume. The [In] represents the
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be generated between Al and the transparent el ectrode or between Al and the
pi xel electrode. [0122] On the other hand, if the value of the expression
is nore than 0.2, the specific resistance of the transparent el ectrode or
pi xel electrode conprising the transparent el ectroconductive film of the
invention may becone |large. Furthernore, in the production process, this
transparent el ectrode or pixel electrode nay not be etched with ease.
[0123] (13) The invention is also the transparent el ectroconductive film
according to the item (11) or (12) wherein the oxide(s) of the netal(s)
sel ect ed fuoker persecant vmealr @rbupa ¢ o€ Ghsiisidédmeft omsantAraaiddnbaged
nmetals is/are an oxide or oxides of one or nore netals of La, Ce, Ho and
Er. [0l124thikexadeptian iexinde-@poexicdes ratiCe.f tie mdeH107s)Bn o setotdne

| ant hanoi d- based netal oxides in this way is preferable. [0125] (14) The

i nvent i onpe$ a2l §Fod M2ARSPAIENIm Bheehd asendugtiMe dubbarwhb£hspade mainly
of indium oxide,; and conprises: one or tw or nore netal (s) selected from

the first ﬁg&@hfgr%aﬁ%?ﬁa s S8y 0 o Ws ?@ '\h} 'S'Ompﬁgl i, Rdy;groan oxide

or oxides o e neta an oxi de or ox one- or mo or noré netal

(s) sel e_C a?é enést ang qﬁfﬁcg% tirailt segorlw\_g me%gﬁlgéoeu% ME to indium

Ianthan0|

oxide.

[0116]

This value is preferably from 0.01 to 0.15, more preferably
from 0.01 to 0.1.

(0117]

If the value of the above-mentioned expressicn, which
represents the composition of the lanthanoid-based metal oxide(s)
toindiumoxide, is less than 0.005, theeffect of the addition thereof
may not produced. In other words, about the transparent electrode
or pixel electrode wherein this transparent electroconductive film
is used, ancn-negligible contact resistance may be generated between
Al of otherwirings and this transparent electrode or pixel electrode.

[0118]

On the other hand, if the above-menticoned value is more than
0.2, the specific resistance of the transparent electrode or pixel
electrode comprising the transparent electroconductive film of the
invention may become large, or in the production process the
transparent electrode or pixel electrode may not be etched with ease.

[0119]

48



oxi de or oxides of one or two or nore netal (s) selected fromthe third
metal group M3 consisted of Zn, Sn, Zr, Ga and Ge. [0126] As descri bed
above, in the invention, adopted is a structure wherein an oxide or oxides
of one or two or nore netal (s) selected fromthe |anthanoi d-based netal
group (second netal group) consisted of |anthanoid-based netals, and one or
two or nore netal (s) selected fromthe first netal group M consisted of
W M, Nb, Ni, Pt and Pd, or an oxide or oxides of the netal (s) are

S|nultaneously added. [0127] In the case of u5|ng a conventi onal
transparent el é&t @%%65@%%%? Ve ERnthes LRVERBHEpaFBAICEINSSLE b8 Bt ThT xel
el ectrode, large contact resistances are generated: between the Al gate

li ne and tlRathpanspdrannd gegelr odige (HetreahivhecAlinsidumcetthlaiis elsect r odes
and the pixel electrode; between the Al source/drain wirings and the

t ranspar emfollelect M2d¢€;( [HAH belnker O100-S. 2. [ O8] cpddie iehhest ikand, in
the case of using the transparent electroconductive filmof the invention

to neke agr-3@SEBIENtrontloectr edep ors pimee gheedrade, hrBp bagpe-val.ues of the
contact resistances generated in the prior art can be nmade small. In other

51 words, the copiaehiEep $2NG6S 1aNpRe.IBds BAR!dy IkhLondr So0;:0eg)Loi bl e

extent.

thereof

In the invention, the composition of the metal (s) in the first
metal group consisted of W, Mo, Nb, Ni, Pt and Pd, or themetal oxide (s)
thereof relative to indium oxide is as follows: [In]/([In] + [M1}])
= 0,005-0.2. The value of this expression is more preferably from
0.01 to 0.15, even more preferably from 0.01 to 0.1. W, Mo, Nb, Ni,
Pt and/or Pd may be added in a metal state or in a metal oxide state.

(0120]

Ml is a generic term of the first metal group consisted of
W, Mo, Nb, Ni, Pt and Pd, and the [Ml] represents the number per
unit mass or unit volume one or two or more metal (s) in the first
metal group. The [In] represents the number of the atoms of indium
per unit mass or unit volume, as described above.

[0121)

If the value of the above-mentioned expressicn is less than
0.005, the effect of the addition of W, Mc, Nb, Ni, Pt and/or Pd
may not be produced. Specifically, about the transparent electrode
or pixel electrode wherein the transparent electroconductive f£ilm

of the invention is used, a non-negligible contact resistance may
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[0129] Furthernore, when an oxide or oxides of one or two or nore netals
selected fromZn, Sn, Zr, Ga and Ge (the third netal group M) are added
thereto, useful effects as described bel ow can be produced. [0130] An

i mprovenent in the specific resistance of the forned transparent

el ectroconductive filmcan be attained. An inprovenent in the etching
characteristic of the formed transparent el ectroconductive film can be
attained. An inprovenent in the transparency of the formed transparent

el ectroconductive fi|mcan be attajned. The mordin%%"an i fprovenent in the

speci fic PEsPERAFRE RETERRD Mt 4PBetf¥RRATER RESTHWE OF PREVEHecific

resi stance. The wording "an inprovenent in the etching characteristic"
herei n meddsarfiathe tiHeefi EheFErofds-e easily dissolved in an etchant used in
etching. The wording "an inprovenent in the transparency” herein neans that
t he val ue of thdOlEght transm ttance approaches to 100% [01311 (15) The
invention is also the transparent el ectroconductive filmaccording to the

i tem 14 wher ei nohhghe/atbgr 0EnEMilf thé e of td exprewhi &b ibSndhethan
conposition of one or two or nore netal (s) selected 52 fromthe first netal

group M ¢onsi shed0fi We Megi Nbarn B 0P h@RG anBHarOht he-FBLat c&xgﬁ@éﬁ) to
i ndium oxide, i1s fromO0.005 to 0.2, the value of [M]/([M] + [Tn]), which
I's the Cc”@%%%k%&é@'é%&pkgging the transparent electroconductive film of the
inventicnmay become large. Furthermore, in the production process,
this transparent electrocde or pixel electrode may not be etched with
ease.

[0123]

(13) The invention is also the transparent electroconductive
film according to the item (11} or (12) wherein the oxide(s) of the
metal (s) selected from the second metal group MZ2 consisted of
lanthancid-based metals is/are an oxide or oxides of one or more
metals of La, Ce, Ho and Er.

[0124]

To adopt an oxide or oxides of Ce, Ho and/or Er cut of the
lanthanoid-based metal oxides in this way 1s preferable.

[0125]

(14) The invention is also a transparent electroconductive
film which is made mainly of indium oxide, and comprises: one or
two or more metal (s) selected from the first metal group M1 consisted
of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of the metal (s},

an oxide or cgxides of one or two or more metal (s) selected from the
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oxi de(s) of one or two or nore netal (s) selected fromthe second netal
group M2 consisted of |anthanoi d-based netals to indiumoxide, is from
0.005 to 2, and the value of [M3]/([M3] + [InNn]), which is the conposition
of the oxide(s) of the netal (s) selected fromthe third nmetal group M
consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is fromO0.005 to 2,
wherein the [M] represents the nunber of the atons of one or two or nore
nmetal (s) selected fromthe first netal group, the [ M2] represents the
nunber of the atonms of one or two or nore netal (s) selected fromthe
second netsEcogdomg;ak AECENB]? ceepieswhes tdndhansbdrbated netalansngf athe
netal (s) selected from the third nmetal group, and the [In] represents the
nunber of ddiele bndoxivext afsong0iBAwo banthbasmaatdiasedsabtatedXirde( she As
descri bed above, in the invention, the conposition of the oxide(s) of the

| ant hanoi d-tiaseflet®t K%rcgfépm ceesDRkbdRirfabngr oMp)zr I &aabihMecd 0 i ndi um oxi de
is set as follows: [M]/([In] + [M]) = 0. 005-0.2. M2 is a generic term of

the second metal;greyp consisted of |anthanoid-based netals, and the [M]
represents the nunber of the atons of one or two or nore netal (s) sel ected

fromthe second tal _group, This [ 1S the nunmber r. unit__mass_or unit
Wi ght | 53 Ao RSAFE Betbave Tt B T Y Ebt RN POCPRET Ao et SIer TER ¢ mmss
or unit weight of the indium atons._Accordingly, the above-nentioned

expr essi o &SrBsEnt R iReCF 51681 Ot RBCaPbri"RuRBEIOLT Mekel et sisyted

contained in the second netal group to that of indium The val ue
from the lanthanoid-based metal group (secondmetal group) consisted

of lanthancid-based metals, and cone or two or more metal (s) selected
from the first metal group M1 consisted of W, Mo, Nb, Ni, Pt and
Pd, or an oxide cor oxides of the metal(s) are simultaneocusly added.

[0127]

In the case of using a conventional transparent
electroconductive filmas a transparent electrode or pixel electrode,
large contact resistances are generated:

between the Al gate line and the transparent electrode;

between the Al source/drainelectrodesandthepixelelectrode;

between the Al source/drain wirings and the transparent
electrode; and

between others.

[0128]

On the other hand, in the case of using the transparent
electroconductive film of the invention to make a transparent
electrode or pixel electrode, the large values of the contact

resistances generated in the prior art can be made small. In other
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of this expression is sinultaneously the conposition ratio of the oxide (s)
of the netal (s) contained in the second netal group to indium oxide.
[0133] This value is preferably fromO0.01 to 0.15, nore preferably from
0.01 to 0.1. [0134] If the value of the expression, which represents the
conposition of the | anthanoi d-based netal oxide(s) relative to indium
oxide, 1is less than 0.005, the effect of the addition thereof may not be
produced. In other words, a non-negligible contact resistance nay be
generated between Al and the transparent el ectrode or pixel electrode
conpri si nGFOrRE TH8FSPARERTCELEERRERDAYUBE Made Bl dNtoRenor-meght bdale [ 0135]
On the other hand, if the above-nentioned value is nore than 0.2, the
speci fic re&gkestance of the transparent el ectrode or pixel electrode
conprising the transparent el ectroconductive filmof the invention may
becone | arge. FUntheinore, in the production process, this transparent

el ectrode or pixel electrode may not be etched with 54 ease. [0136]

Metallic W M, i¥Rthdimofd, ¥MShohn Rekidr orhexi@ialoroxhdeds)twd berggfe I n the
invention, the conposition of the nmetal (s) in the first

metals selected from Zn, Sn, Zr, Ga and Ge (the third metal group
M3} are added thereto, useful effects as described below can be
produced.

[0130]

An improvement in the specific resistance of the formed
transparent electroconductive film can be attained.

An improvement in the etching characteristic of the formed
transparent electroconductive film can be attained.

An improvement in the transparency of the formed transparent
electroconductive film can be attained.

The wording “an improvement in the specific resistance” herein
means a decrease in the value of the specificresistance. Thewording
“an improvement in the etching characteristic” herein means that
the film is more easily dissolved in an etchant used in etching.
The wording “an improvement in the transparency” herein means that
the value of the light transmittance approaches to 100%.

[0131]

(15) The invention is also the transparent electroccenductive
filmaccording to the item 14 wherein the value of [M1]/{[M1] + [In]),

which is the compositicon of one or two or more metal (s) selected
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metal group ML consisted of W Md, No, Ni, Pt and Pd, or the netal oxide(s)
thereof relative to indiumoxide is as follows: [M]/([In] +[M]) =
0.005-0. 2. As described above, the [M] represents the nunber of the atons
of one or two or nore netal (s) in the first netal group. This nunber is

t he nunber per unit mass or unit volunme. [0137] The value of this
expression is nore preferably fromO0.01 to 0.15, even nore preferably from
0.01to 0. 1. W M, No, Ni, Pt and/or Pd may be added in a netal state or
in a netal oxide state. [0138] If the value of the expression is |ess than
0. 005, thereffele fiofstt metaddyrdugn Mif cis MtedNlpt Wi , M&t NmdMNor, Pd amy not be
produced. Specifically, about the transparent el ectrode or pixel electrode
conpri si n@dt hert tlen spaménbxetie s r aponddchm e ifdd, mief fide d.Mventbon, 2, a
non-negl i gi bl e contact resistance nmay be generated between Al and the

transpar entheelb 8Ch& Qste @R 1betMeen: Alznand LR ixeknel sshadea i onl 82384 On the
other hand, if the value of the expression is nore than 0.2, the specific

resistance,ohellp 3 anspatemho eleqHiadge ol pl xelo18P:4! BG4 Qde OB Si Ng

the transparent electrocondyc?lve of ti invention may becone Targe.
AT ner Tl I B et Lo, B 05898 LS LI nsnatens ol et o o i xe
oxi de(s) is from 0.005 to 2, and the value of [M31/([M3] + [In]), which is
the composition of the oxide(s) of the metal (s) selected from the
third metal group M3 consisted of Zn, Sn, Zr, Ga and Ge tc indium
oxide, is from 0.005 to 2, wherein the [Ml1] represents the number
of the atoms of one or two or more metal (s) selected from the first
metal group, the [M2] represents the number of the atoms of cne or
two or more metal (s) selected from the second metal group, the [M3]
represents the number cof the atoms of the metal(s) selected from
the third metal group, and the [In] represents the number of the
indium atoms.

{0132]

Lanthancid-hased metal oxide(s)

As described above, in the invention, the composition of the
oxide(s) of the lanthancid-based metal group (second metal group)
relative to indium oxide is set as follows: [MZ2]/{{In] + [M2]} =
0.005-0.2. M2 is a generic term of the second metal group consisted
of lanthanoid-based metals, and the [M21 represents the number of
the atoms of one or two or mere metal (s) selected from the second

metal group. This {M2] is the number per unit mass or unit weight.
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As descri bed above, in the invention, the conposition of one or nore netal
oxi des selected fromthe third nmetal group M3 consisted of Zn, Sn, Zr, (&a
and CGe relative to indiumoxide is as follows: [M]/([M] + [In])

=0. 005-0.2, wherein the [M3] represents the nunber of the atons of the
netal (s) selected fromthe third netal group. Thus, this expression
represents the conposition ratio (the atom nunber) of the netal (s) in the
third netal group M3 to indium This value sinmultaneously represents the
conposition ratio of the oxide(sﬁ of the neta“ﬁ;? selected in the third
netal groulF CESFREPEH 3 VEe. thEOLIN]] TEPrERENVAIE PeBRPESPET ol italPe] of
this expression is less than 0.005, the effect of the addition thereof is
not easi | yippodueetiht Spébt findalh prompoutcrhedingns pareatoet-ewmtadecdr pi xel
el ectrode conprising the transparent el ectroconductive film of the

i nvent i on,expel@ionegiprgisehescand aatis es shanonaymber genenaned abesyween Al
and the transparent el ectrode or between Al and the pixel electrode.

[0142] On ddie-ghbaridand skbohlenRqVerhBhtdPRed tVat UgdiSmTorhd Rahue56 0.2,
the specific resistance of the transparent electrode or pixel electrode

w18 B0=R Sl o RGO WD DB LT 00 ece
pi xel el ectrofe yay. fot, be. eLaned Wil 585 oLOd4Fhee {18Lod B imYEM N 18
oxide.
[0133]
This value is preferably from 0.01 to 0.15, more preferably
from (.01 to 0.1.
[0134]
Ifthevalueof theexpression, whichrepresents the composition
of the lanthanoid-based metal oxide(s) relative to indium oxide,
is less than 0.005, the effect of the addition thereof may not be
produced. In other words, a non-negligible contact resistance may
be generated between Al and the transparent electrode or pixel
electrode comprising the transparent electroconductive film of the
invention.
[0135]
On the other hand, if the above-mentioned value is more than
0.2, the specific resistance of the transparent electrode or pixel
electrode comprising the transparent electroconductive film of the
inventionmay beccme large. Furthermore, in the preduction process,

this transparent electrode or pixel electrode may not be etched with
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to the item (14) or (15) wherein the oxide (s) of one or nore netal (s)

sel ected fromthe second netal group M2 consisted of | anthanoi d-based
netals is/are an oxide or oxides of one or nore netals of La, Ce, Ho and
Er. [0144] To adopt an oxide or oxides of Ce, He and/or Er out of the

| ant hanoi d- based netal oxides in this way is preferable. [0145] (17) The
invention is also a transparent el ectroconductive glass substrate,
conprising: a glass substrate; a transparent electroconductive film which
is formed over the glass substrate, is nade mainly of indium oxide, and
conprises“6fi€-or two or nore netal (s) selected fromthe first metal group
ML consisted of W Mb, Nb, Ni, Pt and Pd, or an oxide or oxides of the
metal (s), and ai013%ide or oxides of one or two or nore netal (s) sel ected
fromthe second netal group M2 consisted of |anthanoid-based netals; and a
metal thin fil nMehethic &,f Mopedh,oWdr, Pheargl/assPsubat tatenatyd bgidade 57
mainly of Al or Ag. [0146] As described above, i n the invention, adopted
is a strugturkecswherein an oxi de or oxides of one or two or nore netal (s)
selected "Tromthe second netal group M2 consisted of | anthanoid-based

metals, and Or‘%ngrfcpet %&{tl%r ﬁ'bﬂ’gakl&]npéfftl%%l %gtcﬁg nfert%'T ES‘ Sk, pet al

group ML consi st an OXI e or oxiIdes of

the metal (5)are, 5l W tanausly pddego( cal! 4,08 i tanegusly- adds

oxide(s) thereof relative to indium oxide is as follows: [M1]/([In)

+ [M1]) = 0.005-0.2. As described above, the [M1] represents the
number of the atoms of one or two or more metal (3) in the first metal
group. This number is the number per unit mass or unit velume.

[0137]

The value of this expression is more preferably from 0.01 to
0.15, evenmore preferably from0.01 tc 0.1. W, Mo, Nb, Ni, Pt and/or
Pd may be added in a metal state or in a metal oxide state.

(0138]

If the value of the expression is less than 0.005, the effect
of the addition of W, Mo, Nb, Ni, Pt and/or Pd may not be produced.
Specifically, about the transparent electrode or pixel electrcde
comprising the transparent electroconductive film of the invention,
a non-negligible contact resistance may be generated between Al and
the transparent electrode or between Al and the pixel electrode.

[0139]

On the other hand, if the value of the expressicn is more than

0.2, the specific resistance of the transparent electrode or pixel
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structure). [0147] The transparent el ectroconductive glass of the invention
can be usedas a substrate having a transparent el ectrode orpixel electrode
by using a transparent el ectroconductive filmas the transparent el ectrode
or pixel electrode. Wien Al is adopted, the nmetal thin filmof the
invention can constitute an Al gate line or Al source/drain electrodes.
Accordingly, the transparent el ectroconductive glass substrate of the

i nvention can be used as a substrate with wirings. [0148] In such a case, a
conventional transparent electroconductive glass causes |arge contact

r esi st anc €L hEPRRGPMRA SANT Jareet F?tht%%qtrfa@%ﬁ%ﬁw% [feénrafdehe

bet ween theAl source/drain el ectrodes and the pixel electrode; between the
Al sour ce/idwahtionmagdescang target.r anspdueenivre] éothhede;oduaud ibetomeersst her s.
On the other hand, the transparent 58 electroconductive glass of the

i nventi on wdest ispeawse diRctratiger sonael ecesicd Ang eot[¥El40thed Bithe case
of using Ag for the netal thin film a Ag gate Iline, and Ag source/drain

el ectrodes:sGan be made. In this case also, the sane effects and

advant ageous as in the case of Al are produced. [0150] As described above,
according to thqglq ntion, large contact resistance values generated in
the prior art ca e made snmall by

Zn, Sn, Zr, Ga and/or Ge oxide(s)

As described above, in the invention, the compositiocn of one
or more metal oxides selected from the third metal group M3 consisted
of Zn, Sn, Zr, Ga and Ge relative to indium oxide is as feollows:
[M3]/([M3] + [In]) =0.005-0.2, wherein the [M3] represents the number
of the atoms of the metal({s) selected from the third metal group.
Thus, this expression represents the composition ratio (the atom
number)} of the metal (s} in the third metal group M3 to indium. This
value simultanecusly represents the compositionratioof the oxide(s)
of the metal (s) selected in the third metal group to indium oxide.

[0141]

If the value (composition ratio) of this expression is less
than 0.005, the effect of the additicon thereof is not easily produced.
Specifically, about the transparent electrode or pixel electrode
comprising the transparent electroconductive film of the invention,
a non-negligible contact resistance may be generated between Al and
the transparent electrode or between Al and the pixel electrode.

[0142]

On the other hand, if the above-mentioned value is more than
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t he above-nentioned structure (the sinmultaneously-added structure). 1In

ot her words, the contact resistances can be nade small to a practically
negligible extent. [0151] Furthernore, a transparent el ectroconductive

gl ass having a |ower resistance can be obtai ned by adopting a structure
wherein Al or Ag is lamnated thereto. Such a transparent el ectroconductive
glass is also called a | am nated transparent el ectroconductive gl ass.

[0152] Use of Al or Ag In this item(17) and the item (20) which will be
described later, Al or anAl alloy is preferably used for agate |ine,
source/ dr &1-@, ehecresdésc greswistngs.ofl Ahe Hirenspseent ldyciredeatt pdxan Al
gate line and Al source/drain electrodes. An alloy nade mainly of Al is
frequent | ylusedoddl witgrdime tAk atdmgpareed Eoect hesedustimder gl dfy th@ of Al,
and may contain a heavy netal in groups fromllla to VIlla in the periodic

table, or igveaRtbANDd drRAshdyMBdéddme htrhs, desilednet Bré@M@idh prekegxanpl e,
Nd, Ni, Co or Zr. The content thereof, which depends on the performnce of

a desired j o) r i i $..P Ly, from
Bbout 0115 B0y e shr- Rar e or Sreraniy oy abgur0 e FE SR
wei ght . [Q%é%l If the content is less than 0.1% by weight, the effect of

the addition'nmay not be produced. If the content is 0.1% by weight,

proj ections sucqo%%3?illocks may be generated on the Al thin film

(16) The invention is also the sputtering target according
to the item (14) or (15) wherein the oxide(s) of one or more metal (s)
selected fromthe secondmetal group M2 consisted of lanthancid-based
metals is/are an oxide or oxides of one or more metals of La, Ce,
Ho and Er.

[0144]

To adopt an oxide or oxides of Ce, Ho and/or Er out of the
lanthanoid-based metal oxides in this way is preferable.

{0145]

{17) The invention is als¢c a transparent electrcconductive
glass substrate, comprising: a glass substrate; a transparent
electroconductive film which is formed over the glass substrate,
is made mainly of indium oxide, and comprises one cor two or more
metal (s) selected from the first metal group M1 consisted of W, Mo,
Nb, Ni, Pt and Pd, or an oxide or oxides of the metal(s), and an
oxide or oxides of one or two or more metal (s) selected from the
second metal group M2 consisted of lanthanoid-based metals; and a

metal thin film which is formed over the glass substrate and is made
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[0154] On the other hand, if the content is nore than 0.5% by weight, the
resistance of Al itself (the Al alloy itself) may becone large. [0155] In
the invention, Ag or an Ag alloy also is preferably used for its gate line,
source/drain el ectrodes or wiring. Areflecting electrode, on which |ight
is reflected, may be fornmed therein; for this reflecting electrode also, Ag
or an Ag alloy is preferably used in sone cases. [0156] |In the case of
using Ag, they are called an Ag gate line, Ag source/drain electrodes, and
the like. Ag or the Ag alloy used for these is made mainly of Ag, and may
contai n amidavy aetZA} d9mAgroups fromllla to Villa in the periodic table,
or a | anthanoi d-based netal. 60 It is desired to contain, for exanple, Nd,
Ni, Co or Zr. TH@ldémtent thereof, which depends on the perfornmance of a
desired Al gate line, Al source/drain electrodes, wirings or reflecting

electrode, is plefesabiped apsvaboutth IntendXby aWehadd iR peehesabl y
fromabout 0.5 to 2.0%by weight. [0157] |If the content is less than 0.1%

Py e, 0N ek pLAR gk Ehes gt s encthy ol b rofestis) Lkl ganten,
thin fil mfr%gn éﬁ‘eesé‘ggﬁcﬂn&?é‘fsg%o% Mchc%npﬁ.stcte]id%ff ia'lx%‘:h%a oiﬂdélola"seé %%%gls,
and one or two or more metal (s) selected from the first metal greoup
M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of
themetal (s) are simultanecusly added {calleda simultanecusly-added
structure).

[0147]

The transparent electroconductive glass of the invention can
beusedasasubstratehavingatransparentelectrodeorpixel electrode
by using a transparent electroconductive film as the transparent
electrode or pixel electrode. When Al is adopted, the metal thin
filmof the invention can constitute anAl gate line or Al source/drain
electrodes. Accordingly, the transparent electroconductive glass
substrate of the invention can be used as a substrate with wirings.

[0148]

In such a case, a conventional transparent electroconductive
glass causes large contact resistances:

between the Al gate line and the transparent electrode;

between the Al source/drainelectrodesandthepixel electrode;

between the Al source/drain wirings and the transparent

electrode; and between cthers. On the other hand, the transparent
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On the other hand, if the content is nore than 0.5% by weight, the

resi stance of Ag itself (the Ag alloy itself) may becone |arge. [0159] (18)
The invention is also the transparent el ectroconductive glass substrate
according to the item 17, wherein the value of [M]/([M] + [In]), which is
the conposition of one or two or nore netal (s) selected fromthe first
netal group M consisted of W Mo, Nb, N, Pt and Pd, or the netal oxide(s)
to indiumoxide, is from 0.005 to 0.2, and the value of [M]/([M] + [InN]),
which is the conposition of the oxide(s) of one or two or nore netal (s)

sel ected SPERTPREAEIONE FReeF QY 60 WV iPENEPRNGICY- PSR afet 4f59¢ 0
indium oxide, is fromO0.005 to 0.2, wherein the [M] represents the nunber
of the at owsiteftonesigtanme.or nore netal (s) selected fromthe first 61
metal group, and the [M2] represents the nunber of the atons of one or two
or nore netal (s)[0ogebected fromthe second nmetal group. [0160]

Lant hanoi d- based netal oxide(s) As described above, in the invention, the

conposi tion of thecpLanthang dsbages; miaknexisels)knigl aliye 4 aql ggiam oxi de
is as follows: In/(In + | anthanoid-based netal (s)) = 0.005-0.2 0161] This

‘[’8'12‘;] 'S ALGLerAR ¥g EhaMLYy P itPe PodBrodIR &PEERERED! Y {0 011 88, O- 1.

the same effects and advantageous as in the case of Al are produced.

[0150]

As described above, according to the invention, large contact
resistance values generated in the prior art can be made small by
the above~-mentioned structure (the simultaneously-added structure).
In other words, the contact resistances can be made small tc a
practically negligible extent.

[0151]

Furthermore, a transparent electroconductive glass having a
lower resistance can be obtained by adopting a structure wherein
Al or Ag is laminated thereto. Such a transparent electroconductive
glassisalsocalleda laminated transparent electroconductive glass.

[0152]

Use of Al or Ag

In this item (17) and the item (20) which will be described
later, AlcranAlalloyispreferablyusedforagate line, source/drain
electrodes or wirings. In this case, they are called an Al gate line
and Al source/drain electrodes. An alloy made mainly of Al is

frequently used. Al or the Al alloy used for these is made mainly
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If the value of the expression, which represents the conposition of the

| ant hanoi d- based netal oxide(s) relative to indiumoxide, 1is less than

0. 005, the effect of the addition thereof may not be produced. |In other

wor ds, a non-negligible contact resistance may be generated between the
metal thin filmmde mainly of Al or Ag and the transparent el ect
roconductive f i Im(constituting, forexanple, the transparent electrode or
pi xel electrode). [0163] On the other hand, if the above-nentioned value is
more than 0.2, the specific resistance of the transparent el ectroconductive
filmof tHeE ifrveAPd oY CORSALE 1A iheg VY Brt Xk difpPEcuphe tomaAspartentIIérect r ode
or pixel electrode) may becone |arge. Furthernore, in the 62 production
process, thi $herpespalientakl @ctorogdrdudenvedfbhdsrdrmptadt lbeietdssededi t h
ease. [0164] Metallic W M, Nbo, Ni, Pt and/or Pd, or the netal oxide(s)

t her eof | ntd bentamgnibOBxaBeDPL B, NS, oSk BET UMBeRenA tHaecoBPeSichi on  of
netallic W M, No, N, Pt and/or Pd, or the netal oxide (s) thereof

relative tcﬂ%ﬁéﬂas%ﬂ o gerkSrahdold OWes e Al E{afe(l%eW’AlNQouNe/drBtinand/ or
Pd)) = 0.005-0.2. The value of this expression is nore preferably from0O0.01

Lo 015, YEILEreL AN LAOM0,RLUG.0p 1 oo M My Moot 3 and/ o

Pd may be a net'al “state-”or a neta

preferably from about 0.5 teo 2.0% by weight.

[0153]

If the content is less than 0.1% by weight, the effect of the
addition may not be produced. If the content is 0.1% by weight,
projections such as hillocks may be generated on the Al thin film.

[0154]

On the other hand, if the content is more than 0.5% by weight,
the resistance of Al itself (the Al alloy itself) may become large.

[0155]

In the invention, Ag or an Ag alloy also is preferably used
for its gate line, source/drain electrodes or wiring. A reflecting
electrode, on which light is reflected, may be formed therein; for
this reflecting electrode also, Ag or an Ag alloy is preferably used
in some cases.

[0156]

In the case of using Ag, they are called an Ag gate line, Ag
source/drain electrodes, and the like. Ag or the Ag alloy used for
these is made mainly of Ag, and may contain a heavy metal in groups

fromIIIatoVIIliaintheperiodic table, or a lanthanoid-basedmetal.
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I f the value of the expression is less than 0.005, the effect of the
addition of W My, Nb, Ni, Pt and/or Pd may not be produced. Specifically,
a non-negligible contact resistance nay be generated between the
transparent el ectroconductive filmof the invention (constituting, for
exanple, the transparent electrode or pixel electrode) and the netal thin
filmpmde mainly of Al or Ag. [0166] On the other hand, if the value of the
expression is nore than 0.2, the specific resistance of the transparent

el ectroconductive filmof the invention (for exanple, the transparent

el ect rode by isplesdired|tartonte)n niyr beenpie] didgeVi Faptdret nor heigoritieet
production 63 process, this transparent el ectroconductive filmnmay not be

etched wi thewade. w6d¢pendbnatheoper Misiantchesff Bais{iakeil gate line,
el ectroconductive fil mhaving a conposition as descri bed above and the netal

thin filmaredatnateth O®ached! NRIridyst Birs rid@Yec@lPWRECEBSHST aNce
transparent el ectroconductive gl ass can be provided. [0168] (19) The

according 15 The ot e I D ar 16) antr o neroni: SerEp-drtanraashatie. o (o)
sel ected f qgh&pﬁ %cond e %] group M2 consisted of | anthanoid-based
metal s i s/&re h2oXrdeY of des of one or nore netals of La, Ce, Ho and
= (0157]

If the content is less than 0.1% by weight, the effect of the
addition may not be produced. If the content is 0.1% by weight,
projections such as hillocks may be generated on the Ag thin film
or the adhesiveness of the Ag thin film may fall.

[0158]

On the other hand, if the content is more than C.5% by weight,
the resistance of Ag itself {the Ag alloy itself) may become large.

[0159]

{18) The invention is also the transparent electroconductive
glass substrate according to the item 17, wherein the value of
(M1]/({M1] + [In]}, which is the composition c¢f one or two or more
metal (s) selected from the first metal group M1 consisted of W, Mo,

Nb, Ni, Pt and Pd, or the metal oxide(s) to indium oxide, is from
0.005 to 0.2, and the value of [M2]/([M2]) + [In]), which is the
composition of the oxide(s) of one or two or more metal (s) selected
from the second metal group M2 of lanthanoid-based metals tc indium

oxide, is from 0.005 to 0.2, wherein the [M1] represents the number

of the atoms of cne or two or more metal(s) selected from the first
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[0169] It is nore effective to use, in particular, an oxide or oxides
conprising one or nore netal (s) of Ce, Ho and Er in this way out of the

| ant hanoi d- based netal oxides. The oxide(s) can be preferably wused. [0170]
(20) The invention is also a transparent el ectroconductive glass substrate,
conprising: a glass substrate; a transparent electroconductive film which
is formed over the glass substrate, is nmade nmainly of indium oxide, and
conprises one or two or nore 64 netal (s) selected fromthe first netal
group M consisted of W Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of
the metal @9Lalagrei denddiheiMabsepresnbt orthansure iof et ireBaPMs Jofsehect ed
fromthe second netal group M2 consisted of |anthanoi d-based netals, and an
oxi de orcnxﬁ@@sooﬂm@ﬁen@maﬂwg}0$elﬂﬂ&£dﬂémam(shesskﬂnmbdetabngidupilﬂ rd
metal group M3 consisted of Zn, Sn, Zr, Ga and CGe; and a netal thin film
which is formed [@i@0]t he gl ass substrate and is nade mainly of A or Ag.
[0171] As described above, in the invention, adopted is a structure

wherein an oxi dg RinaxbieSoMePRRA1 HWIOfs)more netal (s) selected fromthe
second net al gr6Uﬁ_WE*66ﬁ§r§r§d"6f—réﬁrﬁ‘ﬁ6rd-based netals, and one or two

I f
Vb, Mo, N Pt aRd e &%aéﬁﬁﬁ%égﬁo@%iiﬁ b SRR clocsansh St £ngt W

SIHU|tanqu§k%a% gd%ésa %% a ox1 e{ neoﬂat ngg?lndlum oxide is as

follows:

In/(In + lanthanoid-based metal(s)) = 0.005-0.2

[01i61]

This value is preferably from C.01 to 0.15, more preferably
from 0.01 to C.1.

[01e62]

Ifthevalueof theexpression, whichrepresentsthecomposition
of the lanthanoid-based metal oxide(s) relative to indium oxide,
is less than 0.005, the effect of the addition thereof may not be
produced. In other words, a non-negligible contact resistance may
be generated between the metal thin film made mainly of Al or Ag
andthetransparent electrcconductive film {constituting, forexample,
the transparent electrode or pixel electrode).

[0163]

On the other hand, if the above-mentioned value is mere than
0.2, the specific resistance of the transparent electroconductive
film of the invention {(constituting, for example, the transparent

electrode or pixel electrode) may become large. Furthermore, in the
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structure). [0172] The transparent el ectroconductive glass of the invention
can be used as a substrate having a transparent el ectrode orpixel electrode
by using a transparent el ectroconductive filmas the transparent el ectrode
or pixel electrode. Wien Al is adopted, the nmetal thin filmof the

i nvention can constitute anAl gate line or Al source/drain electrodes.
Accordingly, the transparent el ectroconductive glass substrate of the

i nvention can be used as a substrate with wirings. 65 [0173] In such a
case, a conventional transparent el ectroconductive glass causes |arge

cont act rexicsiughiées Prssenee ke ANsgatrent cpechraceriatianspamemy apect r ode,
bet ween theAl source/drain el ectrodes and the pixel electrode, between the
Al sour ce/lr atehedr wihgls eaxck.t he transparent el ectrode, and between ot hers.
On the other hand, the transparent el ectroconductive glass of the invention
does not cause amyld4grge contact resistance. [0174] |In the case of using

Ag for the netal thin film a Ag gate line, and Ag source/drain el ectrodes
can be made. | n \dyi-g 1435, a&A@oNp,tme $RME&fdeels aPdadyant agpqus (@s in the
case of Al are produced. As—desTr T bed apove;—accoraing to the

i nvention,_lar cont act re5|stance val ues generated in the prior art can
be made sn§E¥5%§

Intheinvention, adoptedisastructurewhereinthe composition
of metallic W, Mo, Nb, Ni, Pt and/cr Pd, or the metal oxide (s) thereof
relative to indium oxide is as follows: In/{In + (W, Mo, Nk, Ni,
Pt and/or Pd)) = 0.005-0.2. The value of this expression is more
preferably from 0.01 to 0.15, even more preferably from 0.01 to 0.1.
W, Mo, Nb, Ni, Pt and/or Pd may be added in a metal state or in a
metal oxide state.

[0165]

If the value of the expression is less than 0.005, the effect
cof the addition of W, Mc, Nb, Ni, Pt and/or Pd may not be produced.
Specifically, a non-negligible contact resistance may be generated
between the transparent electroconductive film of the invention
(constituting, for example, the transparent electrode or pixel
electrode}) and the metal thin film made mainly of Al or Ag.

[0166]

On the other hand, if the value of the expression is more than
0.2, the specific resistance of the transparent electroconductive
film of the invention (for example, the transparent electrode cor

pixel electrode) may become large. Furthermore, in the production
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t he above-nenti oned structure(thesinultaneously- addedstructure) In other
words, the contact resistances can be made small to a practically
negligible extent. [0176] Furthernore, when an oxi de or oxides of one or
nore netals selected fromzZn, Sn, Zr, Ga and CGe are added, useful effects
described below are produced on the transparent el ectroconductive filmon
the transparent el ectroconductive glass. 66 [0177] An inprovenent in the
specific resistance of the forned transparent el ectroconductive filmcan be
attained. An inprovenent in the etching characteristic of the formed

t r anspar eirEeEEt r'geichiensnardrit] meanrdnenducai e d i anmanposviesnetiched t he
transparency of the forned transparent el ectroconductive film can be
attai ned. wihd wasding "an i nprovenment in the specific resistance"” herein
means a decrease in the value of the specific resistance. The wording "an
i nprovenment in theatching characteristic" herein neans that the filmis
nore easily dissolved in an etchant used in etching. The wording "an

i mprovenent in tjheitransparency” herein neans that the value of the |ight
transmttance i s trnproved. The adoption of the structure wherein Al or Ag

is | am nat ed wam%%niEpggfg%égéégg%t[%%¥§i§§§§' ﬂ; ?%§2£h§$ C%E%%ogductive

gl ass having a |'ower

electroconductive,glass may be called a , , ,
compositidn as described above and the metal thin film are laminated

on each other in this way, a lower-resistance transparent
electroconductive glass can be provided.

[0168]

{19) The invention is also the transparent electroconductive
glasssubstrateaccordingtoctheitem (17) or (18), whereintheoxide (s)
of one or more metal (s} selected from the second metal grcup M2
consisted of lanthanoid-based metals is/are an oxide or oxides of
one or more metals of La, Ce, Ho and Er.

[0169]

It ismore effective touse, in particular, an oxide or oxides
comprising one or mcre metal(s) of Ce, Ho and Er in this way out
of the lanthanoid-basedmetal oxides. Theoxide(s) canbepreferably
used.

[0170]

{20) The invention is alsc a transparent electroconductive
glass substrate, comprising: a glass substrate; a transparent
electroconductive film which is formed over the glass substrate,

is made mainly of indium oxide, and comprises one or two Or more
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| am nat ed transparent el ectroconductive glass. [0179] |In the item (20)
also, Al or an Al alloy is preferably used for a gate line, source/drain

el ectrodes or wirings, as described in the item(17) . The content thereof
is the sane as in the item (13). [0180] 67 (21) The invention is also the
transparent el ectroconductive glass substrate according to the item 20,
wherein the value of [M]/([M] + [In]), which is the conposition of one or
two or nore netal (s) selected fromthe first netal group M consisted of
W M, Nb, N, and or the nmetal oxide(s) to indiumoxide, is from
0.005 to gieral ﬁé %ﬂr%eeffl[qwrbe[mstmﬂaﬂ ProwRiMhcpes i giet 6hgbsMei on of
the oxide (s) of one or two or nore netal (s) selected fromthe second

met al gr ol MlicorisiastleBd ofor antdraivis drbasiktbaretfatise retahdsumoxiodéde is
fromO0.005 to 2, and the value of [MB]/([M3] + [In]), which is the

conposi ti arr okideheobxindets)twaf orheofetr@ltcd)(sseserdatd resmtire tshi-edqnet al
group M3 consisted of Zn, Sn, Zr, Ga and Ge to indiumoxide, is fromO0. 005

to 2, whengityit heolMM> E6REESEM it menﬂrermerd-%s&aen@éag@s 9fid e oxQhet WO OF

nore netal (s) selected fromthe first netal group, th fNQ represents the
number of 4. aLagE, lopN® Oewéwer HorLhe 0! s(espectgal eehed dd aLthe
second net group, the represents t nunb atoms o he

metal (s) seI (th eJ(:jorEpE (t:cg]r?si[shtl rddo{:mf Sg[ Qerp,’ Ga and Ge; and a metal thin

film which is formed cver the glass substrate and is made mainly
of Al or Ag.

(01711

As described above, in the invention, adopted is a structure
wherein an oxide or oxides of one or two or more metal (s) selected
from the second metal group M2 consisted of lanthanoid-based metals,
and one or two or more metal (s} selected from the first metal group
M1l consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of
themetal (s) are simultaneously added (calleda simultaneously-added
structure) .

[0172]

The transparent electroconductive glass of the invention can
beusedasasubstratehavingatransparentelectrodeorpixelelectrode
by using a transparent electroconductive film as the transparent
electrode or pixel electrode. When Al is adopted, the metal thin
filmof the invention can constitute anAl gate line or Al scurce/drain
electrodes. Accordingly, the transparent electrocenductive glass

substrate of the invention can be used as a substrate with wirings.
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and the [In] represents the nunber of the indiumatons. [0181]

Lant hanoi d- based netal oxide(s) As described above, in the invention, the
conposition of the | anthanoid-based netal oxide(s) relative to indium oxide
is as follows: 68 In/(In + | anthanoi d-based netal (s)) = 0.005-0.2 [0182]
This value is preferably fromO0.01 to 0.15, nore preferably fromO0.01 to
0.1. [0183] |If the value of the expression, which represents the
conposition of the |anthanoi d-based netal oxide(s) relative to indium
oxide, is less than 0.005, the effect of the addition thereof may not be
produced. In othéllAdrds, a non-negligible contact resistance may be
generated between the netal thin filmnmde nmainly of Al or Ag and the
transparent el ecirr eoonductdse/e afddmmefntanssl ttubhegaréor e@xatpbeyndudieve
transparent electrode or pixel electrode). [0184] On the other hand, if the

above- nentgienedcrakde 1Srd®@i@nthan ré&sistanesspecific resistance of the
transparent el ectroconductive filmof the invention (constituting, for

exanple, he [ransRALentne CALGARAeiAE BhASnLleahbplpdn T ecoRE | arge. !n

the production process, this 1ransparent ectroconducti ve m nay not be

etched wth ea%%%weentheAlsource/drainelectrodesandthepixelelectrode,

between the Al source/drain wirings and the transparent
electrode, and between others. On the other hand, the transparent
electroconductive glass of the invention does not cause any large
contact resistance.

f0174]

In the case of using Ag for the metal thin film, a Ag gate
line, and Ag source/drain electrodes can be made. In this case also,
the same effects and advantageous as in the case of Al are produced.

[0175]

As described above, according to the invention, large contact
resistance values generated in the prior art can be made small by
the above-mentioned structure (the simultaneously-added structure).
In other words, the contact resistances can be made smalli to a
practically negligible extent.

[(C176]

Furthermore, when an oxide or oxides of one or more metals
selected fromZn, Sn, Zr, Ga and Ge are added, useful effects described
below are produced on the transparent electroconductive film on the

transparent electroconductive glass.
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[0185] Metallic W M, No, Ni, Pt and/or Pd, or the netal oxide(s) thereof
In the invention, adopted is a structure wherein the conposition of
nmetallic W M, Nb, Ni, Pt and/or Pd, or the netal oxide (s) thereof 69
relative to indiumoxide is as follows: In/(In + (W M, Nb, N, Pt and/or
Pd)) = 0.005-0.2. The value of this expression is nore preferably fromO0.01
to 0.15, even nore preferably from0.01 to 0.12. W M, Nb, N, Pt and/or Pd
may be added in a netal state or in a netal oxide state. [0186] |If the

val ue of the expression is less than 0.005, the effect of the addition of
W M, No, N, F9%dd/or Pd may not be produced. Specifically, a
non-negli gi bl e contact resistance may be generated between the transparent
el ect roconduct i V& firpirppémerie imvaat speci {icomssiistanery,of dheeanpt@, the
transparent electrode or pixel electrode) and the nmetal thin film nade

mai nly of ttarepaAgnt ¢ B HocOndtubeiwt hernmhanad, bé fatttad neal. ue of the
expression is nore than 0.2, the specific resistance of the transparent

el ectroconducti e ihbkev&fertthan BMENL M nGf BRa LXMW i8¢t 1 Eher t¥RNTRRREeAt
el ectrode or pixel electrode) may becone |large. Furthernore, in the

producti Ohnlepgesay Oéliggéftfo@%aaﬁa{ﬁ% AhFCLLRCANAHGL! YR T 1 | m may not be

An improvement in the transparency of the formed transparent
electroconductive film can ke attained.

The wording “an improvement in the specific resistance” herein
means a decrease in the value cf the specificresistance. Thewording
“an improvement in the etching characteristic” herein means that
the film is more easily dissolved in an etchant used in etching.
The wording “an improvement in the transparency” herein means that
the value of the light transmittance is improved. The adoption of
the structure wherein Al or Ag is laminated makes it possible to
give a transparent electroconductive glasshavinga lower resistance.

[0178]

Such a transparent electrcconductive glass may be called a
laminated transparent electroconductive glass.

[C179]

In the item {20) alsc, Al or an Al alloy is preferabkly used
for a gate line, source/drain electrodes or wirings, as described
in the item (17). The content thereof is the same as in the item
(13}).

(0180]
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Zn, Sn, Zr, Ga and/or Ge oxide(s) As described above, in the invention, the
conposition of an oxide or oxides of one or nore netals selected from Zn,
Sn, Zr, Ga and Ge to indiumoxide is as follows: In/ (In + (Zn, Sn, Zr, Ga
and/or 70 Ge)) = 0.005-0.2. [0189] |If the value of this expression is

| ess than 0.005, the effect of the addition thereof is not easily produced.
Specifically, a non-negligible contact resistance may be generated between
the transparent el ectroconductive filmof the invention (constituting, for
exanmpl e, the transparent electrode or pixel electrode) and the netal thin
film nmade mainl {537 e spvaptiqroisdlscchihe he2ashareHaRdect foqelughive of the
expression is nore than 0.2, the specific resistance of the transparent

el ect r ocortgstsi gebstidtm aiccomdingviemttiten item 2be whensdpakkat velwctafode or

pi xel el ectrode wherein the transparent electroconductive filmis used) may
becone | amyg./ (FMi] herimai ¢, wHidhhésvidiaieonfes heli@xpfesse ar t8o vy eokdan 0. 2,
in the case of intending to etch the transparent el ectroconductive filmto

form the thansnay el Lieat fRILLAE MDireel m@&ﬁCF&@Q§ MINcbAS: stRIPEYGH B8,
process, this transparent electroconductive filmmay not be etched with
:ase- [019Y, nhambpali PRy, WEn Hehfet L ANSAATY £) eSli0R0BIUEL I & EiLn having
0.005 to 0.2,
the value of [M2]/({M2] + [In]), which is the composition of
the oxide(s) of one cor two or more metal (s) selected from the second
metal group M2 consisted of lanthanoid-based metals to indium oxide,
ig from 0,005 to 2, and
the value of {M3]/([M3] + [In]), which is the compecsition of
the oxide(s) of the metal{s) selected from the third metal group
M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0.C05
to 2, wherein the [M1l] represents the number of the atoms of one
or two or more metal{s) selected from the first metal group, the
[M2] represents the number of the atoms of one or two or more metal (s)
selected from the second metal group, the [M3] represents the number
of the atoms of the metal (s} selected from the third metal group,
and the [In] represents the number of the indium atoms.
[0181]

Lanthanoid-based metal oxide(s)

As described above, in the invention, the compesition of the
lanthanoid-based metal oxide(s) relative to indium oxiae is as

follows:
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conposition as described above and the netal thin filmare |lamnated on
each other in this way, a |ower-resistance transparent el ectroconductive

gl ass can be provided. 71 [0192] (22) The invention is also the transparent
el ectroconductive gl ass substrate according to the item (20) or (21) ,
wherei nthe oxide (s) of one or nore netal (s) selected fromthe second net al
group M2 consisted of | anthanoi d-based netals is/are an oxi de or oxides of
one or nore netals of La, Ce, Ho and Er. [0193] It is nore effective to
use, in particular, an oxide or oxides conprising one or nore netals of Ce,

Ho and Er in thi 54w utapthandic-tasedaneial isaded Ae@b-®d des. The

oxi de(s) can be preferably wused. [0194] Specific manner of the | am nation
As described in thé3dltens (5) to (22), a structure wherein a netal oxide
el ectroconductive filmand a netal thin filmare |am nated on each other

may be adopted iThideazloyerd ipearefhiel § Grbavd g wol b. 1deserkbberdhirsitgse.
[0195] The nmanner of lamnating this nmetal oxide transparent

el ectrocongugtigve1f kbkmpand the nmetal thin film which is nade mainly of A
or Ag, on each other is classified into various fornms. [0196]

[0183]

If thevalueoftheexpression, whichrepresentsthe compositicon
of the lanthanoid-based metal oxide(s) relative to indium oxide,
is less than 0.005, the effect of the addition thereof may not be
produced. 1In other words, a non-negligible contact resistance may
be generated between the metal thin film made mainly of Al or Ag
andthe transparentelectroconductive film (constituting, forexample,
the transparent electrode or pixel electrode).

(0184)]

On the other hand, if the above-mentioned value is more than
0.2, the specific resistance cf the transparent electroconductive
film of the invention (constituting, for example, the transparent
electrode or pixel electrode) may become large. In the production
process, this transparent electrecconductive film may not be etched
with ease.

[0185]

Metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide(s)

thereof
Inthe invention, adoptedisastructurewhereinthe compositicon

of metallic W, Mc, Nb, Ni, Pt and/or Pd, or the metal oxide(s) therect
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a. Metal oxide/netal thin filmmde mainly of Al or Ag/netal oxide 72 b.
Metal oxide/netal thin filmmde nmainly of Al or Ag/netal oxide/netal thin
filmmade nmainly of Al or Ag/netal oxide The |lam nate a has three |ayers,
and the lamnate b has five layers. O course, it is preferred to adopt a
seven-|l ayered structure or the like. [0197] In this case, the film

t hi ckness of the netal thin filmmde minly of Al or Agis from1l to 20
nm The filmthickness is preferably fromb5 to 15 nm nore preferably from
5to 10 nm_Jf the filmthickness. is or les the | anmjnated netal film
does not bBEGHE & “PhiHCTH Gt utlsn%@]%g?(?ﬁ@:af%zgq y a{hdn@?'r J@?’url\'é.' Thus,
t he advant ageous, effects of the invention may not be obtained. On the other
hand, if FPheéid/ % FRI tknés906rCthe ABEAT 14 RIF FIhS iCXeSARPDBr iTHIEE t he
light transmittance of the lam nated netal thin filmnmay be lowered. As a
resul t, anpeffexsoliyairdielact dal 0 ylpr edercedrepreierabi arfspar @rtlyto wfl.t he
transparent el ectroconductive filmforned to be overlapped thereon. [0198]
I n the inventMayn NG, higi t rienspay ent Pk regt becomibtctinve feddd radee of ia aet al
oxide and the nmetal thin filmmade mainly of Al or Ag are frequently

| am nat ed @&-£BRGkiekhetstd he neaning of the wording "being | am nated”

i ncl udes a case where (not the whole of the transparent el ectroconductive
film which is r’r?{glpaeﬂf t he metal oxide,

If the value of the expression is less than 0.005, the effect
of the addition of W, Mo, Nb, Ni, Pt and/or Pd may not be produced.
Specifically, a non-negligible contact resistance may be generated
between the transparent electroconductive film of the invention
{constituting, for example, the transparent electrode or pixel
electrode) and the metal thin film made mainly of Al or Ag.

[0187]

On the other hand, if the value of the expression is more than
0.2, the specific resistance of the transparent electroconductive
film of the invention (for example, the transparent electrode or
pixel electrode) may become large. Furthermore, in the production
process, this transparent electroconductive film may not be etched
with ease.

[0188]

Zn, Sn, Zr, Ga and/or Ge oxide(s)

As described above, in the invention, the composition of an
oxide or oxides of one or more metals selected from Zn, Sn, Zr, Ga

and Ge to indium oxide is as follows: In/ (In + (Zn, Sn, Zr, Ga and/or
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but) a part of the transparent el ectroconductive filmcontacts the 73 netal
thin film Exanples of the electrode structure in this case include a case
where the transparent el ectroconductive filmcontacts a part of the netal
thin filmhaving a width of, e.g., 20 pmand covers the whole of the netal
thin film In other words, the two overlap with each other as viewed in a
pl an view thereof, but only parts thereof contact each other as viewed in a
sectional view thereof. [0199] In such a case, the thickness of the netal
thin filmis from 20 to 500 rim nore preferably from30 to 300 nm even
nore pref &bl ¥ OFP8mEF to 200 nm 1f the filmthickness is 20 nmor |ess,
the effect of decreasing the resistance nay be small. On the other hand, if
the filmthi ckneldsl89% 500 nmor nore, a level difference in the thin film
is large so that the contact thereof with the transparent el ectroconductive

filmmay beconme [oohe vaQRBQf tHheewbetds iafn { HacaBtidant bio0d, L e caficbe
appropriately selected, and is, for exanple, from1l to 100 m This value is

preferabl y,f no@ 28410150 PRAErelBr &5 PE&f %@le FEOM I t 0530 PM-a10501) I f

the wwdth of the netal thin filmis 1 pmor less, the resistance-decreasing

effect myhe ag:STBIL o B the ol her bande., S Jheukdihy gl he spral thin

filmis 1 . . ansm ttance” (numerical aperture) may
ngl’lbn? h eI_{‘;)I\‘éa%\/s%rg?le%ﬂeelvénc%:gcoglgucncoitvel JL. {r_]LrE 8 tthoe grtllxlrgntriaér}lg?cér?s‘éi %tg%a,e of
for example, the transparent electrode or pixel electrode) and the
metal thin film made mainly of Al or Ag.
[0190]
Cn the other hand, if the value of the expression is more than
0.2, the specific resistance of the transparent electroconductive
filmof the invention (or the transparent electrode or pixel electrode
wherein the transparent electroconductive film is used) may become
large. Furthermore, if the value of the expression is mcre than 0.2,
in the case of intending to etch the transparent electroconductive
film to form the transparent electrode or pixel electrode in the
production process, this transparent electroconductive filmmay not
be etched with ease.
[0191}
Lamination
When the transparent electroconductive film having a
composition as described above and the metal thin film are laminated

on each other in this way, a lower-resistance transparent

electroconductive glass can be provided.
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74 of the netal thin filmand the transparent el ectroconductive film as a
reflecting el ectrode. [0202] Third group: neans A. Invention of a process
for producing a thin filmtransistor substrate (23) Thus, in order to solve
t he above-nentioned problens, the invention is a process for producing a
thin filmtransistor substrate, conprising: a first conductor form ng step
of using an Al alloy conprising one or nore netals selected froma netal
group M consisted of W M, La, Nb, Fe, Pd, Pt, Ce, Ho and Er to form

over a transparent. insulating substrate, a first conductor which is any
conductor contai n a conductor group El consisted of a gate, a source
and a drain; an insulation filmformng step of formng an insulation film
to cover the forfed Thesnveshdooticrabswthhe ranspaspar edeck necratiaig ve
substrate; a contact hole making step of making a contact hole in the

f or med i nsgilatd ibdtirane aandraimetecheicat ([ FO) sondeC] Wingrstreghaditich (s a step
of form ng a second conductor conprising a transparent filmelectrode onto

the insul atf o iohMnoBtnaMiICR) k818cEd@rERf €ABNSSLHN rha1S§6aRS ponduct or
and the first conductor electrically to each other through the contact

hol e. [ 020315 {0 e e PYAReAhoRALEN oq 3081 8 £l AGLS gfleo ANl 8,081 R Lieng are
toget her calle a gate, an a source electrode and a source wril ng ?
one or more metals of La, Ce, Ho and Er.
[0193]
It is more effective to use, in particular, an oxide or oxides
comprising one or more metals cof Ce, Ho and Er in this way out of
the lanthanoid-based metal oxides. The oxide(s) can be preferably
used.

[0194]

Specific manner of the lamination

As described in the items (5) to (22), a structure wherein
ametal oxideelectroconductivefilmandametalthinfilmare laminated
on each other may be adopted in the invention. The following will
describe this case.

[0195]

The manner of laminating this metal cxide transparent
electroconductive film and the metal thin film, which is made mainly
of Al or Ag, on each other is classified intoc variocus forms.

[0196]

a. Metal oxide/metal thin film made mainly of Al or Ag/metal

oxide
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are together called a source. A drain electrode may be called nerely a
drain. A source and a drain are together denoted as a source/drain. A first
conductor is specifically the gate, source and drain, and a second
conductor is the pixel electrode. [0204] Since the first conductor has a
nono-| ayered structure, the conductor can be etched with one etching
solution at a tinme. The first conductor is a layer which is nmade mai nly of

Al and further conprises one or nDre netals selected fromthe nmetal group
M consisted of W Ho and Er. Therefore, the
first conductor §- SM?W |Oﬁ1618f‘lrf‘%1‘é§l F@éps@éﬁb@a@\? t“ﬁ‘lfll%é addner Aedratet or .
Furthernore, in order to restrain the generation of hillocks or inprove the
corrosi on dskedrabel BN Ka 1t nade geriddet of, A1 tox fo/aeselpreidared to add,

to the first conductor, Cu, Si, arare earth elenent or the like as a third
metal besi des AlTrantamirestene logs tthoee drayrete drel ahe(Bymiseltechbadhs Fomt he
metal group M. In order to make wuse of a low electric resistance of A at

this tinelaverks peienLd idhabréhe addidipraBendin ofadiedidtiridrgetal is
controlled to such an extent that the specific resistance of the first
conduct or foes. Nof.exceed 10 NS2cm Herein, the first nmetal is Al and the
second netal 1s one or nore netal (s) selected fromthe netal group M. Cu,
Si, the rare eartﬁ ghenent or the like, which is added as descri bed above,
is called the tﬁl 3 tal since the added elenent is a third 76 conponent

for these netals. ) ) , , ,
In this case, the film thickness of the metal thin film made

mainly of AlorAgis fromlto 20 nm. The filmthickness ispreferably
from5 to 15 nm, more preferably from5to 10nm. Ifthe filmthickness
is 1 nm cr less, the laminated metal film does not become a “thin
film” but may become a sea-island structure. Thus, the advantageous
effects of the inventicn may not be cbtained. On the other hand,
if the film thickness of the metal thin film is 20 nm or more, the
light transmittance of the laminated metal thin filmmay be lowered.
As a result, an effect may be actually produced on the “transparency”
of the transparent electroconductive film formed to be overlapped
thereon,

[0198]

In the invention, the transparent electroconductive filmmade
of a metal oxide and the metal thin film made mainly of Al or Ag
are frequently laminated on each other; the meaning of the wording
“being laminated” includes a case where {not the whole of the
transparent electrocenductive £ilm, which is made of the metal oxide,

but} a part of the transparent electrcocconductive film contacts the
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[0205] In the case of incorporating one or nore netals selected from the
nmetal group M consisted of W M, La, No, Fe, Pd, Pt, Ce, Ho and Er into
the first conductor, effects of restraining the generation of hillocks and
i nproving the corrosion resistance can be obtained in the same nanner as in

the case of incorporating the third metal. For this reason, the generation
of hillocks and corrosion can be restrained even in the case of not
incorporating the third nmetal. [0206] The second conductor is connected to

the first conductor through the contact hole nmade in the insulation film
Accor di ngingtathehph ¥allm. el mpdde meithkee leumagiet st nictiungs iof thiwe cgaee nor
the source directly, so that inconveniences such as a short circuit are not
easi | y caused.ude[02853 whbee thestracepduetoe] ést faranmedicithite fa 1fidanthyts
sputtering using an Al alloy target containing one or nore netals sel ected

fromthe oAk group MetGanshshesh Bf NAiNG. a Latborlee £d, R nrCangHo and
Er. This Al alloy target is produced by a vacuunlneltlng process a spr ay

form ng proGrss ehelliolld kg tAD el Eﬁi’ntﬂl'fh fig de‘t‘?{ geg?r@%os fiothis A

alloy target Is patterned by etching with a m xe acl orlc aci d,
acetic acid and nitric _a thereb

B. Inventi®on off Wﬁ'ﬁl o Igt}ferrar? i § ovfe({ iﬂ)g'ﬂ%g?l?ﬂ{/l%b% 3%%8g th%r Ogﬁgﬁ?g] "
Filmtr anS}éasrtt%rthecroercr)%rcloiltg(g:t eachother asviewed ina sectional view thereof.
[0199]
In such a case, the thickness of the metal thin film is from
20 to 500 nm, more preferably from 30 £to 300 nm, even more preferably
from 50 to 200 nm. If the £ilm thickness is 20 nm or less, the effect
cf decreasing the resistance may be small. On the other hand, if
the film thickness is 500 nm cr more, a level difference in the thin
film is large so that the contact thereof with the transparent
electroconductive film may become poor.
[0200]
The width of themetal thin filmcanbe appropriately selected,
and is, for example, from 1 to 100 ym. This value is preferably from
5 to 50 pm, more preferably from 10 to 30 pm.
[0201]
If the width of the metal thin film is 1 pm or less, the
resistance-decreasing effect may be too small. On the other hand,
if the width of the metal thin film is 100 pm or more, the light

transmittance (numerical aperture} may decline. However, the width

is not limited to this range in the case of using the lamination
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a transparent insulating substrate, and a first conductor which is forned
over the transparent insulating substrate and is any conductor contained in
a conductor group El consisted of a gate, a source and a drain, wherein the
first conductor conprises an Al layer made of an Al alloy conprising one or
nore netals selected froma netal group M consisted of W M, La, Nb, Fe,
Pd, Pt, Ce, Ho and Er to form and is connected to a second conductor nade
of a transparent film electrode through a contact hole nade in the
insulation filmover the first conductor. [0209] The first conductor is
made of a ¢hyédre venpl itdiimginbt o yhepuransflarent amlit midoogubtivalisdmone or
nore netals selected from the netal group M consisted of W M, La, Nb,

Fe, Pd, PtasGerdfioecandgBsliedtierdeby having a | ow contact resistance with the
second conductor. [0210] About the first conductor, it is also preferred
to add thereto f@npSi, a rare earth elenment or the |ike besides Al and the
one or two or nore netal (s) selected fromthe netal group M in order to

restrain the gengrat ] . hj ks or inprove the corrosion resistance. At
this time, it inﬁ{ﬂt o8 'hI'“éAﬁ)sctro| the addition amount of the third
netal into suchlgn extent that the s egific 58 resi stance of the first
conductor is not—n5EEEELﬁﬁligfﬁﬁﬂﬁﬁfghlﬁiaéﬁiﬁﬁ t

resi stance of Al too high. Herein, the first netal is A, and the second
metal is tHERHAEE two or nore nmetal (s)

(23) Thus, in order toc sclve the above-mentioned problems,
the invention is a process for producing a thin film transistor
substrate, comprising: a first conductor forming step of using an
Al alloy comprising one or more metals selected from a metal group
M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er to form,
over a transparent insulating substrate, a first conductor which
is any conductor contained in a conductcr group El consisted of a
gate, a source and a drain; an insulation film forming step of forming
an insulation film to cover the formed first conductor and the
transparent insulatingsubstrate; a contact holemaking stepofmaking
a contact hole in the formed insulation film; and an electricaily
connectingstepwhichisastepof formingasecondconductor comprising
a transparent film electrode conto the insulation film, and which
is a step of connecting the second conductor and the first conductor
electrically tc each other through the contact hole.

(0203]

In the present patent, a gate electrode and a gate wiring are

together called a gate, and a scurce electrode and a source wiring

75



selected fromthe nmetal group M. The first conductor is formed into a film
by sputtering using an Al alloy target containing one or nore netals
selected fromthe netal group M consisted of W M, La, Nb, Fe, Pd, Pt,
Ce, Ho and Er. This Al alloy target is produced by a vacuum nelting
process, a spray formng process or the like. An Al alloy thin filmfornmed
by use of this Al alloy target is patterned by etching wwth a mxed acid of
phosphoric acid, acetic acid and nitric acid, thereby formng the first
conductor. [0211] (25) The invention is also the thin filmtransistor

accor di ng atotohethdreoal Y a sontreeei A diwif et sttt ookdurt be cadipdinsesltrhe Al

| ayer conprising 0.5 to 5% by weight of the one or two or nore netal (s)

sel ected fyamime BBIRIrc@r£Pa Mraih@2¢HogekRetRrnblelayel sofirddiRirinst
conductor, the content of the one or two or nore netal (s) selected from

the netal 29r%'%@t'\/!:oriz&létrcﬁmingéec%iﬁ%%%%?%%\ﬁ%%ie pé&ﬁféeaglné %%Q%]I,?'FEB 3% by

weight. If the content 1Is SsS ght; 1t nm Icult to
restrain tabesecc%'&t act rgtsérstian%% bet\/\%n th% fi,rst and second conductors. On
the ot her® hana 9 FORRR-Bnttént PsPhdT e T4 885 by wei ght, the specific 79
resi stance of the whale of the first conductor may becone high. [0213] C
Invention of a tH4P%)i I mtransistor substrate (26) The invention is also a

thin filmtransi stor substrate,
Since the first conductor has a monc-layered structure, the

conductor can be etched with one etching solution at a time.

The first conductor is a layer which is made mainly of Al and
further comprises one or more metals selected from the metal group
M1l consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er. Therefore,
the first conductor is low in contact resistance with the second
conductor.

Furthermore, in order to restrain the generaticn of hillocks
or improve the corrosion resistance of the first conductor, it is
also preferred to add, to the first conductor, Cu, Si, a rare earth
element or the like as a third metal besides Al and the one or two
or more metal (s) selected from the metal group M1. In order to make
use of a low electric resistance of Al at this time, it is preferred
that the addition amount of the third metal is controlled to such
an extent that the specific resistance of the first conductor does
not exceed 10 plcm. Herein, the first metal is Al and the second
metal is one or more metal (s) selected from the metal group M1. Cu,
Si, the rare earth element or the like, which is added as described

above, is called the third metal since the added element is a third
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conprising: a transparent insulating substrate; an insulation film which is
formed over the transparent insulating substrate, conprises a first
conductor which is any conductor contained in a conductor group E
consisted of a gate, a source and a drain, and is further formed to cover
at | east the transparent insulating substrate; and a second conductor
formed over the insulation film wherein the first conductor conprises an
Al layer made of an Al alloy conprising one or nore netals selected froma
metal group ML consisted of W Mb, La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the

i nsul at i orcdrigomehasfar gihsse medalact hol e which penetrates through this film
in the direction of the first conductor and second conductor, the second
conductor is mageoef] a transparent film el ectrode, and the second conduct or
is electrically connected to the Al |layer of the first conductor through

the contact hol e, {0214k Jﬂﬂ@ntzbfﬁfs%act%%usrﬁ@brcf@&ebﬁe@asfﬁgew&wd lffr%{nngl e

etching solution at a tinme since the conductor 1s made of a single |ayer.

Ther ef ore, pd g%&yf'[@%ﬁ W&BE%&&I&I o u@’stﬁ at aokag,heFej n\_ggntﬁgn d;anHQe nor e

easily produ € secon copdﬂc of 1’8’ corinect ed t o ThE first
he. pi xel 28] e LR BREN R & ERbEOBBT Hr so 71 1TeE BF {17 e MA@ ogir co.
directly, so that inconveniences such as a short circuit are not easily
caused. [@2Bé]locks and improving the corrosion resistance can be cbtained
in the same manner as in the case of incorporating the third metal.
For this reason, the generation of hillocks and corrosion can be
restrained even in the case of not incorporating the third metal.
[0206]
The second conductor is connectedtothe first conductor through
the contact holemade in the insulation film. Accordingly, the pixel
electrodeneither contactswiringsof thegatenorthe sourcedirectly,
so that inconveniences such as a short circuit are not easily caused.
[0207]
The first conductor is formed into a film by sputtering using
an Al alloy target containing one or mcre metals selected from the
metal group M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and
Er. This Al alloy target is produced by a vacuum melting process,
a spray forming process or the like. An Al alloy thin film formed
by use of this Al alloy target is patterned by etching with a mixed
acid of phosphoric acid, acetic acidandnitric acid, thereby forming

the first conductor.

[0208]
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(27) The invention is also the thin filmtransistor substrate according to
the item (26), wherein the transparent filmelectrode conprises any one of
i ndium oxide, tin oxide, indiumtin oxide, and indium zinc oxide, and zinc
oxide. [0217] |In the case that the second conductor conprises any one of

i ndium oxide, tin oxide, indiumtin oxide, and indium zinc oxide, and zinc
oxi de, the contact resistance thereof with the first conductor is |owered.
[0218] (28) The invention is also the thin filmtransistor substrate
according to the item (26) or (27), wherein the first conductor conprises
the Al layer corfprilsivegte®n ¢ SHSY%hiyp welghirapfsitsherone or two or nore
netal (s) selected fromthe netal group M. [0219] |In the Al |ayer of the
first conductor, (2dheTie®nhesht 0dn fBeilsone tahint A Ot r4vy et alonfpy) ssahect ed
fromthe netal group M is from 0.5 to 5% by weight, preferably from1l to

3% by wei gzt‘ttrahgft.véx%t(:@ﬂéﬁﬂétiﬂgs sliB§srdthan aQa5%orhy sWed Hituctbl JrN-Hes

difficult to restrain the 81 contact resistance between the first and

second CONGLRLAN Sy Qhd Beur ot ot Lok BErCOPLENL 3 TRES.doheR. 536 bY

wei ght, the specific resistance I rst uctor
b hi gh, .0220] D. | ti f i qui.d | dj spl 2) Th
oot on Rera Ry RSl Sl iareL f gt eP el A Ths

a drain, wherein the first conductor comprises an Al layer made of

an Al alloy comprising one or mere metals selected from a metal group
M1 consisted of W, Mo, La, Nb, Fe, Bd, Pt, Ce, Ho and Er to form,
and 1is connected to a second conductor made of a transparent film
electrode through a contact hole made in the insulation film over
the first conductor.

[0209]

The first conductor is made of a layer comprising not only
pure Al or an Al alloy but alsc one or more metals selected from
the metal group M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho
and Er, thereby having a low contact resistance with the second
conductor.

[0210]

About the first conductor, it is alsc preferred to add thereto
Cu, Si, a rare earth element or the like besides Al and the cne or
two or more metal (s) selected from the metal group M1 in order to
restrain the generation of hillocks or improve the corrcsicn
resistance. At this time, it is preferred to control the addition

amount of the third metal into such an extent that the specific
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the thin filmtransistor substrate according to any one of the itens (26)
to (28), and a liquid crystal |layer which is driven by the thin film

transi stor substrate. The second conductor is connected directly to the
first conductor through the contact hole nmade in the insulation film

w thout interposing any |layer having a low light transmttance. Thus, the
liquid crystal display has a high nunerical aperture. The liquid crystal

di splay of the invention produces the sanme effects and advantages as in the
itens (26) to (28) since the liquid crystal display has the thin film

transi st orresulshnad @ rdessrdiked coridReri 18wt (e tRak 28 pOkR2Z1brafpurth
group: neans The above-nenti oned objects of the invention of the fourth

group are ta RSk Bie UpkRYri 8381 5F aNSPAE @Mt £ BLiH 0dBerdid F BRSRALENT
el ectroconductive fil mnade of an anorphous el ectroconductive oxi de

conpri si ng,d.ngi ungxi ge, gﬂ% szééb%dox%?;é £l %Etmﬁ-ﬂi;ﬁfl@%lf Ewé"bdfsééﬂéé *Pn%fcalﬁé‘f terning

the transparent ‘el ettroc uctive et ching ol utrTon such as
a solution of %Xﬁl'c aci.d int ter. Sgﬁfifically, means as descri bed bel ow
are adopt ¥ tHe THAVE E%Hﬁ.g?o%ﬁﬂﬁp * Invention of a TFT substrate (30)
First, the invention is a TFT substrate fora liquid crystal display,
conprising: a trafsharsnfortpsiqais; fogmgdtintd adidsdey whEhering £6iRed over
the transparent substrate, and is nmade nmainly of Al;

an Al alloy target containing one or more metals selected from the

metal group M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and
Er. This Al alloy target is produced by a vacuum melting process,
a spray forming process or the like. An Al alloy thin film formed
by use of this Al alloy target is patterned by etching with a mixed
acid of phesphoric acid, acetic acid andnitric acid, thereby forming
the first conductor.

[0211]

(25) The invention is also the thin film transistor according
to the item (24), wherein the first conductor comprises the Al layer
comprising 0.5 to 5% by weight of the one or two or more metal (s)
selected from the metal group MI1.

[0212]

In the Al layer of the first conductor, the content of the
cne or two or more metal (s) selected from the metal group M1 is from
0.5to 5% byweight, preferably from1l to 3% by weight. If the content
is less than 0.5% by weight, it may be difficult to restrain the
contact resistance between the first and second conductors. On the

other hand, if the content is more than 5% by weight, the specific
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a source electrode fornmed over the transparent substrate; a drain electrode
formed over the transparent substrate; a silicon |layer forned over the
transparent substrate; and a pixel electrode forned over the transparent
substrate, wherein the pixel electrode is an el ectroconductive oxide
cont ai ni ng indi um oxi de, and an oxide or oxides of one or two or nore netal
(s) selected fromthe first group M consisted of W My, N, Nb, Fe, Pt,

Pd, and | ant hanoids, and this pixel electrode is jointed directly to at

| east one electrode selected fromthe group consisted of the gate el ectrode
made mai nlggsdBtancet die wrumbelel ettilodd ignt chrdufrtaimmelyebeeaue hikdit-hert o, a
contact resistance has been generated between the gate |line containing Al
and the transpar@zl3él ectrode or between the source/drain el ectrodes
containing Al and the pixel electrode. However, the addition of W M, N,

Nb, Fe, Pt, Pd, @ndhoentash NANel d5in ks 4-arBessbbl et raeduce the cont act
resi stance. Al GF‘FHQ—AF—__FFﬁV7ﬁﬁﬁTTTTTﬁE—garé—Trﬁé“CUhrarn|ng Al or the

source/ drain el oalr prles 0D g) i glég H?%@m'q}ﬁ[ﬂ%@xx dg@s%'raw gr oups

fromllla to VIII erio e of "a hanoi ased netal if
the Al or Al al Iog i s. made nalnl or_.the |

pr ef er abl o h<ed ] t%&r%ﬁlwtc% %Plé}jféﬂlgl ﬁdk?sdtetla,&le %énéﬁﬁ‘_ﬁ‘%}ﬁm Fﬁg?‘eof

whi ch depends on a desired performance of the Al gate line or the A
sour ce/ dr & 8 s PHIREOVES thR &ERaBRYCT Y SR VLA NG DY) Swsi IR 15€The
content is nore preferably from0.5 to 2. 0% by weight. [0223] |If the
content i st Ifégstthami@:totWwbicweisghny smndfdtect coftaiddgidt inna conductor

group Bl consisted c¢f a gate, a source and a drain, and is further
formed to cover at least the transparent insulating substrate; and
a second conductor formed over the insulation £ilm, wherein the first
conductor comprises an Al layer made of an Al alloy comprising one
or more metals selected from a metal group M1 consisted of W, Mo,
La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the insulation film has a given
contact hole which penetrates through this film in the direction
of the first conductor and second conductcr, the second conductor
is made of a transparent film electrode, and the second conductor
is electrically connected to the Al layer of the first conductor
through the contact hole.

[0214]

The first conductor canbe etchedwitha single etchingsolution
at a time since the conducter is made of a single layer. Therefore,
the thin filmtransistor substrate of the invention canbemore easily
produced.

[0215]
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i s observed, and projections such as a hillock may be generated on the Al
thin film If the content is nore than 5% by weight, the resistance of Al
itself nmay beconme large. [0224] It is sufficient that at |east the gate

conprises Al. O course, it is preferred that the source/drain conprises
Al. The sane effects and advantages as in the case of the gate are
obt ai ned, as descri bed above. [0225] |In the present patent, the wording

"is made mainly of AI" neans that A is contained as a nmain conponent, and
generally nmeans the case that Al is contained at an atom c conposition

rati o of 50% or THROTRCOTATEPGPCTPE1F CPRBETF HYEH? Fohif i ssar QoA 8dBst rat e
according to the item (30), wherein [M] / ([In] + [M]) , which is the

at omi ¢ conpusicehbacBholgt haddfint hee axisdeas}onffidme tretsiorer Wit eimetal (s)
selected from the first group M to indiumin the el ectroconductive oxi de,

is from 0O rbdebe?tberentadtew]Mrigseprreseitiesndhenasoiete {percta, t
weight or unit volune) of the atons of one or two or nore netal (s)

sel ected 44 emnt hachhtehi SHQUPs ML 28Q $e-d Efcdi8PE 8BS BBt SANe yHurRer . (per
unit weight or unit volune) of the atons of indium If the addition anount

is less than 0.0 gihe effect of the addition is small so that the gate
el ectrode nade |n]13} of Al and the transparent el ectrode nmay becone | arge.

In the case that e . . . . . ,
(54} The invention is also the thin film transistor substrate

according to the item (26), wherein the transparent film electrode
comprises any one of indium oxide, tin oxide, indium tin oxide, and
indium zinc oxide, and zinc oxide.

{0217]

In the case that the second conductor comprises any one of
indium oxide, tin oxide, indium tin oxide, and indium zinc oxide,
and zincoxide, the contact resistancethereofwiththe first conductor
is lowered.

[C218]

(28) The invention is also the thin film transistor substrate
according to the item (26) or (27), wherein the first conductor
comprises the Al layer comprising 0.5 to 5% by weight of the one
or two or more metal(s) selected from the metal group MI.

[0219]

In the Al layer of the first conductor, the content of the
one or two or more metal (s) selected from the metal group M1 is from
0.5 to 5% by weight, preferably from1l to 3% by weight. If the content

is less than 0.5% by weight, it may be difficult to restrain the
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source/drain contains A, the contact resistance between the Al

source/drain el ectrodes and the pixel electrode may becone large. On the
other hand, if the addition anpbunt is nore than 0.2, the resistance of the
el ectrodes thensel ves may becone | arge or defectives may be generated when
the el ectrodes are etched and worked. [0227] (32) The invention is also the
TFT substrate according to the item (30) or (31), wherein the

el ectroconductive oxi de conprises an oxide or oxides of one or two or nore
metal (s) selected fromthe second group M2 consisted of tin, zinc,

ger mani um CEHGGar¢3 WHhABESI RREWeeRd enféxp o @nd] sog]d copdirtians -oxPeléhezi ne
oxi de, gernmani um oxi de, and/or gallium oxide is/are added, the

el ect r oconuluctri natg, aff the @irgertotamuuet than Bxbdevariyte abhd espemilfiec

i nproved in accordance with a purpose. Mreover, 85 the addition may nmake it

possi bl e tediaeve dhecte! Ghicng werkKaedifdiirty candudther W=gnsBEbhanceyh [ 0229]
(33) The invention is also the TFT substrate according to the item

(32), wherein [ M]dLdphn] +[M]),which is the atonic conposition ratio of the
oxi de(s) of one or two or nore netal (s) selected from the second group M

to indiumin thﬁ%ghgﬁ%hggggqggggﬁﬁ_%§5d8i ééﬁl'%ﬁgﬁpg.OI_to 0.3 wherein the
[ M] represents wei ght) of the atoms of
one or two of S PR ah(Sle; SOLESNed JIPTANE, FRSAG: IOWP M hatyl S the
the thin film transistor substrate according to any one of the items
(26) to (28), and a liquid crystal layer which is driven by the thin
film transistor substrate.

The second conducter is connected directly to the first
conductor through the contact holemade in the insulation filmwithout
interposing any layer having a low light transmittance. Thus, the
liquid crystal display has a high numerical aperture.

The liquid crystal display of the invention produces the same
effects and advantages as in the items (26) to (28) since the liquid
crystal display has the thin film transistor substrate described
in the items (26) to (28).

[0221]

Fourth group: means

The above-mentioned cbjects of the invention of the fourth
group are attainedbyusing, as a transparent electrode, a transparent
electroconductive film made of an amorphous electroconductive oxide
comprising indium oxide and zinc oxide as components and further

patterning the transparent electroconductive film with an etching
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vol une or unit weight) of the atons of any one or any two or nore of tin,
zinc, germanium and gallium and the [In] represents the nunber of the
atoms of indium If the addition anbunt is |less than 0.01, the effect of the
addition thereof is small. Thus, the resistance may conversely becone

| arge. On the other hand, if the addition amount is nore than 0.3, the

resi stance may becone |arge or the ainmed i nprovenent (of naking the contact
resistance with the Al electrodes snall) may not be easily attained. Wen
the average di aneter of crystal particles in the sputtering target is set
to less t h%tﬁuféoﬁn%u‘t}héssﬁ)ﬁf’tlléﬂ% of feltic @ B8 Warder edPeC P e¥i ng
target wherein nodules are | ess generated. Preferably, when the dianeter is
set to 5 praans kesdesardmi terdiongare axdpateghénethe nodignésoare hardly
generated and overdi scharge is not easily generated can be obtai ned. 86 As
descri bed above, [G2#2]TFT substrate of the invention is useful for
constructing a liquid crystal display capable of naking the contact

resi stance bet ween irnkenekestespdegrgogtiBshiaxe: Al and its pixel electrode
smal|l and attaining half-tone display satistfactorily. A TFT array substrate

in an enbodi ment ¢34 Ghs oM e Qﬁreql%%h'l@%dr#t%%stra'té £ R Bl fled gxanpl e of

the TFT substrate product wherein TFTs (thin filmtransistors) are
arranged i nt n TET. Y. subst te, [0230]
B. Inventr%ﬁﬂ% éq%% ﬁggﬁ %qﬁgﬁé %H? r%ﬁ%h?ﬂ§%|é§eé%rant%

target used at the tine
g 1ds %ormeg over the transparent substrate, and is made mainly of Al;

a source electrode formed over the transparent substrate; a drain
electrode formed over the transparent substrate; a silicon layer
formed over the transparent substrate; and a pixel electrode formed
over the transparent substrate, wherein the pixel electrode is an
electroconductive oxide containing indium oxide, and an oxide or
oxides of one or two or more metal (s) selected from the first group
M1 consisted of W, Mo, Ni, Nb, Fe, Pt, Pd, and lanthanoids, and
this pixel electrode is jointed directly to at least one
electrode selected from the group consisted of the gate electrode
made mainly of Al, the source electrode and the drain electrode.
Hitherto, a contact resistance has been generated between the
gate line containing Al and the transparent electrode or between
the source/drain electrodes containing Al and the pixel electrcde.
However, the addition of W, Mo, Ni, Nb, Fe, Pt, Pd, and/or lanthanoids
makes it possible to reduce the contact resistance. Al or the Al
alloyusedinthegate linecontainingAl or the source/drainelectrodes

containing Al may contain a heavy metal in groups from IIIa te VIIIa
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of producing a pixel electrode which is used in a TFT substrate for a
liquid crystal display and which is for driving the liquid crystal by
sputtering, the pixel electrode being capable of being jointed electrically
to an electrode orwiring made mainly of Al, and the sputtering target being
made of an el ectroconductive oxide conprising: indiumoxide; and an oxide or
oxi des of one or two or nore netal (s) selected fromthe first group M
consisted of W Mo, N, Nb, Fe, Pt, Pd, and | anthanoids. The use of such a
sputtering target makes it possible to produce a TFT substrate having the
above- nentlifofibg ReFiRetigr 8akit evt BvépythangiehTbrped avatiadgé fdierdtleprohl cryst al
particles in the sputtering target is set to less than 10 pm it can be
real i zed tdidbytiemsgeatteeniggf Rar géld, il r Enderedr aheplikeel sy tfargbiywher ei n
nodul es are hardly 87 generated. A pixel electrode wherein the etching

property isedngps eMeck 1 cpiedttdihdariasanird 8O0 . i STHAREOVEKE enarder pladaged.
Preferably, when the average dianeter of the crystal particles is set to 5

pm or | eSYepeAdsPut t £rdNg Aar dekf el fin o RO hat dLy,gengr ajed and
overdischafﬁg FE ﬁ%t easiF%aggnefateéﬁ%éﬁ@bgH%g?zﬁﬁgg.QFgéé%% (35l The

rvent | on J.5,L98-Le SBULEERLNG Lardete ARSOr A0 0 §0.4 e hlgm gL, vher oin

[M]/([In osition rati'o o egOX|de(s)
of one or two or nore netal (s selected fr the first group M to indium
in the el %SEBE%&W@O%P%@,&?@QW A8, B3 tQ 0.03 %?Me?"%?‘gm't'he [M]
represents the nunber (per unit weight or unit volune) of the atons of one
or two or nore [0223]

If the content is less than 0.1% byweight, noeffect of addition
is cbserved, and prcijections such as a hillock may be generated on
the A1 thin film. If the content is more than 5% by weight, the
resistance of Al itself may become large.

[0224]

Itissufficient that at least thegatecomprisesAl. Ofcourse,
it is preferred that the source/drain comprises Al. The same effects
and advantages as in the case cf the gate are obtained, as described
above.

[0225]

In the present patent, the wording “ismade mainly of A1” means
that Al is contained as a main component, and generally means the
case that Al is ceontained at an atomic composition ratio of 50% or
more.

[02286]

{31) The invention is also the TFT substrate according to the

item (30), wherein [M1]/([In] + [M1]), which is the atomic compositicn
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netal (s) selected fromthe first group ML and the [In] represents the
nunber (per unit weight or unit volune) of the atons of indium [0232] If
the addition anmount is |less than 0.005, the effect of the addition is

smal | . The contact resistance between the gate el ectrode mnmade mainly of Al
and the transparent electrode or between the Al source/drain el ectrodes and
the pixel electrode nay becone large. |If the addition anount is nore than

0.2, overdi scharge may be caused at the tine of sputtering or the

resi stance of the electrodes thenselves may becone large. This is because

t hat def ectatuesofrayhcabsdddées) génenatedtwherr theeehentr(Gdesebeetast ¢hed and
wor ked. [0233] 88 (36) The invention is also the sputtering target according

to the itemhe 8#dystogrOiBB M1, tahiateim ihhehe ell eet ré @gENEAE trei 346 d@Xxi Tke feonpr i ses
an oxide or oxides of one or two or nore metal (s) selected fromthe second

group M conRisst&ed . ofyHdrRinzime, éMQF&'éEBbEé&t@@He n}ﬁlﬁsh% weRdhem
oxi de. Wen tin oxide, zinc oxXi ger mani um oxi de, and or gallium oxide

| s/are addgd, i pe, @l GEY rcS)fCQH%‘é“tto&n\é,'é AL éﬁ“éwgloq:%{{/g %‘EH%REY el%)élégg may be

able to be |nprove I'n"accor dance mn urpose ition

P?gngﬁrstl 2‘ E%ﬁ%’ L thﬁﬁ%&g@LF%ﬁ%géégﬁéka%Bpﬁﬁ?yiﬁ%ﬁuBéFtlcles

in the sputterlng t ar get is set to less than 10m it can be realized that
the sputterdiggt Pargett iwliwadepbdthie Sfermeepfngnddiyet wherein nodul es are
hardly

If the addition amcunt is less than 0.005, the effect of the

addition is small so that the gate electrcde made mainly of Al and
the transparent electrode may beccme large. In the case that the
source/drain contains Al, the contact resistance between the Al
source/drain electrodes and the pixel electrode may become large.
On the other hand, if the addition amount is mcre than (0.2, the
resistanceof theelectrodes themselvesmaybecome large or defectives
may be generated when the electrodes are etchea and worked.

[0227]

{32) The invention is also the TFT substrate according to the
item (3CQ) or (31), wherein the electroconductive oxide comprises
an oxide or oxides of one or two or more metal (s) selected from the
second group M2 consisted of tin, zinc, germanium, and galliumbeside
indium oxide.

[0228]

When tin oxide, zinc oxide, germanium oxide, and/cr gallium
oxide is/are added, the electroconductivity of the electroconductive

oxidemaybeabletobe improvedinaccordancewithapurpose. Moreover,
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generated. Preferably, when the average dianeter of the crystal particles
is set to 5 mor less, a sputtering target wherein nodules are hardly
generated and overdi scharge is not easily generated can be obtai ned. [0234]
(37) The invention is also the sputtering target according to the item
(36), wherein [M]/([In] + [M]), which is the atom c conposition ratio of
the oxide(s) of one or two or nore netal (s) selected fromthe second group
M2 to indiumin the el ectroconductive oxide, is fromO0.01 to 0.3 wherein
the [M2] represents the number (per unit weight or unit volunme) of the
atons of dJne Iditieroravprke gg m%?esazlbl@s§o jepeevedherahnhing wadkendlgivup M,
that is, the nunber (per unit weight or unit volune) of the atons of any
one or anyHKMmhertraMHmiUﬁantEn, zinc, germanium and gallium and the [In]
represents the nunber of the atonms of indium If the addition amount is

| ess than 0.01, [ozeceffect of the addition thereof is small. Thus, the res
i stance may conversely becone large. On the other hand, if the addition

anount is nore tan ﬂaéanvéﬂglére&gsglagacghmmbﬁmak@r&%&ﬁlhaec@t ned
i mprovenent (of naklng the contact resistance with the Al el eCtrodes small)

Lo, R S G R RSN o e
St r%r‘]cqoao UI gx:(fcrig?t alof g\/rll"leeroej‘:l @wg hoer ;E-Jlr-esr}ljebtsaflr(at) selected from
the second group M2 to indium in the electroconductive oxide, is
from 0.01 to 0.3 wherein the [M2] represents the number (per unit
volume or unit weight) of the atoms of one or two or more metal (s)
selected from the second group M2, that is, the number (per unit
volume or unit weight) of the atoms of any one or any two or more
of tin, zinc, germanium, and gallium, and the [In] represents the
number cf the atoms of indium.
If the addition amount is less than 0.01, the effect of the
additionthereofissmall. Thus, theresistancemayconverselybeccme
large. On the other hand, if the addition amount is more than 0.3,
the resistance may become large or the aimed improvement (of making
the contact resistance with the Al electrodes small) may not be easily
attained. When the average diameter of crystal particles in the
sputtering target is set to less than 10 um, the sputtering target
canbe rendereda sputtering target whereinnodules are lessgenerated.
Preferably, when the diameter is set to 5 pym or less, a sputtering

target wherein nodules are hardly generated and overdischarge is

not easily generated can be obtained.
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conprises: a transparent substrate; a gate electrode which is forned over
the transparent substrate, and is nmade mainly of Al; a source electrode
formed over the transparent substrate; a drain electrode forned over the
transparent substrate; a silicon layer fornmed over the transparent
substrate; a pixel electrode, for driving the liquid crystal, which is
formed over the transparent substrate; and a transparent el ectrode for
protecting the gate el ectrode and the source/drain electrodes, wherein the
pi xel electrode or transparent electrode is an electroconductive oxide
cont ai ni ng: i ndiAsnadirdbed sdmwdeanhedifieubstoxides tok iowenoioh we usefnbr e
netal (s) selected from 90 the first group M consisted of W M, N, Nb,
Fe, Pt, Pdioradulsaniibaneddsiquaddrysisl @i selavetgeneds mikihbanspaneatt

el ectrode is jointed directly to at |east one electrode selected fromthe

group consiestiedantethorw st 818l 86L£QARIJIRABL PR M 1y %fl Aha 1P& saunce
el ectrode and the drain electrode. [0236] Hlther a relati'vely large

contact 1 esiakaaae fs 0888 o @sgﬁiﬁ%qi\?ewﬁeeﬁl gasta%lskgstgp finhng Al

and the transparent ectro sourceé n elrec ‘However,

the additi d, .an nt hanoi, ds kes it
possi bl e qf)ng FRC u?ﬁ%r%}aﬁ &8 %eﬁfﬁﬁ‘gﬁga&hlf: st]t]aﬁ%éiesf:ﬁl}l)ﬁ%qaﬁgé " wher e
the source/drain contains A, the addition of W M, N, Nb, Fe, Pt, Pd,
and/ or | anthanvieferrakexarplpsafsthe APl s uhstaasmal IR phedwa weerein fRS cont act

resistance with the source/drain electrodes containing A . In this way, in
a liquid cttysnafildi spirsyi steirng arkiss rEEfed dbsbraat & ray formon a substrate

is a TFT array substrate.
[0230]

B. Invention of a sputtering target

(34) The invention is a sputtering target used at the time
of producing a pixel electrode which is used in a TFT substrate for
a liquid crystal display and which is for driving the liquid crystal
by sputtering, the pixel electrode being capable of being jointed
electrically to an electrode orwiring made mainly of Al, and the
sputtering target being made of an electroconductive oxide
comprising: indium oxide; and an oxide or oxides of one or two or
more metal (s) selected from the first group M1 consisted of W, Mo,
Ni, Nb, ¥e, Pt, Pd, and lanthancids.

The use of such a sputtering target makes it possible to produce
a TFT substrate having the above-mentioned structure effectively,
When the average diameter of crystal particles in the sputtering
target is set to less than 10 um, it canbe realized that the sputtering

target is rendered a sputtering target wherein nodules are hardiy
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t he contact resistance between the gate line containing Al and the
transparent el ectrode or between the source/drain electrodes containing Al
and the pixel electrode is reduced and the quality of half-tone display is
i nproved. [0237] (39) the invention is also the liquid crystal display of
the item (38) according to claim13, wherein [M]/([In] + [M]), which is
the atom c conposition ratiooftheoxide(s) ofthenetal (s) selected fromthe
first group M to indiumin the electroconductive oxide, 91 is from 0.005
to 0.2 wherein the [%b¥ represents the nunber (per unit weight or unit

vol une) of2F K&z ns ot SIS 16 LERES Bhe At it B (W Prapsrsted PrEHT E he
first group M_and the [In] represents the nunber (per unit weight or unit
vol une) ofanchehatsaRspt fangieurs 1nprevrd aaribeirsivdamstnt Hrefessbly hahen. 005,
the effect of the addition is small so that the contact resistance between

the gate iwlecatede dhamete of thef c Alstaldpd el dicansparenio Bliechr adespr
between the Al source/drain electrodes and the pixel electrode nay becone

| arge. On ¢ hpuetbeindatthgdtl whBee atldidduarsagpentat$l yRe@et-Boad Cardi
overdi scharge naybe caused at the tinme of sputtering or the resistance of

the el ect radas;iLRRABEL VES IR <RECOPEdRAG8 eq DRI RO G5 ATRYAl SO be

generated when the elfectrodes are etched and worked. |If the addition anpunt
is nore than O'ZOZ%Hi quality of half-tone display nmay deteriorate when the
l'iquid crystal dgspl y is driven. [0238] (40) The invention is also the

| i qui r | dj_spl rdi.ng . . .
quid crysta dtﬁﬂ @Xeafﬁ§éé%lo% is also the sputtering target according

to the item (34), wherein [M1]/({In] + [M1]), wnich is the atomic
composition ratio of the oxide(s) of one or two or more metal (s}
selected from the first group M1 to indium in the electroconductive
oxide, is from 0.005 to 0.2 wherein the [M1] represents the nurber
(per unit weight or unit volume) of the atoms of one or two or more
metal (s) selected from the first group M1 and the [In] represents
the number (per unit weight or unit volume) of the atoms of indium.

[0232]

If the addition amcunt is less than 0.005, the effect of the
additicnis small. Thecontact resistance between the gate electrede
made mainly of Al and the transparent electrode or between the Al
source/drain electrodes and the pixel electrode may become large.
If the addition amount is more than 0.2, overdischarge may be caused
at thetimeof sputteringortheresistanceof theelectrodesthemselves
may beccme large. This is because that defectives may alsc be
generated when the electrodes are etched and worked.

{0233]
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totheitem (38) or (39), wherein theel ectroconductiveoxi deconprises an oxide
or oxides of one or two or nore netal (s) selected fromthe second group M
consisted of tin, zinc, gernmanium and gallium beside indium oxide. Wen
tin oxide, zinc oxide, germanium oxide, and/or gallium oxide are added, the
el ectroconductivity of the el ectroconductive oxide nmaybe able to be

i nproved in accordance with a purpose. Mireover, the addition may nake it
possible to inprove the etching workability 92 and the transmittance in
sone cases. \Wen the average dianeter of crystal particles in the sputtering
target is set td3peésthe Haywen0ipmistalsantbhe smdltierédyt bargathecspudiedi ng
target is rendered a sputtering target wherein nodules are hardly

gener at ed.coWhen tiein (33! ) use@ ) g Wreaddae ha dliequirdecaidsitdvedixs peaympt hees
obtained liquid crystal display is a liquid crystal display wherein display

defects are besge genskiiedor el er-ably orWieit hBea dver ageectbarminr tid the
crystal particles is set to 5 Wh or less, a sputtering target wherein

nodul es ary cB{i}\ﬁ‘é‘;‘gXﬁPgWé&%ﬁ%t%ﬁdofﬂfﬁ,gE%ﬁ@aég?mérzimgo%?cgglﬁgi¥u198@§i[é‘é ed can

be obt ai ned. i's sputtering target s used, crystal display
wherein d%%@Lﬁ% defects are even |ess generated can be produced. [0239]
(41) The i eht'i 2%9% al so the liquid crystal display according to the item
(40), wherein [M2]/([In] + [M]), which is the atom c conposition ratio of
the oxi de(s) of WKE vt &xigs) Zleekédef (AFIEREUN Sudsifed Fr&RF MBLLEUT ndi um
in the electroconductive oxide, is from

oxide is/are added, the electroconductivity of the electroconductive

oxidemaybeabletobe improved inaccordancewithapurpose. Moreover,
the addition may make it possible to improve the etching workability
and the transmittance in some cases.

Whentheaveragediametercfcrystalparticlesinthesputtering
target is set to less than 10 um, it canbe realized that the sputtering
target is rendered a sputtering target wherein nodules are hardly
generated. Preferably, when the average diameter of the crystal
particles is set to 5 um or less, a sputtering target wherein nodules
are hardly generated and overdischarge is not easily generated can
be obtained.

[0234]

(37) The invention is also the sputtering target according
to the item (36), wherein [M2]/([In] + [M2]), which is the atomic
composition ratio of the oxide(s) of one or twe or more metal (s)
selected from the second group M2 to indium in the electrocenductive
oxide, is from 0.01 to 0.3 wherein the [MZ] represents the number

(per unit weight or unit volume) of the atoms of one or two or more

89



0.01 to 0.3 wherein the [M2] represents the nunber (per unit weight or unit
vol une) of the atons of one or two or nore netal (s) selected fromthe
second group M2, that is, the atons of any one or any two or nore of tin,
zinc, germanium and gallium and the [In] represents the nunber (per unit
wei ght or unit volune) of the atons of indium If the addition anount is

| ess than 0.01, the effect of the addition thereof is small. Thus, the
resi stance nmay conversely becone 93 large. On the other hand, if the
addition amount is nore than 0.3, the resistance may becone |arge or the
ai med i npreaiedeRt fofearekli fipm the seenndcrotesiast shee iwi t the hemidr dpect r odes
small) may not be easily attained. [0240] D 1. Invention of a pixel

el ectr ode drhe tveliybwi awg uniik| vdbses)i o€ the sttamscblr enpfor@nor nventtiwoncef a
pi xel electrode. The invention which will be described belowis a pixel

el ect r ode msedoi e e zahey ergriahi onethnt-Fa sUPSL r ahe and (58] Apreadref fects
and advant ages thereof are equivalent to those of the above-nentioned TFT

substrate.@ﬁ%aﬁgbgg.O%q%#;kﬁﬁﬁéZEfTYﬁai vention is a pixel electrode for

driving a crysta Ich'is used in a TFT substrate, fora liquid
crystal display, nprising: a transparent substrate; .a e ele ode
which is forned Ifo%@? ¥ lﬁ%&héﬁ%?%%tlss Bi?rtzlaél, baﬁﬁj’ i?errgg%e%iorﬁcw%f A a
source electrode forned over _the transparent substrate; a drain el ectrode

formed ovetddiftdonitarspat dacradbst rile; LR IFFi s bR TIJRY CEHIGHRSE LavRscome

large. O©On the other hand, if the addition amount is more than 0.3,
the resistance may become large or the aimed improvement (of making
the contact resistance with the Al electrodes small) maynot be easily

attained.
[0235]

C. Invention of a liquid crystal display

{38) The invention is a liquid crystal display provided with
a TFT substrate and a ligquid crystal, wherein the TFT substrate
comprises: a transparent substrate; a gate electrode which is formed
over the transparent substrate, and is made mainly of Al; a source
electrode formed over the transparent substrate; a drain electrode
formed over the transparent substrate; a silicon layer formed over
the transparent substrate; a pixel electrode, for driving the liquid
crystal, which is formed over the transparent substrate; and a
transparent electrode for protecting the gate electrode and the
source/drain electrodes, wherein the pixel electrode or transparent
electrode is an electroconductive oxide containing: indium cxide,

and an oxide or oxides of one or two or more metal (8) selected from
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the transparent substrate; the pixel electrode forned over the transparent
substrate; and a transparent electrode for protecting the gate el ectrode,
the source electrode and the drain electrode; the pixel electrode being an
el ectroconducti ve oxide containing indiumoxide, and an oxi de or oxides of
one or two or nore netal (s) selected fromthe first group M consisted of
W M, N, No, Fe, 94 Pt, Pd, and | anthanoi ds; and the pixel electrode being
j ointed directly to the gate electrode made nmainly of A, the source
electrode or the drain electrode. [0242] (43) The invention is also the

pi xel el ectirobierseworagiMigedres 1 stied Attt o, 482),, Nowhesr ef tn, PdM diid [amihandilk] ) ,
which is the atomc conposition ratio of the oxide(s) of one or two or nore

metal (s) sedesiegikebaitberddd st tgansnMnttal ddtdiodmiisydited directly
el ectroconductive oxide, is fromO0.005 to 0.2 wherein the [M] and the [In]

are as deggrithed,abeye. o{ 0243 (4Mcdhe f'r&;{edﬂé 8Rolis @Arﬁsqstcla@ & Xk

el ectrode according to the item(42) or , Whereint

el ectrocon ée'%cectfgat‘?ﬁd}emgﬁgﬂ{ aiity o fﬂl‘”é'ng A X ec,scd: OJE}‘.?d RheldiR 0" More

metal (s) sec Foup M CONsis Zinc,
ger mani um nq: | I'i um besi de !ndiun1OX|de: [0244] (45) The invention is
al so the p?ﬁ%fI%%@Ctrode_accordlng to the item (44), wherein [M]/([In] +
[M2]), which is E&Eﬁ%ton]c
Hitherto, a relatively large contact resistance has been
generated between the gate line containing Al and the transparent
electrode or the Al source/drain electrodes. However, the addition
cf W, Mo, Ni, Nb, Fe, Pt, Pd, and/or lanthanoids makes it possible
to reduce the value of the contact resistance. 1In the case where
the source/drain contains Al, the addition of W, Mo, Ni, Nb, Fe,
Pt, Pd, and/or lanthanoids makes it possible to make small the value
of the contact resistance with the source/drainelectrodes containing
Al. Inthisway, inaliquidcrystal displayusing this TFT substrate,
the contact resistance between the gate line containing Al and the
transparent electrode or between the source/drain electrodes
contzining Al and the pixel electrode is reduced and the quality
of half-tone display is improved.
[0237]
(39) the invention is also the liquid crystal display of the
item (38) according to claim 13, wherein {[M1]/([In] + [M1]), which

istheatomiccompositionraticoftheoxide (s) cf themetal (5) selected

from the first greoup M1 to indium in the electroconductive oxide,
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conposition ratio of the oxide(s) of one or two or nore netal (s) selected
fromthe second group M2 to indiumin the el ectroconductive oxide, is from
0.0 t00.3wherein the [M] and the [In] are as described above. [0245] 95
D-2. Invention of a transparent electrode The following will describe the
structure of an invention of a transparent electrode. [0246] (46) The
invention is a transparent electrode, which is used in a TFT substrate, for
a liquid crystal display, conprising: a transparent substrate; a gate

el ectrode which is formed over the transparent substrate, and is nade

mai nly of 18 framsBude tel Ecir vaerefrortned (Yl br represenaasphe entrsubdpeat e; a
drain electrode formed over the transparent substrate; a silicon |ayer

f or med ovemitthes tghanspanéntvol subs bf atre ateonm ¥Ebnelactwode rbeenmedadver t he
transparent substrate; and the transparent el ectrode for protecting the

gat e el ectdendetedt heons e G8 relegidigda] an the [dral Regtafdtradene tifber
transparent el ectrode being an el ectroconductive oxide containing indium

oxi de, ang,&h 9] xdes i of vongdr r ak; sel ected from
the first gjrouggatd‘g%%rimgt ed O%QVQII I\/b,&Nio?f\/\ﬁlg,8 %%&ngto@eggblg:ﬁé | ant hanoi ds;

and e, anspargtLaghiods BRDR AOUILSS hACEX, 4, Lbecants shect ode

addition is small so that the contact resistance between the gate
electrode made mainly of Al and the transparent electrode or between

the Al source/drain electrodes and the pixel electrode may become

large. On the other hand, if the addition amount is more than 0.2,
overdischargemaybe caused at the time of sputteringor the resistance

of the electrodes themselves may become large. Defectives may alsc

be generated when the electrodes are etched and worked. If the
addition amount is more than 0.2, the quality of half-tone display

may deteriorate when the liquid crystal display is driven.

[0238]

(40) The invention isalsothe liquidcrystal displayaccording
totheitem (38) or (39), whereintheelectroconductive oxidecomprises
an oxide or oxides of one or two or more metal (s) selected from the
second group MZ consisted of tin, zinc, germanium, and galliumbeside
indium oxide.

When tin oxide, zinc oxide, germanium oxide, and/or gallium
oxide are added, the electroconductivity of the electroconductive

oxidemaybeabletobe improvedinaccordancewithapurpose. Moreover,

the addition may make it possible to improve the etching workability
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(47) The invention is also the transparent electrode according to the item
(46), wherein [M]/([In] + [M]), which is the atomc conposition ratio of
the oxide (s) of the netal (s) selected fromthe first group ML to indium
in the electroconductive oxide, is from96 0.005 to 0.2 wherein the [M] and
the [In] are as described above. [0248] (48) The invention is also the
transparent el ectrode according to the item (46) or (47) , wherein the

el ect roconductive oxide conprises an oxide or oxides of one or two or nore
metal (s) selected fromthe second group M2 consisted of tin, zinc,

ger mani umaghdhgaltrpnsmbetsinge inndbmen @xdsde. [ 0249]  (49) The invention is
al so the transparent el ectrode according to the item 48, wherein [M]/([In]
+ [ M2]), which ivhdrheheat viage diamposrbifenysahl paofid e oxtidesfis)teafinghe
metal (s) selected fromthe second group M2 to indiumin the

Lot . L de i 0 " ‘ |
el ec rOCOfS‘gér&iQ%tvfs 90Xt €8 1és%2€5r%a]9m£ ,9? %tk:%n%e%%@ﬁr gt Hahte HMdudng ihge [1n]

are as de ed above. | . I'nvention of a process for producing a

TFT subst r@gfq%( 3% J&?dé%\seaté ﬂe%iﬁgpﬁegfge‘éts whke P QG R greéf g%;ltrgwst rate,

conprising: t step of depositing t ectroconducti ve oxi t he

transparent_ substrat t he formng a thin.filmof the electroconductive
oxi de; andé?ﬁgggfgp o}“% C ﬁ%%u?%%g?égﬁﬁﬁcFﬁ1%lq¥} ﬁ%gfp?%ngPan’%%e

el ectroconduct. ve gfide wi th an aqueous soluytion containing oxalic acid,
t her eby foPRfid@eCherdHichspurent dbPBLRY @ 11quid crystal display wherein

display defects are less generated. Preferably, when the average
diameter of the crystal particles is set to 5 ym or less, a sputtering
target wherein nodules are hardly generated and overdischarge is
nct easily generated can be obtained. When this sputtering target
is used, a liquid crystal display wherein display defects are even
less generated can be preduced.

{0239]

(41) The inventionisalsothe liquidcrystal display according
to the item (40), wherein [M2]/([In] + [M2}), which is the atomic
composition ratic of the oxide(s) of the metal (s) selected from the
second group M2 to indium in the electrocenductive oxide, is from
0.01 to 0.3 wherein the [M2] represents the number (per unit weight
or unit volume) of the atcms of cne or two or more metal {s) selected
from the second group M2, that is, the atoms ¢f any one or any two
ormore of tin, zinc, germanium, and gallium, and the [In] represents
the number (per unit weight or unit volume) of the atoms of indium.

If the addition amount is less than 0.01, the effect of the

additionthereofissmall. Thus, theresistancemayconverselybecome
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Even if the source electrode or the like is made of A, such a structure
makes it possible to prevent the source electrode or the |ike which
contains Al fromeluting out when the transparent 97 electrode is forned
(when the transparent electrode is etched). Such an effect/advantage is
produced in the sane manner by the followng invention using a different
etching solution. [0251] (51) The invention is also a process for producing
a TFT substrate, conprising: the step of depositing the el ectroconductive
oxi de onto the transparent substrate, thereby formng a thin film of the
el ectr ocoﬁ]’dif@tei‘ve@%igae‘?t dH’f“Pi ‘ sllfef)h%@déill#?rh&miohlé‘ fof M2de YHhOf Pt m of

t he el ectroconductive oxide with an aqueous solution containing phosphoric
aci d, acet§R® AEPHENFENTRY PECABE t21HIFPehye FHaR HEPYMERTEnsphreking

el ectrode. [0252] (52) The invention is also a process for producing a TFT
subst r at e, theoppirtiasitegg s itstanseep thft hddplos i e¢tmpdeisestel 1d¢ tmapcoridbe teizge Ly oxi de
onto the transparent substrate, thereby forming a thin film of the

el ect r ocorehuctiinee . oxi de; and the step of etching the formed thin film of

t he el ectroconductive oxide with an aqueous solution containing a cerium
al um num sal t of[gz4qoni c acid, thereby formng the transparent electrode.
[0253] As the nethod for formng the filmof the transparent el ectrode

(eIectroconductigua.o§hgg%tiggug¥'adgggéitéfgbtr%agttering, CVD,

The following will describe the structure of an invention of
a pixel electrode. The invention which will be described below is
a pixel electrode used in the above-menticned TFT substrate and so
on, and effects and advantages thereof are eguivalent to those of
the above-mentioned TFT substrate and so on.

[0241]

(42) The invention is a pixel electrode for driving a liquid
crystal, whichisusedinaTFT substrate, foraliquidcrystal display,
comprising: a transparent substrate; agate electrode which is formed
over the transparent substrate, and is made mainly of Al; a source
electrode formed over the transparent substrate; a drain electrode
formed over the transparent substrate; a silicon layer formed over
the transparent substrate; the pixel electrode formed over the
transparent substrate; and a transparent electrode for protecting
the gate electrode, the scurce electrede and the drain electrode;
the pixel electrode being an electroconductive oxide containing
indium oxide, and an oxide or oxides of one or two or more metal (s)

selected from the first group M1 consisted cf W, Mo, Ni, Nb, Fe,
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spraying, dipping or the |ike can be used. It is particularly preferred to
adopt sputtering. 98 [0254] F. Kind of |anthanoids (53) The invention is

al so the process for producing the TFT substrate, the sputtering target for
produci ng a transparent electrode, the liquid crystal display, the pixe

el ectrode, the transparent electrode, or the TFT substrate according to any
one of the itens (30) to (52) , wherein the |lanthanoid (s) are one or nore
| ant hanoi ds sel ected from Ce, Nd, Er and Ho. Advantageous effects of the
invention [0255] First group: advantageous effects As described above, in

t he transpgdrdift, aslddetntbeonddet avethe pixel alederadsd beifrid jnintedsiistor 1y
substrate of the invention, residues resulting frometching by use of a

weak aci d tcstibb astarclecgande madd chaiale barall,y tpenevated othenrbhe $rlmis
produced. Therefore, the thin filmtransistor substrate of the invention is
excel | ent tHengwet kKabidddpsgeand the yield thereof is inproved. Mreover, the
thin filmtransistor liquid crystal display of the invention exhibits an

i mproved produc%b@QZ?fficiency since the display has the above-nentioned
thin filmtransistor substrate. [0256] According to the process of the

nventi on for prodycing a Lo, Tl miransl stor, substrate. resigues or the

the item (42), wherein [M1]/{([In] + [M1]), which is the atomic
composition ratio of the oxide(s) of one or two or more metalis)
selected from the first group M1 to indium in the electroconductive
oxide, is from 0.005 to 0.2 wherein the [M1l] and the [In] are as
described above.

[0243]

(44) The invention is also the pixel electrode according to
the item (42) or (43), wherein the electroconductive oxide comprises
an oxigde or oxides of one or two or more metal (s) selected from the
second group M2 consisted of tin, zinc, germanium, and gallium beside
indium oxide.

[0244]

(45) The invention is also the pixel electrode according to
the item (44}, wherein [M2]/({In] + [MZ]), which is the atomic
composition ratio of the oxide(s) of one or two or more metal(s)
selected from the second group M2 to indium in the electroconductive
oxide, isfrom0.01to (.3 whereinthe [M2] andthe [In] areasdescribed
above.

[0245]
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of the transparent el ectroconductive filmby use of a given acidic 99
etchant are hardly generated. Accordingly, the thin filmtransistor
substrate can be effectively produced. [0257] Second group: advant ageous
effects The invention of the second group has been nmade in light of the
above-nenti oned probl ens which the prior art has. A transparent

el ectroconductive material containing the specific netal (s) is used for a
pi xel el ectrode and a transparent el ectrode, thereby enabling to control
the contact resistances between the Al gate and the transparent el ectrode
and bet ween t heDaE- s by g ol AnHCAMEPATeRS| eleflredende into small val ues
even if a barrier netal or the like is not used. [0258] As a result, the
nunber of stepsTherfahewingductl dascaibdhéhergductdreCohsagirraribiont b
process for producing a TFT (thin film transistor) substrate can be nade
sinple. [@25%hnstvemd feleherbdansparent el ectroconductive (filn) material is
brought into direct contact with an Al gate or Al source/drain electrodes
in the inventiongghethe second group, the contact resistance generated
therein can be made into a small value. Thus, a liquid crystal display

Mhoge) " M2 - tonaefi il a4vEAD &P 133 kILACLELLLY o1BLL ALASTA20n A% BEQY! ded.

in a TFT substrate, for a liquid crystal display, comprising: a
transparent substrate; a gate electrode which is formed over the
transparent substrate, and is made mainly of Al; a source electrode
formed over the transparent substrate; a drain electrode formed over
the transparent substrate; asiliconlayer formedover the transparent
substrate; a pixel electrode formed over the transparent substrate;
and the transparent electrcde for protecting the gate electrode,
the scurce electrecde and the drain electrode; the transparent
electrode being an electroconductive oxide containing indium oxide,
and an oxide or oxides of one or two or more metal (s) selected from
the first group M1 consisted of W, Mo, Ni, Nb, Fe, Pt, Pd, and
lanthanoids; and the transparent electrode being jointed directly
to the gate electrode made mainly of Al, the socurce electrode or
the drain electroce.

[0247]

(47) The invention is also the transparent electrode according
to the item (46), wherein [M1]/([In] + [M1]}, which is the atomic
composition ratio of the oxide (s) of the metal(s) selected from the

first group M1 to indium in the electroconductive oxide, is from
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100 In the above-nenti oned description about the invention of the se
group, there is a description section depending on relationship wth Al.

| nst ead of
pr oduci ng

Al in this description section, Ag my be used, thereby
substantially the same effects and advantages. This matter

be described in detail in working exanples. [0261] Third group:

advant ageous effects As descri bed above,

i nvention
substrat e,
conduct or

of the third group for producing a thin filmtransistor
the first conductor can easily be etched since the first
0.600%ptd b wherdin alhleoyMtbrtndi theng Inleaspec Hescnital absye.

this reason, athin filmtransistor substrate can be nore easily pro
at lower costs. [[02282] |In the thin filmtransistor and the thin film

t ransi st or
conduct or
t her ef or e,
connect ed

i nsul ati on

[0263] In

substrate of the invention of the third group, the first
conpr i43§SrHeh AIntaldho)s £ BhdIt P ddteriReci dd & iRt hing

cond

will

according to the process of the

For
duced

the contact resistance is | ow when the second conductor is

tott?ﬁt frr'c]?‘en{:! Lo LOMIUGE ! reetiFk.rt%QJle%@SSE(?H&@&éiJéOAﬁc{%c%ﬁgrgﬁ%g

urt her nor’e, I rst conductor can easl

he i, qui d . di spl f the i i f.th ird
t he seconaat%gﬁa%%?d rofgié{%%%ﬁe%%%% rgﬁ(cgcotrlt @g{%%\éﬁgakgpg‘ﬂ%&%aﬂo&w t?%

the contact hole fornmed in the insulation film 101

second group M2 consisted of tin, zinc, germanium, and galliumbeside
indium oxide.

[0249]

(49) The invention is also the transpaxrent electrode according
to the item 48, wherein [M2]/([In] + [M2]), which is the atomic
composition ratio of the oxide(s) cf the metal (s) selected from the
second group M2 to indium in the electroconductive oxide, is from
0.01 to 0.3 wherein the [M2] and the [In] are as described above.

[0250]

E. Invention of a process fcr producing a TFT substrate

(5) The invention is a prccess for producing a TFT substrate,
comprising: the step of depositing the electroconductive oxide onto
the transparent substrate, thereby forming a thin film of the
electrocconductive oxide; and the step of etching the formed thin
film of the electroconductive oxide with an agueous solution
containing oxalic acid, thereby forming the transparent electrede.

Even if the source electrode or the like is made of Al, such
a structure makes it possible toc prevent the source electrode or

the like which contains Al from eluting out when the transparent
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w t hout interposing any |ayer having a low light transm ttance. Thus, the
di splay has a high nunerical aperture. [0264] Fourth group: advantageous
effects As described above, the invention of the fourth group has been nade
in light of the problens which the prior art has. A transparent

el ectroconductive material containing the specific netal (s) is used for a
pi xel el ectrode or transparent electrode, thereby enabling tomake the
process for producing a TFT (thin f ilntransistor) substrate sinple. [0265]
According to the invention of the fourth group, even if a gate containing
Al and a edentpadent felrmedrigtien the taagspacelidedént rotntaeheimed)Al &nch a pi xel
el ectrode are caused to contact each other directly or are jointed directly

to each otidressfdde aconhasde riespadédnes it tkebahswanneamybenedatinokieg into a
| ower value than in the prior art. Thus, a liquid crystal display capable

of attainijpgehal bntoneg di apkayr&an Henkhgvisad:iddri ef Description of the
Drawings [0266] [Fig. 1] This is a sectional view of a vicinity of an

a-Si TFT active[@ggﬁﬁx substrate in each of present Exanples 1-1 to 1-3.
[Fig. 2] This is a sectional viewof a vicinity of an a-Si TFT active matrix
substrate |0 presentomed L SL B0 8145 L A02LE 85 HodlhSsg {Figr 3 (1

substrate, comprising: the step of depositing the electroconductive
oxide onto the transparent substrate, thereby forming a thin film
of the electroconductive oxide; and the step of etching the formed
thin film of the electroconductive oxide with an aqueocus solution
containing phosphoric acid, acetic acid and nitric acid, thereby
forming the transparent electrode.

[0252)

(52) The invention is alsc a process for producing a TET
substrate, comprising: the step of depcsiting the eiectroconductive
oxide onto the transparent substrate, thereby forming a thin film
of the electroconductive oxide; and the step cf etching the formed
thin film of the electroccnductive oxide with an aqueocus solution
containing a cerium aluminum salt of nitric acid, thereby forming
the transparent electrode.

[0253]

As themethed for forming the filmof the transparent electrode
(electroconductive oxide), vapor depeosition, sputtering, CVD,
spraying, dipping or the like can be used. It is particularly

preferred to adopt sputtering.
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explanatory view illustrating a situation of a first filmformation in
present Exanple 2-9. [Figs. 4] These (Fig.4 (1) and Fig.4 (2)) are each an
explanatory view illustrating a situation of a second filmformation in
present Exanple 2-9. [Figs. 5] These (Fig.5 (1) and Fig.5 (2)) are each an
explanatory view illustrating a situation of a contact resistance
measurenment in present Exanple 2-9. [Figs. 6] These (Fig.6 (1) and Fig.6
(2)) are explanatory sectional views illustrating the step of producing a
TFT array substrate in present Exanples. [Figs. 7] These (Fig.7 (1) and
Fig.7 (2)) are di%fddent explanatory sectional views illustrating the step
of producing the TFT array substrate in present Exanples. [Fig. 8] This is
a sectional proesgiebasft lddtisinoatisng the step of producing the TFT array
substrate in present Exanples. [Fig. 9] This is a wiring diagram

i Ilustrating thesextenaahvappesh ancg] 86 tWel pAE-Ofs 2cKelpddicRab @l Tird _
present Exanples, and a situation of a neasurenent thereof. [Fig. 10] This

is a secti Lew AR i t S he
formation o %gréﬁgteﬁﬁagﬁxg%ﬁgkég %gr r§~§ ggamgﬁﬁgﬁai%%gﬁ%&%ﬁgg%ss of
pr oduci ng liquid crystal flat display in the present enbodi nent. 103
DFig. 11] SHREEIPESs SR oRar GFEnor B SPrayni Ty oel SIEPTRSCarchs st age
when the formation of a pattern of a pixel electrode is

transparent electrode, or the TFT substrate according to any one

of the items (30) to (52), wherein the lanthanoid(s) are one or more
lanthanoids selected from Ce, Nd, Er and Ho.
Advantageous effects of the invention

[0255]

First group: advantagecus effects

As described above, in the transparent electroconductive film
in the thin film transistor substrate of the invention, residues
resulting from etching by use cf a weak acid {such as an organic
acid) are hardly generated when the film is produced. Therefore,
the thin film transistor substrate of the invention is excellent
in workability, and the yield thereof is improved. Moreover, the
thin filmtransistor liquidcrystal display of the invention exhibits
an improved production efficiency since the display has the
above-mentioned thin film transistor substrate.

[0256]

According to the process of the inventicn for producing a thin
filmtransistor substrate, residuesorthelike resulting frometching

of the transparent electroccnductive film by use of a given acidic
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ended in the process of producing a liquid crystal flat display in the

prior art.

Expl anati on of reference nunbers [0267] 1 glass substrate

gate electrode [0] 3 gate insulation film [0] 4 a-Si:H(i) film [0]
channel protection film [0] 6 a-Si:H(n) film [0] 7 drain el ectrode
source el ectrode 9 transparent electroconductive film 10 transparent

resist 11

[0] 2
5
8
resin

reflecting el ectrode 104 12 gate electrode wiring 100 a-Si TFT
active matri x substrate 102 gate el ectrode 107 drain el ectrode

etchant are hardly generated. Accordingly, the thin filmtransistor
substrate can be effectively produced.
[0257]

Second group: advantageous effects

The invention of the second group has been made in light of
the above-mentioned problems which the prior art has. A transparent
electroconductive material containing the specific metal (s) is used
for a pixel electrode and a transparent electrode, thereby enabling
to control the contact resistances between the Al gate and the
transparent electrode and between the Al source/drain and the pixel
electrode inte small values even 1if a barrier metal or the like is
not used.

[0258]

As a result, the number of steps for the preduction can be
reduced. Consequently, the process for producing a TET (thin film
transistor) substrate can be made simple.

[0259]

Even if the transparent electroconductive {film) material is
brought into direct contact with an Al gate or Al source/drain
electrodesinthe inventionof the secondgroup, the contact resistance
generated therein can be made into a small value. Thus, a liquid
crystal display wherein half-tone display can be satisfactorily
attained can be provided.

[0260]
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108 source el ectrode 200 a-Si TFT active matrix substrate 1100 slide gl ass
1102 mask for a first filmformation 1104 Al pattern 1106 mask for a second
filmformation 1108 netal oxide 1110 first contact resistance neasuring
substrate 1120 second contact resistance nmeasuring substrate 2001
transparent insulating substrate 2002 gate el ectrode 2004 gate insulation
film2005 sem conductor layer a-Si film 2006 sem conductor |ayer n+ a-S
film 2007a drain el ectrode 2007b source el ectrode 2009 interl ayer
insulation film 2010 contact hole 2011 pi xel electrode 2021 TFT section
105 2022 terni naln Seetiore-RIO0ONET Geseripsdbstatatis tIg00aventbism slibber at e
3002 gate el ectrode 3002a gate el ectrode wring

secondgroup, thereisadescriptionsectiondependingonrelationship

with Al. Instead of Al in this description section, Ag may be used,

thereby producing substantially the same effects and advantages.

This matter will be described in detail in working examples.
(02611

Third group: advantageous effects

As described above, according to the process of the invention
of the third group for producing a thin film transistor substrate,
the first conductor can easily be etched since the first conductor
comprises the Al alloy containing the specific metal(s). For this
reason, a thin film transistor substrate can be more easily produced
at lower costs.

[0262]

In the thin film transistor and the thin film transistor
substrate of the invention of the third group, the first conductor
comprises the Al alloy containing the specific metal (s); therefore,
the contact resistance is low when the second conductor is connected
to the first conductor through the contact hole made in the insulation
film. Furthermore, the first conductor can easily be etched.

[0263]

In the liquid crystal display of the invention of the third
group, the second conductor is connected directly to the first

conductor through the contact hole formed in the insulation film
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3003 gate insulation film 3004 a-Si:H(i) film3005 gate insulation film
3006 a-Si:H(n) film 3007 source electrode 3008 drain electrode 3009 pi xel
el ectrode pattern 3010 transparent resin resist 3012 contact hole 3014
gate line | eading-out section 3016 source/drain |line |eading-out section
Best Mbde for Carrying Qut the Invention [0268] First group: exanples
Preferred exanpl es of the present enbodi nent of the first group wll be
descri bed hereinafter, using the drawings. [0269] "Exanple 1-1" 106 Fig. 1
illustrates a sectional view of a vicinity of an a-Si TFT (anorphous silicon
thin fil miyAesrsnsPyrasityanyrbd Ye xhausta el Lot yaniéE tERGPpl dhusy.
Metallic Al was deposited onto a |ight-transm ssible glass substrate 1 by
hi gh-frequercylispliayerasg highasumerimnle agpettlinet hi ckness of 1500 A This
gl ass substrate 1 corresponds to one exanple of the transparent substrate
described in theogai ns.

Fourth group: advantageous effects

As described above, the invention of the fourth group has been
made in light of the problems which the prior art has. A transparent
electroconductive material containing the specific metal (s) is used
for a pixel electrode or transparent electrode, thereby enabling
tomaketheprocess forproducingaTFT (thinfilmtransistor) substrate
simple.

[0265]

According to the invention of the fourth group, even if a gate
containing Al and a transparent electrcde, or a source/drain
containing Al and a pixel electrode are caused to contact each other
directlyor are jointeddirectly toeachother, the contact resistance
therebetween can be controlled into a lower value than in the prior
art. Thus, a liquid crystal display capable of attaining half-tone
display can be provided.

Brief Description of the Drawings

[0266]

[Fig. 1] This is a sectional view of a vicinity of an a-SiTFT
active matrix substrate in each of present Examples 1-1 to 1-3.

[Fig. 2] This is a sectional view of a vicinity of an a-SiTFT

active matrix substrate in present modified Example 1-1.
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[0270] Next, the deposited Al was etched into a shape illustrated in Fig.
1 by photo-etching using a phosphoric acid/acetic acid/nitric acid/ water
(the ratio by volune = 12/6/1/1)-based aqueous solution as an etchant to
forma gate electrode 2 and a gate electrodewiring 12. Next, a silicon
nitride film (hereinafter, denoted as a SIN filmin sonme cases), which
woul d be a gate insulation film3, was deposited on the glass substrate 1,
the gate electrode 2 and the gate electrodewiring 12 by gl ow di scharge CVD,

so as to have a film i gkness of 300Q A. Subsequenfly, an a-Si: H (i) film
4 was deposited Eﬂdﬁst'héi 3@@ N rﬁghga?iglr} Ppanpégtfg {%\)e‘%ef PR t#} ckness of
3500 A, and further a silicon nitride film(SINfilm , which would be a
channel protledateeY Vaper i Blusiaatdepese e ot ok aatigistHE H{y-Famatdofio have
a filmthickness of 3000 A [0271] At the discharge gas at this tine, a

Si H4- NH3- N2: lraseenmi ReainplB02-§as was used about the gate insulation film3
and the channel protective layer 5 which were each nade of the SIiN film
whil e a Si H9- N2- fmised 4 XersgagFiass ugsied aaboBigthe(A-)Siare Eath)adiil m 4. The
channel protective |l|ayer 5, which was nade of the SINfilm was etched by

dry et chi nekpitsiafgra vob-ihased ragasnd a et dcsbapesébdnts i ahethinthibg. 1.
Subsequently, a Si H4- H2- PH3- based m xed gas was used to deposit an a-Si:H

(n) f ilm arSi - () f ilm4 and the channel protective I|ayer 5
to have a %ﬁgn%e%%ﬁgk%%nsp% 2I3 00 A

[Figs. 5] These (Fig.5 (1) and Fig.5 (2)) are each an
explanatory view illustrating a situation of a contact resistance
measurement in present Example 2-9.

[Figs. 6] These (Fig.6 (1) and Fig.6 (2)} are explanatory
sectional views illustrating the step of producing a TET array
substrate in present Examples.

[Figs. 7] These (Fig.7 (1) and Fig.7 (2)) are different
explanatory sectional views illustrating the step of producing the
TFT array substrate in present Examples.

[Fig. 8] This is a sectional process chart illustrating the
step of producing the TFT array substrate in present Examples.

[Fig. 9] This is a wiring diagram illustrating the external
appearance of wiring of a Kelvin pattern in present Examples, and
a situation of a measurement thereof.

[Fig. 10] This is a sectional view of a vicinity of an o.-SiTFT
at a stage when the formation of a pattern of a pixel electrode is
ended in the process of producing a liquid crystal flat display in

the present embodiment.
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[0272] Next, a netallic Mo/ netallic Al bi-layered filmwas successively
deposited on the depositeda-Si:H (n) film®6by sputtering so as to nake the
filmthickness of nmetallic Mo for the Iower layer to 0.05 pmand set that

of nmetallic Al to 0.2 pm [0273] This netallic Mo/metallic Al bi-Ilayered
filmwas etched into a shape illustrated in Fig. 1 by photo-etching using a
phosphoric acid/acetic acid/nitric acid/water (the ratio by volune =

9/ 8/ 1/ 2) - based aqueous solution, so as to forma pattern of a drain

el ectrode 7 and a pattern of a source electrode 8. Furthernore, the a-Si:H
(i) film4 and th&ia-Bl1 HThAY ifsi 4 secBiomi chewelfe vacinitatef eh @rBidESi @ H
film were etched by using a conbination of dry etching using a CHF- based
gas and weit et echagg whesi hie afpragiieousohydpaiaen (NH2 N0k 1sot utdeons so as
to forma pattern of the a-Si:H (i) film4 and a pattern of the a-Si:H (n)
108 fil m 6en@athnothavitirekebatb B psbapeind lausiqati@dryathl grlak afspidy ystrated
in Fig. 1, a transparent resin resist 10 was used to forma protection film
and furthefpa patteppcof through holes and so on was fornmed. [0274] Next,
an anor phous transparent el ectroconductive film9 made mainlyof indium

oxi de and tungsten oxi de was deposited on the substrate subjected to the
above-nenti oned processing. The target used in the sputtering was an

Wi ch 5 an at oni PRAFIShebpeRraEraranwer o e
[0267]
1 glass substrate
[0]
2 gate electrode
(0]
3 gate insulation film
(0]
4 o-Si:H(i) film
(0]
5 channel protection film
[C]
6 a-Si:H{n} film
[0]
7 drain electrode
8 source electrode
9 transparent electroconductive film
10 transparent resin resist
11 reflecting electrode
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the target, to 0.97. The [In] represents the nunber per unit volume of the
indiumatons in the transparent el ectroconductive film9 and the [W
represents the nunber per unit volune of the tungsten atons in the
transparent el ectroconductive film9. [0275] |In the sputtering, this

I n2C3- W3 sintered body was used to be arranged onto a pl anar

magnet r on- based cat hode, and the transparent el ectroconductive film9 was
deposited to make the filmthickness thereof to 1000 AL At this tine, pure
argon gas or argon gas into which 02 gas was incorporated in a trace anount
of about 1% by vbt une gaves alsedragethiridicsscharge gas at the tine of the
sputtering. [0276] The formthat tungsten is contained in the target nay be

a formthat tungsden dssiEPersede agatr:urgskenaexi de such as W3 or W2
in the indiumoxide sintered body, or nay be a formthat tungsten 109 is

di spersed as a compl exgexd da het-wgen indi um oxi de and tungsten oxide such
as 1n2WB0O12 in the indium oxide sintered body. Preferred is a formthat

tungsten atons u rgoysuhst| i solid-solution into indiumsites of
i ndi um oxi de, whfe'(?gby <f]%kl&gsteeltr?léi%égglésper sed into the indiumoxide sintered

body at an atom evel . Such . a cas in which tungsten is dispersed into
t he i ndi um oxi def%é nt e?%%rct?o&}ecgfo‘i% atonmic level, is nore effective for

stabilizing discharge in the sputtering or obtaining the transparent
el ectroconduct i va0§ i | ne- DL THAVY iagg 1ae| sk Tiesissbahcate [ 0277]

1100 slide glass

1102 mask for a first film-formation

1104 Al pattern

1106 mask for a second film-formation

1108 metal oxide

1110 first contact resistance measuring substrate
1120 second contact resistance measuring substrate
2001 transparent insulating substrate

2002 gate electrode

2004 gate insulaticn film

2005 semiconductor layer a-Si film

2006 semiconductor layer n' a-Si film

2007a drain electrode

2007b source electrode

2009 interlayer insulaticn film

2010 contact hole

2011 vpixel electrode

2021 TFT section
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The rel ative density of the target made of this In203-WX3 sintered body was
96% A different test denonstrated that if the relative density of the
target made of this I n203-WB sintered body was 950 or nore, nodul es or
overdi scharge was not generated. The transparent el ectroconductive film?9,
whi ch was the 1n203-W3 fil nformedby the sputtering, was anal yzed byX-ray
analysis. As a result, no peak was observed so that it was proved that the
filmwas an anorphous film The specific resistance of the transparent

el ectroconductive film9, which was this In2G3-WB3film was about 3.8 x
10-4 xm Thus, 3@24vastgmoved shatidthe filmwas a filmwhich was able to be
satisfactorily used as an electrode. It was also proved that when tin oxide
was i ncor porat ed2i0tt o THE arabgveulb®intdened target, which was nade of the
1n203-W3 sintered body, in an anount of 1 to 10% by weight, the specific
resi stance of theyghlO Jiydeed beapsparent el ectroconductive film9 was 1.8 x
10-4 (xmor |ess. [02 8] This transparent electroconductive film9, which

was the |1 n208- W&, %tem%geg{:gglgg by photo-etching using a 3.2% by wei ght
sol ution of oxallc aC| Iin water as an etchant in order to give a pattern

of a transparent ro this way, the pattern of the
transparent pixe ?I’d)de%(ecqar ﬁgF%%veSr Mde of an anor phous el ectrode of

t he transparent el ectroconductl ve film9 illustrated in Fig. 1, was forned.
At this time, thtPhhattEs SPsthatsJuridd™el ectrode 8 and the

3004 @-Si:H(i) film

3005 gate insulation film

3006 o-Si:H(n) film

3007 source electrede

3008 drain electrcde

3009 pixel electrode pattern

3010 transparent resin resist

3012 contact hole

3014 gate line leading-cut section

3016 source/drain line leading-cut section

Best Mode for Carrying Out the Invention
[C268]

First group: examples

Preferredexamples of the present embodiment of the first group
will be described hereinafter, using the drawings.
[0269]

“Example 1-1”
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pattern of the transparent pixel electrode, which was made of the
transparent el ectroconductive film9, were fornmed into desired patterns so
as to be electrically connected to each other. At this tine, the drain

el ectrode 7 and the source electrode 8 containing Al did not elute out with
the etching solution. Next, this glass substrate 1 was thermally heated at
250C for 30 mnutes. This 3.2 % by weight solution of oxalic acid in water
corresponds to one exanple of the acidic etchant containing oxalic acid
described in the claims. [0279] Thereafter, a Si N passivation film (not
illustrated) andig. }ighvsthiteddd sgcpacner ni¢nef 4 vionitat et pnwerseé TEEr med t o

produce an a-Si TFT active matrix substrate 100 illustrated in Fig. 1. On
t he gl ass &ugeiphate 4ilivdrhitdia- Si T mosiveonptadtdveubstrakx esk@3d ratel | t he
pattern of the pixel section and so on illustrated in Fig. 1 and the sane

patterns weye imeghkarkamiler med.. Imeteiiher norwss ddiesi@e8i difo active matrix
substrate 100 of Exanple 1-1 was an array substrate. This a-Si TFT active

Matrix substdiate +LA0nCOs N1SSPYNLSs bAs RS PN &S LhE gL xRl Ofpddie Lihgn film
transi stor éﬂbstfate de§%ribgd ?n tﬁe claingf [§§§0] A |¥3ﬁ?d cris?al

yer a0 & o 06 (04 Sl e EL SRUDAE SISk AR Ye
TFT, LD Svstem Ltk ey oy 6811 e3IONE Lo, o0 SeBle,Of L LB h |
TFT-LCD Sy:'?rtl et@ef lc?ta ims.

[0270]

Next, the deposited Al was etched into a shape illustrated
in Fig. 1 by photo-etchingusing a phosphoric acid/acetic acid/nitric
acid/water {the ratio by volume = 12/6/1/1)-based agqueous soluticn
as an etchant to form a gate electrecde 2 and a gate electrodewiring
12.

Next, a silicecn nitride film (hereinafter, denoted as a SiN
film in some cases), which would be a gate insulation film 3, was
deposited on the glass substrate 1, the gate electrode Z and the
gate electredewiring 12 by glow discharge CVD, so as to have a film
thickness of 3000A. Subsequently, ana-Si:H (i) film4 was deposited
on this gate insulation film 3 to have a film thickness of 3500 A,
and further asiliconnitride film (SiN film), whichwouldbe a channel
protective layer 5, was deposited on the a~-Si:H (i) film 4 to have
a film thickness of 3000 A.

[0271)

At the discharge gas at this time, a $SiHy~NH;-N;-based mixed
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display, a lighting test was perfoned. As a result, there was no defective
pi xel el ectrode so that favorable display was able to be attained. [0281]
"Exanple 1-2" An a-Si TFT active matrix substrate 100 in Exanple 1-2 is
different fromthe a-Si TFT active matrix substrate 100 in Exanple 1-1 only
in the conposition of the transparent el ectroconductive film9, and the
structure thereof is substantially the sane as in Fig. 1. Accordingly, the
a-Si TFT active matrix substrate 100 of Exanple 1-2 will also be described
using Fig. 1. As illustrated in Fig metallic Al mas deposited onto a

112 Ilght q%%w%%@%b?%ga%%b%%wlﬁté%wmmw SRS RIRREEATYRg  so

as to have a filmthickness of 1500 A. Next, the deposited Al was etched
i nto a shalyan pustvighedeia eBrlh. madehgt ghet HiketfdAnpgrhisieng Sidl:plodpledi c
acid/acetic acid/nitric acid/water (the ratio by volunme 12/6/1/1)-based

aqueous Sohidddgrsaansed sbant theof 8f by aigat em 4€| emid oflenr 1amthtcgake
el ectrodewiring 12. This glass substrate 1 corresponds to one exanpl e of

the transppfgit 5$ubstdatgs desed idlFethe igint Bﬁlz@' HaFBet {082l aNeXdtcnangi | con
nitride film (hereinafter, denoted as a Si N filmin sone cases), which

woul d be a,gaLe  BRELAILON JId Bh3colps, depasiied.onthe gl asg substrate 1

the gate ectrode 2 and t gate e ectro ew ring y gl i schar ge CVD

to have a film t&'bcsién%%%tly, a SiHy~-Hy~PHs;~based mixed gas was used to deposit

ano-Si:H (n) filméontheoa-Si:H (i) £ilm4 and the channel protective
layer 5 to have a film thickness of 3000 A.

(0272)

Next, a metallic Mo/metallic Al bi-layered film was
successivelydepositedonthedepositeda-Si:H (n) film6bysputtering
so as to make the film thickness of metallic Mo for the lower layer
to 0.05 um and set that of metallic Al to 0.2 pm.

(0273]

This metallic Mo/metallic Al bi-layered film was etched into
a shape illustrated in Fig. 1 by photo-etching using a phosphoric
acid/acetic acid/nitric acid/water (the ratio by vclume =
9/8/1/2)-based aqueous solution, so as to form a pattern of a drain
electrode 7 and a pattern of a source electrode 8.

Furthermore, the ¢-Si:H (i) film 4 and the «-Si:H (n) film
6, which were each made of an o~-3i:H film, were etched by using a
combination of dry etching using a CHF-based gas and wet etching
using an agquecus hydrazine (NH;NH,;:H,C) solution, sc as to form a

pattern of the a-$i:H (i) film 4 and a pattern cof the a-Si:H (n)
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of 3000 A. Subsequently, an a-Si: H (i) film4 was deposited on this gate
insulation film3 to have a filmthickness of 3500 A, and further a silicon
nitride film(SIiNfilm , which would be a channel protective |ayer 5, was
deposited on the (x-Si: H (i) film4 to have a filmthickness of 3000 A
[0283] At the discharge gas at this tinme, a Si H4- NH3- N2-based m xed gas
was used about the gate insulation film3 and the channel protective |ayer
5, which were each nmade of the SiNfilm while a Si H4- N2-based mi xed gas
was used about the a-Si : H (i) film4 . The channel protective |ayer 5,
whi ch was Heded ofaginel BhiCh hpgpe shagedtildnedratediiy Fég chi ndisiiiBlusdiraged

CHF- based gas to forma shape illustrated in Fig. 1. [0284] Subsequently, a
Si H4- H2- PH3: Baged, i Resh g anasrasiedr¢ ol tepd gt usan e £8im akbfateckibm 6 on
the cc-Si: H(i) film4 and the channel protective layer 5 to have a film

thi ckness ©f1nr3608 Airtiext a patiddl lfct Mpbimt abllbs Ahd Ko bayes £ drikm, was
successi vely deposited on the depositeda-Si:H(n)filnmbbysputtering so as to

make the filmthigkness of netallic Mo for the lower layer to 0.05 pin and
set that of netallic Al to 0.2 fun. This nmetallic Md/netallic A bi-layered

(Lo ums, otehed 50 8 088obd LYShLALEM 0L och B RIBL il s o
ol oci T otle T O ANV IGF BOSHUPECBP LI BB S o or Lne Subs rite
subjected to the above-mentioned processing. The target used in the
sputtering was an In;03-WO; sintered body prepared tco set the value
of [In]/{([In] + [W]), which is an atomic ratio between In and W in
the target, to 0.97. The [In] represents the number per unit volume
of the indium atoms in the transparent electroconductive film 9 and
the [W] represents the number per unit volume of the tungsten atoms
in the transparent electroconductive film 9.

[0275]

In the sputtering, this In;0,-WC; sintered body was used to
bearrangedontoaplanarmagnetron-based cathode, andthe transparent
electroconductive film 9 was deposited to make the film thickness
thereof to 1000 A. At this time, pure argon gas or argon gas into
which 0, gas was incorporated in a trace amount of about 1% by volume
was used as the discharge gas at the time of the sputtering.

0276]

The form that tungsten is contained in the target may be a

form that tungsten is dispersed as a tungsten oxide such as WOz or

WO, in the indium oxide sintered body, or may be a form that tungsten
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[02851 Furthernore, the a-Si:H (i) film4 and the a-Si:H (n) film 6, which
were each made of an a-Si:H film were etched by using a conbination of dry
etching using a CHF-based gas and wet etching using an aqueous hydrazi ne
(NH2ZNH2H20) solution, so as to forma pattern of the a-Si:H (i) film4 and
a pattern of the a-Si:H (n) film®6, each of which hada shape illustrated in
Fig. 1. As illustrated in Fig. 1, a transparent resin resist 10 was used to
forma protection filmand further a pattern of through holes and so on was
formed. [0286] 114 Next, an anorphous transparent electroconductive film?9
made mai NS GEPRREEAM DR demakri wigbdesiacx il délwasxdalsosnd edinsistene
substrate subjected to the above-nenti oned processing by sputtering. The

t arget usedkide sheh suitndhDngimdaseamndin2O8x MO isitrt ed dsbdyodyPrafreeparied t o
set the value of [In] / ([In] + [M]), which is an atonmic ratio between In

and M in ihe fargethatt eufg®Oen Themf | uwrldarepr esiedt i uttibe /BUDber st ivhi t
volunme of the indiumatons in the transparent el ectroconductive film9 and

the [M] reapeSeplismt Ber d8imHFer nfehm Ut e V RhPBoPfr e teml yhdenya.akanms in
the transparent el ectroconductive film9. [028 In the sputtering, this

| n2C8- meiﬁé&%ﬁ%%%dggg%'%\gggéﬂ}ﬁt%r{eﬁebc%& S LANGE i%gItEQqu.. Such a.case,

pl anar magnet r on- base ansparen ectroconductive film9

\;\?; Oﬁeggzl JE)II? %gfigaggkﬂ}%se ttit]eﬁlt E)Is \lﬁmsfgglrgg elsnsto E}?e %%%guxAn ozﬁdet gli%ttezlre ’bo%gfr €

at an atomic level, is more effective for stabilizing discharge in
the sputtering or obtaining the transparent electroconductive film
9 having a low resistance.

[0277]

Therelativedensityof thetargetmadeof this In,03-WOssintered
body was 26%. A different test demonstrated that if the relative
density of the target made of this In,0;-WO; sintered body was 95%
or more, nodules or overdischarge was not generated.

The transparent electroconductive film 9, which was the
In;03-WO3 filmformedby the sputtering, wasanalyzedbyX-rayanalysis.
As a result, no peak was observed so that it was proved that the
film was an amcrphous film. The specific resistance of the
transparent electroconductive film 9, which was this In,03-WO; film,
was about 3.8 x 107 Qcm. Thus, it was proved that the film was a
film which was able to be satisfactorily used as an electrode. It
was also proved that when tin oxide was incorporated into the
above-mentioned target, which was made of the In,05-W03 sinteredbody,

in an amcount cof 1 to 10% by weight, the specific resistance of the
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gas was incorporated in a trace anount of about 1% by vol une was used as
the discharge gas at the tinme of the sputtering. The formthat nol ybdenumis
contained in the target may be a formthat nol ybdenumis dispersed as a

nmol ybdenum oxi de such as MO3 or Mo®2 in the indiumoxide sintered body, or
may be a formthat nolybdenumis dispersed as a conpl ex oxide of indiumand
nol ybdenum  such as | n2Mb406, | n2Mb3012 or |1 nl11Mo4062, in the indium oxide
sintered body. Preferred is a formthat nol ybdenum atons under go
substitution/solid-solution into indiumsites of indiumoxide, 115 whereby
nol ybdenunfdrsedi §penspardnit elentdiumrmokiaté ver §5irald wSsch. & x d@seQdmowhi ch

nol ybdenum i s di spersed into the indium oxide sintered body at an atomc

| evel, is Imxse effective for stabilizing electric discharge in the
sputtering or obtaining the transparent el ectroconductive film9 having a

| ow resistance. [20288] The relative density of the target nmade of this

I n208- Mb03 sintered body was 96% A different test denonstrated that if the

relative densitynafs khenkaseel e bt 203 M8, Sinter edsbody was

95% or nore, nodul es or overdi scharge was not generated. The transparent

el ectroconduct i i{m 9, which s the 1n203-M03.filnto dbyt he
Soutt er i ng Mo G BT Fag QLA B b0 o MRIRE e g 305 e oniende®
observed so that it _was proved that the filmwas an anorphous film The

speci fic riiegncet t*alhe ardndhAPERE 2F &0t FEEBARLICEY WEOFF| #R FI1%RhRch was

this 1n203-MO03film was about 3.4 x 10-4 Qxm Thus, it was proved that the
filmwas drattern of a transparent pixel electrode. In this way, the pattern

of the transparent pixel electrode, which was made of an amcrphous
electrode cof the transparent electroconductive film 9 illustrated
in Fig. 1, was formed.

At this time, the pattern of the scurce electrcde 8 and the
pattern of the transparent pixel electrode, which was made of the
transparent electroconductive film 9, were formed intoc desired
patterns so as to be electrically connected to each other. At this
time, the drain electrode 7 and the source electrode 8 containing
Al did not elute cut with the etching solution. Next, this glass
substrate 1 was thermally heated at 250°C for 30 minutes. This 3.2%
by weight solution of oxalic acid in water corresponds to one example
of the acidic etchant containing oxalic acid described in the claims.

[0279]

Thereafter, a SiN passivation film (not illustrated) and a
light~shielding pattern (not illustrated) were formed to produce
an o-SiTEFT active matrix substrate 100 illustrated in Fig. 1. On

the glass substrate 1 in this a-SiTFT active matrix substrate 100,
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filmwhich was able to be satisfactorily used as an electrode. It was also
proved that when tin oxide was incorporated into the above-nentioned
target, which was the made of | n203- M08 sintered body, in an anmount of 1
to 10% by weight, the specific resistance of the formed transparent

el ectroconductive film9 was 1.9 x 10.9 Qmor less. [0289] This
transparent el ectroconductive film9, which was the 116 1n203-MO3 film
was etched by photo-etching using a 3.2% by weight solution of oxalic acid
in water as an etchant_in order_to give a _pattern_of a transparent pixe

el ect r ode.“NEnPRRFETMRL HRePp%et €757 -161 £RE ??éﬁéﬁé#éﬁ?f%V¥%beﬁé6tr de,

whi ch was made of the anorphous electrode of the transparent

el ect r ocormigcthoesdng pROtEINE LR egoular v gormedwad f ofhed.wondsthtket i ne,
the pattern of the source electrode 8 and the pattern of the transparent

pi xel el eci+adeT wbtoe was rirdeupdtidte: 100aBS PRELH1Ll1ect yosonduGtriaye film
9, were forned into desired patterns so as to be electrically connected to

each ot hersub%‘tr&f’és Tﬁn'lgﬁ‘x SIlfT%TdeEé\!ﬂreerh?&Ef}pQ@ogt@é’c‘é 10® cBRVEESRILEL T ode 8

cont ai ni ng did not elute out wwth the etching solution. Next, this glass

substrate ol’le ﬂg’#‘?'éﬂ%x!a%p’ﬂ@%ﬂh%??ﬁn forn 304 M&%ral@cﬁés%fr%ged byt he

wei ght solution oxal 1 c”aci n water corresponds to one exanple
acidic etqﬂgn ﬁﬁtalnlng oxalic acid described in the clainms. [0290]
Thereafter, 51§ 45%7 vat i on film(not illustrated) and a

[0280]

Aliquidcrystal layer andacolor filter substrate were formed
on this a-SiTFT active matrix substrate 100, thereby producing a
TFT-LCD system flat display. This TFT-LCD system flat display
correspends tc one example of the thin filmtransistor liguid crystal
display described in the claims. About this TFT-LCD system fiat
display, a lighting test was perfomed. As a result, there was no
defective pixel electrode so that faverable display was able to be
attained.

[0281]

“Example 1-27

An o-SiTFT active matrix substrate 100 in Example 1-2 is

different from the o-SiTFT active matrix substrate 100 in Example

1-1 only in the composition of the transparent electroconductive
film 9, and the structure thereof is substantially the same as in
Fig. 1. Accordingly, the a-SiTFT active matrix substrate 100 of
Example 1-2 will also be described using Fig. 1.

As illustrated in Fig. 1, metallic Al was deposited onto a
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light-shielding pattern (not illustrated) were formed to produce an a-Si TFT

active matrix substrate 100 illustrated in Fig. 1. On the glass substrate 1
inthis a-Si TFT active matrix substrate 100, the pattern of the pixel
section and so on illustrated in Fig. 1 and the same patterns were

regularly formed. In other words, this a-Si TFT active matrix substrate 100
was an array substrate. This a-Si TFT active matrix substrate 100 of Exanple
1-2 corresponds to 117 one preferred exanple of the thin filmtransistor
substrate described in the clains in the sanme nmanner as in Exanple 1-1.

h
[0291] A Hididranyataiinlyyetashaubsti s Ly PeshslissheRecy stdsrérsed on
this a-Si TFT active matri x substrate 100, thereby producing a TFT-LCD
system f | &dC disspPajyaversi S1PRTEhichnepst en ¥30 Adi Jpxty tberdenpunds Ad one
exanple of the thin filmtransistor liquid crystal display described in the
cl ai ms. Abas etthad TRie lLCEhgystiéiuét edteddis pliay, 1 aylprghic-rgchésd wsdagnade.
Asa result, there was no defective pixel electrode so that favorable

di spl ay wespBdsshd:a Decial fieted acilifa92tic BXaapls - BthdPar Shykbiagki ve
matri x substrate 100 in Exanple 1-3 is different fromthe a-S TFT active

mat ri X substyate1390 k1 Lxample sthottiQ ol z | Yy d he .c sitd of the
transparent el ect %ggonduct i {?é)‘l PIS| %O%félg}r?d agthS%Eéu%nEr got gg?rgo qag&%
he .a- Si TET actti ve mat ri x

substant| S IRCSRIRES e El e dradhiedidlonl Yt egnest TOL. Act
corresponds to one example of the transparent substrate described
in the claims.

[0282]

Next, a silicon nitride film (hereinafter, denoted as a SiN
film in some cases}, which would be a gate insulation film 3, was
deposited on the glass substrate 1, the gate electrode 2 and the
gate electrodewiring 12 by glow discharge CVD to have a film thickness
of 3000 A. Subsequently, an ¢-Si:H (i) film 4 was deposited on this
gate insulation film 3 to have a film thickness of 3500 A, and further
asiliconnitride £film (SiN film), which wculdbe a channel protective
layer 5, was depositedonthea-Si:H {i) film4 tohave a filmthickness
of 3000 A.

[0283]

At the discharge gas at this time, a SiH;~NHs;-N;-based mixed
gaswas usedabout the gate insulation film3 and the channel protective
layer 5, which were each made of the SiN film, while a SiH;-Np-based
mixedgas was used about theo-Si:H (i) film4. The channel protective

layer 5, which was made of the SiN film, was etched by dry etching
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A nmetallic Al (alloy) (the conposition weight % AI/N = 99/1) was
deposited onto a |light-transm ssible glass substrate 1 by high-frequency
sputtering so as to have a filmthickness of 2500 A. Next, the deposited Al
was etched into the sane shapes as the gate electrode 2 and the gate

el ectrodewiring 12 in Fig. 1 by photo-etching using a phosphoric
acid/acetic acid/nitric acid/water 118 (the ratio by volunme = 9/6/1/2)
-based aqueous solution as an etchant to forma gate electrode 2 and a gate
el ectrodewiring 12. This glass substrate 1 corresponds to one exanpl e of

t he transpii@at asubBthagasd d@esepi badn ian shhpecl bl patrdt@2o3dn FiMextl- a silicon
nitride film (hereinafter, denoted as a SIN filmin sone cases), which
woul d be a gate [[02gdllation film 3, was deposited on the glass substrate 1,
the gate electrode 2 and the gate electrodewring 12 by gl ow di scharge CVD

to have a fil m tdueknasatlpf a3060-A~pPHuseaderitdad gawas Sheditbidepbkhit 4 was
deposited on this gate insulation film3 to have a filmthickness of 3500

A, d f s .8y By k€ ptride 44l Si iy | ' - h I
A oond, FuheLes & BL) EEARGORrIale LA {StNAL LAY o bl S UG e, g channe
t hi ckness %%r39090Aha%@%?%hlmA%hlgﬁqQki%?aﬁgﬁOQQs at this tine, a

Si HA- NH3- NZ-"based "m xe gas "was usgéaa out e gate insulation film3 and
NIRRT AL A7t St XA IAL
channel protective
successivelydepositedonthedepositeda-Si:H (n) film6ébysputtering
so as to make the film thickness of metallic Mo for the lower layer
to 0.05 um and set that of metallic Al to 0.2 um.
This metallic Mo/metallic Al bi-layered film was etched into
a shape illustrated in Fig. 1 by pheto-etching using a phosphoric
acid/acetic acid/nitric acid/water (the ratio by volume =
9/8/1/2) -based aqueous sclution, so as to form a pattern of a drain
electrode 7 and a pattern of a source electrode 8.
[0285]
Furthermore, the a-Si:H (i} film 4 and the o-Si:H (n) film
6, which were each made of an «-Si:H film, were etched by using a
combination of dry etching using a CEF-based gas and wet etching
using an aqueous hydrazine (NHpNH;'H,0) sclution, so as to form a
pattern of the a-Si:H (i) film 4 and a pattern of the o-Si:H (n)
film6, eachofwhichhadashapeillustratedinFig. 1. Asillustrated
in Fig. 1, a transparent resin resist 10 was used to forma protection

film and further a pattern of through holes and so on was formed.

[0286]
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| ayer 5, which was made of the SINfilm was etched by dry etching using a
CHF- based gas to forma shape illustrated in Fig. 1. [0295] Subsequently, a
Si H4- H2- PH3- based ni xed gas was used to deposit ana-Si:H (n)
filnbonthea-Si:H (i) f ilm4 and the channel protective 119 |layer 5 to have
a filmthickness of 3000 A Next, a netallic Mo/ netallic Al bi-layered film
was successively deposited on the deposited a-Si:H(n)fil nBbysputtering so
as to make the filmthickness of netallic Mo for the lower layer to 0.05 m
and set that of nmetallic Al to 0.2 m This netallic M/ netallic Al

bi -1 ayered fil mNess etchadrphees tyashppecit elsttethductFirg. filmby made
phot o- et chi ng usi ng a phosphoric acid/acetic acid/nitric acid/ water (the

rati o by vdiniy sf916d1uR)ox-ibiasedd agilemdensal okiddn &S dapesthahton sheas to
forma pattern of a drain electrode 7 and a pattern of a source el ectrode

8. [0296]s@gttﬂa%mbqfecw@t@tﬁeﬁtﬂ%cgﬁelmte&mﬁecﬁﬁﬁbé&%ﬁg%y shtVerfihhm 6,

whi ch were each made of an a-Si: ilm were etched by using a conbination

o on, LISy esedgtesont yab S aues) o et

hydrazi ne (NH sol ut rma “H (i)

filma4 f ~Si: ' : h of . whi.ch_h .sh
(1 m o S ABALLED 0 e St (b (1L & g8, phiabighobad gshane,
10 was used to forma protection filmand further aTﬁattern of through

hol es and %qj:lé,hb%%eerrb Headj_d MT’(}Q’Q?TE target, to 0.90. e [In] represents

the number per unit volume of the indium atoms in the transparent
electroconductive film 9 and the [Mo] represents the number per unit
volume of the molybdenum atoms in the transparent electrocenductive
film 9.

[0287]

In the sputtering, this Iny0;-Mo0O; sintered body was used to
be arrangedontoaplanarmagnetron-basedcathode, andthetransparent
electroconductive film 9 was deposited to make the film thickness
to 1000 A, At this time, pure argen gas or argon gas into which Oy
gas was incorporated in a trace amount of abcut 1% by volume was
used as the discharge gas at the time of the sputtering.

The form that molybdenum is contained in the target may be
a form that molybdenum is dispersed as a molybdenum oxide such as
MoOsz; or MoO; in the indium oxide sintered body, or may be a form that
molybdenum is dispersed as a complex oxide of indium and molybdenum,
such as In:Mo4Qg, InsMosz0i; or In;MoyCer, in the indium oxide sintered
body. Preferred is a form that molybdenum atoms undergo

substituticn/solid-solution into indium sites of indium oxide,
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Next, an anor phous transparent el ectroconductive film9 made mainly of

i ndi um oxi de and ni obi um oxi de was deposited on the substrate subjected to
t he above-nenti oned processing, as illustrated in Fig. 1. The target used
in the sputtering was an I n203- Nb206 sintered body 120 prepared to set the
value of [In]/([In] + [Nb]), which is an atomic ratio between In and Nb in
the target, to 0.95. The [In] represents the nunber per unit volunme of the
indiumatonms in the transparent electroconductive film9 and the [ Nb]
represents the number per unit volume of the niobiumatons in the

t r anspar eftNeERPY tTUetRgnEr| e dippersed ingeoB)diumorkde spyetati nfuchhi s

| Nn208- Nb2(G6 sintered body was used to be arranged onto a pl anar

magnet r on-dease dircet hode 1 deteridrel ¢ dasspareshintetleetindcondudtiesenftekadd was
deposited to nmake the filmthickness thereof to 1000 A. At this tine, pure

argon gas medyasgen gasnidlevewhighnd: gaseywdis;d REOIfabal edind cdcbrace anount
of about 1% by volune was used as the discharge gas at the tinme of the

sputtering; sTRE-GOT M thal spLebbEMd H1CoREaL ARG, Ithd hehapgeintmy be a form
that niobiumis dispersed as a ni obi um oxi de such as Nb205 or Nb203 in the

i ndi um oxi i : f t_.niohium is dispersed as a
conpl ex ofﬁ'§%g§E§ﬁﬁgﬂ%$%%gigﬁo idﬂgggﬁgh?ég1#%§ﬁﬁﬁwggfn t he i ndi um oxi de
sintered body at a tomc level. Preferred is a formthat niobium atons
under go substitd%%gﬁ solid-solution into indiumsites of indium oxide,

wher eby ni obiumis dispersed into the indium oxide sintered body.

Suchacase, in whiihéhralebitandensditypef s target made of this Inp03=MoOs

sintered body was 96%. A different test demonstrated that if the
relative density of the target made of this In;0;-MoCs; sintered body
was 95% or more, nodules or overdischarge was not generated.

The transparent electroconductive film 9, which was the
Iny,03-MoO; £ilm formedby the sputtering, wasanalyzedbyX-rayanalysis.
As a result, no peak was observed so that it was proved that the
film was an amorphous film. The specific resistance cf the
transparent electroconductive £ilm 9, which was this In;03~MoOs £ilm,
was about 3.4 x 107" Qcm. Thus, it was proved that the film was a
film which was able to be satisfactorily used as an electrode. It
was also proved that when tin oxide was incorporated into the
above-mentioned target, which was the made of In,03-MoQO; sintered
body, in an amount of 1 to 10% by weight, the specific resistance
of the formed transparent electroconductive film 9 was 1.9 x 107°
Qcm or less.

[0289]

This transparent electroconductive film 9, which was the
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into the indiumoxide sintered body at an atomc level, is nore effective
for stabilizing discharge in the sputtering or obtaining the transparent

el ectroconductive film9 having a | ow resi stance. 121 [0299] The relative
density of the target made of this 1n203-Nb2C6 sintered body was 97% A
different test denonstrated that if the relative density of the target nade
of this In203-Nb205 sintered body was 95% or nore, nodul es or overdi scharge
was not generated. The transparent el ectroconductive film9, which was the

| Nn2C3- Nb205 filmformed by the sputtering, was anal yzed by X-ray analysis.
As a resulin:0m¥lofedid Wasvwabsarched B phivap-etclwasy psoued 3tB&tby heifbtm was
an anorphous film The specific resistance of the transparent

el ect r oconghlatriive &f loradicwhttd wasatbi sad E203+dh205 ifi biderwas gheud 3.6 X
10-4 Ocm Thus, it was proved that the filmwas a filmwhich was able to be

sat i sfact giddo rHse aasr Ak Rirest rPde] blecteical sth Rho¥aghf,hahe WRRReLHN OXi de
was incorporated into the above-nentioned target, which was the nade of

1200, W2 shotatteabypibl ATk, S0, SRRl a0 1

resi stance of the el éct roconductive

10.9 0 | ess, q]. Thi | i ve film9. which
was the I HEGERBBCE (TN FHat BChos By BOCEGE LhY g Py it 2vey

wei ght solution of oxalic acid in water as an etchant in order to give a
pattern ofifa HlgandparehtfPmesl- el ectrode. In this way, the pattern

At this time, the pattern of the source electrode & and the
pattern of the transparent pixel electrode, which was made of the
transparent electroconductive film 9, were formed into desired
patterns so as to be electrically connected to each other. At this
time, the drain electrode 7 and the source electrode 8 containing
Al did not elute out with the etching solution. Next, this glass
substrate 1 was thermally heated at 250°C for 30 minutes. This 3.2%
by weight solution of oxalic acid in water corresponds to one example
of the acidic etchant containing oxalic acid described in the claims.

[0290]

Thereafter, a $iN passivation film (not illustrated) and a
light-shielding pattern (not illustrated} were formed to produce
an o-SiTFT active matrix substrate 100 illustrated in Fig. 1. On
the glass substrate 1 in this a-SiTFT active matrix substrate 100,
the pattern of the pixel section and so on illustrated in Fig. 1
and the same patterns were regularly formed. In other words, this
a-SiTET active matrix substrate 100 was an array substrate. This

0-SiTFT active matrix substrate 100 of Example 1-2 correspends to
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of the transparent pixel electrode, which was nmade of the anorphous

el ectrode of the transparent el ectroconductive film9 illustrated 122 in
Fig. 1, was forned. This 3.2% by weight solution of oxalic acid in water
corresponds to the acidic etchant containing oxalic acid described in the
clainms. [0301] At this tinme, the pattern of the source electrode 8 and the
pattern of the transparent pixel electrode were fornmed into desired
patterns so as to be electrically connected to each other. At this tineg,
the source electrode 8 and_the drain el ectrode 7 neither underwent

| i ne- br eald P TRICIEASHEPL6 Wing e Nekt 1R sags bxorstigatirarte despgdbed
thermal |y heated at 250C for 30 minutes. Thereafter, a SiN passivation film
(not il usty ahedylanms aln [thgheanhi ednfigly agat tebxamct Ll ustrat ed) were

formed to produce an a-Si TFT active matrix substrate 100 illustrated in
Fig. 1. On the (2833 substrate 1 in this a-Si TFT active matrix substrate
100, the pattern of the pixel section and so on illustrated in Fig. 1 and

the same patternsligiel cegdaarlydoaned.cdlbratineerwods rat8¢eratorfEd active
matri x substrate 100 of Exanple 1-3 was an array substrate. This a-Si TFT

active matLlx substiale: 100, 6arpespands,to. one pf el Ll ef xaupl e of ot he

thin filmtransis rate described i he ¢l ai e sa manner
il ter suBCTraCE weF BT oAb ion ek o Th & et 9t hl Flad Sisdifdt o 100,
t her eby producing a . . L
corresponds to one example of the thin filmtransistor liquid crystal
display described in the claims. Abcut this TFT-LCD system flat
display, alighting test wasmade. Asaresult, therewasnodefective
pixel electrode sc that favorable display was able to be attained.

[0292]

“Example 1-3”

An a-S5iTFT active matrix substrate 100 in Example 1-3 is
different from the a-SiTFT active matrix substrate 100 in Examples
1-1tel-2onlyinthecompositionof the transparent electroconductive
film 9, and the structure therecf is substantially the same as in
Fig. 1. Accordingly, the a-SiTFT active matrix substrate 100 of
Example 1-3 will also be described using Fig. 1.

Ametallic Al (alloy) (the composition weight %: AL/Ni = 99/1)
was deposited onto a light-transmissible glass substrate 1 by
high-fregquency sputtering so as to have a film thickness of 2500
A. Next, the deposited Al was etched into the same shapes as the

gate electrode 2 and the gate electrodewiring 12 in Fig. 1 by

photo-etching using a phosphoric acid/acetic acid/nitric acid/water
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TFT-LCD system flat display. This TFT-LCD system flat display 123
corresponds to one exanple of the crystal display described in the clains.
About this TFT-LCD systemflat display, a lighting test was nade. As a
result, there was no defective pixel electrode so that favorable display
was able to be attained. [0303] "Exanple 1-4" An a-Si TFT active matrix
substrate 100 in Exanple 1-4 is different fromthe a-Si TFT active matrix
substrate 100 in Exanples 1-1 to 1-3 only in the conposition of the
transparent el ectroconductive film9, and the structure thereof is

subst ant i althg téelishpeydsmenr SFE Gl /). -bacedrativeghuy, sdlve ianSisTET cdchaee mat ri x
substrate 100 of Exanple 1-4 wll also be described using Fig. 1. [0304]

As il | ust rat édrh B ddtg: electarmical bingdAl ghod oyt fodeviQamosl t i ORis Wekght s:
Al/N = 99/1) was deposited onto a light-transm ssible glass substrate 1 by

hi gh- f r equamet rSREt T @b RSsShARStd Gridayganblld bfthbhi £iNessat RPQQ rAceNext,
the deposited Al nade of the netallic A was etched into a shape

il Iustraiegggd}ig%g.i& {?%[gygg%éetching usi ng a phosphoric acid/acetic
> -

acid/nitric acid/ water he ratio by volume = 9/6/1/2)-based aqueous
solution as an eﬁg&gﬁt to form agate electrode 2 and agate el ectrodew ring
12. This glass s trate 1 corresponds to one exanple of the transparent

substrate described in the clains, [0305] ,
Next, a silicon nitride £ilm (hereinafter, denoted as a SiN

film in some cases), which would be a gate insulation film 3, was
deposited on the glass substrate 1, the gate electrode 2 and the
gate electrodewiring 12 by glow discharge CVD to have a filmthickness
of 3000 A. Subsequently, an a-Si:H (i} film 4 was deposited on this
gate insulation film 3 to have a film thickness of 3500 &, and further
asiliconnitride film (SiN film), which wouldbe a channel protective
layer 5, wasdepositedontheo-Si:H (i) film4 tohave a filmthickness
of 3000 A.

[0294]

At the discharge gas at this time, a $iH;~NH;-N,-based mixed
gaswas usedabout thegate insulation film3 and the channel protective
layer 5, which were each made of the SiN film, while a SiH4;-N;-based
mixed gas was usedabout theo-Si:H (i} £ilm4. The channel protective
layer 5, which was made of the SiN film, was etched by dry etching
using a CHF-based gas tc form a shape illustrated in Fig. 1.

[0295]

Subsequently, a SiH;-H;-PH;-basedmixed gas was used to deposit

ano-5i:H (n) film6onthea~Si:H (1) film4 and the channel protective
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124 Next, a silicon nitride film (hereinafter, denoted as a SIN filmin
sone cases), which would be a gate insulation film3, was deposited by gl ow
di scharge CVD, as illustrated in Fig. 1, to have a filmthickness of 3000
A. Subsequently, as illustrated in Fig. 1, an a-Si: H (i) film4 was
deposited thereon to have a filmthickness of 3500 A, and further a silicon
nitride film(SINfiln) , which would be a channel protective |ayer 5, was
deposited thereon to have a filmthickness of 3000 A. [0306] At the

di scharge gas at this tine, a SiH4-NH3-N2-based m xed gas was used about
the gate iydrati oa havens fddd théckieamel gP6Pekti ve |ayer 5, which were
each made of the SINfilm while a Si H4- N2-based m xed gas was used about
the (x-Si: H (i)Ndstd,madmetThel hannektpl Die®dl va -1kagesd 56imhiveld was nmade of
the SSNfilm was etched by dry etching using a CHF-based gas to forma

h ill ' i : 1y, [ 3 - d m xed
gas vas used 16 desoirosh sl PR Py R o, e RS T T
h fil [ 0.,A. : ' / | |j I I
(the compos foh MEPghte sl viso 2845 BT oty s et P E s ehdadRei vel y
deposited _on the deposited -Si:Hléq% fLIn12 by sputtering so as to nake
the filmthitkned® dn%eiraltlarl‘ia(? R ForatlHE Power Payétto 0.05 pmand set

that of netallic Al for the upper layer to 0.2 pm 125 ,
This metallic Mo/metallic Al bi-layered film was etched into

a shape illustrated in Fig. 1 by photo-etching using a phosphoric

i

acid/acetic acid/nitric acid/water (the ratio by volume
9/6/1/2) -based aqueous solution as an etchant, so as to forma pattern
of a drain electrode 7 and a pattern cof a source electrode 8.
[0296]
Furthermore, the o-8i:H (i} film 4 and the a-Si:E (n) f£iim

6, which were each made cf an 0-Si:H film, were etched by using a

combination of dry etching using a CHF-based gas and wet etching
using an aqueous hydrazine (NH,NH:-H,Q) solution, so as to form a

pattern of the a=Si:H (i) film 4 and a pattern of the «-Si:H (n3)
film6, eachof whichhadashapeillustratedinFig. 1. Asillustrated
in Fig. 1, a transparent resin resist 10 was used to form a protection
film and further a pattern of through holes and so on was formed.

(0297

Next, an amorphous transparent electroconductive film 9 made
mainiyof indiumoxide andniobiumoxide was depositedon the substrate
subjected to the above-menticned processing, as illustrated in Fig.

1. The target used in the sputtering was an In;03-Nb,0s sintered body
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This nmetallic Mo/netallic Al bi-layered filmwas etched into a shape
illustrated in Fig. 1 by photo-etching using a phosphoric acid/acetic
acid/nitric acid/water (the ratio by volune = 9/6/1/2)-based agueous
solution, so as to forma pattern of a drain electrode 7 and a pattern of a
source el ectrode 8. [0308] Next, a conbination of dry etching using a

CHF- based gas and wet etching using an aqueous hydrazine ( NH2NH2H20)
solution was used to fornta pattern of the a- Si (i) film4 and a pattern
of the a-Si:H (n) film§® de o the a-Si:Hfilm As

i || ustrat &FeRaTeHi P Ser "ah% F"éh%aﬂfehtn}ééfw r ési“&kt] YOGS dSedf! BEOFGEmM a
protection filmand further a pattern of through holes and so on was
formed. [08B09] belevasn an amdboklphioushg tansgwr ént0 ABct Floedddlctepresknkm 9 nmade
mai nly of indium oxide and ni ckel oxide was deposited on the substrate

subj ect ed tle hhebabawe- medti enedeppOCcessi imgliuhhetéed get thsedrdnspihent
sputtering was an 1 n203-Ni O sintered body prepared to set the value of

[1n]/([In]eredtMokbndwbd Ghe ES1AR MDL0hE [FBY i hekwaes d2 Athbdl ped Anthe

target, to 0.95. The [In] represents the nunber per unit volune of the

i ndi um at O\F@thtﬁd% bRCLLL ANSPALANL: Shechy RANIUGLLYE Sl M ARG ordie kL]

represents the nunber per unit volune o nic atons

transparen ctroconductlve film9. [0310] 1In the sputtering, this
I n2C3- Ni O red body was used to 126 be arranged onto a pl anar
magnet r on- based ﬁ%&gede, and the transparent

In the sputtering, this In;03;-Nb,0s sintered body was used to
be arrangedontoaplanarmagnetron-basedcathode, andthe transparent
electroconductive film 9 was deposited to make the film thickness
thereof to 1000 A. At this time, pure argon gas or argon gas into
which O; gas was incorporated in a trace amount of about 1% by volume
was used as the discharge gas at the time of the sputtering.

The form that niobium is contained in the target may be a form
that niobium is dispersed as a niobium oxide such as Nb;0s or NbpCs
in the indium oxide sintered body, or may be a form that niobium
is dispersed as a complex oxide of indium and niobium, such as InNbOy,
in the indium oxide sintered body at an atomic level. Preferred is
a form that niobium atoms undergo substitution/solid-solution into
indium sites of indium oxide, whereby niobium is dispersed into the
indiumoxide sinteredbody. Suchacase, inwhichnicbiumisdispersed
into the indium oxide sintered body at an atomic level, is more
effective for stabilizing discharge in the sputtering or obtaining

the transparent electroconductive film 9 having a low resistance.
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el ectroconductive film9 was deposited to make the filmthickness to 1000
A. At this time, pure argon gas or argon gas into which 02 gas was
incorporated in a small anount of about 1% by volunme was used as the

di scharge gas at the tine of the sputtering. [0311] The formthat nickel is
contained in the target may be a form that nickel is dispersed as a nickel
oxi de such as Nio in the indium oxide sintered body, or may be a formthat
ni ckel is dispersed as a conpl ex oxide of indiumand nickel, such as

IN2Ni &4, in the indium oxide sintered body. Preferred is a formthat nickel
atoms undergo dGB8Pitution/solid-solution into indiumsites of indium

oxi de, whereby nickel is dispersed into the indiumoxide sintered body at
an atom c | evel Th8uehlat Caselenshtwho€htha ckebet smaties pdr sBdsi M0:4MR05 | ndi um
oxi de sintered body at an atomc level, is nore effective for stabilizing

di schar ge sintbhed St @esNg7Hr Abdaf Gt Best tdasRara0kd eleat ngconduct i ve
film9 having a low resistance. The relative density of the target nade of

this | n203-.NiLO; sl 0 i t ntest~d that if
Lhe'r el at FoR e ey B e HaS B Mg L o B P Oy s
95% or nore,

dul i.sch d. [0312 Th
transpareﬁ?seﬁggt$%§%ﬁ%%c%¥§é9%$ﬁﬁ$r,%ﬁﬁﬁgﬁﬂ§%¥9$%§r%%ﬁ2@%£$ﬁ%%4d1 In?f

ornmedby the sputtering, was analyzedbyX-ray analysis. 127 As a result, no
peak was observeé#esbrehRAGINNELCHEBYEN I AL VEhEL LR | . mWhd§hanaandihous

film The specific resistance of the
Iny03-NbyCs film feormed by the sputtering, was analyzed by X-ray

analysis. As a result, no peak was observed so that it was proved
that the film was an amorphous film. The specific resistance of the
transparent electroconductive £film 9, whichwas this Iny03;=Nk,0s £ilm,
was about 3.6 x 1077 Qcm. Thus, it was proved that the film was a
film which was able to be satisfactorily used as an electrcde. It
was also proved that when tin oxide was incorpcrated intc the
above-mentioned target, which was the made of Iny03-Nb;05 sintered
body, in an amount of 1 to 10% by weight, the specific resistance
of the formed transparent electroccnductive film 9 was 1.7 x 107
Qcm or less.

[0300]

This transparent electroconductive film 9, which was the
In,03-Nb0s film, was etched by photo~-etching using a 3.2% by weight
solution of oxalic acid in water as an etchant in order to give a
pattern of a transparent pixel electrode. In this way, the pattern
of the transparent pixel electrcde, which was made ¢f the amorphcus

electrode of the transparent electroconductive film 9 illustrated
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transparent el ectroconductive film9, which was this In2B-NOfilm was
about 4.6 x 10-4 12cm Thus, it was proved that the filmwas a filmwhich
was able to be satisfactorily used as an electrode. It was al so proved that
when tin oxide was incorporated into the above-nentioned target in an
anount of 1 to 10% by weight, the specific resistance of the forned
transparent el ectroconductive film9 was 2.2 x 10-4 lcmor |less. [0313]
This transparent el ectroconductive film9, which was the 1n2@B-NiOfilm
was etched by photo-etching using a 3.2% by weight solution of oxalic acid
in water ag angetlchaas fiarmedderThic gi ¥% by waagittesnlof ien tofansphrentipi xel
electrode. In this way, the pattern of the transparent pixel electrode,

whi ch was inndetef dhercamprpbotts thel geidndetehathe:ditanspagestalic acid
el ectroconductive film9 illustrated in Fig. 1, was forned. At this tineg,

t he patterqesRhribBe sQUILE Al.egtkrode 8 and the pattern of the transparent

pi xel el ectrode, which was made of the transparent el ectroconductive film
9, were forned i[ﬁ)ts%lqui red patterns so as to be electrically connected to
each other. At this "time, the source electrode 8 and the drain el ectrode 7,

made of the netagllic A, neither_ynder t line-breakin or

| i ne- narr ow ng. A%Néi?ﬁ?ﬂrmes' 6%‘35%&’%?5& \é\g&élel SREECE @%&P@eh%ﬂ%ta? 250C
for 30 128 mnutes. This 3.2% by weight solution of oxalic acid in water
cor r espond® e et ABpdirarererant PdsRE flfctgosragre eieedénte idsedredin t he

cl ai ns.
patterns so as to be electrically connected to each other. At this

time, the sourceelectrode8andthedrainelectrode 7neitherunderwent
line-breaking nor line-narrowing. Next, this glass substrate 1 was
thermally heated at 250°C for 30 minutes.

Thereafter, a SiN passivation film (not illustrated) and a
light-shielding pattern (nct illustrated) were formed to produce
an o-SiTFT active matrix substrate 100 illustrated in Fig. 1. On
the glass substrate 1 in this a-SiTFT active matrix substrate 100,
the pattern of the pixel section and so on illustrated in Fig. 1
and the same patterns were regularly formed. In other words, the
o-SiTFT active matrix substrate 100 of Example 1-3 was an array
substrate. This a-SiTFT active matrix substrate 100 corresponds to
one preferredexample of the thin film transistor substrate described
in the claims in the same manner as in Examples 1-1 and 1-2.

[0302]

A liquidcrystal layer anda coler filter substrate were formed
on this o-SiTFT active matrix substrate 100, thereby producing a

TFT-LCD system flat display. This TFT-LCD system flat display
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[0314] Thereafter, a SiN passivation film(not illustrated) and a

| ight-shielding pattern (not illustrated) were fornmed to produce an a-Si TFT
active matri x substrate 100 illustrated in Fig. 1. On the glass substrate 1
inthis a-Si TFT active matrix substrate 100, the pattern of the pixel
section and so on illustrated in Fig. 1 and the sanme patterns were

regularly formed. In other words, the a-Si TFT active nmatrix substrate 100
of Exanple 1-4 was an array substrate. This a-Si TFT active matri x substrate
100 corresponds to one preferred exanple of the thin filmtransistor

subst r at e Wagespbeds tinonpesxdmmilescf thehergsirel maapéay aesiomibgams e€hg- 1.
[0315] A liquid crystal layer and a color filter substrate were fornmed on
this a-Si THRiact i Aot thixs SEDSIC@Ees1a0 fl1bahelieby apy cducghmgiray tdHTwhED
system flat display. This TFT-LCD systemflat display corresponds to one

exanmpl e ofpddee tAd B Lebm £ ansirst@s hody fbaliyet BhxeHicSRl-ay¥cdesed i-hgd in the
clainms. About this TFT-LCD systemflat display, a lighting test was made.

Asa result cti hxel ode so that favorable
di spl ay maﬁsa‘%g%ég'?\g@%séﬁ%fga%eébyg[%%% a't%églﬁr% e 1-5" 129 In Exanples 1-1

to 1-4, there hagej lcgf]‘en descri bed exanples wherein the etchant used when
t he transparent qé} troconductive film 9 was etched was a 3. 2% by wei ght
solution of oxalic acid in water; however, the etchant used when the
transparent el ectr’GEBABULTH Ve

An o-SiTFT active matrix substrate 100 in Example 1-4 1is
different from the a-SiTFT active matrix substrate 100 in Examples
1-1tol-3onlyinthecompositionof thetransparent electroconductive
film 9, and the structure therecf is substantially the same as in
Fig. 1. Accordingly, the a-SiTFT active matrix substrate 100 of
Example 1-4 will also be described using Fig. 1.

[0304]

AsillustratedinFig. 1, ametallicAl (alloy) (thecomposition
weight %: Al/Ni = 99/1) was deposited onto a light-transmissible
glass substrate 1 by high-frequency sputtering so as to have a film
thickness of 2000 A. Next, the deposited Al made of the metallic
Al was etched into a shape illustrated in Fig. 1 by photo-etching
using a phosphoric acid/acetic acid/nitric acid/water (the ratio
by volume = 9/6/1/2)-based aquecus scluticon as an etchant to form
agateelectrode 2 andagateelectrodewiringl?2. Thisglasssubstrate
1 corresponds to one example of the transparent substrate described
in the claims.

[0305]
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film9 is etched is also preferably a m xed acid conposed of phosphoric
acid, acetic acid and nitric acid or a solution of cerium (IV) amoni um
nitrate in water besides the above-nentioned aqueous oxalic acid solution.
[03171 "Exanple 1-6" As described in Exanples 1-1 to 1-4, various oxides
were used for the respective transparent el ectroconductive filnms 9 in the
present enbodi nent. In the Exanple 1-6, the electrode potentials of these
oxides to a Ag/ Agd standard el ectrode were neasured. The neasurenent was
carried out by neasuring the electrode potentials thereof in various

el ectrol ytes (ellesta,obkysikicgol oitondsy filln Tabtesinkfaee, strowtedeas i éndint
exanpl es wherein a 2.8% by weight solution of TMAH (tetranethyl anmoni um

hydr oxi de) fiXm Wat esme Wassad$ edwiascion@udfl béer elaeet fodyltaS.0onOfi LAeEs otdhaer hand,
in Table 2 are shown neasurenent exanples wherein a peeling or rel easing

sol Uti on Vasodisedaasy one.oh s eleeeybol d es: uL 0y shiiatl e 11 J30 Tabl e 1

Standart el ectrode Potentoal difference Eiectrolyte potential(V)(relative

el cot r ocorAee T B TS B v b -0 4 BdRy o BOHRBrECHS 117 Fidos- vos)

solution in water_ . , , ) _ )
1, ana-5i:H (i) film 4 was deposited thereon to have a film thickness

of 3500 &, and further a silicon nitride film (SiN film), which would
be a channel protective layer 5, was deposited thereon to have a
film thickness of 3000 A.

[0306]

At the discharge gas at this time, a SiH;—NH:;-Np-based mixed
gaswasusedabout thegate insulaticon film 3 and the channel protective
layer 5, which were each made of the SiN film, while a SiHs-N,-based
mixed gas was usedabout thew-Si:H (i) film4. The channel protective
layer 5, which was made of the SiN film, was etched by dry etching
using a CHF-based gas to form a shape illustrated in Fig. 1.

[0307]

Subsequently, a SiHs—H>-PH;-based mixed gas was used to deposit

ano-Si:H (n) filmé, asillustratedinFig. 1, tohave a film thickness

of 3000 A.

Next, a metallic Mc/metallic AL (alloy) (the composition
weight %: Al/Ni = 99/1) bi-layered film was successively deposited
on the deposited a-Si:E (n) film 6 by sputtering so as to make the
film thickness of metallic Mo for the lower layer to 0.05 pym and

set that of metallic Al for the upper layer to 0.2 pm.
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Transparent el ectroconductive film2.8wm % TMAH -0. 386 0.509

of Exanple 1-2

(I'n203 Mb03) solution in water Transparent el ectroconductive film 2.8wm %
TMAH -0. 365 0.530 of Exanple 1-3 (1nl103-Nb205) solution in water

Transparent el ectroconductive film 2.8wm % TMAH -0. 378 0.517
(I'n203 Ni0) solution in water |ITO 28wm % TMAH -0. 238 0. 657

of Exanple 1-4

solution in

water rzo 2.8wt % MAH -0.247 0.648 solution in water Al 2.8wt % TMAH -0. 895
- solution in water Al-Nd(Iw% 2.8m% MAH 0.848 solution in water TMAH,

t et ramet hyl anmmoni um hydroxide As illustrated in Table 1, the potenti al

(rel ative tot heAlyiAg@taldliecto dos)aldfict Ak biirAagpesd it Lelwect eociontluotove

fil mmade of In203-WO8 used in Exanple 1-1 was -0.352 V. The absol ute val ue

of the poteshhpk ididdteseaaeid g Al MapHRrd43tdhirseesiall & ghosph8318] The
potential (relative to the Ag/AgC el ectrode) of the transparent

el ectrocow@t/a&@tiéléelmgt%c'Q@@;Mt@% YsRd f&ﬁ%%gpbglm&elws -0.386 V

(see Table 1) .Theaso ute value of the potentia

erence from Al was

0.509 V L (relat i h | ectrode) of
Che traﬁs{é 100 Srdtes SRt RN o rmisied 8P FRoba e ieed FReEanp o

electrode 7 and a pattern of a source electrode 8.

(0308]

Next, a combination of dry etching using a CHF-based gas and

wet etching using an aqueous hydrazine (NH;NH;-H;0) solution was used

to form a pattern of the a-Si:H (i) film 4 and a pattern of the a-Si:H

(n} film 6, each of which was made of the a~Si:H film. As illustrated

in Fig. 1, a transparent resin resist 10 was used to form a protection

film and further a pattern of through holes and so on was formed.

[0309]

Next, an amcrphous transparent electroconductive film 9 made

mainly of indiumoxide and nickel oxide was deposited on the substrate

subjected to the above-mentioned processing. The target used in the

sputtering was an In;0;-NiO sintered bedy prepared to set the value

of {In]/([In] + [Ni]), which is an atomic ratio between In and Ni

inthe target, t© 0.95. The [In] represents the number per unit volume

of the indium atoms in the transparent electroconductive film 9 and

the [Ni] represents the number per unit veliume of the nickel atoms

in the transparent electroconductive film 9.

[0310]

In the sputtering, this In,0;-Ni0 sintered body was used to
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131 1-3 was -0.365 V (see Table 1) . The absolute val ue of the potential
difference fromAl was 0.530 V (see Table 1). The potential (relative to the
Ag/ AgCl el ectrode) of the transparent el ectroconductive film made of

I N2C3-Ni O used in Exanple 1-4 was -0.378 V (see Table 1) . The absol ute

val ue of the potential difference fromA was 0.517 V (see Table 1). [0320]
On the other hand, the potential (relative to the Ag/AgC electrode) of the
transparent el ectroconductive filmmde of I TO was -0.238 V (see Table 1)
The absol ute value of the potential difference fromA was 0.657 V (see
Tabl e 1) . YeosxEngetipatpatelanagimagnel 2o vieagas! aaddiong, Ajd thel tacnsedeynbf t he
transparent el ectroconductive filmnade of 1ZO was -0.247 V (see Table 1)
The absol wlectaboendifctihe polem iwals depdzitenceofmam Ahe Nabn 0.1648n¥s$see
Table 1). [0322] The potential (relative to the Ag/ AgCl el ectrode) of Al,

which is t@ coopdt.athveily ecie) Hurkea sy gasWes ar@o898ay irseewdadd @,1) The
potential (relative to the Ag/Agd electrode) of an Al-Nd (conposition

ratio of Neis Asbyn@h okl QYa Wa%110848nY {568 clabhe ni)vol A323hs In the
case where Al electrically contacts a transparent 132

used as the discharge gas at the time of the sputtering.

[0311]

The form that nickel is contained in the target may be a form
that nickel is dispersed as a nickel oxide such as NiO in the indium
oxide sintered body, or may be a form that nickel is dispersed as
a complex oxide of indium and nickel, such as In;NiQs, in the indium
oxide sintered body. Preferred is a form that nickel atoms undergo
substitution/solid-solution into indium sites of indium oxide,
whereby nickel is dispersed into the indium oxide sintered body at
an atomic level. Such a case, in which nickel is dispersed into the
indium oxide sintered body at an atomic level, is more effective
for stabilizing discharge in the sputtering or obtaining the
transparent electroconductive film 9 having a low resistance. The
relative density of the target made of this In,03-NiO sintered body
was 97%. A different test demonstrated that if the relative density
cf the target made of this In,0;-NiC sintered body was 95% cr more,
nodules or overdischarge was not generated.

[C312]

The transparent electroconductive film 92, which was the

In»0;-NiQ filmformedbythe sputtering, wasanalyzedbyX~rayanalysis.
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el ectrode and further Al contacts an electrolyte as descri bed above, a
potential difference (electronotive force) as shown in Table 1 1is
generated. It appears that this potential difference (electronotive force)
causes acceleration of corrosion of the Al electrode. As shown in Table 1,
the transparent el ectrode of the invention nmakes it possible that the
potential difference (electronotive force) thereof fromAl is made smaller
than that of 1TO or 1ZO by about 0.1 V or nore. According to the invention,
the potential difference (electronotive force) becones small in this way;
it is therks ¢ér g=suiltiento tdeatk pokrdsianvadeact toat oft Wae pkeved odeit ithe
restrai ned. [0324] Next, the neasurenent results in the case of using a
peeling sollmivas as ahergcect falyt e Thee sphoinfii ¢ nreEdbken@e dhithiepeel i ng

sol ution was a sol ution wherein di ethanol am ne and N nethylpyrrolidone were

n xed at at#atdparehr IUcbyc¥ehdr itve 700 obwmniehun® t1032R]o0,-kfeklien?] 133
Table 2 Electrolyte Standart el ectrode Potent oaI difference potenti al (V)

gl': glngfo:a\r/gn‘%ée)ﬁ ectrocond't%‘lctllbste) | Il'Jter 11%9/ ﬂ’ %R]% ?% 3‘53%)% ' hg

sol ution %&lﬂ?w igh ﬁgézable to be satisfactorily used as an electrode. It
was also proved that when tin oxide was incorporated into the
above-mentioned target in an amount of 1 to 10% by weight, the specific
resistance of the formed transparent electroconductive film 9 was
2.2 x 107 Qcm or less.

[0313]

This transparent electroconductive film 9, which was the
Iny03-Ni0O film, was etched by photo-etching using a 3.2% by weight
solution of oxalic acid in water as an etchant in order to give a
pattern of a transparent pixel electrode. In this way, the pattern
cf the transparent pixel electrode, which was made of the amorphous
electrode of the transparent electrcconductive film 9 illustrated
in Fig. 1, was formed.

At this time, the patterr of the source electrode 8 and the
pattern of the transparent pixel electrode, which was made of the
transparent electroconductive film 9, were formed into desired
patterns so as to be electrically connected to each other. At this
time, the source electrode 8 and the drain electrcde 7, made of the

metallic Al, neither underwent line-breaking nor line-narrowing.

Next, this glass substrate 1 was thermally heated at 250°C for 30
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Transpar ent el ectroconductive Peeling solution -0. 268 0. 452 film of

Exanpl e 1-2 (1n203 Mb03) Transparentel ectroconductive Peeling solution -0.
256 0. 464 filmof Exanple 1-3 (1n203 Nb20) Transparentel ectroconductive
filmof Exanmple 1-4 Or O3NiO) Peeling solution -0. 287 0. 433 1TO Peeling
solution -0. 120 0. 600 1ZO Peeling solution Al Peeling solution -0,720 -
Al -Nd(1wm % Peeling solution Pealing solution :

det henol am ne/ N- net hyl pyrrol i done=30: 70% by vol ume As shown in Table 2, the
potential (relative to the Ag/AgCl el ectrode) of the transparent

el ect r ocofdOEtRFe fiNiFmadé® ofy IMeaabweslutised dfn oRRARPI @cid EnnwgteD. 248 V.
The absolute value of the potential difference fromAl was 0.472 V (see
Tabl e 2). doa3gepondhea cpbhemciidl ¢ (gtalhanitveonta ittiegAgiadlgd aeidclesodepedf t he
transparent el ectroconductive filmnmade of In203-MO3 used in Exanmple 1-2
was -0.286nVtheeeldade 2) . The absolute value of the potential difference
fromA was 0.452 V (see Table 2). The potential (relative to the Ag/AgC

el ectrode) of thgszjgnansparent el ectroconductive filmrmade of |1n208- Nb2Co
used in Exanple 134 1-3 was -0.256 V (see Table 2) . The absol ute val ue of

the potential Thereafter, a SiN passivation film (not illustrated) and a

light-shielding pattern (not illustrated) were formed tc produce
an oe-SiTFT active matrix substrate 100 illustrated in Fig. 1. On
the glass substrate 1 in this a-SiTFT active matrix substrate 100,
the pattern of the pixel section and so on illustrated in Fig. 1
and the same patterns were regularly formed. In other words, the
o-SiTFT active matrix substrate 100 of Example 1-4 was an array
substrate. This a-SiTFT active matrix substrate 100 corresponds to
one preferred example of the thin filmtransistor substrate describea
in the claims in the same manner as in Example 1-1.

[0315]

Aliquidcrystal layer and a color filter substrate were formed
on this a-SiTFT active matrix substrate 100, thereby producing a
TFT-LCD system flat display. This TFT-LCD system flat display
corresponds to one example of the thin film transistor liquidcrystal
display described in the claims. About this TET-LCD system flat
display, a lighting test wasmade. Asaresult, therewasnodefective
pixel electrode so that favorable display was able to be attained.

[0316]

“Example 1-5"
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difference fromA was 0.464 V (see Table 2). [0327] The potenti al
(relative to the Ag/ AgC electrode) of the transparent el ectroconductive
filmmade of 1n2C3-Ni O used in Exanple 1-4 was -0.287 V (see Table 2) . The
absol ute value of the potential difference fromA was 0.433 V (see Table
2). [0328] On the other hand, the potential (relative to the Ag/AgCd

el ectrode) of the transparent el ectroconductive filmmde of ITO was -0.120
V (see Table 2). The absolute value of the potential difference fromA was
0.600 V (see Table 2). [0329] The potential (relative to the Ag/AgCd

el ectrode) of AInkiaghlebslal donpadatihereobpeetbéen descabbed, exmpled. 720 V
(see Table 1). [0330] In the case that Al electrically contacts a

t r anspar enthesd iectiieodeciaatt hsed hren Aheconrhachsemn cebectsanduetasededear i bed
above, a potential difference (electronotive force) as shown in Table 2 is

gener at ed. g L jzsapped S whhat 3. bb%jﬂ%@@htas!olqijtflt;ﬁr@m%aliéla%qtor oARidr\e;force)
causes accel eration of corrosion of fhe el ectrode. shown in Tabl e 2,

oo o PP EE PR, U, L Rl by et e |
than that plid8%:10i0n 120 broabout 0,1 N e decond i Lo 1
this acid, aceticacidandnitricacidorasolutionof cerium (IV) ammonium
nitrate in water besides the above-mentioned aqueous oxalic acid
solution.
[0317)
“Example 1-6”
As described in Examples 1-1 to 1-4, various oxides were used
for the respective transparent electroccnductive films 9 in the
present embodiment. In the Example 1-€, the electrode potentials
of these oxides to a Ag/AgCl standard electrode were measured. The
measurement was carried out by measuring the electrode potentials
thereof in various electrolytes (electrolytic soluticns).
In Table 1 are shown measurement examples wherein a 2.8% by
weight solution of TMAH (tetramethylammonium hydroxide) in water
was used as one of the electrolytes. On the other hand, in Table
2 are shown measurement examples wherein a peeling or releasing
solution was used as one of the electrolytes.

[0318]

[Table 1]
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way; it is therefore evident that corrosion reaction of the electrode is
restrained. [0331] "Modified Exanple 1-1" Fig. 2 illustrates a sectional
view of a vicinity of a different a-Si TFT active matrix substrate 200 of

t he exanple. A characteristic of the a-Si TFT active matrix substrate 200 of
the Modified Exanple 1-1 is that a transparent el ectroconductive film9 is
formed directly on a source electrode 108 wi thout form ng any transparent
resin resist. As illustrated in Fig. 2, a drain electrode 7 and the source
el ectrode 8 in the Mddified Exanple 1 are each nade of a netallic
Cr/metallic Algpait-|layered film In the sanme manner as in above Exanples 1-1

to 1-4, it [Ts also preferred thaf the draingglee Eé?r%?e patnqoglgger%g?.rce
re

electrode § are each nade of a myalhite M/ PREBIM (Folatid) -:J'mq ilm In
the drain glectrode 7 and the soyrce s‘etl ectrggﬁ _&e&t,lga:elfto te(\?bg@,ut; lof |fowner

| ayer was E;%m" ecqre or Iﬁ%is %cﬁwhrmﬁna theirupper fayer was a|l ayer
[
ﬁm

made of net|a gstrat eq-msbeg. 2, ao. sagate el ectrode
102 in the Pti’:\ I: 93)1_1 nnw 95 dnscri bed--an v:.\nml e havi ng a
nono- | ayer ea'a"%??’lﬁe'?wg’"i'm%ﬁb"f R AVBTMAH; C Ay, nger. I'n tohgogarre nmanner as
the gate el€Etmde&2? InOgModd Exsaimtipndcwater ] and 1-2, this qate el ectrode 136
102 pr ef er qivtaysplrars elactibéonbuatie imd SdawtxctmaHe donposed of an |ayer and a M
layer. In theesap@i-GBNNRL,-AB0)HN Makke kwer e £°3, it is® 3?90 prefefrred
that the nmetaLLin Sbotlobbhlilotive Fim BB TMAHTET[ATTT C Al

-0, 378 0. 517
of Example 1-4  (In,0,-NiO) solution in water
8
o ZBWATMAH | _ 5. 238 0. 657
solution in water
1ZO 2 . T_MAH -—0. 247 0. 648
solution in water
.Bwitk TMAH
Al 2 L. —0. 895 -
solution in water
8
AN 1wi%) ZBwth TMAH —0. 848

solution in water

TMAH ; tetramethylammonium hydroxide

AsillustratedinTablel, thepotential (relativetotheAqg/AgCl
electrode)} of the transparent electroconductive filmmade of Iny,03-WO4
used in Example 1-1was -0.352 V. The absolute value of the potential
difference from 2l was 0.543 V (see Table 1}.

(0319]

The potential (relative toc the Ag/AgCl electrode) of the
transparent electroconductive filmmade of In;03-MoO3 used in Example
1-2 was -0.386 V (see Table 1). The absolute value of the potential
difference from Al was 0.509 V (see Table 1).

The potential (relative to the Ag/AgCl electrode) of the

transparent electroconductive filmmade of In;03-Nby0s used in Example
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(alloy) (the conmposition weight A/Ni = 99/1). The a-Si TFT active matri X
substrate 200 of the Mddified Exanple 1-1, illustrated in Fig. 2, produces
the sane effects and advantages as the a-Si TFT active matrix substrate 100
of above Exanples 1-1 to 1-4. [0333] Second group The follow ng wll
describe the best enbodinent for carrying out the invention of the second
group. [0334] "Exanple 2-1" In203 powder having an average particle
dianeter of 1 mor |ess, W3 powder having an average particle di aneter of
1 pmor less, and CeQ2 powder having an average particle diameter of 1 mor
| ess wer el fovam-&t é85t0 {see Tehdealtiom Aumbbsolate vadepraSeht gobtleyptial
[tungsten]/([tungsten] + [indium) and the atom nunber ratio represented by
[ cerium/ (diderirante +ffomdilumh)y 00530 02 (@rd 0aPBs 1)r.espectively. [0335] Such
atom nunber ratios are shown in Table 3. In the present patent, W M, Nb,

Ni, Pt and Pd armgecgbteftide fidistioetadl HLOWR/nddY SNchRiet 0ogetHes denoted
as "M". This M is also used as a synbol repreSenting any one of W M,

Egi a:\‘i i, Ptvig,lr%ll\%/%?g%%?& %}?éﬁ%@c%}cﬁle}%ye Mird RS 68 BSoANHTRAG [ERLEREILI NG any
1-4 was -0.378B V {see Table 1}. The absolute value cf the pctential
difference from Al was 0.517 V (see Table 1).

[0320]

On the other hand, the potential (relative to the Ag/AgCl
electrode) of the transparent electroconductive film made of ITO
was —-0.238 V (see Table 1). The absolute value of the pctential
difference from Al was 0.657 V (see Table 1).

[C321]

The potential (relative to the Ag/AgCl electrcde) of the
transparent electroconductive film made of IZ0 was -0.247 V (see
Table 1). The absclute value of the potential difference from Al
was 0.648 V (see Table 1).

{0322]

The potential (relative to the Ag/AgCl electrede) of Al, which
is a comparative object in the above, was -0.895 V (see Table 1).
The potential (relative tc the Ag/AgCl electrode) of an Al-Nd
(composition ratio of Nd: 1% by weight) alloy was -0.848 V {see Table
1.

[0323]

In the case where Al electrically contacts a transparent
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[0336] [Table 3] Table 3 Confect resiaterce |IMun Oxide Tnrsparanl -th Al
M M2 M3 Relative {, M M M density avarege rrticle electrode specific
[In)+[M] [In]+(M] [1,]+ [MB1 ~ dierreter resb+arce dass/Al/ dass/ 4m
MXxm traraperent traraperent electrode electrode /Al Exanple2-1 WO0.02 C.
0.03 96 3.4 680 32.5 36.2 Exanple 2-2 V. 0.02 Eb 0.04 - - 96 3.5 520 34.6
38.7 Exanple 2-3 Nb 0.03 Er 0.05 Sn 0.05 97 3.7 545 26.7 27.7 Exanple2-4
Ni 0.05 C. 0.03 Zn 0.10 95 3.4 625 26.8 28.6 Exanple 2-5 Pt 0.02 Ce 0.03 Zn
0.10 95 3.7 585 30.4 35.4 Exanple 2-6 Pd 0.05 C. 0.03 zZn 0.10 95 316 685
31. 32.7 Henpld2-ehdfirtdierGil 0o08aGes AnE3.e@Tr818td 360 ®AEc21BddAbckxanpl e

2-8 W0.02 L. 0.03 G 0.03 97 3.7 820 32.5 35.9 Conparative - - - - Sn 0.10
99 12.8 18b fitent291 Mifample 2eleLompaitatitVecrce) -as sBBwh. 16 19813. 8 295
88.5 35.4 Exanple 2-2 Converetive WO 25 C. 0,25 - - 84 15 1 Mor nere 1 M

or more 1 M idipigreExampes I\fpéa@rﬂ??artaft%Yg HoM¥ni0:2126iEecPon?d SN 0. 4 50 -

1 Mor "vre 1 M or nore mor e

(electromotive force) causes acceleration of corrosion of the Al
electrode. As shown in Table 1, the transparent electrode of the
invention makes it possible that the potential difference
(electromotive force) thereof from Al is made smaller than that of
ITO or IZO by about 0.1 V or mere. According to the invention, the
potential difference (electromotive force) becomes small in this
way; it is therefore evident that corrosion reaction of the electrode
is restrained.

[0324]

Next, the measurement results in the case of using a peeling
sclution as the electrolyte are shown in Takle 2. This peeling
sclution was a solution wherein diethanolamine and
N-methylpyrrolidone were mixed at a ratio of 30% by volume to 70%
by volume.

[0325]

[Table 2]
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In the present patent,
group, and are together denoted as "M".

representi
used as a

exanpl es of
In the present patent,

group,
representi

as a synbol
the

pat ent,
at ons per
or

[ tungst en]
tungsten t

[1n]),

ceriumto

and are together denoted as "M3".

[W rep

represents

the
-nmenti oned

| ant hanoi d- based netals are called the

This M is

| ant hanoi d- based net al s.

representing a | ant hanoi d-based 138 netal. As specific

| ant hanoi d- based netals, Ce, Ho, Er and Ce are shown. [0337]

Zn, Sn, Zr, Ga and CGe are called the third netal

This M3 is also used as a synbol

Ga and Ge. In Table 3 also, M3 is used
representing any netal of Zn, Sn, Zr, Ga and Ge. [0338] 1In the
¥9?2 of [ ] is used as a synbol representing the nunber of

Ini ight or unit volume For exanple  For exanple, [tyngsten]

resents the nunber of HedP@d €N | Rdndsrselectrnnid [ i IPioatid ditberentd ]

t he nunmber of indiumatons. Ageentil(Yiffelgtive td&V)dion WEehyslute i loned

[ ([tungsten]+ [indiuni) repr ehséheChelactredent oivpivstinber ratijo of

q-rdngbq;emm,cujogbn&jg@ecase that this is described as [W/( [W| +

nqg 1 %nrg (Redinseoivbion [ 08348 Sim | ad ¥72t he above
rpruu 7([09 u + ndium)  represents the atom nunber |ratio of
Msnamteibmroednductt\as e

film of Example 1-2 (In,0,;-Mo0,) —0. 268
Transparentelectroconductive

film of Example 1-3 (In,0,~Nb,0;)
Transparentelectroconductive

film of Example 1-4 (In,0,~NiO)
ITo

120
Al
AI-Nd(1wtk)

second net al
al so used as a synbo
ng any one of In Table 3 also, M2 is

synbol

ng any one of Zn, Sn, Zr,

Peeling solution 0. 452

Peeling solution |—0. 256 0. 464

Peeling solution |—0. 287

0. 433

Peeling solution |—0, 120 0. 600

Peeling solution

Peeling solution | —0. 720

Peeling solution

Peeling solution : diethanolamine.” N-methvipvrrolidone=380: 70% by volume

As shown in Table 2, the potential {(relative to the Ag/AgCl
electrode) ¢cf the transparent electroconductive filmmade of In,03~-W0O;
used in Example 1-1was -0.248 V. The absolute value of the potential
difference from Al was 0.472 V (see Table 2).

[0326]

The potential (relative to the Ag/AgCl electrode) cf the
transparent electroconductive filmmade of Iny03-MoO; used in Example
1-2 was -0.286 V (see Table 2). The absolute value of the potential
difference from Al was 0.452 V (see Table 2).

The potential (relative to the Ag/AgCl electrode) of the

transparent electroconductive filmmade of In;03-Nb20s used in Example
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that this is described as [Ce]/([Ce] + [In]), the content thereof 1is the
sane. [0340] Furthernore, the follow ng descriptive form sal soused:[M],
139 [M], or [MB], wherein M, M2 or M3, which is one of the generic namnes
of the above-nentioned netal groups, is inserted into[] . [M] represents
t he nunber of the atons of one or nore netals selected appropriately from
the first nmetal group, [M] represents the nunber of the atons of one or
nore netal s selected appropriately fromthe second nmetal group, and [ M3]
represents the nunber of the atonms of one or nore netals sel ected

appropri atetyywas o.£hé ¥ Heed Tastlal 2)gr olipe abjs0341¢ vafluerof hbefmrtmmitation at

t he above-nentioned ratio, the resultant was put into a pot nade of resin,
and furt heti ffisrennat erom WS wpguledsd nf o/ sekeTpble Ahe conponents therein were
mxed with a wet ball mll using a hard Zr02 ball mll. The tine for the
m xing was set f@®22Q hours. The resultant mxed slurry was taken out,
filtrated, dried and granulated The resultant granulated pr oduct mas

| ded by col d 2 / .
[0342] Keﬁf R PR RERRAES éﬂqﬁé’saé?ﬁ SR U

e reﬁ%gtiéé‘%&ive %nc e B8 B0 f»ﬁ&e@%%‘“a‘éeﬁ%%%aéxty%i”
furnace for 5 hours. At this tinme,
4 was -0.287 V (see Table 2) The absclute value of the potential
difference from Al was 0.433 V (see Table 2).

[0328]

On the other hand, the potential (relative to the Ag/AgCl
electrode) of the transparent electroconductive film made of ITO
was —0.120 V (see Table 2}. The absclute value of the potential
difference from Al was 0.600 V (see Table 2).

[0329]

The potential (relative to the Ag/AgCl electrode) of Al, which
is a comparative object in the above, was -0.720 V (see Table 1).

[0330]

In the case that Al electrically contacts a transparent
electrode and further Al contacts an electrolyte as described above,
a potential difference (electromotive force) as shown in Table 2
is generated. It appears that this potential difference
(electromotive force) causes acceleration of corrosion of the Al
electrode. As shown in Table 2, the transparent electrode of the

invention makes it possible that the potential difference

{(electromotive force) thereof from Al is made smaller than that of
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tenperature was raised at 1C/ mn. up to 1000C, and at 3C/ mn. from 1000 to
1500C. Thereafter, the introduction of oxygen was stopped, and the
tenperature was | owered at 10C/ mn. from 1500 to 1300C. 140 The tenperature
of 1300C was then kept in an atnosphere wherein argon gas was introduced at
a rate of 10 L/mn. per 0.1 nB of the volunme inside the furnace for 3
hours. The product was naturally cool ed, thereby obtaining an 1n203

si nt eredbody contai ni ng tungsten and cerium and having a relative density
of 95% or nore. [0343] A sBecific cal cul ated value of the relative density
was 96% WS Sh Pr RmiteV3] TRE Ticor ebFeaididenspthg Anventi@asEhtas
cal cul ated out fromfractions by wei ght ofl n203crystal (bi xbite-based

st r uct ur e)pdiEnitagl ndl Bhausawedée eetis;onwtdxedépreamd lesomridemal ] 334 4hiA
sputtering surface of the sintered body was polished with a cup grindstone
and wor kedvdynt it as dhafrefere ef7i 466t Az akdracshie kpessior0bf Sherglcthirsdwas
stuck to a backing plate by use of an indiumbased alloy to obtain a

sintered bodyekargeted001. [0345] In present Exanple 2-1, it is preferred
that tungsten is dispersed, in particular, tungsten undergoes

substitution/solvﬁBi?Iution into indiumsites of indiumoxide. In other
words, the formthat ‘tungsten is contained in the target nay be a formthat

tungsten is dispersed.a t ungst en,,oxi de such as W3 or W)2 in the indium
oxi de sintered b§@§}%6?aH%Vﬂ%§'a for m t hat

Fig. 2illustratesa sectional viewof avicinityof adifferent
a-SiTFT activematrix substrate 200 of the example. Acharacteristic
of the a-SiTFT active matrix substrate 200 of the Modified Example
1-1 is that a transparent electrocenductive film 9 is formed directly
onasourceelectrode 108without forminganytransparent resinresist.

As illustrated in Fig. 2, a drain electrcode 7 and the source
electrode 8 in the Modified Example 1 are each made of a metallic
Cr/metallic Al bi-layered film. In the same manner as in above
Examples 1-1 to 1-4, it is also preferred that the drain electrode
7 and the scurce electrode 8 are each made of a metallic Mo/metallic
Al bi-layered film. Inthedrainelectrode 7 and the source electrode
8 in Fig. 2, their lower layer was a layer made of metallic Cr, and
their upper layer was a layer made cf metallic Al.

[0332]

AsillustratedinFig. 2, asagateelectrode 102 intheModified
Example 1-1, there is described an example having a mono-layered
structure made of a metallic Al layer. In the same manner as the

gate electrode 2 in above Examples 1-1 and 1-2, this gate electrode
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tungsten is dispersed as a conpl ex oxi de between indium oxide and tungsten
oxi de, such as 1 n2WB0O12, in the indium oxide sintered body. 141 [0346]

About cerium only cerium oxide nay condense, or a part thereof may undergo
substitution/solid-solution into indiumsites of indium oxide. By such

di spersion, the average dianeter of the ceriumoxide crystal grains, which
was obt ai ned by image processing, was made into 2.1 m The condensati on of
the ceriumoxide is attained so as to set the size of preferably to 5 pmor
| ess, nore preferably to 4 mor less, nore preferably to 3 Nn or less. If

t he di sperKlZoprefsransufiisca dnt-lsyetrkdt sthetoer composate clfasn Myl dageze of 10
pmor nore is present, overdischarge may be induced during sputtering

di schar ge #ird théo defiedn oxi deeNByme altsBetrhes genapatd dkaafolaodus es.t 150347]
By dispersing as described above, the average diameter of the indium oxide

crystal graifss E@ﬁefﬁ?éiﬁthﬂ%ot}?e ﬁeem%csmom@yéf\ ikohkge oF sTHiSadi@MRier was
obt ai ned by |mage processing. [034 is also preferred that tungsten

at ons unde u t 2QN i ndj SI tes of indium oxide,
wher eby t{JaﬁLgs n??éédégnlﬂer Yéﬂ%lﬁge i'n gm oméje sintered body at an
atomc |evel. such di s er Si on the foll ow n% advant ages are produced:
electric di schar 5>t g FHiyednagr ixiastra e £08 phttheion fied Fxaple

resi stance of the resultant transparent el ectroconductive thin film is nmade
| ow. 1-1, illustrated in Fig. 2, produces the same effects and advantages

as the a-SiTFT active matrix substrate 100 of above Examples 1-1

to 1-4.
[0333]

Second group

The following will describe the best embodiment for carrying
out the invention of the seccnd group.

[0334]

“Example 2-1”

In,03; powder having an average particle diameter of 1 pym cr
less, WO; powder having an average particle diameter of 1 ym or less,

and CeO; powder having an average particle diameter of 1 pm or less

were formulated to set the atom number ratio represented by
[tungsten]/{[tungsten] + [indium]) and the atom number ratio
represented by [cerium]/([cerium] + [indium]) to 0.02 and (.03,
respectively.

[0335]

Such atom number ratics are shown in Table 3. In the present

patent, W, Mo, Nb, Ni, Pt and Pd are called the first metal group,
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[ 0349] 142 "Exanple 2-2" 1 n2G3 powder having an average particle dianmeter of
1 pmor |ess, MO3 powder having an average particle dianeter of 1 mor

| ess, and Ho2O3 powder having an average particle diameter of 1 mor |ess
were used as starting powders. The In203 powder, the MbG3 powder and the
Ho203 powder were fornulated at a given ratio, put into a pot nade of
resin, and mxed with a wet ball mll. At this tine, hard Zr02 balls were
used, and the tine for the m xing was set to 20 hours. The resultant m xed
slurry was taken out, filtrated, drjed and granulated. The resultant

gr anul at ed®}? GdGcEoR Y feRerehas LG r Sl aMinds ¢1sendse@ssnal B&E®iint o a
di sk shape by cold isostatic press under a pressure of 3 ton/cnR. [0350]

At this timpressntéogposy oheno¥ it i ¥o ofNbvoli wiitcandl Soneln Taktilkeel falsst, net al
group ML, to indium ([M]/([M] + [In])) was 0.02, and the conposition

rati o of Hel Mhiuebdiss @neyiiel hepsesentinetal ngtaOupfMl, M Npdinam EkHo] /
([Ho] + [In]) ) was 0.04. The sane content 1is shown in Table 3. [0351]
Next, the ggkded product was put into an atnosphere-adjusting furnace, and
then sintered. At the tinme of the sintering, oxygen was introduced into the
furnace at a rat ?09%6}5 L/'mn. per 0.1 n8 of the volune inside the furnace.
At the sane tine, the nolded body was sintered at 1500C for 5 hours. At

this time, the tﬁ@belreatﬁre

Table 3
GContact resistance
elative | IPdium ovide Transparant uath Al
M1 [pm1] M2 2. M3 K] density average perticle elactruf:le specific &
(] + 1] (n} + (M2] Onl+ M3 | T, diameter resztarce Class A7 |Glass”
s Hilom transparent | transparent
alectrode elactrode /Al
Example 2—1 w 0. 02 Ce (0.03 i a5 3.4 680 32.56 36. 2
Example 2-2 |Mao [O. 02 He |0. 04 - |- 96 3.6 520 34.6 38. 7
Example 2-3 [N [O. 03 Er |0.05 Sn 005 97 3.7 545 26 7 27. 7
Example 2 -4 [N [0, 05 Ce [0.03 Zn 0. 10 85 3.4 az5 26.8 28.6
Example 2-5 |Pr |0D. 02 Ce |0. 03 Zn [0 10 96 3.7 685 30 4 35 4
Example 2—-8 |Pd {0. 05 Ce {0.03 Zn 10.10 95 3.6 &85 31. 32.7
Example 2—7 |W [0 " Ce [0.03 Ge |0.03 97 3.8 720 32.2 34.9
Example 2—-8 W |0 02 La [0.03 Ga (0.03 97 3.7 520 32.6 35.9
Comaraiive | |- - |- &n |0 10 s |1z.8 185 8a. 7 6. 4
xample 2 —1
Comparative
_ i - - Zn (016 98 3.8 295 88.5 35. 4
Example 2 —2
gornparelive w o 25 ce |0 25 - |- 84 15 1M or more TMor more |10 or more
xample 2 —3
Comparative w o 25 ce |0 25 Sn 0. 4 BO - 1M or more 1Mormore | 1Mor more
Exampla 2~ 4

In the present patent, lanthancid-based metals are called the
second metal group, and are together denoted as “M2”. This MZ is
alsousedas a symbol representing any one of lanthanoid-basedmetals.

InTable 3also, M2 is used as a symbol representinga lanthanoid-based
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143 was raised at 1 Cmn. up to 1000C, and at 3 Cmn. from 1000 to 1500C.
After the end of the sintering, the introduction of oxygen was stopped, and
the tenperature was lowered at 10 ¢ mn. from 1500 to 1300C. The
tenperature of 1300C was then kept for 3 hours while Ar was introduced into
the furnace at a rate of 10 L/mn. per 0.1 nB of the volunme inside the
furnace. Thereafter, the product was naturally cool ed, thereby obtaining a
sintered body 2 containing M and having a density of 90% or nore. A
specific calculated value of the relative density was 96% as shown in

Tabl e 3. TR&EaLhedretPraiflcderamrles af tnsheagedweasashretd kiedeodio fEom
fractions by weight of I1n203 crystal (bixbite-based structure) having no
oxygen defaect €¢ aM sihawle, and Ho oxi de. [0352] Next, a sputtering surface
of the sintered body was polished wth a cup grindstone and worked into a
di ameter of 152 mguyeand a thickness of 5 nm In this way, a target 1002 was
obtai ned. [0353] The formthat the nol ybdenum el enent is contained in the

target nmay be f hdenumyi Sqdi r Y, i de
such as MoO3 or%ﬁb%g}ﬁnﬁﬁtﬁgq})ﬂr}%i um'og}lélesrg'i %{j}grggd%%g&% %]r'gé n%gq%gnhgé(f orm

t hat nol IS . di rs | Xl of wJ.ndi um. . nol ybdenum
such as ?’%ﬁl@eﬁﬁ%zﬁ%m&gcﬁ g?ﬁ%f%%%%?&e,%ﬁkgﬁg 5 nd:? um Jp%%(lg 8 S %¥£? ed
body. Preferred is a formthat np|ybdenum ataons undergo

oubst i t ut iUIFSO? FaSEBPGL FERIEREB IR S1% 82 GF (i Ghoacdand Gegq In

Table 3 also, M3 is used as a symbol representing any metal of Zn,
Sn, Zr, Ga and Ge.

[0338]

In the patent, the symbol of [] is used as a symbol representing
the number of atoms per unit weight or unit volume. For example,
For example, [tungsten] cr {W] represents the number of tungsten
atoms, and [indium] or [In] represents the number of indium atoms.
Bccordingly, the above-mentioned [tungsten]/{[tungsten] + [indium])
represents the atom number ratio of tungsten to indium. In the case
that this is described as [W]/([W] + [Ir]}, the content thereof is
the same.

(0339]

Similarly, the above-menticned [cerium] / { [cerium} + [indium])
represents the atom number ratio of cerium to indium. In the case
that this is described as [Ce]/([Ce] + [In]), the ccntent thereof
is the same.

[0340]

Furthermore, the followingdescriptive formisalsoused: [M1],
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wher eby nol ybdenumis di spersed into the indium oxide sintered body at an
atom c level. Such a case has advantageous effects of making discharge in
sputtering stable and maki ng the resistance of the (transparent

el ectroconductive) f ilnproduced by the sputtering ow. [0354] About

hol m um onl yhol m unoxi demaycondense, or apartthereof may undergo
substitution/solid-solution into indiumsites of indium oxide. By such

di spersion, the average dianeter of the hol mum oxide crystal grains
obt ai ned by inmage processing was made into 1.8 fun. The condensation of the
hol m um oxiité -i sratM3inedeseinsMl o Weort M3, whiiah geepee abf ytheo g8neuhc or

| ess, nore preferably to 4 pmor |less, nore preferably to 3 pmor less. If
t he di spersimes dfsthasbdve-measriti onsed ndtafl drmpeerisumsitde hend hp. a[Mlize of 10
pmor nore is present, overdischarge nmay be induced during sputtering

di schar ge ®iprelentHalHE wiinbXr dsr FRY S86E dfhengenerirbone0f1Nedukeseq[ 0355]
By dispersing in this way, the average dianeter of the indium oxide crystal

0o ST 8 PRI g ke,
, N , Er 203 i i
ponder. 0208 potelc, o811, £, 205k, 3 b D, a0 AvELge Rl e

powder, Sn02powder, Nb205 powder 145 and Er 203 powder were weighed into
gi ven anp RSN a@ﬁpqqqgrﬁépgrﬁgﬁ [M31 represents the number of the atoms of

one or more metals selected appropriately from the thirdmetal group.

[0341]

After the formulation at the above-mentioned ratio, the
resultant was put into a pot made of resin, and further pure water
was poured into the pot. The components therein were mixed with a
wet ball mill using a hard ZrC; ball mill. The time for the mixing
was set to 20 hours. The resultant mixed slurry was taken ocut,
filtrated, dried and granulated. The resultant granulated product
was molded by cold isostatic press under a pressure of 294 MPa (3
t/cm?) .

[0342]

Next, this molded product was sintered as follows. In a
sintering furnace, the product was sinteredat 1500°C in an atmosphere
wherein oxygen was introduced at a rate of 5 L/min. per 0.1 m® of
the volume inside the furnace for 5 hours. At this time, the
temperature was raised at 1°C/min. up to 1000°C, and at 3°C/min. from
1000 to 1500°C. Thereafter, the introduction of oxygen was stopped,

and the temperature was lowered at 10°C/min. from 1500 to 1300°C.
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powders were m xed, put into a pot made of resin, and mxed with a wet ball
mll using water as a nedium At this tinme, hard Zr2 balls were used, and
the tinme for the m xing was set to 20 hours. Thereafter, the m xed slurry
was taken out, filtrated, dried and granulated. The resultant granul ated
product was filled into a nmold, and was nolded into a given formby cold

i sostatic press under a pressure of 3 ton/cnR. [0357] At this tinme, the
conposition ratio of Nb, which is one in the first netal group M, to

i ndi um([Nb]/([Nb] + [1n] s 0.03, the conposition ratio of Er, which is
one in th&&dEHRGTARELES O ﬁi@& Cnes e et QPEI’CIHP(SPEPIIE wheredn yrm 0. 05,
and the conposition ratio of Sn, which is one in the third netal group M,
to i ndi umdag|®es /igftsepucef| al] ) rags & 06, Lithin sare @chtrenet itheshommén Tabl e
3. [0358] In the present patent, Zn, Sn, Zr, Ga and Ge are called the
third net dhsgdeume dndnace ﬁargétﬁmrrsdenm@@)raSUéWé.s nbteraB i scals®, used
as a synbol representing any one of Zn, Sn, Zr, Ga and Ge. In Table 3 also,

MB i s usednhaseBy awa@pﬂmﬁgﬁm @ﬁ@abmge@é%é@ @én@‘m%ﬁg tuﬁastéﬁ an§Be g Ce.
[0359] In the patent e synbol of i's used as a synbol representing

[lﬁ?ot)lhﬁmn%g?e%aginfgii%s%ﬁt gg?(?]e nur¥g Fo g‘?%t)l \&%l ;[rgnsFO;nSX?m:j?un]

[0343]

A specific calculated value of the relative density was 96%,
as shown in Table 3. The theoretical density in this case was
calculatedout fromfracticnsbyweight of In;0;crystal (bixbite-based
structure) having no oxygen defects, W oxide, and Ce oxide.

[0344]

A sputtering surface of the sintered body was polished with
a cup grindstone and worked into a diameter of 100 mm and a thickness
of 5mm. This was stuck to a backing plate by use of an indium-based
alloy to obtain a sintered body target 1001.

[0345]

In present Example 2-1, it is preferred that tungsten is
dispersed, in particular, tungsten undergoes
substitution/solid-soluticn into indium sites of indium oxide. In
other words, the form that tungsten is contained in the target may
be a form that tungsten is dispersed as a tungsten oxide such as
W03 or WO, in the indium oxide sintered body, or may be a form that

tungsten is dispersed as a complex oxide between indium oxide and

tungsten oxide, such as In,Wi0i;, in the indium oxide sintered body.
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or [In] represents the nunber of indiumatons. Accordingly, the
above-nentioned [Nb]/([Nb] + [In]) represents the atom nunber ratio of
tungsten to indium , In the case that this is described as
[niobiunm/([niobium + [indium), the content thereof is the sane. [0360]
Simlarly, the above-nentioned [Sn]/([Sn] + [In]) represents the atom
nunber ratio of tin to indium In the case that this is described as
[tin]/([tin] + [indium), the content thereof is the sanme. [0361] 1In the
present patent, [M3] is used as a synbol representing the nunber of one or
two or nore netdl034dplisel ected fromthe third netal group MB. [0362] Next,
the resul tant nol ded products were each sintered through the foll ow ng
steps. [0363] Ruwsit,caxiyge mnidscaduseskiide Mdyovonddrsel &t Aart ngekubnace at
arate of 5 L/mn. per 0.1 nB8 of the volune inside the furnace, and the

t enper at Urn%ﬂﬁnéei%ﬁ@étﬂ%ﬁﬁoﬁ@ﬁo:ﬁ@%ﬂl%tl% itriiosi dd iR s1hes ot epperat ure
was raised at 1 C'mn. up to 1000C, and at 3 CUmn. from 1000 to 1500C.

Ther eaf t eroxllté:{lég g %8 1 i %é)é%f %%EQQBQ% ’dl%ﬁ%tég%ft b&e LERPGH %&ga& was

| ower ed at erea ter, Ar was caused to flow
into the furn ce a rat??_k 0.1 talnedpg 1ma éﬂ3r%2eg9§nvok%pe |85|de t he
fur nace, 95%bé?a & Y ge b 9

into 2.1 um. The condensation of the cerium oxide is attained so
as to set the size of preferably to 5 um or less, more preferably
to 4 um or less, more preferably to 3 pm or less. If the dispersion
is insufficient so that the cerium oxide having a size of 10 um or
more is present, overdischarge may be induced during sputtering
discharge or the cerium oxide may cause the generation of nodules.

[0347]

By dispersing as described above, the average diameter of the
indium oxide crystal grains was made into 3.4 um as shown in Table
3. This diameter was obtalned by image processing.

[0348]

It is alsc preferred that tungsten atoms undergc
substitution/solid-sclutioninindiumsites of indiumoxide, whereby
tungsten is dispersed into the indiumoxide sintered body at an atomic
level. By such dispersion, the follcowing advantages are produced:
electric discharge is stabilized at the time of sputtering and the
resistance of the resultant transparent electroconductive thin film
is made low.

[0349]
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of 1300C was then kept for 3 hours. Thereafter, the product was naturally
cool ed. The density of the resultant sintered body was neasured in
accordance with Archi nedes' nethod using water. The relative density

t hereof was cal cul ated fromthe theoretical density thereof. The
theoretical density in this case was cal culated out fromfractions by

wei ght of 1n203 crystal (bixbite-based structure) having no oxygen defects,
Sb oxi de, Nb oxide, and Er oxide. The calculated value of the relative
density was specifically 97% as shown in Table 3. [0364] The contents of
Sn, Nb and Er in B4s&Pbdenfed@d body were quantitatively analyzed by | CP

em ssion analysis. As a result, it was proved that the charge conposition
at the tine of nmimgdpPpdher Biaiid RY poVLSHs paas iobe dairkedr pO369m oNext, a
sputtering surface of the resultant sintered body was polished with a cup

grindst one; yy MEGKeShdeH 19218 1l 2BYEFa§L pd 221 cTEaRH- B BEakpess 1@fks> mm
thereby obtaining a sintered body target for a transparent

o o LS DI By Sy RaRoB L e MaSnaRe b Skl ki

target to I'ng plate to or sputtering [ 0366]

arget 10 a backriy pf a _ _ uter i :
cput 1 or | ngars, B8 2% SR tTREEL R T AP LR RANE b RO EPLT MR snoe

or Sn3®4) ,. a _ni obi um oxi de (%pZCB Nb203 or NbO) , ,
the Ho,O; powder were tformulated at a given ratio, put into a pot

made of resin, and mixed with a wet ball mill. At this time, hard
2r0; balls were used, and the time for the mixing was set to 20 hours.
The resultant mixed slurry was taken out, filtrated, dried and
granulated. The resultant granulated product was filled into a
circular mold, and was molded into a disk shape by cold isostatic
press under a pressure of 3 ton/cm?.

[0350]

At this time, the composition ratio of Mo, which is one in
the first metal group M1, to indium {[Mo]/({Mo] + [In])) was 0.02,
and the composition ratio of Ho, which is cne in the second metal
grcup M2, to indium ([Ho]/([Ho] + [In])) was 0.C4. The same content
is shown in Table 3.

[0351]

Next, the molded prcduct was put into an atmosphere-adjusting
furnace, and then sintered. At the time of the sintering, oxygen
was introduced into the furnace at a rate of 5 L/min. per 0.1 m® of

the volume inside the furnace. At the same time, the molded bedy

was sintered at 1500° for 5 hours. At this time, the temperature
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and an erbiumoxide (ErO or ErG33), or may be a formthat they are dispersed
as conpl ex oxides between indium oxide and tin oxide, indium oxide and

ni obi um oxi de, and i ndi um oxi de and erbi um oxide. [0367] Very preferred is
a formthat tin, niobiumand erbiumatons undergo
substitution/solid-solution into indiumsites of indiunoxide, whereby they
are dispersed into the indiumoxide sintered body at an atomc |evel.
According to this dispersion form electric discharge is stable in
sputtering and a honobgeneous filmlow in resistance is obtained. By such

di sper si omast heissdraage W/atet efip tef 1009%t, ahngrad Bs°@mithesialilomooxs de was
made into 3. 7 pm as shown in Table 3. This dianeter was obtai ned by inage

processi ng.socExampter a1k’ chA2B RO e r ZRY, ROWIEE: r N2 RBWASF 0x358n Ce2
powder each having an average particle dianmeter of 1 dun or |ess were used

as starting, poysrs. ofh sk L L ARCH pAWISL.. ZO: opsory; and. N, Ospowder

were weighed into given anounts, e wel ghed powder's were m xed, put

into a pot f resi and mxed_w.th,a wet ball mll j ng_wat e as a
medi um Attc}nﬁgiontgi'rre, %g?ﬁp%%ﬁ”ﬁaﬁg3mréwﬁ§é:&{e“a]ﬁ%}°rg ﬁ8r#h%gr? Hﬁ‘liﬁe

m xi ng was set tp 20 hours. Thereafter, the mxed slurry 149 was Baken out,
filtratedAdrPE - HriP fatRdherferrastiatadt Fabf £iulldt BV odft Vnhs

filled intq a nold, and was nolded into a given formby cold isostatic
press undé¥ af prhss yodamgf imsidmteppiurrmareas Toewinidien nbheargsiiedueds. Next ,
the resultant nol ded products were each sintered through the follow ng

st eps. naturally cooled, thereby obtaining a sintered body 2 containing

Mo and having a density of 90% or more. A specific calculated value
of the reiative densitywas 96%, as shown in Table 3. The theoretical
density in this case was calculated cut from fractions by weight
of In;03 crystal (bixbite-based structure) having no cxygen defects,
Mo oxide, and Ho oxide.

10352]

Next, a sputtering surface of the sintered body was polished
with a cup grindstone and worked into a diameter of 152 mm and a
thickness of 5 mm. In this way, a target 1002 was obtained.

[0353]

The form that the molybdenum element is contained in the target
may be a form that molybdenum is dispersed as a molybdenum oxide
such as Mo0O3 or MoO; in the indium oxide sintered body, or may be
a form that molybdenum is dispersed as a complex oxide of indium
and molybdenum, such as InMosOs, InMos;Ciz or In1iMosOsz, in the indium
oxide sintered body. Preferred is a form that molybdenum atoms

undergo substitution/sclid-solutionintoindiumsitesof indiumoxide,
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[0368] First, oxygen was caused to flowinto a sintering furnace at a rate
of 5 L/mn. per 0.1 nB of the volune inside the furnace, and the
tenperature of 1500C was kept for 5 hours. At this tinme, the tenperature
was raised at 1 Cmn. up to 1000C, and at 3 Cmn. from 1000 to 1500C.
Thereafter, the inflow of oxygen was stopped, and the tenperature was

| owered at 10 G mn. from 1500 to 1300C. Thereafter, Ar was caused to flow
into the furnace at a rate of 10 L/mn. per 0.1 nB of the volune inside the
furnace, and the tenperature of 1300C was then kept for 3 hours.

Ther eaf t erwhddebypnalddetennasi s daspeaddd/ inboltee. ifdi360dxiddheicoapasicbtien rati o
of Ni, which is one in the first netal group M, to indium ([N]/([N] +
[1Nn])) wasatDaBSstdntie TeWPDSi BLOR a tabé a6l adaantiicelsi &f e o B kg iggcond
metal group M2, to indium ([Ce] / ([Ce] + [INn])) was 0.03, and the

conposi ti ok I Aair-ge0f nzébuﬁ%ﬁ?lg B%a@ﬂ? alrﬂi thgihhi ik 'Fetsqlstgﬁeé'poﬁ/%het 0

indium ([Zn]/([2Zn] + [I'n])) was 0.10. The same”content |s shown in Table 3.
0370] 150,.T t d bed .ab
reasur od | i SEshRRaR S At oS tel& 2f9 it E o R T W

density thereof al cul at ed fron1the t heoreti cal den5|ty t hereof. The
t heoreti cal densﬁ%? i'ln this case was cal culated out fromfractions by
wei ght of 1n20G3 crystal (bixbite-based structure) having no oxygen defects,
Zn oxi de, N oxifdwutdwdrcarerndghomeumoxidemaycondense, orapart thereof

may undergo substitution/solid-solution into indium sites of indium
oxide. By suchdispersion, the average diameter of the holmium oxide
crystal grains obtained by image processing was made into 1.8 um.
The condensation of the holmium oxide is attained so as to set the
size preferably to 5 ym or less, more preferably to 4 um or less,
more preferably to 3 pm or less. If the dispersion is insufficient
so that the cerium oxide having a size of 10 um or more is present,
overdischarge may be induced during sputtering discharge or the
holmium oxide may cause the generation of ncdules.

[0355]

By dispersing in this way, the average diameter of the indium
oxide crystal grains was made into 3.6 pm as shown in Table 3. This
diameter was obtained by image processing.

[0356]

“Example 2-37

Iny03; powder, SnO; powder, Nb,0Os powder, and Er;0; powder each
having an average particle diameter of 1 pum or less were used as

starting powders. First, the In,0;powder, Sn0O, powder, Nb;Os powder,
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cal cul ated value of the relative density was specifically 95% as shown in
Table 3. [0371] The contents of Zn, N and Ce in the sintered body were
guantitatively analyzed by I CP em ssion analysis. As a result, it was
proved that the charge conposition at the time of mxing the starting
powders was mai ntai ned. [0372] Next, a sputtering surface of the resultant
sintered body was polished with a cup grindstone and worked into a di aneter
of 152 mmand a thickness of 5 nm thereby obtaining a sintered body target
for a transparent el ectroconductive thin film An In-based alloy was used
to stick tdmel Ear@epovdem Wearekvaoiptditietbogimake ancgptitt eandghe aedgehed 004.
[0373] The formthat zinc, nickel and ceriumare incorporated into the

target 4 foerdspetterd ng<edy pet airftay @ pbatmidewfaresahspaided xedSwatzi nc
oxi de (ZnO, a nickel oxide (CeO or Ce203) and a cerium 151 oxide (CeO»4 or

Ce203), or; gRY B B f1anmithay f.% ake, dhaPRisedn@shid ¢OMR! e Qxizgde, of
i ndi um oxi de and zi nc oxide (I1n2Zn20b, | n2Zn50C8, I n2Zn701o, | n22n3cf and

| Nn2Zn407 4 V d.i . ni I d j
undergo. Sitet VoY Pl o cofL e R Tl SR AL R, B R Wk oo

wher eby tﬁ%%r%g%tgéfgzQfggxggtéﬁ&g¥§'%gglggkggléﬁi,s%g %£§%£é¥yﬁﬁi%% and

granulated. The resultant granulatedproduct was filled intoamold,
and was molded into a given form by cold isostatic press under a
pressure of 3 ton/cm’.

[0357]

At this time, the composition ratio of Nb, which is one in
the first metal group M1, to indium ([Nbl/{[Nb] + [In])) was 0.03,
the compesition ratio of Er, which is one in the second metal group
M2, to indium ([Er]/([Er] + [Inl)) was 0.05, and the composition
ratio of Sn, which is one in the third metal group M3, to indium
([Sn]/([Sn] + [In])) was 0.05. The same content is shown in Table
3.

[0358]

In the present patent, Zn, Sn, Zr, Ga and Ge are called the
third metal group, and are together denoted as “M3”. This M3 is alsc
used as a symbcl representing any one of Zn, Sn, Zr, Ga and Ge. In
Table 3 also, M3 is used as a symbol representing any metal of Zn,
Sn, Zr, Ga and Ge.

[0359]

In the patent, the symbol of [] is used as a symbol representing
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an atomc level. According to this dispersion form electric discharge is
stable in sputtering and the sputtering gives a honogeneous filmlowin
resi stance. By such dispersion, the average dianeter of crystal grains of
the indium oxide was nade into 3.4 pm as shown in Table 3. This dianeter
was obt ai ned by inmage processing. [0375] On the other hand, the process for
produci ng the sintered body target (sputtering target) of the invention is
not particularly Jlimted except that a m xture wherein indium oxide, zinc
oxi de, nickel oxide and ceriumoxide are mxed in given anounts is used. A
known metthednimberaf B&ORExPehaniguretdHporennst volunethel'or exampland
sinter the nolded product. Thereafter, the sintered body is shaped, whereby
t he sint erfedcbady] bar(gel Heppaeseets hjethanget pfodpbienprtodacadd [ iGoipmhent s

ot her than the four conmponents may be added to the sintered body target as

long as the qonhectspedsdhie ktA¥eRtrmwdy e ingiudaseged. al&38hqgl9?2 tixanpl e
2-5" 1 n2G3 powder, ZnO powder, Pt02 powder, and CeQ2 powder eac havi ng an

aver age payddvelgedi aamter of il ' rs.
et R g R c ot o R A i

gi ven ano i d .S i.xed,. ut .into,a pot nmade of
resin, an n?%ggggféngﬁﬁﬁb a|ﬁgﬁgﬁF ﬁég%gjg%hggﬁsagsaQ?%ﬁﬁﬁﬁ%F AP this
time, hard Zr balls were used,. and the tinme for the m xing was set to 20
hour s. The?@é%%BW?/{ﬁ%£5h¥¥@E'Eﬁ&Pa um}), the content thereo ngthe same.

[0360]

Similarly, the above-mentioned [Sn]/([Sn] + [In]) represents

the atom number ratio of tin to indium. In the case that this is
described as {tin]/{([tin] + [indium]), the content thereof is the
same.

[0361]

In the present patent, [M3] is used as a symbol representing
the number of one or two or more metal (s) selected from the third
metal group M3.

[G362]

Next, the resultant molded products were each sintered through
the following steps.

[0363]

First, oxygen was caused to flow into a sintering furnace at
a rate of 5 L/min. per 0.1 m’ of the volume inside the furnace, and
the temperature of 1500°C was kept for 5 hours. At this time, the
temperature was raised at 1 °C/min. up to 1000°C, and at 3 °C/min.

from 1000 to 1500°C. Thereafter, the inflow cf oxygen was stopped,
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was taken out, filtrated, dried and granul ated. The resultant granul ated
product was filled into a nold, and was nolded into a given formby cold

i sostatic press under a pressure of 3 ton/cn2, so as to obtain nol ded
products. Next, the resultant nolded products were (each) sintered through
the follow ng steps. [0377] Oxygen was caused to flowinto a sintering
furnace at arate of 5 L/mn. per 0.1 nB of the volune inside the furnace,
and the tenperature of 1450C was kept for 5 hours. At this tinme, the
tenperature was raised at 1 Cmn. up to 1000C, and at 3 Cmn. from 1000
to 1450C. ahdeteaftempertherée nfdowoetredsgen OwWdy mshoppesy 1580dtd NSMYED di ty
was |owered at 10 & mn. from 1450 to 1300C. Thereafter, Ar was caused to

fl ow i nt 0 THeechbteBCAravad dalse0to Il oW inta.cHzefubnade i} af rithe ofol une
inside the furnace, and the tenperature of 1300C was then kept for 3 hours.

Ther eaf t er,/rliRe garafuct® ¥@she %wﬁ@hh&&@eh@%ﬁ?éel Q348he tERRCAPRASI Li ON
ratio of Pt, which is one in the first netal group M, to indium ([Pt]/([Pt]

ol 5ol G ERTERL ET  B
composTt ! gntabioy ol Al Wch o 3.0 L e I LA ALORABLO |
103 70] T a2amet Yo Hedoraanca with Areiinoaes’ Tetrod Geing warer. e
relative density thereof was calculated from the theoretical density
thereof. The theoretical density in this case was calculated out
from fractions by weight of In,0; crystal (bixbite-based structure)
having no oxygen defects, Sb oxide, Nb oxide, and Er oxide. The
calculated value of the relative density was specifically 27% as
shown in Table 3.
[0364]
The contents of Sn, Nb and Er in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it
was proved that the charge composition at the time of mixing the
starting powders was maintained.
[0365]
Next, a sputtering surface of the resultant sintered body was
polished with a cup grindstcone and worked into a diameter of 152
mm and a thickness of 5 mm, thereby obtaining a sintered body target
for a transparent electroconductive thin film. An In-based alloy

was used to stick this target to a backing plate to make a target

1003 for sputtering.
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was neasured in accordance with Archinedes' nethod using water. The

rel ative density thereof was calculated fromthe theoretical density
thereof. The theoretical density in this case was cal culated out from
fractions by weight of 1n203 crystal (bixbite-based structure) having no
oxygen defects, Zn oxide, Pt oxide, and Ce oxide. The cal cul ated val ue of
the relative density was specifically 95% as shown in Table 3. [0380] The
contents of Zn, Pt and Ce in the sintered body were quantitatively analyzed
by ICP emi ssion analysis. As aresult, it was proved that the charge
conposi tion at tl@8cbine of mixing the starting powders was nmintai ned.
[0381] Next, a sputtering surface of the resultant sintered body was

polished with aTeepfgthntstoben amnd owetkethd Bkpian dmnehesr®draed 1540 nm and
a thickness of 5 mm thereby obtaining a sinteredbody sputtering target for

a transparngpt t 81 &5t 1eeoBRUCtd Mgt Bh P K LMo AD thir hased s ral s used to

stick the sputtering target to & backing plate to make a sputtering target

1005 19382 Thsal oans o2l ol kel RGeS U Aol PGRBOLRLES, | Lo

the sputtering targe na) y are i nc
may be. a PUFRERRREbpYare (Aol hs ATCORpIRE: SokPUB Tt IHEVuRTox B
and zinc oxide (1n2Zn206, 1n2Zn508, |1n2Zn70l1o, |n2Zn306

dispersedas complex oxides between indiumoxide and tin oxide, indium

oxlde and niobium oxide, and indium oxide and erbium oxide.

[0367]

Very preferred is a form that tin, niobium and erbium atoms
undergosubstitution/solid-solutionintoindiumsitesof indiumoxide,
whereby they are dispersed into the indium oxide sintered body at
an atomic level. According to this dispersion form, electric
discharge is stable in sputtering and a homogenecus film low in
resistance is obtained. By such dispersion, the average diameter
of crystal grains of the indium oxide was made intc 3.7 pm, as shown
in Table 3. This diameter was obtained by image processing.

“Example 2-4"

In;03 powder, ZnOpowder, NiOpowder, and Ce0, powder each having
an average particle diameter of 1 um or less were used as starting
powders. First, the In;Os; powder, Zn0O powder, and NiO powder were
welghed into given amounts, and the weighed powders were mixed, put
into a pot made of resin, and mixed with a wet ball mill using water

as a medium. At this time, hard Zr0; balls were used, and the time

for the mixing was set to 20 hours. Thereafter, the mixed slurry
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and 1 n2Zn407) [0383] Particularly preferred is a formthat platinum and
ceriumatons undergo substitution/solid-solution into indiunsitesof

i ndi unoxi de, whereby they are dispersed into the indium oxide sintered body
at an atomc level since electric discharge is stable in sputtering and
the sputtering gives a honogeneous filmlow in resistance. [0384] This is
because: when cerium oxi de undergoes solid-solution into indium oxide,
cerium of quadrival ence occupies sites of indium of trivalence in the film
of the indiumoxide, thereby discharging carrier electrons to increase the

el ect r ocondisctriakiehyout 0388 rafepar diridd thel geshwrtoed.deTh@yrdmiipaasent in
the formof the 155 cerium oxide alone. Wien the ceriumoxide is present in

the form ofar@nbyelihsr&@ldtuma@XxEdeldd itfticSaWayid e iRk gbowd ok ot he
crystal of the indiumoxide is restrained. Thus, the generation of nodul e

or the 96@%{%}[}4 ?Brﬁf%g‘éc%g. ! §§8§‘E£§§TJ ?ﬁ%§§tﬁrﬂe{;%}?£g§§1@eﬁo§%’%Sy&lﬂ/&m

2
di spersio e aver Iamet er cryst al ns e i ndi um oxi de
was nmade into 3.7.pm, as .shaown in Table 3. This dianeter obt ai ned by
i mage prod%%g?%afkﬁ@%§fPl Hﬁ%QHSFﬁer%ﬁgﬁdﬁqﬁﬁfﬁﬂ%ﬁﬁg §Kﬂ§%%§F5ﬁHEEﬁg t he
si ntered body (sgutterin%} target of the_invention is not particularly
limted Were eac through the following steps.

sintere
[0368]
First, oxygen was caused to flow into a sintering furnace at

3

a rate of 5 L/min. per 0.1 m’ of the volume inside the furnace, and

the temperature of 1500°C was kept for 5 hours. At this time, the
temperature was raised at 1 °C/min. up to 1000°C, and at 3 °C/min.
from 1000 to 1500°C. Thereafter, the inflow of oxygen was stopped,

and the temperature was lowered at 10 °C/min. from 1500 tc 1300°C.

Thereafter, Ar was caused to flow into the furnace at a rate of 10
L/min. per 0.1m’ of the volume inside the furnace, and the temperature
of 1300°C was then kept for 3 hours. Thereafter, the product was
naturally cococled.

[0369]

The composition ratio of Ni, which is cne in the first metal
group M1, to indium ([Ni]/([Ni] + [In])} was 0.05, the compecsiticn
ratio of Ce, which is one in the second metal group M2, to indium
([Cel/([Ce] + [In])) was 0.03, and the composition ratio of Zn, which
is cne in the third metal group M3, to indium ([Zn]/([Zr] + [Inl))
was 0.10. The same content is shown in Table 3.

[0370]
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except that a m xture wherein indium oxide, zinc oxide, platinum oxide and
ceriumoxide are mxed in given anounts is used. A known nethod is used to
m x the four conponents, nold the mxture and sinter the nolded product.
Thereafter, the sintered body is shaped, whereby the sintered body
(sputtering) target can be produced. [0388] Conponents other than the four
conponents may be added to the sintered body (sputtering) target as |long as
the objects of the invention are not damaged. [0389] "Exanple 2-6"

| n28powder, ZnCpowder, PdOCpowder, and CeQ2- powder each having an average
particle di anet efhoflensphy of thesintrecddodyasbistiaad ag deF56ipedddoye First,
the 1n2G3 powder, ZnO powder, and PdO powder were weighed into given
anount s, amks hbesvsidhedcpondanse wtlk Arckédedgart metmbduaipgivanade dher esin
and mxed with a wet ball mll using water as a nedium At this tine, hard

Zr 2 bal | Sra@rtqwémsi%pctuéi%otfim cd RFulthedm penten vese St 1A 124 Raurs .
Thereafter, the mxed slurry was taken out, filtrated, dried and

granul at ed,, Jhe, ¢ espd %%}pr@!’:i‘v%i éﬁoﬁ%%iggow%i\gfaéagé | £d Sgﬂ&m&é@'@% and

was nolded into a given form ostatic press un a pressure of 3

(OMLCTE, - SR ehg BULALD SR, L oL FR9RL MoKt L o L
having no oxygen defects, Zn oxide, Ni oxide, and Ce oxide. The
calculated value of the relative density was specifically 95% as
shown in Tabkle 3.

(03711

The contents of Zn, Ni and Ce in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it
was proved that the charge composition at the time of mixing the
starting powders was maintained.

[0372]

Next, a sputtering surface of the resultant sintered body was
polished with a cup grindstone and worked into a diameter of 152
mm and a thickness of 5 mm, thereby obtaining a sintered body target
for a transparent electroconductive thin film. An In-based alloy
was used to stick the target to a backing plate to make a sputtering
target 1004.

[0373]

The form that zinc, nickel and cerium are incorporated into

the target 4 for sputtering may be a form that they are dispersed

as a zinc oxide (Zn0), a nickel oxide (CeC or Ce;0:) and a cerium
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[0391] Oxygen was caused to flowinto a sintering furnace at a rate of 5
L/'mn. per 0.1 nB of the volune inside the furnace, and the tenperature of
1450C was kept for 5 hours. At this time, the tenperature was raised at 1
C/mn. up to 1000C, and at 3 Cmn. from 1000 to 1450C. Thereafter, the

i nfl ow of oxygen was stopped, and the tenperature was |owered at 10 Cmn
from 1450 to 1300C. Thereafter, Ar was caused to flowinto the furnace at a
rate of 10 L/mn. per 0. 1 nB8 of the volune inside the furnace, and the
tenperature of 1300C was then kept for 3 hours. Thereafter, the product was
nat ur al | y wddleedCepD322Ted8Y, The negnpesi ticon thst ccrafy Bde ahéwdrdest @pe in
the first nmetal group M, to indium ([Pd]/([Pd] + [In])) was 0.05, the

conposi ti an cokr@le® OfideeorWih@iun $x9A8 idH bhecseeand meLal c9r to
Cndiom (Lo (L T 2385 420 2R e e corrp(os%tizggl e, Zn,

which 1is it iy.d t roup M3, to indium ([Zn]/([Zn] + [INn]))
was 0. 10. %gngﬁ%q&%ﬁgﬁtaﬁg g%%g d:%igjh Table 3. [0393] The density of the
si ntered body obﬁ)ogii_l,g d as descri bed above was neasured in accordance with
Ar chi medes' neth ing water. The relative density thereof was cal cul ated
fromthe theoretjcal density thereof. The theoretical density in this case
was cal cul ated OREY BP¥IRTFEEECT GnEoBY thet gHCKEE arkosT By stams uickkPPe- based

structure) having no oxygen defects, Zn oxide, Pd oxide, and Ce oxide. The
substitution/solid-scolution into indium sites of indium oxide,

whereby they are dispersed into the indium oxide sintered body at
an atomic level. According to this dispersion form, electric
discharge is stable in sputtering and the sputtering gives a
homogeneous film low in resistance.

By such dispersion, the average diameter of crystal grains
of the indium oxide was made into 3.4 um, as shown in Table 3. This
diameter was obtained by image processing.

[0375]

On the other hand, the process for producing the sintered body
target {sputtering target) of the invention is not particularly
limited except that amixture wherein indiumoxide, zinc oxide, nickel
oxide and cerium oxide are mixed in given amounts is used. A known
method is used to mix the four components, mold the mixture and sinter
themolded product. Thereafter, the sinteredbody is shaped, whereby
the sintered body target (sputtering target) can be produced.
Components other than the four components may be added tec the sintered
body target as long as the objects of the invention are not damaged.

[0376]
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cal cul ated value of the relative density was specifically 95% as shown in
Table 3. [0394] The contents of Zn, Pd and Ce in the sintered body were
guantitatively analyzed by I CP em ssion analysis. As a result, it was
proved that the charge conposition at the time of mxing the starting
powders was mai ntai ned. Next, a sputtering surface of the resultant
sintered body was polished with a cup grindstone and worked into a dianeter
of 152 mmand a thickness of 5 mm thereby obtaining a sintered body
(sputtering) target. An In-based alloy was used to stick the target to a
backi ng pl ate totwakela 2prftering target 1006. 158 [0395] The formthat
zinc, palladiumand ceriumare incorporated into the sputtering target nmay
be a formthat tiweg; aoeddirspenGadwiera PZONQoadede 4 Qe0,; povyrRld adtbhm ( PdO)
and a ceriumoxide (CeO»4 or Ce203) , or may be a formthat they are

di sper sed ‘a ~C j F 1 i+ i I.N i | 224N ,
InZZnSCB,k%%%%g7g?g%@%% n %%ggﬁ%ﬁg%%%%§%§.ggﬁ?&%@%&é%egé ﬁ?%%wnqthégﬁ

bl L2d! Lm AndSRE Hunial ol mgggr 9fe 1O Il OUARNIAS U 208 did, 1 Rl um

sites of i wher y I'Spérse € I ndirum oXi de
i nt d bod t. tomc_ | | sj | ectric disch i table i
Sput ter | ng'e Bt tHESHUTT 8rF RS YPVRES s oo GerBbUET PPYIFou/ PR MedrSt ance.

[0396] This is because: when cerium oxi de undergoes solid-solution into

i ndi um oxiRE LRLPH Pohaade &l HATOH, quadMived eHéd acitipitad lshiek using
water as a medium. At this time, hard Zr(; balls were used, and the
time for themixing was set to 20 hours. Thereafter, themixed slurry
was taken out, filtrated, dried and granulated. The resultant
granulated product was filled into a mold, and was molded into a
given form by cold isostatic press under a pressure of 3 ton/cn?,
so as to obtainmolded products. Next, the resultant molded products
were (each) sintered through the following steps.

(0377]

Oxygen was caused to flow into a sintering furnace at a rate
of 5 L/min. per 0.1 m’ of the volume inside the furnace, and the
temperature of 1450°C was kept for 5 hours. At this time, the
temperature was raised at 1 °C/min. up to 1000°C, and at 3 °C/min.
from 1000 to 1450°C. Thereafter, the inflow of oxygen was stopped,

and the humidity was lowered at 10 °C/min. from 1450 to 1300°C.

Thereafter, Ar was caused to flow into the furnace at a rate of 10

L/min. per 0.1m’ of the volume inside the furnace, and the temperature

of 1300°C was then kept for 3 hours. Thereafter, the product was

naturally cooled.
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of indiumof trivalence in the filmof the indium oxide, thereby

di scharging carrier electrons (fromceriunm to increase the

el ectroconductivity. [0397] A part of the cerium oxide nay be present in
the formof only the cerium oxide. Wien the ceriumoxide is present in the
formof only the ceriumoxide in this way, abnormal growth of the crystal
of the indiumoxide is restrained. Thus, the generation of nodule or the
generation of overdischarge is restrained. [0398] 159 By such di spersion,
the average di aneter of the crystal grains of the indium oxide was nade
into 3. 6 pm asl®BA&Mn in Table 3. This dianmeter was obtained by inmage
processing. [0399] On the other hand, the process for producing the

sintered body (Brutteposig)idrargetio eff Phe whivanis @mei snnole parst alatl y
limted except that a m xture wherein indiumoxide, zinc oxide, palladium

oxi de and g@iupum pXdcdenaien Mipeed /i Ppg] MeNIANPURLS © SOUS@He AokddaMR ioRet hod
is used to mx the four conponents, nold the m xture and S|nter the nol ded

product. T, i o] i p ed body
herieabkets, LHE -8 Nlesed ; @9%04% %C@Qtawebﬁ{ gﬁa%t 21 N, Sl B

(sputtering) target can be produce npon e four

component s iR hecasidefh 19 Le. oshit ered body, (SRNLLETI g AEGEt 38yl ono as
is one in the third metal group M3, to indium ([Zn]/((Zn] + [In]})
was 0.10. The same content is shown in Table 3.

(03793

The density of the sintered body obtained as described above
was measured in accordance with Archimedes’ method using water. The
relative density thereof was calculated from the theoretical density
therecf. The theoretical density in this case was calculated cut
from fractions by weight of InyO; crystal (bixbite-based structure)
having no oxygen defects, Zn oxide, Pt oxide, and Ce oxide. The
calculated value of the relative density was specifically 95% as
shown in Table 3.

[0380)

The contents of Zn, Pt and Ce in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it
was proved that the charge composition at the time of mixing the
starting powders was maintained.

[G381]

Next, a sputtering surface of the resultant sintered body was

polished with a cup grindstone and worked inte a diameter of 152
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[0401] "Exanple 2-7" I1n203 powder having an average particle dianeter of
1.0 mor less, Ge02 powder having an average particle dianmeter of 1 pm or

| ess, W8 powder, and CeQ2 powder were used as starting powders. The |1n203
powder, the Ge02 powder, the WO powder, and the Ce02 powder were first
fornmul ated at a given ratio to obtain a sintered body having a conposition
of a [Ce]/[In] atomic ratio, [W/[In], and [Ce]/[In] shown in Table 3, put
into a pot made of resin, and mxed with a 160 wet ball mlIl. At this tineg,
hard Zr02 balls were used, and the time for the m xing was set to 24 hours.
After the mianagthibened e y impyasetrakenboatnirfd d sfateha hdyesharédring

granul ated. This granul ated product was nol ded by cold isostatic press

under a pressurterof aStréspLreht £04O2jocoNextt i thithinot oeg pARduUChawas
sintered at 1300C, in an atnosphere wherein oxygen was introduced into the

air in a sintgsiag ubsd r@ﬁ%t@t:katlﬁ@tﬁ)ﬁfte§lh LS Bt g PRl hg fuBeof the

volune inside” the furnace, for ture was

rai sed atcgnh te, Oggégﬁﬁhgﬁ%%ar§h€n15&§ nol ded product mas cooled after

t he S|nter|ng he i oxXygen was stopped and the tenperature
was | owered up tﬁﬁégﬁoc at 10 & mnute. [0403] The conposition ratio of W
which is one in irst netal group M, to indium ([W/([W + [In])) was

0.01, the conposition
The form that zinc, nickel and cerium are incorporated into

the sputtering target 4 may be a form that they are dispersed as
a zinc oxide (Zn0}, a platinum oxide (Pt0:) and a cerium oxide (CeQq
or CezC3), or may be a form that they are dispersed as a complex cxide
of indium oxide and zinc oxide (InZn;0s, In:ZngOg, In.Zn+Oic, In;Znsz0g
and In;Zng07) .

[0383]

Particularlypreferredisa formthat platinumand ceriumatoms
undergosubstitution/solid-solutionrintoindiumsitesof indiumoxide,
whereby they are dispersed into the indium oxide sintered body at
an atomic level since electric discharge is stable in sputtering
and the sputtering gives a homogenecus film low in resistance.

[0384]

This is because: when cerium oxide undergoes solid-sclution
into indium oxide, cerium of quadrivalence occupies sites of indium
of trivalence in the film of the indium cxide, thereby discharging
carrier electrons to increase the electroconductivity.

[0385]

A part of the cerium oxide may be present in the form of the
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ratio of Ce, which is one in the second netal group M2, to indium ([Ce] /
([Ce] + [INn])) was 0.03, and the conposition ratio of Ge, which 1is one in
the third netal group M3, to indium ([CGe]/([Ce] + [In]) was 0.03. The sane
content is shown in Table 3. [0404] A cracked part of the sintered body
obt ai ned as descri bed above was crushed into pieces, and then

powder X-raydi ffracti onneasurenent was carried out. As a result, only
diffraction peaks resulting from 161 an i ndi um oxi de phase having a

bi xbi t e- based structure and cerium oxide were observed. Accordingly, the
resul t ant csnituer edidodliongs Whesi fher eelroxi deibavihgpresent ham adterfiogmi cs of
the invention. [0405] The cal cul ated value of the relative density of the
resul tant ofSbonierse deadyumasi®y % @s sshawn abhoTabl erawt h@406he dzRNMAaanal ysi s
of the fine structure of this sintered body denonstrated that gernmani um and

tungsten oxi decUngerieki 80lisdresotattdeen i t RBei NHdIBLQX¥hAsr Phasee and
further about the cerium oxide there were both of a portion where only

ceri um oxi S £ i e | L i de under went
sol i d- sol uc'%:eg\g{%i JehEpdtion gﬁgfggnegg{%éeﬂ}%@h SFSE%%%%BHE% this way, the

aver age dianetergfg the indium oxide crystal grains was nmade into 3.8 m as
shown in Table .Bﬁﬁis di aneter was obtained by i mage processing. This

sintered body was worked into a dianmeter of 101 mmand a thickness of 5 mm
and a sputteri ngBﬁéﬁ‘l“?lé@éSP%%f %aﬁ%ﬁ‘%%@rﬂeter of the crystal grains

of the indium oxide was made into 3.7 pm, as shown in Table 3. This
diameter was obtained by image processing.

10387]

On the other hand, the process for preducing the sintered body
(sputtering) target of the invention is not particularly limited
except that a mixture wherein indium oxide, zinc oxide, platinum
oxide and cerium oxide are mixed in given amcunts is used. A known
method is used tomix the four components, mold the mixture and sinter
themoldedproduct. Thereafter, the sinteredbody is shaped, whereby
the sintered body (sputtering) target can be produced.

[0388]

Compecnents other than the fcur components may be added to the
sintered body (sputtering) target as long as the objects of the
invention are not damaged.

[0389]

“Example 2-6"

In,03 powder, ZnOpowder, PdOpowder, and Ce0, powder each having

an average particle diameter of 1 pm or less were used as starting
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with a cup grindstone, thereby obtaining a (sputtering) target. Metallic

i ndiumwas used to bond the target to a backing plate nmade of oxygen-free
copper to nake a sputtering target. [0407] Gernmanium Wen germani um oxi de
particles are present in a sputtering target, the target is electrified with
argon ions radiated fromplasma 162 since the specific resistance of the
germani um oxi de particles is high. As a result, arcing is caused. This
tendency beconmes nore renarkable as the electric power applied to the
target is made higher to nmake the anobunt of the radiated argon ions |arger.
[0408] OPMHErst héirhandihe FrePrePSPEEE erdnfgPradeet d6f PR @derpreye
according to the invention, the specific resistance of each of the indium
oxi de whemeiighge rimei glrrvezmdmpgne‘s, asdbstd waigloed polvildrs eletrei mikdd)t put ndi um
sites and the indium germanate conpound is low. In other words, high- res

stance parititel £potafifldnof PFEIFENand mikbe WwiRW kefdthBat an@at; uéjmqswat@ﬂ target
has a characteristic that arcing is not easily generated even If the

applied powerndd JdlCreaseds Ffe,t Rhsq rﬁ%}%%ll@%@%@'d&& Oahf& X amml e,
filmcan be forned at a hlgh speed by the appllcatlon of "a high electrlc

pover Lo Lpd 1RSI R ST, OB Cel 3 Lgprpor ot o
was taken out, filtrated, dried and granulated. The resultant
granulated product was filled intc a mold, and was molded into a
given form by cold isostatic press under a pressure of 3 ton/cm?,
so as to obtain molded products.

(0390]

Next, the resultant melded products were each sintered through
the following steps.

[0391]

Oxygen was caused tc flow into a sintering furnace at a rate

of 5 L/min. per 0.1 m’

of the veolume inside the furnace, and the
temperature of 1450°C was kept for 5 hours. At this time, the
temperature was raised at 1 °C/min. up to 1000°C, and at 3 °C/min.

from 1000 to 145C°C. Thereafter, the inflow cf oxygen was stopped,
and the temperature was lowered at 10 °C/min. from 1450 to 1300°C.
Thereafter, Ar was caused to flow into the furnace at a rate of 10
L/min. per C.1m’ of the volume inside the furnace, and the temperature
of 1300°C was then kept for 3 hours. Thereafter, the product was
naturally cooled.

[0392]
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is that: in the case of forming a thin filmfromthe sputtering target into
whi ch the germanium (Ge) elenent is incorporated by sputtering, in the thin
filmgermani um of quadrival ence occupies sites of indium of trivalence in
the indiumoxide film thereby discharging carrier electrons to increase
the el ectroconductivity of the thin film [0410] 163 As descri bed above, in
the invention, the germaniumelenent in the sputtering target is specified
to set the atomc ratio of Ge/ln into the range of 0.005 to 0.2 (inclusive)
. The reason mh%t the ratio is controlled into such a nunerical range is
that if the ratih6 FIRARtIPNt RRttar§ePdt WaiFbsispaackn vhkubloft mREal
resultant thin filmincreases. [0411] Tungsten 1In the sputtering target
of the examplue Mit ticsipfefrer(féd] f hbBkdlt ungBtlen wssdi Sier skd ddmgreinioht is
particularly preferred that tungsten undergoes substitution/solid-solution
into indi umtdot &8 Ccef whadhums eticden {04kdcondhaétds groupayz, tdre ihaimmt hat
tungsten is contained in the target may be a formthat tungsten is

di spersed @ged/f lE'@QPtFeHn%' d@as sUeH, asaV03 QP22 +k B 84 th B fUph Oxhden

sintered body, or be ‘a’'form that tungsten is dispersed as a conpl ex
oxi de bet h i ndi um
oxi de S|nﬁ§$ggégghyﬂb 5??%@%?g%l p eﬁg ?g%qﬁd§&ﬁfor {Rigﬁfﬁnésﬁéﬂpatons

under go was 0.10. The same content is shown in Table 3.

(0393]

The density of the sintered bedy obtained as described above
was measured in accordance with Archimedes’ method using water. The
relative density thereof was calculated from the theoretical density
thereof. The theoretical density in this case was calculated out
from fractions by weight of In;0; crystal (bixbite-based structure)
naving no oxygen defects, Zn oxide, Pd oxide, and Ce oxide. The
calculated value of the relative density was specifically 95% as
shown in Table 3.

[0394]

The contents of Zn, Pd and Ce in the sintered body were
quantitatively analyzed by ICP emission analysis. As a result, it
was proved that the charge composition at the time of mixing the
starting powders was maintained. WNext, a sputtering surface of the
resultant sintered body was polished with a cup grindstone and worked
inte a diameter of 152 mm and a thickness of 5 mm, thereby cbtaining
a sintered body (sputtering) target. An In-based alloy was used to

stick the target to a backing plate tomake a sputtering target 1006.
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substitution/solid-solution into indiumsites of indiumoxide, whereby
tungsten is dispersed into an indiumoxide sintered body at an atomc

| evel . Such dispersion at an atom c |evel nakes electric discharge in
sputtering stable. Furthernore, the atom c-level dispersionis effective
since the dispersion nmakes the resistance 164 of the resultant transparent

el ectroconductive thin filmlow [0413] Cerium Wen cerium oxi de undergoes
solid-solution into indiumoxide, ceriumof quadrival ence occupies sites of
indiumof trivalence in the filmof the indiumoxide. As a result, in the
exanpl e, carrier[03®5éctrons are discharged fromcerium of quadrival ence so
that the electroconductivity of the thin filmincreases. [0414] A part of

the cerium oxi derHeyohetRA€SEAL, PA11 G R EAYN @k rOBh Y ret MR G RhEHPEQXRHES. When
the ceriumoxide is present in the formof only the ceriumoxide in this

way, abnorup] s%ﬁ@%?igé %10 Sﬁ:r ?ﬁggaﬂ)e aOffoEﬁetﬁggiﬁ@gg)éirgedi;s:‘%% ao.r%isrlgd'

Thus, the generation e r the generation overd rge is

restrained,, [ 0415 > Exanpl -8% | powder having. an,avera ticle
di anet er nglr&: %)#l%er (23 e)s’rsT,Q p%%%gl%&éé& ﬁQW%ﬁeﬁhw%Q%+cgegéé%§%?“? §F@Eﬂ amet er
of 1 mor |ess, er, and La203 powder were used as, starting powders.

W3
First, theéy ﬁ%ﬁ?%amg?ﬂ,t He tREOP LH FhcE L SEAE WD FHRIER, OHE Phe La303

oxideandzincoxide (In;Zn;0s, In,ZnsOg, InZ2n-010, InZ2ns:0sand In,Zng0q) .
Preferred 1is a form that palladium and cerium atoms undergo
substitution/solid-solution into indium sites of indium oxide,
whereby they are dispersed into the indium cxide sintered body at
an atomic level since electric discharge is stable in sputtering
anad the sputtering gives a hcmogeneous film low in resistance.

[039¢6]

This is because: when cerium oxide undergoes solid-sclution
into indium oxide in this way, cerium of quadrivalence occupies sites
of indium of trivalence in the film of the indium oxide, thereby
discharging carrier electrons (from cerium) to increase the
electroconductivity.

[0397]

A part of the cerium oxide may be present in the form of only
the cerium oxide. When the cerium cxide is present in the form of
only the cerium oxide in this way, abnormal growth of the crystal
of the indium oxide is restrained. Thus, the generation of nodule
or the generation of overdischarge is restrained.

[0398]
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powder were fornulated at a given ratio to obtain a sintered body having a
conposition ratio of a Ga/ln atomc ratio, Wliln, and La/ln shown in Table
3, put into a pot made of resin, and mxed with a wet ball mlIl. At this
time, hard Zr02 balls were used, and the tine 165 for the m xing was set to
24 hours. After the mxing, the slurry was taken out, filtrated, dried and
granul ated. This granul ated product was nol ded by cold isostatic press
under a pressure of 3 ton/cnR. [0416] Next, this nolded product was
sintered at 1450C, in an atnosphere wherein oxygen was introduced into the

air in a sinterimgsufitudnaperaiors tlad avetade Hismstsdmbnuhe fsist@lkraBnef the
volunme inside the furnace, for 3 hours. At this tinme, the tenperature was

rai sed atof chat i ffumlof] # Dkenadiien: b e enph ded &‘iéelﬁ%% dﬁlﬁlé@?' gl af ter

the sintering, the introduction of oxygen was stopp a e tenperature

was Iomeregkéﬁéggg %Q?Q&béﬁiﬁgﬁ ﬁ@n%&g%giwk%%£gknﬂThe conposition ratio of W

which is one in the first neta , to1ndium ([W/([W + [In])) was
0.02, the conpos'qg ratio of La, which is one in the second netal group
M2, to indium ({ é%ﬂ/ ([La] + [In])) was 0.03, and the conposition ratio of
Ga, which is one in the third nmetal group M3, to indium ([G]/([Ga] + [In])
was 0.03. The sdRtReMERL hadsndwhPrerafer propuaing tha sdnseked besivt of
the sintered body obtained as descri bed above

{sputtering) target of the invention is not particulariy limited

except that a mixture wherein indium oxide, zinc oxide, palladium
oxide and cerium oxide are mixed in given amounts is used. A known
method is used tomix the four compenents, mold the mixture and sinter
themolded product. Thereafter, the sinteredbcdy is shaped, whereby
the sintered body (sputtering) target can be produced.

[0400]

Compenents other than the four components may be added to the
sintered body (sputtering) target as long as the objects of the
invention are not damaged.

[0401]

“Example 2-7"

Iny03 powder having an average particle diameter of 1.0 pym or
less, GeO, powder having an average particle diameter of 1 ymor less,
WO; powder, and CeQ, powder were used as starting powders. The In,Cs
powder, the Ge0; powder, the WO powder, and the Ce0; powder were first
formulated at a given ratio to obtain a sintered body having a
composition of a [Ge]/[In] atomic ratic, [W]/[In], and [Ce]/[In]

shown in Table 3, put into a pot made of resin, and mixed with a
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was crushed into pieces, and then powder X-ray di f fraction measurenent

was carried out. As a result, only diffraction peaks resulting from an

i ndi um oxi de phase having a bi xbite-based structure and cerium 166 oxi de was
observed. [0419] Accordingly, the sintered oxide of the exanple was a
sintered oxide having the characteristics of the invention. EPMA anal ysis

of the fine structure of the sintered body denonstrated that gallium
underwent solid solution into the indium oxide phase. By dispersing in this
way, the average dianeter of the indiumoxide crystal grains was made into
3.7 mas sieownal hmiabl e 23. tiis simwertage UrGanetldrs wase uebtigianedt by tiimage
processing. [0420] The calcul ated value of the relative density of the

sintered fox @8e0hithey exanpte wWaP4speatdi calkkyr i rré%iﬁgPV\tfhé 1Table 3.
[0421] This sintered body was worked into a dianeter of 101 mmand a

thi ckness ofe 3202, 800, a-oRyLer! Ng- AU tace thatealediac pol [ahed ibth a oup

grindstone, thereby obtaining a (sputtering) target. ¢ I'ndiram was

ised o PO Larat ey bRk O REOLe pae, ol OuSERELIge conper Lo

make a sputtering"target. icfes are

present in a ? Uttering target, the target is electrified with argon ions
radi ated f¥ asnma Ssince

[0402]

Next, this molded preoduct was sintered at 1300°C, in an
atmosphere wherein oxygen was introduced into the air in a sintering
furnace at a rate of 5 liters/minute per 0.1 m® of the volume inside
the furnace, for 3 hours. At this time, the temperature was raised
at a rate of 1°C/minute. When the molded product was cocled after
the sintering, the introduction of oxygen was stopped and the

temperature was lowered up to 1000°C at 10 °C/minute.

[0403]

The composition ratio of W, which is one in the first metal
group M1, to indium ([W]/{[W] + [In])) was 0.01, the composition
ratio of Ce, which is one in the second metal group M2, to indium
([Cel/([Ce] + [In])) was 0.03, and the composition ratio of Ge, which
is one in the third metal group M3, to indium ([Ge]/([Ge] + [In]))
was 0.03. The same content is shown in Table 3.

[0404]

B cracked part of the sintered body obtained as described above
was crushedintopieces, andthenpowderX-raydiffractionmeasurement

was carried out. As a result, only diffraction peaks resulting from
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the specific resistance of the galliumoxide particles is high. As a
result, arcing is caused. This tendency becones nore remarkable 167 as the
el ectric power applied to the target is made higher to make the anmount of
the radi ated argon ions larger. [0423] On the other hand, in the sputtering
target (of the exanple) according to the invention, the specific resistance
of each of the indium oxide wherein gallium undergoes
substitution/solid-solution into indiumsites and the indiumagallate
conpound is low (in other words, high-resistance particles are not

present) . dthusdiwhexiaslegphasddmvanghartscteresbased atruatoragnd croturasi | y
generated even if the applied power is increased. For this reason, in the

exanpl e, &xitelwcanoberfednedcabraihiigh speadshytbhe Appkireatn@y @hsa hi gh
el ectric power. [0424] Tungsten |In the exanple, tungsten is dispersed in

the sputteyisngtbacgedxidd Hasnla?rﬁh@t&r?arﬂaxet@wé@f&ed;ft hak §HpgSE &K undergoes
substitution/solid-solution info indiumsites of indiumoxide. [0425] That

is to say, the f ethat tungsten is contained in the sputtering target may
be a formthat tungsgen is dispersed as a tungsten oxi de such as W3 or W2

i sper sed a5 o CORT B GAGE Betiieah TRATUAE 108 TSSid PrHE T GkFBE such
as 1n2WBOL12 in an indium oxi de sintered
sintered body was 97%, as shown in Table 3.

[0406]

EPMA analysis of the fine structure of this sintered body
demonstrated that germanium and tungsten oxide underwent solid
solution into the indium oxide phase, and further abcout the cerium
oxide there were both of a portion where only cerium oxide was present
and a portion where cerium oxide underwent solid-solution into the
indium oxide. By dispersing in this way, the average diameter of
the indium oxide crystal grains was made into 3.8 pm as shown in
Table 3. This diameter was obtained by image processing.

This sintered body was worked intc a diameter of 101 mm and
a thickness of 5 mm, and a sputtering surface thereof was polished
with a cup grindstone, thereby cbtaining a {sputtering) target.
Metallic indium was used to bond the target to a backing plate made
of oxygen-free copper to make a sputtering target.

[0407]

Germanium

When germanium oxide particles are present in a sputtering

target, the target iselectrifiedwithargon ions radiated fromplasma
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body. 168 [0426] Particularly preferred is a formthat tungsten atons
undergo substitution/solid-solution into indiumsites of indium oxide,
whereby tungsten is dispersed into an indium oxide sintered body at an
atomc level. Such dispersion at an atomic |evel makes it possible that

el ectric discharge in sputtering is nade stable and the resistance of the
transparent el ectroconductive filmobtained by the sputtering is mde
l'ower. [0427] Lanthanum A part of | anthanum may be present in the form of
only lanthanum oxide. Wen | ant hanum oxide is present alone in this way,
abnor mal  simewt khefsped fécysesilstehncehef itidi garoxi den ioxidespariindes Thus, the
generation of nodule or the generation of overdi scharge is restrained.

[0428] "BExdngpl.e Bs @ rkaulbe axdnpl és cmasiy. edThies Wehslenty contaeis meseést ance
are shown. [0429] Case of glass/Al/transparent electrode First, a mask

1102 (a kapim@rxbBpehsitie El&strid pordOEpElintcoWas fildeedi ORLQe 2ighide gl ass
1100, as illustrated in Fig. 3(1), and Al was fornmedinto a filmof 200 rim

aggzk?gzzﬁfggg&%a%%§;amédﬁ% oFeBKe VB dcekied 064 1hd Q@ 9i ven Al pattern

[0408]

On the other hand, in the sputtering target {(of the example)
according to the invention, the specific resistance of each of the
indium oxide wherein germanium undergoes
substitution/solid-soluticn into indium sites and the indium
germanate compoundis low. Inotherwords, high-resistanceparticles
are not present in the sputtering target; thus, the target has a
characteristicthat arcing isnot easily generatedeven if the applied
power is increased. For this reason, accerding to the example, a
filmcanbe formed at a high speedby the applicationof ahighelectric
power.

(0409]

The reason why the element of germanium (Ge) is incorporated
inte the sintered oxide (of the example) according to the invention
is that: in the case of forming a thin film from the sputtering target
into which the germanium {Ge) element 1s incorporated by sputtering,
in the thin film germanium of quadrivalence occupies sites of indium
of trivalence in the indium oxide film, thereby discharging carrier

electrons to increase the electroconductivity of the thin film.

[0410)
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169 [0430] Next, the sputtering targets obtained in above Exanples 2-1 to
2-8 were each set into a DC sputtering machi ne. A mask 1106 (the sane
kapton tape) for second filmformation was fitted thereto (see Fig. 4(1)).
Each of the sputtering targets obtained in Exanples 1 to 8 was used to
carry out sputtering, thereby formng a thin film (transparent el ectrode)
108 of 200 nmthickness. Thereafter, the mask 1106
forsecondfil mformati onwasliftedoff to obtaina substrate 1110 for first
contact resistance neasurenent (see Fig. 4(2)). This substrate was a
substrat e producdeddtecrisasabbrg, contaetimesitivancehe gEmanitthe:lembatrate i s
called the substrate 1110 for (first) contact resistance neasurenent in

present Examre 2pQtcdfddllardbe ssbgidatecd100 ar reentashis esitskhanee
measur enent was substantially rectangular. Termnals were set to both ends

thereof, qnidd hetothie nashstanae @k theg sirfiaceubivipe sase: ofsqerfor mng

Ianlnatlon into "glass/Al/transparent el ectrode was nmeasur ed

situation in _Fi or anp t.he .sputter.in a

pr oduced |€heE>%g9Wi;I %Cfngé%%ese&tng f%‘%ér%la %t P AT aelnga%‘g%éts g{i%% e %Ee

resi st ance value int %? ase was 32 5 Q . The nunerlcal values in the case
of using ofHer ERaffpt &3t 312 £anees Wik tERIRAINTE T ©F. tPP4EUL SRR pr esent

Exanpl e 2-9, the transparent el ectroconductive film 170
thin film increases.

[0411}

Tungsten

In the sputtering target of the example, it is preferred that
tungsten is dispersed therein. 1t is particularly preferred that
tungsten undergees substitution/solid-solution intc indium sites
of indium oxide.

[0412]

That is to say, the form that tungsten is contained in the
target may be a form that tungsten is dispersed as a tungsten oxide
such as WO; or WC; in an indium oxide sintered body, or may be a form
that tungsten is dispersed as a complex oxide between indium oxide
and tungsten oxide such as InyW30:2 in an indium coxide sintered body.
Particularly preferred is a form that tungsten atoms undergo
substitution/solid-soluticn into indium sites of indium oxide,
whereby tungsten is dispersed into an indium oxide sintered body
at an atomic level. Suchdispersionatanatomic level makeselectric
discharge in sputtering stable. Furthermore, the atomic-level

dispersion is effective since the dispersion makes the resistance
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was used as an "electrode". Thus, this has been called the transparent

el ectrode. [0433] Case of glass/transparent el ectrode/ Al The order of the
formation of filnms was nade as follows: transparent electrode/Al. That is,

| am nation into "glass /transparent el ectrode/ Al" was perfornmed. In order to
measure the contact resistance in this case, a substrate 1120 for second
contact resistance neasurenent was obtained. This substrate 1120 for second
contact resistance neasurenment was different only in the order of the

| am nation of the Al pattern 1104 and the netal oxide 1108. The neasured
resul ts ofof hihe sebsttatte rE2@rtoentseclond roophdeott iveesihshand &émnkeas.ur enent
are also shown in Table 3. The nmethod for the neasurenent, and so on are
equal to those faraihe substrate 1110 for first contact resistance
measurenent. A situation thereof is shown in Fig. 5(2). [0434] 1In the case
of formng a fildn,0f,.a transparent electrode on Al, the surface of Al is
oxi di zed to produce A1203. Accordingly, the neasured resistance val ue

becores i B3Rkt BEATEIE ot e B SR R B e
cerium of quadrivalence cccupies sites of indium of trivalence in
the film of the indium oxide. As a result, in the example, carrier
electrons are discharged from cerium of quadrivalence sc¢ that the
electroconductivity of the thin film increases.

[C414]

A part of the cerium oxide may be present in the form of only
the cerium oxide. When the cerium oxide is present in the form cof
only the cerium oxide in this way, abnormal growth of the crystal
of the indium oxide is restrained. Thus, the generation of nodule
or the generation of overdischarge is restrained.

[0415]

“Example 2-8"

Iny0; powder having an average particle diameter of 1 pm or
less, Gay0; powder having an average particle diameter of 1 um or
less, WO; powder, and Lay0; powder were used as starting powders.
First, the Iny03; powder, the Gal; powder, the WO powder, and the Lay0s
powder were formulated at a given ratio to obtain a sintered boedy
having a composition ratio of a Ga/In atomic ratio, W/In, and La/In
shown in Table 3, put into a pot made of resin, and mixed with a

wet ball mill. At this time, hard Zr0; balls were used, and the time
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Anetallic Al (99% Al and 1% Nd) was first deposited onto a

| i ght-transm ssi bl e glass substrate 1 by high-frequency sputtering so as to
have a filmthickness of 1500 A. This was etched by photo-etching using a
phosphoric acid-acetic acid-nitric acid-based aqueous solution as an
etchant to forma gate electrode 2 and a gate electrodewi ring each having a
desired shape. Next, a silicon nitride (SIN) film which would be a gate
insulation film 3, was deposited thereon by glow discharge CVD to have a
filmthickness of 3000 A Subsequently, an anorphous Si:H (i) film4 was

deposi t ed fdrerkRomitindhave set idomtihheknessaote 3502 Aixang, find keuraysilicon
nitride (SIN) filmb5, which would be a channel protective |ayer, was

deposi t ed wdh@uREA @ have t@atbh M dhiekReasgPin 3R A T3 Yranfliat be

di scharge gas at this time, a SiH4-NH3- N2-based m xed gas was used about

the SiN fi 3 ' LH4-.N2- ] ) ahout the
annrphousfggﬁﬁ E??Q??V%Q%¥P?ﬁig%gyﬁ#%F?%?EQ ﬁ%%ﬁﬂgggg?n¥§§ggsggﬁr§§ %hanne
protectivgﬁhgéeﬁ 5 by dry etching using a CHF gas. Subsequently, a
Si H9- H2- PHEYHaled mi xed gas was used to deposit an anorphous-Si:H (n) film
6 into a filmthickness of 3000 A [0438] Next, a C/A bi-layered film
was deposited t H&Ad6h. This bi -l ayered fil mwas obtained by depositing Cr
into a filmthickness 172 of 0.1 mand Al into a filmthickness of 0.3 gmin
this order by \eEstiym:dépasslidsahpendsputier isigreFeqd.atl SI0ds, tiratara sour ce
el ectrode

atmosphere wherein oxygen was introduced into the air in a sintering

furnace at a rate of 5 liters/minute per 0.1 m® of the volume inside

the furnace, for 3 hours. At this time, the temperature was raised

at a rate of 1 °C/minute. When the molded product was cooled after

the sintering, the introducticn of oxygen was stopped and the

temperature was lowered up to 1000°C at 10 °C/minute.

104171

The composition ratio of W, which is cne in the first metal
group M1, to indium ([W]/({W] + [In])) was 0.02, the composition
ratic of La, which is one in the second metal group M2, to indium
({Lal/{{La} + [In])) was 0.03, and the composition ratio of Ga, which
is one in the third metal group M3, to indium ([Ga]/([Gal]l + [In]))
was 0.03. The same content is shown in Table 3.

[0418]

A cracked part of the sintered body obtained as described above
was crushed intopieces, and thenpowder X-raydiffracticnmeasurement
was carried out. As a result, cnly diffraction peaks resulting from

an indium oxide phase having a bixbite-based structure and cerium
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7 and a drain electrode 8 are each made of this bi-layered film
inthis bi-layered fil mwas photo-etched with a
H3P04- CH3000H- HNO3- H20- based et ching solution while Cr in the bi-Ilayered

filmwas photo-etched with an aqueous solution of cerium (IV) ammoni um
By the photo-etching, a desired pattern of the |ayer electrode 7

nitrate.

and a desired pattern of the drain electrode 8 were forned. [0440]
Furthernore, the anorphous-Si:H filns were etched by using a conbination of

dry etching using a CHF gas and wet etching using an aqueous hydrazi ne

( NH2NH2H2 0= istel whisonbsasioveas to form a desired pattern of the anorphous-S
(i) film4 and a desired pattern of the anorphous-Si:H (n) film®6. [0441]
Next, a silicon [g4iajde (SiN) film which would constitute

film 10, was deposited by gl ow discharge CV/D, so as to have a film

t hi ckness of 300Q. rd‘[g%ggg&lg:%ilfc%greachit&l &f tp@regﬁaé@?%?e %v&g&&?g sour ce

and drain el ectrodes 7
electrode 9 b ry.etchin CHFE .gas. 0442 . anor s transparent
eIectrocoﬁﬁﬂceig3¥%?$ﬁ¥5%ggﬁf%? Stf%@ h aﬁﬁkgﬁﬁ%O%Migﬁﬁ§égmﬂﬁﬁégnainIy
of indium oxide, zinc oxide, nickel oxide and cerium oxide, was deposited

on this substPatidreoiragiigr athenpsinsered bpdy Herepstsated 668F Gid 17 UBINd t he

transpar ent r pixe

usi n

drai n el ectrode

underwent solid solution into the indium oxide phase. By dispersing
in this way, the average diameter of the indium oxide crystal grains
was made into 3.7 pum as shown in Table 3. This average diameter was
obtained by image processing.

(0420)

The calculated value of the relative density of the sintered
oxide of the example was specifically 97%, as shown in Table 3.

[0421]

This sintered body was worked into a diameter of 101 mm and
a thickness of 5 mm, and a sputtering surface thereof was polished
with a cup grindstone, thereby obtaining a (sputtering) target.
Metallic indium was used to bond this target to a backing plate made
of oxygen-free copper to make a sputtering target.

[0422]

Gallium

Whengalliumoxideparticlesarepresent inasputteringtarget,
the target is electrified with argon icns radiated from plasma since
the specific resistance of the gallium oxide particles is high. As

a result, arcing is caused. This tendency becomes more remarkable

le7/

[0439] Al

an insul ati on
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8 made of the netallic Al were nmade, by sputtering. As the discharge gas,
pure argon gas or argon gas into which 02 gas was incorporated in a trace
anount of about 1% by volunme was used. In this manner, a transparent

el ectrode film (transparent el ectroconductive film 9 was deposited into a
filmthickness of 1200 A. This 1n203-Zn0O- Ni O Ce02fil mwas anal yzed by a
X-ray diffraction nethod. As a result, no peak was observed, and the film
was an anorphous film The specific resistance of this filmwas about 6.25
x 10-4 Q@m Thus, the filmwas a filmcapable of being satisfactorily used
as an el ecsr bHe.elxg4431 P appahepdrenhe el aagetotomhgst highdr [tm make et ched
by photo-etching using a 3.5% by wei ght solution of oxalic acid in water
as an et chdwet pgmsontasoff aheoraddapedelreginedbnedea’ydravi ng a desired pi xel

el ectrode pattern. This pattern of the pixel electrode 9 was a pattern
wherein the pixelyzehectrode 9 was electrically connected to at |east the
source el ectrode 7 having the given pattern. By such etching, the pixel

el ectrode 9 havipgitder@lyersii Xgh g{fg%ﬁgg%eia@l %ggﬁ‘?{/\%;f %{éé’r%%arsnp bj s pi xel

el ectrode 9 was a desired anorphous electr _ I'me, the
gate 11 ne S arad Ao ant SRy Soa: T EBETbhE® Bt RES RS Reotr et el dr ai n
liens were cqvered with the transparent el ectrode. ) ,
indium oxide wherein gallium undergoes substitution/solid-sclution
into indium sites and the indium gallate compound is low (in other
words, high-resistance particles are not present). Thus, the target
has a characteristic that arcing is not easily generated even if
the applied power is increased. For this reason, in the example,
a film can be formed at a high speed by the application of a high
electric power.
[C424]
Tungsten
Intheexample, tungsten isdispersed inthe sputtering target.
It is particularly preferred that tungsten undergoes
substitution/solid-solution into indium sites of indium oxide.
[C425]
That is to say, the form that tungsten is contained in the
sputteringtargetmaybea formthat tungstenisdispersedasatungsten
oxide such as WO; or WO; in an indium oxide sintered body, or may
be a form that tungsten is dispersed as a complex oxide between indium

oxide and tungsten oxide such as InyW301; in an indium oxide sintered

body.
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[ 0445] The substrate at this stage corresponds to one exanple of the

| ight-transm ssible glass substrate in the clains. [0446] Thereafter, a
light-shielding filmhaving a given Ilight-shielding pattern was forned to
conpl ete an anorphous-Si TFT active matrix substrate. [0447] This

anor phous- Si TFT active matrix substrate was used to produce a TFT-LCD
systemflat display. This TFT-LCD systemflat display was able to supply
hal f-tone display (gray-scale display) wthout any problem and exhibited a
favorabl e performance. [04481 In the above-nenti oned exanpl es, the
sputtering targetOdZgioduced Exanple 2-4 was used. It was proved that the use
of the sputtering targets produced in Exanples 2-1 to 2-3 and 2-5 to 2-8

ot her than Exan@iaaticdlgave pregbereedsr eFulrnstradctihgstasutbastsmdengbe abl e
to be satisfactorily used as transparent electrode. The specific

res'Sta”CQﬁﬂﬁ&;&B@léﬁﬁﬂ§ﬁ%ﬂ%@ﬁu€h§ﬁtEQRPHQHQEmV§a€é§'H%'1Hd1wﬂ%n&§§? that the
sputtering targets in the exanpl es other than Exanples 175 2-4 were used are

xampl 65 o TREYS5EARG o adpowt T~ Bet RSB han Tl st BRI TR RR 1 e

Conparatlﬂﬁ;%§aggg%§é ﬁ£ tteré&%ktéiégerSLOn at an atomic level makes it

possible that electric discharge in sputtering is made stable and
the resistance of the transparent electroconductive film obtained
by the sputtering is made lower.

[0427]
Lanthanum

Apart of lanthanummay be present in the form of only lanthanum
oxide. When lanthanum oxide is present alone in this way, abnormal
growth of the crystal cf the indium oxide is restrained. Thus, the
generationof nodule or the generationof overdischarge is restrained.

(0428]

“Example 2-97

In the example, measured results of contact resistance are
shown.

[0429]

Case of glass/Al/transparent electrode

First, a mask 1102 (a kapton tape) for first film-formation
was fitted onto a slide glass 1100, as illustrated in Fig. 3(1),
and Al was formed into a film of 200 nm thickness. Thereafter, the

mask was lifted off to form a given Al pattern 1104 (see Fig. 3(2)).
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each having one out of conpositions shown in Table 3 were produced and
evaluated in the sane manner as in Exanple 2-9. [0450] "Conparative Exanple
2-1" I n203 powder having an average particle diameter of 1 pmor [|ess and
Sn2 powder having an average particle dianeter of 1 pmor |ess were used
as starting powders to produce a sputtering target in the same way as in
Exanples 2-1 to 2-8. [0451] The conposition ratio of Sn, which is one in
the third metal group MB to indium ([Sn]/[Sn] + [In]), was 0.10. This is
shown in Table 3 al so. [0452] The average dianeter of crystal grains of
the indi um oxi del®44®d 12. 8 pm as shown in Table 3. This average di aneter
was obtained by inmage processing. The cal cul ated value of the relative
density of the Naxit,etkhd sritderongtirrgeteseritaigmdpanathore Examples vad
specifically 99% [0453] 176 Contact resistance with Al In the present
conpar at i vieo exangdre ahslo sethntocoatBC Eput estdipnaeising t haMdsk stoeqtuees of
"glass /Al /transparentel ectrode"” and "glass/transparent el ectrode/ Al" were
nmeasured. Jhie kesthd $apee fosOWLANFTaRl & ratlhBASHs fitted thereto (see
Fig. 4(1)). Each of the sputtering targets obtained in Examples 1
to 8 was used to carry out sputtering, thereby forming a thin film
(transparent electrode) 108 of 200 nm thickness. Thereafter, the
mask1ll06forsecondfilm-formationwas liftedoff tocbtainasubstrate
1110 for first contact resistance measurement (see Fig. 4(2)). This
substrate was a substrate produced for measuring contact resistance.
Thus, the substrate is called the substrate 1110 for (first) contact
resistance measurement in present Example 2-9.
[0431]
The substrate 1100 for contact resistance measurement was
substantially rectangular. Terminalswere set toboth ends thereof,
and then the resistance of the surface in the case of performing
lamination into “glass/Al/transparent electrode” was measured.
This situation is shown in Fig. 5{(1). For example, the sputtering
target producedinkExample 2-1wasusedto forma transparentelectrode.
The resistance value in this case was 32.5 Q. The numerical values
in the case of using other Examples 2-2 to 2-8 are shown in Table
3.
[C432]

Inpresent Example 2-9, the transparent electroconductive film
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Specific resistance of the transparent electrode In the present conparative
exanple also, a liquid crystal display was produced in the sane way as in
Exanple 10. In the process therefor, the specific resistance of the
transparent electrode was neasured. The neasured result is also shown in
Tabl e 3. [0455] "Conparative Exanple 2-2" In203 powder having an average
particle dianmeter of 1 mor |ess and ZnO powder having an average particle
dianeter of 1 mor |ess were used as starting powders to produce a
sputtering target in_the sane way as in above Exanples 2-1 to 2-8. [0456]
The conposiaswiedraian oteATodffi- c HThus ,did s abrert v e didredi rangpetpn B t o
indium ([Zn] / [Zn] + [In]) , was 0.16. This is also shown in Table 3 also.
[0457] Theleaveprdge di aneter of crystal grains of the indiumoxide was 3.8
pm as shown in Table 3. This average di aneter was obtained 177 by inage
processing. The [@algul ated val ue of the relative density of the sintered
oxi de of the present conparative exanple was specifically 98% [0458]

Contact resistancgMskEhgfhsd tRe-REESEN 1 LATRALakl ve exanpl e al so, the
contact resist J T "glass/ Al / transpar ent

The order of the formaticon of films was made as follows:
transparent electrode/Al. That is, lamination into
“glass/transparent electrode/Al” was performed. Inorder tomeasure
the contact resistance in this case, a substrate 1120 for second
contact resistance measurement was obtained. This substrate 1120
for second contact resistance measurement was different only in the
order of the lamination of the Al pattern 1104 and the metal oxide
1108. Themeasured results of this substrate 1120 for second contact
resistance measurement are alsc shown in Table 3. The method for
the measurement, and so on are equal to those for the substrate 1110
for first contact resistance measurement. A situation thereof is
shown in Fig. 5(2).

[0434]

In the case of forming a film of a transparent electrode on
Al, the surface of Al is oxidized to produce Al,0;. Accordingly,
the measured resistance value becomes large.

[0435]

“Example 2-10"

Preferred Example 2~10 of the invention will be described with

reference to Fig. 1.
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el ectrode"” and "gl ass/transparent el ectrode/Al" were neasured. The results
are shown in Table 3. [0459] Specific resistance of the transparent

el ectrode In the present conparative exanple also, a liquid crystal display
was produced in the sane way as in Exanple 2-10. In the process therefor,
the specific resistance of the transparent el ectrode was neasured. The
nmeasured result is also shown in Table 3. [0460] "Conparative Exanple 2-3"
| Nn203 powder havi ng an average particle dianeter of 1 pmor |ess, and W3
powder and Ce®2 powder each having an average particle diameter of 1 mor

| ess were used d943farting powders to produce a sputtering target in the
sanme way as in Exanples 2-1 to 2-8. [0461] The conposition ratio of W
which is one i nAthetdlYst Atet8b% graupg M N wadiumst] Wepds{td vngbnd )
was 0.25. The conposition ratio 178 of Cen, which is one in the second

metal gr oupghB-tEendmidisimleldelss shferratel 1 Bly) h V@S- Gedbend: taeeighown in
Table 3 al so. [0462] The average di aneter o# crystaF%Qraiggﬁgf thé&?ndium

gxi de wasolaspy @sveshown 1hnelabhes3: o¥hﬁ§9@Vﬁf a@ﬁ%gi@é@t\e&rch\é’asbﬁ?bt ai ned
y image processing. The cal culated value of the relative density” of the
sintered oxi.dg_9f A% REESFRLrEQPRAE AL LY ey XM &, 85 ;30881 T GaLL Y. §4%
agueous solution as an etchant to form a gate electrode 2 and a gate
electrodewiringeach having a desired shape. Next, asiliconnitride
(SiN) film, which would be a gate insulation film 3, was deposited
thereon by glow discharge CVD to have a film thickness of 3000 A.
Subsequently, an amorphous Si:H (i) film 4 was deposited thereon
to have a film thickness of 3500 A, and further a silicon nitride
(SiN) film 5, which would be a channel protective layer, was deposited
thereon tc have a film thickness of 3000 A.
[0437]
At the discharge gas at this time, a SiHs-NH;-N;-kased mixed
gas was used about the SiN films 3 and 5 while a SiHy-N,-based mixed
gas was used about the amorphous-Si:H (i) film 4. This SiN film 5
was made into a desired channel protective layer 5 by dry etching
using a CHF gas. Subsequently, a SiH,—H,-PH;-based mixed gas was used
to deposit an amorphous-Si:H (n) film & intc a film thickness of
3000 A.
[0438]
Next, a Cr/Al bi-layered film was deposited thereon. This

bi-layered film was obtained by depositing Cr into a film thickness
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[0463] Contact resistance with Al In the present conparative exanple also,
the contact resistances wiwth Al in both structures of "glass/Al/transparent
el ectrode"” and "glass /transparent el ectrode/ Al" were neasured. The results
were each 1 ML2 or nore, as shown in Table 3. [0464] Specific resistance of
the transparent electrode In the present conparative exanple also, a liquid
crystal display was produced in the sane way as in Exanple 2-10. In the
process therefor, the specific resistance of the transparent el ectrode was
neasured. The neasured result was 1 Mxmor nore, as shown in Table 3.

[ 0465] " Gompanajuh edERaNpheo Zr 41 1hn2Ecpewdenthayvi g an eves ageicRapli cl e
dianeter of 1 pmor 179 less, and W3 powder, Ce®2 and Sn02 powder each

havi ng an aeiagepopatiochbe sguaﬂ@fﬁng of Filg M @hol8$BavRIRUIsed 12 tEbakt i Ng
powders to produce a sputtering target in the sane way as in Exanples 2-1

to 2-8. [D468] a Jfl&n@@né%%'rba@na ratd @aeh deéMquQh s Bi‘-eléyféirtebﬁ fihpst metal

group M to indium ([W/[W + [In]) , was 0.25. The conposition ratio of
Ce, which is onep the second netal group NQ to indium ([Ce] / [Ce +
[In]) was 0.25. The éonp05|t|on rati o of Sn, which is one in the

Al in this bi-layered film was photo-etched with a
H3P0,-CH;COOH-HNO3;-H;0-based etching solution while Cr in the
bi-layered film was photo-etched with an aqueous sclution of cerium
(IV) ammonium nitrate. By the photc-etching, a desired pattern of
the layer electrode 7 and a desired pattern of the drain electrode
8 were formed.

(0440]

Furthermore, the amorphous-Si:H films were etched by using
a compination of dry etching using a CHy gas and wet etching using
an aqueous hydrazine (NH;NH,:H;0) sclution, so as to form a desired
pattern of the amorphous-Si:H (i) film 4 and a desired pattern cf
the amorphcus-Si:H (n) film 6.

[0441]

Next, a silicon nitride {SiN} film, which would constitute
an insulation film 10, was deposited by glow discharge CVD, so as
to have a film thickness of 3000 A. Thereafter, contact holes were
made between the source anddrainelectrodes 7and 8 andthe transparent
electrode or pixel electrcde 9 by dry etching using CHp gas.

[0442]

An amorphcus transparent electroconductive film as cbtained
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third netal group M3, to indium([Sn]/[Sn + [In]) was 0.4. These are shown
in Table 3 also. [0467] The cal cul ated value of the relative density of the
sintered oxide of the present conparative exanple was specifically 60% as
shown in Table 3. [0468] Contact resistance with Al In the present
conparati ve exanple al so, the contact resistances with Al in both
structures of "glass/Al/transparent electrode" and "glass /transparent

el ectrode/ Al" were neasured. The results were each 1 MO or nore, as shown
in Table 3. [0469] Specific resistance of the transparent electrode In the
present cdrnpaxarple exatplch whsonade magoitd ef yistdlum ©80deli spiray owasepr oduced
in the sanme way as in Exanple 2-10. In the process therefor, the specific

r esi st anceniefkefl hex ideanaparenturebetdé 0 da swaspogtrasiuse d:hiBheui®asitteedonesul t
was 1 Mxmor nore, as shown in Table 3. [0470] "Exanple 2-11" (Mdified

Exampl e 2-0)i dhneidh a@@@ﬂr@s @%ﬂ@g@ﬁ@am&%d@xm £5c Whak LIl LREcAE tWO
or nore oxides of Mp, and/ or Pd was/were one or nore

e O S R R
gas, pure argon gas or argon gas into which O, gas was incorporated
in a trace amount of about 1% by volume was used. In this manner,
a transparent electrode film (transparent electroconductive film)
9 was deposited into a film thickness of 1200 A. This
In;03-Zn0-Ni0O-Ce0; film was analyzed by a X-ray diffraction method.
As a result, no peak was observed, and the film was an amorphous
film. The specific resistance of this film was about 6.25 x 107
Qcm. Thus, the filmwas a £ilm capable of being satisfactorily used
as an electrode.

[0443]

This transparent electroconductive film was etched by
photo-etching using a 3.5% by weight solution of cxalic acid in water
as an etchant, so as to form a pixel electrode 9 having a desired
pixel electrode pattern.

This pattern of the pixel electrode 9 was a pattern wherein
the pixel electrode 9 was electrically connected to at least the
source electrode 7 having the given pattern. By such etching, the
pixel electrode 9 having the givenpixel electrode patternwas formed.

This pixel electrode 9 was a desired amorphous electrode.

[0444]

174



The sane effects and advantages as in each of the exanples can be obtai ned.
[0471] "Exanple 2-12" (Modified Exanple 2-2) In above Exanples 2-9 and
2-10, exanples where Al was used have been described; it is also preferred
to use Ag instead of Al. In the case of using Ag, the sane effects and
advantages as in the case of Al can be obtained. [0472] Conclusion The
above has descri bed Exanples 2-1 to 2-12, which are preferred exanpl es of
the invention, and Conparative Exanples 2-1 to 2-4. [0473] Wen the
transparent el ectroconductive filmaccording to the 181 present enbodi nent
of the second gPdupis Wige€d Bhe gourapsp@cénpdeel aptrPue dopripiadsictepéet r ode
in this way, contact resistances between the A gate el ectrode and the

t ranspar erft célZctiddetardiubetonten Thee gape lsiowr eed dilacnredectgadegandtt he

pi xel electrode can be controlled into small values. As a result, when this

transpar erdecliestrotiener soptoekl eteeddeddRai s Lisefh ward ic¥icdeanysirathdi spl ay
capabl e of displaying halftone inmges satisfactorily can be obtai ned.

[0474] 1Tgﬂgﬁsgggggﬁ é?gggydgg Preferred enbodi ments of the invention of the
third group wi Il be described hereinafter on the basis of the draw ngs.

[0445]

The substrate at this stage corresponds to one example of the
light-transmissible glass substrate in the claims.

[0446]

Thereafter, a light-shielding film having a given
light-shielding pattern was formed to complete an amorphous—-SiTET
active matrix substrate.

[0447]

This amorphous-3SiTFT active matrix substrate was used to
produce a TFT-LCD system flat display. This TET-LCD system flat
display was able to supply half-tcne display (gray-scale display)
without any problem, and exhibited a favorable performance.

[0448]

In the above-mentioned examples, the sputtering target
produced Example 2-4 was used. It was preoved that the use of the
sputtering targets produced in Examples 2-1 to 2-3 and 2-5 to 2Z2-8
other than Example 2-4 gave preferred results and the resultants
were able to be satisfactorily used as transparent electrode. The

specific resistances of the transparent electroconductive films in

thecasethat the sputteringtargets intheexamplesother thanExamples
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[0475] "Exanple 3-1" Figs. 6 to 8 is an explanatory sectional view
illustrating a producing process of a TFT array substrate 2100 (a TFT
section and a termnal section) in present Exanple 3-1. In these Figs. 6
to 8, reference nunber 2001 represents a transparent insulating substrate;
2002, a gate electrode; 2004, a gate insulation film 2005, a sem conductor
| ayer a-Si film 2006, a sem conductor layer n' a-Si film 2007a, a drain
el ectrode; 2007b, a source electrode; 2009, an interlayer insulation film
2010, a contact hole; 2011, a pixel electrode; 2021, the TFT section; 2022,
the term rral? ¥&C€i 8BRS 3R SPPWD, 1R hERPRET Sarray substrate. The pi xel

el ectrode 2002, the drain electrode 2007a and the 182 source el ectrode
2007b each correldifd¥d to one exanple of the first conductor described in
the clains, and the pixel electrode 2011 corresponds to one exanple of the
second conduct or-3esar hedup ncdrparach aé nexanQ486] - The TFT section 2021 is
formed near a crossing portion of a gate wiring and a source wring which

are formed on thenaltaltaYexaaiaskr 8f el QR bAd beraid hegomsd d&gaehgot her,

and functions as a switching élenment for driving liquid crystal. On the

R L AN
outside a di5play; &) 22200 NS B 0 QR o PRULELDE. S goal s oMy
and evaluated in the same manner as in Example 2-9.

[0450]

“Comparative Example 2-1"

In;03; powder having an average particle diameter of 1 pm or
less and Sn0O; powder having an average particle diameter of 1 um or
less were used as starting powders to produce a sputtering target
in the same way as in Examples 2-1 to 2-8.

[0451]

The composition ratio of Sn, which is one in the third metal
group M3 to indium ([Sn]/[Sn] + [In]), was 0.10. This is shown in
Table 3 also.

[0452)

The average diameter of crystal grains cf the indium oxide
was 12.8 pym, as shown in Table 3. This average diameter was obtained
by image processing. The calculated value of the relative density
of the sintered oxide of the present comparative example was
specifically 99%.

[0453]
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the outside into the pixel electrode. [0477] On the basis of Figs. 6 to 8,
the followwing will describe a process for producing the TFT array substrate
2100 of present Exanple 3-1 successively. First, a thin filmnade of an Al
alloy containing 1.2%Dby weight of W which is a material of the first
conductor, was fornmed on the transparent insulating substrate 200 in an

at nosphere of pure Ar to have a thickness of about 2000 A. This film
corresponds to one exanple of the Al layer described in the clains. This
thin filmwas sublected to reS|st-oattern|ng by photolithography, and then
etched with an etch A0 ed ‘on phosphoric acid, nitric acid and
acetic acid as |IIustrated in Fig. 6 (a) to forma gate wiring 183 (not
illustrated) andnt KBegpresaltecompaeaRio? exghehet hesgattdeelceotaotde 2002, and
the drain el ectrode 2007a and source el ectrode 2007b, which wll be

descri bed deatieranwes el takhin & oruwedi nastef “ayifdslsyhl ot natyp ettt kicngodsa” pr esent
Exanple 3-1, it is needless to state that a sputtering target nade of the
Al alloy @entAiaRisngrdMyyesriged cas radspalt REioget aiaet.. Therashionapd
formng the gate electrode 2002 and so on in this way corresponds to the
first con@yﬁhgrlgpwggﬂgéﬁtep described in the clains. [0478] Next, the gate
insulation film 2004 made of silicon nitride (SiNx) or silicon oxide (Si 02)
was formed into ©4%Qlckness of about 4000 A by chem cal vapor deposition
(hereinafter, é erred to as CVD) , so as to cover the whole of the

t ransparent |nsulat|?g substrate
Specific resistance of the transparent electrode

In the present comparative example also, a liguid crystal
display was produced in the same way as in Example 10. In the process
therefor, the specific resistance of the transparent electrode was
measured. The measured result is also shown in Table 3.

{0455]

“Comparative Example 2-27

In,0; powder having an average particle diameter of 1 um or
less and Zn0O powder having an average particle diameter of 1 um or
less were used as starting powders to pyoduce a sputtering target
in the same way as in above Examples 2-1 to 2-8.

[0456]

The composition ratio of Zn, which is one in the third metal
group M3 to indium ([2Zn]/[Zn] + [In]}), was 0.16. This is also shown
in Table 3 ailso.

[0457]

The average diameter of crystal grains cf the indium oxide

was 3.8 um, as shown in Table 3. This average diameter was obtained
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2001. The sem conductor layer a-Si film 2005 was forned thereon, and
further the sem conductor |ayer n+ a-Si f il1nR006 was fornmed thereon. As
illustrated in Fig. 6 (b) , the sem conductor layer a-Si film 2005 and the
sem conductor layer n' a-Si film 2006 were patterned to form the

sem conductor |ayer a-Si film 2005 having a thickness of about 1500 A and
the sem conductor layer n+ a-Si film 2006 having a |low resistance and a

t hi ckness of about 300 A successively. [0479] Next, a thick fil made of an
Al alloy containing 1.2% by weight of Wwas fornmed into a thickness of 3000
A by sput tler ipgge g aesssong havidecovkrultdtedsem worducthorelayeve dengisy film
2006 (Table 4) . This 184 thin filmcorresponds to one exanple of the Al

| ayer descsfi hed sAntéhed clxdides of Ashé | prestanat edmpar Hiigre Bkappletims thin film
was patterned in the sane manner as the gate el ectrode 2002, so as to form
the drai nglacticadey2§8¥/a and the source el ectrode 2007b. In this case, it
is preferred to use Ar gas as the sputtering gas. The action of formng the
drain el ectrode 20(%a and the drain electrode 2007b in this way corresponds
to one exanple o% the first conductor formng step described in the clains.
The specific resi es_of _the Dpix ectrode 2002, the drain electrode
2007apand t he S%&ﬁﬁ%ﬂ% Sedise! %k Eie measured. The values thereof were
each 5.2 pOcn1(§G£I% 4%. 5%%80 Next, the interlayer jnsulation film 2009
was formed to coVerSt RESHART & TPARE LV FRFH e e PR ub R 1SR €Gbst rat e 2001.

Thi's resistances with Al in both structures of “glass/Al/transparent
electrode” and “glass/transparent electrode/Al” weremeasured. The
results are shown in Table 3.
[0459]

Specific resistance of the transparent electrode

In the present comparative example also, a liquid crystal
displaywas produced in the same wayas inExample 2-10. Intheprocess
therefor, the specific resistance of the transparent electrode was
measured. The measured result is also shown in Table 3.

[0460]

“Comparative Example 2-3”

In,03 powder having an average particle diameter of 1 um or
less, and WC; powder and Ce0; powder each having an average particle
diameter of 1 pm or less were used as starting powders to produce
a sputtering target in the same way as in Examples 2-1 to Z-8.

[0461]

The composition ratio of W, which is one in the first metal

group M1 to indium ([W]/[W] + [In]), was 0.25. The composition ratic
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interlayer insulation film2009 corresponds to one exanple of the
insulation filmdescribed in the clains. The action of formng the
interlayer insulation film2009 in this way corresponds to one exanple of
the insulation filmformng step described in the clains. Thereafter, this
interlayer insulation film2009 was patterned as illustrated in Fig. 7 (b)
, SO as to nmake the contact holes 2010. That 1is, as illustrated in Fig.
7(b), the contact holes 2010 were nmade in the interlayer insulation film
2009 and over the gate electrode 2002 in the term nal section 22 and the
drai n el ectfrogte #0003 ismnet hre tREFegentinen a2 hrolipetZact o dndotmnEKiend [Che
contact holes 2010 in 185 the interlayer insulation film 2009 corresponds to
the contact [hahe wawki NG .stepedeseel BROwH Nt hepakangisd 0481] It is
preferred that the interlayer insulation film2009 is nade of any one or
both of a silicqmg ?rlde filmand an acrylic transparent resin.
Furt hernore, an ITO il mwas forned as a transparent el ectroconductive film
into a thlcknes%%pf ggoutel %Qet in erla. n?$%$t| n f|In12009 by
sputtering (Tabl'e 4y, ~A33%| ]1ust?5te Cﬁ¥sﬁ|% Q§n FITHWIE Bat t er ned
to formthe plxel electrode 2011. 1In this way, the TFT array substrate 2100
was produd@d. 13 At &F shovgeln (ke 1pi kel TBle@vesage DENaiEs wreCOERERFT Y
connected to each of the gate el ectrode 2002, the drain el ectrode 2007a and
t he sourcéﬁbﬁ@@@@éﬂ@CQ@QI%gthﬂbagﬁﬂKWéaéQﬁﬂé@nmhéfé@“?@@@ahﬁﬁ%dﬁﬁSlthe
interlayer insulation film 2009. The action of formng the pixel

of the sintered oxide of the present comparative example was

specifically B84%.
[0463]

Contact resistance with Al

In the present comparative example alsc, the contact
resistances with Al in both structures of “glass/Al/transparent
electrode” and “glass/transparent electrode/Al” weremeasured. The

results were each 1 MQ) or more, as shown in Table 3.

[0464]

Specific resistance of the transparent electrode

In the present comparative example alsc, a liquid crystal
displaywasproduced inthe sameway as inExample 2-10. Intheprocess
therefor, the specific resistance of the transparent electrode was

measured. The measured result was 1 MQcm or more, as shown in Table

3.
[0465]
“Comparative Example 2-4"

In;0s; powder having an average particle diameter of 1 um or
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el ectrode 2011 to be electrically connected to each of the gate electrode
2002, the drain electrode 2007a and the source el ectrode 2007b through the
contact holes 2010 in this way corresponds to one exanple of the el ectrode
connecting step described in the clainms. [0482] The transparent

el ectroconductive filmnmade of the ITOfilm is substantially the sane as
the transparent filmelectrode described in the clains. In the clains,
attention is paid to the function of the film and thus the transparent
filmelectrode is called. On the 186 other hand, in the exanple, attention
IS paid tddsse natiui@; pbwtibe, ddad;npndmthdhpswddre dacanapai®ftan average

el ectroconductive filmis called. [0483] About the resultant TFT array

subst rat e 210Q16hg; SREA be 1 @%ﬁ@&%%@k tu@%dpag(eéta%%yme%@%oms
nmeasured. 'As a result, the value was pOcm As illustrated in Flg 9, a

el vin patgeficaas, HRa ARSI SHhen el eekr gy T esig! BpapYal ye(pont act

resi stanc val u i A cont ace portion Petween f ect rode
2011 and;%%§ gate el ectrode 2002, the drain el ectrode 2007a or the source
el ectrode 07b. The value was 420 Q These values are shown in Table 4.

[0484] "Exanple 3-2" Filnms were fornmed and patterned in the same way as in
above Exanple 3“@6@%cept that the gate el ectrode 2002, the drain electrode

2007a and the source el ectrode 2007b in above Exanple 3-1 were each
The composition ratio of W, which is one in the first metal

group M1 to indium ([W]/[W] + [In]), was 0.25. The composition ratic
of Ce, which is one in the second metal group M2, to indium (([Ce]/[Ce
+ [In]) was 0.25. The composition ratio cf Sn, which is one in the
third metal group M3, to indium ([Sn}/[Sn + [In]) was 0.4. These
are shown in Table 3 also.

[0467]

The calculated value of the relative density of the sintered
oxide of the present comparative example was specifically 60%, as
shown in Table 3.

[0468]

Contact resistance with Al

In the present comparative example also, the contact
resistances with Al in both structures of “glass/Al/transparent
electrode” and “glass/transparent electrode/Al” weremeasured. The
results were each 1 M) or more, as shown in Table 3.

[0469]

Specific resistance of the transparent electrode

In the present comparative example also, a liquid crystal
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made of an Al alloy containing 2.5% by weight of Mo instead of the Al alloy
containing 1.2 % by weight of W so as to formthe gate el ectrode 2002, the
drain el ectrode 2007a, the source el ectrode 2007b and the others over the
transparent insulating substrate 2001, as illustrated in Fig. 7 (a) . About
the fornmed gate el ectrode 2002, drain el ectrode 2007a and source el ectrode
2007b, the specific resistance thereof was neasured in the same way as in
above Exanple 3-1. As a result, the value was 4.8 Ocm (Table 4). 187 [0485]
As illustrated in Fig. 7(b), the interlayer insulation film 2009 and the

cont act haoliep12Q1G swaicelurad e nithetSaesayea S\aly EASmb e 2bDve Ifxasplrecdsi. Next,
as illustrated in Fig. 8, the pixel electrode 2011 (Table 4) nade of ITO

was fornmedratelrhe, i1HeLEbayefid Reyul atiie ofidia 2088spd Naleby-pf pchici,gg the
TFT array substrate 2100. [00486] About the resultant TFT array substrate

2100, th ifi ' f ' I de 20 . d.
2 resul . PEREGAT RS e e R PR S PR Ry SRR

pattern was used to nmeasure the electric resistance val ue (contact
resistance " value) in a contact surface portion between the pixel electrode
2011 and the gate el ectrode 2002, the drain el ectrode 2007a or the source
el ectrode 2007b. %f{81val ue was 380 Q These values are shown in Table 4.
[0487] "Exanple 3-3"

“Example 2-11" (Modified Example 2-1)

In the above-menticned examples, examples wherein one or two
or more oxides of W, Mo, Nb, Ni, Pt and/or Pd was/were one or more
constituents have been described; it is also preferred to use a metal
itself, which is not any oxide, in the first metal group as it is.
The same effects and advantages as in each cf the examples can be
obtained.

[0471]

“Example 2-12” (Modified Example 2-2)

In above Examples 2-9 and 2-10, examples where Al was used
have been described; it is also preferred to use Ag instead of Al.
In the case of using Ag, the same effects and advantages as in the
case of Al can be obtained.

[0472]

Conclusion

TheabovehasdescribedExamples 2-1to2-12, whicharepreferred
examples of the invention, and Comparative Examples 2-1 to 2-4.
[0473]

When the transparent electroconductive film according to the
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Films were fornmed and patterned in the sanme way as in above Exanple 3-1
except that the gate el ectrode 2002, the drain electrode 2007a and the
source el ectrode 2007b in above Exanple 3-1 were each rmade of an Al all oy
containing 1.4% by weight of La instead of the A alloy containing 1.2 % by
wei ght of W so as to formthe gate el ectrode 2002, the drain el ectrode
2007a, the source el ectrode 2007b and the others over the transparent

i nsul ating substrate 2001, as illustrated 188 in Fig. 7(a). About the
formed gate el ectrode 2002, drain electrode 2007a and source el ectrode
2007b, therspest fénbadsiestrant ethdereenhd wasupeasursed kB &hersspareay as in
above Exanple 3-1. As a result, the value was 5.3 pfcm (Table 4). [0488]

As il ust rakedrbde Ewlxéqtas)l,edtb@dé @h%ﬁ@Wy,ldb%ﬁla@%lmlfstbﬂtegggew@m the
contact holes 2010 were made in the same way as in above Exanple 3-1. Next,

as illustraketh 'g@tg'eglec%rohgeargi ¥ é ﬁaﬁ%b???ﬁt %é@:r&%@@n@ o rd ‘Eiletl% | TO

was fornmed on the interl ayer |nsu atlon er eby pr ucing the

TFT array ,su 2100 ut t.he e sul.tant TFT. array rate
2100, { no P pea /AR et Bl B midp L B F Bl 156 Lrabi ea “as
a result, A the value was 220 ( cm_As illustrated in F%%. , a Kelvin
pattern wWaSOUTE; Y Ba?’t’é%%uréstahéeé‘iléh WPE“r%%FE‘?‘f&%J% eStegroget or

resi stance value) in a contact surface portion between the pixel electrode
2011 and rixelgdeetepdeis sded2002quiter vstd nd sarasdebleotadisplanengour ce
el ectrode 2007b. The val ue was 430 Q These values are shown in

halftone images satisfactorily can be obtained.

[0474]

Third group: examples

Preferred embodiments of the invention of the third group will
be described hereinafter on the basis cf the drawings.

[C475]

“Example 3-1"

Figs. 6 to 8 is an explanatory sectional view illustrating
a producing process of a TFT array substrate 2100 (a TFT section
and a terminal section) in present Example 2-1. TIn these Figs. 6
to 8, reference number 2001 represents a transparent insulating
substrate; 2002, a gate electrode; 2004, a gate insulation film;
2005, a semiconductcer layer a-Si film; 200¢, a semiconductor layer
n* a-Si film; 2007a, a drain electrcde; 2007b, a source electrode;
2009, an interlayer insulation film; 2010, a contact hole; 2011,
apixel electrode; 2021, the TFT section; 2022, the terminal section;
and 2100, the TFT array substrate.

The pixel electrode 2002, the drain electrode 2007a and the
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Table 4. [0490] "Exanple 3-4" Filns were forned and patterned in the same
way as in above Exanple 3-1 except that the gate el ectrode 2002, the drain
el ectrode 2007a and the source el ectrode 2007b in above Exanple 3-1 were
each 189 made of an Al alloy containing 1.2% by weight of Nb instead of the
Al alloy containing 1.2 % by weight of W so as to formthe gate el ectrode
2002, the drain el ectrode 2007a, the source el ectrode 2007b and the others
over the transparent insulating substrate 2001, as illustrated in Fig.

7(a). About the formed gate el ectrode 2002, drain electrode 2007a and
source el exyrsgec2e07inde RBO dp&sichi eoressipsngnte driseerdfclaved Heasiretd in the
sane way as in above Exanple 3-1. As a result, the value was 6.4 NQ@m
(Tabl e 4) .cqrid@ipbr Asscrihest riat edei aidEng, &08) the heidait edkayecds nldllat i on
film 2009 and the contact holes 2010 were nade in the sane way as in above

Exanpl e 3-dorMsbndascd bhestaabed dnchk GeBndtdhdRictelr @lactinedein 2081
(Table 4) nmade of 1ZO was fornmed on the interlayer insulation film 2009,

t hereby produeing the TFT array substrate 2100. [0492] About the resultant
TFT array substrate 2100, the specific resistance of the pixel electrode
2011 was neasure ‘ﬁﬁ aresult, the value was 360 EQcm As illustrated in
Fig. 9, a Kelvin pattern was used to neasure the electric resistance val ue

(contact resistance ) , , )
The TET section 2021 is formed near a crossing porticn of a

gate wiring and a source wiring which are formed on the TFT array
substrate 210C to be orthogonal to each other, and functions as a
switching element for driving liquid crystal. On the other hand,
the terminal section 2022 iselectrically connected to the TET section
2021 through the gate wiring. The terminal section 2022 is arranged
outside a display area and has a function of inputting signals from
the outside into the pixel electrode.

[0477]

On the basis of Figs. 6 to 8, the following will describe a
process for producing the TFT array substrate 2100 of present Example
3-1 successively. First, a thin filmmade of an Al alloy containing
1.2% by weight of W, which is a material of the first conductor,
was formedon the transparent insulatingsubstrate 200 inanatmosphere
of pure Ar to have a thickness of about 2000 A. This film corresponds
to one example of the Al layer described in the claims. This thin
film was subjected to resist-patterning by photolithography, and
then etched with an etching sclution based on phosphoric acid, nitric

acid and acetic acid as illustrated in Fig. 6(a) to forma gate wiring
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value) in a contact surface portion between the pixel electrode 2011 and
the gate el ectrode 2002, the drain electrode 2007a or the source electrode
2007b. The value was 560 Q These values are shown in Table 4. [0493] 190
"Exanple 3-5" Films were formed and patterned in the sane way as in above
Exanpl e 3-1 except that the gate el ectrode 2002, the drain electrode 2007a
and the source el ectrode 2007b in above Exanple 3-1 were each nade of an Al
all oy containing 1.1o0 by weight of Fe instead of the Al alloy containing
1.2% by weight of W so as to formthe gate el ectrode 2002, the drain

el ectrode @007allusreramgd)cendl tlot rapde 208Zbradel 3HE . ot hers over the
transparent insulating substrate 2001, as illustrated in Fig. 7 (a) . About

t he formed gat e Wwekacth®deat208Pecttraien2ed 2Cctanadene 20da abectsoideceoelgct r ode
2007b, the specific resistance thereof was neasured in the same way as in

above Examplies@rdoe &b FREW G070, B8 MALUE] WRSIs & ipReM {tEaD| fo A ealR494]
As illustrated in Fig. 7(b), the interlayer insulation film 2009 and the

I g R R s et o S A SR
TET arr ay SUBSERATE S00BLSC GHOE] = ABHUE SR GSaRTARRITIF LRe 4y Subtr at o
2100, the specific
containing W was used as a sputtering target. The action of forming
the gate electrode 2002 and sc on in this way corresponds tc the
first conductor forming step described in the claims.
[0478]
Next, the gate insulation film 2004 made of silicon nitride
{SiNx) or silicon oxide (510;) was formed into a thickness of about
4000 A by chemical vapor deposition (hereinafter, referred to as
CVD), so as to cover the whole of the transparent insulating substrate
2001. The semiconducter layer a-Si film 2005 was formed thereon,
and further the semiconductor layern”a-5Si fi1lm2006was formed therecn.
As illustrated in Fig. 6{b), the semiconductor layer a-5i f£ilm 2005
and the semiconductor layer n' a-Si film 2006 were patterned to form
the semiconductor layer a-3i film 2005 having a thickness cf about
1500 A and the semiconductor layer n* a-Si film 2006 having a low
resistance and a thickness of about 300 A successively.
[0479]
Next, a thick filmmade of an Al alloy containing 1.2% by weight

of W was formed into a thickness of 3000 A by sputtering, so as to

have cover the semiconductor layer n* a-$Si £ilm 2006 (Table 4). This
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resi stance of the pixel electrode 2011 was neasured. As a result, the value
was 220 pOcm As illustrated in Fig. 9, a Kelvin pattern was used to
nmeasure the electric resistance value (contact resistance value) in a
contact surface portion between the pixel electrode 2011 191 and the gate
el ectrode 2002, the drain electrode 2007a or the source electrode 2007b.
The value was 520 0. These values are shown in Table 4. [0496] "Exanple
3-6" Filnms were forned and patterned in the same way as in above Exanple
3-1 except that the gate el ectrode 2002, the drain electrode 2007a and the
sour ce el egtimodé 1200 raspoabever Branpkendtd oferbe eflc LayrrdeceofriaedAlinal | oy
contai ning 0.8% by weight of Pd instead of the Al alloy containing 1.2% by

wei ght of e Shaiass.t Oad oI Musteatgal £ el @Cr90eth200Rintrhendiaaighieleetyode
2007a, the source electrode 2007b and the others over the transparent

| nsulati ngi o el cahe ifier 83 thtUsiALedoctaéithoo! 68)as £y Zggsf or med

gate el ectrode 2002, draln el ectrode a and source electr t he

specific r C asured in the s n_above

anl e 3 R IR 2 T 4 PR A B R TR T oo PR%ke
illustrated i,n Fi % the nterlayer insulation film 2009 and the

cont act hd%&sﬁ%% CRTRL ﬁrtgr?eq §%Hﬁle\/\/§9u’é%eﬁlr?gaﬁé§e TERamp o4, Next,

as illustrated in Fig. 8, the pixel electrode 2011 (Table 4) nmade of |ITO
was for nedeﬁmlﬁTI@etlil@ltC@ﬁIlay@reqn’fﬁsﬂleaZ@Qﬁﬁ and the drain electrode 2007b in

this way corresponds to one example of the first conductor forming
step described in the claims.

The specificresistances of thepixel electrode 2002, thedrain
electrode 2007a and the source electrode 2007b were measured. The

values thereof were each 5.2 puQcm (Table 4).

[0480]

Next, the interlayer insulation film 2009 was formed to cover
the whole of the transparent insulating substrate 2001. This
interlayer insulation film 2009 corresponds to one example of the
insulation film described in the claims. The action of forming the
interlayer insulation £ilm200% in thisway corresponds to one example
of the insulation film forming step described in the claims.
Thereafter, this interlayer insulation film 2009 was patternead as
illustrated in Fig. 7(b), sc as tomake the contact holes 2010. That
is, as illustrated in Fig. 7(b), the ccntact holes 2010 were made
in the interlayer insulation film 2009 and over the gate electrode
2002 in the terminal section 22 and the drain electrode 2007b in

the TFT section 21. The action of making the contact holes 2010 in
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film 2009, thereby producing the TFT array substrate 2100. [0498] About the
resultant TFT array substrate 2100, the specific 192 resistance of the

pi xel el ectrode 2011 was neasured. As a result, the value was 220 pDcm As
illustrated in Fig. 9, a Kelvin pattern was used to neasure the electric
resi stance val ue (contact resistance value) in a contact surface portion
bet ween the pixel electrode 2011 and the gate el ectrode 2002, the drain

el ectrode 2007a or the source electrode 2007b. The value was 620 0. These
val ues are shown in Table 4. [0499] "Exanple 3-7" Filnms were fornmed and
pat t er ned the iheeshiprerwaysas tiimnabolre 208X ampplre sBelddexcepie thatathaogat e

el ectrode 2002, the drain electrode 2007a and the source el ectrode 2007b in

above Exaﬁmhgjﬁr&t@@f@égﬁﬁﬁbedﬁadetﬁé @&ifNs.al 1 oy contai ning 0.7% by wei ght
of Pt instead of the Al alloy containing 1.2% by weight of W so as to form

the gate electroﬁg 12002, the drain electrode 2007a, the source el ectrode
2007b and the others over the transparent insulating substrate 2001, as

illustrated in out .the.fornmed gate ctro 2 drain
el ectrode 2007§ﬁé%8 %%éﬁ%f gﬁg%?? %1 b%%ﬁ%?gﬁﬁ% l@%%%%ﬁ%?? g?qﬁﬁﬁ%ésthereof
was neasured in _the sane way as in above Exanple 3-1. As a result, . the
val ue was B9 pf ey (FbIF ﬁfth[ﬁgo?)]ml%opl Iilh“’slf]rdﬁ dd1nard Fh 73‘(‘36)Y ifhe

interlayer insulation film
transparent resin.

Furthermore, an ITO film was formed as a transparent
electroconductive film into a thickness of about 1000 A on the
interlayer insulaticn film 2009 by sputtering (Table 4). As
illustrated in Fig. 8, this ITO film was patterned to form the pixel
electrode201l. Inthisway, theTFT arraysubstrate 2100wasproduced.
At this time, the pixel electrode 2011 was electrically connected
to each of the gate electrode 2002, the drain electrode 2007a and
the source electrode 2007t through the contact holes 2010 made in
the interlayer insulation £i1m 2009. The action of forming the pixel
electrode 2011 to be electrically connected tc each of the gate
electrode 2002, the drain electrode 2007a and the source electrode
2007k through the contact holes 2010 in this way corresponds to cne
example of the electrode connecting step described in the claims.

[0482]

The transparent electroconductive fiim made cof the ITO film
is substantially the same as the transparent filmelectrode described
in the claims. In the claims, attention is paid to the function of

the film, and thus the transparent £ilm electrcode is called. On the
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2009 and the contact holes 2010 were nade in the sane way as in above
Exanple 3-1. Next, as illustrated in Fig. 8, the pixel electrode 193 2011
(Table 4) made of ITO was forned on the interlayer insulation film 2009,

t hereby producing the TFT array substrate 2100. [0501] About the resultant
TFT array substrate 2100, the specific resistance of the pixel electrode
2011 was neasured. As a result, the value was 220 pDcm As illustrated in
Fig. 9, a Kelvin pattern was used to neasure the electric resistance val ue
(contact resistance value) in a contact surface portion between the pixel
el ectr ode 20eTr hantt tihetiyatexaspédet ragden2008, 14 lpeidr b thel estuode2008a or

t he source electrode 2007b. The value was 580 Q These values are shown in

Tabl e 4. [fA567] and Bxampltee3t Banfpd ramtwel ecf osdmdivatd veatt Bt nied daniéhe sane
way as in above Exanple 3-1 except that the gate el ectrode 2002, the drain
el ectrode 2007gpaprdjthe source el ectrode 2007b in above Exanple 3-1 were
each nmade of an Al aIon containing 1.8% by wei ght of Ce instead of the Al

al oy contai ni ngpl, Zgﬁgyréé%%$gktt FfNarsc%&/a§ukF aq{em2t1§§07 an%'e?%_rffgde

2002, the drain electrode e sour rode ot hers
over the transpar ent ulall ubstr 01, as illustrated in .

7(a). AboUt® eRoapey dgégtp%ﬁ ?%%0%039%9 dF85 REaPRLEd 0dhs azé@?‘%allgnd
source el ectrode 2007b, the speC|f|c resi stance thereof was neasured in the
sane way dd€ HehbvasSEAhpiem3- Bs Adlastrafigt in Fig. 9, a Kelvin pattern

was used tomeasure the electric resistance value {(contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 420 Q. These values are shown in
Table 4.

(04847

“Example 3-2"

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrede 2007b in above Example 3-1 were each
made of an Al alloy containing 2.5% by weight of Mo instead of the
Al alloycontainingl.2%byweight of W, soas toc formthe gateelectrede
2002, the drain electrode 2007a, the source electrode 2007b and the
othersover the transparent insulating substrate 2001, asiliustrated
in Fig. 7{(a). About the formed gate electrode 2002, drain electrode
20C07a and source electrcde 2007b, the specific resistance thereoctf

was measured in the same way as in above Example 3-1. As a result,

the value was 4.8 pQcm (Table 4).
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the value was 4.2 pOcm (Table 4). 194 [0503] As illustrated in Fig. 7(b),
the interlayer insulation film2009 and the contact holes 2010 were nade in
the sane way as in above Exanple 3-1. Next, as illustrated in Fig. 8, the
pi xel electrode 2011 (Table 4) nmade of 1ZO was forned on the interl ayer
insulation film 2009, thereby producing the TFT array substrate 2100.

[ 0504] About the resultant TFT array substrate 2100, the specific

resi stance of the pixel electrode 2011 was neasured. As a result, the value
was 360 NS2cm As illustrated in Fig. 9, a Kelvin pattern was used to
measure the el ect?48®]resi stance val ue (contact resistance value) in a
contact surface portion between the pixel electrode 2011 and the gate

el ectrode 2002, Asheldusetmwdedhrooe 2007a Ofe theesnife inehiegt i€ i207b.
The val ue was 560 Q These values are shown in Table 4. [0505] "Exanple

3-9" Fi | mpomey gnd eneeshanRd Pl tay nedo kR rbhe RAIR tWaYs A% By 3RoVe apE¥anpl e
3-1 except that the gate el ectrode 2002, the drain electrode 2007a and the

source el agtrpde §097bN59ta$£{§1%@% ed:ih ¥25e Af,aq{ﬂﬁe gﬁgs 1)) Rl | 0y

cont ai ni ng 1 0 by wei i nstea contalnlng 2% by
2007, 11 Qﬁélau‘@%ﬁlet °3I$%%%t%6¥§t%f§'f$‘ﬁ%r3de oS irer LoHer L imCpaRen.
|nsulat|ng substrate 2001, as illustrated

film 2009, thereby producing the TFT array substrate 2100.

[00486]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQdcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 380 Q. These values are shown in
Table 4.

[0487]

“Example 3-37

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007k in above Example 3-1 were each
made of an Al alloy containing 1.4% by weight of La instead of the
Alalloycontainingl.2%byweight of W, socas to formthegateelectrede

2002, the drain electroecde 2007a, the source electrode 2007b and the

cthersover the transparent insulatingsubstrate 2001, asillustrated
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195 in Fig. 7(a). About the fornmed gate el ectrode 2002, drain el ectrode
2007a and source el ectrode 2007b, the specific resistance thereof was
nmeasured in the sane way as in above Exanple 3-1. As a result, the value
was 4.4 N12cm (Table 4). [0506] As illustrated in Fig. 7(b), the interlayer
insulation film 2009 and the contact holes 2010 were made in the same way
as in above Exanple 3-1. Next, as illustrated in Fig. B, the pixel

el ectrode 2011 (Table 4) made of I TO was forned on the interlayer
insulation film 2009, thereby producing the TFT array substrate 2100.

[ 0507] AbdutFithe7lebul Paatut THE svreed sabselater@i0B002 hdrspreilkict rode

resi stance of the pixel electrode 2011 was neasured. As a result, the value
was 220 pIDome &sdiddurstralectriaaleFR 0719, theKebadiripatrest stanss theedot 0
measure the electric resistance value (contact resistance value) in a

contact suwizaseapordd o Hrel wees ddieapi ¥ehoeledagde 2011 aBd thaugate
el ectrode 2002, the drain el ectrode 2007a or the source electrode 2007b.

The val ue S 0..T u hown in Table 4. [0508] "Exanple
3-10" [O Fféggemﬁﬁ%hfgf aﬁ%agg f@fned in the sane way as in above

Example 3-1 exc%%%sg?at the gate el ectrode 2002, the drain electrode 196

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of ITOC was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0489]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQdcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure theelectric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 430 Q. These values are shown in
Table 4.

[0490]

“Example 3-4"

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode

2007a and the source electrode 2007b in above Example 3-1 were each
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2007a and the source el ectrode 2007b in above Exanple 3-1 were each nmade of
an Al alloy containing 0.8% by weight of Er instead of the Al alloy
containing 1.2 % by weight of W so as to formthe gate el ectrode 2002, the
drain el ectrode 2007a, the source el ectrode 2007b and the others over the
transparent insulating substrate 200l,as illustrated in Fig. 7(a). About
the formed gate el ectrode 2002, drain electrode 2007a and source el ectrode
2007b, the specific resistance thereof was neasured in the sane way as in
above Exanple 3-1. As a result, the value was 7.2 pflcm (Table 4). [0509]
As i || ust rregded off nariAg. a¥{dy ,canheinnherl.@geby iwesiwinat o6 M ihete20CF ahd t he
contact holes 2010 were nmade in the sane way as in above Exanple 3-1. Next,

as il ustrzat el dyncdritin8ngtihespiyali@lestn 0deas 20 kbrinkakl itd)e mRAR0BE | ZO
was formed on the interlayer insulation film 2009, thereby producing the

TFET array supst£ad %r%%goelec{t%aglzo%%mtﬁé‘%oﬁféé“etl%ftrgﬁg ﬁoﬁ%yaﬁ&”eﬁér at ®

2100, the specific resistance of the pixel eléctrode 20 was mnmeasur ed.

a result, val u |llust a_ Kelvin
pattern vEL S R RoRE bl Tt s S e %e s {ufheieret
resi stance valu% in a contact surface gortlon bet ween t he plxel electrode
2011 and t'h&1gat’d3ét e UG- P02 hE2 bt &LACEF RS LOHE, 3678 Bredthed8our ce

el ectrode 2007b. The val ue was 640 0. These values are shown in Table 4.
197 [0511]2007a and source electrode 2007b, the specific resistance thereof

was measured in the same way as in above Example 3-1. As a result,
the value was 6.4 pQcm (Table 4).

[0491]

As illustrated in Fig. 7 (b}, the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of IZ0 was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0492]

About the resultant TET array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 pQcm. As illustrated in Fig. 2, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface peortion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 560 2. These values are shown in
Table 4.

[0493]
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"Exanple 3-11" Filnms were fornmed and patterned in the sane way as in above
Exanpl e 3-1 except that the gate el ectrode 2002, the drain el ectrode 2007a
and the source el ectrode 2007b in above Exanple 3-1 were each nade of an Al
al l oy containing 0.4% by weight of Ce and further containing 1.2% by wei ght
of Mo instead of the Al alloy containing 1.2%by weight of W so as to form
the gate el ectrode 2002, the drain electrode 2007a, the source el ectrode
2007b and the others over the transparent insulating substrate 2001, as
illustrated in Fig. 7(a). About the forned gate el ectrode 2002, drain

el ectrode 2007a “axdmpdar g€5” el ectrode 2007b, the specific resistance thereof
was neasured in the sanme way as in above Exanple 3-1. As a result, the

val ue was 5.6 AQums(dépd Ecotined] H8d Zhtt8enbdl usthat &gnd Waki §s i Bhovthe
interlayer insulation film 2009 and the contact hol es 2010 were nade in the

: _ L B el
o oct 1 ote AR A P I EAS Fot g ble A dde AR ALEE el E qhecErobde pixe
i | at i il 9, th b duci the TFT te 2100.
105137 AncRATTeniid 888 sfkeer eSS oDBut M5 bR e Shactt i S5k
resi stance of the pixel_electrode 2011 was neasured. As a result, the value

was 360 53fe AS 31 PdsttReFOrRAERYY d,- 15 ReéINAT9h5aeE drsh insteadef thed to

measure the el ectric resistance value (contact resistance value) in a
cont act suilf akkoypermtagnibetlwgépyties gbitxdlW.et @t toderpdhe gate electrode

2002, the drain electrode 2007a, the source electrode 2007b and the
othersover the transparent insulating substrate 2001, as illustrated
in Fig. 7(a). About the formed gate electrode 2002, drain electrode
2007a and source electrode 2007b, the specific resistance therecof
was measured in the same way as in above Example 3~-1. As a result,
the value was 5.4 pQcm (Table 4).

[0494]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrcde
2011 (Table 4) made of ITO was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0495]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance

value) in a contact surface portion between the pixel electrode 2011
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and the gate el ectrode 2002, the drain el ectrode 2007a or the source

el ectrode 2007b. The val ue was 620 0. These values are shown in Table 4.
[0514] " Conparative Exanple 3-1" Filns were fornmed and patterned in the
sanme way as in above Exanple 3-1 except that the gate el ectrode 2002, the
drain el ectrode 2007a and the source el ectrode 2007b in above Exanple 3-1
did not contain W so as to formthe gate el ectrode 2002, the drain

el ectrode 2007a, the source el ectrode 2007b and the others over the
transparent insulating substrate 2001, as illustrated in Fig. 7(a). About
the for maddgehe derectiesdaodo@R02dridiendehbreroderod®2803adrsoiue seuetect r ode
2007b, the specific resistance thereof was neasured in the sane way as in

above Examlleet3ode 207 .I €BhM tvalBewy @l 3@ WS ZhdsdRenueiabte shbln [0515]
As illustrated in Fig. 7(b), the interlayer insulation film 2009 and the

contact hal:2322010 were nmade in the sane way as in above Exanple 3-1. Next,
as illustrated in Fig. 8 the pixel electrode 2011 (Table 4) made of |TO
was formed on tq iggterl ayer insulation film 2009, thereby producing the
TFT array substrate 100. [0516] 199 About the resultant TFT array
substrate 2100,‘%p S ec i£ resistance of the pixel electrode 2011 was
measured. As a redart,< H% value was 220 LS cm As illustrated in Fig. 9, a

Kel vin pattern _ , _
Films were formed and patterned in the same way as in above

Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b in above Example 3-1 were each
made of an Al alloy containing 0.8% by weight of Pd instead of the
Al alloycontainingl.2%byweight cfW, soas to formthe gateelectrode
2002, the drain electrode 2007a, the source electrede 2007b and the
othersover the transparent insulating substrate 2001, asillustrated
in Fig. 7(a). BAbout the fcrmed gate electrode 2002, drain electrode
2007a and source electrode 2007b, the specific resistance thereof
was measured in the same way as in above Example 3-1. As a result,
the value was 4.8 pdcm (Table 4).

[0497]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of ITC was formed on the interlayer insulation
film 2009, thereby producing the TET array substrate 2100.

[0498]

About the resultant TFT array substrate 2100, the specific
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was used to nmeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011 and
the gate el ectrode 2002, the drain el ectrode 2007a or the source el ectrode
2007b. The value was 1 MO or nore. These values are shown in Table 4.
[0517] In the case that the pixel electrode 2002, the drain el ectrode
2007a and the source el ectrode 2007b neither contained, as their materials,
one nor nore netals selected fromthe netal group M consisted of W M,
La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the electric resistance value (contact
resi st anceraslsgeynceni thenpetl sletacede poitivwas betweesdt haspi xelsuékect r ode
2011 and the gate el ectrode 2002, the drain el ectrode 2007a or the source

el ectrode 2Q0¢h1 gxRiki ted pm:nhl ahs vahustrasedescrided, abavevih @at8krn

" Conparative Exanple 3-2" | s were formed and patterned in the sane way as

in above »Fagau@é&téméaeesgeeaetehatztwergaiata{cﬂe%m@ Q&O@acttf@sl%rt%ee

el ectrode 2007a and the source el ectrode 2007b in above Exanpl e 3-1 were

SPThy sl chflrtt%c A DGOl B o2k NLILBRESAE 281101 00

al | oy contalnl t of SO as o fornt gate e ctro 200
2002, the dr e ctrod 07 the s rce trod 07b d the others
over the ﬁ%ﬂ*éﬁ%ﬂ@% ]r?sﬁl T&E n%o%bgkf‘? 8”@@3 ct gg?l% égf“r%ﬁ e SHTEFg.
7(a). About the fornmed gate el ectrode 2002, drain el ectrode 2007a and
source el edkaBdedz20dTh/b + hehe perlius wap el ancBhesrrdiues are shown in

Table 4.

10499]

“Example 3-7”

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 20070 in above Example 3-1 were each
made of an Al alloy containing 0.7% by weight of Pt instead of the
Alalloycontainingl.2%byweight of W, soasto formthegateelectrode
2002, the drain electrode 2007a, the source electrode 2007b and the
others over the transparent insulating substrate 2001, asillustrated
in Fig. 7{(a}). About the formed gate electrode 2002, drain electrode
2007a and source electrode 2007b, the specific resistance thereof
was measured in the same way as in above Example 3~1. As a result,
the value was 5.6 uQlcm (Table 4).

[0500]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above

Example 3-1. WNext, as illustrated in Fig. 8, the pixel electrode
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was neasured in the sane way as in above Exanple 3-1. As a result, the

val ue was 2.4 pl2cm (Table 4). [0519] As illustrated in Fig. 7(b), the
interlayer insulation film 2009 and the contact holes 2010 were made in the
same way as in above Exanple 3-1. Next, as illustrated in Fig. 8, the pixel
el ectrode 2011 (Table 4) made of I TO was forned on the interlayer
insulation film 2009, thereby producing the TFT array substrate 2100.

[ 0520] About the resultant TFT array substrate 2100, the specific

resi stance of the pixel electrode 2011 was neasured. As a result, the value
was 220 pQ@bml ABabld dstmadedfi ATFiwgs SorredKehvile pateelaye ndnsusedioo
nmeasure the electric resistance value (contact resistance value) in a

contact suriflaceopey tiltr<bet peedud ey pheelrrel getdwdend@iite aprhd.he gate

el ectrode 2002, the drain electrode 2007a or the source electrode 2007b.
The value was 1 [Mzd19r nore. These values are shown in Table 4. [0521] In
the case that the plxel el ectrode 2002, the drain electrode 2007a and t he

source el ectrod%b%ggwrr,%‘rﬂn}e:sﬁ%%&?n{fﬁ ’?ﬁ»@ay uﬁ&eﬂatezg?tg ]th{ﬁl %k%t o

nore netals sel ect roup consi’s a, Nb,

Fe, Pd, Pt a r, th ectric i stance val cont act

resi st ancetle\?élsﬁéﬁ“c? r?qtdtg?)rﬂ]ﬁ‘@ﬁ ‘§L?‘Fta%'le éffl"ﬁ‘? B@‘f‘ t h‘é S ¥&FUttect r ode
2011 and the gate el ectrode 2002, the drain el ectrode 2007a or the source
el ect r ode 2@OTHL e iabi 328 u2cm. As illustrated in Fig. 9, a Kelvin pattern

was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 580 €. These values are shown in
Table 4.

[0502]

“Example 3-8"

Films were formed and patterned in the same way as in above
Examplie 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b in above Example 3-1 were each
made of an Al alloy containing 1.8% by weight of Ce instead cf the
Al alloycontainingl.2%byweight of W, scas toformthegateelectrode
2002, the drain electrode 2007a, the source electrode 2007b and the
othersover the transparent insulating substrate 2001, asillustrated
in Fig. 7(a). About the formed gate electrode 2002, drain electrode
2007a and source electrode 2007b, the specific resistance thereof
was measured in the same way as in above Example 3-1. As a result,

the value was 4.2 uQcm (Table 4).
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a high value. [0522] [Table 4] Table 4 Added Addition Specific resistance
Trans arent Specific resistance of p transparent netal anmount of Al all oy
el ectroconductive Contact resistance value species w % el ecVOCOnductivefilm
Ndcm filmpOcm Exanple 3-1 W1.2 5. 2 ITO 220 420 Exanple 3-2 Mo 2.5 4.
| TO 220 380 Exanple 3-3 La 1. 4 5. 3 1TO 220 430 Exanple 3-4 Nb 1 . 2
4 120 360 560 Example 3-5 Fe 1 . 1 5 4 ITO 220 520 Exanple 3-6 Pd 0. 8
8 ITO 220 620 Exanple 3-7 Pt 0. 7 5. 6 1 TO 220 580 Exanple 3-8 Ce 1 8
2 1Z0O 360 560 Exanple 3-9 H 1 . 3 4. 4 ITO 220 440 Exanple 3-10 Er O.
7. 2 1Z0 360 G4003Exanple 3-11 0. 0 4. 5. 6 1ZO 360 620 Conparative - - 2
| TO 220 1 Mor nore Exanple 3-1 Conparative Exanple 3-2 Nd 0.8 2. 4 I TO
220 1 Mor nore pAsilsusvident 1hromg. Tabbe, 4hd intdel ek ansayasihstiahes 2100
in present Exanples 3-1 to 3-11, their pixel electrode 2002, drain

2009 and the contact holes 2010 were made in the same way as in above

RoR RO 0N

Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of IZ0 was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0504]

About the resultant TET array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 pQdcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 560 (). These values are shown in
Table 4.

10505]

“Example 3-9”

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electroede
2007a and the source electrode 2007b in above Example 3-1 were each
made of an Al alloy containing 1.3% by weight of Ho instead of the
Al alloycentainingl.2%byweight cf W, soas to formthegateelectrode
2002, the drain electrode 2007a, the source electrode 2007b and the

others over the transparent insulating substrate 2001, asillustrated

195



202 el ectrode 2007a and source el ectrode 2007b were each made of the Al
all oy containing one or nore netals selected fromthe netal group M
consisted of W My, La, Nb, Fe, Pd, Pt, Ce, Ho and Er. In the case that the
el ectrodes 2002, 2007a and 2007b were each made of such a material, the

el ectric resistance value (contact resistance value) of the contact surface
portions between these el ectrodes 2002, 2007a and 2007b, and the pi xel

el ectrode 2011 was | ow and exhibited a favorable value. In particular, in
the case that the gate electrode 2002, the drain el ectrode 2007a and the
sour ce el ot Fogle72807b Avene treatdrmeadgand el bet Abdeal 00y, deataidliengrdie t he
contact resistance value becane the |owest value, which was about 380 1) at

50 prU. [ 0523k amacihuelet be=dirbdar pay7isUhskr abesi 21000 s piaserheEXanpl es
3-1 to 3-11 was thernmally treated at 230C for 30 m nutes, and then the

contact r ‘%%'ssﬁ'@é‘&?réchgﬁeﬂ'ﬁe \WaRe ysed, hpobhes eWBY1 8Spkny result,

above- nentloned Exanple 3-1 to 3-I1. The val ue was about 650 Q

Furt her nor sane TFT a trates 2100 were each thermally treated
at 300C f§$e6 ﬁ?ﬁuw%% J: Hh%ﬁgﬁ§Fﬁi ntact resistance thereof was
measured in the 3%5% way as in above- nentloned Example 3-1 to 3-11. The

val ue was about d. Tt was proved that the TFT array substrates 2100 of
present Exanples 3-1 to 3-11 had a far |l ower contact resistance and a
better heat resifst ahbestrairdconvidi.i dilal » THP anteylavsubsnsatasiqeéatact

resistance: 1 x E8 to 1 x E12 0). Each of the values in Table 4 was a val ue
whi ch was Jéeudndarthy c23&ct holes 2010 were made in the same way as in above

Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of ITC was formed on the interlayer insulation
film 2008, thereby producing the TFT array substrate 2100.

[0507]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 440 €. These values are shown in
Table 4.

[0508]

“Example 3-107

[00]

Films were formed and patterned in the same way as in above

Example 3-1 except that the gate electrode 2002, the drain electrode
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optim zed by neans of the neasured devices, and thus it is not limted to
the value. [0524] 1In order to obtain a favorable contact resistance in each
of Exanples, it is preferred that the content of the one or nore netal (s)
selected fromthe nmetal group M consisted of W M, La, Nb, Fe, Pd, Pt,
Ce, Ho and Er in the gate el ectrode 2002, the drain electrode 2007a and the
source el ectrode 2007b is from0.5 to 5% by weight. [0525] In each of

Exanpl es, as the material of the gate electrode 2002, the drain el ectrode
2007a and the source el ectrode 2007b, there was used an Al alloy containing
one or nordd0natand thRes sl e pdipdeM 0¢Bndnsakmy coExap b 3-Lawebeafe, Pd,
Pt, Ce, Ho and Er; it is also preferred to add the third netal to this A

al | oy. Thenatder sf areRadl alisy Abntandind@.8édondetehal of £t hrsoesd @f the or
nore netal (s) selected fromthe netal group ML. [0526] The third netal

added to thesgaha-ghechinge . 2902.wdiiar drai, o £ e6tthoden2QRia aardtihge source
el ectrode 2007b is desirably Cu, Si ~ or arare earth elenent in order to

restrain @dg' OCkS BEaiH@l%\éggo&Q 0895! OéleoQ?ﬁﬁé'e%gggffody‘%@?ﬁ%oo?ﬁe of the

netals is added, it 1Is preferred to contro rtion anount of the
third netal

el ect rodeso%gi ,O%%%%G%g r:a)r%gg%ﬁétg%%Glﬁ%ﬁisr%gg@%tcﬁ&rﬁg?&%}lz%%erﬁ%%S%Egi?edt o nake
use of 204 a_characteristic that the electric resistance of A_ is | ow

in Fig. 7(a). About the formed gate electrode 2002, drain electrode

2007a and source electrode 2007b, the specific resistance thereof

was measured in the same way as in above Example 3-1. As a result,

the value was 7.2 pQcm (Table 4).

[0509]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in abcve
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 {Table 4) made of TZ0 was formed con the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0510]

Bbout the resultant TET array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 pQcm. As illustrated in Fig. 9, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electreode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007b. The value was 640 Q. These values are shown in

Table 4.
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[0527] In the case that the gate el ectrode 2002, the drain electrode 2007a
and the source el ectrode 2007b is nade of an Al alloy consisting only of

one or nore netals selected fromthe nmetal group M consisted of W M, La,
Nb, Fe, Pd, Pt, Ce, Ho and Er, effects of restraining hillocks or inproving
the corrosion resistance can be obtained in the sane nmanner as in the case

of adding the third netal. Therefore, in particular, in the case of adding
none of the third netal, the generation of hillocks or the corrosion can be
restrained as well. [0528] In above Exanples 3-1 to 3-11, exanples wherein

the pixel electl®9dél2011 is nade of 1TO or |ZO has been described. However,
the technical scope of the inventionis not limted thereto. In the case
that the pixel éEeempbee3-2l1 is a transparent el ectroconductive film nmade
mai nly of any one of In203, Sn02, Zn02 and so on, the sane effects and

advant ages can lyg 1psomeedorhBdahay @akxaméesinthet Sand Vdy £xamphpsvaherein

the pixel electrode 2011 was connected directly to the gate el ectrode 2002

and the drﬂaﬁp@!e%c-tlr%&%g@g hauehees 46SClde '2,O{h§835§§’e1:‘et:t%hcge

preferred that this sec el ectrode is connected to wirings o

above- nent4.onedAl loy. |1t i | so rred that -the .TF rra supstrate
2100 of tf?g%2§a%q gh a%lcfuré:r? i es&sreorﬁeggﬁéi 2 EOr R A e P ATPLE gr? "ffﬁlemeﬁ 6, a

channel |ayer. 205 [052 "Exanp| e, 3-12"
n‘}/ade o% an [Al a%]loy conggining 0.4% by weight of Ce and further

containing 1.2% by weight of Mo instead of the Al alloy containing
1.2% by weight of W, so as to form the gate electrode 2002, the drain
electrode 2007a, the source electrode 2007b and the others over the
transparent insulating substrate 2001, as illustrated in Fig. 7(a).
About the formed gate electrode 2002, drainelectrode 2007a and source
electrode 2007b, the specific resistance thereof was measured in
the same way as in above Example 3-1. As a result, the value was
5.6 wQlcm (Table 4).

10512]

As illustrated in Fig. 7(b), the interlayer insulaticn film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of IZ0 was formed on the interlayer insulatiocon
film 2009, thereby producing the TFT array substrate 2100.

[0513]

Bbout the resultant TFT array substrate 2100, the specific

resistance of the pixel electrode 2011 was measured. As a result,

the value was 360 pQdcm. As illustrated in Fig. 9, a Kelvin pattern
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About each of the TFT array substrates 2100 produced in above Exanples 3-1
to 3-11, a counter substrate having a counter electrode, a color filter and
ot hers was stuck thereto. Furthernore, a liquid crystal material was
injected into the space between the TFT substrate 2100 and the counter
substrate to sandwich this liquid crystal material, thereby formng a
liquid crystal layer. In this way, a TFT array active matrix-based |iquid
crystal display (denoted as a TFT-LCD device) was obtai ned. [0530]
According to present Exanple 3-12, one or nore netals selected fromthe
met al gr oufRSMIsssbsinggsdrothy\elppt ricirepbstaree Rl usPfcorGact n4s ishdnEe wer e
used as the raw material for wirings of the TFT array substrate 2100, the
gat e el ectwadaie) 2002, carftacdrainfaekquintdde 200ken Gnrdpi kel educteodd e0Lt ode
2007b. For this reason, these el ectrodes, and so on each had a | ow

resi st ancesndlige phxelel@ic®eblede 0201dhdradein @fl cbbecd@obizh M Bhe tsBarkdO fil m
had a structure connected directly to the gate electrode 2002, the drain

el ectrode ezl%%g? ?Qdﬁtpﬁ) Sofllég%aﬁl %éoéjfo %907%@51 q%ll nl%/ of hAIw vvi[.lt hout
form ng any meta Iayer'rraerraln acorrponen o] har?’A"" that is,
any net aI g%i havi ng a hi gh speC|f| c resi stance. Therefore, each of the
liquid di spl ays of present Exanples 3-12 had a hi gh nunerical
aperture and a high_performance. Since the gate el ectrode 2002, the drain
206 el ectrode Zd@f’g and the source el ectrode 2007b were excellent in
etchability, they had better productivity and were able to be produced at
| ower costs than Gompseatihve Hexamoler 3att .

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b in above Example 3-1 did not
contain W, so as to form the gate electrede 2002, the drain electrode
2007a, the source electrode 2007b and the others over the transparent
insulating substrate 2001, as illustrated in Fig. 7{a}). About the
formedgateelectrode 2002, drainelectrode 2007a and source electrode
2007b, the specific resistance thereof was measured in the same way
as in above Example 3-1. As a result, the value was 2.1 pQcm (Table
4) .

[0515]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illiustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of ITO was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[C516]
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[0531] Fourth group: exanples Preferred enbodi nents of the invention of the
fourth group w il be described hereinafter on the basis of the drawings. In
t he present enbodi ment, production of sputtering targets which are each
necessary for formng a transparent el ectroconductive filmin a TFT array
substrate used in a liquid crystal display will firstly be described in the
followng itemA (Exanples 4 -1 to 4-7) . Inthis itemA. , exanples
wherein Wand Mo in the first group M were used will be described. In item
B., conparative exanples will be described. InitemC., the neasured result
of the contact AbesistiaaceshdtweenTERGT rbyassparede eloo) rosongeetifve film
and Al will be shown. In itemD., production of a TFT array substrate w ||

be descri begdiskBnts &P Ene dhe10bhek: FRIAbS11 idd RShsGF@uP Ms,a tRaticis, N,
No, Fe, Pt, Pd and |anthanoids will be described (Exanples 4-10 to 4- 23)

007 o S R A1 s Rl LR

havi ng an average partic aving an
average particle, di anmeter 207 1 ess re L ted .to set the
2t om numbeES %%%dot%wem@%?}‘e\%ﬁ%m e 0% VN (AR S see de of
resin. Furthernore, pure water. was added theretqo. They were nlxed wth a

wet bal | mMaliue)sithg FeRtACt AL a68IROTHICR. Defrigen the Pb?‘le Fe SRt %Py 2hds set to
20 hours. The
and the gate electrode 2002, the drain electrode 2007a cr the source

electrode 2007b. The value was 1 MQ or more. These values are shown
in Table 4.

[0517]

In the case that the pixel electrode 2002, the drain electrode
2007a and the source electrode 2007b neither contained, as their
materials, one nor more metals selected from the metal group M1
congisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the electric
resistance value (contact resistance value) in a contact surface
portion between the pixel electrode 2011 and the gate electrode 2002,
the drain electrode 2007a or the source electrode 2007b exhibited
a high value, as described above.

(0518]

“Comparative Example 3-2"

Films were formed and patterned in the same way as in above
Example 3-1 except that the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b in above Example 3-1 were each
made of an Al alioy containing 0.8% by weight of Nd instead of the

Al alloycontainingl.2%byweight cfW, soasto fecrmthegateelectrode
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resultant m xed slurry was taken out, filtrated, dried and granulated. The
resul tant granul ated product was nol ded by cold isostatic press under a
pressure of 294 MPa (8 t/cnR). [0533] Next, this nolded product was
sintered as follows. First, in a sintering furnace, the product was
sintered at 1500C in an atnosphere wherein oxygen was introduced at a rate
of 5 L/mn. per 0.1 nB of the volune inside the furnace for 5 hours. At
this time, the tenperature was raised at 1 Cmn. up to 1000C, and at 3
Cmn. from21000 to 1500C. Thereafter, the introduction of oxygen was

st opped, &¥d2t hend dopen atlecervds A00Wer etheasodBcdCkrent rédo @030 Gartdothd 300C.
The tenperature of 1300C was then kept in an atnobsphere wherein argon gas

was i ntroditeedsatvea that@adbpdfetd Mhoul PemdsibarBatel200he akolumetiraséde the
furnace for 3 hours. The product was naturally cooled, thereby obtaining an

| n203si nt greg; .odg\appnmwjtrt%etm@oegat@e eB@i’écﬂagzéoée('glgéw%l@%?!;&%em‘ 90%

or nore. [0534 sputtering surface of the sintered body was polished wth

a cup gri n rk i.ht o _a-di ter of 100 mm and, a thicknes of 5
Tt g B e R T s AT e St e nrE BASEaT 558 al | oy
to obtain a sintered bod%tar et 4-1. The thearetical_density in this case

was cal cul"ZCeBEHHIGT ot FHasero e vhgsSwet gheverts § 3¢k ystaid E65%bft e- based

structure) having no oxygen defects, and W oxide. The relative density was
cal cul at edhsuvatnenvashe -thecet i(€able density (Table 5). The content of Win
the sintered body was

(0519]

As illustrated in Fig. 7(b), the interlayer insulation film
2009 and the contact holes 2010 were made in the same way as in above
Example 3-1. Next, as illustrated in Fig. 8, the pixel electrode
2011 (Table 4) made of ITO was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0520]

Bbout the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 uQdcm. As illustrated in Fig. 2, a Kelvin pattern
was used tomeasure the electric resistance value (contact resistance
value) in a contact surface portion between the pixel electrode 2011
and the gate electrode 2002, the drain electrode 2007a or the source
electrode 2007p. The value was 1 M2 or more. These values are shown
in Table 4.

[0521]

In the case that the pixel electrode 2002, the drain electrode

2007a and the source electrode 2007b neither contained, as their
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guantitatively analyzed by ICP em ssion analysis. As a result, it was
ascertained that the charge conposition at the time of mxing the starting
powders was mai ntai ned. A specific value of the ascertained atonic
conposition ratio is shown in Table 5. [0535] It is preferred that tungsten
is dispersed, in particular, tungsten undergoes substitution/solid-solution
into indiumsites of indiumoxide. That is, the formthat tungsten is
contained in the target nay be a formthat tungsten is dispersed as a
tungsten oxide such as W)3 or WD2 in the indium oxide sintered body, or may
be a for mnAAriElagseed 1L dicigemsedl assed ecorpl Excnxiide riggahegnoumdilum

oxi de and tungsten oxide such as I n2WB0O12 in the indium oxide sintered

body. By diapersiengof ni,t Hos gy Not Hee,avdy age deanet enddr t heecslysttalic grai ns
was nade into 4.8 m This average di aneter was obtained by inage

processi Ngred BA3Blke PhEALT (R thstard&f S0drhat vEungsten .ateBatindedace
substitution/solid-solution into indiumsites of indium oxide, whereby

tungsten is,di; d 2.1 Ad] ' i atom c
| evel . By }?%e l??lgém o che %?s%jérgg%%%&e% %g%g&%ﬁ?%ﬁ%ﬁ%ﬁ%&%@% abl e
during spufterjng processing us e _atomc,level.di sign.i. n
effective Fréﬁ ﬁ%&gfloer ?Cgﬁlx%)rciénéoaﬂ% drr ég?ﬁ%}{@? S}e?E%Oqeegﬁp? n?gilrbézggarent
el ectrocondyctive thin film This transparent el ectroconductive thin film
correspondd tPTo@Lu8xanpl e of the el ectroconductive oxide in the clains.

(05227
[Table 4]

Table 4

Added | Addition | Specific resistance Ti t Seacific resistance of

mated amount of Al alloy Iec:rmspa;zti transparant Contact resistance value
" s ocon Ve | stectroconductive film Q
species | wids ¢ Qem film
i Qem

Example 3—1 w 1.2 52 ITo 220 420
Example 32 Mo 2.5 4.8 [To 220 380
Example 3—3 |La 1.4 5 3 mo 220 430
Example 3—4 |Nb 1.2 6.4 120 360 560
Example 3—5 Fe 1.1 5 4 ITO 220 520
Example 3—6 [Pd 0.8 4.8 Imo 220 620
Example 3—7 Pt 0.7 5.6 [To 220 580
Example 3—8 |Ce 1.8 4. 2 jrde] 360 560
Example 3—9 Ho 1.3 4.4 ITO 220 440
Example 3—10 |Er G 8 7.2 [20 360 640

Ca, 0. 4,
Example 3—11 | © 5.6 1ZO 360 620

Mo 1.2
Comparative — - 2.1 ITO 220 1M or more
Example 3—1
Comparative |\ g 0.8 2.4 7o 220 1M or more
Example 3—2

As is evident from Table 4, in the TEFT array substrates 2100

in present Examples 3-1 to 3-11, their pixel electrode 2002, drain
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[ 0537]
Nb, Fe,

In the present patent, M neans the group consisted of W M,
Pt, Pd, and | anthanoids (the group being called the first group).

Ni,

In particular, in the following table, M represents any one of W M, N,

Nb, Fe,

Pt, Pd, and l|lanthanoids. [M] represents the nunber of the atons of

W M, N, Nb, Fe, Pt, Pd, or a lanthanoid. [In] represents the nunber of
the atons of In. Thus, [M]/([In] + [M]) in Table 5 represents the atomc

conposition ratio of any one of the netals in the first group. [0538]

[ Tabl e 5] 210 Table 5 Contact resistance with Al Q Relative Average
Tr enspar emtleExanpe 2174 Rhil/ sdRrddvidiectdende t30 Par weckecatleatadadefspeei fi c

d ass/ Al

Class/ ([In] + [M]) M] + [M]) %dianeter resistance

I transpar ent al T@angpatLiMindBhaemetestt O0L sel et D de bl e eV 10g83up

4.8 485 35.2 32.6 4-2 M 0.07 -

95

96 4. 6 522 37. 8 36.4 4-3 WO0.03 Sn 0.10

97 4. 2 24@ %QHSZS@&:{ %f & 4M<§/b L% O§bsnF(Q ]EQi 9Et (?582% %%d8E37 @n éﬁé WO0. 02
Zn 0.17 96 4.2 382 32.5 30.4 ' 4-6 W0.05 Ge'0.03 96 4.8 428 33.

0.05 Ga 0.02.96,, 4 64467 1%&%:3@3 90dPLMBAEAL I M 2007b were each made of

such a material, the electric resistance value (contact resistance
value) of the contact surface portions between these electrodes 2002,
2007a and 2007k, and the pixel electrode 2011 was low and exhibited
a favorablevalue. Inparticular, inthe case £hat the gate electrode
2002, the drain electrode 2007a and the source electrode 2007b were
each made of the Al alloy containing Mc, the contact resistance value

became the lowest value, which was about 38C Q at 50 umll.

[0523]
Each of the TET array substrates 2100 of present Examples 3-1

to 3-11 was thermally treated at 230°C for 30 minutes, and then the
contact resistance thereof was measured in the same way as in

above-mentioned Example 3-1 to 3-11. The value was about 650 Q.
Furthermore, the same TFT array substrates 2100 were each thermally
treatedat 300°C for 60minutes, and then the contact resistance thereof
was measured in the same way as in above-mentioned Example 3-1 to

3-11. The value was about 900 Q. It was proved that the TFT array

substrates 2100 of present Examples 3-1to 3-11 had a far lower contact

resistance and a better heat resistance than conventional TET array

substrates (contact resistance: 1 x E8 to 1 x El12 Q).

Each of the values in Table 4 was a value which was peculiarly
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Example - - Sn 0. 10 99 12.8 185 84.7 29.4 4-1 Conparative Exanple - - Zn
0. 16 98 3. 8 295 88. 5 35.4 4-2 "Exanple 4-2" In present Exanple 4-2,

| n203powder havi ng an average particle dianmeter of 1 pun or |ess, and MO03
powder having an average particle dianeter of 1 pmor |ess were used as
starting powders. The 1n203 powder, and the Mb03 powder were put at a given
ratio into a pot made of resin, and mxed with a wet ball mll. At this
time, hard Zr02 balls were used, and the tinme for the m xing was set to 20
hours. The resultant m xed slurry was taken out, filtrated, dried and

gr anul at edbprihezgd dpulcairadb Pthduebswass Helri €6k | ahO tausiitcd abt Mhdtedand was
nol ded into a disk shape by cold isostatic press under a pressure of 3
ton/cn2. ZL1+h@5391ue Next, this nol ded product was put into an

at nosphere-adjusting furnace, and then sintered. At the tine of the
sintering, OXY Q&5 Was introduced into the furnace at a rate of 5 L/mn. per
0.1 nmB of the volune inside the furnace. At the sane tine, the nol ded body

was sintered at .1500C for hours. At thiis tinme, the tenperature was raised
at 1 C/mn. up t%l %‘g%%oa%%taaltn 3 @Wﬁ%.blﬁr%?ﬁﬁ%r?ﬁlsﬁfﬁ%?nﬁﬁc& C’?he end
of the sintering, the introduction of oxygen was _ stopped, and the

t enper at urE 3RS SF owereUP R LA S Tt TR 6RN S OL the one ormoremetal (s)

selected from the metal group M1 consisted of W, Mo, La, Nb, Fe,
Pd, Pt, Ce, Ho and Er in the gate electrode 2002, the drain electrode
2007a and the source electrode 2007b is from 0.5 to 5% by weight.

[0525]

In each of Examples, as the material of the gate electrocde
2002, the drain electrode 2007a and the source electrede 2007b, there
was used an Al alloy containing cone or more metals the metal group
M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er; it is also
preferred to add the third metal te this Al alloy. The first metal
is Al, and the second metal is the one or two or more metal (s} selected
from the metal group MI1.

10526]

The third metal added to the gate electrode 2002, the drain
electrode 2007a and the source electrode 2007b is desirably Cu, Si
or a rare earth element in order to restrain hillocks or improve
the corrosion resistance. When any one of the metals is added, 1t
is preferred to control the addition amount of the third metal to

such an extent that the specific resistance of these electrodes 2002,

2007a and 2007b is not more than 10 pQcm in order to make use of
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to 1300C. The tenperature of 1300C was then kept for 3 hours while Ar was
introduced into the furnace at a rate of 10 L/mn. per 0.1 n8 of the vol une
inside the furnace. Thereafter, the product was naturally cool ed, thereby
obtaining a sintered body 4-2 containing M and having a density of 90% or
nore. The theoretical density in this case was cal cul ated out from
fractions by weight of In2G3 crystal (bixbite-based structure) having no
oxygen defects, and Mo oxide. The relative density was cal cul ated out from
the theoretical density (Table 5) . The content of Mo in the sintered body
was quant id ahiavebyerbsaly zedtbyhé GPl €198 eBsapedns ©f AS asresult, it was
ascertained that the charge conposition at the tine of mxing the starting
powders was nmaisained. A specific value of the ascertained atomc
conposition ratio is shown in Table 5. Next, a sputtering surface of the

i nt d bod [ ' ' d it [ t
of 152 mm and a Thikiase By e oY T SRS RS S bdenum
I (O tained in th t a f h l.ybd [
i sper sed 4073 Fl Brehtrr o A6 T STERCALS KBS B AL T N TR 6T Bxi de
sintered body, or may be a formthat nDE%bdenun1is di spersed as .a caonpl ex

oxi de of iHHINRE CRACTHPYHHERAAT SSUERTES TrANEAGE e 2 ubaea M1 GasigteNn4062,
in the indium oxide sintered body. Preferred is a formthat nol ybdenum

at ons underigl, Mubdei tNki drs sbdli dtsolait iHonanatta i affertsbf esedfraindngam

oxi de, whereby nol ybdenumis dispersed into the indium oxide sintered body
hillocks or improving the corrosion resistance can be obtained in
the same manner as in the case of adding the third metal. Therefore,
in particular, in the case of adding none of the third metal, the
generation of hillocks or the corrosion can be restrained as well.

[0528]

In above Examples 3-1 to 3-11, examples wherein the pixel
electrode 2011 is made of ITC or IZ0 has been described. However,
the technical scope of the invention is not limited thereto. In the
case that the pixel electrode 2011 is a transparent electroconductive
film made mainly of any one of Iny;Cs3;, Sn0O;, Zn0; and so con, the same
effects and advantages can be produced.

In above Examples 3-1 to 3-11, examples wherein the pixel
electrode 2011 was connected directly to the gate electrode 2002
and the drain electrode 2007a have been described; of course, it
is preferred that this second electrode is connected to wirings of
the above-mentioned Al alloy. It isalsopreferredthat theTET array

substrate 2100 of the example has, on its semiconductor layer n” a-Si

film 2006, a channel layer.
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at an atomc level. In this case, electric discharge is stable in
sputtering, and thus the case is effective for obtaining a |owresistance
film This lowresistance filmcorresponds to one exanple of the

el ectroconductive oxide in the clainms. By dispersing in this way, the
average dianeter of the crystal grains was nmade into 4.6 pm This dianeter
was obtained by image processing. [0541] "Exanple 4-3" In present Exanple
4-3, 1n2A8 powder, Sn02 powder, and W3 powder each having an average
particle diameter of 1 pmor |ess were used as starting powders of a
sputtering targdt32Birst, the In203powder, Sn02 powder, and W3 powder were
wei ghed into given anmounts, and the weighed powders were m xed, put into a
pot nade of resiixagptdemxed” 213 with a wet ball m |l using water as a
medium At this tinme, hard 2ZrQ2 balls were used, and the tinme for the

m xing was set 7920 NRW 8§ rhEhBFeatley ’subggr£€§éjIZEQUtpﬂHdﬁ%gdserEBMVWS
taken out, filtrated, dried and granul ated he t hus-obtai ned granul ated

pr oduct w@%aagﬁes@n . #50P1 4, Andues, ol ded, HJQQ%J?@ AL ED LR ¢

i sostatic er a prlessure aini'ng nol ded
products. 0 e resultant roducts were each_sintered

t hr ough enkSrer }fﬁfﬁa B&Fgaghe@vaarﬁt\}a& et o TS, o AL i ng
furnace at a rate of 5 L/mn. per 0.1 n8 of the volune inside the furnace,
and the t &fpératiesesialzpocniastreprte bhesrpsapstwagn £heFT substrate

2100 andthecounter substrate tosandwichthisliquidcrystalmaterial,
thereby forming a liquid crystal layer. 1In this way, a TFT array
active matrix-based liquid crystal display (denoted as a TET-LCD
device) was obtained.

[0530]

According to present Example 3-12, cne or more metals selected
from the metal group M1 consisted of W, Mo, La, Nb, Fe, Pd, Pt, Ce,
Ho and Er were used as the raw material for wirings of the TFT array
substrate 2100, the gate electrcde 2002, the drain electrode 2007a
and the source electrode 20079. For this reason, these electrodes,
and so on each had a low resistance. The pixel electrode 2011 made
of the IZ0 film (or the ITC film) had a structure connected directly
to the gate electrode 2002, the drain electrcde 2007a and the scurce
electrode 2007b made mainly of Al without forming any metal layer
made mainly of a component other than Al, that is, any metal layer
having a high specific resistance. Therefore, each of the liguid
crystaldisplaysof present Examples 3-12 hadahighnumerical aperture

and a high performance. Since the gate electrode 2002, the drain
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time, the tenperature was raised at 1 ¢ mn. up to 1000C, and at 3 C/ mn.
from 1000 to 1500C. Thereafter, the inflow of oxygen was stopped, and the
tenperature was lowered at 10 & mn. from 1500 to 1300C. Thereafter, Ar was
caused to flowinto the furnace at a rate of 10 L/mn. per 0.1 nB of the
vol une inside the furnace, and the tenperature of 1300C was then kept for 3
hours. Thereafter, the product was naturally cooled. The density of the
resultant sintered body was neasured in accordance with Archinedes' nethod
using water. The relative density thereof was cal culated fromthe

t heoreti calectiendet30Greradf tisemukatsl el&ytrddee A080r ebreadxadisntyinn this
case was calculated out fromfractions by weight of In203 crystal

(bi xbi t e- kasedbst [ tig] Uhe) hBayetge P BroAYGEN 8 86t e rSb DXt E8e pRidduc¥¥ OXi de.
The contents of Sn and Win the sintered body were 214 quantitatively

anal yzed ky Ilgaegn&§§g§thﬂa£M§gé i\ f3?§ﬁ£tarﬂ-t was ascertained that the
charge conposition at the time of mxing  the starting powders was
mai nt ai ned. A sg%%l ggc val ue of the ascertained atom c conposition ratio is
shown in Table S P 43] Next, a sputtering surface of each of the
resul tant sintered Eodi es was pol i shed with a cup grindstone and wor ked
into a di amet er FORELISII MR A EFAPLRE ckness of 5 nm thereby obtaining a
sintered body target for a transparent electroconductive thin film An
| n-based al | oy Bigsetised amdbostimertehvls ther gavenien vdckhagtpiatte groubmke a
target 4-3 for sputtering. [0544]

will be described hereinafter on the basis of the drawings.

In the present embodiment, production of sputtering targets
which are each necessary for forming a transparent electroconductive
film in a TFT array substrate used in a liquid crystal display will
firstly be described in the following item A. {Examples 4 -1 to 4-7).
In this item A., examples wherein W and Mo in the first group M1
were used will be described. In item B., comparative examples will
be described. In item C., the measured result of the contact
resistance between each transparent electroconductive film and Al
will be shown. 1In item D., production of a TFT array substrate will
be described. 1In item E., the other metals in first group M1, that
is, Ni, Nb, Fe, Pt, Pd and lanthanoids will be described (Examples
4-10 to 4-23).

[0532]

A. Formation of sputtering targets

“Example 4-1"
In,03 powder having an average particle diameter of 1 um or

less and WO; powder having an average particle diameter of 1 pm or
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The formthat tin, and tungsten are incorporated into the target nmay be a
formthat they are dispersed as a tin oxide (SnO Sn02 or Sn304), and a
tungsten oxide (W03, W2 or W207), or may be a formthat they are di spersed
as conpl ex oxi des between indiumoxide and tin oxide, and between indium
oxi de and tungsten oxi de. However, preferred is a formthat tin and
tungsten atons undergo substitution/solid-solution into indiumsites of

i ndi um oxi de, whereby they are dispersed into the indium oxide sintered
body at an atomic level. This is because electric discharge is nade stable
i n sputteriesg wak sononcg@icousetitihg fown hnmpesiretancd tenasitesi/nediun
according to this form This |lowresistance filmcorresponds to one exanple
of the el ect ®ot@hdantivue dxtde pat hhde clfara®in 215uByhelingper, spexge watéhi s way,
the average dianeter of the crystal grains was nmade into 4.2 m This

di ameter was 9diad Redrbyci Nagey WRCASSEAG: thOS4R) A M Hhe 1P esRNhapat ent,
M2 neans the group consisted o%/ Sn, Zn, GeandG (the group being called the

second 9r o4p) pallNRRLY| Cg'rk]l%r Eﬁmé %&-Eaghg @x%s%@@ 3 28 ﬁ%ﬁﬁ?é).l The

representing any one of represents e nunber of

the atonms of an ne of .Sn, Zn and L1 epr.esents the.n er of
the atons rﬁsuﬁﬁgngq‘ﬁﬁg?sf‘ﬂ/ﬁf”’a ff?ﬁ‘fnguf%ﬁ%r‘?rg?c{ra%l@d?q%aé?éﬁ?g t he
atom c conposition ratio of any one of the netals in the second group.
[0546] " ¢allfapt granulated product was melded by cold isostatic press

under a pressure of 294 MPa (8 t/cm®).

[0533]

Next, this molded product was sintered as follows. First,
in a sintering furnace, the product was sintered at 1500°C in an
atmosphere wherein oxygen was introduced at a rate of 5 L/min. per
0.1 m’ of the volume inside the furnace for 5 hours. At this time,
the temperature was raised at 1 °C/min. up te 1000°C, and at 3 °C/min.
from 1000 to 1500°C. Thereafter, the introduction of oxygen was
stopped, and the temperature was lowered at 10 °C/min. from 1500 to
1300°C. The temperature of 1300°C was then kept in an atmosphere
wherein argon gas was introduced at a rate of 10 L/min. per 0.1 m’®
of thevolume inside the furnace for 3hours. Theproductwasnaturally
cooled, thereby obtaining an In;0; sintered body containing tungsten
and having a relative density of 90% or more.

[0534]

A sputtering surface of the sintered body was polished with
a cup grindstone and worked intoc a diameter of 100 mm and a thickness

of 5mm. This was stuck to a backing plate by use of an indium-based
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In present Exanple 4-4, In203 powder, Sn02 powder, and MbG3 powder each
havi ng an average particle dianeter of 1 dun or |ess were wused as starting
powders of a sputtering target. First, the In203 powder, Sn02 powder, and
MoO3 powder were wei ghed into given anounts, and the wei ghed powders were
m xed, put into a pot nade of resin, and mxed with a wet ball mll using
water as a nedium At this tinme, hard Zr02 balls were used, and the tine
for the mxing was set to 20 hours. Thereafter, the m xed slurry was taken
out, filtrated, dried and granulated. The resultant granul ated product was
put into adleplw olraimessimileded bHoayotarggitvénl f ofhe ifhecokdicsbskensity press
under a pressure of 3 ton/cnR, thereby obtaining nolded products. 216

[0547] Next rhibecassuwabantlonl el puedicss ke ieashopivdighedot hrough the
foll owi ng steps. First, oxygen was caused to flowinto a sintering furnace

at a raterokrgll x@)lt@eﬁage& é&u%ftut:g)e NARM WS Nsdent Berddraggy wnd  the

tammaUMeof150Cvmskem for 5 hours. At this tine, the tenperature

was rai se X%Hﬁe | rk]%: \}eodépsq(%&la aféul}tgd%l% Fﬁ&ﬁ%ﬁ‘ejt%%%tré&&éf’oc

Thereafter oxy en erafure wa

I d at, 10 1 O t 30 h fte dto fl
over s s 9 ST\l G 1500 Lo S0PC Tk it eL v yas gz o, 1 on

the furnace, and the tenperature of 1800C was t hen kept for 3 hours.
Thereafteﬂuapﬁét%FBﬂ%B{aﬁééyzﬁéﬁbﬁé¢?§mB66F@aanﬂ%§sééﬂsﬁﬁyadﬁﬁﬂﬂérr%%ultant
sintered body was neasured in accordance with Archinmedes' nethod using

wat er. Thevas ascertained that the charge ccomposition at the time of mixing

the starting powders was maintained. A specific value cf the
ascertained atomic composition ratio is shown in Table 5.

[0535]

It is preferred that tungsten is dispersed, in particular,
tungsten undergoes substitution/solid-solution into indium sites
of indium oxide. That is, the form that tungsten is contained in
the target may be a form that tungsten is dispersed as a tungsten
oxide such as WO; or WO; in the indium oxide sintered body, or may
be a form that tungsten is dispersed as a complex oxide between indium
oxide and tungsten oxide such as In,Ws;0;, in the indium oxide sintered
body. By dispersing in this way, the average diameter of the crystal
grains was made into 4.8 uym. This average diameter was obtained by
image processing.

[0536]

Preferred is a form that tungsten atoms undergo
substitution/solid-solution into indium sites of indium oxide,

whereby tungsten is dispersed into the indium oxide sintered body
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rel ative density thereof was cal culated fromthe theoretical density

thereof (see Table 5) . The theoretical density in this case was cal cul ated
out fromfractions by weight ofl n203crystal (bi xbite-based structure) having
no oxygen defects, Sn oxide, and Mo oxide. The <contents of Sn and Mo in the
sintered body were quantitatively analyzed by ICP em ssion analysis. As a
result, it was ascertained that the charge conposition at the tinme of

m xing the starting powders was naintained. A specific value of the
ascertained atom c conposition ratio is shown in Table S. Next, a

sputteri ngatsanf atemot kacil .of By hdher esohiantewdIntdéspdrs2dry, ddicesinas
polished with a cup grindstone and worked into a dianeter of 152 mmand a

t hi ckness difschaie {dheebysetad BuREng Shutireredgbetcedsanget fofs,athe
transparent el ectroconductive thin film An In-gased all oy was used to
stick thi ge -Qﬁg&i- plate t £~h-0 rhng.

[ 0548] T%gk?%%ngfﬁg%qu aﬁggﬂn#§ﬁﬁéﬁ%ﬁ?gggv?ﬁg%ﬁggﬁgfgdi?ﬁ?%ﬁ%ﬁgh%target
may be a form.th t are dispersed as_a ti xi de (.Sn 02 .or_Sn304),
e & ol VOO SR e eSO RHE o oReuah & e R 7T SPARERAE t hey
are diSpehﬁfd as cogylex oxi des between indjum _oxide and tin oxide, and

bet ween i mdPEmEERPERAEHY FOEFhEBRTRAYEYE. Thih ef it SPTTESROTSYT M KEE tin and

mol ybdenum at ons undergo substitution/solid-solution _into indiumsites of
i ndi um oxiskamPlghef ebye tHeFtapeoHilsperse @xifae oln Hdd ndiedpoxi de sintered
body at an atomc level since electric discharge is nmade stable in
Sputtering [0537]
In the present patent, M1l means the group consisted of W, Mo,
Ni, Nb, Fe, Pt, Pd, and lanthanoids (the group being called the first
group}. In particular, in the following table, M1 represents any
one of W, Mo, Ni, Nb, Fe, Pt, Pd, and lanthanoids. [M1l] represents
the number of the atoms of W, Mo, Ni, Nb, Fe, Pt, Pd, or a lanthanoid.
[In] represents the number of the atoms of In. Thus, [M1]/([In] +
[M1]) in Table 5 represents the atomic composition ratio of any one
of the metals in the first group.

{0538]

[Table 5]
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and a honogeneous filmlow in resistance is obtained. This |owresistance
filmcorresponds to one exanple of the electroconductive oxide in the
clainms. [0549] By dispersing in this way, the average dianeter of the
crystal grains was made into 4.5 m This dianeter was obtained by inmage
processing. On the other hand, the process for producing the sintered body
target of the invention is not particularly limted except that a 218

m xture wherein indiumoxide, tin oxide, and nol ybdenum oxide are mxed in
gi ven amounts is used. A known nethod is used to m x the three conponents,
nold the m xture and sinter the nolded product. Thereafter, the sintered
body i s shapedplewhereby the sintered body target can be produced.
Conmponents other than the three conponents nay be added to the sintered
body target as long as the objects of the invention are not damaged. [0550]
"Exanpl e 4-5" In present Exanple 4-5, 1n203 powder, Zn02 powder, and W3

powder each having|an averagﬁ particle dianeter of llcpmrerw=i.ees sere used
. . . VeI, ransparent

as starting E%I\/\derwﬁ ofi-a sput tvenr ng 'tje%ﬁ;';g D barticle | efecs s spebit) Rt 2 03RaWder , | Zn02
powder, and 3 powdér+iebe weliniiee | ng o @ﬁy@ﬁ aqpyﬁts?waﬁd ghgwmmeighed
powders werke nixef, \put intlo a _pot nhde of ™t esi " “And*fi¥ed {*Hth"a|wet bal |
mll using water ps |@caredi um |-At thi ®stimes heawsd ZrO02shbal | sissvere used, and
the tinme fop-the I¥exd pg was-set to 2@ehowws. [s22 37.8 36. 4

4-—-3 W |0.03 Sn |0 10 97 4 2 243 28. 7 26. 7

4—4 Mo |0. 05 Sn |0.10 97 4.5 263 29.8 27.6

4—35 w |0.02 Zn |0.17 96 4. 2 382 32.5 30. 4

4—8 W |0. 05 Ge |0.03 96 4.8 428 33. 6 31.7

4-=7 W (0. .08 Ga (0.02 96 4.8 467 34. 9 32. 9

Comparative

Example - |- Sn |0.10 99 12.8 185 84. 7 29. 4

4-1

Comparative

Example - |- Zn (0. 18 @8 3.8 295 88.5 35. 4

4-2

“Example 4-2”

In present Example 4-2, In,0; powder having an average particle
diameter of 1 ym or less, and MoO; powder having an average particle
diameter of 1 um or less were used as starting powders. The InyOs
powder, and the MoO; powder were put at a given ratio intc a pot made
of resin, and mixed with a wet ball mill. At this time, hard Zr0;
balls were used, and the time for the mixing was set to 20 hours.
The resultant mixed slurry was taken out, filtrated, dried and
granulated. The granulated product was filled into a circular mold,
and was molded into a disk shape by cold isostatic press under a

pressure of 3 ton/cnf.
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Thereafter, the resultant m xed slurry was taken out, filtrated, dried and
granul ated. The resultant granul ated product was put into a nold, and was
nol ded into a given formby cold isostatic press under a pressure of 3
ton/cnR, thereby obtaining nolded products. Next, the resultant nol ded
products were each sintered through the following steps. [0551] First,
oxygen was caused to flowinto a sintering furnace at 219 a rate of 5
L/'mn. per 0.1 nB8 of the volune inside the furnace, and the tenperature of
1500C was kept for 5 hours. At this tinme, the tenperature was raised at 1
Cmn. up to 100063%And at 3 Cmin. from 1000 to 1500C. Thereafter, the

i nfl ow of oxygen was stopped, and the tenperature was |owered at 10 C/ m n.

from 1500 to 130@&t, tThemedidetrprofiichamsGausett d on htavspid @ 1dag ukuingce at a
rate of 10 L/mn. per 0. 1 nB of the volune inside the furnace, and the

tenper at ur@ rn@ke 1300CtHRS Lherekept Aorm }891% Sof -El?l%r sahi&find, h%xQ%QHUCt was

natural |y cool ed. [0552] The denS|ty of the resultant sintered body was

measur ed i QQQ e net_hod mater he el ative
density Fﬁgrggﬁgaas g%ﬁﬁ%%hi P%@%&%%e T héSTel ?3% sﬁ#ﬂ'ghgféo P(see
Tabl e 5) The iheoretlcaléﬁegf in this case was calculated out from

fracti ons B W8 gEiffo SE - (Bt bPEeS TS 6d ™8 r Bhee dRRhechBof%g no

oxygen defects, Zn oxi de, and Woxide. The contents of Zn and Win the
sintered b@dysmir@raqbahti@w"lcvéby ahabyzed AyythiCpP time, the temperature

was raised at 1 °C/min. up to 1000°C, and at 3 °C/min. from 1000 to
1500°C. After the end of the sintering, the introduction of oxygen
was stopped, and the temperature was lowered at 10 °C/min. from 1500
to 1300°C. The temperature of 1300°C was then kept for 3 hours while

Ar was introduced into the furnace at a rate of 10 L/min. per 0.1
m® of the volume inside the furnace. Thereafter, the product was
naturally cocled, thereby cbtaining a sintered body 4-2 containing
Mo and having a density of 90% or more. The theoretical density in
this case was calculated out from fracticons by weight of Iny0; crystal
{bixbite-based structure) having no cxygen defects, and Mo oxide.
The relative density was calculated out from the theoretical density
(Table 5). The content of Mo in the sintered body was quantitatively
analyzed by ICP emission analysis. As a result, it was ascertained
that the charge compositicn at the time of mixing the starting pewders
was maintained. A specific value of the ascertained atomic

composition ratio is shown in Table 5. Next, a sputtering surface
of the sintered body was polished with a cup grindstone and worked

into a diameter of 152 mm and a thickness of 5 mm.
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em ssion analysis. As a result, it was ascertained that the charge
conposition at the tinme of mxing the starting powders was naintained. A
specific value of the ascertained atom c conposition ratio is shown in
Table S. [0553] Next, a sputtering surface of each of the resultant
sintered bodies was polished with a cup grindstone and worked into a

di aneter 220 of 152 nm and a thickness of 5 nm thereby obtaining a sintered
body target for a transparent el ectroconductive thin film An |In-based
alloy was used to stick this target to a backing plate to nake a target 4-5
for sputtering. [(8884] The formthat zinc and tungsten are incorporated
into the target my be a formthat they are di spersed as a zinc oxide
(ZnO, and a t thgsftoem thatdehd MOBybddBiroz 1 AROft) 1, s oontreEiyncblei ratfhiotargdat t hey
are dispersed as conpl ex oxi des between indi um oxi de and zi nc oxide

(1 N2Zn206 malynBEN3 (oo rrl 2EN5EH1 @Fdda/néQg) speaRdl Bet MerH JHrdinum exide and
tungsten oxi de. However, nore preferred is a formthat tungsten atons

under go subshi LUty §elwdh,S ohUthON LA bﬁpa@rgiﬂtk%gd%&%di&mnggsi g, _
whereby they are dispersed into the indiumoxide sintered body at” an atom c

| evel since ciyl i i b i teril n .
honngeneo%%f?%ﬁn#$%§f%ﬂ®%§§ﬁ§fa%%éﬂ?ggggégi%%&%Q?ﬁggéxléﬁﬁ%%gﬁéggﬁ%%nfiIm
corresponds to one exanple of the electroconductive oxide in the clainms. By

di sper si nG MRS, 48 3 EPHGEsdi ate Bk of T tReMonyet 4 the indium

oxide sintered body.

Preferred is a form that molybdenum atoms undergo
substitution/solid-sclution into indium sites of indium oxide,
whereby molybdenum is dispersed into the indium oxide sintered body
at an atomic level. 1In this case, electric discharge is stable in
sputtering, and thus the case is effective for obtaining a
low-resistance film. This low-resistance film corresponds to one
example of the electroconductive oxide in the claims.

By dispersing in this way, the average diameter of the crystal
grains was made into 4.6 um. This diameter was obtained by image
processing.

[0541]

“Example 4-3”

Inpresent Example 4-3, In,03;powder, SnO; powder, and WO; powder
each having an average particle diameter of 1 um or less were used
as starting powders of a sputtering target. First, the In;0; powder,
SnQ, powder, and WO; powder were weighed intc given amounts, and the

weighed powders were mixed, put into a pot made of resin, and mixed
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grains was made into 4.2 m This dianeter was obtained by imge processing.
[ 0555] "Exanple 4-6" In present Exanple 4-6, |In203powder having an average
particle diameter of 1 pmor |less and Ge02 powder and W3 powder each
having 221 an average particle dianeter of 1 pmor |ess were used as
starting powders of a sputtering target. First, the In203powder, Ge02
powder, and W3 powder were fornulated into a given ratio so as to give a
sintered body having a conposition of a Ge/ln atomc ratio and a WIln
atomc ratio shown in Table 5, and then the resultant was put into a pot

made of resith andetipead with aswel whakk &8 1d meBtiuhhi &1t thi®e, thay,dnhdr82 balls
were used, and the tine for the mxing was set to 24 hours. After the

m xi ng, t %df%qllgamﬁeshgéayawgstﬁea%ﬁﬁb @nggwbﬂr?gt ﬁgs S edoant, s,

granul ated. The granul ated product was no y cold isostatic press under

a pressure.,of 3.ton/cnP. [05 Next , . this_nol de roduc sintered at
13000, | n LR TR RE bl AHGPRT ORyh LT T DA Red PHFo e LT nsi de a
sintering furnace at a rate of 5 ljter/mnute per 0. 1 nB8 of the vol une
inside th ?%@&%QIF‘B&‘{@%ME@ upRPRE4TIRS g%?f@ﬂtaér‘?&eﬁ’%?% s put

rai sedat| ¢ m nute. Wien the product was cooled afterthesintering, the

i nt roduct i B0 Mdggerndvdas §odppe dNtPhe 9i Bap doatiure crad isvshatlowered to
1000C at 10 C/ minute. A cracked part of the resultant sintered body was
crushed i ntrgler a pressure of 3 ton/cm?, thereby obtaining molded products.

[0542]
Next, the resultant molided products were each sintered through
the following steps. Oxygen was caused to flow into a sintering

furnace at a rate of 5 L/min. per 0.1 m’

of the volume inside the
furnace, and the temperature of 1500°C was kept for 5 hours. At this
time, the temperature was raised at 1 °C/min. up to 100C°C, and at
3°C/min. from 1000 to 1500°C. Thereafter, the inflow of oxygen was
stopped, and the temperature was lowered at 10 °C/min. from 1500 to
1300°C. Thereafter, Ar was caused to flow into the furnace at a rate
of 10 L/min. per 0.1 m® of the volume inside the furnace, and the
temperature cf 1300°C was then kept for 3 hours. Thereafter, the
product was naturally cocled. The density of the resultant sintered
body was measured in accordance with Archimedes’ method using water.
The relative density thereof was calculated from the theoretical
density thereof (see Table 5). The theoretical density in this case
was calculated out from fractions by weight of Iny0; crystal

{bixbite-based structure) having no oxygen defects, Sn oxide, and

W oxide. The contents of Sn and W in the sintered bedy were
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pi eces, and then powder X-ray diffraction neasurenment was carried out. As a
result, only diffraction peaks resulting froman indium oxide phase having
a bi xbite-based structure and an 1 n2Ge207 phase having a thortveitite-based
structure were observed. Accordingly, the resultant sintered body was
judged as a sintered oxide having 222 the characteristics of the invention.
EPMA anal ysis of the fine structure of this sintered body denonstrated that
germani um underwent solid solution into the indium oxide phase. By
dispersing in this way, the average dianmeter of the crystal grains was nade
into 4.3 duamtiThitsvelamebéyze@ddyobCRiaredshyniarege spsocessiangesulit,sisi nt er ed
body was worked into a dianmeter of 101 mmand a thickness of 5 mm and a

sputt eri ngvsinkager 4 ivfeehavashd thashedcaddy idieHPa@rihRASE A8 T nlikengby
producing a target. In particular, nmetallic indiumwas used to bond the

target to & Dacki-ngnp! QR1TRAG,Of mOXKAARN €6 GORPEE; -1 0, TRk A FpUttering

target. [0557] When dermani um oxi de particles are present 1n a sputtering

target, the tar is..electrified.wth argon.ions radi ated from plasm

Sinee t he SelrATheq R ConpP L R L ISP ER L 2 & Thioh. s
a result, arcing is_caused. The tendency that this phenonenon is caused
becones nore reﬁéﬁ%&gle as the electric power applied to the target is nade
hi gher to make the anount of the radiated argon ions larger. [0558] On the
other hand, in the&tspatspatiiaglraryetage cdr gpaly afothdgesultant sintered

bodies was polished with a cup grindstone and worked into a diameter
of 152 mm and a thickness of 5 mm, thereby obtaining a sintered body
target for a transparent electrocconductive thin film. An In-based
alloy was used to stick this target to a backing plate to make a
target 4-3 fcr sputtering.

[0544]

The formthat tin, and tungsten are incorporated into the target
may be a form that they are dispersed as a tin cxide (5n0, SnO; or
Sns04), and a tungsten oxide (W03, WO, or Wo.C4), or may be a form that
they are dispersed as complex coxides between indium oxide and tin
oxide, and between indium oxide and tungsten oxide. However,
preferred is a form that tin and tungsten atoms undergo
substitution/solid-soclution into indium sites of indium oxide,
whereby they are dispersed into the indium oxide sintered body at
an atomic level. This is because electric discharge is made stable
in sputtering and a homegenecus film low in resistance is obtained
according to this form. This low-resistance film corresponds to one

example of the electroconductive oxide in the claims.
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invention, the specific resistance of each of the indium oxide wherein

ger mani um under goes substitution/solid-solution into indiumsites and the

i ndi um ger manate conpound is low (in other words, high-resistance particles
are not present); thus, the arcing is not 223 generated even if the applied
power is increased. For this reason, according to the exanple, the electric
energy of the applied electric power can be nmade |large so that a filmcan
be formed at a high speed. The reason why the el enent of Ge is incorporated
into the sintered oxide of the invention is that the el ectroconductivity is
i mproved i nt he daseddeorsiinggaf thid wegs utlesd ergefe. d Spetieli cathy crygeaiani um
of quadrival ence occupies sites of indiumof quadrivalence in the indium

oxi de fil gratifer @y fHECHALGI ND Gl Bl LLEGHEOSS J:2 obRSISA3DY NBage.
el ectroconductivity. As described above, in the invention, the germani um

el ement iﬁ}db@gsgﬁ§get is specified to set the atomc ratio of Ge/ln into
the range of 0.01 to 0.3 (inclusive) . The reason therefor is that if the
ratio i s out of %ﬁﬁ range, the resistance value of the resultant thin film
i ncreases. [055dj éﬂ t he ot her hand, about tungsten also, it is preferred
that tungsten is "dispersed”, in art%cular, t ungst en under goes

substi t uti on/ solid*861 XEFHMG REGSIhdi PEstRt JHPuRPBRT HeEd Pifafr i s to
say, the formthat tungsten is contained in the target may be a formthat
t ungst en % diesPetGe driamorcunprisiernldadddiesiadongdg ronoB - orl B tilgutl s, i ndi um
oxi de sintered body. The formmay be a form
in Table 5, M2 is used as a symbol representing any one of Sn, Z7n,
Ge and Ga. [MZ] represents the number of the atoms of any one of
Sn, Zn, Ge and Ga. [In] represents the number of the atoms of In.
Thus, [M2]/([In] + (M2}) in Table 5 represents the atomic composition
ratio of any one of the metals in the second group.
[0546]
“Example 4-4"
In present Example 4-4, Iny0; powder, Sn0, powder, and MoOs
powder each having an average particle diameter of 1 pm or less were
used as starting powders of a sputtering target. First, the In,0s;
powder, SnC, powder, and MoO; powder were weighed into given amounts,
and the weighed powders were mixed, put into a pot made of resin,
andmixedwith awet ball mill using water as a medium. At this time,
hard Zr0, balls were used, and the time for the mixing was set to
20 hours. Thereafter, the mixed slurry was taken out, filtrated,
dried and granulated. The resultant granulated product was put into

a mold, and was molded into a given form by cold isostatic press

under a pressure of 3 ton/cm’, thereby obtaining molded products.
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that tungsten is dispersed as a conpl ex oxi de between indi um oxide and
tungsten oxi de such as In2WBOL2 in the indiumoxide sintered body. By

di spersing in this way, the average diameter of the crystal grains 224 was
made into 4.8 pm This dianeter was obtained by imge processing. It is
preferred that tungsten atons undergo substitution/solid-solution into
indiumsites of indiumoxide, whereby tungsten is dispersed into the indium
oxi de sintered body at an atomic |evel. The atom c-|evel dispersion is
effective since the dispersion nmakes electric discharge in sputtering
stable and nakd$d3theé resistance of the resultant transparent

el ectroconductive thin filmlow This |owresistance film corresponds to
one exanpl e of Nelxé, élhectesnddrdbatoilded@rodect s wehe eglchi st efr8860JroutyExanpl e
4-7" I n present Exanple 4-7, 1n203 powder, Ge02 powder and W3 powder were
used as st ifnY] pRilerscepEhese powders each had an average particle
dianeter of 1 mor less. First, the three powders, i.e., the 1n203 powder,

GeG2 powder and;\A3 POWHRI WEE & tred. i 11 i el ;rat | to give
a sintered body lhaV| ng a élorrpogciazugo%(? agvéel/ Itg) gt%irri C rla?i %L?gﬁag:es\%ltn

shown in Table_ 5 n hen_the.resual tant was put.int pot made of .resin
and m xed a\?\ngfaﬁeaﬁvét Ef)rgjfrf @le?l(.}'ﬁfn t%fgh?i\ﬁ%i&ﬁa% Sf?%%hebglﬁga%e\ergnﬂsed,
and the tine for the mxing was set to 24 hours. After the nixing, the
resul tant SlUFPPPWERT UK SR bRRC°Crvas rkepEdfor dr hedrand 2gr Ahif dtiewe, The
granul at ed product was nol ded by cold

temperature was raised at 1 °C/min. up to 1000°C, and at 3 °C/min.

from 1000 to 1500°C. Thereafter, the inflow of oxygen was stopped,
and the temperature was lowered at 10 °C/min. from 1500 tc 1300°C.
Thereafter, Ar was caused to flow into the furnace at a rate of 10
L/min. per 0.1 m’® of the volume inside the furnace, and the temperature
of 1800°C was then kept for 3 hours. Thereafter, the product was
naturally cocoled. The density of the resultant sintered body was
measured in accordance with Archimedes’ method using water. The
relative density thereof was calculated from the theoretical density
thereof (see Table 5). The theoretical density in this case was
calculatedout fromfractionsbyweight of In,0scrystal (bixbite-based
structure) having no oxygen defects, Sn oxide, and Mo oxide. The
contentsof SnandMo inthe sinteredbedy were quantitativelyanalyzed
by ICP emissicn analysis. As a result, it was ascertained that the
charge composition at the time cof mixing the starting powders was
maintained. A specific value of the ascertained atomic composition
ratio is shown in Table 5.

Next, a sputtering surface of each of the resultant sintered
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isostatic press under a pressure of 3 ton/cnR. [0561] 225 Next, this nol ded
product was sintered at 1300C, in an atnobsphere wherein oxygen was
introduced into the air inside a sintering furnace at a rate of 5
liter/mnute per 0.1 nB of the volune inside the furnace, for 3 hours. At
this time, the tenperature was raisedatl G mnute. Wien the product was
cooled afterthesintering, the introduction of oxygen was stopped. The
tenperature was then |lowered to 1000C at 10 C mnute. A cracked part of the
resultant sintered body was crushed into pieces, and then powder X-ray

di ffracti crodieasurepeht svabsweal a @b getiihdsAsnaanasurtkedointy a diafikbeaet i on
peak resulting froman indium oxide phase having a bixbite-based structure

was obser wgd] 5AeePAaRd ROt Y clies s 85 faNt-He@sh) udgednagga shAt&radneyide
having the characteristics of the invention. EPVA analysis of the fine

struct ur e sof-cih oSt Latbhady demnsiiatedthatygal L UdaruBgLoqsol 1 d

solution into the i1ndium Ispersing in

aver age di ter_of the crysta rai ns _wa de.into 4.6, W . This, diameter
was obt ai nagge By " L(f:]séecgrt Céﬁ%?lﬁg&lﬁi §r§5|e§t g(?e%l ba&é‘dﬁ?g\/\ﬁéag\%rtl?ealaikﬁt% a
dianeter of 101 nmand a thickness of 5 mMm and a sputtering surface
t her eof w456t SREISRWTIFTA8up grindstone, thereby producing a target.
Metallic indiumwas used to bond this target to a backing plate made of
oxygen-free coppét4810562] Wien gallium oxide particles are present in a
target, the target

The form that tin and molybdenum are incorporated into the

target may be a form that they are dispersed as a tin oxide (SnG,
SnO, or 5Sn3C4), and a molybdenum oxide (MoO;, MoO; or Mo207), or may
be a form that they are dispersed as complex oxides between indium
oxide and tin oxide, and between indium coxide and molybdenum oxide.
Preferred is a form that tin and molybdenum atoms undergo
substitution/solid-solution into indium sites of indium oxide,
whereby they are dispersed into the indium oxide sintered body at
an atomic level since electricdischarge is made stable in sputtering
and a homogeneous film low in resistance is obtained. This
low-resistance film corresponds to one example of the
electroconductive oxide in the claims.

[0549]

By dispersing in this way, the average diameter of the crystal
grains was made into 4.5 um. This diameter was obtained by image
precessing.

On the other hand, the process for producing the sintered body

target of the invention is not particularly limited except that a
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is generally electrified with argon ions radiated from plasma since 226 the
specific resistance of the gallium oxide particles is high. As a result,
arcing is caused. This tendency becones nore renarkable as the electric
power applied to the target is nmade higher to make the anmount of the

radi ated argon ions larger. On the other hand, in the above-nentioned target
according to the invention, the specific resistance of each of the indium
oxi de wherein galliumundergoes substitution/solid-solution into indium
sites and the indiumagallate conmpound is low. In other words,

hi gh-r esi stianceepau¢icilresndi em noti der, esemtgxitleysand helgbdengn ixilcar diy
generated even if the applied power is increased. For this reason, a film
can be fom@dalinayiRichanpeets Q¥ apadyi A0kdowH eltab8Cld igedPoyelix ERS63] It

is preferred that tungsten is "dispersed”, in particular, tungsten
under goes subst | L | I i indt i,t.es § ndi xi de.
That is to say, %ﬂ%é@%ﬁ%gtﬁg%éﬁgﬁégggﬁuﬁig%%h?%#ﬁ%%t%gnm?ﬁégéggggphghy be a

formthat tungsten_ is,dispersed. as a tungste xi de ch _as_ W3, or W2 in
the 1 ndi utSH G T hiiFes Boshr® TREVFST Riohay HBCECPb et AL T T bEPEh | s
di spersed as a conpl ex oxide between indium oxide and tungsten oxi de such
as | n2WBOIZ L9t ¥t PRAEAIANVERAde CEPRPEREY B68Y. Thay! HIQ FELSEMPIRRTERFS way,
the average dianeter of the crystal grains was nmade into 4.8 m This
di amet er VReyY bbtaddwsd tobyhe pagEeprddexslyi hgraet adsslprefas thd Mimctsungst en
at ons under go

the invention are not damaged.

[0550]

“Example 4-5”"

Inpresent Example 4-5, In;0; powder, Zn0; powder, and WO; powder
each having an average particle diameter of 1 um or less were used
as starting powders of a sputtering target. First, the In;0; powder,
Zn0,; powder, and WO; powder were weighed into given amounts, and the
weighed powders were mixed, put into a pot made of resin, and mixed
with a wet ball mill using water as a medium. At this time, hard
2r0; balls were used, and the time for the mixing was set to 20 hours.
Thereafter, the resultant mixed slurry was taken cut, filtrated,
dried and granulated. The resultant granulated product was put into
a meold, and was mclded into a given form by cold isostatic press
under a pressure of 3 ton/cm®, thereby obtaining mclded products.
Next, the resultant molded products were each sintered through the
following steps.

[G551]

First, oxygen was caused to flow into a sintering furnace at
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227 substitution/solid-solution into indiumsites of indiumoxide, whereby
tungsten is dispersed into the indiumoxide sintered body at an atomc

| evel . The reason therefor is that the atom c-level dispersionis effective
since the dispersion nakes electric discharge in sputtering stable and
makes the resistance of the resultant transparent el ectroconductive thin
filmlow This |lowresistance filmcorresponds to one exanple of the

el ectroconductive oxide in the clains. [0564] B. Conparative Exanples
Exanpl es for comparison with above Exanples 4-1 to 4-7 wll be described
her el naf t ez .rafheot dnlénin ofperh@. torfpaf afhieveo bxanphesde i thealfsenstomwanidn Tabl e
5. [0565] "Conparative Exanple 4-1" A sputtering target was produced in the

sane way ashd Reabevs:ufXamhsod3wa3ceR: the f aldew ngi- Andisf £ srent ypoi nt
from Exanpl e 4-3 was that W3 was not used as any raw material so that

tungsten (Vi i HG%EE@;%H%&%%%_ %9 frhé/mfrﬁ’.ublbe%”ﬂoécﬁ&geé d:;ﬁ:e3o$é1 fipmatters

were the sa hé relattve density O e produced

S These EHEbaP BNt d0hte DErTHIER. | YA HELSAE WSV PASARR 43
[0566] 228and the temperature was lowered at 10 °C/min. from 1500 to 1300°C.
Thereafter, Ar was caused to flow into the furnace at a rate of 10
L/min.per0.1m30fthevolumeinsidethefurnace,andthetemperature
of 1300°C was then kept for 3 hours. Thereafter, the product was
naturally cooled.

[0552]

The density of the resultant sintered body was measured in
accordancewithArchimedes’ methodusingwater. Therelativedensity
thereof was calculated from the theoretical density thereof (see
Table 5). The theoretical density in this case was calculated out
from fractions by weight of In,O; crystal (bixbite-based structure)
having no oxygen defects, Zn oxide, and W oxide. The contents of
Zn and W in the sintered body were quantitatively analyzed by ICP
emission analysis. As a result, it was ascertained that the charge
composition at the time of mixing the starting powders wasmalntained.
A specificvalue of the ascertained atomic composition ratio is shown
in Table 5.

[0553]

Next, a sputtering surface of each of the resultant sintered

bodies was polished with a cup grindstone and worked into a diameter
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"Conparative Exanple 4-2" A sputtering target was produced in the sanme way
as in above Exanple 4-5 except the following: A different point from
Exanpl e 4-5 was that W)3 was not used as any raw material so that tungsten
(W was not contained in the sputtering target. Another different point was
that the atomc conposition ratio of Zn ([Zn]/[Zn] + [In]) was 0.16 wherein
the [Zn] represents the nunber of the atons of zinc and the [In] represents
t he nunber of the atons of indium The other matters were the sane as in
Exanpl e 4-5. The relative density of the produced sputtering target was

98% The avelbgempand izctei cirarmt of Svas, IhBrab( talaendhg.a sTHeseedreagyr enent s
were performed in the sane way as in Exanple 4-5. [0567] C. Resistance of

the case ofadeptdng eAShsirdiiCe.1daNIRANANEL 1 &l @k hocoRduch) e tiLag
"Exanpl e 4-8" Each of the sputtering targets obtained in above Exanples 4-1

to 4-7 was,fi tt t erdn rapus. A Kk Kk on _.tape) for
first fil nqrj’flg&nﬁglso%%aggf %&#é% %n %tga@%%fcdégg éasascfﬁglﬁd&?ﬂg\?\é/aos mfa(])(‘rerréd into
a filmof 200 nm,thickness. Thereafter, the mask was lifted off to forma
gi ven A 6§F¥E?n4'g:ﬁEéﬁmPitﬁﬁbPﬁn tape) for second filmformation was
fitted thereto. Each of the sputtering targets was used to forma
transparent el ectddd@dnductive film (transparent el ectrode) of 200 nm

t hi ckness. The mask for 229 filmformation was lifted off to obtain a given
substrate for cdifeaicirmthat zincandtungsten are incorporated intothe target

may be a form that they are dispersed as a zinc oxide (Zn0), and
a tungsten oxide (WO;, WO, or W.0;), or may be a form that they are
dispersed as complex oxides between indium oxide and zinc oxide
(InzZnz0s, In;Zns0g, INnzZns0O; or In,Zns0y), and between indium oxide and
tungstenoxide. However, morepreferredisa formthat tungstenatoms
undergo substituticon/solid-sclutionintcindiumsitescfindiumoexide,
whereby they are dispersed intc the indium oxide sintered body at
an atomic level since electric discharge is made stable in sputtering
and a homogeneous film low in resistance is obtained. This
low-resistance film corresponds to one example of the
electroconductive oxide in the claims.

By dispersing in this way, the average diameter of the crystal
grains was made intc 4.2 pm. This diameter was cobtained by image
processing.

[0555]

“Example 4-6"

In present Example 4-6, In,0; powder having an average particle

diameter of 1 pm or less and GeQ; powder and WC; powder each having
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resi stance neasurenent. This transparent electroconductive film corresponds
to one exanple of the el ectroconductive oxide in the clains. Termnals were
taken out from both ends of the substrate, and then the resistance of the
"gl ass/ Al/transparent electrode" was neasured. The result is together shown
in Table 5. [0568] A substrate of "glass /transparent electrode/A ", for
contact resistance neasurenent, was al so obtained by formng the filnms in
order of the transparent electrode and Al. Simlarly, the neasured result
of the resistance of this substrate is together shown in Table 5. About the

sputteringnt avgeige Phtained dikmabeyeoCanparat 14es xanpkes 4 Lther4ng al so,
t he sane neasurenent was nmade. The results are also shown in Table S.

[0569] Aspcwhlews dftk 3pbt €5 89igdth t RErfasendinfHRera ddd, Borbier 2

transparent el ectrode on AI the surface of Al is oxidized to produce

A1203. Th%%dng grgag o%ld?? gener.all agf&%u%rgg JWHC th%rliwds

as shown in e elec es con ning none o

Fo, Pt Pd and L ant hanoi ds (¢ h |
{hemoabur GO BEFEL AL T4 4B of (FiY Sait?%'y%% ) ?é?i’&iféﬁ?meff G0 T 1 arge

(see Conparative Exanples 4-1 and 4 in Table oIn i g of this
matter, a'tr &n@%%?%traéF@c?Wl%q@k@l%5t I‘@q%éﬁﬁacﬁh% sty hre WASOPERN be

made snaIL can be provided by incorporating W My, N, Nb, Fe, Pt, Pd
and/ or | antfi@nei pst mebide NH, réwin Rnd Rxethdvilcantheetoitds. L mill. At this

time, hard Zr0; balls were used, and the time for the mixing was set
to 24 hours. After the mixing, the resultant slurry was taken out,
filtrated, dried and granulated. The granulated product was molded
by cold isostatic press under a pressure of 3 ton/cm?.

[0556]

Next, this molded product was sintered at 1300°C, in an
atmosphere wherein oxygen was introduced into the air inside a
sintering furnace at a rate of 5 liter/minute per 0.1 m® of the volume
inside the furnace, for 3 hours. At this time, the temperature was
raisedat1°C/minute. Whentheproductwascooledafterthesintering,
the intrecduction of oxygen was stopped. The temperature was then
lowered to 1000°C at 10 °C/minute.

A cracked part of the resultant sintered body was crushed into
pieces, and then powder X-ray diffraction measurement was carried
out. As a result, only diffraction peaks resulting from an indium
oxide phase having a bixbite-based structure and an In;Ge;0; phase
having a thortveitite-based structure were observed. Accordingly,

the resultant sintered body was judged as a sintered oxide having
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will be detailed in Exanples 4-10 to 4-22 below. [0570] D. Production of a
TFT array substrate "Exanple 4-9" An exanple wherein a TFT array substrate
was produced on the basis of the invention will be described with reference
to Fig. 10. First, a netallic Al (99% Al and 1% Nd) is first deposited onto
a light-transm ssible gl ass substrate 3001 by high-frequency sputtering, so
as to have a filmthickness of 1500 A. This is etched by photo-etching
usi ng a phosphoric acid-acetic acid-nitric acid-based aqueous sol ution as
an etchant to forma gate electrode 3002 having a desired shape and a gate

el ect r odewttid nghad@R2areonnectad thboihhentgiaire ekB™ ragda v8082of [y KineNext, a
silicon nitride (SIN film for formngagate insulation film 3003, is

deposi ted tharaon<ue &k%ﬂ{@&%@wﬁ%on%eréﬁeaehggé@mgnmméwemess of

3000 A Subsequently, an a- Si:H IS posited thereon to have
a filmthi e I onni f whi ch
will be a %%i;lncﬁ% %Fg? qﬁ%\?egﬁ zi”fér L%O%’?Q% ?héé%osi}?’ %{%Eﬂeereo N‘% hziL\r/gle a
filmthickness of 3000 s har s at .this ti

S Hi- B N Baddt Aramted et ot s WRon THe SORCEPreES RREERTHT 14 B t he
gate insulation film231 3003 andt he channel protective | ayer 3005 are
fornmed. ASUR4- fRipabiemetarved gasainedbedraerprduessisy: Hhip $intaml004 is

formed. [0572]
body was worked into a diameter of 101 mm and a thickness of 5 mm,

and a sputtering surface thereof was polished with a cup grindstone,
thereby producing a target. Inparticular, metallic indiumwas used
to bond the target to a backing plate made of oxygen-free copper
toc make a sputtering target.

[0557]

When germanium oxide particles are present in a sputtering
target, the target iselectrifiedwithargon ions radiated fromplasma
since the specific resistance of the germanium oxide particles is
high. As a result, arcing is caused. The tendency that this
phenomenon is caused becomes more remarkable as the electric power
applied to the target is made higher tomake the amount of the radiated
argon ions larger.

[0558]

On the other hand, in the sputtering target according to the
invention, the specificresistance of each of the indiumoxide wherein
germanium undergoes substitution/solid-soluticn into indium sites
and the indium germanate compound is low (in other words,

high-resistance particles are not present); thus, the arcing is not
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Next, this SINfilm which will be the channel protective |layer 3005, is
dry-etched usi ngaCHFgas, so as to formthe channel protective |ayer 3005
having a desired shape. A situation of this channel protective |ayer 3005
is illustrated in Fig. 10. Subsequently, a SiH4-H2-PH3-based m xed gas is
used to deposit an a-Si:H (n) film3006 into a filmthickness of 3000 A
Next, a C /A bi-layered filmis fornmed thereon by depositing Cr into a
film thickness of 0.1 mand Al into a filmthickness of 0.3 m successively
by vacuum deposition or sputtering. [0573] About this bi-layer, its Al and
its Cr aregsategiagddlyverphbtidicetpml eyl povdr d sHIROEaEHBCOTr HNDBS H2Bsbased
etching solution and an aqueous solution of cerium (IV) amoniumnitrate,
respect i vedgeordByigttretiphekangl«hting clactes: erdrpabt eha Gipltika d1ayekic

el ectrode 3007 and a desired pattern of the drain el ectrode 3008 are

f or med. Epﬂﬁé}eééﬁ‘i"b%,méct@lérg% 'dd fhat &I 43094 rane, they ge 3 h_h%iﬁ pebkl m 3006

are etched by using a combination of dry etching using a CHF-based gas and
form a desired pats aratar e SEERREns N d60s are - wonired Wi tern of
Forma. pr ot SETIBRUITHHE Ph Hredore BXahPor o2 HEg L He opP IS BB ¢ m of O
and Al is used; it is also preferred that M, Ti or the like is used
i nst ead of INTrqeed g cap)of farisgfa ferlm pPrstvicdtahiist-s e lgakike
contact holes 3012 between the source and drain el ectrodes 3007 and 3008
and a trangparentm of quadrivalence occupies sites of indium of quadrivalence
in the indium oxide film, thereby discharging carrier electrons to
increase the electroconductivity,

As described above, in the invention, the germanium element
in the target is specified tc set the atomic ratio of Ge/In into
the range of 0.01 to 0.3 (inclusive). The reason therefor is that
if the ratio is out of the range, the resistance value of the resultant
thin film increases.

[0559]

On the other hand, about tungsten also, it is preferred that
tungsten is “dispersed”, in particular, tungsten undergces
substituticn/solid-solutionintoindiumsites of indiumoxide. That
is to say, the form that tungsten is contained in the target may
be a form that tungsten is dispersed as a tungsten oxide such as
WO3 or WO, in the indium oxide sintered body. The form may be a form
that tungsten is dispersed as a complex oxide between indium oxide

and tungsten oxide such as In,W30:; in the indium oxide sintered body.

By dispersing in this way, the average diameter of the crystal grains
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el ectrode, that is, a pixel electrode (a pixel electrode pattern 3009), and
so forth. [0574] An anorphous transparent el ectroconductive filmis
deposited on this substrate, on which the patterns of the source el ectrode
3007 and the drain el ectrode 3008 nade of the netallic Al are made, by
sputtering using a sputtering target nmade mai nly of indiumoxide, zinc

oxi de, and tungsten oxide and obtained in Exanple 4-5. This anorphous
transparent el ectroconductive filmis also nade mainly of indium oxide,
zinc oxide and tungsten oxide. In this way, the pixel electrode pattern

3009 and seadfmdeirte4{ ®pmed.Thibid dpiexel wagltataiada Raintyap @i scagl esponds
to one exanple of the "transparent electrode " in the clains. The anorphous

t ranspar ent eIqgiﬁ@cgﬂgggfféuaﬂHaEntuﬂgggghigio@sshﬂaé@@gthereto but is a
rawmat erial thereof, corresponds to one exanple of the "el ectroconductive

oxi de” irk&ﬂg%i%h@hgﬁ/séf¥ﬁaéblukﬁoﬁ:ﬂgﬁpg%dgamu§i{5k d%sihﬂguﬂiﬁgﬂﬂgge gas,

pure argon gas or argon gas into whi gas was 1 ncorporated in’a trace

t of .about 1% by vol, t t electrode film_ whi Id 233
become ¢ e Y BHAeYiie Spat 1800t it 8" OhT arer ey BTG vas

deposited into a filmthickness of 1200 A.. This In20G3-ZnQ W03, fil m was
anal yzed HRF 8MRYEYCHFElact T oh AHETRETH SR @1FRACN HD eTheskivRsib68er ved,
and the filmwas an anorphous film The specific resistance of this film
was about thes dispergicrmakpsusletheld idigcharge in sputtering stable and

makes the resistance of the resultant transparent electroconductive
thin film low. This low~resistance film corresponds to cne example
of the electroconductive oxide in the claims.

[0560]

“Example 4-7"

In present Example 4-7, In,03; powder, GeO, powder and WO; powder
were used as starting powders. These powders each had an average
particle diameter of 1 pm or less.

First, the three powders, i.e., the In;0; powder, Ge0; powder
and WO; powder were formulated intc a given ratic so as to give a
sintered body having a composition of a Ge/In atomic ratio and W/In
shown in Table 5, and then the resultant was put into a pot made
of resin and mixed with a wet ball miil. At this time, hard Zr0;
balls were used, and the time for the mixing was set to 24 hours.
After the mixing, the resultant slurry was taken out, filtrated,
dried and granulated. The granulated product was molded by cold
isostatic press under a pressure of 3 ton/cm’.

[0561]
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was a filmcapable of being satisfactorily used as an electrode. This film
was et ched by photo-etching using a 3.5% by weight solution of oxalic acid
in water as an etchant, in such a manner that the filmwould be

el ectrically connected to at | east the pattern of the source el ectrode
3007. In this way, the pixel electrode 3009, which was nade of the desired
anor phous el ectrode, was fornmed. At this tine, the source el ectrode 3007
and the drain electrode 3008 of Al hardly eluted out by the etching
solution. A gate-line-leading-out section 14 and a

sour ce/ drai n- | i nexdceadhng-itacsepib@icB80k) arigrakeq acovgioed, Wi byt he
transparent electrode (see Fig. 10) . In this way, a TFT array substrate is

conpl et ed. atm'sﬁhgfg @{é@insﬁé?%éﬁt@as q%rr%aﬁe@@%h& ane SXanple g athe TFT
substrate in the clains [ 05 The 3.50 by weight solution of oxallc acid

I n wat er 'S%’.nl@?gn r%g?u%tt(:g%g&e %%r g'lltel: (e) %r ?f g rieghé Q ura?matsr |t Ee

etchant, "an ag Ueo tion conta|n|ng pzosp ¢ acid/ ace

acid, or an a%g‘@gs solut|o% %Ilnlng ceréun1annon|un1n|trate In the
case of usiffg % THGURGTs 1951 UPHRE LA 18Fr 1S LaMBS T At ages as
in the case of oxalic acid are obtained. 234 [0577] In Fig. 10, only one
TFT (thi n failsecdeitdiSisionye i sWhenhbhe pavdect et oatlad aftewenhersingleyial, TFTs

are arranged on a substrate to make an array structure. Since the
st ruct ur eschef inhecdikdisicar efeorigdert @asesiodpmdcher Thonleyparaecte omal thierw of

the single TFT is illustrated in Fig. 10.
lowered to 1000°C at 10 °C/minute.

A cracked part of the resultant sintered body was crushed into
pieces, and then powder X-ray diffraction measurement was carried
out. As a result, only a diffraction peak resulting from an indium
oxide phase having a bixbite-based structure was observed.
Accordingly, the resultant was judged as a sintered oxide having
the characteristics cf the invention. EPMA analysis of the fine
structure of this sintered body demonstrated that gallium underwent
solid solution into the indium oxide phase. By dispersing in this
way, the average diameter of the crystal grains was made into 4.6
pn. This diameter was obtained by image processing. This sintered
body was worked into a diameter of 101 mm and a thickness of 5 mm,
and a sputtering surface thereof was polished with a cup grindstone,
thereby producing a target. Metallic indium was used to bond this
target to a backing plate made of oxygen-free copper.

[0562]

Whengalliumoxideparticles arepresent inatarget, the target

is generally electrified with argon ions radiated from plasma since
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[0578] Thereafter, a light-shielding pattern is further forned

subsequently to the state illustrated in Fig. 10, so as to conplete

ana-Si TFT active matrix substrate. This substrate is used to produce a
TFT-LCD system flat display. The produced display can give halftone display
(gray-scal e display) wi thout any problem This TFT-LCD systemflat display
corresponds to one exanple of the liquid crystal display in the clainmns.
[0579] In present Exanple 4-9, there has been descri bed an exanple wherein
the sputtering target produced in Exanple 4-5 is used to produce a TFT
array substeaspeaint of nesheraride o5 theegh 110 urbkei de bhgui dlesrygsiath. di apl ay; it
is also preferred to use sputtering targets of other Exanples 4-1 to 4-7 to

produce TRETraghay, %%Q&h@aﬁﬁéaulsédl S Thak SRt er v &dbdatotde iz kant ay
substrates are each used to nake a liquid cryStal display. In the sane

20 PR DRILAN0Y Sower ab AL &f¥ﬁéaéa%%g%$¥na%eﬁ§gﬂe€aédc hale

di splay (gray-sca sati sfactorl ai ned i tal ne

[ 0580] E. | e nd | ant hanoi ds Hereinafter,
exanpl es éﬁ%ﬁ?nﬁf %ng%%g rﬁplgt%Peﬁﬁ9q ﬁ?ﬂﬁnﬁ%?ﬁ?ﬁ 'n the first group will be
described. In each of Exanple 4-10 to Exanple 4-23, which will be descri bed
bel ow, the stepQDdééér@H@f NANEx ahp| e 2DVeTMenti ongldt Exgfin|aEsoAdBNI and 4- 5

were carried out to produce sputtering targets, and neasure
to the invention, the specific resistance of each of the indium oxide

wherein gallium undergoes substitution/solid-solution into indium
sites and the indium gallate compound is low. In other words,
high-resistance particles arenot present; thus, the arcingishardly
generated even if the applied power is increased. For this reason,
a film can be formed at a high speed by applying a high electric
power.

[0563]

It is preferred that tungsten is “dispersed”, in particular,
tungsten undergoes substitution/sclid-solution inte indium sites
of indium oxide. That is to say, the form that tungsten is contained
in the target may be a form that tungsten is dispersed as a tungsten
oxide such as WO; or WO; in the indium oxide sintered body. The form
may be a form that tungsten is dispersed as a complex oxide between
indium cxide and tungsten oxide such as InyW30p; in the indium oxide
sintered body. By dispersing in this way, the average diameter of
the crystal grains was made into 4.8 pm. This diameter was obtained
by image processing.

Tt 1s preferred that tungsten atoms undergo
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the relative densities and the average particle dianmeters thereof. The
results are shown in Table 6. The sane nanner as in Exanple 4-8 was used to
nmeasure the contact resistance with Al. The results are also shown in Table
6. [0581] A transparent el ectrode having a conposition described in each

of Exanple 4-10 to Exanple 4-23, which will be described below, was used to
produce a liquid crystal display in the sanme manner as in Exanple 4-9. As a
result, the display operated wi thout any problem in the sane manner as in
above Enbodi nent 4-9, and was able to give halftone display satisfactorily.
[0582] [ Talis¢i6ht 286/ Salblde sélAvermgenthr dndpamestit&@mtfadhdiesi stiaikce with Al
[ML [M]/ Relative electrode particle Exanmple M ([1In]+[M M2 ([In]+[M 2])
density divaretey spegdddrcid assiAsed assé theanspenenixige seststaneedy

/ bansperent el ectrode mm m4emelectrode /Al 4-10 N 0.03 Go 0.02 97 2.1

480 22. 4 Zaﬁt Gr, ét&%lé\/ll%v@_ﬁ ZrrHe 082960 Zrere®8r2ls 31an dhedsdni QB4 Co
0.03 95 3.1 435 32.

dispersioniseffective sincethedispersionmakeselectricdischarge
in sputtering stable and makes the resistance of the resultant
transparent electroconductive thin film low. This low-resistance
film corresponds to one example of the electroconductive oxide in
the claims.

[0564]

B. Comparative Examples

Examples for comparison with above Examples 4-1 to 4-7 will
be described hereinafter. The content of the comparative examples
is also shown in Table 5.

[0565]

“Comparative Example 4-1"

A sputtering target was preduced in the same way as in above
Example 4-3 except the following:

A different point from Example 4-3 was that WO; was not used
as any raw material so that tungsten (W) was not contained in the
sputtering target. The other matters were the same as in Example
4-3. The relative density cof the produced sputtering target was 99%.
The average particle diameter was 12.8 pm (Table 5). These
measurements were performed in the same way as in Example 4-3.

[C566]
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4-13 No 0.04 Sn 0.05 96 3.5 386 31.5 34.6 4-14 Ce 0.03 - - 96 2.3 493 35.3
38.3 4-15 Ce 0.05 Sn 0.05 97 2.8 387 33.2 36.4 4-16 H 0.03 - - 95 3.6 425
42.0 43.0 4-17 H 0.04 Zn 0.10 96 2.5 463 42.3 43.5 4-18 Er 0.04 - - 95
3.7 487 39.9 43.8 4-19 Fe 0.04 - - 97 4.3 456 28.4 34.2 4-20 Fe 0.05 Zn
0.10 95 4.2 450 29.6 35.4 4-21 Pd 0.03 - - 96 4.1 564 37.6 47.6 4-22 Pt
0.03 - - 95 4.2 657 23.7 26.8 4-23 La 0.10 Zn 0.30 98 2.2 620 23.0 39.3 The
steps in Exanples 4-1 or 4-2. and Exanple 4-3 or 4-5 were carried out. and

t he cont act reS|stances mnth Al ver e measured by the method of Exanple 4-8.
The devi ces oper &g Exppler 6hkem in the sane manner as the TFT
device of Exanple 4- 9 The steps in Exanples 4-1 or 4-2, and Exanple 4-3 or
4-5 were carri édsputterandy thegeonaacprodsicst ances: whaib Wy werin akasdared by
t he met hod of Exanple 4-8. The devices operated wi t hout any problem in the
same nann@maﬁ@lbhe FTRIx@pt e@eoto EXaM L "Exanpl e 4-10" In present
Exanpl e 4-10, N was adopted fromthe flrst group M. Ga was adopted from
the second group, MRrrdRsh@lQThE £QRPERLLLPD 4 rsa&ag atNNO [d%"s]r{c.{[ﬁ ﬂ}seé[ [N])

was 0. 03, and the atomc corrp05|t|on rati o of

0,02, The felali ve, densitu of, dhe proguced g%e“ )con g8heges, O The

aver age par aneter

sputtering target. Another different point was that the atomic

composition ratio of Zn ([Zn]/[Z2n] + [In]) was 0.16 wherein the [Zn]
represents the number of the atoms of zinc and the [In] represents
the number of the atoms of indium. The other matters were the same
as in Example 4-5. The relative density of the produced sputtering
target was 98%. The average particle diameter was 3.8 um (Table 5).
These measurements were performed in the same way as in Example 4-5.

[0567]

C. Resistance of the case cof adopting each of the transparent

electroconductive films

“Example 4-8"

Each of the sputtering targets cbtained in above Examples 4-1
to 4-7 was fitted to a DC sputtering apparatus. A mask (a kapton
tape) for first film-formation was fitted onto a slide glass, and
A} was formed into a film of 200 nm thickness. Thereafter, the mask
was lifted off to form a given Al pattern. A mask (a kapton tape)
for second film-formationwas fitted thereto. Eachof the sputtering
targets was used to form a transparent electroconductive film

(transparent electrode) of 200 nm thickness. The mask for
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[ 0583] Next, the resistance value was neasured in the sanme way as in above
Exanple 4-8. As a result, the specific resistance of the transparent

el ectrode was 480 pOcm (see Table 6). [0584] The contact resistance with Al
was 22.4 Q when glass, Al and the transparent el ectrode were |am nated on
glass in the order of "glass/Al/transparent electrode". The contact
resistance wwth Al was 26.6 Q when the sane were lamnated on glass in the
order of "glass/transparent electrode/Al" (see Table 6). [0585] "Exanple
4-11" In present Exanple 4-11, N was adopted fromthe first group M. Zn
was adopt el frr-dertheiseeend iditedpiPo dheaat aniiceacmiesiratoforratnitacef Ni
([Ni]/[In] +[N]) was 0.05, and the atom c conposition ratio of Zn

([ Zn] /[ I n]resistahrevwnsa S fdhenthe TelAttirdasgensit 1@kt rbhSnMEOGULEE 1 1m
sputtering target was 96% The average particle dianmeter was 2.2 m (see

Table 6). &&5&%02%%@ 4 éx%ﬁ%?é%‘ﬁ%h‘éa'eﬁé?%cm{&%g BQ;&%‘E@?%@ way as

i n above Exanple 4-8. As a resu the specific resistance o

ansparonty £geL 008, 183 S0 £ G 360 T 2.8 ol L 2R s et ot
were |am ngzgc?ghgrq t leal?éssiisrt]:atngg oofr gg{—g “%flass/Al/transparent electrode” was
measured. The result is together shown in Table 5.

[0568]

A substrate cf “glass/transparent electrode/Al”, for contact
resistance measurement, was also cbtained by forming the films in
order of the transparent electrode and Al. Similarly, the measured
result of the resistance of this substrate is together shown in Table
5.

About the sputtering targets obtained in above Comparative
Examples 4-1 to 4-2 also, the same measurement was made. The results
are also shown in Table 5.

(0569]

As shown in Table 5 also, in the case of forming a film of
a transparent electrodecnAl, the surface of A1 isoxidized toproduce
A1.0;. Thus, the resistance value generally becomes large. Inother
words, as shown in Table 5, in the electrodes containing none of
W, Mo, Ni, Nb, Fe, Pt, Pd and lanthanoids (the comparative examples),
themeasuredresistancevalueofthe“glass/Al/transparentelectrode”

is large {see Comparative Examples 4-1 and 4-2 in Tabkle 5). In light

of thismatter, atransparentelectrcdewhereinthecontact resistance
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"glass/ Al /transparent electrode". The contact resistance with Al was 25.4 0
when the sane were |lam nated on glass in the order of "glass/transparent

el ectrode/ Al" (see Table 6). [0588] "Exanple 4-12" In present Exanple 4-12,
Nb was adopted fromthe first group M. Ge was adopted fromthe second
group M2. The atom c conposition ratio of Nbo ([No]/[In] + [Nb]) was 0. 04,
and the atom c conposition ratio of Ge ([Zn]/[In] + [Zn]) was 0.03. The
relative density of the produced sputtering target was 95% The average
particle diameter was 3.1 m(see Table 6). [0589] Next, the resistance

val ue was carasdmestid Bmbhe sanmdewayodsded byaboyergowtmhg @; 810,ANia Kesul t,
the specific resistance of the transparent electrode was 435 plum (see

Tabl e 6). H0580] pdTARcLONLAGEHERSISS ane, W, hrll was pd2add Q neeAngl ass, Al
and the transparent el ectrode were |am nated on glass in the order of

gl ass/ ALlLnanspasent; Beeh! eenp1 N0 _GBNtacs_Jeglabgnoe with Al - was 35.5
92 when the sane were |l am nated 'on glass n the order of gl ass/transparent
el ectrode/ A" (ﬁ%s §?ble 6). [0591] 239 "Exanple 4-13" In present Exanple
4-13, Nb was adop g fromthe first group M. Sn was adopted fromthe

second group M2. The atom c caonposition
D. Production of a TFT array substrate

“Example 4-9”

An example wherein a TFT array substrate was produced on the
basis of the invention will be described with reference to Fig. 10.

First, a metallic A1 (99% Al and 1% Nd) is first deposited
onto a light-transmissible glass substrate 3001 by high-frequency
sputtering, so as to have a film thickness of 1500 A. This is etched
by photc-etching using a phesphoric acid-acetic acid-nitric
acid-based aqueous sclution as an etchant to form a gate electrcde
3002 having a desired shape and a gate electrodewiring 3002a connected
to the gate electrode 3002.

[0571]

Next, asiliconnitride (SiN) film, for formingagateinsulation
film 3003, is deposited thereon by glow discharge CVD, so as to have
a film thickness of 3000 A. Subsequently, an o~ Si:H (i) film 3004
is deposited thereon to have a film thickness of 3500 A, and further
a silicon nitride (SiN) film, which will be a channel protective
layer 3005, is deposited thereon to have a film thickness of 3000
A. As the discharge gas at this time, a 5iH;-NH3;-Ny-based mixed gas

is used when the SiN films, which will be the gate insulation film
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ratio of No ([No]/[In] + [Nb]) was 0.04, and the atom c conposition ratio
of Sn ([Sn]/[In] + [Sn]) was 0.05. The relative density of the produced
sputtering target was 96% The average particle dianmeter was 3.5 pm (see
Table 6). [0592] Next, the resistance value was neasured in the sane way as
in above Exanple 4-8. As a result, the specific resistance of the
transparent el ectrode was 386 pOcm (see Table 6). [0593] The contact
resistance with Al was 31. 5 Q when glass, Al and the transparent el ectrode
were lam nated on glass in the order of "glass/Al/transparent el ectrode".
The cont actdCPegidsirgrrd@niiel ipraitechave 3gyer 800hane fhemsdme AldHe NabiAated on
glass in the order of "glass/transparent electrode/ Al" (see Table 6).

[0594] " mMxepl gad- i "udenl phesetiie kxaginlHe (44 141 1:0s308S iadepteed f rom t he
first group M. No netal in the second group M2 was used. The atom c
conposi tion ratjiog7eff Ce ([Ce]l/[IN] + [Ce]) was 0.03. The relative density
of the produced sputtering target was 96% The average particle dianeter

was 2.3 pm (see yEah! & sidfPi 05 ch MeXi pelhe Rshst Fckekahve 1Wsr
measured in the sane way as in above Exanple 4-8. As a result, the specific
resist anc%o%fS,tigedr)}—reﬁ@gﬁggﬁggﬁg g'c%%tgragg%ové@sstoll c?’mpt Ce%ﬁa%%%l%%@t%c@lve
layer 3005 having a desired shape. A situation of this channel
protective layer 3005 is illustrated in Fig. 10.

Subsequently, a SiHy—H,~PHs~based mixed gas is used to deposit
an o-Si:H (n) film 3006 into a film thickness of 3000 A. Next, a
Cr/Al bi-layered film is formed thereon by depositing Cr into a film
thickness of 0.1 umand Al into a fiimthickness of 0.3 um successively
by vacuum deposition or sputtering.

[0573]

About this bi-layer, its Al and its Cr are etched by
photo-etching with a H3P0,-CH3;COOH-HNO;-H,O-based etching solution
andanagqueous solutionof cerium (IV) ammoniumnitrate, respectively.
By the photo-etching, a desired pattern of the layer electrode 3007
and a desired pattern of the drain electrcde 3008 are formed.
Furthermore, the a-5i:H (i) film 3004 and the a-Si:H (n) film 3006
are etched by using a combination of dry etching using a CHF-based
gas and wet etching using an agquecus hydrazine (NH;NH;-H;C) solution,
so as to form a desired pattern of the o-Si:H (i) fiim 3004 and a
desired pattern of the a-5Si:H (n) film 3006. Next, a transparent

resinresist 3016 isusedtoformaprotectionfilm. InpresentExample
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[ 0596] The contact resistance with Al was 35.3 0 when glass, Al and the
transparent el ectrode were |lam nated on glass in the order of
"glass/ Al /transparent el ectrode"”. The contact resistance with Al was 38.3
S2 when the sane were lam nated on glass in the order of "glass/transparent
el ectrode/ Al" (see Table 6). [0597] "Exanple 4-15" In present Exanple 4-15,
Ce was adopted fromthe first group M. Sn was adopted fromthe second
group M2. The atom c conposition ratio of Ce ([Ce]/[In] + [Ce]) was O0.05,
and the atom c conposition ratio of Sn ([Sn]/[In] + [Sn]) was 0.05. The

rel ative dei¥sitiye ofi-lbhered dduaedf Spuat@@ings tateglet i nwds 978 pHa€eaved age
particle dianmeter was 2.8 pm (see Table 6). [0598] Next, the resistance

val ue was gieasMpedri ot heSaiRe VaY 12%ed i As8BAY & EXaMkeed4rdy, An)a result,
the specific resistance of the transparent el ectrode was 387 pDcm (see

Table 6). [0599,.Thercont %t&ﬂé{&%i%cff‘@ste@ & g\‘é{%% c;tﬁxt%cjc.zh 3giass, Al

and 241 the transparent efectrode were [ am nate ass in the order of
when the SEHEoRBTEE SR RaCEd Be BIoaee RO haobl aty SBP SR retrpartiar oni
el ectrode/ Al" (see Table 6). [0600 ,
electrode, that is, a pixel electrode (a pixel electrode pattern
3009), and so forth.
[0574]
An amorphous transparent electroconductive £film is deposited
on this substrate, on which the patterns of the source electrode
3007 and the drain electrode 3008 made of the metallic Al are made,
by sputtering using a sputtering target made mainly of indium oxide,
zinc oxide, and tungsten oxide and obtained in Example 4-5. This
amorphcous transparent electroconductive film is also made mainly
of indium oxide, zinc oxide and tungsten oxide. In this way, the
pixel electrode pattern 3009 and so forth are formed. This pixel
electrodepattern 3009 corresponds tocneexamplecf the “transparent
electrode ” in the claims. The amorphous transparent
electroconductive film, whichisasimilartheretobut isarawmaterial
thereof, correspends to one example of the “electroconductive oxide”
in the claims.
[0575]
In a manner of using, as the discharge gas, pure argcn gas

or argon gas into which O; gas was incorporated in a trace amcunt

of about 1% by volume, a transparent electrode film, which woculd
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"Exanpl e 4-16" In present Exanple 4-16, Ho (holmum was adopted fromthe
first group M . No netal in the second group M2 was used. The atom c
conposition ratio of Ho ([Ho]/[In] + [Ho]) was 0.03. The relative density
of the produced sputtering target was 95% The average particle dianeter
was 3.6 pm (see Table 6). [0601] Next, the resistance value was neasured in
the sanme way as in above Exanple 4-8. As a result, the specific resistance
of the transparent electrode was 425 pOcm (see Table 6). [0602] The
contact resistance with Al was 42.0 1) when glass, Al and the transparent

el ect r ode hseorel @ paked drecyrads dattele Wlteandfso byllagsirAly tatahspar ent

el ectrode". The contact resistance with Al was 43.0 Q when the sane were

| am nat ed woi3 gbpssitidyl til@cos BT 10t hitghass/dff anspak entthek ept,nodaidh, (see
Table 6). [0603] "Exanple 4-17" In present Exanple 4-17, Ho (holmum was

adopt ed frQmi fgs 42 JfAkShy M ouRaM ;1 £R- W8S Adneteds f ram & he s8¢ond,gr oup
M2. The atomc conpositionratio of Ho ([Ho]/[In] + [Ho]) was 0.04, and the

t om itd ' 0.10. The relati
Gensi y oo bt HnEal olhe Eher Tar gt dud g Rt ot SBReif B °

di aneter was 2.5 pm (see Table 6). [0604] i ,
resistance of this film was about 3.8 x 107" Qcm. Thus, the film

was a film capable of being satisfacteorily used as an electrode.
This filmwas etched by photo-etching using a 3.5% by weight sclution
of oxalic acid in water as an etchant, in such a manner that the
film would be electrically connected to at least the pattern of the
source electrode 3007. In this way, the pixel electrode 3009, which
was made of the desired amorphous electrode, was formed. At this
time, the source electrode 3007 and the drain electrode 3008 of Al
hardly eluted out by the etching solution. A gate-line-leading-out
section 14 and a source/drain-line-leading-out section 3010 are also
covered with the transparent electrode (see Fig. 10}. In this way,
a TrT array substrate is completed. This TET array substrate
corresponds to cone example of the TFT substrate in the claims.

[0576]

The 3.5% by weight solution of oxalic acid in water 1s used
as the etchant herein. It is also preferred to use, as the etchant,
an aqueous solution containing phosphoric acid/acetic acid/nitric
acid, or an aqueous solution containing cerium ammonium nitrate.
In the case of using these agueous sclutions, the same effects and

advantages as in the case of oxalic acid are obtained.
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Next, the resistance value was neasured in the sane way as in above Exanple
4-8. As aresult, the specific resistance of the transparent el ectrode was
463 pDcm (see Table 6). [0605] The contact resistance with Al was 42.3 0
when glass, Al and the transparent el ectrode were |lam nated on glass in the
order of "glass/Al/transparent el ectrode". The contact resistance with Al
was 43.5 52 when the sane were |am nated on glass in the order of
"glass/transparent el ectrode/ Al" (see Table 6). [0606] "Exanple 4-18" In
present Exanple 4-18, Er (erbiun) was adopted fromthe first group M. No
metal in the sec@d7group M2 was used. The atom c conposition ratio of Er
([Er]/[In] + [Er]) was 0.04. The relative density of the produced

sputtering targetn wag. 96YonThenaviermageirPad In €165l ABRY efs Yes,s3racRm, (Ssee
Table 6). [0607] Next, the resistance val ue was neasured in the sane way as

fi‘in'sBa?Eﬁ%’&W%:wTLﬁ%ﬁ‘%sr fﬁé%@i%%sf%%s%%"%éﬁf?&%? %s‘%&%@ﬁ% 2k ?ct d
A
wor o | am i 878K Y GL TR 3 BRAE® gt marlagg/o/ﬁ PSR BR S Biodct Poder

The contact resistance with Al  was 43.8 Q when the sane mere | am nat ed on
glass in t4cHPERer ofonly a sectional view of the single TFT is illustrated

in Fig. 10.

[0578]

Thereafter, a light-shielding pattern is further formed
subsequently to the state illustrated in Fig. 10, sc as to complete
ano-SiTFT activematrix substrate. This substrateisusedtoproduce
aTFT-LCDsystemflatdisplay. Theproduceddisplaycangivehalftone
display (gray-scale display) without any problem. This TFT-LCD
system flat display corresponds to one example of the liquid crystal
display in the claims.

[0579]

In present Example 4-9, there has been described an example
wherein the sputtering target produced in Example 4-5 is used to
produce a TET array substrate and further it is used to make a liquid
crystal display; it is also preferred tc use sputtering targets cf
other Examples 4-1 to 4-7 to produce TrT array substrates. It is
also preferred that the TFT array substrates are each used to make
a liquid crystal display. In the same manner as described above,
a liquid crystal display wherein halftone display (gray-scale

display) is satisfactorily attained is obtained.
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"glass/transparent electrode/ Al" (see Table 6). [0609] "Exanple 4-19" In
present Exanple 4-19, Fe was adopted fromthe first group M. No netal in
the second group M2 was used. The atom c conposition ratio of Fe ([Fe]/[In]
+ [Fe]) was 0.04. The relative density of the produced sputtering target
was 97% The average particle dianeter was 4.3 pm (see Table 6). [0610]
Next, the resistance value was neasured in the same way as in above Exanple
4-8. As a result, the specific resistance of the transparent el ectrode was
456 pOcm (see Table 6). [0611] The contact resistance with Al was 28.4 0
when gl ass, Al d0ndscthe transparent el ectrode were |am nated on glass in the
order of "glass/Al/transparent el ectrode". The contact resistance with Al

was 34.2 0 whengthgxsapE-yeiRutanNt Nafed N gkassqiind haehdabied 244
"glass/transparént electrode/Al ™ (See Tabie 6). [00612] "Exanpie 4-20" In

present Exanpl e 0 Fe- ek, 405, A0PPLEY S oD L B8 anliCargrona M 2n

was adopted fromthe second gr ofic’ cdnposition ratio of Fe

[Fe] [In] .+ e]).was 0.05, and the atonjc, conposition ratio of Zn

([Zn]/[ln]m+[t Zn 3&%h§“6pfowl$ﬂéb$é#§FF9 ®dyensity of the produced

sputtering target was 95% The average _ , _
Ineachof Example 4-10 t0 Example 4-23, whichwill be described

below, the steps described in Examples 4-1 cor 4-2, and Examples 4-3
and 4-5 were carried out to produce sputtering targets, and measure
the relative densities and the average particle diameters thereof.
The results are shown in Table 6. The same manner as in Example 4-8
was used to measure the contact resistance with Al. The results are
also shown in Table 6.

[0581]

A transparent electrode having a composition described in each
of Example 4-10 to Example 4-23, which will be described below, was
used to produce a liquid crystal display in the same manner as in
Example 4-9. As a result, the display operated without any problem
in the same manner as in above Embodiment 4-9, and was able to give
halftone display satisfactorily.

[0582]

[Table 6]
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particle dianmeter was 4.2 gm (see Table 6). [0613] Next, the resistance

val ue was neasured in the sane way as in above Exanple 4-8. As a result,
the specific resistance of the transparent el ectrode was 450 plkm (see
Table 6). [0614] The contact resistance with Al was 29.6 0 when gl ass, Al
and the transparent electrode were |am nated on glass in the order of
"glass/ Al /transparent el ectrode". The contact resistance wth Al was 35.4 0
when the sane were lam nated on glass in the order of "glass/transparent

el ectrode/ Al" (see Table 6). [0615] "Exanple 4-21" In present Exanple 4-21,
Pd (pall adium was adopted fromthe first group M. No netal in the second
group M2 wasTased. The atomc conposition ratio of Pd ([Pd]/[In] + [Pd])
was 0.03. The relative 245 density of the produced sputtering target was
96% The average particle dianmeter was 4 m (see Table 6). [0616] Next,

the resistance val ue was nﬁasdred in the sgne waysas  i“Tawgre “EXanpl e 4-8.
As a result, the %pemﬂﬁlc rsé x%ﬁﬁ%)aﬁﬁghemmxrgggparVQL/gl 6LJ00e was 564
pl2cm (see bl e 3 (OBIMTY hie" cont'act o« eSSt aRERni tﬁ:g,a,@,]a,,nyvqr;m 7.6 0 when
glass, Al and the transparent| el ectrode wer€ |laftnat ¢tkvon cLass in the
order of 4-10 [Ni [0.03 Ga |0 02 97 2.1 480 22. 4 6.6

4-—11 Ni |0 05 Zn 0. 08 86 2.2 562 21.3 25. 4

4—12 Nb 0. 04 Ge 0. 03 85 3.1 435 32.7 35.5

4—13 Nb |0. 04 Sn 0. 05 96 3.5 386 31.5 34.6

4—14 Ca |0.03 - - 96 2 3 493 35. 3 38. 3

4—15 Ce |0.05 Sn 0. 05 97 2.8 387 33. 2 36. 4

416 Ho 10. 03 - — 95 3.6 425 42. 0 43. 0

4=-17 He (0. 04 Zn 0.10 96 2.5 463 42. 3 43. 5

4—18 Er {0.04 - — 95 3.7 487 39. 9 43. 8

4—19 Fe |0.04 - — a7 4.3 456 28. 4 34. 2

4—20 Fe |0.05 Zn Q.10 95 4.2 450 29. 6 35. 4

4—21 Pd (0. 03 — — a6 4.1 564 37.6 47. 6

4—-22 Pt |0. 03 - - 85 4.2 657 23. 7 26.8

4—23 La |Q0. 10 Zn 0. 30 98 2,2 620 23. 0 38. 3

The steps in Examples 4-1 or 4-2, and Example 4-3 or 4-5 were camied out, and the contact resistances with Al were
rl'sneasurl'eti b; the method of Example 4-8. The devices operated without any problem in the same manner as the TFT device of
xample 4-9.

The steps in Examples 4-1 or 4-2, and Example 4-3 or 4-5 were
carried out, and the contact resistances with Al were measured by
the method of Example 4-8. The devices operated without any problem

in the same manner as the TFT device of Example 4-9.

“Example 4-10"

In present Example 4-10, Ni was adopted from the first grcup
Ml. Ga was adopted from the second group M2. The atomic composition
ratio of Ni ([Ni]l/[In] + [Ni}) was 0.03, and the atomic composition
ratio of Ga ([Gal/[In] + {[Ga]) was 0.02. The relative density of

thepreducedsputteringtargetwas 97%. Theaverageparticlediameter
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"glass/ Al /transparent el ectrode”. The contact resistance with Al was 47.6 Q
when the sane were |lam nated on glass in the order of "glass/transparent

el ectrode/ Al" (see Table 6). [0618] "Exanple 4-22" In present Exanple 4-22,
Pt (platinum was adopted fromthe first group M. No netal in the second
group M2 was used. The atomic conposition ratio of Pt ([Pt]/[In] + [Pt])
was 0.03. The relative density of the produced sputtering target was 95%
The average particle dianmeter was 4.2 pm (see Table 6). [0619] Next, the
resi stance val ue was neasured in the sane way as in above Exanple 4-8. As a
result, thessgetifci{gassilebance) of the transparent el ectrode was 657 N4cm
(see Table 6). [0620] 246 The contact resistance with Al was 23.7 Q when
glass, Al and t[l#é8Biansparent el ectrode were | am nated on glass in the
order of "glass/Al/transparent el ectrode”. The contact resistance with Al

was 26.8 0 whenNehe,san® m&fiethasknad R aasghéssuldy tihetne dedmolay
"gl ass/transpar ent el ectrode/ Al " (see Table 6). [0621] "Exanple 4 23" I n

present Exa/phg,4 E%émﬁlié flant Ranums was, aﬁgeogggc{f%nfe@&stéhéétof%ﬁgp M.

Zn was adopted fromthe second group M. atomc conposition ratio of La
([La]/[lrﬂtrang L%nt éﬁectrodeaggstig% ?&f&ﬁ %see Table €).

[0584]

The contact resistance with Al was 22.4 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 26.6 {2 when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0585]

“Example 4-11"

In present Example 4-11, Ni was adcopted from the first group
Ml. Zn was adepted from the second group M2. The atomic compesition
ratio of Ni {[Ni]/[In] + [Ni]) was 0.05, and the atomic composition
ratio of Zn ([Zn]/[In] + [Zn]) was (.08. The relative density of

theproduced sputteringtarget was 96%. Theaverageparticlediameter

was 2.2 um (see Table 6).

[C586]
Next, the resistance value was measured in the same way as

in above Example 4-8. As a result, the specific resistance of the

transparent electrocde was 562 pfdcm (see Table 6).

[0587]
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conposition ratio of Zn ([Zn]/[In] + [Zn]) was 0.18. The relative density
of the produced sputtering target was 98% The average particle dianeter
was 2.2 pm (see Table 6). [0622] Next, the resistance val ue was neasured in
the sane way as in above Exanple 4-8. As a result, the specific resistance
of the transparent el ectrode was 620 pf2cm (see Table 6) [0623] The
contact resistance with Al was 23.0 0 when glass, Al and the transparent
el ectrode were lam nated on glass in the order of "glass/Al/transparent

el ectrode”. The contact resistance with Al was 39.3 0 when the sane were

| am nat ed on gl &&= rontdet oedéestafce Wgkass) wranspar Envhet edusededAbhd( see
Table 6). [0624] 247 F. Variations As the above-nentioned exanples, there
have been tesctrabedarexarpkeesrode ngerenlymiome:dd om §Wadd,inNihe Ny, derepfPt, Pd
and lanthanoids in the first group M; needless to say, the sane effects

and advantages:s/al ¢t piogiaecttWaBac{ ¥HoT. NEHE chbheref raymiatandsegitrAalt he
above- nenti oned exanpl es, there have been described exanpled using only one

from Sn, ﬁ%sa%.ﬁnﬁ FHed HHNE S %09596 \?\J;]a%%at%; ogsglcgs%sare{; g?gaé/rdeg'lgfsame

effects a ant ages are produce en two or ret rom are used.

248 CLAI Ns‘glass/transparent electrode/Al” (see Table 6).

[0588]

“Example 4-127

In present Example 4-12, Nb was adopted from the first group
Ml. Ge was adopted from the second groupM2. The atomic composition
ratic of Nb ([Nb]/[In] + [Nb]) was 0.04, and the atomic composition
ratic of Ge ([{Zn)/{In] + [Zn]) was 0.03. The relative density of
theproducedsputteringtargetwas 95%. Theaverageparticlediameter
was 3.1 um (see Table 6).

[0589]

Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 435 pQldcm (see Table 6).

[0590]

The contact resistance with Al was 32.7 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Rl/transparent electrode”. The contact resistance with Al
was 35.5 () when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0591]
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1. A sputtering target, which is nmade mainly of indiumoxide, and
conprises: one or two or nore netal (s) selected fromthe first netal group
M consisted of W , Pt and Pd, or an oxide or oxides of the netal(s), and
an oxide or oxides of one or two or nore netal (s) selected fromthe second
metal group M2 consisted of |anthanoid-based nmetals. 2. The sputtering
target according to claiml, wherein the value of [M] / ([M] +[In]),
which is the conposition of one or two or nore netal (s) selected fromthe
first metal group M consisted of W Pt and Pd, or the netal oxide(s) to

i ndi um oxi de, I"E£xEmphe04008 to 0.2, and the value of [M]JI([M] + [INn]),
which is the conposition of the oxide (s) of one or two or nore netal (s)

sel ected fromt e peesosntt Exaiple grQep W2 wak dddpdeansoreh kases re@t aksupo
i ndiumoxide, is from 0.005 to 0.2, wherein the (ML] represents the nunber

of the atquE of wABRHLEWE Ok THY & rdip msel egkbed dfiendpeshiicish metal
group, the [M2] represents the nunber of the atons of one or two or nore

e oes )y SR EE M [P RESONARRD aIGOUR, AROCROGERTE JGHRIFILS 1 he

nunber of the atons ium € sp ering target according
to claim1 qr, 2, erein e oxide(s) of o or_.nore_netal ( sel ected from
t he seconora%é‘[oaf)fm%‘?o Enﬂ/ét[gfl] I%n[%ﬁéio‘i"‘?is- tparsbgd rPé}feal@liaE}Yi‘:r’éE%ﬁl&Yi gé or
oxides of one or nmore netals selected fromla, Ho, and Er. 249 4- A

sput t er i ng-heREpstuceqisPehtp5ipmeRr &t Ward? tim okieeverspparticlediameter

was 3.5 um (see Table 6).

[0592]

Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the

transparent electrode was 386 pQcm (see Table 6).

[0593]

The contact resistance with Al was 31.5 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 34.6 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0594]

“Example 4-14"

In present Example 4-14, Ce was adcpted from the first group
M1. Nometal in the second group M2 was used. The atomic compositicn
ratio of Ce ([Cel/[In] + [(Ce]) was 0.03. The relative density of
theproduced sputteringtargetwas 96%. Theaverageparticlediameter

was 2.3 um (see Table 6}.
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conprises: one or two or nore netal (s) selected fromthe first metal group
M consisted of W Pt and Pd, or an oxide or oxides of the netal(s), an

oxi de or oxides of one or two or nore netal (s) selected fromthe second
metal group M2 consisted of |anthanoid-based netals, and an oxide or oxides
of one or two or nore netal (s) selected fromthe third netal group M
consisted of Zn, Sn, Zr, Ga and Ge. 5. The sputtering target according to
claim4, wherein the value of [M]/([M] + [In]), which is the conposition
of one or two or nore netal (s) selected fromthe first netal group M
consisted of WI[ORS5&nd Pd, or the netal oxide(s) to indiumoxide, is from
0.005 to 0.2, the value of [M1 [M2] + [In]), which is the conposition of

t he oxide (s) ofNewne ohetwdsiGitafibeevaBicAlvatShesehent ath thensdne wagcand
metal group M2 consisted of |anthanoid-based netals to indiumoxide, is

from 0. 005 1 apdve adnne yad uepnefs E@%hd%[ MNBle spbbiilc reRiiGRahSe d¥ethne

conposition of the oxide(s) of the netal (s) selected fromthe third netal
group M3 cansisted of, Zn, Sn, Zr, d t 0,.1.,ndi oxide, is fromO. 005
to 2, mmeﬁéﬁﬁsPﬁée?RA?1%€%&P§§eﬁ?§ %%%P§%Wb§%68fT?%g?a oms of one or two or
nore netal (s) s%b %Ed fromthe first netal group, the [M] represents the
nunber of the at f one or two or nore netal (s) selected fromthe

second netal group, the [M3] represents the number 250
The contact resistance with Al was 35.3 Q when glass, Al and

the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 38.3 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0597]

“Example 4-15~"

In present Example 4-15, Ce was adopted from the first group
Ml. Snwas adopted £rom the second group M2. The atomic composition
ratio of Ce ([Cel/[In] + [Cel}) was 0.05, and the atomic composition
ratic of Sn ([Sn]/[In] + [Sn}) was 0.05. The relative density of
theproducedsputteringtargetwas 97%. Theaverageparticlediameter
was 2.8 um (see Table 6}.

[0598]

Next, the resistance value was measured in the same way as
in above Example 4-8, As a result, the specific resistance of the
transparent electrode was 387 pQcm (see Table 6).

[0599]

The contact resistance with Al was 33.2 Q when glass, Al and
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of the atons of the netal (s) selected fromthe third netal group, and the
[In] represents the nunber of the atons of netallic indium 6. The
sputtering target according to claim4 or 5, wherein the oxide(s) of one or
nore netal (s) selected fromthe second nmetal group M2 consisted of

| ant hanoi d- based netals is/are an oxide or oxides of one or nore netals of
La, Ho and Er. 7. A transparent electroconductive f ilm which is nade

mai nly of indium oxide, and conprises: one or two or nore netal (s)
selected fromthe first metal group M consisted of W Pt and Pd, or an
oxi de or diedesanfrandnd mieatyxle wamd haniodtde or obdddednothenmeder ¢ho or
nore netal (s) selected fromthe second netal group M2 consisted of

| ant hanoi d‘ddasedr et @drssparBnt Tdleedtraaepgar enfe ebetictocendychhye wiithnhl
according to claim7, wherein the value of [M] / ([M] + [In]) , which IS

the cOTPOSId 80.4.0h 0 Oindl WO, Y & ERALLS ) heatedyfamdhe

metal group M consisted of W e net al  oxi |nd| um

oxi de, is ‘q{%@th?Qr%é]aq:e%t g?gs(g%%e/ma.l L{gegfﬂkl)\@ I r)rE)NB] + [In]), Whl chis

t he conposition o one Or 'two or re netal (s) selected

fromthe second [ %gtogl group M2 of | anthanoi d-based netal s to indi um oxide,
is from 0.005 t wherein the [M] represents the nunber of the atons

of one or two or _nore netal (s) selected fromthe first netal group, the

[ M2] represents tHEMRLALETI®f the atons of one or two or nore metal (s)

selected fromthe second netal group, andthe [In] represents the nunber of
t he atons of i ndiupresent Example 4-16, Hc (holmium) was adopted from the

first groupM1l. Nometal in the second group M2 was used. The atomic
composition ratio of Ho ([Hol/[In] + [Ho]) was 0.03. The relative
density of the produced sputtering target was 95%. The average
particle diameter was 3.6 um (see Table 6).

[0601]

Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 425 pdcm (see Table 6).

[0602]

The contact resistance with Al was 42.0 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrocde”. The contact resistance with Al

was 43.0 € when the same were laminated on glass in the order cf

“glass/transparent electrode/Al” (see Table 6).
[0603]
“Example 4-17"

In present Example 4-17, Ho (holmium) was adopted from the
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251 9. The transparent el ectroconductive filmaccording to claim 7 or 8,
wherein the oxide(s) of one or nore netal (s) selected from the second
metal group M2 consisted of |anthanoi d-based netals is /are an oxide or

oxi des of one or nore netals of La, Ce, Ho and Er. 10. A transparent

el ectroconductive film which is made mainly of indium oxide, and
conprises: one or two or nore netal (s) selected fromthe first netal group
M consisted of W Pt and Pd, or an oxide or oxides of the netal(s), an
oxi de or oxides of one or two or nore netal (s) selected fromthe second
met al gr odp TRE oW ¥ ed Zefwasardortiest Brdaskd seepati grougitl anToxipiemde oxi des
of one or two or nore netal (s) selected fromthe third netal group M
consi st ed chpZritSm ratioGaf dnd( Gx]/ [ITh] THecl F arxspar edt aelechia acontict i ve
filmaccording to claim10, wherein the value of [M] / -([M] + [In] ) ,

which is thepeelposh ti:@io 6 RNe 2k L]0k MH1e WBba) (19). sehegkedtitom the
first metal group M consisted of W Pt and Pd, or the netal oxide(s) to

| ndium 0xifle<sks bE O 00040 ;guseg}g \galcge? o (LI Vit Lol Wi ch

is the corrp05|t|on ne or two or nore netal
sel ected from.t eco d net a%m?r oup ll’)lfl st ed of | anthanoi d-based

metal s to HAT&EG o erl yafy d“'”ﬁ)o(Sseteo the value of [M]/([MB] +

[In]), which is th§ corrp05|t|on of the oxi de(s) of the nmetal (s) sel ected
fromthe third nR! gr oup

Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 463 pQcm (see Table 6).

[0605]

The contact resistance with Al was 42.3 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 43.5 Q when the same were laminated cn glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[Ce06!

“Example 4-18"

In present Example 4-18, Exr (erbium) was adopted from the first
group M1. No metal in the second group M2 was used. The atomic
composition ratio of Er ([Er]/[In] + [Er]) was 0.04. The relative
density of the produced sputtering target was 95%. The average
particle diameter was 3.7 um (see Table 6).

[0607]

Next, the resistance value was measured in the same way as
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MB consisted of Zn, Sn, Zr, Ga and Ge to indiumoxide, is fromO0.005 252 to
2, wherein the [M] represents the nunber of the atons of one or two or
nore netal (s) selected fromthe first netal group, the [M] represents the
nunber of the atonms of one or two or nore netal (s) selected fromthe
second nmetal group, the [M3] represents the nunber of the atons of the
netal (s) selected fromthe third netal group, and the [In] represents the
nunber of the indiumatons. 12. The transparent el ectroconductive film
according to claim 10 or 11, wherein the oxide (s) of one or nore netal (s)
sel ect ed f¥bmlovhdsmededin®t aPsgr cigsuMR, cdisisseedf bt demistiance dkbabded
metals is/are an oxide or oxides of one or nore netals of La, Ce, Ho and

Er. 13. A drangpacadteientgdecqaducti @ gh assesuhbleéage, conprising: a
gl ass substrate, a transparent el ectroconductive filmwhich is fornmed over
the glass substy@o is made mainly of indiumoxide, and conprises one
ortwoornorenetal (s) selected fromthe first netal group M consisted of W

Pt and Pd, | ' t : i,d i d
of one or two or orerRrareres talre tEn T B P M N W e e

consi sted gf_ l.anthanoi d- bas tal s nd.a nmefal thin filmwhich is_forned
over the gt s Pahaarrate L1380 Meke RATRASTRE B S g The S Be
transparent el ectroconductive gl ass substrate according to claim 13

wher ei n trugkﬁﬁ&d@léFrTmﬁqagenF[Q@chrqqqﬁo Theygerkact resistance with Al

was 43.8 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0609]

“Example 4-19”

In present Example 4-19, Fe was adopted from the first group
M1. Nometal in the second group M2 was used. The atomic composition
ratio of Fe ([Fel/{In] + [Fe]) was 0.04. The relative density of

thepreducedsputteringtargetwas 97%. Theaverageparticlediameter

was 4.3 pm (see Table 6).

[0610]
Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the

transparent electrode was 456 plicm (see Table 6).

[06ll]

The contact resistance with Al was 28.4 Q when glass, Al and

the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al

was 34.2 Q when the same were laminated on glass in the order of
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is the conposition of one or two or nore netal (s) selected fromthe first
nmetal group M consisted of W Pt and Pd, or the netal oxide(s) to indium
oxide, is from0.005 to 0.2, and 253 the value of [M]/((M] + [In]), which
is the conposition of the oxide(s) of one or two or nore netal (s) selected
fromthe second netal group M2 of | anthanoi d-based netals to indium oxide,
is from 0.005 to 0.2, wherein the [M] represents the nunber of the atons
of one or two or nore netal (s) selected fromthe first netal group, and
the [ M] represents the nunber of the atons of one or two or nore netal (s)
sel ect ed frOmSEHEraeoHENreEAECHFoAlR ALl (sTReT2P ENSPar ent el ect roconducti ve
gl ass substrate according to claim13 or 14,wherein the oxide(s) of one or
two or nore netd@el8) selected fromthe second nmetal group M2 consisted of

| ant hanoi d- based netals is/are an oxide or oxides of one or nore netals of
La, Ho and Er. MGxaApteapsparent el ectroconductive glass substrate,
conprising: a glass substrate, a transparent electroconductive filmwhich is

formed over the rghassestibstaihe. 4150 Made @BLR! ¥mOfudndbypt OXiden and
conprises one or twornorenetal (s) selected fronthefirst  netal group

M, const ot e soflole 0 e GoRLENAF LR DIERALLPE, THRAL LBy 30
retal 9 oup B o0l sted of Lan o) g fesed etal ey 80 AR cRLd,0L o s
composition ratio of Zn ([2Zn]/[In] + [Zn]) was 0.10. The relative
density of the produced sputtering target was 95%. The average
particle diameter was 4.2 pum {see Table 6).
[0613]
Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrode was 450 pQlcm (see Table 6).
[0614]
The contact resistance with Al was 29.6 Q when glass, AL and
the transparent electrocde were laminated on giass in the order of
“glass/Al/transparent electrcde”. The contact resistance with Al
was 35.4 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Rl” (see Table 6).
[0615]
“Example 4-21"
In present Example 4-21, Pd (palladium) was adopted from the

first grecupMl. Nometal in the second group M2 was used. The atomic

composition ratio cf Pd ([Pd)/[In] + [Pd]) was 0.03. The relative
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third netal group M3 consisted of Zn, Sn, Zr, Ga and Ge, and a netal thin
filmwhich is forned over the glass substrate 254 and is nmade mainly of Al
or Ag. 17. The transparent el ectroconductive glass substrate according to
claim16, wherein the value of [M] / ([M] + [In]) , which is the
conposition of one or two or nore netal (s) selected fromthe first netal
group ML consisted of W Pt and Pd, or the netal oxide(s) to indium oxide,
is from0.005 to 0.2, the value of [M]/([M] + [InNn]), which is the
conposition of the oxide (s) of one or two or nore netal (s) selected from
t he secondlengétyl cHridup PvRduoadi spwd:-eofingabhéhgeivksh86&d ritealagetrage ndi um
oxide, 1is from0.005 to 2, and the value of [M3]/([M3] + [In]), which is

t he conpogaritenlefdidne axivie(s)1 theemebBl £ sd) sel ected fromthe third
metal group M consisted of Zn, Sn, Zr, Ga and Ge to indiumoxide, is from

0.005 to 2, whegngiajthe [M] represents the nunber of the atons of one or
two or nore netal (s) selected fromthe first nmetal group, the [M]

represents the pugber,0f f&qsﬁﬁggﬁ\ﬁl@%a@fﬂé?@lﬁd nyr ﬁ%%?é‘%l‘% (“’t%%u/ 2S5el ected

fromthe second metéal group, represen e nu 0 e atons of
the metal (s elected fro he third al_qgroup,..and the [In] represents

t he nunberlr%iag??u% $HdPum _t%nsasla&re‘?ﬁilct rﬂ%‘gﬁB&éhﬁ%F&éﬂFB&%ﬁ%&& %Gé gl ass
substrate according to claim16 or 17, wherein the oxide(s) of one or nore

met al (s) delageretent gmadieoslecond et aK2qy dgpeMPalebinsi)st ed of

| ant hanoi d-based netals is/are an oxide or oxides of one or nore
[0617]

The contact resistance with Al was 37.6 Q when glass, Al and
the transparent electrode were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 47.6 £ when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0618]

“Example 4-227

In present Example 4-22, Pt (platinum) was adopted from the
first groupM1l. Nometal in the second group M2 was used. The atomic
compeosition ratic of Pt ([Pt]/[In] + [Pt]) was 0.03. The relative
density of the produced sputtering target was 95%. The average

particle diameter was 4.2 um (see Table 6).

[0619]
Next, the resistance value was measurecd in the same way as

in above Example 4-8. As a result, the specific resistance of the

transparent electrode was 657 pQcm (see Table 6).

[0620]
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netals of La, Ho and Er. 255 19. A sputtering target used at the tine of
producing a transparent electrode which is used in a TFT substrate for a
liquid crystal display and is for driving the liquid crystal by sputtering,
the transparent el ectrode being capable of being jointed electrically to an
el ectrode orwiring made mainly of Al, and the sputtering target being nade
of an el ectroconductive oxi de conprising: indiumoxide, and an oxi de or

oxi des of one or two or nore netal (s) selected fromthe first group ML
consisted of W Fe, Pt, Pd, and |anthanoids. 20. The sputtering target
according to cl &ihe EEgntWﬁ‘erréﬁhsté[iME] MLERML wapM.)7, (ke dlesshehlapodi c
conposition ratio of the oxide (s) of one or two or nore netal (s) selected
fromthe fihesstrgneppreml etllect ndieimane taeimd et cocohshrtinveheximier p§ from
0.005 to 0.2 wherein the [M] represents the nunber of the atons of one or
two or nordapelall(srasetachedef somddae . fiTisd cghaucpt Mesdrdahbe #itH Al
represents the nunber of the atonms of indium. . The sputtering target

accor di ng 40 olabml9nes 3% sherflie fgaﬁn‘a'tsat%ﬁcgq%%llggféggngaﬁ%rcgw' ses

an oxi de or oxides of one or two or npre netal romthe second

group M G‘Q#%'s%/%gang aférpc ALRE ro g8/ AN W, ands gal)l i um besi de indi um

oxi de. e Sputte tar et accordln to C a|n121 wherein [M]/([InN]
+ [NQ]), whi ch I@ﬁhﬁﬁ atonlc conp05|t|on ratlo of the oxide (s) of the
metal (s) select omthe second group M2 to indium

“Esxample 4-237

In present Example 4-23, La (lanthanum) was adopted from the
first group Ml. 2Zn was adopted from the second group M2. The atomic
compesition ratio of La ([Lal/[In] + [La]) was 0.10, and the atomic
composition ratio of Zn ([Zn])/[In] + [2n]} was 0.18. The relative
density of the produced sputtering target was 28%. The average

particle diameter was 2.2 um (see Table 6).

[0622]

Next, the resistance value was measured in the same way as
in above Example 4-8. As a result, the specific resistance of the
transparent electrcocde was 620 uQcm (see Table 6).

[0623]

The contact resistance with Al was 23.0 () when glass, Al and

the transparent electrcde were laminated on glass in the order of
“glass/Al/transparent electrode”. The contact resistance with Al
was 39.3 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6)}.

[Ce24]
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256 in the el ectroconductive oxide, is fromO0.01 to 0.3 wherein the [ M]
represents the nunber of the atons of one or two or nore netal (s) selected
fromthe second group M2, that is, the nunber of the atons of any one or
any two or nore of tin, zinc, germanium, and gallium and the [In]
represents the nunber of the atonms of indium 257

F. Variations

As the above-menticned examples, there have been described
examples using only one from W, Mo, Ni, Nb, Fe, Pt, Pd and lanthanoids
inthe first groupMl; needless to say, the same effects and advantages
are produced when two or more therefrom are used.

As the above-mentioned examples, there have been described
exampled using only one frem Sn, Zn, Ge and Ga in the second group
M2; needless to say, the same effects and advantages are produced

when two or more therefrom are used.
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CLAIMS

1. A sputtering target, which is made mainly of indium oxide,

and comprises:

one or two or more metal (5) selected from the first metal group

M1l consisted of W, ; Pt and Pd, or an oxide or oxides of

the metal(s), and

an oxide or oxides of one or two or more metal(s) selected
from the second metal group M2 consisted of lanthancid-based metals.

2. The sputtering target according to claim 1, wherein the
value of [M1]/(([M1] + [In]), which is the composition of one or two
or more metal (s) selected from the first metal group M1 consisted
of W, Pt and Pd, or the metal oxide(s) to indium oxide,
is from 0.005 to 0.2, and

the value of [M2]/([M2] + [In)), which is the composition of
the oxide(s) of one or two or more metal (s) selected from the second
metal group M2 of lanthanoid-based metals to indium oxide, is from
0.005 to 0.2, wherein the {M1] represents the number of the atoms
of one or two or more metal (s) selected from the first metal group,
the (MZ] represents the number of the atoms of cne or two or more
metal (s) selected fromthe secondmetal group, and the [In] represents
the number of the atoms of metallic indium.

3. The sputtering target according to claim 1l or 2, wherein
the oxide(s) of one or more metal (s) selected from the second metal
group M2 of lanthanoid-based metals is/are an oxide or oxides of

one or more metals selected from La, Ho, and Er.
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A sputtering target, which is made of indium oxide, and
comprises:

one or two or more metal {s) selected fromthe first metal group
M1l consisted of W, Pt and Pd, or an oxide or oxides of
the metal(s),

an oxide or oxides of one or two or more metal(s) selected
from the second metal group M2 consisted of lanthanoid-based metals,
and

an oxide or oxides of one or two or more metal (s} selected
from the third metal group M3 consisted of Zn, Sn, Zr, Ga and Ge.

5. The sputtering target according to claim 4, wherein the
value of [M1]/([M1] + [In]), which is the composition of one or two
or more metal (s) selected from the first metal group M1 consisted

of W, Pt and Pd, or the metal oxide(s) to indium oxide,

is from 0.005 to 0.2,

the value of (M2}/([M2] + [In]), which is the composition of
the oxide(s) of one or two or more metal (3) selected from the second
metal group M2 consisted of lanthanoid-based metals to indium oxide,
is from 0.005 to 2, and

the value of [M3]1/([M3] + [In]), which is the composition of
the oxide(s) of the metal(s) selected from the third metal group
M3 consisted of 2n, Sn, Z2r, Ga and Ge to indium oxide, is from 0.005
to 2, wherein the [M1l] represents the number of the atoms of one
or two or more metal(s) selected from the first metal group, the

[M2] represents the number of the atoms of cne or two or more metal (s)

selected from the second metal group, the [M3] represents the number
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of the atoms of the metal{s} selected from the third metal group,
and the [In] represents the number of the atoms of metallic indium.

6. The sputtering target according to claim4 or 5,wherein
the oxide (s} of one or more metal (s) selected from the second metal
group M2 consisted of lanthanoid-based metals is/are an oxide or
oxides of one or more metals of La, Ho and Er.

7. Atransparent electroconductive film, which ismademainly
of indium oxide, and comprises:

one or two or more metal (s} selected from the first metal group

M1 consisted of W, Pt and Pd, or an oxide or oxides of

the metal (8}, and

an oxide or oxides of one or two or more metal (s} selected
from the second metal group M2 consisted of lanthanoid-based metals.
8. The transparent electroconductive filmaccording to claim
7+ wherein the value of [M1]/{[M1] + {In]), which is the composition
of one or two or more metal (s) selected from the first metal group
Ml consisted of W, Pt and Pd, or the metal oxide(s) to
indium oxide, is from 0.005 to 0.2, and
the value of [M2]/([M2] + [In]), which is the composition of
the oxide(s) of one or two or more metal (s) selected from the second
metal group M2 of lanthanoid-based metals to indium oxide, is from
0.005 to 0.2, wherein the [M1l] represents the number of the atoms
of one or two or more metal{s) selected from the first metal grcup,
the [M2] represents the number of the atoms of one or two or more
metal (s) selected fromthe secondmetal group, and the {In] represents

the number of the atoms of indium.
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9. The transparent electroconductive film according to claim

7 or 8, wherein the oxide(s) of one or more metal{s) selected from

the secondmetal group M2 consisted of lanthanoid-basedmetals is/are
an oxide or oxides of one or more metals of La, Ce, Ho and Er.

10. Atransparent electroconduc_tive film, which ismademainly

of indium oxide, and comprises:

one or two or more metal (s) selected fromthe first metal group

M1 consisted of W, Pt and Pd, or an oxide or oxides of

the metal(s),

an oxide or oxides of one or two or more metal (s) selected
from the second metal group M2 consisted of lanthanoid-based metals,
and

an oxide or oxides of one or two or more metal(s) selected
from the third metal group M3 consisted of Zn, Sn, Zr, Ga and Ge.

11. The transparent electroconductive filmaccording to claim
10, wherein the value of [M1}/(([M1] + [In]), which is the composition
of one or two or more metal (s) selected from the first metal group
M1 consisted of W, Pt and Pd, or the metal oxide(s) to
indium oxide, is from 0.005 to 0.2,

the value of [M2]/([M2]) + [In]), which is the compesition of
the oxide(s) of one or two or more metal (s} selected £rom the second
metal group M2 consisted of lanthanoid-basedmetals to indiumoxide,

is from 0.005 to 2, and

the value of [M31/({[M3] + [In]), which is the composition of
the oxide({s) of the metal{s} selected from the third metal group
M3 consisted of Zn, Sn, 2r, Ga and Ge to indium oxide, is from 0.005
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to 2, wherein the [M1] represents the number of the atoms of one
or two or more metal (s) selected from the first metal group, the

[M2] represents the number of the atoms of one or two or more metal (s}

selected from the second metal group, the [M3] represents the number
of the atoms of the metal(s) selected from the third metal group,
and

the [In] represents the number of the indium atoms.

12. The transparent electroconductive filmaccording to claim

10 or 11, wherein the oxide (s} of one or more metal (s) selected from
the secondmetal group M2 consisted of lanthancid-basedmetals is/are
an oxide or oxides of one or more metals of La, Ce, Ho and Er.

13. A transparent electroconductive glass substrate,
comprising:

a glass substrate,

a transparent electroconductive film which is formed over the
glass substrate, is made mainly of indium oxide, and comprises one
or twoormoremetal (s) selectedfromthe firstmetal groupMl consisted
of W, Pt and Pd, or an oxide or oxides of the metal (s),
and an oxide or oxides of one or two or more metal (s) selected from

the second metal group M2 consisted of lanthanoid-based metals, and

a metal thin film which is formed over the glass substrate
and is made mainly of Al or Ag.

14. The transparent electroconductive glass substrate

according to claim13, wherein the value of [M1]/([M1] + [In]), which
is the composition of one or two or more metal(s) selected from the
first metal group M1 consisted of W, Pt and Pd, or the

metal oxide(s) to indium oxide, is from 0.005 to 0.2, and
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the value of [M2]/([{M2} + [In]), which is the composition of
the oxide (s) of one or two or more metal (s) selected from the second
metal group M2 of lanthanoid-based metals to indium oxide, is from
0.005 to 0.2, wherein the [M1] represents the number of the atoms
of cne or two or more metal (s) selected from the first metal group,
and the [M2] represents the number of the atoms of one or two or
more metal (s) selected from the second metal group.

15. The transparent electroconductive glass substrate
according to claim 13 or'14,wherein the oxide(s) of cne or two or
more metal (s) selected from the second metal group M2 consisted of
lanthanoid-based metals is/are an oxide or oxides of one or more
metals of La, Ho and Er.

16. A transparent electroconductive glass substrate,
comprising:

a glass substrate,

a transparent electroconductive film which is formed over the
glass substrate, is made mainly of indium oxide, and comprises one
or twoormoremetal (s) selected fromthe first metal groupMl consisted
of W, Pt and Pd, or an oxide or oxides of the metal(s),
an oxide or cxides of one or two or more metal (s) selected from the
second nmetal group M2 consisted of lanthanoid-based metals, and an
oxide or oxides of one or twc or more metal(s) selected from the
third metal group M3 consisted of 2Zn, Sn, Zr, Ga and Ge, and

a metal thin f£ilm which is formed over the glass substrate
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and 1s made mainly of Al or Ag.

17. The transparent electroconductive glass substrate
according toclaim 16, wherein the value of [M1]/({M1] + [In))}, which
is the composition of one or two or more metal (s) selected from the
first metal group M1 consisted of W, Pt and Pd, or the
metal oxide(s) to indium oxide, is from 0.005 to 0.2,

the value of [M2]/([M2] + (In]), which is the composition of
the oxide(s) of one or two or more metal (s) selected from the second
metal group M2 consisted of lanthanoid-based metals to indium oxide,
is from 0.005 to 2, and

the value of [M31/([M3] + [In]}), which is the composition of
the oxide(s) of the metal(s) selected from the third metal group
M3 consisted of Zn, Sn, Zr, Ga and Ge to indium oxide, is from 0.005
to 2, wherein the [Ml] represents the number of the atoms of one
or two or more metal (s} selected from the first metal group, the
[M2] represents the number of the atoms of one or two cr more metal (s)
selected from the second metal group, the [M3] represents the number
of the atoms of the metal (s} selected from the third metal group,
and the [In] represents the number of the indium atoms.

18. The transparent electroconductive glass substrate
according to claim 16 or 17, wherein the oxide(s) of one or more
metal (s) selected from the second metal group M2 consisted of
lanthanoid-based metals is/are an oxide or oxides of one or more

metals of 1a, Ho and Er.
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19. A sputtering target used at the time of producing a
transparent electrode which is used in a T¥T substrate for a liquid
crystal display and is for driving the liquid crystal by sputtering,
the transparent electrodebeing capable of being jointedelectrically
to an electrode orwiring made mainly of Al, and the sputtering target
being made of an electroconductive oxide comprising:

indium oxide, and

an oxide or oxides of one or two or more metal (s) selected
from the first group Ml consisted of W, Fe, Pt, Pd, and
lanthanoids.

20. The sputtering target according to claim 19, wherein
(M1)/([In] + [M1]), which is the atomic composition ratio of the
oxide{s) of one or two or moxre metal (s} selected from the first group
M1l to indium in the electroconductive oxide, is from 0.005 to 0.2
wherein the [M1] represents the number of the atoms of one or two
or more metal (s) selected from the first group M1 and the [In]
represents the number of the atoms of indium. .

21. The sputtering target according to claim 19 or 20, wherein
the electroconductive oxide comprises an oxide or oxides of one or
two or more metal(s) selected from the second group M2 consisted
of tin, zinc, germanium, and gallium beside indium oxide.

22. The sputtering target according to claim 21, wherein
[M2)/([In] + [M2}), which is the atomic compcsiticn ratio of the

oxide (s) of the metal(s) selected from the second group M2 £o indium
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in the electroconductive oxide, is from 0.01 to 0.3 wherein the [M2]
represents the number of the atoms of one or two or more metal(s)
selected from the second group M2, that is, the number of the atoms
of any cne or any two or more of tin, zinc, germanium, and gallium,

and the [In] represents the nurber of the atoms of indium.
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