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RELATED DEVI CES AND PROCESSES Technical Field [0001] First group: field The
invention of the first group relates to a thin film transistor substrate
fordrivingthe Iiquidcrystal of aliquidcrystal display. The invention al so
relates to a process for produci sgECOEICATION fil mtransi stor substrate, and
a liquid crystal display using the thin filmtransistor substrate. [0002]
An abbreviation of a thin filmtransistor is used to call a thin film
transi stor substrate a TFT substrate in sonme cases. [0003] Second group:

field Theri iy pat oRaqhs LG, SeA0RTI9LOUANSLAbE S AT RaPE 05RBSRE kS ppkodUCi ng

aliquid crysta I|sp ay, Using an anorphous silicon m transi stor
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DEVICES AND PROCESSES; AND SPUTTERING 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
transistor substrate fordrivingtheliquidcrystalofaliquidcrystal
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 liquid crystal display, using an amorphous silicon thin

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



crystal display enabling to reduce the contact resistance between a pixel

el ectrode pattern and source/drain wirings, and the contact resistance
between the following: wiring netals of a gate wiring | eading-out section
and source/drain el ectrode | eadi ng-out sections; and a transparent

el ectrode. The invention also relates to a process for producing the sane.
[0004] In particular, the invention relates to a contrivance about a
sputtering target, a transparent el ectroconductive filmobtained by a
product i onppsoTESS. URbHY d0¥cS rSpHllef it@ tiakestiomnd 1atksansparejuid

el ectroconductive gl ass substrate having this transparent el ectroconductive

Film [00Q8] st INididpgh9Whadiiieldedhedurreentd eaneh 8 14Ul graup.felat es to a

85
thin filmtransistor ?herelnafter, denot ed asaTFTi nsonecases) substrate, in

particul ar, .. a-,TEL .. The invention I a process for .producing this
TET | cubstrardl aher e B Sed BB A PR TR s PR A
[ 0006] Fourth sent invention of a fourth rel ates

to a proc§§§lsgr9¥%?€%hg%ﬁd£ggl{ﬁﬁPHlﬁgy§FéPn8i§ﬁF%§?‘U%Pn@aﬁgrou Mshous
silicon thin filmtransistor ((x-Si TFT) or a polysilicon thin film
transi st of€aging-out sectionandsource/drainelectrodeleading-out sections;
and a transparent electrode. The inventionalso relates to a process
for producing the same.
[0004]
In particular, the invention relates to a contrivance about
a sputtering target, a transparent electroconductive film obtained
byaproductionprocessusingthissputteringtarget, anda transparent
electroconductive glass substrate having this transparent
electroconductive film,

[0005]

Third group: field

The invention of a thirdgroup relates toa thinfilmtransistor
(hereinafter, denotedasaTFT in some cases) substrate, inparticular,
a TFT. The invention relates to a process for producing this TFT
substrate, and a liquid crystal display using this TFT substrate.

[0006]

Fourth group: field

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

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



(p-SITFT) . More specifically, the invention relates to a liquid crystal

di splay enabling to reduce the contact resistance between a pixel electrode
pattern and source/drain wirings, and the contact resistance between the
following: wiring netals of a gate wring |eading-out section and
source/drain el ectrode | eadi ng-out sections; and a transparent el ectrode.
The invention also relates to a process for producing the sane. [0007] In
particular, the invention of the fourth group relates to a TFT substrate

(examl es Boioh [80ladng.a; TET A Ak SHDSHEALE -BPLE! fo TFT8.RAE

arranged into an array for iqui d-crystal -driving el ectrode substrate,

and & SPULLeLi g argey o Bakaround Aet [Q008) FLral. arauos baskground

Hi t hert o, qguidcr yS have eager €En researc
devel oped. In particular, after an entran of ljquid crystal displays for
a1 ge- 51 2B P EeVI STTRCC P (1R STa SOUF Y Te@ar BHEYS arif ALT eI BTt & have
been nore actively made. As the material of pixel electrodes of the Iiquid
crystal 8fsht@ise ProresmdiemieilAcvkidre)virdngenetald wiugedatTH ik ing because
I TO is excellent in electroconductivity and transparency, and can easily be
et ched wi Leadimtroongeatiidnpadsauregi @raim el dordordeRkeerding-cadi sedtaised /
et chant).
and a transparent electrode. The inventionalso 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 into an array form), a
liquid-crystal-drivingelectrode substrate, anda sputteringtarget.
Background Art
[0008]

First group: background

Hitherto, liquidcrystaldisplayshaveeagerlybeen researched
and developed. In particular, after an entrance of liquid crystal
displays for large-sized televisions on the stage, the researches
and developments 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 (aqua regia or a hydrochloric

acid-based etchant).



3 [0009] However, ITOfornmed into a filmon a |arge-sized substrate by
sputtering is a crystalline film Thus, the state of the crystal is
variously changed depending on the tenperature of the substrate, the state
of the atnosphere gas or plasma density, or the like so that a crystalline
filmand an anorphous filmmay be present to be mxed on the sane
substrate. This m xture frequently causes problens that etching failures
(el ectric conduction to an adjacent el ectrode, the narrow ng of the pixel
el ectrode by ovr6§6%ping, pi xel inferiority based on etching residues, and
so on) are generated. [0010] |In order to solve the problens caused when |ITO
is etched, for _exanple, Patent cunment _ 1 di scl oses a nethod of nmaking an
| TO pi xel elec@?wﬁégjﬁ FHPa d&t0t el ey ORaki q%ﬂ%@éeghﬁuQﬁQﬁﬁtﬁg rate
of ITO Al by action of an etching solution of an HCl- HNG3- H20- based so as

to over coR¥ SPUGERPERNSASMA caystakl Bl bR t RBuat thengtatabelitths emrsged of |1 TO
bl ack nodul es are generated on the surface of the target when a filmis
cont i nuous$ wafrdenedy ehenged|depgnting on sle thapeoyvermd sf Hargeubst wdgsed or
forei gn substances are generated to cause pixel inferiority. These al so
become probéesmte bh tHe equespyerd ARELbr dlutsna thasio)) ew ngeneiwdohas been

i nvestigated: a nethod
that a crystalline film and an amorphous film may be present to be
mixedon the same substrate. Thismixture frequently causesproblems
that etching failures (electric conduction to an adjacent electrode,
thenarrowingof thepixel electrodebyoveretching, pixel inferiority
based on etching residues, and so on) are generated.

[0010]

In order to solve the problems caused when 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 solution of an HC1-HNOs;-H,O-based so
as to overcome elution of Al at the time of the etching.

About a target of ITO, blacknodules aregeneratedon the surface
of 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 following method has been investigated: a method

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



of adding water or hydrogen to sputtering gas when ITOis fornmed 4 into a
filmformso as to forma filmof I1TOin an anorphous state, etching this
filmof ITO and then heating the filmto crystallize the film However,
the addition of water or hydrogen at the time of the filmformation
frequently causes a decline in the adhesiveness to the underlying
substrate, or causes the surface of 1 TOto be reduced, thereby generating a

| arge anount of nodules. [0012] |In order to solve these problens, instead
of 1TO |Zfko(d Felhstartdotdade fawreh fanubactte ac By d bsy dosan Co.,
Ltd.: indiumzinc oxide) is used. The 1ZOis rich in useful ness as follows:

the 1Z0O capchendredgsi fii1Gy bRerfor ohafcrers HRSE R iglel ¥5 6P ek lya1 @Ry phous

film The 1ZO can be etched with an etchant based on an oxalic acid, which

is a weak id,, and,can als e ched with a mxed,acid o hosphori c
aci d, aceFﬁ% Jglcllmd a%%gen‘fetrl’ i ghgc?(%%lccal%naé%e%autser ol *&W%%’% age&i}%%plﬂe\/)
ammonium ni_itrate, or. the |ike. The 1.ZO can be etched with a weaker acid

than | TO. A& gei" HBHE bf ot hESTURD TGy S SR Yfediat bie 8RN ADHIATESS ess
when the target is sputtered, and nakes it possible to restrain the
gener at i oRC&hepfer gninyPdriieds, ormausesithesan foee e MTOGeRE ¥¢rdiicache 1ZO i s
a useful target. [0013] As a target containing the |1Z0O for exanple, Patent
Docunent tRerethy clenwirktibe 4 ilstrge epolmat erf ndidsteésses a target nmade of a
sintered
[0012]
In order to solve these problems, instead of ITO, IZO
((registered trade name) manufactured by Idemitsu Kosan Co., Ltd.:
indium zinc oxide) isused. The IZOis 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 of phosphoric acid, aceticacidandnitricacid, an agqueous
solution of cerium (IV) ammonium nitrate, or the like. The IZO 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 IZO, for example, Patent Document
2, whichwill be listed up later, discloses a target made of a sintered

body of an oxide containing a hexagonal lamellar compound represented

by the general formula Iny03(Zn0O) wherein m = 2 to 20. According



body of an oxide containing a hexagonal |anellar conpound represented by
the general formula In2G8(ZnO) wherein m- 2 to 20. According 5 to this
target, a transparent el ectroconductive filmexcellent in noisture

resi stance (endurance) can be formed. [0014] Furthernore, in connection
with a target containing the 1ZO, for exanple, Patent Docunent 3, whichw ||
be listed up later, discloses a process of: painting, onto a substrate, a
coating solution prepared by dissolving an indium conpound and a zinc

conpound t8 tHie pae§ence tohnébhdrkandtaridenducting e eesyl 1ad ;inand t hen
subjecting the fired product to reducing treatnent, thereby producing a

transpar eﬂ&ls@.lr%‘:tr'égggf‘gr%é | 48, e b e PGS BeNGolfed hi S transpar ent
el ectroconductive film producing process, a transparent el ectroconductive

filmexcellent Q%ﬂﬁlsture resi stance (endurance) can be obtai ned. For
exanpl e, Pat ent ment 4, which will be listed up later, discloses, as a

nmet hod for etchj a transparent el ectroconductive fllnlconta nin the | ZO,
2 method for prBUUCITGCAC I GUrETRT Sl "L O Spf HACWABRER P4 FAndpBr ent

electroconductlve filmconprisin I N203-ZnO is etched with a solution of
oxal | ¢ aGFE PIATRtorE ARG BymeR O aCh o KEF 167 65 FRUBE SRR L 0 ¢ i s
liquid crystal display prodUC|ng process, a pixel electrode pattern can
easih: % beafgrreds ofi: reenthegpxatir@ adist receuta oratiquseditiongerdmmmedt he
oe J by dissolving an indium compound and 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 electroconductive
film containing the IZ0, a method for producing a liquid crystal
display, wherein a transparent electroconductive film comprising
In,03-7Zn0 is etched with a solution of oxalic acid in water, thereby
forming a pixel electrode. According to this liquid crystal display
producing process, a pixel electrode pattern can easily be formed
since the oxalic acid sclution is used to perform the etching.
Therefore, the yileld can be improved.

[0015]

Second group: background




Therefore, the yield can be inproved. [0015] Second group: background 6
Liquid crystal displays have characteristics that the power consunption
thereof is low and the displays can easily attain full-color display, and
ot her characteristics. Thus, out of flat displays, the liquid crystal

di splays are promsing; in recent years, developnents for naking the size
of their display screens |arge have been actively made. In particul ar,
about an active nmatrix-based liquid crystal flat display wherein a-Si TFTs

(thin filmtransistigy \%}%3951 Qﬁéﬂgg HARe @ﬁg@aﬁ%%s@ c§V{'f}1taCchchﬁ ngrwi%gggt s for

respective pixels, 1ntdo a matrix torm and the pixels are eac t he

cont rast LAkl e eal, d0es gt deter ol ke guen L, the display ) s made

hi ghly defini So as to have or nor e. s-“Httention
has been 'ﬁ ta the,ligquid crystal flat display as a flat dis for high
por f or manbe EA e ransp Y AR G G R Ve TR on- LHEE OFF o cieFyet al
flat display, a transparent el ectrode such as ITO (indiumtin oxide) is
used as i B5SRi3Er 1t FHECT EHE i R LAY ESEE PGy NEhilR TRt %eaFSed as its
source el ectrode in nmany cases. This is because ITO has a | ow sheet
resi st ancéewhidbranenitght Qenaktly the ypizamd thetaniepkdy pcbheepatbegaddvand
further Al has a | ow resistance and a hi gh adhesiveness. (0016]

been actively made. In particular, about an active matrix-based

liguidcrystal flat display wherein a-SiTFTs (thin film transistors)

orp-SiTFTsare arranged, 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 ITO 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,



Fig. 1is aviewillustrating a sectional viewof a vicinity of an

anor phous-Si TFT at a stage when the formation of a pattern of a pixel

el ectrode is finished in the process of producing a liquid crystal flat
di splay according to the present invention. However, 7 any display in the
prior art has the sane basic structure except thematerial of its pixe

el ectrode; thus, the display will be described wth reference to this.
[0017] In Fig. 1, a pattern of a gate electrode 2 is forned on a

light-trangyi §sibl £ ghaghe SRS ate fasand next Bégfﬁtg\@tggge& t vapor

deposition)“is used to forma Si N gate insulation an anor phous Si:
H (1) Tilmg, 8 char 8%iPéS%%&féPé‘%Edet@-?hu%?%h BBk ép&‘?ﬁbe@es@éi@eé' Im6
continuously Tnto desired tormand patterns’ urthernore, a neta
film made nainl%ﬁof Al is dgggsited by vacuum deposition or sputtering, and
then a pattERnrSFeLers6urtetM ¥ ectrode 7 and a pattern 8 of a drain el ectrode
8 are each forned b{ phot ol i t hographic technique. In this way, an a-Si TFT
el ement secti oh9P57konpleted. [0019] An ITOfilmis deposited onto this
section by sputtering, and photolithographic technique is used to forma
pattern of a piXelFigl ot rodetBerh exft @ gakbyebarinecked to fdmnesbuwnce
el ectrode 7. The

light-transmissible glass substrate 1, and next plasma CVD (chemical

vapor deposition) is used to form a SiN gate insulation film 3, an

amorphous Si:H (i) film4, a channel 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 photolithographic technique. In this way, an a-SiTFT element
section is completed.

[0019]

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 source electrode 7. The
reason 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



reason why the ITOfilmis deposited after the Al filmis deposited is that
a deterioration in electrical contact property between the anorphous-Si:H
4(and 6) and the source and drain electrodes 7 and 8 is not caused. Al is

i nexpensive and is lowin specific resistance, and is an essential material
for preventing a decline in the display 8 performance of the |liquid crystal
di splay, the decline resulting froman increase in the resistance of the
wiring of the gate electrode 2 and the wiring of the source/drain

el ectrodepe¥ranthribe PE02RE 1iduildheraboye-digplaonechPraadicheonepincess, when
the patterns of the source electrode 7 and the drain el ectrode 8 nmade

mai nly of £rhh oaredreaed ek thensihed JORL ¥ekifh %‘Ettr}féd@at% LBe¥OrdRd into
the pattern with an HCLl- HNO3- H20- based etching solution; a situation that

$?gqﬁtnfﬁét§%%§gg%%Fgﬁgg]ogfﬁ%£%¥%§h (gé?#g%¥%%gr§a % hgﬁfﬁlnglggyhagea

nature that Al éb@ @Lssolved in the HCL- HNO3- H20- based et chi ng sol uti on,
which is an | TO®¥ ing solution. HNOG3 in the etching solution forns a thin
Al oxide filmon the surface of Al, and thus HNO3 is added thereto in order
to prevent el ut LBriherappvemeRdyened prodppehe PEASEST f WHRB the Rt §inset chi ng
the ITOfilmis long or defects portions, such as inpurities or foreign
subst ancesfiHvosporae ed adhiiriodg 1 lreddelpesireiionelectrode 8 made mainly of

Al are formed and then the ITO pixel electrode 9 is worked into the
pattern with an HC1-HNOs;-H,0-based etching solution, 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 ITO etching solution. HNO; in the etching solution forms a thin
Al oxide film on the surface of Al, and thus HNO; 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 Al, are present in the A1 film, the above-mentioned 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,0-based etching solution. Thismatter is described



of Al, are present in the Al film the above-nentioned 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 filmis nade anorphous,
thereby increasing the ITOA etching rate to any HCl- HNO3- H20- based
etching solution. This matter is described 9 in Patent Docunent 1, which
Wil be listed up later. The etching rate ratio is a ratio between etching
speeds. [0023] However, even if the ITOfilmis nade anorphous, elution of

Al i's not isorgieiteDycphevent edhsthcei 1an pECL: $B1H20abased TaE Cht digingsol uti on
is used. Thus, a highly definited liquid crystal display is not easily

realized. rABe aphd MY QR LOPa MBS dthckh 9Bt clofns WpRedspProbl em  Patent Document
2, which will be listed up later, is known.” This Patent Docunment 5 suggests

t hat patterning[9¢2§ transparent electrode and a pixel electrode 9, on a
pattern of each 0 a% Al gate electrode, and source /drain electrodes,

i smadeeasybyuseqf anoxal i caci d- hase et.ching soj ution, and a.transparent
e ect ode” havi ngC A CapGIPT b L RaED df IFnbP G A FHRTIR R o HBLPE hsed i n
order to provide a process for producing a highl definited liquid crystal
di spl ay. B@)O@POtA‘é@H?Jtﬂtﬁdyt Bravyrites siper tar Ié,lei/NQasHiﬁrmﬁeﬁh%wtm act
resi stance is generated between the |line of the Al gate and the

solution is used. Thus, a highly definited liquid crystal display

isnoteasilyrealized. Asaninventionmade inlightofsuchaproblem,
Patent Document 2, which will be listed up later, is known. This
Patent Document 5 suggests that patterning of a transparent electrode
and a pixel electrode 9, on a pattern of each of an Al gate electrode,
andsource/drainelectrodes, ismadeeasybyuseof anoxalicacid-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 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 Al source/drain electrodes
and the pixel electrode. Ingeneral, theAl linesare 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.

[0025]

Third group: background

10



transparent el ectrode, and between the A source/drain el ectrodes

pi xel electrode. In general, the Al lines are usually covered wth a

barrier netal such as Ti, C or M. Such a barrier nmetal is

descri bed in

Pat ent Docunents 6, 7, 8 and 9, which will be listed up later. [0025]
Third group: background 10 The matri x-based liquid crystal display is
usual |y conposed of a TFT array substrate, a counter substrate, and a

di splay material, such as liquid crystal, sandw ched between the TFT array

substrate and tThe reaunkebasedStinat &. chysthedi@d X1 basat 1ygubbsasst al
display, a voltage is applied to this display material in selected

i ndi vi dual s Pl Sra d\}&%%t@ SPLaYH éjkgét\iea'&e' NRGEa d@p
substrate are forne

A\emd £ 11 ay

and the

nerely as

are forned,

Such a |i
wher ei n t
TFT- LCD
for each
drain

a coun de,” "a“co

aI'EreRge L namriics
pixels, thereby displaying a given image.

On the TFT array substrate are formed a semiconductor thin
film (hereinafter, referred to 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 so on. Such a liquid crystal
display (hereinafter, simply referred to as a LCD), wherein the TFT
array substrate and so on are used, will be called a TFT-LCD
hereinafter.

[0026]

In the above-mentioned TFT 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 electrode
are formed into an array form on an insulating substrate made of
glass or the 1like. BResides, an alignment film, a storage capacitor,
and so on are formed if necessary. Between the pixels are disposed
signal lines suchasgatewirings andsourcewirings. 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, adisplayareais formed. Furthermore, aninput terminal,

11

a sem conductor thin I'm (hereinafter, referfed to

aécﬁea@ ¢ e‘rj&t 2ys {céi Ms X1 cf R ]J:ng% h%”TEJIE‘ea Cr%&a%%stséé'%%t rate

rix, and so on.

i t al ft f d to, LCD
e Eps U5 P s SmSiathe o e S PR b PV B ki Y
herei nafter. [0026 In the above-nentioned TFT array substrate,
L@&@é& Prspd aydiat egriédt odel et abiireEvdudt r ode,

a



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

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

W rings and source wirings. The gate wirings and the source wirings, the
nunbers of which are each several, are disposed on the insulating substrate
so as to cross at right angles. |In this way, a display area is forned.

Fur t her L&y r @0 ngPfi®" F N8k i vidg BalhioH A% ¢rbeUihgf Q8 oArdd P&nﬁ'@@f,h of the
TFTs, and so on are fornmed, correspondingly to each of the signal Iines,

outsi de tE'cEFQé c\g}é@fuglgr 98-%%0%%@ 38hder {0 Pr odues, sygh a,4) 1 gul.d
crystal di'spra erern a array i's°used, gateS and sources/drai‘ns
included in TFTs and other comon wirings are produced into an array form
so as to f6Ff1 a display area. Input termnals, prewirings, driving
circuits, and others are arranged in the vicinity of this display area. For
reference, in tﬁ@o%7bsent patent, a gate electrode and a gate wiring are
together denoted as a gate, and a source electrode and a source wiring are
t oget her denot ednagrdersbareeduigr sipkledtidode crnsfabeddsmictvedhsiraphya as a
drain in sone cases. A source and a drain are together denoted as a
sour ce/ dr @arFd. atrayt He paténtgated andt somorsdyciral ns sisgpecidd d¢al TyT4 hevagat e,
source and drain, and a second
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 denoted simply as a drain in some cases. A source and a drain
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-mentioned pixel electrode.
[0028]
It is also preferred to arrange, on the insulating substrate
of the TFT array substrate, an electroconductive thin film
(hereinafter, referred toc merely as an electroconductive film) or
an insulating thin film (hereinafter, referred to merely as an
insulation film), if necessary, in order to exhibit a given function.

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

electrode, the color filter and the blackmatrix, as described above.
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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 filnm , if necessary, in order to
exhibit a given function. On the other hand, on the counter substrate are
fornmed the counter electrode, the color filter and the black matrix, as
descri bed above.oé§9{0029] After the TFT array substrate and the counter

el ectrode are produced as described above, a given gap is nade between the
two substrates i nject

i.n_order i liquid crystal teri.al .therebetween.
In this state, ﬁﬁgefﬂbE%ﬁ%@t?%%%%sgﬁ%t%% c?nﬁéxgﬁgﬁugﬁﬁﬁfﬂgthﬁg?rare
peripheries, and then a liquid crystal material ,is injected into the gap
bet ween t RESEUSHDSAT ALEESTLBEPrARNACe & THISLE@BP L603DYC B&ts®A™t AP® FYI m
techni ques are used to formvarious sem conductor elenents and others onto
the TFT asvhytsaipet iapeder toting ecduntieruisipsistal ecnaisadal hhenebdFIeerGD. | n
order to produce, for exanple, sem conductor elements of a TFT array
substr at e Int tieis fsabkewi tige awe $wrstedten awe isnsukatd rgchubsiarate, tlasir
descri bed above: a gate, a source and a drain (these being referred to as
the firstperipheries, and then a liquid crystal material is injected into
the gap between these substrates to produce a TFT-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. In 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 insulation film,
apixel electrode (hereinafter, referred to as the second conductor),
and so on. In general, at this time, the second conductor and the
first conductor do not contact each other directly since the second
conductoris formedonthe insulationfilmformedonthe first conductor.
For this reason, a contact hole is made in the insulation film in
order to attain electrical connection 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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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 fornmed on the
insulation filmfor me don the first conductor. For this reason, a contact
hole is made in the insulation filmin order to attain electrical
connection between the first and second conductors. In other words, the

first and secondtceerdiehdichsatieretrst theaht¥rLonpeehedit-or easluetder
t hrough the contact hole. [0031] 13 It has been considered that the

mat eri al gfu g il gk, %’é@H&éé}Hﬁl b tHércja'(}“eU\lz?ﬁbngt B84 %E%d@ﬂce%ﬂﬂﬁ;oga; (raom

wiring and the source wring erein is desira pure or Al al

the vi ewpoint of At erties and_t ocess ar der ta prevent del ay
of signal %h{err na sé?%gr%glyrpﬁlrfﬁ Oﬁa\g/g 5@189{ frad‘é g Y H Y, %dﬂhl ghl y
definited. ThIS j s because theef e Al or Al alloy has a |l ow el ect

resi stancé’roF%@%]f]S aﬁ&w@@%rpr?‘f Sr?aslnnBFd%]éetr? cP&ﬁé’reBEr%%lﬁmé’[ SﬁgPﬂ case of
using, as the material of a transparent pixel electrode (second conductor),
| TO (| ndi GFRRFRLIKIdeps TPO bk diogeebedn thatfe 1nageysiteemnds hikbsdn Co.
Ltd.: indiumzinc oxide) or the like, it is not necessarily preferred to
use, as thefimmiterd.al This tihdddause tdermpluct bt ortAleaplwyehas a low electric

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), IZ0 ((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 conductor, the pure
Al or Al alloy for the following reason: if connection, which may
be referred to as contact hereinafter, between the first and second
conductors 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 to obtain
a favorable contact resistance in any TET 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 ITO, IZO or the like through a contact
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Al or Al alloy for the follow ng reason: if connection, which my be
referred to as contact hereinafter, between the first and second conductors
is attained, the contact resistance thereof beconmes a very high value of 1
x E10 to 1 x E12 Q so that a favorable contact property cannot be obtai ned.
[0033] It has been therefore considered that it is difficult to obtain a
favorabl e contact resistance in any TFT array substrate having a structure
wherein a first conductor nade of pure Al or Al alloy directly contacts a
second conduetmadardade aaf iastransparenhn. el ectroconductive filmof 1TO |20
or the like through a contact 14 hole nmade in an insulation film [0034] As
the method for sgbving this problem various nmethods have been hitherto
investigated in order to obtain a favorable contact between the first and

second conduct °k§-tfﬁ?§eﬁ§ﬁ&b?1sﬁ%}ﬁ tt%k&%ﬂiem 1Qrar‘ﬂ’8&§*?ne‘@h'ohsbr?%dé sted up

| ater, discloses a thin mtransistor array substrate having a bi-Iayered
structure _conposed of an Al .layer, .conprisjing A .and an el ectrocondyctive
metal | ayBPOUHT R e ot SHeiI Soki dii5a, CUREIEIR & 5 XarCArecTToue | s
connected to a netal |ayer of a source el ectrode through a contact hole

made in aPBaYRFVERT S ST IAPeINAFRNVLSETE hat” OFIFE2FPx 8l Far &t Podensns

connected to the netal layer in this way, electrical contact between the
source el @8t rddeh will be listed up later, discloses a thin film transistor

array substrate having a bi-layered structure composed of an Al layer
comprising Al and an electroconductivemetal layer which isnoteasily
oxidized, wherein a pixel electrode is connected to a metal layer
of a source electrode through a contact hole made in a passivation
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 to reduce effectively a difference in level
based on the contact hole, whereby the process for the production
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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and the pixel electrode becones favorable. [0035] Patent Document 11, which
Wil be listed up later, discloses a process for producing an active matrix
substrate, wherein a netal layer is formed into a desired thickness inside
a contact hole over a drain electrode so as to reduce effectively a
difference in | evel based on the contact hole, whereby the process for the
production is nmade sinple and a pixel electrode is not easily cut. [0036]
Pat ent Docunent 12, which will be listed up later, a thin film transistor

array havhng @n Ripdedyerodr shddictadr ecpat N WBlegeli hogdep i €omased refe ai d over
| ayer made of a netal capable of formng silicide 15 and an upper |ayer

made of COBREL.t S 8hB BIREly&! SELROUR AN S < 10RREEL &6 bAgh NEcHpRRY: | ayer

of the drain electrode through a contact %ole made I1n a protective |ayer.

In the Caﬁglé hatithe, pixel &lectiode iéxﬁ?%@%g% d.tgd hexeLinfrct'zfe}’ 2r, whi ch
is made of copper, in thi's way’, ¥He resistance of tHE Qrain-erectrode is
lowin the thin film transistor array so.that favoraple electrical contact
can be  mAPrtAIIRETEs Fih i1 HBBAS | RYSE v B e ARUBEC BSEIRREA- t " & NiSqui d
crystal with a high efficiency. [0037] Patent Docunent 13, which will be
| i sted upWhdt dihe dpsEdlorEe O4 thi Arpinmiecarsdst by Ravindghe £histfidmect r ode
of a bi-layered

transistor array so that favorable electrical contact can be

maintained; simultaneously, a voltage can be applied to a liquid
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
one element selected from N, O, 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 a bi-layered structure
(for example, the source electrode in Patent Document 10 has a
bi-layered structure wherein Cr, Ti, Mo, Cu, Ni or the like is formed
into a film on a pure Al or Al alloy.).

[0039]
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structure conposed of a |lower |ayer nade of pure Al or Al alloy, and an
upper |layer nmade of pure Al or Al alloy to which at | east one el enent
selected fromN, O, Si and Cis added, wherein a second electrode is

el ectrically connected to the upper layer of the first electrode. [0038]
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 el ecty@ehe, idrdoat ephcRpepRnt 10 has a bi-layered structure
wherein Cr, Ti, N, Cu, N or the Iike is formed into a filmon a pure A

or Al alloy.). {0939] - %gts'c:?%rél@gﬁir ?Hpna\%a%g%é’é‘&dr L UL ery hal cgugsrpl ays

have characteristrcs t consu lon thereof 15 | OW 2

di spl ays can eaS|I fuII colgr _dis and_ot her..characteristics.
Thus, “ut SB7= PP EEPRTE, 15 W Path e rPPir YAl SBY 7S o SEEBH oi not i
recent year liquid crystal displays of |arge sized screen are devel oped

activel y. TuHh-gk]Y €dPFRIAY alioGk Oé?ie%&qa*&écﬁﬁﬂ%é%seﬁhﬁ'qlﬁ?lua efyisted flat

di spl ay wherein a-Si TFTs or p-Si TFTs are arranged, as switching elenents
for resped@ﬁpbasm,x@h%llwnct)caymlrdksyflaymaWQWlpgerrsrem ¥erys . dri ven,
the contrast ratio thereof is not deteriorated even

liquidcrystal displays of large sized screen are developed actively.

In particular, about an active matrix-based liquid crystal flat
display wherein o-SiTFTs or p-SiTFTs are arranged, as switching
elements for respective pixels, into a matrix form, and the pixels
are each driven, the contrast ratio 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 flatdisplay, a transparent
electrodesuchas ITO (indiumtinoxide) isusedas itspixel electrode,
and an Al-based alloy thin film is used as its source electrode in
many cases. This is because ITO has a high sheet resistance and Al
can easily be patterned and further Al has a low resistance and a
high adhesiveness.

[0040]

Fig. 10 is a view illustrating a sectional view of a vicinity
of an a-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. Fig. 11 is a view

17



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 col or display. In such an active

matri x-based liquid crystal flat display, a transparent electrode such as

| TO (indiuntin oxide) is used as its pixel electrode, and an Al -based all oy
thin filmis used as its source electrode in many cases. This is because

| TO has a high sheet resistance and Al can easily be patterned and further

Al has a low sesitShanseeadodal Righ adhesicienessr bARAGL TEFI & alkdge a view
illustrating a sectional view of a vicinity of an a-Si TFT at a stage when

the forma{Lon Qfc FRALEEEN & ApRtXeln & echiede diddigehed Fmidieprocess
of producing a liquid crystal Flat di spl ay according to the present

of an o SR ErhERsie kb {OLA R GoREE LIS KRR o Fe I T

el ectrode is finished in the process of producing a liquid crystal flat
di splay i R*t®e rior art. [0041] In Fig. 11, a pattern of a gate el ectrode
3002 is formed on a light-transm ssible glass substrate 3001, and next
plasma CVDis USeH}to forma gate insulation film 3003 nade of SiN, an

a-Si:H(i) filnB004, andachannel protectionfil mB005nmadeof Si Nconsequti vely.
In Fig. 11, a pattern of a gate electrode 3002 is formed on

a light-transmissible glass substrate 3001, and next plasma CVD is
used to form a gate insulation film 3003 made of SiN, an a-Si:H (i)
film3004, andachannel protectionfilm3005madeof SiNconsequtively.
Next, the channel protection film 3005 is made into a desired form
and pattern by etching. Furthermore, an a-Si:H(n) film 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 photolithographic
technique, and further the a-Si:H(n) film 3006 and the a-Si:H(1i)
film 3004 are finished. In this way, an a—SiTFT element section is
completed. Ifnecessary, atransparentresinresist3010isdeposited
and a contact hole 3012 is made.

[0042]

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

of Al1/Cr (or Al/Mo or Al/Ti) and the source electrode 3007 and the
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Next, the channel protection film 3005 is nade into a desired form and
pattern by etching. Furthernore, an a-Si:H(n) film3006 and a netal film
made mainly of Al are deposited by CVD, vacuum deposition or sputtering,
and then (a pattern of) a source el ectrode 3007 and (a pattern) of a drain
el ectrode 3008 are formed by photolithographic technique, and further the
a-Si:H(n) film3006 and the a-Si:H(i) film 3004 are finished. In this way,
an a-Si TFT el enent section is conpleted. If necessary, a transparent resin
resi st 30d0ais edeposodediotndeaeontatd itod @ t3E2-lsyapadeamir2@43]filAn |1 TO
filmis deposited onto this section by sputtering, and then

phot ol i t hegreanah gctechnidiug /iMe dsed/Ap/1Farm Appapbeé Brofhid Pé xelcaleect rode
3009 electrically connected to the source el ectrode 3007. At this tine, the

gate el ecgigﬁ@(f&qzc&& d?(dg%tr% ét@v'@.e at %dlfdk mgﬁd’%:k!e(qat(eorsﬁ%r/ or
Al/Ti) and the source é#gé rode g%b? ang ghe 18 g}aln el ectrode 3008 are
each made_into a three-layers 1 d fi of qiléllcr.éor Mo/ Al /.Mo or
T a Ty st LG 10FL b Tanck Mg Borrte P EbhoRES proberty
between the ITOfilmand the gate, source and drain electrodes 3002, 3007
and 3008 ABEXRY UCPNOridt OWAIN SBECT hEX FERSPI@NEd 3Nd 1HWN RSEPECiFL ¢
resistance, and is an essential material for preventing a decline in the
di spl ay pepfermmnferafreviating quidckinstalthi dpsplay phetfdeningrecfddd ting
froman increase in the wiring resistances of the gate, source el ectrode
and drai nliquid crystal display, the decline resulting from an increase in

the wiring resistances of the gate, source electrode and drain

electrodes 3002, 3007 and 3008.

[0043]

The reason why the ITO film is deposited after the Al film
isdepositedisnot 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,0-based etching solution after the formation of
the patterns of the source electrode 3007 and the drain electrode
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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el ectrodes 3002, 3007 and 3008. [0043] The reason why the ITOfilmis
deposited after the Al film is deposited is not to deteriorate electrical
contact property between a-Si:H(i) and a-Si:H(n) filnms 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
wor ki ng, in the above-nentioned production process, the pixel electrode
pattern 3009, which is made of ITO w th an HCl- HNO3- H20- based et chi ng

sol ution after thesfysmtisonreh tﬁ&ea@@tﬁﬂmaloériﬁﬂ@qw egseheedigde 3007
and the drain electrode 3008, which are made mainly of Al, an accident that

the Al pattgf m lseai%l%h at tﬁ@@icmm@%ﬁ{ 1hes engd of; 4 rr?c%fna Hirdnng

process may be frequently caused ] 19 This results om'the Tact that

Al orlglnall nature .t sol.yed. he_ HCl-H H2- based
et ching sory i%tn&\%ﬁ lutls?naﬁ e c (?ut |lHic<)]§ F‘or eet%%Chri'g AFTHEL i n the

etching solution fornf JGQH fl ox%g% filmon the_surface of AI and thus
HNOS is AgHBY & FEi8t ol i éilpe° eABTERCR in2or AMd WeveetlPs GSt i s
considered that if the tine for etchlng the ITOfilmis long or defects
porti ons, 24deh tEenefpuint PEdeHEof preveht subsiances AhcoHpugwtled it is

considered 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 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-HNO;-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-HNO;-H,O0-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 is
described in Patent Document 4, which will be 1listed up. This Patent
Document 4 describes that patterning of a transparent electrode and

apixel electrode onpatternsofanAl gateandsource/drainelectrodes
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during the deposition of Al, are present inthe Al film the

above-nentioned Al -oxidizing effect does not act sufficiently by [|ocal cel
reaction. In order to prevent such Al elution, it is known that an ITO film
i s made anor phous, thereby increasing the ITQOA etching rate by action of
any HCl- HNOG3- H20- based etching solution. This matter is described in Patent
Docunment 1, which will be listed up later. [0046] However, even if the ITO
filmis nmade anorphous, elution of Al is not conpletely prevented since an

FCL- HNCB- Lg0; based ot 601 1. S04 Lanr18 disefly Thuse 3, Mghly, debhni ted

liquid crystal displFa IS not easily realize AR T AVERti on made in
|l i ght of t{he above- tionﬁg roblemis described in Patent cunent 4,
whi oh wi | FUBE YT P P BETrk *Umeie 47 GESEPPRRE | RAEC atFer ni ng
of a transparent electrode and a pixel electrode on patterns of an Al gate
and sour cBABRG P SCBRPPSHEY IPTPesSRAdel ddsi By ctkde viingn OFkdri €5 459l based
etching solution. Furthernore, Patent Document 4 suggests that a
t r anspar eht cgldesttoopieoviltva pgoaesokpogincdonivg mpossd ywdef indited bdquiet zi nc
oxide is used in order to provide a process for producing a highly
defini t edckistad diepyatral di spl ay. When such a structure is adopted, it is
general |y known t hat
When such a structure is adopted, it is generally known that
contact resistance is generated between the line of the Al gate and
the transparent electrode, andbetween 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 into a £film and etch the film. As a result, it is feared that
the production process is made complicated.
[0049]
The use of alloy 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 is 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. Suchadescriptionis includedin Patent Documents

14, 15 and 16, which will be listed up.
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contact resistance is generated between the Iine of the Al gate and the
transparent el ectrode, and between the A source/drain el ectrodes and the
pi xel electrode. The Al lines are usually covered with a barrier netal such
as Ti, C or Mp. Such a structure is described in Patent Docunents 6, 7, 8
and 9, which will be listed up later. [0048] In the case of using A
wrings inthis way, it is unavoidable to use a barrier netal; it is
therefore necessary to formthe barrier netal into a filmand etch the
film As a resulg éf is feared that the production process is nade

conpl i cat ed. [064%? The use of alloy wherein various netals are added to Al

is reported. wever, it is presunmed that it .is very difficult to ke the
Wbove. ment F oned b G ERE (-0 R FERER AL Rl e e o M B PATRE R G T | 1 m i 5
formed on the surface of A itself. This oxide film is an insulator, and it
appears t hat™t iF9essarat r2 Matésdt AR EOMtact @ Pesistdnce ILdRgaads a
description is included in Patent Docunents 14, 15 and 16, which will be
| i sted upIn2iZij @a50he likogernntdl dddnedsdnt héccondaed treshisanetddshsed on
this oxide film suggested is a nethod of formng a netal thin filmnmde of
I n, Zn or thhe:dritketoresrstancehbverdndsnsmALk budi g tecohbs shavetskady tHate
contact resistance becones snmall but it becones necessary that
this thin film is formed. Moreover, there arise a problem that the
transmittance of the pixel electrode declines, and other problems.
Such a description 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 Document 2: JP-A No. 6-234565
Patent Document 3: JP-A No. 6-187832
Patent Document 4: JP-A No. 11-264995
Patent Document 5: JP-A No. 11-264996
Patent Document 6: JP-A No. 10-65174
Patent Document 7: JP-A No. 11-184195
Patent Document 8: JP-A No. 11-258625
Patent Document 9: 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 Document 13: JP-A No. 11-284195
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this thin filmis fornmed. Mreover, there arise a problemthat the
transmttance of the pixel electrode declines, and other problens. Such a
description is included in Patent Docunent 17, which will be listed up

| ater. [0051] Patent Docunment 1: Japanese Patent Application Laid Open
(JP-A) No. 63-184726 Patent Document 2: JP-A No. 6-234565 Patent Docunent
3: JP-A No. 6-187832 Patent Docunent 4: JP-A No. 11-264995 Patent Docunent
5: JP-A No. 11-264996 Patent Docunent 6: JP-A No. 10-65174 Patent Docunent

bocurent 8 Jp. KRG 11385076 T bat et \HocundRto10: I A No. 4. 259842

Pat ent Document _11: JP- A No. 4-§95q%7 Patggé £2%¥nent 12: JP-A No. 8-18058
Pat ent Document F288NGROCWENt142 284495 Nopo 'PAY £AT° Docunent 14: JP-A No.

7- 45555 Pat ent Docunent 15: JP-A No. 7-301705 Patent Docunent 16: JP-A No.
1- 289140 Pat ent PRbedFeErRCUENLIPOA Ny-A 2003103790 (Japanese Pat ent

Patent Document 17: JP-A No. 2003-017706 (Japanese Patent

Application No. 2001-200710)

Disclosure of the Invention
Problems 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 electrode, contacts Al, there arises
a problem 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 like 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 ITO 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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Application No. 2001-200710) Disclosure of the Invention Problens to be
solved by the invention [0052] First group: objects However, in the case
that 1TO, which is generally used as a material of a transparent pixel

el ectrode, contacts A, there arises a problemthat 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 al so
arises a problemthat, for exanple, the wiring material of TFTs or the like
is corrod ] i i 1 ) of. . | TO,
t he adhes?ggéggégw%ﬁgpgﬁg %é?éﬁggﬁngéﬁFgﬁﬁg‘S% %%Pﬁ%ﬁéﬁgcﬁ%%%%gﬁgg§qﬁ%mered,
or the contact resistance between the 1 TO and,the TFT w rij.n terial may
be. i nor ea8B8CUTA [P H1E6 FRanekP It oRnER TG FSCoPeheat M Hemitdsndr o
generated so that a short circuit between the electrodes or a trouble about
the drivi A§TERSE HePGSydgr8R§_tal may be generated. Against this, 1ZOis
suggested as an anorphous material. However, this material has a problem

t hat an especi allOReXhAgonal 23 | anellar conpound conposed of indi um oxi de
and zinc oxide nust be produced so that the production process becones
conpl i cat ed andInfLidgHterofcobesabde-eeaeiofddFdoblems, the invention of

the first group has been made. An object thereof is to provide a
thinfilmtransistor substratehavingatransparentelectroconductive
film in which 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 transistor substrate is used. Still another
object 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. An object thereof is to make simple
a process for producing a TET (thin film transistor) substrate by
use of a transparent electroconductivematerial containinga specific
metal for a pixel electrode and a transparent electrode. 1In other
words, an object of the invention is to provide a production process
which does not require any step of depositing a barrier metal or
the like.

[0055]

Similarly, anobject of theinventionis toprovide a sputtering
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In light of the above-nentioned problens, the invention of the first group
has been nade. An object thereof is to provide a thin

filmransi storsubstrate 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 process for producing this thin filmtransistor substrate

ef fecti veky,rqL00RA] fo%ﬁg?@ 81 OHRE 9BEeGE Bika |d19bk rBfie thie cabAYSs FENt i oned

probl ens, thé invention t he second group has been made. An object

t hereof i j . process for producing a TFT (thin film
transisto%}ggﬁ S ré%éggg%tﬁggg%T a transparent el ectroconductive nateri al

containing a sp?ﬁhgé nmetal for a pixel electrode and a transparent

el ectrode. In ot wor ds, an object of the invention is to provide a
production process which does not require any step of depositing a barrier
metal or the | PRetheDEESECtSPhi the Ilpvenhionjiscthat evrn ildvent fbroate to
provide a sputtering 24 target for formng a filmof such a pixel electrode
or transpandattragbpatendel 4yt ygiet tograindg. squdsefirainandapixel electrode

are brought into direct contact with each other (without 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 invention.
[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, IZ0 or the like and a first conductor made of pure Al or
Al alloy is a veryhighvalueof 1 xE10to1xE12Q. Thus, a favorable
contact resistance cannot be obtained.

In the case of making the structure of the first conductor
intoabi-layered structure composed of different materials toobtain

a favorable (low) contact resistance, it is difficult to etch this
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Anot her object of the invention is that even if an Al gate and a
transparent el ectrode, or anAl source/drain and a pixel electrode are
brought into direct contact with each other (w thout using any barrier
nmetal ), a transparent el ectroconductive material containing a specific
metal is used for the pixel electrode or the transparent electrode, thereby
the contact resistance therebetween is nade small. Such a contact

resi stance having a small value is realized, whereby providing a |iquid
crystal dirgpbayongapedt gt @healil i 10 Rahb14 0B8ge i SREAY i ndBEI &L b .
substrate using this transparent electroconductive material for a pixel

el ectrodeqfg.util IS j ect .of . ] nvent. Third
group: objT!elg?’st'Lkslségegccers;g%erg tJa o(%gek,oqg{cegco%h ﬁﬁéc V%Og@l [ére%dﬁglln%wpér g%%@snetss in the
prior art, f/hﬁ cont TCIC. resz)i st ance bet peen second conduct or made f I TG
120 or t hé®FPREATaTHHTIS cordtid s a5t PhUr & AP OH S P IPYSs a very
high value of 1 x E10 to 1 x E12 0. Thus, a favorable contact resistance
cannot beCeBPEITRES I n the case of making the structure of the first
conductor into a bi-layered structure conposed of different materials to
obtain a favorabl kiqlitowf tbhatawtverasnsiamee pricblessditfifd doventoortath thi s
25 first conductor at one tine with a single reagent (etching sol ution)
Thus, it kheneciassarypup ohqetdeetnmedehi Ag shvedd MBsretiSiing towbroeagent s

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 other. 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 (thin filmtransistor) 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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(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-filmtransi stor-substrate-producing process enabling to produce this
thin fil ; j stqor te nmore sinply at |ower costs. Still another
obj ect o?kbagqﬁkgghf?%gggé&ghe third group is to provide a liquid crystal
di spl ay conpriskgg %ﬁis thin filmtransistor substrate. [0058] Fourth
group: objects % cribed as the background art of the fourth group, the
production process is not_made, conplicated by using a transparent |,
el ect roconduct i ¥8 FRSEET GF Gt AT NP aCs pdtsi FPRIRIGEPUPOYS &OoppXyide
el ectrode and a transparent el ectrode. An object of the invention of the
fourth greubiduc erystali desrlaprmaking AtfRaseipaasitor pakitfsneadesprlahd a
si npl e process for producing the sanme. Another object of the invention of
t he fourt hsgaotmpiriesi;t angr evénlelfa apioreet ebmgutirsddg 81 amsdich taafiEpasebst r at e,
and a sputtering target useful for formng 26 this pixel electrode.
electrode, or a source/drain (comprising Al) and a pixel electrode

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 or two or more oxides selected from tungsten
oxide, molybdenum oxide, nickel oxide and niobium 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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[0059] An object of the invention of the fourth group is to provide a
liquid crystal display making it possible that: half-tone display is
attained; and even if a gate conprising Al and a transparent el ectrode, or
a source/drain (conprising Al) and a pixel electrode are brought into
direct contact with each other, the contact resistance therebetween is nmade
smal | . Means for solving the problens [0060] First group: neans The
above-nenti oned objects of the invention are attained by using, as a

transpareptspixele 8l 6td19d8e %ﬁdé@%@ﬁgﬁﬂem S oronduetdl S fdd sohi ch s

made mainly of 1 ndiumoxide, and further conprises one or two or nore

oxi des sel t d fro n oXi l.ybdenum oxi d kel oxi and
nloblunloX|§ %aPﬁPsgéPgéﬁébaFEE @%%E ?gcéhdﬁ ctive 'F'%ﬁFVggpa# %?%é%amnth an
acidic etching solution, so as to be i nto. the sha rﬁg a tran arent

pi xel el ectP&d ar@ﬁé‘é?ﬁ@&?%ro‘??ﬁwtlﬁ@ M’ﬁ‘lcf‘ﬁé 519

adopted. [0061] (1) First, the inventionis a thin f|In1tranS|stor

subst r at e Ox&dempeEns| hir therr corprasestonuBE that @f mars suricesetalaatedet ¥t med

over the transparent substrate, a drain electrode forned over the 27
tungsten oxide, molybdenum oxide, nickel oxide and niobium oxide,

and the transparent pixel electrode is electrically connected to
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 oxide 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 comprisesoneor twoormore oxides selected
fromtungsten oxide, molybdenumoxide, nickel oxide andniobiumoxide,
whereby nodules are hardly generated in this target.

[0063]

Inthe case that tungsten oxide, molybdenumoxide, nickel oxide
orniobiumoxide isincorporatedintoatransparent electroconductive
film, the amorphous transparent electroconductive film formed into
an amorphous film can be etched with an etchant containing oxalic
acid. The substrate temperature for the filmformation ispreferably
from room temperature to 200°C, more preferably from 80 to 180°C.

The reason why the substrate temperature at the time of the film
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transparent substrate, and a transparent pixel electrode formed over the
transparent substrate, wherein the transparent pixel electrode is a
transparent el ectroconductive filmwhich is made mainly of indium oxide,
and further conprises one or two or nore oxides selected from tungsten

oxi de, nol ybdenum oxi de, nickel 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 maipbyi & sisndEUmnQxide” apmANShRabnd D diWm0XE des ie516gpk ained as a
mai n conponent, and generally neans the case where indiumoxide Is

cont ai ned tom c-cC osjtion.ratio of .50% or, nore. en the
transpareﬁ?B%?Qéf%Igwgggrghe $Q?S 5?ﬁ%dtl$ﬁ%§a§ufﬁlﬁ?t%1 %bee?mP%r%kﬁﬁf whi ch

i s made naini of igﬁlunLoxide and further conprises one or two ornore

oxi des sePEctEFTf FOR RSt BREERTYE, TRoPYBETHUM EXFURF ThilOREF 8%7¥e and

ni obi unoxi de, whereby nodul es are hardly generated in this target. [0063]

I n the case thsatthempsnen ibxihdesulralinggeirmpesritdes isi nkadieokhae 208%C,ni obi um
oxide is incorporated into a transparent el ectroconductive film the

anor phous theanspapentnteledertocondiisttiive filmmbprmedbe ricde tam banetrgiasus fil m
can be etched with an etchant containing oxalic acid. The substrate

t enper at uwethothd kechhhtdoitmhing d:m1akceberay théromdeamiveapers aifure to
200C, nore preferably from80 to 180C. The reason why the substrate

tenper at ugg; ak;j 1hect tAB19ke t NGkl B hydrogenmaybe added to the atmosphere
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 additionof themetal oxidemakes it possible tocrystallize
the transparent electroconductive film on the substrate easily by
heating the temperature of the substrate to a temperature higher
than 200°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. Consequently, 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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28 formation is set into the above-nentioned range is as follows: in order
to control the substrate tenperature into roomtenperature or |ower,
cooling is necessary to prevent the energy |ossenergy ; on the other hand,
if the substrate tenperature is higher than 200C, the transparent

el ectroconductive filmmy not be able to be etched wth the etchant
containing oxalic acid by the crystallization of this film orthe |ike.
Wat er or hydrogen maybe added to the atnosphere gas when the filmis

forned. Thb?e&@&ﬁsthﬁsQQ&ﬁE&B%eh@ Sl hen bk tHAANBOULRE 1ent in

el ectroconductive filmnore easily wth the etchant containing oxalic acid
so as to residues further. [0064] The addition of the netal oxide
makes it g§§é§§§¥?qqy'crystallize the transparent el ectroconductive film on
t he substrate eﬁébég by heating the tenperature of the substrate to a
tenperature hig Y han 200C after the etching of the fornmed transparent

el ectroconductive film The tenperature for the crystallization is

pref erabl y 220CIhedrid mprleiicdngispyo L 8DE tepnipreen B lefbresystgitiveatilgn of the
transparent el ectroconductive film cell reaction is restrained even if the
t ranspar ent prfecebbdygonduc?Dvieo 60D migonbaetredrrebégtimginy8@ icn30berst at e
that the filmis electrically connected to Al. Consequently, etching

fail ures, eseemarse breakisgl wifrAm B0 Nes,20ar embhardl yhgenamatedckddes sgrecific

resi stance of the thus fornmed transparent
the transparent electroconductive filmis 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 composition ratio (hereinafter, referred to 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 ratio 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 200°C
or higher. If the composition ratio of In is more than 0.99, the
transparent electroconductive film is crystallized at the time of
the formation of this film so that the film cannot 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
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el ectroconductive filmis reduced to a value simlar to that of ITO 29
Moreover, this transparent el ectroconductive filmis excellent in
transparency. [0065] The filmthickness of the transparent

el ectroconductive film is preferably from20 to 500 rim nore preferably
from30 to 300 nm even nore preferably from30 to 200 nm If the film

t hi ckness of the transparent el ectroconductive filmis less than 20 nm the
surface resistance of the transparent el ectroconductive filmmay rise. On

the ot herpbanghit follre finl thd RirekBesseraf ot bet tscieparent fiahgchh@aorductive
filmis nore than 500 rim the transmttance may be |lowered or a problem

about the wpi KiORESEL 51, Q) ABYNPE GRUSEHLe AROUL 10 henQIRAST Lt ORs Ye t he
transparent el ectroconductive film the conposition ratio (hereinafter,

referred LR NBRLATLE LLAN Ol b 30NF CASEYBhALDL AN S (e atom ¢
ratio of I'n, is preféerably “as follows: e value ot [In] 7 [al ] the netal s]
is fromO.85 to[@O%%]. | f the conposition ratio of In is less than 0.85, the
resi stance valu t he transparent el ectroconductive filmmy be increased
or the transparent, el ectroconductive filmmay not be crystallized even if
the substrate ohtwi ehSP REIFTrrRT & A8FAERCT& heht & Zo22G0EN1EE dfigher. | f
the conposition ratio of Inis nore than 0.99, the transparent
el ect r ocohdbettihme trianapasery yhegitirpgeddattitvee filme of the formation of this
filmso that the filmcannot be etched with

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 of incorporating Sn, the composition ratic of Sn,
which is the atomic ratio of Sn, is preferably as follows: [Sn]/[all
themetals] <0.2. Theratioismorepreferably as follows: [Sn]/[all
the metals] < 0.1. If the value of [Sn]/[all the metals] in the
transparent electroconductive 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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the etchant containing oxalic acid or a |large anmount of residues may be
generated. The [In] represents the nunber of the indiumatons 30 per unit
volune in the transparent el ectroconductive film and the [all the netal s]
represents the nunber of all the nmetal atons per wunit volume in the
transparent el ectroconductive film [0066] It is also preferred to
incorporate Sn or Zn as a third atom into the transparent el ectroconductive
film The atomc indiumin indiumoxide is a first atom and the atomc

tungsten, niobium TREGkeknangdh ok dTRbybEeIWL iMtaes Dxislel {§)id sefactied from
tungsten oxi de, nol ybdenum oxi de, nickel oxide and niobiumoxide is a

second at gmg Iaf%ﬁﬂ%@:@&&ﬁma *Jh'lnt 816288 i Sk BEOSROL AT cShpri Hfhg

conposition rat which is the atomc ratio of Sn, |s preferably as

ol love: FaArre1dln=eg=RE, & Sp-Eegufertile KBRSy We%?ﬁ%g%ﬁ%ﬁa@ﬁe“
netals] in the trans arent el ectro ond ctive filmi resi dues
may be g&HBFHEESF wh RS tSAnSPar |%V@trr6%%ﬁc§88?P%ef?’i FH??"sraetteched

The [ Sn] represents the nunber of tin atons per unit volunme in the
t r anspar eAtdet detanseananet Pk iI9lertrade Mo@iese oBeTi Hedrig@naPPRENZN, the
conposition ratio of Zn, which is the atomc ratio of Zn, is preferably as
foll ows: Fidn}tfatld, at helqetﬁllsquSObitra'ﬁtfe whatreoni & cmdroereplr phttabl yimas
follows: [zn] / [al
plural colors is formed, anda liquidcrystal layer sandwiched between
the thin film transistor substrate and the color filter substrate,
wherein the transparent pixel electrode is a transparent
electroconductive film which is made mainly of indium oxide, and
further comprises one or two or more oxides selected from tungsten
oxide, molybdenum oxide, nickel oxide and niobium oxide, and the
transparent pixel electrode 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 production 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

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

comprises the step of depositing the transparent electroconductive
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the netals] < 0.05. The [Zn] represents the nunber of zinc atons per unit
volunme in the transparent el ectroconductive film [0067] 31 (2) The
invention is also a thin filmtransistor liquid crystal display conprising
athin filmtransistor substrate conprising a transparent substrate, a
source el ectrode formed over the transparent substrate, a drain el ectrode
formed over the transparent substrate, and a transparent pixel el ectrode
formed over the transparent substrate, a color filter substrate wherein a

col ored patl@RiRelrthdt HaRdp LR Subst fa@kBthd and st ebi G964 Wt adidiayer
sandwi ched between the thin filmtransi stor substrate and the color filter

substrat eqr MAGK @IN1 He H-ARSPAE BNy PLXRLL £ BG! é?g&féc&ld&%%9§ggfﬁ{ﬁ,
I e, an urt her

el ectroconductive filmwhich is nade mainly of I ndium oxi

conprises,_Qne .or two.or re oxides selected fromtungsten oxide,
nDIybdenuﬁﬁ%??%%f&ﬁ?%leg%%itéﬂgﬁﬁrﬁpob?ﬁﬁgbfﬁggg} #%‘the transparent pixe
electrode is electrically connected to the source electrode or the drain
el ectrode. [006@?07¢h this thin filmtransistor substrate, etching failures
such as Al l|ine breaking are hardly generated in the production process

t hereof . Accor dThglacidif eiedmnd ihinreferably anvpek acisubstveat sher thesed, a
thin filmtransistor liquid crystal display having small defects can be
produced. 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 to 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 aqueous 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) ammonium nitrate.

[0072]

Second group: means

The following will describe means of the second group of the

invention.
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[0069] (3) The invention is a process for producing the thin film

transi stor substrate according to the item (1), which further conprises the
step of depositing the transparent el ectroconductive 32 fil mover the
transparent substrate, and the step of using an acidic etchant to etch the
deposited transparent el ectroconductive film thereby formng the
transparent pixel electrode. [0070] The acidic etchant is preferably a weak
acid. Even when the transparent el ectroconductive filmis etched with the
etchant of a Mﬁ?57§ﬁid, resi dues based on the etching are hardly generat ed.
About the etchant containing oxalic acid, the concentration of oxalic acid

is preferably from1 to 10%9 wei ght, nore preferably from1l to 5% by
wei ght. If the éegégﬂﬂfﬁﬁﬂgn—éﬁgakalic acid is less than 1% by weight, the
etching rate of the transparent el ectroconductive filmmy become small. If
the concentrati 6f)i5 GHsIeE FRaRCIOANBF RePYRTICH Ianpst RFCBICBHaltneé acid may
precipitate in the aqueous solution of the etchant containing oxalic acid.
[ 0071] (4)inTaetiovestisputiterahgsarpet whiioh fisimademsmigsilytadT imdibst eatde,
produci ng process according to the item3, wherein the acidic etchant
conpri sesaadycaie iGesadye taro tad domeref mexal (£ seldcted Mivcadthei fhirst
conpri sing phosphoric acid, acetic acid and nitric acid, or cerium
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.
[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 one
or twoormoremetal (s) selected fromthe first metal groupMl consisted
of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of the metal (s)
are simultaneously added.
[0075]
When the sputtering target of the invention is used toc form
a transparent electroconductive film by sputtering, the contact
resistance between the transparent electroconductive film and other
Al members can be kept into a small value on the basis of the
above-mentioned structure.

[0076]

Specifically, in the case of using the sputtering target of
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(1'V) amoniumnitrate. [0072] Second group: neans The followi ng wll

descri be neans of the second group of the invention. 33 [0073] A
Sputtering target (5) In order to solve the above-nentioned problens, the
invention is a sputtering target which is nmade mainly of indiumoxide, and
conprises one or two or nore netal (s) selected fromthe first metal group
M consisted of W M, Nb, N, Pt and Pd, or an oxide or oxides of the
nmetal (s), and an oxi de or oxides of one or two or nore nmetal (s) selected

fromthe %ggopgvéﬁ¥f% groggk$&g(%%g% Sgegk lec% gqgédjggied%gg%fg ] [0074]
e

As descri b above nventl onis atacterized i oXi

oxi des of one or two or %t{j Es) selected fromthe second net aI group
M2 consi sPEdSBE- TSt FandP u%%s aFt, TP GReeSof e iR G or e netal (s)
selected f romthe f irst nmetal group M consisted of W My, No, Ni, Pt and
Pd, or an oxi dePSEVeRH dée 84 AES nbing ESY the ot HINARATEREOBEESERlited. [ 0075]
When the sputtering target of the invention is used to form

between the Al source/drainelectrodesandthepixel electrode;

and

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
invention is the sputtering target according to claim 1, wherein
the value of [M1]/([M1] + [In]), which is the composition of one
ortwoormoremetal (s) selected fromthe first metal groupMl 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

to indium oxide, is from 0.005 to 0.2, wherein the [M1l] represents
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a transparent el ectroconductive filmby sputtering, the contact resistance
bet ween the transparent el ectroconductive filmand other Al nenbers can be
kept into a snall value on the basis of the above-nentioned structure.
[0076] Specifically, in the case of using the sputtering target of 34 the
invention to forma transparent el ectrode or pixel electrode by sputtering,
val ues of contact resistances generated: between the Al gate line and the
transparent el ectrode; between the Al source /drain el ectrodes and the

pi xel el eeheadeiberadtl thet aeeis bherdl of aubcef abae Mmadalli(BYSselrd tledef rom
transparent electrode can be made snaller than values of contact

resistancese genar ﬁé@gl tcﬁ%ﬁ;%beﬁ}\{@e{m'] nrégﬂ%sl%"n‘tgrtﬁ’é thumb@P 71 thknatdis present
patent, the mordlng "A i's nade maini wherein A represents a nenber

and X o gm%ogP%?Ey neg(@z ﬁfleacttié frson?tﬁg's%c‘éﬂgﬂﬁe’%%ﬂt %féhé he raw

mat eri al genera onen avin

t 50% 078 t I th
compost L1 gnratl EFBLF@%GQ?%S RHRTPE S %a%g%o?er 14 G2 cor di ng
to claim1, mhe&gbgg]

Composition of the lanthanoid-based metal oxide(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)

[M2]/([M2] + [In]) = 0.005-0.2

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

[0080]

In the present patent, the group of lanthanoid-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.

[0081]

In the patent, symbol [] is used to represent the number of
the atoms of 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 atoms of indium.

(0082]
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the value of [ML]/([ML] + [In]), which is the conposition of one
ortwoornorenetal (s) selected fromthe first netal group M consisted of W
Mo, Nb, Ni, Pt and Pd, or the nmetal oxide(s) to indiumoxide, 1is from0.005
to 0.2, and the value of [M]/([M] + [InNn]), 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 indiumoxide, is fromO0.005 to 0.2,
wherein the [ML] represents 35 the nunber of the atons of one or two or nore

netal (s) sel ectgdqbtemptife dddnst Jrahel , ghevpintbewh M2 i £ §RLesERt S/d he
nunber of the atonms of one or two or nore netal (s) selected fromthe

second meta mgéPUe‘iTeos%?el 6 il e d” ﬁ8£§f§”ti% HREgPP&@S{%;%L t‘ﬁ% LM, of

metallic indum nposi tion of t'he | ant hanoi al” oxi de(s)

As descri bed .ab in the invention, the osition of th
| ant hanot (-B8sed 't BTPRSIRSCS) ' QNAPPG et ST U ki 6896 a8 46 bus:
Expression (1) [M]/([M] + [In]) = 0.005-0.2 This value is preferably from

0.01 to 02PBroppraledefEPabile Sacorfometiat JXPUP- [0080] In the present
patent, the group of |anthanoi d-based netals is called a second netal
group, and the e0&Fk are together referred

If the value of this expression is less than 0.005, the effect
of theadditionthereof isnot easilyproduced. Whensucha sputtering
target is used to produce a transparent electrode or pixel electrode,
a large contact resistance may be generated between Al and the
transparent electrode or between Al and the pixel electrode.

[0084]

On the other hand, if the value of the expression is more than
0.2 and such a sputtering target is used to 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 themetal oxide(s) thereof relative to indium
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to as "M2". This M2 is also used as a synbol representing | anthanoid-based
nmetals. [0081] 1In the patent, synbol [] is used to represent the nunber of
the atons of the elenent per unit weight/volunme. For exanple, [cerium or
[Ce] represents the nunmber of the atons of cerium [indiun] or [In]
represents the nunber of the atons of indium [0082] 36 The descriptive
manner of [ M2], wher ei nM2, whi ch isacollective termof the above-nentioned
netals, is inserted into [], is also wused. [M] represents the nunber of
the atomsgfga etal rsehegted appropriately fromthe second netal group.
[0083] If the value of this expression is less than 0.005, the effect of
the addition thg&éggséﬁyqu easily produced. When such a sputtering target
is used to produce a ransp%rent el ectrode or pixel electrode, a large

contact resista e geperate en Al and the transparent
el ectrode or be?&gég?%pﬁaﬁd??ﬂL?pTj%RﬁEF@c?rode. [ 0084] On the other hand,
if the value of the expression is nore than 0.2 and such a sputtering

target is used tBepirddacet ANip sroparanen 16| afegallyrfguer Oktect rlotte, the

specific resistance of the transparent electrode or pixel electrode itself
may beconmoze|rreferably 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.

[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 Ml.
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.

[0087]

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.

[0088]

(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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value. |If the expression is nore than 0.2 in sanme manner, the transparent

el ectrode or pixel electrode itself may not be etched wth ease. Asa
it may beconme difficult to produce a substrate

result,
di spl ay.

[ 0085] Conposition of netallic W M, Nb, N, Pt and/or Pd,

for a liquid crystal

or the

metal oxide(s) thereof In the invention, the conposition (ratio) of netallic

W M,

indium 37 oxide is as follows: Expression (2) [M]/([M] + [In]) =
0.005-0. 2rFhe M ueehathisae Zl(.) §W9%f Slﬁ%%ﬁ%ﬁ&@@lﬂagé’o?megagé 19015,

nore preferably fromO0.01 to

Nbo, Ni, Pt and/or Pd, or the netal oxide (s) thereof relative to

Pt and/or Pd nay be added

i a metal siale oy L Aekal, 0% dg st %%e%algos%g%behnﬁ%@&@ mgner as

the second ' netal” group

e netal ~group”of

; "and Pd is

called a first nmetal group M. In the sanme manner as the above-nentioned
[ M], [NIPn?e%?esents the nunber of the atons (per unit vol unme/per unit
wei ght) of one or two or nore netal (s) selected fromthe first neta

[ 0087]

In the case of adding, in particular, a metal oxide or metal
oxides of Ce, Ho and Er out of oxides of lanthanoid-based metals
as describedabove, the above-mentionedeffects 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) 1s one or more.

[0090]

(8) The invention is also a sputtering target which is made
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 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 7Zn, Sn, Zr, Ga and Ge.

[0091]

As described above, in the invention, a structure is adopted
wherein the following are simultanecusly added: an oxide or oxides
of one or two or more metal(s) selected from the second metal group

M2 consistedof lanthanoid-basedmetals; andoneor twoormoremetal (s)
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| f the VBPRR! of the expression 2 is | ess than 0.005, the effect



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 my not be etched with ease.
[0088] (7) The invention is also the sputtering target according to the

item (5) Qk1é8peq WheheiH: tfm@s@&ﬁ&g(ls%r@&p Mecort By osel esiogdnp 3&if,rom t he
second nmetal group M2 of | anthanoi d-based netals is/are an oxide or oxides

of one Of piDLgy B als 381 Seifdl dif QfiLids (Pcrdomeediffr- [0089] In the case

of adding, in particular, a netal oxide or netal oxides of Ce, Ho and Er
out of oxides o% ¢ t hanoi d- based netals as descri bed above, the
above-nenti oned % cts and advant ages becone nore renmarkable. Qut of these
netals, two kinds be selected or netal oxides of all three kinds may be
added since theI?lu?rE%rprd'Pr fher skEG EAPRRTRI(ESISTeN6RE e HPETaL6690]  (8)
The invention is also a sputtering target which is nmade of indium oxide,
and conprbsedeenppbedtl Uadeokinfradngiat regyraegrdcedgctrode, between Al

source/drain electrodes and the pixel electrode, and between the
Al source/drain wirings and the transparent electrode.

[0093]

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

[0094]

Further addition of the oxide(s) of themetal (s) selected from
the third metal group 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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fromthe first netal group ML consisted of W Mo, Nb, Ni, Pt and Pd, or an
oxi de or oxides of the netal (s); an oxide or oxides of one or two or nore
netal (s) selected fromthe second netal group M consisted of

| ant hanoi d- based netal s; and an oxi de or oxides of one or two or nore

metal (s) selected fromthe third netal group M3 consisted of Zn, Sn, Zr, G
and Ge. [0091] As described above, in the invention, a structure is adopted
wherein the follow ng are sinultaneously added: an oxi de or oxides of one

or two or t@ﬁ%ﬂ%@c‘ eﬁébt?@é&?&ﬂﬁz@oﬂLﬁeca%e%%ngtﬁiﬁéd group M consi sted
of | ant hanoi d-basednetal s; andone or two ornorenetal (s) 39 selected from

the first motal .gr oun Mergapsl stad BE M0y Mo, Ny or £ ndBlso gl pn oxi de

or oxi des of the rior gé contac

reS|stanc s_are gener ted bet nth l'i ne_and the transpar ent
el ectrode, rB%f ?A@ S5bhr Y 1Nee$éﬁ$ﬁgﬁbg CaRG 2 HePi xel el ectrode, and
between the Al source/drain mﬁrings and the transparent el ectrode. [0093]

On the ot her hafifl, I"ECOFPEPAY ot hhé TRRTRMSTY, Of HdY hegeed Shfagparent
resi stances generated in the prior art can be made small by the
above- nentilenedosEimnductare. £1lm gtanebewsttsinache cont act resi stances can be
made small to such an extent that the resistances can be
The wording “an improvement in the specific resistance” herein

means a decrease inthevalueof thespecificresistance. 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 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 also the sputtering target according to
the item (4), wherein the value of [M1]1/([M1] + [In]), which is the
composition of 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 indiumoxide, is from0.005t0 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 [M3]/([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
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practically ignored. [0094] Further addition of the oxide (s) of the netal
(s) selected from the third netal group MB consisted of Zn, Sn, Zr, Ga and
Ge nakes it possible to inprove the resistance value of the sputtering
target itself and restrain nodules from being generated. The wording "to
i nprove the resistance" 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 formed by
sputteringousi ng,d, s $RU! 181 ] NEJALEALs {09l ANo F MHLOLRBRA oF Nodd1e
specific resistance of the forne 40 transparent e?ectroconductlve filmcan
be attained. An inmpraovenent,in the etchi characteristic.of the fagrmed
Cranspar gt 6actt earatert b ivtleEk et ARty dreent T ¢ he
transpareqCﬁ of the forned transparent el ectroconductive film can be
attai ned. HKé REFEPRETS & ei’?‘rﬂ%&& HtS PROPRE TP iHHOr BTt SRER L R ei n
nmeans a decrease in the value of the specific resistance. The wording "an
i npr ovenefElpAt etk & rendiienee edigt Aotk pseuR therldidd rrmesenfattha Resel m i s
nore easily dissolved in an etchant used in etching. The wording "an
i mproveneetf the tdtensr ahsiger evtyl (HersslearednSrdnhehedelgt v meftadl @aoumss i s
i nproved, resulting in a matter that the val ue

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

[0097]

Lanthanoid-based metal oxide(s)

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

[0098]

The range “0.005-0.2"” of the value of the ratio 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]

If thevalueof theexpression, whichrepresentsthe 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
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of the light-transm ttance approaches to 100% [0096] (9) The invention is
al so the sputtering target according to the item (4), wherein the val ue 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 netal oxide (s) to indiumoxide, is fromO0. 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 M

consi sted _of _|anthanoi d-based netals to indiumoxide, is fromO0.005 to 2,
and the Si?ﬁ‘ér%e'[ws]/([ws] + [In]), which is the conposition of the

oxi de(s) of the netal (s) selected fromthe third nmetal group M3 consisted
of zn, Sn, zr, C41%HH Ge to indiumoxide, is from0.005 41 to 2, wherein the
[M] represents the nunber of the atons of one or two or nore netal (s)

sel ected from tfAe e stheethaindgr buphet dwove-Weht tepe@ vedtls tshaonantyem of t he
atons of one or two or nore netal (s) selected fromthe second netal group,
the [ MB] 0epy esenspethii nusbestarofe vliectad aranobatdre sbtat {&)e selwintead from
the third netal group, and the [In] represents the nunber of the atons of
metal lic endetidde M2Q9Bkcbaat Nanel, dobased M tabdaxt def SHrodesdesgei bed above,

in the invention, the conposition of the |anthanoid-based netal oxide(s)
relative E?ahéﬁgfgﬁégﬂé%%fdaeQ§:pixelelectroden@yxuﬁ:beetchadwithease.
[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 electrode or pixel electrode

produced by sputtering using the sputtering target of the invention,
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follows: the value of [In]/([In] + [M]) = 0.005-0.2. The [M2] is described
as [l ant hanoi d-based netal (s)] in sone cases. Both of them represent the
nunber of the atonms of the | anthanoi d-based netal oxide(s). [0098] The
range "0.005-0.2" of the value of the ratio between the atom nunbers
described in the invention is preferably from0.01 to 0.15, nore preferably
from0.01 to 0.1. [0099] |If the value of the expression, which represents
the conposition of the |anthanoid-based netal oxide(s) relative to indium

oxide, igdesnebNagibrd0dnchbe rekligcind nhheagdhdinnd berfadn AR A0t be
produced. In othér words, a non-negligible contact resistance nmay be

gener at ed. pet yean /i A0 108 LI ANSPaLentd aat Lodel i xel o142 Slget fode.

[0100] On the othe and, e above-nenti one i'S nore than 0. 2,
the specific reib?gg?ce of the transparent el ectrode or pixel electrode may
becone | arge, o he production process the transparent el ectrode or

pi xel el ectrode may not be etched with ease. £0101 Metallic W Mo, Nb, N,
Pt and/or Pd, of"t ey h@%ﬁde%%}*m%%PQW9iWen ioned value is more than

0.2, the specific resistance of the transparent electrode or pixel
electrode may become large. Furthermore, inthe production process,
the transparent electrode or pixel electrode may not be etched with
ease.

[0105]

Zn, Sn, Zr, 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
oftheadditionthereofjjsnoteasilyproduced. Specifically, about
the transparent electrode or pixel electrode produced by sputtering

using the sputtering target of the invention, anon-negligible contact
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In the invention, the conposition of netallic W M, Nb, Ni, Pt and/or Pd,
or the nmetal oxide (s) thereof relative to indiumoxide is as follows:
[In]/([In] + [M]) = 0.005-0.2. The value of this expression is preferably
fromO0.01 to 0.15, nore preferably from 0.01 to 0.1. The [M] represents

t he nunber of one or two or nore netal (s) selected fromthe first netal
group, W M, No, Ni, Pt and Pd. [0102] W M, No, Ni, Pt and/or Pd in the
first netal group M nay be added in a netal state or in a nmetal oxide

state. [0183]stdrce Betvaéna10bnihenLXRRESSI At 1kB8BoddIAT BePPden the ef f ect
of the addition of W My, Nb, N, Pt and/or Pd may not be produced.

Speci fically, lﬂ?%ﬂk hhe, Lrenspare bglg f%y% Jr pixel electrode produced

by sputterlng using the sputterln tar of the invention, 43 a
non-negligi bl e i@f@ resi stance may be generated between Al and the
transparent ele e or between Al and the pixel electrode [0104] On the
ot her hand, if the above- nentloned value is nore than the specific

resistance of tHe W¥afsher Safdel EeltPEdP B PrRetoned éféltllJ@cFe'S raye

large. Furthermore, in the production process, the transparent electrode or
pi xel el e@t?o&@enﬁgeml%éeéx%wwf HhephB@nsparent electrode or pixel

electrode may become large, or in the production 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 of
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 alsoc 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),
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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[0105] Zn, Sn,

Zr, Ga and/or Ge oxide(s) As described above, in the

i nvention, the conposition of one or nore netal oxides selected from Zn,
Sn, Zr, Ga and Ge in the third netal group M3 relative to indiumoxide is
as follows: [M3]/([MB] + [In]) = 0.005-0.2, wherein the [M3] represents the

nunber per unit

vol unme or unit mass of the netal (s) selected fromthe third

nmetal group. This expression represents the atom c conposition ratio of
the netal (s) in the third metal group to indium The value of this
expression is ak§ 1ﬂlbstantially a conposition ratio of the oxide(s) of the

nmetal (s) in the
expression is
easi |y produced

third netal group M3. [0106] |If the value of this

gss t han,0..00 e ect of .the gﬁdi i.on thereof is not
s T &

he ef
A5 e F‘é?"%bdﬁf tf‘?hjemf%tﬁsoﬁar r8de-87 Bi xel

el ectrode produced_b%_sputterin using the sputtering target of the

i nvent i onMO&S MG

SgPBfed &6t 1RdiyRsg ce between Al and the

transparent el ectrode or between Al  and the pixel electrode may be
generated. [0107P11&h the other hand, if the above-nentioned value is nore
than 0.2, the specific resistance of the transparent el ectrode or pixel

el ectrode may bévens hargeetal okndéheepeodert firom lpnobessidtim sedrmatspar ent
el ectrode or the |like may not be etched with ease.

oxides

One 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 electroconductive film of the invention to

make a transparent electrode or pixel electrode, contact resistances

generated:

between the Al gate line and the transparent electrode;
betweentheAl 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 value.

[0113]

On the other hand, in the case of using a conventional

transparent electroconductive film to make a transparent electrode

or pixel electrode, contact resistanceshavinganon-negligiblevalue

are generated between the Al gate 1ine and the transparent electrode,

between the Al source/drain electrodes and the pixel electrode, and
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[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 nore netal (s)
selected fromthe second netal group M2 consisted of | anthanoid-based
nmetals is/are an oxide or oxides of one or nore netals of La, Ce, Ho and
Er. [0109] O the |anthanoid-based netal oxides, an oxide of Ce, Ho or FEr
is particularly preferred. In the invention, therefore, the oxide(s) of Ce,
He and/or Er is/are adopted. [0110] (211) The invention is also a

transpar eBEt@é&‘r‘tt'h%Cfo‘%‘d%‘i:derilrl Mr%&%g)tlsté}{?@?a %éht%ﬁ%@?%&!{@ oxi de,

and corrprl ses: one or or nore net ecte om t rst netal
group conmsgﬁg14 f W Mo, Nb, N, Pt and Pd, or an oxide or oxides of

t he rretal (s) oxi de or oxides of one or two or nore netal (s)
selected from the second netal group M2 consisted of | anthanoi d-based
metals. 45 [0111F) TR HEEALIPBII RO thentHale PRk eBAtS G L TORENFHF TR ng t wo
or nore materials are added to indiumoxide. [0112] One or nore netal

oxi des selféénerdausinbane hidrdiidemad él) nettelreioxtdesvalue of [MI1]/([M1]

+ [In]), which is the composition of 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 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
0.005 to 0.2, 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 or more
metal (s) selected fromthe secondmetal group, andthe [In] represents
the number of the atoms of indium.

[0115]

Lanthanoid-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]/([M2] + [In]) = 0.005-0.2. The [M2] represents the
number of the atoms of one or two or more metal (s) in the second
metal group M2 consisted of lanthanoid-based metals. This number

is the number per unit mass or unit volume. The [In] represents the
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One or nore netals selected fromW M, No, Ni, Pt and Pd, or an oxide or
oxides of the netal (s) In the invention, these are sinultaneously added to a
transparent el ectroconductive film Accordingly, in the case of using the
transparent el ectroconductive filmof the invention to nmnake a transparent

el ectrode or pixel electrode, contact resistances generated: between the Al
gate line and the transparent el ectrode; between theAl source/drain

el ectrodes andt hepi xel el ectrode, between the Al source/drain wrings and

L0 LR L L o PSR O T DB AR e
using 2 conventionsl t1snsearent el ectroconduct ve 11 Lo ke 8

non-negligible value are generated between the Al gate line and the

t ranspar efitt@l efiopdés thdrRaEn ehéhal basls dff dhai Ruedelsa PédeRe aifdPmshe pi xel

el ectrode, and 46 between the Al source/drain wirings and the transparent

el ect r odethef@dfl4] Thi®)compesihventiadno $sallsw tthe ¢ommspdrient ratio of

el ectroconductive filmaccording to the item(11), wherein the val ue of

[ ML] / ([ MlEhe bAikde](3) ovhikbb nexale) ciompasi dd@mdohe e g@bup W2 06 iRdiemret al (S)
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 expression, which
represents the composition of the lanthanoid-based metal oxide(s)
toindiumoxide, is lessthan 0.005, the effect of the addition thereof
may not produced. In other words, about the transparent electrode
or pixel electrode wherein this transparent electroconductive film
isused, anon-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-mentioned 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]
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selected fromthe first nmetal group M consisted of W M, Nb, Ni, Pt and
Pd, or the oxide(s) of the netal(s) to indiumoxide, is from 0.005 to 0.2,
and 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 M
of | anthanoi d-based netals to indiumoxide, 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 nmetal group, the [M] represents the nunber of the

atons of one or bW RIr; BRAS LI, al £ DheSehrGIedn 1R thgp é@f@ﬂﬂu B?t@}le group,
andthe [In] represents the nunber of the atoms of indi um

[0
Lant hanol d; hased, fTetalcaxi el s) aseggﬁéfﬁ%b%(esyamﬁ @vgntwn the

conpositio han0| d-B oxi de i've fo irndium

o B R A g, b e e

second netal group M2 consisted of |anthanoi d-based netals. This nunber 1is
t he nunbePrpéeraimivt fragsOe?l uin t0-Vdl uRere Bie ferably epr@séhild thel- 47 nunber
per unit volunme or unit mass of the indiumatons. Accordingly, this
expression is tHetebhipodi tHon Nat No, oft Ehd/aetd, E5) the mete lsexbirl(s)net al
group M2 to indiumon the basis of the nunbers of the atons thereof. This
conpositi @Rer&dfo is al so the conposition ratio of

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 [M1] 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 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 electrode wherein the transparent electroconductive film

of the invention is used, a non-negligible contact resistance may
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the oxide (s) of the netal (s) in the second netal group M2 to indium

oxide. [0116] This value 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 conposition of the |anthanoid-based netal oxide(s) to
indiumoxide, is less than 0. 005, the effect of the addition thereof may
not produced. In other words, about the transparent el ectrode or pixel

el ectrode wherein this transparent el ectroconductive film is used, a

non- negl i gebyeneitiaar beteséstAincadTraybet genghatad dpiawenie Al bétwddrer
wirings and this transparent el ectrode or pixel electrode. [0118] On the

other hand; biqthe ahque- seatiped value is nore than 0.2, the specific
resi stance of the transparent el ectrode or pixel electrode conprising the

transparent ele 559§gnductive filmof the invention may becone large, or in
t he production groce s the transparent el ectrode or pixel electrode may not

be etched with ase. 011 8. descri bed gbove, in the.invention, the
conposi tion of ﬁﬂet 9 %{R%ﬁ%flg’- BdsEf N@{L‘é? O%x £EhTeRI N b2 ™06 ATUm oxi de
'S a5 TOyl Onind SRR di LA S %m0 dnBoarant S 00PRous of piasl © '°
electrode comprising the transparent electroconductive film of the
inventionmay become large. Furthermore, in the production process,
this transparent electrode 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 M2 consisted of
lanthanoid-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 out of the
lanthanoid-based metal oxides in this way is 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 oxides of one or two or more metal (s) selected from the
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preferably from0.01 to 0.15, nore preferably from0.01 to 0.1. Metallic W
Mo, Nb, NI, Pt and/or Pd, or the netal oxide(s) thereof In the invention,
the conposition of the netal (s) in the first mnmetal group consisted of W
Mo, Nb, Ni, Pt and Pd, or the nmetal oxide (s) thereof relative to indium
oxide is as follows: [In]/([In] + [M]) = 0.005-0.2. The value of this
expression is nore preferably from 0.01 to 0.15, even nore preferably from
0.01 to 0.1. W M, Nb, Ni, Pt and/or Pd may be added in a netal state or

in a metakeeXhdenctbat @roud 022QndVsted & d8RCRASo i LA hdesifd,r shanst al
group consisted of W M, No, N, Pt and Pd, and the [M] represents the

oy e : | 0 th
number peEXiL&é“ér %ﬁﬁgrf?ﬁﬁe vl uie QP%%e h\é@n%ggsmofe JBRLal £3dm 1 dhd he

first nmetal group. represents the nu of the atons of Indium

per unit ss.or_.unit vaol , _as .desgri ahove, [0121 | f the val ue of
t he above[tTﬁ%.\]ﬁ(iiiné)%te‘—’lgIL gfﬁpgﬁg?o%or}sslsl%gésogﬁéﬁ %6‘.’065,’ %ealréq‘ rGf&:t of the
addition of W My, No, Ni, Pt and/or Pd nmay not be produced. Specifically,
about the trans;ﬁ%%@c el ectrode or pixel electrode wherein the transparent
el ectroconductive film of the invention is used, a non-negligible contact
resi stance may 298 drsqyéhefalmi<heindds venidonheadardieshis ensteleineode or
between Al and the pixel electrode.

wherein an oxide or oxides of one or two or more metal (s) selected

from the lanthanoid-based metal group (secondmetal group) 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 the metal(s) are simultaneously added.

[0127]

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

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 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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[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 pixel electrode
conprising the transparent el ectroconductive filmof the invention may
beconme | arge. Furthernore, in the production process, this transparent

el ectrode or pixel electrode may not be etched wth ease. [0123] (13) The
invention is also the transparent el ectroconductive filmaccording to the
item(11) or (12) wherein the oxide(s) of the netal(s) selected fromthe
second newakdgy enp chBtreensesi ethrdes danbdangs enbas edt FBI@NSNnE§l 8dHo1RN OXi de
or oxides of one or nore netals of La, Ce, Ho and Er. [0124] To adopt an
oxi de or @xidgs. of Ce, Ho and/or Er out of the | anthanoid-based netal
oxides in this way is preferable. [0125] (14) The invention is also a

t ransparent elegbigg nductive filmwhich is nmade mainly of indium oxide,
and conprises ne o two or nore netal (s) selected fromthe first netal
group consi s an oxi de or oxi des of

t he netaJ(s) g B&?Eﬂggé‘ HQFHé%n(ﬂXlgﬁeoﬁro%Ré% onn%ﬁ%aq¥ét§P 5)"¥H ect ed

fromthe 50 second netal group M2 consisted of | anthanoi d-based netals, and
an 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 electroconductive
filmaccording to the item 14 wherein the value of [M1]/([M1] + [In]),

which is the composition of one or two or more metal (s) selected
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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 ML consisted of
W M, Nb, Ni, Pt and Pd, or an oxide or oxides of the nmetal (s) are

si mul tanegy&{ly Rdged., xhgélazl?] e EARA hguSENS, CO@ peni ongl o
t ranspar en ectroconduct i mas a transparen eétrode or i xe
| ectrod | t t ed: b t th t
i ne and Prie ©1 deparent %W@%'F Sggels SR itho S o0t Jopl & Gieat r odes

and the pi xel electrode ween the Al source/draln W rings and the
t r anspar ehfe %ﬁkﬂﬁ:PédéMzbhH”ﬁ@tﬁeéﬁnblhéﬁ§fh-ﬁ@l@%ﬁ QPPRét 8RRt Had, in

the case of using the transparent electroconductive filmof the invention
to make acxtdmeparcdntneedecinode BPrinaialdsecsebele,ed Heomarlye sedangs of the
contact resistances generated in the prior art can be made small. In other
51 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 of Zn, Sn, Zr, Ga and Ge to indium
oxide, is from 0.005 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.

[0132]

Lanthanoid-based metal oxide(s)

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

metal group. This [M2] is the number per unit mass or unit weight.
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words, the contact resistances can be made small into a non-negligible
extent. [0129] Furthernore, when an oxi de or oxides of one or two or nore
netals selected fromZn, Sn, Zr, Ga and Ge (the third nmetal group M) are
added thereto, useful effects as described bel ow can be produced. [0130]
An inmprovenent in the specific resistance of the forned transparent

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

attai ned. pANgd JBYiOLEMEBRL v N HHe [THANSHHMLREY sOfnd NrftayTed rt NS Paf-ant
el ectroconductive filmcan be attained. The wording "an I nprovenent in the

Specific 5?%&9%%%%? %grtﬂgrindm%oﬁisqeCAc%%%%%haé{?b%hggbgge%e hgrpeci fic

resi st ance. an | nmprovenent 1n the ching characteristic"
herein neans that the filmis nore.easily dissolved in an etchant, used in
etching. STRETORH RGPSt TaipE B0 At Th Tes tPRMUBSPEry T RePart (fans t hat
the value of the |ight transmttance approaches to 100% [0131] (15) The

i nvent i onCPREAES tRet R ARGERAHE 2t SLOMBChbRIIAS $€ 1RF ¥ -actRt dig et o t he

item 14 wherein the value of [M] / ([hﬂi + [ In] ), whichis the
conposi ti 8 ©WilsoREPEESIIAN 4F APl tRRICELESY B eemp@sition ratio of the

oxide(s)ofthgn@tal(s)containedinthesecondnetalgrouptoindium
oxide.

[0133]

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

[0134]

Ifthevalueof theexpression, whichrepresentsthe composition
of the lanthancid-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
invention may become large. Furthermore, in the production process,

this transparent electrode or pixel electrode may not be etched with
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52 fromthe first metal group M consisted of W Mo, Nb, Ni, Pt and Pd, or
the netal oxide(s) to indiumoxide, is from0.005 to 0.2, the value of
[M]/([M2] + [InNn]), 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 from0.005 to 2, and the val ue
of [M3]/([M3] + [In]), which is the conposition of the oxide(s) of the
nmetal (s) selected fromthe third nmetal group M3 consisted of Zn, Sn, Zr, G
and Ge tadsedium oxide, is fromO0.005 to 2, wherein the [M] represents the
nunber of the atons of one or two or nore netal (s) selected fromthe first
metal group, the3¥R] represents the nunber of the atons of one or two or
nore netal (s) selected fromthe second netal group, the [MB] represents

t he nunber of te& tl?E"SWO ot hﬁbn%f Ig§)ar§0e/lo : o BN al
group, and the Epteset] &1 S i

Lant hanoi g bas%d nmet al oxi de(s) As descrl bed above, in the |nvent| on, the
conposi ti the oxide(s) of the |anthanoid-based netal group (second
metal group) relative to indiumoxide is set asfollows % +[I\/IZ])
= 0.005-0.2. NP Fhke anygereidn the rPBPO$Heleebibematall ( g‘?d@ptfefb $Fs8 of

| ant hanoi d- based netals, and the [ M2] represents the nunber of the atom; of
one or tweterl goewp Bt abl(ls1)sm eft®d Mo, oWt NE,s@€toma] Pd, or the metal

oxide (s) therecf 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 (s) in the first metal
group. This number is the number per unit mass or unit volume.

[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 electrode
comprising the transparent electroconductive filmof 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 expression is more than

0.2, the specific resistance of the transparent electrode or pixel
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metal group. This [M2] is the nunber per unit mass or unit weight. 53 As
descri bed above, the [In] represents the nunber per unit mass or unit

wei ght of the indium atons. Accordingly, the above-nentioned expression
represents the ratio of the atom nunber of the metal (s) contained in the
second nmetal group to that of indium The value of this expression is
simul taneously the conposition ratio of the oxide (s) of the netal (s)
contained in the second netal group to indium oxide. [0133] This value is
pref er abl g1écorods 0dmpoi Hintprhawranppetetablgct fsemMdhc@iveor Onlof [(hE34] | f
the val ue of the expression, which represents the conposition of the

| ant hanoi dnbasedd®i pbeOXh&ed Sde I ekattNEddrd, A tHd B¥bd€at idrSpt&sssd, han
0.005, the effect of the addition thereof may not be produced. |In other

words, a ppfg Q?gk']sgépér?t ceoLactad ??'pi%géﬂ%fie ¥od0%ad 8%%%5{8&%% Al and
t he transparent electrode or pixel “électrode conprising the transparent

el ectroconductive filmof the invention. [0135] On the other hand, if the
above- mentfdned value is nore than 0.2, the specific resistance of the
transparent electrode or pixel electrode conprising the transparent

el ectroconducti Vel4¢41 m of the

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

As described above, in the invention, the composition 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 follows:
[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 simultaneously represents the composition ratioof 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 addition 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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i nvention may becone |large. Furthernore, in the production process, this
transparent el ectrode or pixel electrode nay not be etched with 54 ease.
[0136] Metallic W M, Nbo, Ni, Pt and/or Pd, or the netal oxide(s) thereof
In the invention, the conposition of the nmetal (s) in the first metal group
M consisted of W My, Nb, Ni, Pt and Pd, or the netal oxide(s) thereof
relative to indiumoxide is as follows: [M]/([In] + [M]) = 0.005-0.2. As
descri bed above, the [M] represents the nunber of the atonms of one or two

or nore ngtal ) sﬂ)é‘cl’fﬂ% bLE St IRIALE (HOHPan U B RUBDEL L il BE ;ﬁ%@ier per

unit mass or unit vol une. [01 7] The value of this expression is nore
f bl M,
e seyteen Glgle o v oie sty G e

st ate. 0138 lf the vaI ue of t he expression.is |ess han 005, the ef f ect
of "the addPTPER Y 0/ NBS TR SREOTBL LSRR o LPh niF RICHELpPb Ui
Specifically, about the trans arent el ectrode or pixel electrode corrprl si ng
the transpaf etﬁtanépéé??‘b@éﬁﬂﬁé?‘??/é’rfﬁ’%%ﬁloﬁl?%‘érqq@v’éﬁi’ "G, e £taBAAEGHN gi bl e
contact resistance may be generated between Al and the transparent

el ect rodecefehbet ween Al and the pixel electrode.

[0143]

(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 from the secondmetal group M2 consisted of lanthanoid-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 also 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
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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[0139] On the other hand, if the value of the expression is nore than 0.2,
the specific resistance of the transparent el ectrode or pixel 55 electrode
conprising the transparent el ectroconductive filmof the invention may
beconme | arge. Furthernore, in the production process, this transparent

el ectrode or pixel electrode may not be etched wwth ease. [0140] Zn, Sn,
Zr, Ga and/or Ge oxide(s) As described above, in the invention, the
conposition of one or nore netal oxides selected fromthe third netal group
MB consi s f r, Ga and Ge relative to indiumoxide is as

fol | ows: h?gn}y(?;@ﬂ'gg Ag =0. 005-0.2, wherein the [MB] represents the
nunber of the Z of the netal (s) selected fromthe third netal group.
Thus, this expr SSIO% represents the conposition ratio (the atom nunber) of

the metal (s) in the thirg nmet al ro% to |nd|un1 This val ue
si mul t aneousl y 8 &HPs QP9W?OWBB§ i YW edtrs: 9 QH%?dok?d%s?EHCtQHe t he
netal (s) selected in the third nmetal group to indiumoxide. [0141] If the
val ue (conWpBs®in Gf PuidDProPxidRS CéxPreSS BriCiar Mess melwdd S0, DOERChae ef f ect
of the addition thereof is not easily produced. Specifically, about the
t r anspar efitorltbetsaadedare gilxetougl Me crodestebaprliasithgno he-tassmaspeiras,
el ectroconductive filmof the invention,
and 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
themetal (s) are simultanecusly added (called a simultaneously-added
structure).
[0147]
The transparent electroconductive glass of the invention can
beusedasasubstratehavingatransparent electrodeorpixel 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 theAl source/drainelectrodesandthepixel electrode;

between the Al source/drain wirings and the transparent

electrode; and between others. On the other hand, the transparent

58



a non-negligible contact resistance may be generated between Al and the
transparent el ectrode or between Al and the pixel electrode. [0142] On the
ot her hand, if the above-nentioned value is nore than 56 0.2, the specific
resi stance of the transparent electrode or pixel electrode wherein the
transparent el ectroconductive filmof the invention is used nmay becone

| arge, or in the production process the transparent el ectrode or pixel

el ectrode may not be etched with ease. [0143] (16) The invention is also

the Sputt g1Eag A BRLCca0E05 (N0 ol Ond NGB Kb Ohok 18).hehol fide oxi de

(s) of one or nore selected fromthe secondnetal group

consi sted o%t %EHD%?OEd based metals is/are an oxi de or oxides of one or

nore net af§"o ©%¢E,“"Ho  and Er. [0144] To adopt an oxi de or oxi des of

Ce, Ho and/or Er out of the |anthanoi d-based netal oxides in this way is

preferable. [01481%%(17) The invention is also a transparent

el ectroconductive glass substrate, conprising: a glass substrate; a

transparent el éottloecrdgcpEvesind mowhpe hthes resadethbveri itheaghasmte

substrate, is made mainly of indium oxide, and conprises one or two or nore
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.

[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 to 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
glassisalsocalledalaminatedtransparent electroconductive glass.

[0152]

Use of Al or Ag

In this item (17) and the item (20) which will be described
later, AloranAlalloyispreferablyusedforagateline, source/drain
electrodes or wirings. 1In 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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netal (s) selected fromthe first netal group ML consisted of W Mp, Nb, N,
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 netal group M

consi sted of | ant hanoi d-based netals; and a netal thin filmwich is forned
over the glass substrate and is nmade 57 mainly of Al or Ag. [0146] 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 second netal

group M eengi steth phy! aHhARCLArDASEdNBE Al S grARd PASH O TeWRLOf T Y € net al
(s) selected fromthe first nmetal group M consisted of W M, No, N, Pt

and Pd, or._an oxide des of e metal (s)_are sinmultanequsly. added
(cal l eda 4rncis eisosts Yiga Soer terurgy o bradh Tt Enagarent &8
el ectroconductive gl ass of pé’he invention can be used as a substrate having

a transpar8morEPaBt FodE SO A, i ect? 886 T - by RS PR St Fhgrgnireritich

el ectroconductive filmas the transparent el ectrode or pixel electrode.
When Al i sepgbps ed themrerferapnedph a dasimedPlidrds hiven®t Bh searcebdsain ut e an
Al gate line or Al source/drain electrodes. Accordingly, the transparent
el ect rocordectradesyl dssprsfibsibrlat €rofm theut Mr.dnttioohs clay vreighsedmase a
substrate with wirings. [0148]

preferably from about 0.5 to 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

fromIIIatoVIIIaintheperiodic table, or alanthanoid-basedmetal.
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In such a case, a conventional transparent el ectroconductive glass causes
| arge contact resistances: between the Al gate line and the transparent

el ectrode; between the Al source/drain el ectrodes and the pixel electrode;
between the Al source/drain wirings and the transparent el ectrode; and

bet ween others. On the other hand, the transparent 58 el ectroconductive

gl ass of the invention does not cause any large contact resistance. [0149]
In the case of using Ag for the nmetal thin film a Ag gate line, and Ag

sour ce/ dr gitn; £heet Fodes LA A8, MCexddbld) 8 CRSE @ 8Py t NESRAR & eCt S
and advantageous as in the case of A are produced. [0150] As descri bed

cbove, 2SSALILNS, L0, Lhe, NERLOIn: Ar0E G0k  esl ok snseal v

generated 1n 0 can y ove-rnenti oned

structure _(the si t aneousl y- added structure n ot her words, the contact
resistanc@é canr b 4&%&9 ?Eﬁ? r?é%§1 wﬁFéech%ﬁ?%thgﬁFFﬁgb?¥9§559Qﬁt.lﬁ0151]

Furthernore, a transparent el ectroconductive glass having a | ower

resi st anc®@TEARTHRLBBEET REQUBY -adioh PP Ry e isthitu UL Tt iR v TAIOTfbY i s
| am nat ed thereto. Such a transparent el ectroconductive glass is also
cal l ed a I0ahi hat2d% kanspagkht el ectroconductive gl ass.

[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 0.5% 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 of 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 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
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[0152] Use of Al or Ag In this item (17) and the item (20) which will be
described later, Al or an Al alloy is preferably used fora gate |ine,
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 nade mainly 59 of A,

and may contain a heavy netal in groups fromllla to VIlla in the periodic
table, or a Ianthanoid based metal. It is desired to contain, for exanpl e,
Nd, N, Che ‘851 Ca e RHENfM) h?ég%seﬁ"éy £R n%%%gdéf Wt chr[éance of
a desired Al |ne or sourc rain ectro iS preterab y from

about 0.1 to 5@6 me ght refera ly from abou ta_2.0% by

wei ght . [BESEYO ¥ E?fﬁ? iS e&sgdt£E§®(FheléeﬁgnéwW%ﬁﬁl 9REPef fect of
the addition na% 8t be produced. If the content is 0.1% by wei ght,

proj ections suchY489hi 11 ocks may be generated on the Al thin film [0154]
On the other hand, if the content is nore than 0.5 % by weight, the

resi stance of ALantRangiqiased| matabh\wxidedpt) namy become large. [0155] In
the invention, Ag or an Ag alloy also is preferably used for its gate line,
source/ drai n el dstdaxiesbed aldaviengin Aheefdesttiing, the composition of the

lanthanoid-based metal oxide(s) relative to indium oxide is as
follows:

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

[0161]

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

[0162]

If thevalueof theexpression, whichrepresentsthe 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 the metal thin film made mainly of Al or Ag
andthe transparentelectroconductive film (constituting, forexample,
the transparent electrode or pixel electrode).

[0163]

On the other hand, if the above-mentioned value is more 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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el ectrode, on which light is reflected, may be forned therein; for this
reflecting el ectrode 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 el ectrodes, and the like. Ag or the Ag alloy used for these is
made mainly of Ag, and may contain a heavy netal in groups fromllla to
VIlla in the periodic table, or a |anthanoid-based netal. 60 It is desired
to contain, for exanple, Nd, Ni, Co or Zr. The content thereof, which
depends oprbiectiest oroedes ofiat dessgatrAl e GaRite okbRguct Ale SOUR GRLHA N

el ectrodes, wirings or reflecting electrode, is preferably fromabout 0. 1
to 5% by wei ghthedrienptgferably fromabout 0.5 to 2. 0% by weight. [0157]

If the content is less than 0.1% by weight, the effect of the addition may
not be producedT ié4#he content is 0.1% by weight, projections such as

hill ocks may be generated on the Ag thin film or the adhesiveness of the Ag
thin filmmy fﬁl i .

0.5% by wei ght, SI% . S Q. ND, (N1 A PG andyer kg,

becone | arge. 0159] (18) %
electrocoﬁgﬁéﬁiée

Intheinvention, adoptedisastructurewhereinthe composition

re than

the content is
~OR~Lhe meta.

AYa an =y

e invention is also the transparent

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 + (W, Mo, Nb, 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
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.

[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 or

pixel electrode) may become large. Furthermore, in the production
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gl ass substrate according to the item17, 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 My, Nb, Ni, Pt and Pd, or the
metal oxide(s) to indiumoxide, is from 0.005 to 0.2, and the val ue 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 M of

| ant hanoi d- based netals to indium oxide, is from0.005 to 0.2, wherein the

[M] r epr$§<§’é§§s,t Bﬁiﬁl{%@i"sg_ﬁaQéni ke cat 08BoRfL@NE0F i IR OMdPORLE dRiRl( S)
selected fromthe first 61 netal group, and the [M2] represents the nunber

of the at9€%hqingﬂe or two or nore netal (s) selected fromthe second netal
group. [0160] Lanthanoi d-based netal oxide(s) As described above, in the

i nvention, the f@gyﬁsition of the | anthanoid-based netal oxide(s) relative
to i ndi um oxi de s follows: In/(In + | ant hanoi d-based netal (s)) =
0.005-0.2 [0161] This value is preferably fromO0.01 to 0.15, nore
preferably frob®TEYH8 0.1. [0162] |If the value of the expression, which

represents the conposition of the | anthanoid-based netal oxide(s) relative
t o i ndi um oxi defhen 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.

[0168]

(19) The invention is also the transparent electroconductive
glasssubstrateaccordingtotheitem (17) or (18), whereintheoxide(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, Ce, Ho and Er.

[0169]

It ismore effective to use, in particular, an oxide or oxides
comprising one or more 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 also 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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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 netal thin filmmde mainly of Al or Ag and the transparent

el ectroconductive film (constituting, for exanple, the transparent

el ectrode or pixel electrode). [0163] On the other hand, if the
above-nentioned value is nore than 0.2, the specific resistance of the
transparent el ectroconductive filmof the invention (constituting, for

exanpl e, h8€al(ANSPAECIHd febeaiHoder & mBiXelgRhect edeki BBY] kecpmud,ar ge.
Furthernore, in the 62 production process, this transparent

el ectroconqu@dii/,g@tf%ﬁdﬂgg@w%tn FQFdst&mgg#é *bfe%ﬁs-m%é%ﬁ%,%to%!ﬂdec W M,

Nb, Ni, Pt an r Pd, e netal oxid thereof Tn thé'invention,

adopted is_a structure wherein the conpositjiqn f e lic \Ye} b, N,

Pt and/ or “Pd} 61t Hg Tt ar g‘ﬁg?a%r (St eetraelo(lfch F%?%?Jic%éearjtrgmi }_11\2# Ttk %ﬁde is as
fol | ows: In/%ln + gvv Mo, Nb, Ni,_ Pt and/or Pd)) = 0.005-0.2. The val ue of
this exprB8sToRriesPnit &O”ﬁﬂérﬁ?acbq yeRFBRROL BPasFdone 82 L v 8RANBR ©%316f er abl y
from0.01 to 0.1. W M, Nb, N, Pt and/or Pd may be added in a netal state
or in a @#BtAFideg @& sprater fWples]more metal(s) selected from the third

metal group M3 consisted of Zn, Sn, Zr, Ga and Ge; and a metal thin
film which is formed over the glass substrate and is made mainly
of Al or Ag.

[0171]

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
M1 consisted of W, Mo, Nb, Ni, Pt and Pd, or an oxide or oxides of
themetal (s) are simultanecusly added (called a simultaneously-added
structure).

[0172]

The transparent electroconductive glass of the invention can
beusedasasubstratehavingatransparent electrodecrpixel electrode
by using a transparent electroconductive film as the transparent
electrode or pixel electrode. When Al is adcopted, 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.
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| 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 ectroconductiyg173j 1 mof the invention (for exanple, the transparent

el ectrode or pixel electrode) may becone |arge. Furthernore, in the

duct i 63 ' - ' ' b
product i on g%gﬁ?ﬁs %Eés54&@ﬁ@ﬁﬂﬁ%&%ﬁ?ﬁ%ﬁ%@QEQHg%ﬁ%b¥§?éb$éﬂé?¥%en°t €

etched with ea Of%$ Lam nation ransparen

electroconguctive filqlhavin a o osition as descri bed above and t he netal
8708 AT ot h

. . ass causes Ista : .
thin filnPafe” |9mmate ot Her> YW THi's way, a | ower-resistance

transparent el ectroconductive gl ass can be provided. [0168 (19) The
invention is al BBTYHE t nékag% ?agFﬁb?PSCUW%Jgﬁn§83r6L5§§“%ﬁH§pFate
according to the item (17) or (18), whereintheoxide(s) of one or nore
netal (s) sel ect et¥ednthel s@ecrt drefdalelgebrupdamand the pixel electrode,

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.

[0174]

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 small to a
practically negligible extent.

[0176]

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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consi sted of | ant hanoi d-based netals is/are an oxi de or oxides of one or
nore nmetals of La, Ce, Ho and Er. [0169] It is nore effective to use, in
particul ar, an oxide or oxides conprising one or nore netal (s) of Ce, Ho
and Er in this way out of the |anthanoi 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 el ectroconductive filmwhich is forned over the gl ass
substrate, is pggeyainly of indium oxide, and conprises one or two or nore
64 netal (s) selected fromthe first nmetal group M consisted of W M, Nb,

N P and Pd. g Abodeser oXdes atithe M aktaLe 8P il don oxi des of

one or two or nore sel ecte he "sécon group M

i sted_of | anthangi d- d |s, _and id i des of t
or more NErATSY el SCCEH FrONERS EhT Y et o B G consi sted of zn,

Sn, Zr, Ga and Ge; and a netal thin filmwhich is forned over the glass
substrate and 8" PEREOYETARNY 1bfthe ebehing erzeferistifesér tirduaBede, in

the invention, adopted is a structure wherein an oxide or oxides of one or
two or noteamspaaiefnd) eseterd@uhductive 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 specific resistance. The wording
“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 electroconductive glass may be called a
laminated transparent electroconductive glass.

[0179]

In the item (20) also, Al or an Al alloy is preferably 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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fromthe second netal group M2 consisted of |anthanoid-based netals, and
one or two or nore netal (s) selected fromthe first netal group M
consisted of W M, No, Ni, Pt and Pd, or an oxide or oxides of the netal
(s) are simultaneously added (called a sinultaneously-added structure).
[0172] The transparent el ectroconductive glass of the invention can be
used as a substrate having a transparent el ectrode or pixel electrode by
using a transparent el ectroconductive filmas the transparent electrode or

pi xel electr Ode(Z%%ﬂe@ndeﬁt%Qﬂmse%Jrsé tﬂﬁer@ta%l gé?éﬁ‘t eflel:g}fg)(f:orttélﬁ:ﬂl@\éent ron

can constitute an gate line or sour ce/ dr el ectrodes. Accordingly,

t he transpar ent ocondu ive sub rat of t i nt|o can be
used as a8i1 strgt accor 1q9 th %Iyﬁ?léb UEh q%?b %d%ventlonal

t ranspar ent electrocon ctlve ass_causes |arge contact reS|stances
bet ween t RN (Bt atht%%:¥%EB§¢§WEH?152%%fFBSE? o EFReRhtIER  sour ce

/drain electrodes and the pixel electrode, between the Al source/drain
Wirings amgtahes)t pakepEadAron|tde £ b, nahdl kmonedhl coneistedwtt e Moy her
hand, the transparent electroconductive glass of the invention does not
cause anyNbarNje Ptoatddid,r esi shametall 627dd (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 [M3]/([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 [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.

[0181]

Lanthanocid-based metal oxide(s)

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

follows:
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In the case of using Ag for the netal thin film a Ag gate Iline, and Ag
source/drain el ectrodes can be nmade. In this case also, the sane effects
and advantageous as in the case of A are produced. [0175] As descri bed
above, according to the invention, |large contact resistance val ues
generated in the prior art can be nade small by the above-nentioned
structure (the sinultaneously-added structure) |In other words, the contact
resi stances can be made small to a practically negligible extent. [0176]

Furthernore, whem aRnoXi deh i Hanihdess&d RA81Q5) oL ey isalps > sel ected from
Zn, Sn, Zr, Ga and Ge are added, useful effects described below are

produced on the bﬁ%Pzparent el ectroconductive filmon the transparent
eIectroconductiJé glass. 66 [0177] An inprovenent in the specific

resi stance of t forned transparent electroconductive filmcan be attained.
A | proverent | RISHER Bt oG SHALeF Tt 00 001 £3 b "PorHREE L EARCRA bt

el ectroconductive filmcan be attained. An inprovenent in the transparency
of the foﬁﬁ%ﬁ1pr9ﬁsﬁ%ﬁéﬂt el ectroconductive filmcan be attained. The

wordi ng "an i nprovenent in the specific resistance"” herein neans a decrease
in the val ue of [t0A833dpecific resistance. The wording

If thevalueof 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 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 of 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 electroconductive film may not be etched

with ease.
[0185]

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

thereof
Intheinvention, adoptedisastructurewhereinthe composition

of metallic W, Mo, Nb, Ni, Pt and/or Pd, or the metal oxide (s) thereof
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"an inprovenment in the etching characteristic" herein neans that the film
is nore easily dissolved in an etchant used in etching. The wording "an

i nprovenent in the transparency” herein neans that the value of the |ight
transmttance is i nproved. The adoption of the structure wherein Al or Ag
is lam nated makes it possible to give a transparent el ectroconductive

gl ass having a |l ower resistance. [0178] Such a transparent

el ectroconductive glass may be called a |am nated transparent

el ectrocondugtive @ assliul0d49de ilsnakheci1&m:(20) (ahso, (W) mer, ap, Atialloy is
preferably used for a gate line, source/drain electrodes or wirings, as

descri bed ol gabhs: |48 C19)o0s Hhe coMenh1Lheseeh SckheeSanR as fdd he item

(13). [0180] 67 (21) e invention is also the transpa ent el ectroconducti ve

gl ass substrate r di o, the.ttem 20, wherej [([M] +
D) e r PR R H b 6nter st s o Fraiiel BntBal! g Y5kt cot e
fromthe fjrst tal_.group conmste%i Nb Ni, Pt and Pd or the
metal oxi de( ¥y, 8P Ndir ukt SAYEEr £ F3bhRe Gdéﬁ‘% Yh spmetal bars gg be @

[M]/ ([ MR] + Eln]) which is the conposition of the oxide (s) of one or two

or nore mEciRl(e¥1del@teéd fromthe second
[0186]

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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metal group M2 consisted of |anthanoi d-based netals to indiumoxide, is
fromO0.005 to 2, and the value of [MB]/([M3] + [In]), which is the
conposition of the oxide(s) of the netal (s) selected fromthe third netal
group M3 consisted of Zn, Sn, Zr, Ga and Ge to indiumoxide, is from0.005
to 2, wherein the [M] represents the nunber of the atons of one or two or
nore netal (s) selected fromthe first nmetal group, the [M] represents the
nunber of the atonms of one or two or nore netal (s) selected fromthe
second netal) graumostie2[ M3] represents the nunber of the atons of the
netal (s) selected fromthe third netal group, and the [In] represents the
number of the ingigeq atonms. [0181] Lant hanoi d-based netal oxide(s) As
descri bed above, in the invention, the conposition of the |anthanoid-based

met al oxi de(s l.atiy o_kndi.umoxide.iLs .as,_fo : l.n/ +

| ant hanoi d- f)a)seg§rFean?elsL§e) Ok:r%g.lgoqg%.e%glfﬁfgzjje {Cislgl\%/vgl'aggf §h5§% feercatbl y from
0.01 to 0.15, nore preferabl from0.01 to 0.1. [0183 | f _the value of the
expressioﬁ% fe q%&&PQSEh?Eéf%éf%8ﬁ50§?§¥%ﬁ1pISQULﬁé'I&ﬁ?ﬁéﬁb?%@%@séﬁ met al

oxi de(s) relative to_indium oxide,
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.

[0190]

On 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 more 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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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 netal thin filmmde mainly of Al or Ag and the transparent

el ect roconductive f ilm(constituting, f or exanple, the transparent

el ectrode or pixel electrode). [0184] On the other hand, if the
above-nentioned value is nore than 0.2, the specific resistance of the
transparent el ectroconductive filmof the invention (constituting, for
exanpl e, the tragspajent electrode or pixel electrode) may become large. In
the production process, this transparent electroconductive filn1nay not be

hed h I N
etched wit ea%?ﬁé[l%]e%lllveq fo% 1ic W Mo N t%ps[pgé’epg elae F&E?Pﬂa%c% St e| n the

met al oxi de(s) reof i nventron,
conpositio talli nd/ or or the netal OXIde (s)

t her eof éaﬁaﬁagetféa‘ieoa?%q'}%g&ﬁ% Jit§ma@0$ OF1 (6via Wbﬁf?vht COWAREGS) Nb, Ni |
Pt and/or Pd)) 0.005-0.2. The value of this expression is nore preferably

from 0. 01Oioooelgr arEn R & (pr efedieabeyd fromidieoserond. matal wronp, MRb, Ni,
Pt and/or Pd nay be added in a netal state or in a metal oxide state.
[ 0186] consisted of lanthanoid-based metals is/are an oxide or oxides of

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 of 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 oxideelectroconductive filmandametalthinfilmarelaminated
on each other may be adopted in the invention. The following will
describe this case.

[0195]

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

[0196]

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

oxide
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| 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
filmmde mainly of Al or Ag. [0187] On the other hand, if the value of the
expression is nore than 0.2, the specific resistance of the transparent

el ectroconducti ye uddhmefad d’?x?et'a'lV@r‘i‘fd @El&fﬁdeeﬁém)f‘h oft Af Otrrggjlﬁp@\{]aqnt

el ectrode or pixel electro beconme | arge. Furthernore, I'nt

producti o qﬁg@r | ec cqond ve fil mmay not be
et ched vaf(ﬁgée&gegcsﬁ[ 6&‘3@] fi%ﬁ %?inf O§ g/ %rg é%”é%ea dﬁs descri bed
above, in the inventiaon, the c0@05| tion of an _ oxi de or OXI des of one or

more metal s sel CRE @ HAEHE 7h Nagnthime legersmdndet s 1PRdNahe dxlae fiveas
follows: In/ (In + (Zn, Sn, Zr, Gaand/or 70 Ge)) = 0.005-0.2. [0189] If
t he val uelayeXhi soéf@@idé%c bh isPredes e sn agdophs, Sevsa-eayered ot redairaddi ti on
thereof is not easily produced. Specifically, a non-negligible contact

resi st ancerntlye blelkgener at ed bet ween t he

[0197]

In this case, the film thickness of the metal thin film made
mainlyof AlorAgis from1l to20nm. The filmthickness ispreferably
from 5 to 15 nm, more preferably from5to10nm. Ifthe filmthickness
is 1 nm or less, the laminated metal film does not become a “thin
film” but may become a sea-island structure. Thus, the advantageous
effects of the invention may not be obtained. 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 film may 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 electroconductive film, which ismade of the metal oxide,

but) a part of the transparent electroconductive film contacts the
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transparent el ectroconductive filmof the invention (constituting, for
exanpl e, the transparent el ectrode or pixel electrode) and the netal thin

filmmade mainly

of Al or Ag. [0190] 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 (or the transparent el ectrode or

pi xel el ectrode

wherein the transparent el ectroconductive filmis used) may

become large. Furthernore, if the value of the expression is nmore than 0.2,
in the cagecQf dHkeRdiMg ERambEds Urechd angpareat £l.ecthesondystivesdilmto
formthe transparent electrode or pixel electrode in the production

process, g%ﬁnﬁé anapar vﬁ’{gre\?lw]}'gefﬁ%%?%%%:ie %cftitrlag{blg@%cﬁq}e %ﬁ‘(ﬁ gLehed i th

ease. [01

a conposition as
each ot he® PATt

am nati on

e transparen rocon rve 1711 m having
ge cri bed, abhove and the netal thin filmare |am nated on

meba} gyl fddshanknd & ¥Adparein ©-8-ectf ol ittt i ve

gl ass can be provi ded. 7;@%0192} (22) The invention is also the transparent

el ect r ocoRAURET Vdsgvasde

dtearetat ddvidi fylro EReCER/MWOXGS  ofhg Xmo |

wher ei nt heoxi de (s) of one or nore netal (s) selected fromthe second netal
group M2 overlap with each other as viewed in a plan view thereof, but only

parts thereof contact 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 film thickness is 20 nm or less, the effect

of decreasing the resistance may be small. On the other hand, if

the film

film is

thickness is 500 nm or more, a level difference in the thin

large so that the contact thereof with the transparent

electroconductive film may become poor.

[0200]

The width of themetal thin film can be appropriately selected,

and is, for example, from 1 to 100 um. This value is preferably from

5 to 50 ym, 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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consi sted of | ant hanoi d-based netals is/are an oxi de or oxides of one or
nore nmetals of La, Ce, Ho and Er. [0193] It is nore effective to use, in
particular, an oxide or oxides conprising one or nore nmetals of Ce, Ho and
Er inthis way out of the |anthanoi d-based netal oxides. The oxi de(s) can
be preferably wused. [0194] Specific manner of the |am nation As descri bed
inthe itens (5) to (22), a structure wherein anetal oxide

el ectroconductive filmand anmetal thin filmare |lam nated on each other may
be adopt edri fnd hethaverh A.inThgd frald evhRgdde cdeserdbsditsveageiy [ 0195]
The manner of lamnating this netal oxide transparent el ectroconductive
filmand e i I jch is made mainly of Al or Ag, on each
other is % aggféﬁgﬁﬂgﬁ@bggég%%%%LfornB. [0196] a. Metal oxide/netal thin
film made nainlﬁpgé ﬁl or Ag/nmetal oxide 72 b. Metal oxide/netal thin film
made mainly of 7 Ag/ metal oxide/nmetal thin filmmade mainly of A or

Ag/ metal oxide The lamnate a has three layers, and the |lamnate b has five
Third group: means

A. Invention of a process for producing a thin film transistor

substrate

(23) Thus, in order to solve the above-mentiocned 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 conductor 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 stepof making
a contact hole in the formed insulation film; and an electrically
connectingstepwhichisastepof formingasecondconductor comprising
a transparent film electrode onto the insulation film, and which
is a step of connecting the second conductor and the first conductor
electrically to 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 source electrode and a source wiring
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| ayers. OF course, it is preferred to adopt a seven-layered structure or
the like. [0197] 1In this case, the filmthickness of the netal thin film
made mainly of Al or Ag is froml to 20 nm The filmthickness is
preferably fromS to 15 nm nore preferably from5 to 10 nm If the film
thickness is 1 rimor less, the lamnated netal film does not becone a
"thin filnt but nmay becone a sea-island structure. Thus, the advantageous

effects of the invention nay not be obtained. On the other hand, if the
filmthi C‘é@%st%g%fthb?%arﬁ%@a Lhid 'ﬂ‘dﬁlg%ﬂé@c%dgﬁl ?bet J?glléd Hé‘Eely
transnmittance of the lam nated netal thin filmnmay be’ | owered As aresult,

an effect e aetually praduead an. { ool anspa e%gyas[oglffgtg? [ansparent

el ectrocon lve orne e over ereon ?n t he

|nvent|on he trans arent el ectraco ve filmmde netal oxi de and
et o' B B ot (o RERahar e mPecoriag i ¢ 5&5 TS ?P&ﬁﬁ%n"t”?%/%lréﬁfpna%% on

each other; the nmeaning of the wordin bei ng | am nated"” includes a case
where (no@ ﬁﬁéOvWKﬂQQQHFtpﬁelSﬂﬂﬁh§ﬁéﬁgn?l%¢@%¥¥bconduct|ve film whichis
made of the netal oxide, but) a part of the transparent el ectroconductive
filmcontacts théz2¥3]l netal thin film Exanples of the electrode structure in
this case include a case where the transparent el ectroconductive film
contacts Since the first conductor has a mono-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

M1 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 generation 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. 1In 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 pQcm. 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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a part of the netal thin filmhaving a wwidth of, e.g., 20 mand covers the
whol e of the netal thin film In other words, the two overlap with each
other as viewed in a plan view thereof, but only parts thereof contact each
other as viewed in a sectional view thereof. [0199] In such a case, the

t hi ckness of the netal thin filmis from 20 to 500 nm nore preferably from
30 to 300 nm even nore preferably from50 to 200 nm If the filmthickness
is 20 nmor less, the effect of decreasing the resistance may be small. On

t he othercgﬁB?m ﬁg:&ﬁh%hEEE”%éQ%ﬁ¥”ess is 500 nmor nore, a level difference
nErITm i that

in the thi mis large so that the contact thereof wth the transparent
electroconductixg b%Lnlnay becone poor. [0200] The width of the netal thin
filmcan be app 6 fately selected, and is, for exanple, from1l to 100 m
This value is preferably from 5 to 50 m nore preferably from10 to 30 m
[0201] |f the #Rdt1F 675% RE IRAHPOLRLANE IR $B M Fsitalesielaqied from
resi stance-decreasing effect may be too small. On the other hand, if the
wi dt h of the metal darbiup M1 |gansdsted of &f, MNor elLat M, FghtPdt Pansfet timce
(numerical aperture) may decline. However, the width is not Iimted to this
range in thd Eraise cofheusinrggt ¢dreddcamirnatfifents 64 refstirhén imdy ahe yhharétion and t he
transparent el ectroconductive film
of hillocks and improving the corrosion resistance can be obtained
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 connected tothe first conductor through
the contact hole made in the insulation film. Accordingly, thepixel
electrodeneither contactswiringsof thegatenorthesourcedirectly,
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 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 phosphoric acid, aceticacid andnitric acid, thereby forming

the first conductor.

[0208]
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as a reflecting electrode. [0202] Third group: neans A Invention of a
process for producing a thin filmtransistor substrate (23) Thus, in order
to solve the above-nentioned problens, the invention is a process for
producing a thin filmtransistor substrate, conprising: a first conductor
formng step of using an Al alloy conprising one or nore netals sel ected
froma nmetal 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 conductokg contained in a gonduct; I +9LoUp, ,consisted of a gate, a
source and a draFﬁTﬁmTﬂﬂﬁﬁﬂTﬁTTﬁfiﬁLﬁTﬁ%fﬁ?ﬂg—éggp of formng an
insulation film ver the formed.first conductor and the transparent

| nsul ati ng subst Pt SRGIRIAIIEE HOPASREKTHG: St 6 FTaRF vy CEEbhTH hol e
inthe formed insulation film and an electrically connecting step which is
a step of £ brHRRFLENSetbHH ASGRGUBEDTE TS Rprand Agt 155t FoRdpaFEnfPErhm S

el ectrode onto the insulation film and which is a step of connecting the
second coAgyeedervandhertaahispsrenbnusiet dringedwrttiriataldng tparachndadierr t hr ough
the contact hole. [0203] 1In the present patent, a gate electrode and a gate
W ring areontagesdan «€alonedcaogajreupalitd cansoste® ofl £cfategea aatiraesmd ce

Wring 75
a drain, 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 to form,
and is 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 also 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 also preferred to add thereto
Cu, Si, a rare earth element or the like besides Al and the one or
two or more metal (s) selected from the metal group M1 in order to
restrain the generation of hillocks or improve the corrosion

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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are together called a source. A drain electrode maybe 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 made mai nly of
Al and further conprises one or nore netals selected fromthe nmetal group
ML consisted.o her.ef or the

first con&ﬁé?ﬁ%ar\ﬂ/gs Ngv&fienf&BﬁfEaF&”dF&g?EtlénE%t WO '5?%“58651‘8“ o

Furthernore, in order to restrain, the generation of hillocks rove t he
corr osi on PPELSTFENSFPERET ¥F FEPLE ¢lofl tep high. aI%edPeftet?erEﬂrr?to add,

to the first conductor, Cu, Si, a rare earth elenment or the like as a third
met al besigéslAls Ahd ansetomsesenavitetadr isnthe org & ) osaneks Batat b t he
metal group M. In order to make wuse of a low electric resistance of A at
this tinmegeillected prfrethedmetdhtgncue Mdidi ti on amount of the third netal is
controlled to such an extent that the specific resistance of the first

conduct or does Thetfiexeeashduttplcis rbened intbhe filnyy splidedihigMisiang t he
second netal is one or nore netal (s) selected fromthe netal group M. Cu,

Si, the reheAﬁaarltmye&@fe&t cBhtihgidd kge cywnebelr@e@aqeege@éc@&ﬁ%bﬁ%e above,
is called the third netal since the added elenment is a third

metal group M1 consisted of W, Mo, lLa, 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.

[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
one or two or more metal (s) selected from the metal group M1 is from
0.5to 5% byweight, preferably from1 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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76 conponent for these netals. [0205] In the case of incorporating one or
nore netals selected from the netal group M consisted of W M, La, Nb,
Fe, Pd, Pt, Ce, Ho and Er into the first conductor, effects of restraining
the generation of hillocks and inproving the corrosion resistance can be
obtained in the sane manner as in the case of incorporating the third
nmetal. For this reason, the generation of hillocks and corrosion can be
restrai ned even in the case of not incorporating the third netal. [0206]
TG SeCONdCERIILOTA RnEOUSEL Sk Ll BErL] TSindRAdUChaYy ANLAON:ohNe
contact hole made in the |nsu ati1on m Accor |ng Y, { I Xe el ectrode
nei t her contacti ?%ggngs of the gate nor the source dlrectly so t hat
i nconveni ences 8 s a short circuit are not easily caused. [0207] The
first conductor is fornmed into a f|In1by sputterlng u3|ng an Al all oy
target containi kg GREERFIGHHOL ¢ efecte WeStRBESI group M
consisted of W Mo, La, Nb, Fe, Pd Pt, Ce, Ho and Er. ThIS Al alloy target
i s produced by d2ﬁadﬂun1nﬁ¢m¢mglpﬁat@%gaTﬂaﬂs@xhwtﬁénﬁlﬂ@ﬂpﬁubegsatﬂ,the
like. An Al alloy thin filmfornmed by use of this Al alloy target is
patt er ned cbypei stridrgawt tdnsparexedinsatbding qubesphoe} anatnsl;l aden £ikaci d and
nitric acid, thereby formng the first conductor.

which is formed over the transparent insulating substrate, comprises

a first conductor which is any conductor contained in a conductor
group El consisted of 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 film, 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 conductor, 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 etchedwithasingleetching solution
at a time since the conductor is made of a single layer. Therefore,
the thin filmtransistor substrate of the invention can be more easily
produced.

(0215]
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[0208] 77 B. Invention of a thin filmtransistor (24) The invention is al so
athinfilmtransistor, conprising a transparent insulating substrate, and
a first conductor which is formed 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 |ayer
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 i s connect edhkgeaos@eonducaiduct indrdd teftha tinadrspadentof thibugl ect r ode
t hrough a contact hole nmade in the insulation filmover the first

conduct or +hE020¥actThe14 if-3fe EONECE RELT & iWR0e: Bf; ankayes LOmpL sife not
only pure Al or an Al alloy but also one or nore netals selected from the

nmetal gro i st.e W L N ._angd- Er,
t her eby h%\@F%ﬂgg%}%%vf%hoegﬁé;({:r%tarcé_’slgitaf § gﬁ %O?vitp gg? ﬁgqgégoﬁéggggér_\%ﬁg %?l.y’[ 0210]
About the first conductagr, it is. also %refer,red,to add thereto Cu, Si, a

rare eart ROt ETeMC Y ITHENFER SUGEATRSNAF t &id ClhE 3R Tr cat by 6RUFRA e

netal (s) selected fromthe netal group M in order to restrain the
generation of hilORéks or inprove the corrosion

(27) 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, thecontact resistancethereofwiththe first conductor
is lowered.

[0218]

{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
0.5to 5% byweight, preferably from1 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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resistance. At this time, it is preferred to control the addition anmount of
the third metal into such an extent that the specific 78 resistance of the
first conductor is not nore than 10 p cmin order not to nake the specific
resi stance of Al too high. Herein, the first netal is A, and the second
metal is the one or two or nore netal (s) selected fromthe netal group M.
The first conductor is forned into a filmby sputtering using an A all oy
target containing one or nore netals selected fromthe netal group M

consi st edcght Wt MasibBanMpeFfeePdhePtirEeand@eaBty Bhdudbbss Al oaldy target
is produced by a vacuum nelting process, a spray fornlng process or the

ke, An Btnalloind hie fid mhorned s b use.ofol s, A gal agé?ﬁec i d and

patterned by et a mxed acid phospHorrc ac
t d,.th b duct 0211 25
Mnvent i on-PE A1 K CRFiTo o RS %%%%nfg?%@%m% "hRER Bt 24)

wherein the first conductor conprises the Al |ayer conpr|5|ng 0.5 to 3% by
wei ght of the 0n828P) two or nore netal (s) selected fromthe nmetal group ML.
[0212] In the A Iayer of the first conductor, the content of the one or
two or nore netAk daf rpmicheryetal YM is from 0.5 to 5% by
wei ght, preferably fron11 to 3% by weight. If the content

(2) The invention is also a liquid crystal display, comprising

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 conductor 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-mentiocned cobjects of the invention of the fourth
group are attainedby using, 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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is less than 0.50 by weight, it may be difficult to restrain the contact
resi stance between the first and second conductors. On the other hand, if
the content is nore than 5% by weight, the specific 79 resistance of the
whol e of the first conductor may becone high. [0213] C Invention of a thin
filmtransi stor substrate (26) The invention is also a thin filmtransistor
substrate, conprising: a transparent insulating substrate; an insulation
film which is formed over the transparent insulating substrate, conprises

a first cepduelof sWBhcds bssanit icanduiekal i septial NedakBra eprduetos11group El
consisted of a gate, a source and a drain, and is further formed to cover

at | east r 1N i te; d. caond conduct or

f or med ovggg?%ég?ﬁgﬁ%gﬁkgﬁ ?€1ﬁ%Eﬂ%@%é?éﬁ%ﬁéﬁ¥F%%tlng%ﬁ@uc'or conprises an
Al | ayer nade of ?g QI all oy conprising one or nore netals selected froma
metal group M é8 f ted of W Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the
insulation film has i contact hole which penetrates through this film
in the directi op—of thHe ot 2cohduttBY-Y8h8 second conductor, the second
conductor is nmade of a transparent filmelectrode, and the second conductor
is electrically(éBhAéEtkedtheinfanipion byl Fepubferdte 5er e dhdutd 6¥YSthk ough
the contact hole. [0214] The first conductor can be etched with a single

et chi ng sdliaplay, 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; 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 electrode.
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
alloyusedinthegatelinecontainingAlorthesource/drainelectrodes

containing Al may contain a heavy metal in groups from IITIa to VIIIa
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at a time since the conductor is nmade of a single |layer. Therefore, the
thin filmtransistor substrate of the invention can be nore easily

produced. [0215] 80 The second conductor is connected to the first conductor
through the contact hole made in the insulation film therefore, the pixel
el ectrode neither contacts wirings of the gate nor the source directly, so
t hat inconveni ences such as a short circuit are not easily caused. [0216]
(27) The invention is also the thin filmtransistor substrate according to

the item (R6)ne Weerehnct iy apsparLthahbl G1sd £ redal oMk 88Soamy one of
indiumoxide, tin oxide, indiumtin oxide, and indium zinc oxide, and zinc

oxi de. [0237ly i!s%é&l@mgﬁﬁi%] g,‘%aﬁgl 1hgaseqond, copdyct oL 1GQApRd %5?5%%1 e of

i ndi um oxi de, tin oxide, iumtin oxide, and i ndium zi nc nd zinc

oxi de. tha-conact. Leshatanse LhSLeol WLl (he Liist ponduClare 45 Jrover ed.

[0218] i hvention T's al'so I fi transi'stor substra
The Al | SgEPtimsti & AGS oL R GArBI Bl Thitr ShE Bhel T67 SPprBrihore
nmetal (s) selected fromthe netal group ML

source/drain electrodes, is preferably from 0.1 to 0.5% by weight.

The content is more preferably from 0.5 to 2.0% by weight.

[0223]

If the content is less than0.1%byweight, noeffect of addition
is observed, and projections such as a hillock may be generated on
the Al thin film. If the content is more than 5% by weight, the
resistance of Al itself may become large.

[0224]

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

[0225]

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

[0226]

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

item (30), wherein [M1]/([In] + [M1]), which is the atomic composition
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[0219] In the Al layer of the first conductor, the content of the one or
two or nore netal (s) selected fromthe netal group M is from 0.5 to 5% by
wei ght, preferably from1l to 3% by weight. If the content is less than 0.5%
by weight, it may be difficult to restrain the 81 contact resistance
between the first and second conductors. On the other hand, if the content
is nore than 5% by weight, the specific resistance of the whole of the

first conductor may becone high. [0220] D. Invention of a liquid crystal

di splay (2htTBe# RYENLLOM IS BESOhA ol Ak rChY L Rlerdi SR Y1 LRRR ESbANY  the
thin filmtransi stor substrate according to any one of the itenms (26) to

(28), andrt%éelu%bfsjﬁgrtggféypsrhﬁlté ﬂg%uﬁ({:\gh ei élgé‘éflo%ngﬁcﬁgge Qiiae fiiysI J?%OIEL he

transisto e. € secon nduct or 1S connecte irectl

first cond or through the co ct hole de in the insulation film

i thout - DPEb Pt e LR I HaP Tt S PPt PaR L dHare e, ¢ he
liquid crystal_disilay has a hi gh nunerical aperture. The liquid crystal

di spl ay oPrtwelt HeeRnf biprriatess tHeorame t¥d PECIAraRgtat(@nEadested in the

itens (26) to (28) since the liquid crystal display has the thin film
t ransi st offrenbgta at esdgsonpeldand rehehkln lt eapr¢ X8)t s oh¢ 28ynbef 0QZL] unit

weight or unit volume) of the atoms of indium.

If the addition amount is less than 0.005, the effect of the
addition is small so that the gate electrode made mainly of Al and
the transparent electrode may become 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 more than 0.2, the
resistanceof theelectrodes themselvesmaybecome large or defectives
may be generated when the electrodes are etched and worked.

[0227]

(32) The invention is also the TFT substrate according to the
item (30) 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/or gallium
oxide is/are added, the electroconductivity of the electroconductive

oxidemaybeable tobe improvedinaccordancewithapurpose. Moreover,
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Fourth group: neans The above-nenti oned objects of the invention of the
fourth group are attained by using, as a transparent electrode, a
transparent el ectroconductive film made of an anorphous el ectroconductive
oxi de conprising indium oxide and zinc oxide as conponents and further
patterning the transparent el ectroconductive filmwth an etching 82

sol ution such as a solution of oxalic acid in water. Specifically, neans as
descri bed bel ow are adopted in the invention. [0222] A Invention of a TFT
subst r at e th3Qddhitr sh,madyhea kv erddsaibils & Tfprsuhshs aten 0g aokkguidi©f yst al

di splay, conprising: a transparent substrate; a gate electrode which is
formed ovendt bget¥aishakenhcsubstrate, and is nade mainly of Al; a source
el ectrode fornmed over the transparent substrate; a drain electrode forned
over the transp36§gg substrate; a silicon |layer formed over the transparent
substrate; and p|x el ectrode fornmed over the transparent substrate,

wherein the pix ctrode i,s an | ectro tlve oxi de contai ni.ng i ndi um
oxi de, and an ojbag ?ﬁﬁQﬁ%$Db$séﬁéod?“1§gP ﬁBF%t%éfﬁPréé?g§€1%Q ed from
the first %rou M conS|sted of W Ni, Nb, Fe , Pd, and | ant hanoi ds,
and this piceBl(38) ecthesainil¥zj 4 hEIédﬂﬂM?bbt wkrl%lafthﬁ@@ml@ﬁ@mp@ﬁe*éwrbde

sel ected fromthe group consisted of the gate el ectrode nmade mainly of A,

t he sour ceashiectf ¢tie anibe (ve df adre elretia odemore metal (s) 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 of the atoms of indium.

If the addition amount is less than 0.01, the effect of the
additionthereofissmall. Thus, theresistancemayconverselybecome
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 renderedasputteringtarget whereinnodulesare less generated.
Preferably, when the diameter is set to 5 um or less, a sputtering
target wherein nodules are hardly generated and overdischarge is

not easily generated can be obtained.
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Hitherto, a contact resistance has been generated between the gate |ine
containing Al and the transparent el 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, and/or |anthanoids mnekes it possible to reduce
the contact resistance. Al or the Al alloy used in the gate |line containing
Al or the source/drain electrodes containing Al may contain a heavy netal

in groups fromllla to VIlla 83 in the periodic table or a |anthanoid-based
nmetal if the Al a9iieAbrigdd O¥ots, M@Fﬁghﬁéﬁ’rﬁeﬁthé\@nvé\lﬁtlo@ls el the
like is preferably used as the element contained in the Al. The content

thereof I or the
sourcggérglngggecqgggggﬁuﬁﬁ B&& %gngQE?ggﬁg%B% %Hng%%?@£89éﬁ£#] The

content is nore preferably from OW g | f_ the

content i&SPasl® {) PG E5% bﬁtﬁwﬁ%ﬁézroa88e$?Q§ n&Pgagé|?$é: S-Iglﬁiﬁéerved and

prolectlons such_as a_hillock may be generated on the Al _thin film_ If the

content | §'ABFHECIhER2ELBY NetyHti g Pl f Tosrst bl YoPatal sfaferi litay sbecone

| arge. [0224] It is sufficient that at |east the gate conprises Al. O

course, TETiaFrgyef@rstadtehat ar ieabsdimer? draleh @e&r}brhes@%SOﬂtrlbeﬂwbats%me

effects and advantages as in the case of the gate are obtained, as

descri bedisabpveferred example of the TFT substrate. A product wherein TFTs

(thin filmtransistors) are arranged into an array 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, Fe, Pt, Pd, and lanthanoids.

The use of such a sputtering target makes it possible toproduce
a TFT substrate having the above-mentioned structure effectively.
When the average diameter of crystal particles in the sputtering
target is set toless than 10 ym, it canbe realized that the sputtering

target is rendered a sputtering target wherein nodules are hardly
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[0225] In the present patent, the wording "is made mainly of A" neans

that Al is contained as a nmain conponent, and generally neans the case that
Al is contained at an atom c conposition ratio of 50% or nore. [0226] (31)
The invention is also the TFT substrate according to the item (30), wherein
[ML]/([In]+ [M]), which is the atom c conposition 84 ratio of the oxide(s)
of one or two or nore netal (s) selected from the first group M to indium
in the electroconductive oxide, is from 0.005 to 0.2 wherein the [M]

represent ehBeafelben i REN cUBkE ruvel »&mrelelrthlé@ttch\i%g%g;epéy i@@mﬁ%&?@d of one

or two or nore netal (S) selected fron1the first group M and the [In]
repr esent ngggﬁr it ivaht . me t
i ndi um % Pﬁ%ea |tFS%Q§%8%EF:un g%? th gkéﬁ%&&¥he%g %%ééﬁi

addi ti on IS small so._that the gate el ec rode de nalnl¥ of Al and the
t r anspar et EEPIG R ARG} Sh et B ISV §E2 pr"f‘rFHE gade TRatCthd™ Yol drain
contains Al, the contact resistance between the Al source/drai n el ectrodes

and the p@xéPuE?%E¥Fb&€rﬁﬁ§ Peee NRAYeSs Bf tREISYher$iEd #hdt he
addition anount is nore than 0.2, the resistance of the el ectrodes
t hensel veSVREGbRI asgBObreafiflat genesatemycae DgeABEaiRRA when t he
el ectrodes are etched and worked. [0227]

[0231]

(35) The invention is also the sputtering target according
to the item (34), wherein [M1]/([In] + [M1]), which 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 number
(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 amount is less than 0.005, the effect of the
additionis small. The contact resistancebetweenthe gate electrode
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 become large. This is because that defectives may also be
generated when the electrodes are etched and worked.

[0233]
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(32) The invention is also the TFT substrate according to the item (30) or
(31), wherein the el ectroconductive oxide conprises an oxide or oxides of
one or two or nore netal (s) selected fromthe second group M2 consisted of
tin, zinc, germanium and gallium beside indiumoxide. [0228] Wen tin

oxi de, zinc oxide, germanium oxide, and/or gallium oxide is/are added, the
el ectroconductivity of the el ectroconductive oxide naybe able to be

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

possi bl e to inproye fe iQLeRt gy War kabbl iy spaRdel Deg tiaRem LEanaend 0229]
(33) The invention is also the TFT substrate according to the 1tem?(32),

Wh . | . ) o ) fth
ot do( o) - opTheatBR (b Yeliah  WALED s Pns B M A OTROS LA ol &0 L N
el ect,roconductive oxide, is f wherein the

to indiumin th ro .01.to O %
[ V2] T epr B3AHHISR RE SIGBSTOF SEF ThiTe VOIHE BFAT AEHUHIS SFCFHE Bt ome - of
one or two or nore netal (s) selected fromthe second group M2, that is, the
nunber ( pE&ECERG 8oVl MErReNGH StAfCfeinght )N G f I¢ FHea NHE et gfaﬁyu@hl@e%lrd&any t Wo
or nore of tin, zinc, germanium and gallium and the [In] represents the
nunber of ibdeumtaiigleof indium |f the addition amount is |less than 0.01, the
effect of the
When tin oxide, zinc oxide, germanium oxide, and/or gallium
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.
Whentheaveragediameterof crystal particlesinthesputtering
target isset to lessthan 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 two or more metal(s)
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 weight or unit volume) of the atoms of one or two or more
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addition thereof is small. Thus, the resistance may conversely becone

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

resi stance nay becone |arge or the ainmed i nprovenent (of nmaking the contact
resistance with the Al electrodes snmall) may not be easily attained. Wen
the average dianeter of crystal particles in the sputtering target is set
to less than 10 pm the sputtering target can

ber ender edasput t eri ngt ar get wher ei nnodul esare | ess generated. Preferably,
when the diealer de9coelaliQon il QbcdiesSrodn SPUILAI 1, RN Akt Erel n

nodul es are hardly generated and overdi sScharge is not easily generated can
be obtai ned... 86 descri bed ve, TET substrate of the inyention is
dserul 1 Eonetdc BEngh EET YIRS ool s SR B0aBt o aki g e
contact resistance befween its el ectrqodes containing Al_and its pixel

el ect r ode "OREI P &8 af 1M nPREHEH Ut BRE P Ey @éqitgﬁaﬁfb]r FEPre2CNqET array
substrate in an enbodi nent, which will be described later, is a preferred
exanpl e ofthehBulrar fbdheagbomA ¢ daddétmwherein TFTs  (thin film
transistors) are arranged into an array formon a substrate is a TFT array
substrate. [023Qf tiB: ddhie¢nbnoammmtaispladseithag @ drlgethé3dffetheoitnvienti on is
a sputtering target used at the tinme of producing a pixel electrode which

i s used i adaitbdn shbsddal sharl. aThi$|ui e £6yiEtalndinsplcayvande Whibebors f or
driving the liquid crystal

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.

[0235]

C. Invention of a liquid crystal display

(38) The invention is a liquid crystal display provided with
a TEFT substrate and a liquid 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 cver 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 oxide,

and an oxide or oxides of one or two or more metal (s) selected from
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by sputtering, the pixel electrode being capable of being jointed
electrically to an electrode orwiring nade mainly of Al, and the sputtering
target being made of an el ectroconductive oxide conprising: indium oxide;
and an oxi de or oxides 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 nmakes it possible to produce a TFT
substrate having the above-nentioned structure effectively. Wen the

aver age di .er I Syl Nyt he,. sput tering I is.set to

| ess thant?g%%?SF§§8§EM§§%b8§$f§%§£?h%?'P%éﬁgpﬁgfgﬁrﬁg'a Q?Sgﬁk?§§¥%%dered a
sputtering target wherein nodul es are hard] 87 nerated. A pixel

el ectrode s g1 é;qﬂﬁrﬁ eﬁF&ﬁEVFVaFEHF%ﬁ?SEE eéﬁaofﬂgequﬁgﬂﬁ%¥ance is
i nproved can be produced.. Preferably, when the average dianeter of the
crystal paftitllEastsorerelesgtsoge medeatedsirorgthg 3t AGREhsiRd ohhEri n
nodul es are hardly generated and overdischarge is not easily generated can
be obt ai ngate[€)28trod¢ 3G deTheinlwehtilontlis sahsee ehecspode endriget drgbt
according to the item(34), wherein [M]/([In] + [M]), which is the atomc
conposi ti enecatode of the oxide(s) of one or two or nore netal (s) selected
fromthe first group ML to indiumin the electroconductive oxide, is from
0.005 to 0.2 whepespjthe [M] represents the nunmber (per unit weight or
unit volune) of the atons of one or two or nore

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
of W, Mo, Ni, Nb, Fe, Pt, Pd, and/or lanthanoids makes it possible
to reduce the value of the contact resistance. In 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 displayusingthis TFT substrate,
the contact resistance between the gate line containing Al and the
transparent electrode or between the source/drain electrodes
containing 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
istheatomiccompositionratioof theoxide (s) of themetal (s) selected

from the first group M1 to indium in the electroconductive oxide,
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netal (s) selected fromthe first group M 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 nmade 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_th l.ectro t hensel ves y _becone large. This is because
hat der ettt vEL" udO% L6 De HRRETa: ik Wi FRETeTays sassnireSe, (hdd “and
wor ked. [0233] 88 (36) The invention is also the sputtering target according

to the itBREZEYIRE OF3BNE vaiEiedi ¢f he 26PBR Of RIEnEYP P& GBSt di ses  an
oxi de or oxides of one or two or nore netal (s) selected fromthe second
group M2 éehstsredren thenfipsherogethaandiheahtn hakbraaehesitde numbirum

oxi de. Wien tin oxide, zinc oxide, germanium oxide, and/or gallium oxide

i s/ are addedr urhee eleeght oconduidt iveiltiye pfof hdneebeoms ochnidutitiimve oxi de nmaybe
able to be inproved in accordance with a purpose. Mreover, the addition

may neke it possfhlre baditiyrovRotie et thsnahwar kadud,i tie @Mddther the

transmttance in sone cases. Wien the average dianeter of crystal particles

in the spybbefifPis 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 also
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 is also the liquidcrystal display according
totheitem (38) or (39), whereintheelectroconductive oxide comprises
an oxide cor oxides of one or two or more metal (s) selected from the
second group M2 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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target is set to less than 10 m it can be realized that the sputtering
target is rendered a sputtering target wherein nodules are hardly

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 atomic conposition ratio of

the oxide(s) ofc e Qb S%mge£ggé§) selected fromthe second group
Q%~ ?roon [ [

M2 to indiumin t uctive oxide, is from0.01 to 0.3 wherein
the [ M2] represents t he nunber, (pe ht or_unit volune) of the
atons of one or "RGRt %?aﬁ%ﬁig%ﬁ%qﬁﬁﬁﬁFc(§¥Y§§ngﬁéﬁl?}?ﬁﬁTE%e§@E5%ﬂ”§90up MR,

that is, the nunber (per unit weight or unit volune) of the atons of any
one or anyarget of sefigroelasfs than 10 ume itgenreniem i zadd ] thaisputireritige [ | n]
represents the nunber of the atons of indium If the addition anmount is

| ess thant@r@dt itsheeefi¢esd aobpttiecriaddibrost twhereoh nedsliesl hre Trusilyt he
resi stance may conversely becone |large. On the other hand, if the addition
anount i sgepeeatdtin Wheh ittiheusesitstpramdany 1heaoavdyatge displhe, aibeed

i nprovenent (of nmaking the contact resistance with the Al electrodes small)
may not bgpeasidy1i8ti@icRedtal display is a liquid crystal display wherein
display defects are less 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. When this sputtering target
is used, a liquid crystal display wherein display defects are even
less generated can be produced.

[0239]

(41) The invention isalsothe liquidcrystal display according
to the item (40), wherein [M2]/([In] + [M2]), which is the atomic
composition ratio of the oxide(s) of 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] represents the number (per unit weight
or unit volume) of the atoms of one or two or more metal (s) selected
from the second group M2, that is, the atoms of any one or any two
or more 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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[0235] C. Invention of a liquid crystal display (38) The invention is a
liquid crystal display provided wwth a TET substrate and a liquid crystal,
wherein the TFT substrate conprises; a transparent substrate; a gate

el ectrode which is formed over the transparent substrate, and is nade
mainly of Al; a source electrode forned over the transparent substrate; a
drain electrode forned over the transparent substrate; a silicon |ayer
formed over the transparent substrate; a pixel electrode, for driving the

liquid crysial, owhitotfef (R0 PV @hel DRI IHIRRSARS G 1SURSIT ahgn @RJ a
t ransparent electrode for protectlng the gate el ectrode and the

sour ce/ dr )0 ,el.§¢ éf?ég'&?ha LSl L e !rX@Ae ?Hﬁ&ﬁ %%o%?(éiméﬂta']% S0t
el ectrode | ‘an &l ectroconductive o e contai nin I um oxi dnd a

oxi de or i des, of one,or two or cted from 90 the flrst
group M cBﬁ%f«‘gPEﬁ%FGWSWCWHWG§ém3sftrés§3«s SR T RAABE 48, S35 ¢ hi s
pi xel el ectrode or transparent electrode is jointed directly to at |east
one el ect #btRingd-ected fromthe group consisted of the gate el ectrode made
mainly of A, the source electrode and the drain electrode. [0236]
Hitherto, a reIé@ZMHIy | arge contact resistance has been generated between
the gate line containing Al and the transparent electrode or the Al

source/ drai n el pel s odeentioneyery diheladdédt orie

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-mentioned TFT substrate and so
on, and effects and advantages thereof are equivalent to those of
the above-mentioned TFT substrate and so on.

[0241]

(42) The invention is a pixel electrode for driving a liquid
crystal, whichisusedina TFT substrate, foraliquidcrystaldisplay,
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; 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 source electrode 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 of W, Mo, Ni, Nb, Fe,

94



of W Mb, Ni, Nb, Fe, Pt, Pd, and/or |anthanoids nmakes it possible to
reduce the value of the contact resistance. In the case where the
source/drain contains Al, the addition of W M), N, Nb, Fe, Pt, Pd, and/or
| ant hanoi ds makes it possible to nmake small the value of the contact
resistance with the source/drain electrodes containing Al. In this way, in
a liquid crystal display using this TFT substrate, the contact resistance
between the gate line containing Al and the transparent el ectrode or

bet ween t u / j | ect tai_ni L E i trode
s reduced acd Phe GhEM S R RETRR AT A sl IS M AR A Sy
the invention is also.the liquid crystal display of the ite 3 accordi ng
to claim sig, Q%egr %ien ef‘ﬁfﬁﬁﬁ i 7 T%E]ﬂ;y %ﬂ%@h i\{]il% T At Sﬁﬁ?‘g]cé%%%&sﬁ tion
ratio of the oxide (s) ofthenetal (s) selected fromthe first group ML to

i ndi um i ntPRedEY e &1666RATRt i ve oxide, 91 is from 0.005 to 0.2 wherein the
[M] represents the nunber (per unit weight or unit volune) of the atons of
one or two or nmbP@4hktal (s) selected fromthe first group M and the [In]
represents the nunber (per unit weight or unit volune) of the atons of

indium [f the adgl) tIheniameuiton 3sl &5 thanpikd0s]etheodd heebraing e
addition is small so that the contact resistance between the gate el ectrode

made nai nkyeoftdM @ng,thBetEANSPANGNT IR ect[rmgey,onzhb@rﬁvy?serthet heofic

source/drain el ectrodes and the pixel electrode may becone
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] 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 oxide or oxides of one or two or more metal (s) selected from the
second group M2 consisted of tin, zinc, germanium, and galliumbeside
indiﬁm oxide.

[0244]

(45) The invention is also the pixel electrode according to
the item (44), wherein [M2]/([In] + [M2]), 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 0.3 whereinthe [M2] andthe [In] are asdescribed

above.

[0245]
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| arge. On the other hand, if the addition anmount is nore than 0. 2,

overdi scharge may be caused at the tine of sputtering or the resistance of
the el ectrodes thensel ves may becone | arge. Defectives may also be
generated when the el ectrodes are etched and worked. If the addition anpount
is nore than 0.2, the quality of half-tone display nmay deteriorate when the
liquid crystal display is driven. [0238] (40) The invention is also the
liquid crystal display according to the item(38) or (39) , wherein the

el ect roconductpiye ©Oxcdei 6RNPF i S8FandPapXhde 1Q-+exkdes of one or two or
nore netal (s) Selected fromthe second group M2 consisted of tin, zinc,

ger mani um and i L i .5%P3 i [ n~OXI i i de,
gernaniun1oxidégﬂggg?g?Qggﬁ?ﬁ&%fﬂ%il egg?%géégggﬁb%%gfe eg§¥8§%£ ugﬁivity of
t he electroconductivg Pxidec$ay be able to be inproved in accordance with a
purpose. MorEdter et hetaddi¥%n may make it possible to inprove the etching
workability 92 and the transmttance in sone cases. Wen the average
di anet er of cryéQ%%ﬂparticles in the sputtering target is set to |ess than
10 Fun, it can be realized that the sputtering target is rendered a
sputtering targétowlbeeinvansdehess arerdrmpdirgnt gelvertatdd, Wiieh is ussdused to
produce a liquid crystal display, the obtained liquid crystal display is a
i quid cristalTHi spbayrater edor adil sphiay dgkeal sdaggeldessopenes ated.a
Preferably, when the average

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; asilicon layer formedover the transparent
substrate; a pixel electrode formed over the transparent substrate;
and the transparent electrode for protecting the gate electrode,
the source electrode 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 source electrode or
the drain electrode.

[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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di aneter of the crystal particles is set to 5 Fun or less, a sputtering
target wherein nodules are hardly generated and overdi scharge is not easily
generated can be obtained. Wien this sputtering target is used, a liquid
crystal display wherein display defects are even |ess generated can be
produced. [0239] (41) The invention is also the liquid crystal display
according to the item (40), wherein [M]/([In] + [M]), which is the atomc
conposition ratio of the oxide (s) of the nmetal (s) selected fromthe

second gr t n n ti i 0.01to
0.3 mheré?gRFﬁgo R %Vggggéégﬁ%g%Fﬁlgﬁﬁﬁgﬁg ?H§r5§§5%§dggcﬁ§§e%fi%ﬁlt vol une)
of the atons of or two or nore netal (s) selected fromthe second group
M2, that is, gﬂﬂﬁgns of any one or any two or nore of tin, zinc,

ger mani um and 9alllun1 and the [In] represents the nunber (per unit wei ght
or unit vol une) (Bt tThelAvHel B 1§ AlPARNC HrapfRa LR €1t fsuAicarsiingss t han
0.01, the effect of the addition thereof is small. Thus, the resistance may
conver sel §o beebbem (48 durgeé) , dretdia Wiamlettandonilfict ke exlidladampraseant i s
nore than 0.3, the resistance may becone | arge or the ainmed inprovenent (of
maki ng tdre oxddeant okedéstenope wirt hwd her Abrelrethi qdessalrmited fym nake be
easily attained. [0240] D 1. Invention of a pixel electrode

second group M2 consisted of tin, zinc, germanium, and galliumbeside
indium oxide.

[0249]

(49) The invention is also the transparent electrode according
to the item 48, wherein [M2]/([In] + [M2]), which is the atomic
composition ratio of the oxide(s) of the metal (s) selected from the
second group M2 to indium in the electroconductive oxide, i1s from
0.01 to 0.3 wherein the [M2] and the [In] are as described above.

[0250]

E. Invention of a process for producing a TFT substrate

(5) The invention is a process for producing a TET 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 oxalic acid, thereby forming the transparent electrode.

Even if the source electrode or the like is made of Al, such
a structure makes it possible to prevent the source electrode or

the like which contains Al from eluting out when the transparent
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The followng will describe the structure of an invention of a pixel

el ectrode. The invention which will be described belowis a pixel electrode
used in the above-nentioned TFT substrate and so on, and effects and

advant ages thereof are equivalent to those of the above-nentioned TFT
substrate and so on. [0241] (42) The invention is a pixel electrode for
driving a liquid crystal, which is used in a TFT substrate, fora liquid
crystal display, conprising: a transparent substrate; a gate el ectrode

whi ch | | e, ! i oA
teh i Se%Pé&?Ha eoj}’sefoﬁgbed Mﬁé??ﬁrgé £PLn i ah@craBbe S e@a%%%rdg?'n@e%ého a

source ectrode torned over t transpar ent substrate; ectrode
fornmed over tsf%e %rans rent . substrate;. a silicon |ayer, f rmeg ver, the
transpar eft SABSHI TG (HE BT kePOBPBA T oHeE FOFRIE B Y e 19 HhidiiFent
substrate; and a transparent electrode for protecting the gate el ectrode,
the sour ce"ERCctiFode 1B the Ifranh BFeRItDFOIUtLfR: pi xel el ectrode being an
el ectroconducti ve oxi de containing indiumoxide, and an oxi de or oxides of
one or two or nbPhetal (s) selected fromthe first group M consisted of
W M, N, Nb, Fe, 94 Pt, Pd, andlanthanoids; and the pixel electrode being
jointed directl y51t dHehéngahei @l ect rdde awvceodgeisnlfproprédycitriie aswaTCE
el ectrode or the drain electrode. [0242] (43) The invention is also the
pi xel el estipscieyta caii&ihg: 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 aqueous solution
containing phosphoric acid, acetic acid and nitric acid, thereby
forming the transparent electrode.
[0252]
(52) The invention is also a process for producing a TEFT
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 aqueous solution
containing a cerium aluminum salt of nitric acid, thereby forming
the transparent electrode.
(0253]
As themethod for forming the filmof the transparent electrode
(electroconductive oxide), vapor deposition, sputtering, CVD,

spraying, dipping or the like can be used. It is particularly

preferred to adopt sputtering.

98



the item (42), wherein [M]/([In] + [M]), which is the atomc conposition
rati o of the oxide(s) of one or two or nore netal (s) selected fromthe
first group M to indiumin the electroconductive oxide, is fromO0.005 to
0.2 wherein the [M] 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 el ectroconductive oxide conprises an oxide or oxides of one or
two or nore netal (s) selected fromthe second group M2 consisted of tin,
zinc, germani umoggy gal | ium beside indiumoxide. [0244] (45) The
invention is also the pixel electrode according to the item (44), wherein

[M]/([In] + [N?I)Kiﬁgﬂd%hli & gﬁ%l énﬂ c conposition ratio of the oxide(s)
of one or two Of—ﬁﬁfe—ﬁﬁ%a3§s§~—s§iected fromthe second group M2 to indium
in the electroc uctive oxide, is from0O. 01 to 0. 3 erein the [M ] and
the [ In] are gg%dé%@r’rrb"éedltlé’ﬁo%.al[sﬁz% PEECEED Lo oM % a TET
transparent el ectrode The followng will describe the structure of an

i nvent i onS¥Pstzatiy afbparenttalieet tegect [aproducing a transparent

electrode, the liquid crystal display, the pixel electrode, the
transparent electrode, or the TET substrate according to any one
of the items (30) to (52), wherein the lanthanoid(s) are one or more
lanthancids selected from Ce, Nd, Er and Ho.

Advantageous effects of the invention

[0255]

First group: advantageous effects

As described above, in the transparent electroconductive film
in the thin film transistor substrate of the invention, residues
resulting from etching by use of 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 invention for producing a thin
filmtransistor substrate, residuesorthelike resulting frometching

of the transparent electroconductive film by use of a given acidic

99



(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 electrode which is fornmed over the transparent substrate,
and is made mainly of Al; a source electrode fornmed over the transparent
substrate; a drain electrode forned over the transparent substrate; a
silicon layer forned over the transparent substrate; a pixel electrode
formed over the transparent substrate; and the transparent electrode for
protectin | ectrode e [c electrod
electrodegt%ﬂgn?ggﬁggégg @%g 3% $Od§8 Oréan%%¥ RSN r%% h%ﬂgf oxi'de
contalnlng Endlun1%§bgg g d an X|de 8 OXIdeS of one or two or nor e

metal (s) SBPRLIFSF “t f ??%ﬁ? Jr BEpIWictonsi sted of W M, N, Nb, Fe,
Pt, Pd, and |anthanoids; and the transparent el ectrode being 10|nted
directly to thé0gafk el ectrode made mainly of Al, the source el ectrode or
the drain electrode. [0247] (47) The invention |s al so the transparent

el ectrode accor fleagnd taraupe BtleantfaBouswhéfects [M ]/ ([In] + [M]), which is
the atomc conposition ratio of the oxide(s) of the netal (s) selected from
the first grouphMirdvenitA@hUsT ithet Becah®Grbap ol Glokbyemgud dey 1ighf rqxm 96
0.005 to 0.2 wherein the [ML] and the [In] are as described above. [0248]

(48) The ipyemhabnbs: Alme bhsh tdansPaiente pLest Lode Ao di-08sparent

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 into small values even if a barrier metal or the like is
not used.

[0258]

As a result, the number of steps for the production 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
electrodes inthe 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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to the item (46) or (47) , wherein theel ectroconductiveoxi deconprises an
oxi de or oxides of one or two or nore netal (s) selected fromthe second
group M2 consisted of tin, zinc, germanium and gallium beside indium
oxide. [0249] (49) The invention is also the transparent el ectrode
according to the item 48, wherein [M]/([In] + [M]), which is the atomc
conposition ratio of the oxide (s) of the netal (s) selected fromthe

second group M2 to indiumin the el ectroconductive oxide, is from 0.01 to
0.3 wherein the t . ri 0 .

I nvention of a ;I)Iég%%sa??%gr Rg?%%ﬁ%?cﬁggsa@%ﬁ?&bés Oﬁgct ‘ggg@}’e %legr?%écﬁel onis a
process for producing .a TET sybstrate, conprising: the step of depositing
the el ect F%%%ﬁ(g%%%g/gtkb%ed]es %ﬁ?%crjt%telolnrs 5&8P§]ﬁpg§ﬂb§? ?%F%,EaPn%pr f or m ng
athin filmof the electroconductive oxide; and the step of etching the
formed t h"AtR Al m BSteRe of AdtIbEBRE FEEriePbXkey SR L R aRddtpieBa s sssl ut i on
contai ning oxalic acid, thereby formng the transparent electrode. Even if

t he sour céherery ra@euging ullsteatisl kaddicofsapk, eSirtts andt pdeanragarakes it
possi ble to prevent the source electrode or the |ike which contains Al from
el uti ng oUhisvheat telrewti i Ansepateartrib8d eh eddtradde inswdokired xahehes he
transparent electrode is etched) . Such an effect/advantage is produced in
the sanme manner [pysthe fol |l ow ng

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 holemade 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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invention using a different etching solution. [0251] (51) The invention is
al so a process for producing a TFT substrate, conprising: the step of
depositing the el ectroconductive oxide onto the transparent substrate,
thereby formng a thin film of the el ectroconductive oxide; and the step of
etching the formed thin filmof the el ectroconductive oxide with an aqueous
solution containing phosphoric acid, acetic acid and nitric acid, thereby
form ng the transparent el ectrode. [0252] (52) The invention is also a
process f ' - L Si.ng:; .St of ositing
t he eIect?%%%ééﬁﬁﬁﬂ%%gogéxgggyggpgipﬁgf?ggggggégkgggﬁﬁgﬁraaégefhéﬁé y formng
athin fi#n1($f he Electroc nducti yve oxide, and the step of etching the
formed thin F590h28F PeRe? dHEt PUEShuTRE iRRET5XE8e with an aqueous sol ution
containing a ceriumalumnumsalt of nitric acid, thereby formng the
transparent el e€¥%%de. [0253] As the method for fornming the filmof the
transparent el ectrode (electroconductive oxide), vapor deposition,
sputtering, CvOoumgr ayong: adyppiteageorst 4gfedliee can be used. It is
particularly preferred to adopt sputtering. 98 [0254]

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 electrode, or a source/drain
containing Al and a pixel electrode are caused to contact each other
directlyorare jointeddirectlytoeachother, 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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F. Kind of |anthanoids (53) The invention is also the process for producing
the TFT substrate, the sputtering target for producing a transparent

el ectrode, the liquid crystal display, the pixel electrode, the transparent
el ectrode, or the TFT substrate according to any one of the itens (30) to
(52) , wherein the lanthanoid (s) are one or nore |anthanoids selected from
Ce, Nd, Er and Ho. Advantageous effects of the invention [0255] First

group: advantageous effects As descri bed above, in the transparent

el ectroconducti yeidd | m) ithdhe @ragn3f il mddarsystor2 subsiy akenofnt he
invention, residues resulting frometching by use of a weak acid (such as

an organi %zlqrféﬂa@o re; et of s%ﬁ%@tfg%‘é{gg@i&pgffai kﬂééf?iﬂgfiﬁ%ti;gﬁeref ore,

the thin mtransi stor substrateo invention I s excel

workabi l'ity, and the yield jhereof is inproved. Mreover, the thin film
transistO%XI?Eﬁﬁ%ﬁkcﬁﬁéT%ied%gglay of the invention exhibits an inproved
production efficiency since the display has the above-nentioned thin film

transi stor substii%. Y0258]5e Afdgr 8i Al tB'% B Ipf ote)s 3 €RENi ®Venti on for
producing a thin filmtransistor substrate, residues or the like resulting
from et chexylansft orer itemwahslpetant 1ey ect itoedaan el & ee¢ondnt bymubernsft igngi ven
acidic 99

in present Example 2-9.

[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 TFT 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 a-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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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 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 between the ﬂ%%’{ C%%alé‘? and. 1 be, i xgl of;él 9?%%@3% bgtsa?l G l@hlpval ues

even if a barrier or the Tike is not use a result, the

nunber of _ste r e b eq e
process fo? p§§ %ﬂﬁkgltgél %ikﬁgBP $ﬁ1 ??gégﬁgtor? %&%?% ?gE%%%BB% made

si npl e. 9 en if the transparent e ectr conduc f|| material is
br bught | REGS U Petie EIREAEE U PROBHCHIY Gat ST61 REVSbat vt i P12y 8¢t odes
in the invention of the secondgroup, the contact resistance generated

t herei n cBe beriPgdértnto a small value. Thus, a liquid crystal display
wherein hal f-tone display can be satisfactorily attained can be provided.

[ 0260]

Explanation of reference numbers

[0267]

1 glass substrate

[0]

2 gate electrode

[0]

3 gate insulation film

(0]

4 oa-Si:H(i) film

(0]

5 channel protection film
(0]

6 o-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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100 In the above-nenti oned description about the invention of the second
group, there is a description section depending on relationship wth Al.
Instead of Al in this description section, Ag may be used, thereby
produci ng substantially the sane effects and advantages. This matter w ||
be described in detail in working exanples. [0261] Third group:

advant ageous effects As descri bed above, according to the process of the
invention of the third group for producing a thin filmtransistor
substrate, the first duct or n easily be etched since the first
conduct or conp%%ses ?%£§U§i%% 8§8C%&1%ﬁqﬂ ng the specific netal(s). For this
reason, a thin filmtransi stor substrate can be nore easily produced at

| ower costs. [0262] ¢t @tAVEi PakEipassPstsrtand the thin film

transi stor substrate of the invention of the third group, the first
conductor conptPdes g Alegitiregdecont ai ni ng the specific netal (s);
therefore, the contact resistance is | ow when the second conductor is
connected to the/firdrapordectoprdéhrough the contact hole nmade in the
insulation film Furthernore, the first conductor can easily be etched.
[0263] In the |lig8i d stysialeldicspbay of the invention of the third group,
the second conductor is connected directly to the first

200 o—-SiTFT active matrix substrate

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 insulation film

2005 semiconductor layer a-Si film

2006 semiconductor layer n' a-Si film

2007a drain electrode

2007b source electrode

2009 interlayer insulation film

2010 contact hole

2011 pixel electrode

2021 TFT section
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conductor through the contact hole fornmed in the insulation film 101

W t hout interposing any |ayer having a low light transmttance. 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 el ectrode, thereby enabling to make the

process for progyei nga Rl (i dd | mtransistor) substrate sinple. [0265]
According to the invention of the fourth group, even if a gate containing

Al and a transeﬁb%ntT%%eggggggéuor a,source/drain containing Al and a pi xel

el ectrode are caused to con k@%@ﬁtgther directly or are jointed directly
to each ot her,

t%_ contact resistance therebetween can be controlled into a

| oner val ue that?%in tHESHr FEPSLLERYE Thus, a liquid crystal display capable

of attaining half-tone display can be provided. Brief Description of the

Drawi ngs [ 02664002Fi gate] eTaekrede a sectional view of a vicinity of an

a-SI TFT active matrix substrate in each of present Exanples 1-1 to 1-3.
3002a gate electrode wiring

3003 gate insulation film

3004 @-Si:H(i) film

3005 gate insulation film

3006 o-Si:H(n) film

3007 source electrode

3008 drain electrode

3009 pixel electrode pattern

3010 transparent resin resist

3012 contact hole

3014 gate line leading-out section

3016 source/drain line leading-out section

Best Mode for Carrying Out the Invention
[0268]

First group: examples

Preferred examples of the present embodiment of the first group
will be described hereinafter, using the drawings.
[0269]

“Example 1-1"
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[Fig. 2] This is a sectional viewof a vicinity of an a-Si TFT active matrix
substrate in present nodified Exanple 1-1. 102 [Figs. 3] These (Fig.3 (1)

and Fig.3 (2)) are each an explanatory viewillustrating a situation of a
first filmformation 1in 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 1in 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 L MEaSUT BORLN o s'%c@ﬁ&%gftvlg%%m elélr%ty[ 5t a5, o8i TFese
(Fig.6 (1) and Fig (2)) are explanatory sectional views illustrating the
step of p £HHH§ T $ ty e t S 7]
These (Flg 7 (r?g%naI '7%&%5 g?g éfgﬁgy 5@%15%3?%?5§§%§%53%§F Vi ews

|IIustrat @% %ﬁ% $% hgroqQC| g ths . T arQ%%m strate in present

Exanpl es. 'S a sectlona proces Iu% ?éﬁlng the step
2w ?ﬁ;c&%&i %%aﬁ?%aé‘%{% et he BREETTA Sppearant 'L?ﬁsncm FTHEGE A Kel vi o
pattern in present Exanples, and a situation of a measurenent thereof
[Fig. 10]STHss toshave e fildmarhitiewesst of V5Q4 di-t yTlofs aflagsspuipstrate 1
corresponds to one example of the transparent substrate described
in the claims.

[0270]

Next, the deposited Al was etched into a shape illustrated
inFig. 1 by photo-etching using a phosphoric acid/acetic acid/nitric
acid/water (the ratio by volume = 12/6/1/1)-based aqueous solution
as an etchant to form a gate electrode 2 and a gate electrodewiring
12.

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, 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 furtherasiliconnitride film (SiN film), which would be a channel
protective layer 5, was deposited on the o-Si:H (i) film 4 to have
a film thickness of 3000 A.

[0271]

At the discharge gas at this time, a SiH4—NH3-Nz-based mixed
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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

enbodi ment. 103 [Fig. 11] This is 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
ended in the process of producing a liquid crystal flat display in the
prior art. Explanation of reference nunbers [0267] 1 glass substrate [0] 2
gate electrode [0] 3 gate insulation film [O] 4 cc-Si:H(i) film [0] 5
channel pgot ess uoad bbbt th&abe anSildi(imn £iillB afdthd cHi @l St@cddade 8
source el ectrode

layer 5, which were each made of the SiN film, while a SiH,;-N,-based
mixed gas was used about thea-Si:H (i) film4. Thechannel 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.

Subsequently, a SiHs-H,-PHs-based mixed gas was used to deposit
ano-Si:H (n) film6cnthea-Si:H (i) film4 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) filmoby sputtering
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 volume =
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 o-Si:H (i) film 4 and the a-Si:H (n) film
6, which were each made of an o-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,O) solution, so as to form a

pattern of the a-Si:H (i) film 4 and a pattern of the a-Si:H (n)
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9 transparent el ectroconductive film 10 transparent resin resist 11
reflecting el ectrode 104 12 gate electrode wiring 100 a-Si TFT active matrix
substrate 102 gate el ectrode 107 drain el ectrode 108 source el ectrode 200
a-Si TFT active matrix substrate 1100 slide glass 1102 mask for a first
filmformation 1104 Al pattern 1106 mask for a second filmformation 1108
nmetal oxide 1110 first contact resistance neasuring substrate 1120 second
contact resistance neasuring substrate 2001 transparent insulating

substr at er 2002, gatiecelasthada a200%gati@skpsubath engf il m2006) sq¥i-¢epduct or
| ayer a-Si film 2006 sem conductor |layer n' a-Si ?I|ﬁ] 2007a drain

el ect rOdeirgg‘Qap 1S,Oé“f;9§n§é£fér{t0f_j§sin resist 10 was used to form a protection
film and further a pattern of through holes and so on was formed.

[0274]

Next, an amorphous transparent electroconductive film 9 made
mainlyofindiumoxideandtungstenoxidewasdepositedonthe substrate
subjected to the above-mentioned processing. The target used in the
sputtering was an In;03-WO; sintered body prepared to 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 Iny03;-WO; sintered body was used to
be arrangedonto aplanarmagnetron-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.

[0276]

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, or may be a form that tungsten
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2009 interlayer insulation film 2010 contact hole 2011 pi xel electrode
2021 TFT section 105 2022 term nal section 2100 TFT array substrate 3001
gl ass substrate 3002 gate el ectrode 3002a gate electrode wiring 3003 gate
insulation film 3004 a-Si:H(i) film 3005 gate insulation film 3006
a-Si:H(n) film 3007 source electrode 3008 drain electrode 3009 pixel

el ectrode pattern 3010 transparent resin resist 3012 contact hole 3014
gate line | eadi ng-out section 3016 source/drain |line |eading-out section

Best Nbdeigocﬁisqﬁaerrrs\éhngs Od”cohB?eJc né’)?irgei Bgtwégrg%]dlﬁfnmﬁlc% QB tl.?l’)l(&rg)elnes
oxide such as InyW;0;, in the indium oxide sintered body. 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 at an atomic level. Such a case,
in which tungsten 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.

[0277]

Therelativedensityofthetargetmadeof this In,0;-WOs;sintered
body was 96%. A different test demonstrated that if the relative
density of the target made of this Iny,03-WO; sintered body was 95%
or more, nodules or overdischarge was not generated.

The transparent electroconductive film 9, which was the
In,03-WOs film formed by 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 of the
transparent electroconductive film 9, which was this Iny03-WO3 £ilm,
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,03;-WO; sintered body,

in an amount of 1 to 10% by weight, the specific resistance of the
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Preferred exanpl es of the present enbodi nent of the first group wll be
descri bed hereinafter, using the drawi ngs. [0269] "Exanple 1-1" 106 Fig. 1
illustrates a sectional view of a vicinity of an a-Si TFT (anorphous silicon
thin filmtransistor) active matrix substrate 100 in the Exanple 1-1.
Metallic Al was deposited onto a light-transm ssible glass substrate 1 by

hi gh-frequency sputtering so as to have a filmthickness of 1500 A This

gl ass substrate 1 corresponds to one exanple of the transparent substrate

describede, i d *&gaﬁéﬁég&t L%%EQLO DeXler it2e r9EROS|Led 1 4 $-elcphed, i nto a
shape illustrate I 1g. by pﬁoto-e chi ng usi ng a phosphori c acid/acetic
acid/nitrigésacid/mater (the ratio by volunme = 12/6/1/1)-based aqueous
solution "a@s an etchant to forma gate electrode 2 and a gate
electrodewiring, _12. Next, a silicon nitride film (hereinafter, denoted as a
SIN filmin soH%T@Qses) , which would be a gate insulation film3, was
deposited on the glass substrate 1, the gate electrode 2 and the gate

el ect rodewi ri ngThi® Hyragspardns chaaeocymlualol ves fiidmhdy ewlaiali Was theéckness of
3000A. Subsequently, ana-Si:H (i) film was deposited on this gate

i nsul at i ohnfstWe3ft bmhaves atfheédnbhpbkhesstadfingb00idg 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. 1In this way, the pattern
of the transparent pixel electrode, which was made of an amorphous
electrode of the transparent electroconductive film 9 illustrated
in Fig. 1, was formed.

At this time, the pattern 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 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.

[0279]

Thereafter, a SiN 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,
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and further a silicon nitride film(SINfilm , which would be a channel
protective layer 5 was deposited on the a-Si:H (i) film4 to have a film
t hi ckness of 3000 A. [0271] At the discharge gas at this tine, a

Si H4- NH3- N2- based mi xed 107 gas was used about the gate insulation film3
and the channel protective |layer 5, which were each nmade of the SIN film
while a Si H4- N2-based m xed gas was used about the a-Si : H (i) film4 .
The channel protective [layer 5 which was made of the SIN film was etched

by dry etghd nghttdghngr ac l_éﬁl%%iegeg@n%r{ QnboEM & shapgtirhtugtiated in Fig. 1.

Subsequently, a S|H4 H2- PH3- based mi xed gas was used to deposit "an a-Si : H
(n) film an e yer 5 to
have a f|$%1?ﬁ nes %t%5880®%gé[%§9§%?99¥kf5%ﬂ%ﬁ nﬁgfﬁkggNg§£¥$aF'%c Al

bi -1 ayered flln1mas successi vely €05|ted on the depagsited a-Si:H (n)

fil nﬁbysp%t%@FlTnGCt§Bealga‘il”c%"rrﬁl%’s{: %100 Ofi ekAERES of In¥sl FRANEY or t he

lower layer to 0.05 Fun and set that of nmetallic Al to 0.2 pm [0273] This
met al | i ¢ NEPFRER&R. i CThAIS ®TS1Elerelive Mat bk Subeheals APB coarshnpeds ItPust r at ed
in Fig. 1 by photo-etching using a phosphoric acid/acetic acid/nitric
aC|d/mate@n%Pr@i¢QnQQﬁmeQL@KUhEh&tDiQﬁ11@Frab33@ﬂlequkﬁnnawﬂﬁqﬁqnmbedso as to
forma pattern of a drain

in the claims.

[0280]

Aliquidcrystal layer anda color filter substrate were formed
on this o-SiTFT active matrix substrate 100, thereby producing a
TFT-LCD system flat display. This TET-LCD system flat display
corresponds to one example of the thin film transistor liquid crystal
display described in the claims. About this TFT-LCD system flat
display, a lighting test was perfomed. As a result, there was no
defective pixel electrode so that favorable display was able to be
attained.

(0281]

“Example 1-2”

An o-SiTFT active matrix substrate 100 in Example 1-2 is

different from the o-SiTEFT 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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el ectrode 7 and a pattern of a source electrode 8. Furthernore, the a-Si:H
(i) film4 and the a-Si:H (n) film 6, which were each nade of an a-Si:H
film were etched by using a conbination of dry etching using a CHF-based
gas and wet etching wusing an aqueous hydrazi ne (NH2ZNH2H20) sol ution, so as
to forma pattern of the a-Si:H (i) film4 and a pattern of the a-Si:H (n)
108 film®6, each of which had a shape illustrated in Fig. 1. As illustrated
in Fig. 1, a transparent resin resist 10 was used to forma protection film

and furthefgta pathennsofnldoHeh ekesadd 15P h9hhWase fndspud @344l Next,
an anor phous transparent el ectroconductive film9 mde mainly of indium

oxi de and.{ ungstens0xi g s dpppslded 0lsina, substs alee supleciedato the

above-nment i one processi ng. e target used in the 'sputte

uni ch 15 % BEGHTR A0 OBaEadan PRESIE Wh Lo 1 hev B et ~eeb 08P e |1 )

represents the nunber per unit volume of the indiumatons in the
t r anspar ehPREFRReT HrRtiAG]Fd Cradinl/ 9 15R4cC ache/ Fayer épregehi e Py lntsber per
unit volunme of the tungsten atons in the transparent el ectroconductive film
9. [0275]= }3¥ @M lsphesed iampeouli solw2iog WeBasi atehad Bodfomwasausdd to  be
arranged onto a planar nmagnet ron-based cathode, and the transparent
el ect r ocoaterctrode Pidrmd 9 awise déposiodsvird ngake. t Meikidmdshsoksesste 1
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 a-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 wouldbe 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 SiH4-NH3-Ny-based mixed
gas was used about the gate insulation film 3 and the channel protective
layer 5, which were each made of the SiN film, while a SiH4-N;-based

mixed gas was used about thea-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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thereof to 1000 A. At this time, pure argon gas or argon gas into which 02
gas was incorporated in a trace anount of about 1% by volune was used as
the di scharge gas at the time of the sputtering. [0276] The formthat
tungsten is contained in the target may be a formthat tungsten is

di spersed as a tungsten oxide such as W3 or W2 in the indium oxide
sintered body, or may be a formthat tungsten 109 is dispersed as a conpl ex
oxi de between indi um oxi de and tungsten oxide such as 1 n2WB0O12 in the

| ndi um oxj gy plnarer bamaPrel eoped, diack 1M thad ungsten At os undergo

substitution/solid-solution into in ites o un1OX| e, Wwhereby
tungsten is dis %d into the |nd|un1OX|de S|ntered body at an atom c
| evel . Such a c e in which tungsten is dispersed into the indium oxide

si ntered body t an atom c | evel e effe ive for stabilizin
di scharge in t E&nﬁfﬂfuo%%gﬁﬁﬁﬁﬁ; FEDUFRHESRFRESRSShduct i ve

film 9 having a IOM/reS|stance [0277] The relatlve density of the
t ar get madan of Si Hi $n) A208-OWIBt ke ¢it-Bt &t (1 bodym dedoE % chardidf mraisctiast
denonstrated that if the relative density of the target made of this
| N208- WBlasyart ér ¢d bady anelSi 196%1ioknexoy ef BOA0I Bs or overdi scharge was not
generated. The transparent el ectroconductive film9, which was the
| n203- W03 f i | mdxar,madmbyal hec spyireeri Nge Al ianakyzed byimXwady anal ysis.
successivelydepositedonthedepositeda-Si:H (n) £ilm6by sputtering
so as to make the film thickness of metallic Mo for the lower layer
to 0.05 pm and set that of metallic Al to 0.2 pm.
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 volume =
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.
[0285]
Furthermore, the a-Si:H (i) film 4 and the o-Si:H (n) film
6, which were each made of an a-Si:H film, were etched by using a
combination of dry etching using a CHF-based gas and wet etching
using an aqueous hydrazine (NHyNH;-H;0) solution, so as to form a
pattern of the o-Si:H (i) film 4 and a pattern of the a-Si:H (n)
film 6, eachof whichhada shape illustratedinFig. 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.

[0286]

114



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-WXBfilm was about 3.8 x
10-4 12cm Thus, it was proved that the filmwas a filmwhich was able to
be satisfactorily used as an electrode. It was also proved that when tin
oxi de was incorporated into the above-nentioned target, which was nade of
the 1n203-W3 sintered body, in an anount of 1 to 10% by wei ght, the

specific resi stanse of Aeptdts honied. LAnSpateM i eett oeandyot bugef | m o

was 1.8 x 10-4 ranspar ent el ectroconductive
film9, which was the, 1n203- W3 fil was etched b hot o- et chi ng. using a
3. 296 by WAT gD Ceol R Bh SR BXaN AR AR LTE dRea 1 BPCHEH T SBFder t o
give a pattern of a transparent pixel electrode. In this way, the pattern
of the traHPdEERSYIRErCEFedrRROVarRPER1GRAD HaRfee BT NG YasRIH PGS T -
el ectrode of the transparent el ectroconductive film9 illustrated in Fig.
1, was fofmedargett ased tinrdhet fpuptrtiainwep ahelrzOuritasebbrtgunte b@dand t he
pattern of the transparent pixel electrode, which was made of the
t r anspar emtepsirect tocetdulod imaéubi din[In] Welfnif or ) )i, nvbidedisr ed atpatiter ns so
as to be electrically connected to each other. At this time, the drain
el ect r oderdt @NBetiears QHIGRI Bb €6t FiREl€ a8g6ONtdl M W  The [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 electroconductive
film 9.
[0287]
In the sputtering, this In;03~MoO; sintered body was used to
be arrangedonto aplanarmagnetron-based cathode, and the transparent
electroconductive film 9 was deposited to make the film thickness
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 molybdenum is contained in the target may be
a form that molybdenum is dispersed as a molybdenum oxide such as
MoQOs; 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;Mo40s, IN,Mo3012 or In;MosOg, 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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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 wei ght solution
of oxalic acid in water corresponds to one exanple of the acidic etchant
containing oxalic acid described in the clains. [0279] Thereafter, a Si N
passivation film (not illustrated) and a |[|ight-shielding pattern (not
illustrated) were fornmed to produce an a-Si TFT active nmatrix substrate 100
illustrated in Fig. 1. On the glass substrate 1 in this a-Si TFT active

mat ri x susdredlemd Ofhdenlinl it hel pairkean o theigwh ¥ahdsests@r1antih an
illustrated in Fig. 1 and the sane patterns were regularly formed. In other

words, thesd- B TRIcRabh VBRI i X 34BsEEad SndQ@nali Bt aRR:E ab-dk Mas<an array

substrate. This a-SI TFT active matri X substrate 100 corresponds to one

preferred_exanpl he-.thin filmiransistor substrat.e.described .in the
Ol o o LOTHOME & Prahie 16050 o TRb e R TRGt Sre Pare v rar T BT aEdver o
for med on,H&%i a-Si TET active matrix substrate 100, thereby producing a

TFT- LCD sYstRTPFat ™ dHap ISR CPRARI TRT-QEB1EYRE e thG I HRNGPSPPAY  corresponds

to one exanple of the thin filmtransistor liquid crystal display described
in the clalsrsroappdicthys IR PCPREiRG eémlfiaresHssBIGey, a |ighting test was
perfomed. As a result, there was no defective pixel electrode so that
favorabl e di spl E3288ds able to be

The relative density of the target made of this In;03-MoO;
sintered body was 96%. A different test demonstrated that if the
relative density of the target made of this In,03-Mo0O; sintered body
was 95% or more, nodules or overdischarge was not generated.

The transparent electroconductive film 9, which was the
In,03-MoO; film 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 of the
transparent electroconductive film 9, which was this In,03-Mo0O3; film,
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,0;-MoO; 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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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 matri x substrate 100 of Exanple 1-2 w ||
al so be described using Fig. 1. As illustrated in Fig. 1, netallic Al was
deposited onto a 112 light-transm ssible glass substrate 1 by

hi gh- freqyﬁg@gmmﬁﬁﬁl NGs SRS b9 %t&hhﬁrat;tdyl% ngss af L1500 A+ Next,
the deposited Al ~ was etched into a shape illustrated in Fig. 1 by

phot o- et chj l%% Esgﬁg%;al@%ehgrm faceeq/ acet %t%gaﬂéniﬁ r%&%g/%ﬁi L (the

ratio by VO ased aqueous so on as an etc O forma

ate electrode ate ectrod n | a bstrate 1
gor r esponiddt t9 bRE aegﬁﬁﬁﬁg% Wax‘?]r gﬁgﬁé %(%? saBst?‘lrl:ﬁ‘g S %:J%aztc‘fre%inﬁ t he
clains. [0282] Next, a silicaon nitride film (herei nafter denoted as a SiN
filmin softeaskENSParghE I XRduf e B Wegatlel Ghyas stddsnof ithe Fnoggheus

deposited on the glass substrate 1, the gate electrode 2 and the gate
el ect r ode9d e¢tigpae20bythy @wadsg@mtgelMQ@mmiaeffikm thi tkesssted

in Fig. 1, was formed.

At this time, the pattern 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 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 SiN passivation film (not illustrated) and a
light-shielding pattern (not illustrated) were formed to produce
an a-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

o-SiTFT active matrix substrate 100 was an array substrate. This

o—SiTFT active matrix substrate 100 of Example 1-2 corresponds to
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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 a-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 m xed gas

was used sheptetberad Skambld b thielhid.£11he Ghansebr BuBLEEI{d/Gesd @R 5,
whi ch was nmade of the SINfilm was etched by dry etchlng 113 using a

CHF- based; ga f S | e [0284] Subsequently, a
Si H4- H2- Pﬁg %ﬁigﬁiﬁ$§2§ng€@§33§&L§§§5?% %%52%?% :g:pH (n) f ilm®6 on the

a-Si: H (i) f |I@}§1ﬁnd t he channel protective Iayer 5 to have a film
t hi ckness of 30 Next, a metallic Mo/netallic Al bi-layered filmwas

successi vel y depqgsited on thedepositeda-Si:H (n) filnbbysputtering so as to
make the film tﬁqéﬁlﬁé §réthﬁ'§tdLap?F€n ‘grortﬁeltfedﬂ/\%? bytapde varg s hm and

set that of netallic Al to 0.2 m This netallic M/ netallic Al bi-layered

filmwas eRcHed onSeTHE atipee maltyskrauweattaneFilgQ, 1therepyopoedtciiag using a

phosphoric acid/acetic acid/nitric acid/water (the ratio by volune =
TFT-LCD system flat display. This TFT-LCD system flat display

corresponds to one example of the thin film transistor liquid crystal
display described in the claims. About this TFT-LCD system flat
display, alightingtest wasmade. Asaresult, therewasnodefective
pixel electrode so that favorable display was able to be attained.

[0292]

“Example 1-3”

An o-SiTFT active matrix substrate 100 in Example 1-3 is
different from the a-SiTFT active matrix substrate 100 in Examples
1-1tol-2onlyinthecompositionof 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 1-3 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-frequency 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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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. [0285] Furthernore, the
a-Si:H (i) film4 and the a-Si:H (n) film 6, which were each nade of an
a-Si:Hfilm 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 had a shape illustrated in Fig. 1. As

i Il ustrat egdpe !rBtEngg JoLighd LANFHAYSNLLLLS] Q%ﬁ&ﬁjég%ﬂa%%ay%%deﬁ&afn@ ma

protection filmand further a pattern of through es and so on was

f or ned. 4 t r transparent. el ectroconductive film?9
made nai %85;%%}“ %éa}:%%])igg}:ggdggo rfm%ié%égneﬂlﬁ oxrde” was " é%bsﬁ?%& %lnastshe

substrate subjected to the above-nentioned processing by sputtering. The
target us8dPy attl‘?eflscﬁﬁrﬁép% S kRO ST ADIRR %@%Fﬁ?fg?%%‘%dﬁubﬁ@gﬁ ed to
set the val ue of In]/([lg{ + [M]), which is an atomc ratio between In
and M indepery én the olaw®- The [In] represents the nunber per unit
vol une of the indiumatons in the transparent el ectroconductive film9 and
the [ Mb] represét@%3t he nunber per unit volune of the nol ybdenum atons in
the transparent el ectroconductive film9. [0287]

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 o-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 would be a channel protective
layer 5, was depositedontheoa-Si:H (i) film4 tohave a filmthickness
of 3000 A.

[0294]

At the discharge gas at this time, a SiH4-NH3-N,-based mixed
gaswas used about the gate insulation film 3 and the channel protective
layer 5, which were each made of the SiN film, while a SiH4-N,-based

mixed gas was used about thea-Si:H (i) film4. Thechannel 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.
[0295]
Subsequently, a SiH;—H,-PHs~based mixed gas was used to deposit

ano-SitH (n) film6onthea-Si:H (i) £film4 and the channel protective
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In the sputtering, this In203- MO8 sintered body was used to be arranged
onto a planar nmagnetron-based cat hode, and the transparent

el ectroconductive film9 was deposited to make the fil mthickness to 1000
A. At this tinme, pure argon gas or argon gas into which 02 gas was
incorporated in a trace anount of about 1% by volunme was used as the

di scharge gas at the tine of the sputtering. The formthat nolybdenumis
contained in the target may be a form t hat nolybdenun1is di spersed as a

nmol ybdenu j u [ i Rdi um oxi de sintered body, or
PAfodC PUREe MXE SRS 2 Logo

may be a I spersed as a conpl ex oxide of indium and

| ybd h | 2Mb4 3012 I.nl 406 th di d
g?n?erggunhody as ; &G }§55.¥%ﬁ%$iﬁifcﬁ%} b éﬁg oﬁ%ﬂﬁﬁﬁg%bg ' um oxide

substltutlon/solld solutlon into |nd|unls|tes of |nd|un1OX|de 115 wher eby
mol ybdenuft¢eeshiisisdysieporated PRdhafrBR$ Heedqysitdl (n)Stidin @by RS el imanhi ch
nol ybdenum i s di spersed into the indium oxide sintered body at an atomc

| evel , issaoretefradt khe fidm shabhndss a§ ndtedtlicdio dioscthizg doven tawer
sputtering or obtaining the transparent el ectroconductive film9 having a

| ow resistancens H0288] sdhechaal alfi metdensd ty @b dhe jinr get made of this
I n2C8- MO8 sintered body was 96% A different test denonstrated that if the

rel ative densitynhpd mkbhellae gRYmaREEL 0f Al hiS-1aR2E8dMIGE shHtecadqbioty, Wwas
95% or nore, nodul es or overdi scharge was not generated.

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 aqueous solution as an etchant, so as to forma pattern
of a drain electrode 7 and a pattern of a source electrode 8.

[0296]

Furthermore, the o-Si:H (i) film 4 and the a-Si:H (n) film
6, which were each made of an a-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,0) solution, so as to form a
pattern of the a-Si:H (i) film 4 and a pattern of the a-Si:H (n)
film6, eachofwhichhadashape illustratedinFig. 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
mainlyof indiumoxide andniobiumoxidewas depositedon the substrate
subjected to the above-mentioned processing, as illustrated in Fig.

1. The target used in the sputtering was an In,03-Nb,0s sintered body
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The transparent el ectroconductive film9, which was the [n203-MQO3film

f or medbyt he 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 electroconductive film9, which was
this 1n2GB-MBfilm was about 3.4 x 10-4 Ocm Thus, it was proved that the
filmwas a filmwhich was able to be satisfactorily used as an el ectrode.

It was also proved that when tin oxide was incorporated into the

above- nenpionetd argal, thhigh weass tihe ) reden pfr 1a2B- MBh siNtgradmikody, in

an amount of 1 to 10% by weight, the specific resistance of the forned

t¥anspar eple £ 8eLL0CORAUGI UE 1 L3RR L ¥, 987 A rndCii! rdS8e4 12089

This transparent electroconductive fi Mo Q3

film was_etched by phota-etchin [ a 3.2% wei gh ol ution of oxalic
acid in water egnpg{ ¢kt VP u%‘?o?ﬁ tgg i a%r&?tjé? ri?tth gﬁalﬁ rent

pi xel electrode. In this way, the pattern of the transparent pixel

el ect r ode®l9Fi ITREECRATR féﬁ%%é“%ﬁ%?pﬂ%sre@[%?ﬁqtéd@%ﬁw PRANSYEr ent

el ectroconductive film9 illustrated in Fig. 1, was forned. At this tineg,

t he pattevalwtfe tdfe thountebialeetrndel8 tdred trhpspaarttered eot robenduciisear ent

pi xel el ectrode, which was nmade of the transparent el ectroconductive film
9, were foimedd.nto desired

[0298]

In the sputtering, this In,03-Nb,0s sintered body was used to
bearrangedontoaplanarmagnetron-basedcathode, and the 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,Os or Nb,Os
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, inwhichniobiumisdispersed
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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patterns so as to be electrically connected to each other. At this tineg,
the drain electrode 7 and the source el ectrode 8 containing Al did not
elute out with the etching solution. Next, this glass substrate 1 was
thermal |y 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 clains. [0290] Thereafter, a Si N
passivation film(not illustrated) and a |ight-shielding pattern (not

il lustrated) mepﬁaﬁgrned to produce an a-Si TFT active matrix substrate 100
illustrated in Fig. 1. On the glass substrate 1 in this a-Si TFT active

matri x substrate 100, .the pattern of the pixel secti and_so. o
illustrated in 'eg.refatéﬁa (?%résjsé’n@%pg?? e?%sge&epgg?e%ﬁmsy IP?)%EBH?OE’I n ot her
words, this a-Si TFT active matrix substrate 100 was an array substrate.

This a- STHEEREE POEY AT iX 3sulfs raf8ra0b Gt ERgRpIE rRtedc bReksifortis to 117

one preferred exanple of the thin filmtransistor substrate described in
t he cl ai mselat ivieedgniit ynahiide sardat Fsdmpl & his1InfOgadLPs sAnktpged dpoglvy st al
| ayer and a color filter substrate were formed on this a-Si TFT active

mat ri x sulbss rdtte ot00pre herahy esr oducverglisschiifde LG syt eenkkatedi spl ay. This
TFT-LCD system flat display corresponds to one exanple of the thin film

transistor |iquite airssikphreflt sglctt rdessaibed,d Fitheoc! whimh wAROWhet hi s
TFT-LCD system fl at
In,03-Nb,0s film formed 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 In,03-Nb,Os £ilm,
was about 3.6 x 10 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 Iny0;-Nby0Os sintered
body, in an amount of 1 to 10% by weight, the specific resistance
of the formed transparent electroconductive film 9 was 1.7 x 107
Qcm or less.
[0300]
This transparent electroconductive film 9, which was the
In,03-Nb,Os £ilm, 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. 1In this way, the pattern

of the transparent pixel electrode, which was made of the amorphous

electrode of the transparent electroconductive film 9 illustrated
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di splay, a lighting test was nmade. Asa result, there was no defective pixel
el ectrode so that favorable display was able to be attained. [0292]
"Exanple 1-3" An a-Si TFT active matrix substrate 100 in Exanple 1-3 is
different fromthe a-Si TFT active matrix substrate 100 in Exanples 1-1 to
1-2 only in the conposition of the transparent el ectroconductive film?9,
and the structure thereof is substantially the sanme as in Fig. 1.
Accordingly, the a-Si TFT active matri x substrate 100 of Exanple 1-3 wl|

al so be d cEr-i'%beg IsNgs K. 1o reballie f\g 1%aSJI %L (the i t.ion
: beql, . e ht AQY &9 5
wei ght %Ei\lll I = 3’3‘/91?0 was depositéd 0’}nt8 |§ht- 9ansmoss?gﬁ?2acgldass
Substrate.1 b hi.gh-frequen uttering so as to have a fil thi%ness of
2500 A NBXECnEOREpoaT Lod T Testehed TS THE SHHECREPY #51the  gat e
el ectrode 2 and the gate electrodewiring 12 in Fig. 1 by photo-etching
usi ng a pROSPHGET 18cHI? Sl iMS aci d/nitric acid/water 118 (the ratio by
volume = 9/6/1/2) -based aqueous solution as an etchant to forma gate
el ectrode 2 andl@Qdte el ectrodewiring 12. This glass substrate 1
corresponds to one exanple of the transparent substrate described in the
clainms. [0293] AtNenttis aimse) ithenpatteirdeff thengduerel abddterodedénat®dhas a Si N
filmin sonme cases), which would be a gate insulation film3, was
pattern of the transparent pixel electrode were formed into desired
patterns so as to be electrically connected to each other. At this
time, thesourceelectrode8andthedrainelectrode 7 neitherunderwent
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 (not illustrated) were formed to produce
an o-SiTFT active matrix substrate 100 illustrated in Fig. 1. On
the glass substrate 1 in this o—-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 preferred example of the thin filmtransistor substrate described
in the claims in the same manner as in Examples 1-1 and 1-2.
[0302]
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
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deposited on the glass substrate 1, the gate electrode 2 and the gate

el ectrodewiring 12 by gl ow di scharge CVD to have a filmthickness 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(SINfilm , which would be a channel protective I|ayer 5, was
deposited on the a-Si: H (i) film4 to have a filmthickness of 3000 A
[0294] At the discharge gas at this tine, a Si H4- NH3- N2- based m xed gas

was used abprdsthRis0al &ddeubmbiOn el thdn3apd: thed E‘gna@écﬁ%%e%!e& | ayer
5, which were each made of the SINfilm while a S Hi- N2-based m xed gas

was used ngﬂﬁsthﬁ?é@ﬁg%&sﬁiﬁLLCBkéggégHggggifgquelaeﬁﬁégfﬁé¥%stkﬁ er S

whi ch was nade of fil'm wa ry3%tch| ing a F- based
gas to forma shape illuystrated in Fig. 1. 0295 ubsequently, a
L s P P Es . Sinest bas N HABA'T BeBRbETS DLt Lei S Lroe( 59 Thatm 6 on

the a-Si: H (i) film4_and the channel protective 119 layer 5 to have a
filmthi ckpesdie Jagplay wesktabls hetatiattaNdeaetal lic Al bi-layered film
was successively deposited on the depositeda-Si:H(n)fil nébysputtering so
as to make the {0303k hi ckness of netallic Mo for the lower layer to 0.05 m
and set that of netallic Al to 0.2 pm This netallic Mo/netallic Al

bi -l1ayered fil mpeandieched”i nt o

An a-SiTFT active matrix substrate 100 in Example 1-4 is
different from the a-SiTFT active matrix substrate 100 in Examples
1-1tol-3onlyinthecompositionof 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 1-4 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 aqueocus solution as an etchant to form
agateelectrode?2 andagateelectrodewiringl2. Thisglasssubstrate
1 corresponds to one example of the transparent substrate described
in the claims.

[0305]
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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
aqueous solution as an etchant, so as to forma pattern of a drain electrode
7 and a pattern of a source electrode 8. [0296] 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) sol ution, so as to form

a pattern of tResa- 3 shh{&dn filMideand A l__(H@Eéﬁ{a&’t@(r,tQQné’téi al &My film6,
each of which had a shape illustrated in . I Tustrated in F|g 1

2 L1 anspageth LPSfle’ Ealal) 10,458 s L9 Loarpe Pl getlon bl bmay

further a pattern o SO O orne an

anor phous trans ectro ondu ve fi nade nly of |nd|un1OX|de
and hiobi OFPaRT i fascfiup o ERaTen (R %%&&?Pﬁ%&at%%]nemd oo tPEave
above-nentioned processing, as i|llustrated in Fig. . The target used in
the sput t &r Fhin vidid ckRes s 2B 388 Cb- sPHPEP@EHIY aizalb%%g@ﬁ@é io Bi&- the

value of [In]/([In] + [Nb]), which is an atomic ratio between In and Nb in
t he target, anooBi93 (Théilhd]waepepseitiel thdreautdaaveer film thiokngss of the
indiumatons in the transparent electroconductive film9 and the [Nb]
repr esent sft3W@ONALTERE fethepid siVvioddiei ©of iddhei h gbi NPiamsdHikhtvigild
transparent el ectroconductive

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;-NH3-N;-based mixed
gaswasusedabout thegate insulation film3 andthe channel protective
layer 5, which were each made of the SiN film, while a SiH4-Ny-based
mixedgaswas used about thea~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,-PH3~-based mixed gas was used to deposit
ano-Si:H (n) film6, asillustratedinFig. 1, tohave a filmthickness
of 3000 A.

Next, a metallic Mo/metallic Al (alloy) (the composition
weight %: Al/Ni = 99/1) bi-layered film was successively deposited
on the deposited a-Si:H (n) film 6 by sputtering so as to make the

film thickness of metallic Mo for the lower layer to 0.05 pum and

set that of metallic Al for the upper layer to 0.2 pm.
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film9. [0298] In the sputtering, this 1n203-Nb2C5 sintered body was used
to be arranged onto a planar magnetron-based cat hode, and the transparent
el ectroconductive film9 was deposited to make the filmthickness thereof
to 1000 A At this tinme, pure argon gas or argon gas into which 02 gas was
incorporated in a trace anount of about 1% by volunme was used as the

di scharge gas at the tine of the sputtering. The formthat niobiumis
contained in the target may be a form that niobiumis dispersed as a

ni obi um oxi de speiy ast NPROS MEYNP20B ¢ AN ¥ihe 4i,BHEHMR; X Hes %itB%lQ& ad-pody, or

may be a formthat niobium is dispersed as a conpl ex oxide of 1 ndium and

ni obi um su S. in_the indium.,oxide,sintered body .at _an _atomc
| evel . Pr%fsg}glpedlligtl}lg%a{‘toeﬁml{]h%tg'nirio’BY $O§O6%Chﬁ%%rﬁ&ng a phOSp%orlC
substituti on//sol id-solution i, nto, indiumsites of indium oxide, whereby

ni obi um | SHI/STELERF P HEC PRIFIFRIEE déhsi ARkt bI-UWSuTh a case, in
whi ch niobiumis dispersed into the indium oxide sintered body at an atomc
| evel , is2fbrle2)ebpreediamiepyp salatilonzisryadi srharge PatEaen 9fud e@iing or
obtaining the transparent el ectroconductive film9 having a | ow resi stance.
121 [ 029%ledimdeel/atnd ea derigietry of & epuraegeleotdedof8.t hi s | N203- Nb2Cb
sintered body was 97% A different test denonstrated that if the relative
density of the t@agEt made of this 1 n203- Nb2C5 sintered body

Next, a combination of dry etching using a CHF-based gas and
wet etching using an aqueous hydrazine (NH,NH,-H,0) sclution 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 amorphous transparent electroconductive film 9 made
mainly of indium oxide and nickel oxide was deposited on the substrate
subjected to the above-mentioned processing. The target used in the
sputtering was an In,03;-NiO sintered body prepared to set the value
of [In]/([In] + [Ni]), which is an atomic ratioc between In and Ni
inthe target, to0.95. 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 volume of the nickel atoms
in the transparent electroconductive film 9.

[0310]

In the sputtering, this In,0;-NiO sintered body was used to
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was 95% or nore, nodul es or overdi scharge was not generated. The transparent
el ectroconductive film9, which was the [n203-No205 filmforned by the
sputtering, was analyzed by X-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 electroconductive film9, which was
this 1 n203-Nb205film was about 3.6 x 10-4 S2cm Thus, it was proved that
the filmwas a filmwhich was able to be satisfactorily used as an

el eCt r 0depe 4t ratRs GHtEe PIAEd Il WREDa §ddi o] | qacioy into the
above-rrentei onl;aad tar get, %i ch was trrle rra%le o? Indg%é\-%gjzﬂ% siaggrtggqtbody, in

t 9 Lght,  th if] | ., 0f t.he f d
R S R A A S e T

This tra rent. el ectroconductive film9, which was the . 1 n203- Nb205fi |l m
was et cheS %Sgh%t oggttc}?ﬁsnﬁliuﬁ‘gr Ir%lrf I%.r%%l l%?s\/\lﬁfgarﬁgO%sgf‘ﬁtlir&r? B}Plgi?ﬂzi cI aci d

in water as an etchant in order to gyve a E)attern of a transparent pixel
el ect r ode29 WaFhiLBCHERL TGS pat 2 TR L loPTPHBT t plaridivaite At BY X luwgleetBFode,

whi ch was made of the anorphous electrode of the transparent

el ect r ocoriigcteisvehe i disdhargeusesated 22 ing 6f gthel ,sppsisetronged. This 3. 2% by
wei ght solution of oxalic acid in water corresponds to the acidic etchant
cont ai ni ng oxal joc31a¢i d described in the clains.

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,NiO4, 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
of the target made of this In,03-NiO sintered body was 95% or more,
nodules or overdischarge was not generated.

[0312]

The transparent electroconductive film 9, which was the

In,0s-NiOfilmformedby the sputtering, wasanalyzedbyX-rayanalysis.
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[0301] At this tine, the pattern of the source electrode 8 and the pattern
of the transparent pixel electrode were forned into desired patterns so as
to be electrically connected to each other. At this tinme, the source

el ectrode 8 andthe drain electrode 7 neither underwent |ine-breaking nor

| i ne-narrow ng. Next, this glass substrate 1 was thernally heated at 250C
for 30 mnutes. Thereafter, a SiN passivation film(not illustrated) and a

| ight-shielding pattern (not illustrated) were formed to produce an a-Si TFT

active mepkix substrahg JOO iJdsusheabeh i Fhae v QL tr'%@e?'@ﬁac‘t Sypstrate 1

in this a-Si TFT active matrix substrate 100, the pattéern of the pixel

section a on il lLustr dJ.n_Fi 1 and.the sa atterns were
regul arl y? %)Iﬁﬁ“’eadé.q apna}ééﬁ%}%g@\%rf sqmt ﬂrehe §P§Flrf=‘rc active aﬁﬁ?r?é @hebst rate 100

of Exanple 1-3 was an array ubstrate his a-Si TFT active matrix substrate
700 cor f eLHERRRALERT CHE EEPBRFE b G T Cheva b HF (I Ho G aor

substrate described in the clains in the sane manner as in Exanples 1-1 and
1-2. [0382} Fhdutqdi 8 ®riyst Scm.ayBrusingd tawes mrovied that diisstiinevamre f or med
on this a-Si TFT active matrix substrate 100, thereby producing a TFT-LCD
syst em f | &t lnjivkgichywaShibd eTET HeCBats ystarhdridy désplaayan 23 ectrodspordds t o one
exanpl e of the crystal display described in the «clains. About this TFT-LCD
system f | aks ch 50 yrovad| tight ivignt €sh ®&Ede 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 10™ Qcm or less.
[0313]
This transparent electroconductive film 9, which was the
In,03-NiO 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 electrocde, which was made of the amorphous
electrode of the transparent electroconductive film 9 illustrated
in Fig. 1, was formed.
At this time, the pattern 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 electrode 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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made. As a result, there was no defective pixel electrode so that favorable
di splay was able to be attained. [0303] "Exanple 1-4" An a-Si TFT active
matri x substrate 100 in Exanple 1-4 is different fromthe a-Si TFT active
matri x substrate 100 in Exanples 1-1 to 1-3 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 1-4 will also be described using Fig. 1. [0304]

As il ustmﬁ@@éa n thos 3Locappt abldeAlsclakhey)of thecenpesationatesi ght %
Al /N 99/1) was deposited onto a Ilght transm ssi ble glass substrate 1 by

hi gh-  r equengy. E%%ﬂ%t@é' 8 SOLAT. EOCHANE Bnliidlind Ekgkﬂ@%%ﬁfd%g%gb%d Next,

the deposited de o neta was etc Into

|IIustrateg 'Hé 4 1 by phot o- etchlng u5|ng a phosphoric acid/acetic
acid/nitri'c aci di ﬂ' 8 (the ratio by volunme = 9/6/1/2)-based aqueous
solution as an E@chgnt to form agate electrode 2 and agate el ect rodew r
ing 12. This ¢l H4ubstrate 1 corresponds to one exanple of the
transparent substrate described in the clains. [0305] 124 Next, a silicon
nitride film (hEruasdftesr, adedbagsagakiag) gilm (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. 1In other words, the
a-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 film transistor substrate described
in the claims in the same manner as in Example 1-1.

[0315]

A liquidcrystal layer anda color filter substrate were formed
on this a-SiTFT active matrix substrate 100, thereby producing a
TFT-LCD system flat display. This TEFT-LCD system flat display
corresponds to one example of the thin filmtransistor liquid crystal
display described in the claims. About this TFT-LCD system flat
display, alightingtest wasmade. Asaresult, therewasnodefective
pixel electrode so that favorable display was able to be attained.

[0316]

“Example 1-5”
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filmin sonme 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(SINfilm , 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 tinme, a Si H4- NH3-N2-based m xed gas was used about

the gate insu'aiﬁcﬁkéﬁPHQEBIEq"%d:he4Ch@KE¥% h@%@tﬁgéﬂ\ﬂéscraﬁga Sxanpllisch were
each made of the SINfilm while a § H4-N2-based nixed gas was used about

the a-Si Téiéu?tﬁélg%é%ﬂ%ngggQﬁgﬁ%heﬂﬂ%kgggkggte&%égﬁ COQéMEtlvFW%ﬁbnade of

t he SiNfY was e ase rm a
shape ill strategké ig. 1., %;307% Subse uentlg. Si H4- Ft PH3- based m xed
gas was u éfffst gt %g aa?’n 8- '8y Weligph)SHutaPg, © §>Xrallllﬁsaccrlé¥ &8 atrSEig. 1, to
have a fil mthickness of 3000 A. Next, a netallic Mo/ netallic A (aIon)
(the conpde¥evesn thei ghEhapt NS waemdihg) thanspamkandd SflErhr agendiatdassi vel y
deposited on the deposited a-Si:H (n) film®6 by sputtering so as to nake
the filnfitlméksesshef imetlad pioe My abdry atrimexddoaerd ¢aymrsedo OpldEsphaarid  set
that of netallic Al for the upper layer to 0.2 m 125
acid, aceticacidandnitricacidora solutionof 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 electroconductive films 9 in the
present embodiment. In the Example 1-6, 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 sclutions).
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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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 hydrazi ne (NH2ZNH2H20) ,
solution was used to forma pattern of the a-Si:H (i) film4 and a pattern

of the a-Si:_H (n) film®6, each of which was made of the a-Si: Hfilm As
illustrate T La. i sinresist 10 was used to form a
protection; filmand further a pattern of L(Sham!;'t:t hctirdé es | Rekedtod differancen s

formed. [P309] Next, an anor phoElectelrtans pajpetential ) ecalativee fMrantAlve fi| m 9 made
nmai nly of jndiumoxide and nickel oxide wadedsplelestrads) onlabsalsteyaltsdt r ht e

subj ect ed [Teansphrentaloctxoeondestitel fiym e 2. gwtH TGN | ng., '5}%3 t ar get (%1%?% in the
sputt eri ng| skEsampia 1+1N 2 AB;0NWO,)S 1 Nt| efuech iwdys prepaied to set e val ue| of
[ 0] 7 ([ 1] |Ttendpbledtlotoctdabradttiteshirdn | féwRiridar atj 0 between Infand NI in {he
target, to Qﬁg,ﬁ,p,e]'l}e [(hl&_M’OQBFGCQ%&HH‘b&eﬂd &86per uni t9-8Bune of [t he

i ndium ato anspar emt uctive frtm9and—the [N ]
arenteectrocon uctive §+Vﬁu MA .
represents aﬁé’ St verUhe hen.r@eskel at ohs 53on t he

transpar en faE'P"P r?'r\nr‘ %N’a%) f.?°l$¢'?5”"‘f’4ﬁ°£1m Ln-the QthtF\r lJ’_‘Ig, this
| n203-Ni O ﬁm%w'éd'emydy\dwa@ fils @ 42 348k TMAH

~0. 37 0.
of Example 1-4  (In,0,-NiO) solution in water 8 517
2.8wtk TMAH
ITO L ~0. 238 0. 657
solution in water
" ™
1ZO0 2 8wlf% . AH ~0. 247 0. 648
solution in water
8wtk TMAH
Al 2 L. ~0. 895 -
solution in water
2.8wth TMAH
A-Nd(1wit%) —0. 848

solution in water

TMAH ; tetramethylammonium hydroxide

AsillustratedinTablel, thepotential (relativetotheAg/AgCl
electrode) of the transparent electroconductive filmmade of In,03-WO;
used in Example 1-1 was -0.352 V. The absolute value of the potential
difference from Al was 0.543 V (see Table 1).

[0319]

The potential (relative to the Ag/AgCl electrode) of the
transparent electroconductive filmmade of In,03;-Mo0O; used in Example
1-2 was -0.380 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-Nb,0s used in Example
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126 be arranged onto a planar nmagnetron-based cat hode, and the transparent

el ectroconductive film9 was deposited to make the filmthickness to 1000
A. At this tinme, 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 NNOin the indium oxide sintered body, or may be a fornrthat

ni ckel 'sldﬁeﬁersoe 635y QLN 18X PXi gﬁg épgoagrgroaq%gf%elqoee%

IN2Ni A4, 1n t e i ndium oxr sintere referred Is aformt at ni ckel
at ons un subs i tut] on/solr L ution ndrunrsrtes of i ndi um
oxi de, %5? (Yéépgrgégan{%?%:ﬁégﬁﬁd Um oxi de sintered body at

an atonlc IeveI Such a case, in which nickel js drsgersed into the indium
oxi de srntered'Hﬁﬂﬁx5@n§haéiéﬁﬁ%?qleﬁeFo FRe fig/Sgetf aeesieds)oPtsERDI | i zi ng

di scharge in the sputtering or obtaining the transparent el ectroconductive
fil m9 haViznpraresw glesitsoannductTiee L1k aede ofdenditNiisedhéntEragetlenade of
this 1n203-Ni O sintered body was 97% A different test denonstrated that if
t he rel ativewdend.t3y8 0f(stherdidregel . nAtle aifscilte Ya12@Be NitQespatteertdd 1body was
95% or nore, nodules or overdi scharge was not generated. [0312] The
transpar egi f Rleelceoeopduct ivse LYY wWichapas the
[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 potential
difference from Al was 0.657 V (see Table 1).
[0321]
The potential (relative to the Ag/AgCl electrode) of the
transparent electroconductive film made of IZO was -0.247 V (see
Table 1). The absolute value of the potential difference from Al
was 0.648 V (see Table 1).
[0322]
The potential (relative to the Ag/AgCl electrode) of Al, which
is a comparative object in the above, was -0.895 V (see Table 1).
The potential (relative to 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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I n203-Ni OFi | m f or medbyt hesputtering, wasanal yzed byX-rayanal ysis. 127 As a
result, no peak was observed so that it was proved that the filmwas an
anor phous film The specific resistance of the transparent

el ectroconductive film9, which was this In2G3-NO film was about 4.6 x
10-4 Ocm Thus, it was proved that the filmwas a 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 man anount of 1 to 10% by

wel ght D6 oRRtld 44 sL8shol ANCH 0hotBE,  OIIREANTROSHATEIL kAo ARonduct T ve

film9 was cmor |ess. Thi s transparen
el ectroconductive fil.r whi C s, the I1n203-Ni O film was ed .by
phot o- et cﬁi%%teunstil g‘} g%g%%rb%? \E\}E}ﬁ%ﬁ?org%ﬁllﬁe’l %ﬁrf}?) o&salﬁhgwgc?‘lae#%mﬁa er as an
etchant in order to give a pattern of a tran%&)a,rent pi xel electrode. In
I

this way, JPhe&eREAeAn 0 APREAEF arlpardit BPikett ¥ e dEd88S GHi ch was nade of

t he anorphous electrode of the transparent el ectroconductive film?9
i |l ustrat églegtrramogive, foese) sameas a¢celfratipredt (¢ yogtotr af ofha A4 sour ce
el ectrode 8 and the pattern of the transparent pixel electrode, which was
made of téakectrasspakemhoghecth rimdrdict tive Hrahep9remered doarndd onttdedesi red
patterns so as to be electrically connected to each other. At this tineg,
t he sour cenedrecitdrodak8sand gdissidnai shet edid edeert iande e rkhee
(electromotive force) thereof from Al is made smaller than that of
ITO or IZO by about 0.1 V or more. According to the invention, the
potential difference (electromotive force) becomes small in this
way; it is therefore evident that corrosion reactiocn of the electrode
is restrained.

[0324]

Next, the measurement results in the case of using a peeling
solution as the electrolyte are shown in Table 2. This peeling
solution 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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netallic A, neither underwent

| i ne- breaki ng nor

gl ass substrate 1 was thermally heated at 250C for 30 128 m nutes.

3.2% by wei ght solution of oxalic-acid in water

et chant containing oxalic acid
a Si N passivation film (not

illustrated in Fig. 1. On
matri x substrate 100,
illustrated in Fig.
wor ds,

descri bed

in the clains.
illustrated) and a
illustrated) were fornmed to produce

section and so on

i ne-narrow ng. Next, this
Thi s
corresponds to the acidic
[0314] Thereafter,

| i ght-shielding pattern (not
an a-Si TFT active matri x substrate 100
the glass substrate 1 in this a-Si TFT active

the pattern of the pixe
1 and the sane patterns were regularly formed.
the TabBi2TFT active matrix substrate 100 of Exanple 1-4 was an array

| n ot her

This a-SI TFT active
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bed in the Tl3
s R268as nade.

Al 6. About T
0.2 resul t,

hi s
t here

Transparentelectroconductive

film of Example 13 (In,0,~Nb, ;) Peeling solution |—0. 256 0. 464
Transparentelectroconducti

phol o‘; Exampte :: (';nzo:-vh;o) Peeling solution | —0. 287 0. 433
ITO Peeling solution |—0. 120 0. 600
1ZO Peeling solution

Al Peeling solution |—0. 720 -
A-Nd(1wt%) Peeling solution

Peeling solution : diethanolamine.” N-methylpyrrolidone=30:70%6 by volume

As shown in Table 2, the potential (relative to the Ag/AgCl

electrode) of the transparent electroconductive filmmade of In,03-WO;3

used in Example 1-1 was -0

difference from Al was 0.472 V

[0326]

.248V.

(see Table 2).

The potential (relative to the Ag/AgCl electrode) of the

The absolute value of the potential

transparent electroconductive filmmade of Iny,03~MoOs; used in Example

1-2 was -0.286 V (see Tab

difference from Al was 0.452 V

le 2).

(see Table 2).

The potential (relative to the Ag/AgCl electrode) of the

The absolute value of the potential

transparent electroconductive filmmade of In,03-Nb,Os used in Example
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pi xel el ectrode so that favorable display was able to be attained. [0316]
"Exanple 1-5" 129 In Exanples 1-1 to 1-4, there have been descri bed exanpl es
wherein the etchant used when the transparent el ectroconductive 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 ectroconductive film9 is etched is

al so preferably a m xed acid conposed of phosphoric acid, acetic acid and
nitric acid or a solution of cerium (1V) anmonium nitrate in water besides

t he abovengRLisoned AAUEQU: PXAd ©) acimge M&Ut%nval[@éz]thé';fgé@é% %11-6" As
described in Exanples 1-1 to 1-4, various oxides were used or the

respectiva. ggiggr el ectroco (o3 M i 9,in the present enbodi nent.
In the Exgﬁ%fe - ,%?hg %feé%?ghg%go%exg%%ﬂgﬁﬁgf2%hese oxi des to a Ag/ Agd
standard electr?gg {ﬁre measured. The neasurenent was carried out by
measuring the el 1 thode potentials thereof in various electrolytes

(electrolytic solutions). In Table 1 are shown neasurenent exanpl es wherein
a 2.8%by wei ghte SATEAALof rahEH Vit &fr BRe A/ Pairto RiLafT FYdr)oxaidéENei n wat er
was used as one of the electrolytes. On the other hand, in Table 2 are
shown neatnarsmEnengxalgytevophdnet iveaf pbeiiadg ofr InSh el nged in Example
1-4 was -0.287 V (see Table 2). The absolute 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 absolute 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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solution was used as one of the electrolytes. [0318] [Table 1] 130 Table 1
Standart el ectrode Potentoal difference Electrolyte potential (V) (relative
to (V) fromA Ag/Ag0l el ectrode) (absolute value) Transparent

el ectroconductive filn2. 8w % TMAH -0. 352 0. 543 of Exanmple 1-1 (In20,-WDXR)
solution in water Transparent electroconductive film 2.8wt % TMAH of Exanpl e
1-2 (1n203- Mo, ) solution in water -0.386 0.509 Transparent

el ectroconductive film2. 8wm % MAH -0. 365 0.530 of Exanple 1-3 (1n203-Nb205)

sol ution ifowat ero W2aseaF entl elechbeeonduebi-Mend idom Re S Yn EVER! Qe 378 0.
517 of Exanple 1-4 (1n203NNO solution in water I TO 2. Bt %9 MAH - 0. 238 0. 657

Yt S S A T
sol ution &Qy?@%%&tﬁereforeevidentthatcorrosionreactimqoftheelectrode
is restrained.

[0331]

"Modified Example 1-1”

Fig. 21illustratesasectional viewof avicinity of adifferent
0-SiTFT activematrix substrate 200 of the example. A characteristic
of the a-SiTFT active matrix substrate 200 of the Modified Example
1-1 is that a transparent electroconductive £film 9 is formed directly
onasourceelectrode 108without formingany transparent resinresist.

As illustrated in Fig. 2, a drain electrode 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 source 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 of metallic Al.

[0332]

AsillustratedinFig. 2, asagateelectrode 102 in theModified
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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TMAH, tetramet hyl ammoni um hydroxide As illustrated in Table 1, thepotenti al
(relativetotheAg/ AgCl electrode) of the transparent el ectroconductive film
made of 1n2G8-WO8 wused in Exanple 1-1 was -0.352 V. The absol ute val ue of
the potential difference fromAl was 0.543 V (see Table 1). [0319] The
potential (relative to the Ag/AgC el ectrode) of the transparent

el ectroconductive filmnmde of |1 n203- MoO3 used in Exanple 1-2 was -0.386 V
(see Table 1) . The absolute value of the potential difference fromAl was

0.509 V (962 Jahbeally nhe N6l el LeLAiNe LoghheMlAUH a Pl agi0de) Of

the transpa el ectroconductive filnmma used | anpl e
131 1-3 was -0,365_V (see Table_1) . The absolute value of the potenti al
di fferenced ¢ rao%%Afa%é' 0?%3%16\/8(3@%6“%%‘3?)@% M g#’é‘?ﬁfﬁfl tl(—sellatt i"Ve to the
Ag/ Agdl elﬁctrode) of the transparent electroconductive film made of
| N208- Ni PR PLEACER SRRt 109 nRhelldCars 1oVeEeks TapPeCt 2 Metabl Hhddi ut e
value of the potential difference fromA was 0.517 V (see Table 1). [0320]
On the ot hekl®and thehecpepeiition weiehative/Ne £ha8%Ah) Agd el ectrode) of the
transparent el ectroconductive filmnmade of ITO was -0.238 V (see Table 1)
The absol ut e vaTheae$iTieapoiwnhitadix sifftenends Ofafothaéomas < KBbatpl e See
Table 1).

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 second group.

[0334]

“Example 2-1"

In,03 powder having an average particle diameter of 1 um or
less, WOs; powder having an average particle diameter of 1 pumor less,
and Ce0, powder having an average particle diameter of 1 pum or less
were formulated to set the atom number ratic represented by
[tungsten]/ ([tungsten] + [indium]) and the atom number ratio
represented by [cerium]/([cerium] + [indium]) to 0.02 and 0.03,
respectively.

[0335]

Such atom number ratios 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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[0321] The potential (relative to the Ag/AgC electrode) of the

transparent el ectroconductive filmnade of 1ZO was -0.247 V (see Table 1)
The absol ute value of the potential difference fromA was 0.648 V (see
Table 1). [0322] The potential (relative to the Ag/ AgCl el ectrode) of Al,
which 1s a conparative object in the above, was -0.895 V (see Table 1) The
potential (relative to the Ag/ Agd electrode) of an Al-Nd (conposition
ratio of Nd: 1% by weight) alloy was -0.848 V (see Table 1) . [0323] In
the case whgre Alogbecds 'd%abka!dca%nt\ Ac S 3niLansparent, 134 & s%ﬁsn&féel and

further Al contacts an el ectrolyte as descri bed above, a potent

di fferenc ct.r.o Lve for S 0 Tabl er

appears t a%g% |stl|51 ¥| QAI° di ﬁe?lehé\g) \(NgfLérc]% % #&1@%’1 gt??ess

accel eratlﬁn of corrosmn of the Al el ectrode As shown in Table 1, the
transpar efit £} &SEFogR ofYPhel qerﬂFgﬁFPBhHWéfsmﬁalp&fstlbé% N&e Yhe Hfotenti al
di fference éel ectronotive force) thereof fromAl is made smaller than that
of 1TO oBNEZGipy about 0.1 V or nore. According to the invention, the
potential difference (electronotive force) becones small in this way; it is
t herefore evi def033®at corrosion reaction of the el ectrode

[Table 3]
Table 3
Contact resistance
Relative Indium oxide Transparent with Al
M1 M1 M2 M2 M3 [Mm3] dorsity | 2e3F particle | electrode specific 2
Ind + [M1] [in] + m2] [in] + M31 o diameter resw;tsnoe Glass /A |Glass/
Hm H3ecm transparent | transparent
electrode electrode /Al

Exarmple 2—1 W 0. 02 Ce |0.083 - |- 96 3.4 680 32.5 36. 2
Exarmple 2—-2 Mo 0. 02 Ho ]0.04 - |- 96 3.6 520 34.6 38.7
Example 2=3 {Nb |0. 03 Er 10.05 Sn |0. 05 97 3.7 545 26.7 27.7
Example 2—4 |Ni |0.05 Ce [0.03 Zn |0. 10 95 3.4 625 26.8 28. 6
Example 2—5 [Pt (0. 02 Ce (0.03 Zn (0. 10 95 3.7 685 30. 4 35. 4
Example 2—6 |Pd |0. 0B Ce |[0.03 Zn |0.10 95 3.6 685 31. 32.7
Example 2=7 |W |0O. 01 Ce ]0.03 Ge (0. 03 97 3.8 720 32.2 34.9
Exemple 2-8 [W |0Q.02 La |O.03 Ga |0. 03 97 3.7 820 32.5 35.9
Comparative | _ 1 _ - |- sn |o. 10 99 12.8 185 84.7 29. 4
Example 2 -1
Comparative | | _ - |- zn |0. 16 8 |a.s 295 88.5 35. 4
Example 2—2
Comparstive W |0. 256 Ce |0.25 - |- 84 15 1M or more 1Mormore |1Mor more
Example 2 -3
Gomparative w {0.25 Ce |0.25 Sn (0. 4 G0 - 1M or more 1Meormore |1Mor more
Example 2 -4

In the present patent, lanthanoid-based metals are called the
second metal group, and are together denoted as “M2”. This M2 is
alsoused as a symbol representingany one of lanthanoid-basedmetals.

InTable 3 also, M2 isused as a symbol representinga lanthanoid-based
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is restrained. [0324] Next, the measurenent results in the case of using a
peeling solution as the electrolyte are shown in Table 2. This peeling

sol ution was a sol ution wherein di ethanol am ne and N nethylpyrrolidone were
m xed at a ratio of 30% by volunme to 70% by volune. [0325] [Table 2] 133
Table 2 El ectrolyte Standart el ectrode Potentoal difference potential (V)
(relative to (V) fromAl (absolute Ag/Ag | electrode) val ue)
Transpar ent el ectroconductive Peeling solution -0. 248 0. 472 film of

Exanpl e 1mdt{11.n2A3 W01 Fi anspapent eJfetinaeerduchh¥ed Rerebi Bg =0l wé) e -0. 268
0. 452 filmof Exanple 1-2 (1n203-M03) Transparentel ectroconductive
Peel i ng sglyitdon, =046 0. 464 filmof Exanple 1-3 (1n,0, NbO5)
Transpar ent el ectroconductive Peeling solution -0. 287 0. 433 film of
Exanple 1-4 (In%%§;ﬁ() | TO Peeling solution -0. 120 0. 600

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 also
used as a symbol 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.

[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] or [W] represents the number of tungsten
atoms, and [indium] or [In] represents the number of indium atoms.
Accordingly, 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] + [In]), the content thereof is
the same.

[0339]

Similarly, theabove-mentioned [cerium]/ ([cerium] + [indium])
represents the atom number ratio of cerium to indium. In the case
that this is described as [Ce]/([Ce] + [In]), the content thereof
is the same.

[0340]

Furthermore, the followingdescriptive formisalsoused: [M1],
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| ZO Peeling solution Al Peeling solution -0. 720 - AFNd(1 w % Peeling

sol ution Peeling solution : diethanolam ne/ N nethyl pyn' ol i done=30: 70% by
vol une As shown in Table 2, the potential (relative to the Ag/ Agd

el ectrode) of the transparent el ectroconductive filmmade of |In203-WB used
in Exanple 1-1 was -0.248 V. The absol ute value of the potential difference
fromA was 0.472 V (see Table 2). [0326] The potential (relative to the
Ag/ AgCl el ectrode) of the transparent el ectroconductive film made of

I n203- MoO3ypisedhd nvBYamphere il #nvesy-O- 386 Vnisge: d ahle o2) thggg?r?&si@ ute

val ue of the potential differente fromA’ was 0.452" V (see Table 2). The
pot enti al ive to the AglA el ectrode) of .the  tran rent

el ect rocon d%%?%éﬁi%9%53geggl?%%%g?ﬁﬁgggoﬂ%%dl?ﬁnﬁ§5ﬁ% énéggi'l-@ﬂﬂas
-0.256 V (see Table 2) . The absolute value of the potential difference

fromAl wWASPEEIBY SV amRes e1okhe areD3) of Ane potBYES Ictelal 3ridaDh the

Ag/ AgCl el ectrode) of the transparent el ectroconductive film nade of
| N208- Ni CRBRERPY IR tBetanion the finas mebapgrovp( Jéke ] Teriresent s thigenaisal ut e
val ue of the potential difference fromA was 0.433 V (see Table 2). [0328]
of the atoms of one or more metals selected appropriately from the
second metal group, and [M3] represents the number of the atoms of
one or more metals selected appropriately from the third metal 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 Zr0; ball mill. 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 molded by cold isostatic press under a pressure of 294 MPa (3
t/cn?) .
[0342]

Next, this molded product was sintered as follows. 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 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.

140



On the other hand, the potential (relative to the Ag/AgCl el ectrode) of the
transparent el ectroconductive filmnmade of 1TO was -0.120 V (see Table 2).
The absol ute value of the potential difference fromA was 0.600 V (see
Table 2). [0329] The potential (relative to the Ag/ AgCl el ectrode) of Al,
which 1is a conparative object in the above, was -0.720 V (see Table 1).
[0330] In the case that Al electrically contacts a transparent el ectrode
and further Al contacts an electrolyte as described above, a potential

di f f er enognd eb@sd FATRL %81 8@5L8)aPEnSDRUE: 1A af AR Dhel 8 FRREE ALSDon! t
appears that this potential difference '(electronotive force) causes

accel eration of £orroRiQR ﬁ{é 1 hehl or el eelnode. nAs O?T%‘T‘gkt }é?moqu%e the

transparent el ectrode of t i nvention makes it poss the potenti al

di fference _.(gl r ive IC herepof fromAl is de | 1 er than that
of 195 1T S8 RSkt T or B TReRDR i e rB TR T ietn ¢ he
potential _difference (el ectropotive forc becones small in this way; it is
Pher of or e AP TERaL 16 6L Ba gt N EAER PRy P L HE RIGTIaSaEn an CPadtial ned.
[0331] "Modified Exanple 1-1" Fig. 2 illustrates a sectional view of a
vicinity Hd hagiipgeperglative density of 95% or more.

[0343]

A specific calculated value of the relative density was 96%,
as shown in Table 3. The theoretical density in this case was
calculatedout fromfractionsbyweight of In,03crystal (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 Smm. 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/sclid-solution 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
WO3 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,W;012, in the indium oxide sintered body.
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a-Si TFT active matrix substrate 200 of the 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 forned directly on a source

el ectrode 108 without form ng any transparent resin resist. As illustrated
in Fig. 2, a drain electrode 7 and the source electrode 8 in the Mdified
Exanple 1 are each made of a netallic C/netallic Al bi-layered film In
the sane manner as in above Exanples 1-1 to 1-4, it is also preferred that
the drain electf 851 7 and the source electrode 8 are each made of a
nmetallic Mo/netallic Al bi-layered film In the drain electrode 7 and the
source el ectrod in Fig. 2, their lower |ayer was a |ayer de of
retallic O, anPotherr UBpRiTy Soer megie pafErhrtee Pt AUCH TSRS [ 0332]
As illustrated in Fig. 2, as a gate electrode 102 in the Mdified Exanple
1-1, ther®ay §gg¥es Shegtah- Pélﬁé§@¥ﬁf%9qﬁﬁﬁﬁF89%W%élt§¥9§d?ﬁﬁémhade of
a nmetallic Al layer. In the same manner as the gate electrode 2 in above
Exanpl es @xidexndBY-spichiiispegsieneltdet 3 (ri@geddbi AL epref shalsiey ihasxade

bi -1 ayered structure conposed of an Al layer and a M layer. In the sane
manner asciryst@abovyeakEranplleich 3asi bbizinad $y preferpmdeasisangt heasretaald i ¢ Al

| ayer is nmade of a netallic Al  (alloy) (the conposition weight % A/N =

99/ 1). Theneo 3. TFmactineecoRdEhatSdpSHE atree 20030k dendvadi htedideampl e 1-1,
illustrated in Fig. 2, produces the sane effects and advant ages

as to set the size of preferably to 5 um or less, more preferably
to 4 ym or less, more preferably to 3 um or less. If the dispersion
is insufficient so that the cerium oxide having a size of 10 um or
more 1s 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 obtained by image processing.

[0348]

It is also preferred that tungsten atoms undergo
substitution/solid-solutioninindiumsites of indiumoxide, whereby
tungsten is dispersed into the indiumoxide sintered body at an atomic
level. By such dispersion, the following 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]

142



as the a-Si TFT active matri x substrate 100 of above Exanples 1-1 to 1-4.
[0333] Second group The following will describe the best enbodi nent for
carrying out the invention of the second group. [0334] "Exanple 2-1" 1n2Q3
powder having an average particle dianmeter of 1 mor |ess, W3 powder

havi ng an average particle dianmeter of 1 mor less, and CeQ2 powder having
an average particle dianeter of 1 mor less were fornulated to set the atom
nunber ratio represented by [tungsten]/([tungsten] + [indiunm]) and the atom
nunber ratio reﬁgéﬁig@;gdzby [cerium/([cerium + [indium) to 0.02 and

0. 03, respectively [0335] Such atom nunber ratios are shomn in Table 3.

In the present t ent nd .Pd_ar cal he first netal
group, 137 and & 3@56%F¥yPaﬁéﬂ%fghaggraﬂﬁ"panﬁ% cde % §é81§§ a
symbol representing any one of W M, No, N and Pd In Tabl e 3 al so,

M is useHes® HoQyReiier BRYHRBARIANGTaHT pﬁétté?i%fjlwew o, NPT 18SS,and Pd.
0336
[ ] and Hop03 powder having an average particle diameter of 1 ym or less

were used as starting powders. The In,0; powder, the MoO; powder and
the Ho,03; powder were formulated at a given ratio, put into a pot
made of resin, and mixed with a wet ball mill. At this time, hard
Z2r0O; 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 one in the second metal
group M2, to indium ([Ho]/([Ho] + [In])) was 0.04. The same content
is shown in Table 3.

[0351]

Next, the molded product 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 body

was sintered at 1500°C for 5 hours. At this time, the temperature
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[ Table 3] Table 3 Cpnteot ras~~tarce |Indlum oxide Trarspareet wtth 41 M
eletiee a a M3 verage pertie'e elxtrotle spadfic ML [IrO+ [Kill M [In. +
[M1 MB [In] + [MB1 density iameter resiiednme plans/M deal rent
ta~inxoiii eotr tnJe elactr~e el el electroie/Al Exanple2-1 WO0.02 Ce 0.03
- - 96 3.4 680 32.5 36.2 Exenple2-2 Mo 0.02 Fb 0.04 - - 96 3.6 620 34.6
38.7 Exande2-3 Nb 0.03 Er 0.05 Sri 0.05 97 3.7 545 26.7 27.7 Exenple2-4
IN, 0.05 Ce 0.03 Zn 0.10 95 3.4 625 26.8 28.6 Exenple2-5 R 0.02 Ce 0.03 Zn

3132 7 B ARE Yy WO & 6 090G o18sb7 30 St §0° °%°

Exenpl e2- 0.02 La 0,03 Ge 0,03 97, 3.7 B20 32.5 36.9 wnparatxe - - On
0.10 99 12?%8 Y85 LT E@‘?EndE?feﬁ%ﬁaslzltfwilﬁar’aﬁén?mduc’;lozhoé.0%6918 3. e
295 88.5 35.4 Exanple 2-2 Oonparellve WO. 25 Ge 0.25 - - 84 15 1 Mor rnre

1 Mor rréae stopred, mpdethe 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 cooled, thereby obtaining a sintered body 2 containing
Mo and having a density of 90% or more. A specific calculated value
of the relative density was 96%, as shown in Table 3. The theoretical
density in this case was calculated out from fractions by weight
of In,O3 crystal (bixbite-based structure) having no oxygen defects,
Mo oxide, and Ho oxide.

[0352]

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 MoO; 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 InMo4Og, InyMos01; or InijMosOgp, in the indium
oxide sintered body. Preferred is a form that molybdenum atoms

undergo substitution/solid-solutionintoindiumsitesof indiumoxide,
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Exempla 2-3 CanpEmrve WO0.25 Cc 0.25 Si, 0.4 60 - 1Mornom 1Morroe | Mor nono
Exanple 2-4 In the present patent, |anthanoi d-based netals are called the
second netal group, and are together denoted as "M2". This M2 is also used
as a synbol representing any one of |anthanoi d-based netals. 1In Table 3

al so, M2 is used as a synbol representing a |anthanoi d-based 138 netal. As
speci fi c exanpl es of |anthanoi d-based netals, Ce, Ho, Er and Ce are shown.
[0337] In the present patent, Zn, Sn, Zr, Ga and Ge are called the third

netal gro Q981 her, ; " as a
synbol reg}rgeég%r}{i{n%ﬁ%é\y ongéjggct):1 1@%@95%% 1830 ﬂ% m%e%?é%l%lat%?gdg% %Ig’s

is used a S se g taI of Zn and .Ge. [0338]
In the pa e%t Xfﬁelcs%ﬁbo? 1@ pl @ c§lséuse V%ngif-jrﬁ?(ﬂs ?E%?%tsseﬁ?'??g(lqghe
nunber of  at uni t_ wei ht or_unit volune. For exanple, For exanple,
[tungst enfL 37 a{”\# FBprBLErR st gnétﬁﬁﬁ%e?n%@atk&ﬁgs’%}é% rea‘-‘t%ﬁ’%é‘ncﬁnaf[‘il?'ﬁjl uni or
[In] represents the nunber of indiumatons. Accordingly, the

above- nent FeHEP et G ESRE e WFdstee i 1 grasiiceaioy theem@g%@m@gthw atom

nunber ratio of tungsten to indium In the case that this is described as
[W/([W + [In]]93%4e content thereof is

About holmium, onlyholmiumoxidemaycondense, orapartthereof
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 pm.
The condensation of the holmium oxide is attained so as to set the
size preferably to 5 um or less, more preferably to 4 um or less,
more preferably to 3 um or less. If the dispersion is insufficient
so that the cerium oxide having a size of 10 pym or more is present,
overdischarge may be induced during sputtering discharge or the
holmium oxide may cause the generation of nodules.

[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 2-3”

In,O; powder, Sn0, powder, Nb,0Os powder, and Er,0; powder each
having an average particle diameter of 1 um or less were used as

starting powders. First, the In,03powder, SnO, powder, Nb,Os powder,
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the sanme. [0339] Simlarly, the above -nmentioned [cerium/( [ceriun +
[Iindiun]) represents the atom nunber ratio of ceriumto indium In the case
that this is described as [Ce][Ce] + [In]), the content thereof is the
sanme. [0340] Furthernore, the follow ng descriptive formis al so used:

[M], 139 [M], or [MB], wherein M, M2 or MB, which is one of the generic
nanmes of the above-nentioned netal groups, is inserted into []. [M]
represents the nunber of the atons of one or nore netals sel ected

appropria 0 fi g - ] e nher, of the
at ons of %ﬁ%yEof;2b3 roggr%rét“é%ééﬁ c% gd{%rgc}[g% a?ecﬁg{ﬁ’o%h? h]té}qgsvge::ig&r%%drret al

group, an represents th nugber of the atons of one or re tal s
sel ect ed %‘%)éréggpsr atel J* ?%mquﬁcelfl Pr Tkt QFESr%ﬁpr.eSl[nOSﬁuf? IKl‘)f‘:rég) i
formul ation at the above-nentioned ratio, the resultant was put into a pot
made of r@sist Pafd Putt ninguret®atat @ Wedipbur 88 Fhtd time pbrrd THeO:
conponents therein were mxed with a_ wet ball mlIl using a hard Zr02 bal
mll. Thebaike wese wfrdniaxichghe viaignes éprt thegikéngsvagetr esul® drunsi-xed
slurry was taken out, filtrated, dried and granul ated. The resultant
gr anul at etherexduetr, wWas miHatedlbyrygolabs itsdshadit, pridssatrderdaiqa essiur e of
294 MPa (3
granulated. The resultant granulatedproductwas 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 ratioc of Nb, which is one in
the first metal group M1, to indium ([Nb]/([Nb] + [In])) was 0.03,
the composition ratio of Er, which is one in the second metal group
M2, to indium ([Er]/([Er] + [In])) 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 also
used as a symbol 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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t/cm2) . [0342] Next, this nolded product was sintered as follows. In a
sintering furnace, the product was sintered at 1500C in an at nosphere

wherei n oxygen was introduced at a rate of 5 L/mn. per 0.1 nB of the

vol une inside the furnace for 5 hours. At this time, the 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 kepthd rAmLaNEsRYSLE }Afeerﬁi_rt AedgRt Sasimesyvhiifodugsd atagikate of 10
L/'mn. per 0.1 nm3 of the volume insidé the furnace for 3 hours. The product

t 8 of th Si rnace s. 'Thé pr
Fngston’ Bheernoia Cipl AV o8 AT o d SAanety A Ges b Wi 034) A

i fi | cul.ated val f the relative densit 96% _. hown i
Table 3. Thel tHeGPBEFCal- oS P PRE (H <6408 GES™ CaPCaPA ISt HPom

fractions by weight of I1n203 crystal (hixbite-based_ structure) having no
oxygen de? ‘fes-,me%\)ﬂemﬁ%,[NQﬂ]:d}(&bbii 1) YORAFENASSEIR RBPT AYMBEF fr2¢eCof t he
sintered body was polished with a cup grindstone and worked into a dianeter
of 100 nmelrddingsthRnckpebrdiugf. SInrkheTlvasenklatsttidle te depereiiaty 45l ate by use
of an indi um based
[niobium]/ ([niocbium] + [indium]), the content thereof 1s the 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.
[0362]
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 of oxygen was stopped,
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alloy to obtain a sintered body target 1001. [0345] In present Exanple 2-1,
it is preferred that tungsten is dispersed, in particular, tungsten
undergoes substitution/solid-solution into indiumsites of indiumoxide. In
ot her words, the formthat tungsten is contained in the target may be a
formthat tungsten is dispersed as a tungsten oxide such as W3 or W2 in
the i ndium oxide sintered body, or nay be a formthat tungsten is dispersed
as a conpl ex oxi de between indi um oxi de and tungsten oxide, such as

| N2VBOL2, 4 (fae ¢ g LR O stsicme%fe%dﬁx@oﬁy oc At [Qgéﬁlltso‘@f’%t 1§664cum only

cerium oxi de may condense, or a part thereof nmay undergo

subst i tutm@f%geeq gL U0BLLOLe LU Sictesn of el dium, oxidee B puch

di spersi on, avérage di aneter ceri um oxi de ystal grains, which

was obt ai by i nmage_pr SSi was .na nt o 1 e condensati on of
the ceriu d%errg gfnt 8?%@8 gj”ﬁslr}s&dgd(?let#rbnﬁcfe ad%%}ee?%‘?%%q Y& 5 mor

| ess, nore preferably to 4 mor less, nore preferably to 3 mor less. If

t he dlspe@élkﬁpo @swﬁiuﬁbﬁﬂlBPEﬁthﬁJ3th@@r$heTg@¥$@ﬁﬁQﬁ%iGéehﬁﬁ®¢EFQaWﬂsze of 10
pmor nore is present, overdi scharge nmay be induced during sputtering

di schar gen@trultaié-yce@bmﬁloxﬂue ¢rnpicyusé thwe rgenétrant cringeraddudds was[ 0347]

By di spersing as descri bed above, the average dianeter of the
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,03 crystal (bixbite-based structure)
having no oxygen defects, Sb oxide, 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 the sintered body were
guantitatively 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 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 this target to a backing plate to make a target

1003 for sputtering.
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i ndi um oxi de crystal grains was made into 3.4 mas shown in Table 3. This
di aneter was obtained by inmage processing. [0348] It is also preferred that
tungsten atons undergo substitution/solid-solution in indiumsites of

i ndi um oxi de, whereby tungsten is dispersed into the indium oxide sintered
body at an atom c |level. By such dispersion, the foll ow ng advantages are
produced: electric discharge is stabilized at the tinme of sputtering and
the resistance of the resultant transparent el ectroconductive thin film is
made | ow. [0349}0d¢ "Exanple 2-2" 1n2G8 powder having an average particle
dianeter of 1 pmor |ess, M03 powder having an average particle dianeter

of 1 pm or | esSpye 2,203 teamﬁ{)%gm SR AN 208 A bhekeedyageter of 1

mor |less were used as startihg 3 powder

and the 203 po r were fornmulated at .a given ratio, t into pot nade
of resi m LR OB U CRUECRBIMBAEY B 11 TOR Yt P Herh AP o5 Bal 1 s
were used, and the tinme for the mxing was set to 20 hours. The resultant

m xed sl uf iyt deakenC odhO2 | 8t led 2 Ry ma@iel deg K MpaPs af®e0s TR @sul t ant
granul ated product was filled into a circular nold, and was nolded into a
di sk shapendarc iriigostisgld dErpres£athderom mpyebsur efafn 8habntive are

dispersedas complex oxides between indiumoxide and tinoxide, indium
oxide 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 homogeneous film low in
resistance is obtained. By such dispersion, the average diameter
of crystal grains of the indium oxide was made into 3.7 um, as shown
in Table 3. This diameter was obtained by image processing.

“Example 2-4"

In,0s powder, ZnOpowder, NiOpowder, and CeO, powder each having
an average particle diameter of 1 pum or less were used as starting
powders. First, the In,03; powder, ZnO powder, and NiO 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 mixed slurry
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[0350] At this tinme, the conposition ratio of My, which is one in the
first nmetal group M, to indium ([M]/([M] + [In])) was 0.02, and the
conposition ratio of Ho, which is one in the second netal group M2, to
indium ([Ho]/([Ho] + [In])) was 0.04. The same content is shown in Table 3.
[ 0351] Next, the nolded 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 rate of 5 L/mn. per 0.1 nB of the vol une

inside th e.. At t t y S ed at 1500C
for 5 hou?géq%?&i Fgéflﬁgft teﬁgg?%ﬁ%?%%%ﬁggaggggéige a?éﬁg up to

1000C, andraatrtlu 5 fr€n110 ﬁ 1500C. After_ the end ? he S|nter|ng
the i nt rodbdtYoH o xgﬁ% ‘Wﬁhslé oPped° anfCte FitPEtafardeda i ower ed at
10 ¢ mn. fron11500 to 13Q0C. The tenperature of 1300C was then kept for 3
hours. wihi PSSRSOV o GHICEAt Fhi © RIRE S bR dieic e BESaoKA? lof 16n(Fiarn. per
0.1 nB of the volune inside the furnace. Thereafter, the product was

nat ur al | ySe é6ltedob ey epldashpEeMAtG -a Nax#it efheair et an toemtasd v rrfuds and
having a density of 90% or nore. A specific calculated value of the

rel ati ve demsid¢achnasn9éfed ashrschghntha fabloaidg $heps heoretical density in
this case was cal culated out fromfractions by weight of |1n2Q3crystal

(bi xbi t e-based s¢zegt ure) having no oxygen defects,

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 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.per0.1m3ofthevolumeinsidethefUrnace,andthetemperature
of 1300°C was then kept for 3 hours. Thereafter, the product was
naturally cooled.

[0369]

The composition ratio of Ni, which is one in the first metal
group M1, to indium ([Ni]/([Ni] + [In])) was 0.05, 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 Zn, which
is one in the third metal group M3, to indium ([Zn]/([Zn] + [In]))
was 0.10. The same content is shown in Table 3.

[0370]
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Mo oxi de, and Ho oxide. [0352] Next, a sputtering surface of the sintered
body was polished wth a cup grindstone and worked into a dianeter of 152
nmand a thickness of 5 mMmm In this way, a target 1002 was obtai ned.

[0353] The formthat the nol ybdenum elenment is contained in the target may
be a formthat nol ybdenumis dispersed as a nol ybdenum oxi de such as M3
or MoQ2 in the indiumoxide sintered body, or may be a formthat nol ybdenum
is dispersed as a conpl ex oxide of indium and nol ybdenum such as | nWb406,

| N2Mb3012 or | niddVadR62ty ioF the siRdbusl Hglydeots itear 86 deadyinEa efeieed is a
formthat nol ybdenum atons undergo substitution/solid-solution into indium

sites of jadbummylde,n LAd-uherehy ol yhogourn | SodlSRREsed boLe. Lied ndi um

oxi de sintered at an atomc level. Such a case vant ageous

effects of ki n di.scharge i.n sputtering stable and maki.ng.the r.esistance
of the (iYansparen S%Iyg%e%c%) & nwd‘:“usjcf:)(f‘:illvce%laftlgfj rﬁ?“otghecg%e%ryekilﬁgls et?tstlgly ing | ow.
[ 0354] About hal m um onl yhol m unoxi demaycondense, orapartthereof nmay undergo
subst i t ut PSS L EIThEPSRT TR b GERGE G B (e SofashidiamntaoxttREeBYUSuch
di spersion, the average dianmeter of the hol mum oxide crystal grains
obt ai ned B¥o Auget P ByiTighiast mades FhaYeral doixbitmaseAdesttivgs) of t he
hol Mmum oxide is attained so as to set the

having no oxygen defects, Zn oxide, Ni oxide, and Ce oxide. The

calculated value of the relative density was specifically 95% as
shown in Table 3.

[0371]

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 (Zn0O), a nickel oxide (Ce0 or Ce,03) and a cerium
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size preferably to 5 pmor less, nore preferably to 4 gmor |less, nore
preferably to 3 mor less. If the dispersion is insufficient so that the
cerium oxi de having a size of 10 mor nore is present, overdi scharge may be
i nduced during sputtering discharge or the holm um oxide nay cause the
generation of nodules. [0355] By dispersing in this way, the average

di aneter of the indium oxide crystal grains was made into 3. 6 mas shown
in Table 3. This dianeter mas obtained by i mage processing. [0356]

"Exanmpl e gz e 10268 &0%% fpydes, fdﬂ%%a@% 1ar%ngi§;5§1%?ed3%‘éder each

havi ng an average partic dlaneter of 1 pmor less were used as starting

powders. EH&) le h xi&%gﬁpgﬂgfwnc§ﬂggpg%g%{ h@%%@?g%@gén%%&ggpgg%%Er203

powder were I ghe 0 glven anount's re m xed,

put |nto eS| xed with a wet ball m Il using water as
i CPiGime SreOnara’ HgOn -

a nedlun1 alls were used, and the tinme for the
m xi ng was set to 20 hours. Thereafter, the m xed slurry was taken out,
filtrated, drietP3ifd granul ated. The resultant granul ated product was
filled into a nold, and was nolded into a given formby cold isostatic
press under a Yewspuetewfedisenferm thpo3szkel and cerium 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. 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 tomix the four components, mold the mixture and sinter
themoldedproduct. Thereafter, the sinteredbody is shaped, whereby
the sintered body target (sputtering target) can be produced.
Components other than the four components may be added to the sintered
body target as long as the objects of the invention are not damaged.

[0376]
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At this tine, the conposition ratio of Nb, which is one in the firs

group M,

to indium ([Nb]/([Nb] + [In])) was 0.03, the conposition

Er, which is one in the second netal group M, to indium ([Er]/([Er
[In])) was 0.05, and the conposition ratio of Sn, which is one int
metal group M3, to indium ([Sn]/([Sn] + [In])) was 0.05. The sane c
is shown in Table 3. [0358] In the present patent, Zn, Sn, Zr, (&
are called the third nmetal group, and are together denoted as "M".

is also

used agx@mgygbpls«epresenting any one of Zn, Sn, Zr, Ga and

Table 3 also, M3 is used as a synbol representing any netal of Zn,

Ga and GE. [03?%glihBW&Q§ Qﬂk??%wd&?e §%¥P§%v§gri:ékﬁté QW%%I gggbol

representing

exanpl e,
[|nd|um

atonk
ni obi u represents the nunber of nloblunlatons

ﬁnml]lrgr*fé%&ra@ eR gtwee rﬁ}ﬁﬁ@FerOﬁ diFEnPaL L9RS “REEoHAPAH,

enwmm

above-nentioned [ Nb]/ ([ Nb In]) resents the atom nunber ratio
t ungst en SEELFHEP BAYASHS ¢ h léa et ﬁéﬁz SHICYARE, deS@oped, agd Pto, powder
[niobium /([niobium + [indium), the content thereof is the sane.

Simlarl w,ereheeiazhl@deimmmdmp@m‘qs,( psalthe ydighed poplesantse mixed,

put into a pot made of resin, and mixed with a wet ball mill using
water as a medium. At this time, hard Zr0O; 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/cm?,
so as to obtain molded 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.per0.1m3ofthevolumeinsidethefurnace,andthetemperature
of 1300°C was then kept for 3 hours. Thereafter, the product was

naturally cooled.

153

t netal
rati o of
] +
he third
ont ent
and Ge
This M3
Ge. In
Sn, Zr,

une For

and
t he
of

[ 0360]



the atom nunber ratio of tin to indium In the case that this is described
as [tin] [tin] + [indiun]), the content thereof is the sane. [0361] 1In the
present patent, [M3] is used as a synbol representing the nunber of one or
two or nore netal (s) selected fromthe third metal group M3. [0362] Next,

t he resultant nol ded products were each sintered through the follow ng
steps. [0363] First, oxygen was caused to flowinto a sintering furnace at
arate of 5 L/mn. per 0.1 nB8 of the volune inside the furnace, and the
tenperature of I50QG was kept for 5 hours. At this tine, the tenperature
was rai sed at 1 CYnin up to 1000C, and at 3 C/ mn. fron11000 to 1500C.

Thereafter, t.he erature was

| ower ed at 10 Oﬂ&rgitjﬁ%%g gva%ogg Rﬁﬁ%gr%a ,Aéhmggg%)%ngg to fl ow
into the furna rate r.0.1 f the volune |nS|de t he
furnace, and'® ﬁ@ ?te%@?léirﬁr Ptéf/ iégg}f’ Mg? hé"ﬁ‘skg%é) SCHRAE L

Thereafter, the product was naturally cooled. The denS|t¥ of the resultant
si nt er ed FohP WisCe nedtiedsi AhadeoRamEWS ReppE TREe Y2, ne? HeWwiygi ng

water. The relative density thereof was cal culated fromthe theoretical
density ([Cel/([Ce] + [In])) was 0.03, and the composition ratio of Zn, which

is one in the third metal group M3, to indium ([Zn]/([Zn] + [In]))
was 0.10. The same content is shown in Table 3.

[0379]

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
thereof. The theoretical density in this case was calculated out
from fractions by weight of In;Os; 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.

[0381]

Next, a sputtering surface of the resultant sintered body was

polished with a cup grindstone and worked into a diameter of 152
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thereof. The theoretical density in this case was cal culated out from
fractions by weight of In2G3 crystal (bixbite-based structure) having no
oxygen defects, Sb oxide, Nb oxide, and Er oxide. The calcul ated val ue of
the relative density was specifically 97% as shown in Table 3. [0364] The
contents of Sn, Nb and Er in the sintered body were quantitatively analyzed
by I1CP emission analysis. As a result, it was proved that the charge
conposition at the tinme of mxing the starting powders was nai ntai ned.

0365 i f : i :
[ ] Naxbnd8 c3RUKAEEE BE 55, raeeeBl obBgif ARMA L3Rt SLIU SIS Jfgézahﬁan i a

polished with a cup grindstone and worked into a dianeter o

L1 anspar oFT. S1ieebF GGV Va T RLRC P i CARCE RC BASOHTal T oy P oS HECE8 o

stick thi Slf arg}et to backi.n% E{“ate to make a target 1003 for sputtering.
148 [ 03667 " Ph&3FoHAfEnE FHYS AMBLTRIHKSE A Er btHfar® PnEerPiatdd@ent o t he

target for sputtering may be a formthat they are dispersed as a tin oxide
(SnO, Sn0OBP d12kBn302PUL LR HibBiagardxi e> { Nb205, Nb203 or NbO) and an erbi um
oxide (ErOor Er03), or may be a formthat they are dispersed as conpl ex
oxi des between [®Hdim oxi de and tin oxide, indium

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 (PtO;) and a cerium oxide (CeQ4
or Cey03), or may be a form that they are dispersed as a complex oxide
of indium oxide and zinc oxide (In,Zn;0Os, In,Zns0g, In,Zn;019, INyZns0g
and In,Zns0;) .

[0383]

Particularlypreferredis a formthat platinumand ceriumatoms
undergosubstitution/solid-solutionintoindiumsitesof 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 homogeneous film low in resistance.

[0384]

This is because: when cerium oxide undergoes solid-solution
into indium oxide, cerium of quadrivalence occupies sites of indium
of trivalence in the film of the indium oxide, 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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oxi de and ni obi um oxi de, and indi 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 atom c |evel.
According to this dispersion form electric discharge is stable in
sputtering and a honogeneous filmlowin resistance is obtained. By such
di spersion, the average dianeter of crystal grains of the indium oxide was

nmade i nt OcdrilinPURiddSa KM Whdh TRl BeBi urf xS adi BOBS.IsWas 1 Abtiad nedyby i mage
processing. "Exanple 2-4" In203 powder, ZnO powder, Ni O powder, and CeQ2

powder e i : : j di e used
e St ar 1 rg e S B B 5 G Sty SR N D Bouder
were wei into. qgiven amunts, and the_ weighed powlers were m xed, put
into a pd%p%%ﬁel(gLregfﬁ?eéﬁﬁrﬁ§§£EFQﬁ h Eh%&ﬁ.t§5|$gqﬁﬁﬁtlﬁ§i%€fﬁﬁ¢§F as a
medium At this tine, hard Zr02 halls were used, and the tine for the

mi xi ng waST sétt G6neHahbeh Of PEFEaPtALIs HEe KEREEA ISy 149 was taken out,
filtrated, dried and granul ated. The resultant granul ated product was
filled into a nA¥Bcland was nmolded into a given formby cold isostatic
press under a pressure of 3 ton/cn2, so as to obtain nolded products. Next,
t he resul tant ny dedh piedercsson,welie aeacigs dhimsted: dhitaagiryishalfgdaliaw ng

st eps.

of the indium oxide was made into 3.7 pm, as shown in Table 3. This
diameter was obtained by image processing.

[0387]

On the other hand, the process for producing 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 amounts is used. A known
method is used tomix the four components, mold the mixture and sinter
themolded product. Thereafter, the sinteredbody is shaped, whereby
the sintered body (sputtering) target can be produced.

[0388]

Components 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.

[0389]

“Example 2-6”

In,03 powder, ZnO powder, PdO powder, and CeO, powder each having

an average particle diameter of 1 pum or less were used as starting
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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 C/mn. 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 furnagg,qand tﬁﬂétemﬁéambg pRhael3080 WRjdkRen: keRliof Qhwde NS

Thereafter, the product was urally cool e [0369] The conp05|t|on ratio

of N, &gﬂ{f? 91@?0 g@vgﬁean{o'u&u%ts ng%;[cfl:he 9 C_)Légeyl\ﬂ_lov}d%rs wérue m.(J(ecil,h é)u(:[ N +

[In])) was nposition’ i's one Second

e oo e o (1L (1 1 (1) R e Geats e o

|nd|un1([Zn]/([Zn] + [In])) was 0.10. The sanme content is shown in Table 3.
[0370] 158 PhECHEHB, t%t&h%%él@entk@rr@dzb%babm atereduseddeser e diaBove was
measured in accordance with Archi nedes’ nethod using water. The relative
density ther ébk nagimalwas aeedtd ridmhohes t h&beetatadr dehsi hyxed edueafy. The
theoretical density in this case was cal cul ated out
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/cm?,
so as to obtain molded products.
[0390]
Next, the resultant molded products were each sintered through
the following steps.
[0391]
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 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.perO.lm?ofthevolumeinsidethefurnace,andthetemperature
of 1300°C was then kept for 3 hours. Thereafter, the product was

naturally cooled.

[0392]
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fromfractions by weight of In203 crystal (bixbite-based structure) having
no oxygen defects, Zn oxide, N oxide, and Ce oxide. The cal cul ated val ue
of the relative density was specifically 95% as shown in Table 3. [0371]
The contents of Zn, NI and Ce in the sintered body were quantitatively
anal yzed by I CP em ssion analysis. As a result, it was proved that the
charge conposition at the tinme of mxing the starting powders was

mai nt ai ned. [0372] Next, a sputtering surface of the resultant sintered

body was pol i shies cainbbsat tawp rgtiiodst 0ag @ndnwos kel i Atha rdi-areiear;of 152
mm and a thickness of 5 nm thereby obtaining a sintered body target for a

transpar eptog) 86t rosanduck Z"PPOHU' WPE% M TAR) | RiRABeGs 8ldreY comfss Uciiogﬁt 0

stick the target to a backing plate to nake a sputterlng target

[0373] QI PO wEldics shek el B0d SELdihate) DNEIPRRRt e Sl | N

t ar get 4 or sputtetl may  bé a
Ce203) , of (5 BE%5 1 oF% t‘\ 45 thdy: ﬂ%zﬁt%sé‘r?&oe%é%%' r;‘ia%?%t G S«s%lérge?? >
|ﬂd|UﬁtOX|de and zinc oxide (1n2Zn205, 1n2Zn508, 1n2Zn7010, |In2Zn306 and
| nZZn4CW)lS one in the third metal group M3, to indium ([Zn]/([Zn] + [In]))

was 0.10. The same content is shown in Table 3.

[0393]

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
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, 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. 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 (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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[0374] Very preferred is a formthat nickel and cerium atons undergo
substitution/solid-solution into indiumsites of indium oxide, whereby they
are dispersed into the indiumoxide sintered body at an atom c |evel.
According to this dispersion form electric discharge is stable in
sputtering and the sputtering gives a honogeneous filmlow in resistance.
By such di spersion, the average di aneter of crystal grains of the indium
oxi de was nmade into 3.4 pm as shown in Table 3. This dianeter was obtained
by i mage proces§@§§5][0375] On the other hand, the process for producing
the sintered body target (sputtering target) of the invention is not

particularly Iimted cept. that 1. Xture wherein indi um oxide,. zinc

oxi de, ni ckel %&?ggr%% a%é?ﬁﬁﬁﬁ%%ﬁﬁgagpgn'%ﬁﬁiWW?ﬁﬁ%ﬁﬁpEQﬂﬁﬁﬁFgﬁqgoused. A
known nethod is used to mx the four conponents, nold the m xture and
sinter the® I HEETPPEAtRIICTTHEN A T iOITt F82S| iR S pedyPrEsehared,

whereby the sintered body target (sputtering target) can be produced.
Conponent 810 R&Ede HAROL ha FadurddRpdientandmyebeungdede t(6ePher Sep®ared body
target as long as the objects of the invention are not damaged. [0376] 152
"Exanpl e @ Sayllm? @3 qpowdeat, thr® qyewdespe faatPa p awckeny 1 candx L2802 f piowdern each

oxideandzincoxide (In,Zny0Os, In,ZnsOg, INsZn;:019, INoZns0gand In,Zn,Oq) .
Preferred is a form that palladium and cerium 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 electric discharge is stable in sputtering
and the sputtering gives a homogeneous film low in resistance.

[0396]

This is because: when cerium oxide undergoes solid-solution
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 oxide 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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havi ng an average particle diameter of 1 mor |ess were used as starting
powders. First, thel n2Bpowder, ZnO powder, and Pt Q2powder were wei ghed
into given anmounts, and the wei ghed powders were m xed, put into a pot nade
of resin, and mixed with a wet ball m |l using water as a nedium At this
time, hard ZrQ2 balls were used, and the tinme for the mxing was set to 20
hours. Thereafter, the mxed slurry was taken out, filtrated, dried and
granul ated. The resultant granul ated product was filled into a nold, and

was nol ded into i L.d i j re of 3
ton/ Cm2, so %gSygh\gggg%%%@d/gﬁgg%gaﬁE%III[\II%%)E S?ﬁcglére uslt%aln r%'rs‘rLélléded

products re %e cqr}%] sintered thrqugh the foll ow ng steps. %%372[] . xygen
was cause8¥\ft6‘ef IE)% Pélgeﬁaﬁt%?‘?%d Eir#raé@“atasa\sl\g“%‘?%mo alylq Pri dhiser 0. 1
n8 of the volunme inside the furnace, and the tenperature of 1450C was kept
for 5 houfsa™Meh HRS PPHRINhEY LBABRIREUSWAY -raised at 1 Cnin. up to
1000C, and at 3 Cmn. from 1000 to 1450C. Thereafter, the inflow of oxygen
was stopped, ah¥He humidity was |owered at 10 C/min. from 1450 to 1300C.
Thereafter, Ar was caused to flowinto the furnace at a rate of 10 L/ mn.
per 0. 1 nB of ®hehealtnee harsl,dehd beotesndor praddcihg thempertatraeddodyf 1300C
was then kept for 3 hours. Thereafter, the product was naturally cool ed.
153 [0378]sputtering) target of the invention is not particularly 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 components, mold the mixture and sinter

themoldedproduct. Thereafter, the sinteredbody is shaped, whereby

the sintered body (sputtering) target can be produced.

[0400]

Components 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"

In,0; powder having an average particle diameter of 1.0 pym or

less, GeO, powder having an average particle diameter of 1 ym or less,

WO; powder, and CeO, powder were used as starting powders. The In,O3
powder, the GeO, powder, the WO powder, and the CeO, powder were first
formulated at a given ratio to obtain a sintered body having a

composition of a [Ge]/[In] atomic ratio, [W]/[In], and [Ce]/[In]

shown in Table 3, put into a pot made of resin, and mixed with a

160



The conposition ratio of Pt, which is one in the first nmetal group M, to
indium ([Pt]/([Pt] + [In])) was 0.02, the conposition 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 Zn, which is one in the third netal
group MB, to indium ([Zn]/([Zn] + [In])) was 0.10. The sanme content is
shown in Table 3. [0379] The density of the sintered body obtained as
descri bed above was neasured in accordance with Archi nedes' nmethod using

wat er. Th tls d i t e a f t .etica
soner 1y FRLSAPLR, S e e el St ol Uiy e

ensity in this case was calcul ated out

fromfractio by .wei ght. of | n20 stal (hixbite-based structure havi ng
no oxygen%%&}(ﬁ }s{l,lxiﬁgo"gﬁsdg,elcpgogz{%‘ }Jrahd%e&ﬁ&%.mﬁ}rgg’c Tuiatéd val ue
of the relative density_was specifically 95% as_. shown jn Table 3. [0380]

The cont efit$ G ZnOupr " Ghbf1adecn FRESLi HikIEATBbY her EN1guUERTIHE el v

anal yzed by I1CP em ssion analysis. As a result, it was proved that the
charge coppediat omsanotded thymeodfl h$XetRgitchpress dindaryy appneeseraves 3

mai nt ai ned. [0381] Next, a sputtering surface of the resultant sintered
?ggy was teofdrshed with a cup grindstone and worked into a diameter of 152

[0402]

Next, this molded product 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 cooled 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]

A cracked part of the sinteredbody obtained as described above

was crushedintopieces, and thenpowderX-raydiffractionmeasurement

was carried out. As a result, only diffraction peaks resulting from
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mrand a thickness of 5 mm thereby obtaining a sinteredbody sputtering
target for a transparent el ectroconductive thin film An In-based alloy was
used to stick the sputtering target to a backing plate to make a sputtering
target 1005. [0382] The formthat zinc, nickel and cerium are incorporated
into the sputtering target 4 may be a formthat they are dispersed as a
zinc oxide (ZnO, a platinumoxide (Pt02) and a ceriumoxide (Cem»4 or
Ce2@3) , or may be a formthat they are dispersed as a conpl ex oxide of

i ndi um oxidle ANGNZbREOFnd8 e (hNA4R2 D1 HHZEBRBeq! 019, 248723 and

I n2Zn407) [0383] Particularly preferred is a formthat platinumand cerium

atons undergo substitutiqn/solid-soluti into.indium sites of indi unoxide,

wher eby t %ﬁ/&a‘rﬂgrﬁioéjpséerrgg in C(S:Otr%n?f i %ﬁ]eogﬁs eltéainﬁtselrnetuerﬁgdgo%f “33n atonic

| evel since electric discharge is stable in _sFutterfE%gﬂ and the sputtering
S

gi ves a hdndgeRe6ds OF+ fn 150Won the sFRALarder 1SF 53849 1n¥epetAuse: when

cerium oxi de undergoes solid-solution into indiumoxide, cerium of
guadri val ence o&‘lﬂ%]es sites of indium of trivalence in the filmof the
i ndi um oxi de, thereby discharging carrier electrons to increase the
el ect roconduct i The gal¢@B85d vAlpart tfe tdkattiers densixivdef e besyirtesent in
the formof the

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 about 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 um as shown in
Table 3. 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 obtaining 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 iselectrifiedwith argon ions radiated fromplasma
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155 cerium oxi de al one. Wen the ceriumoxide is present in the form of
only the ceriumoxide in this way, abnornmal growth of the crystal of the
i ndium oxide is restrained. Thus, the generation of nodule or the
generation of overdischarge is restrained. [0386] By such dispersion, the
average dianmeter of the crystal grains of the indium oxide was nmade into
3.7 )am as shown in Table 3. This dianmeter was obtained by imge
processing. [0387] On the other hand, the process for producing the

sintered Bogye thePybtelfNQ)rebALOcObrt Ple iMEAMEON bt PObaPRILi S Al Y
limted except that a m xture wherein indiumoxide, zinc oxide, platinum

oxide andycer| URLOX] de, ke LXEd, 1L BLXED, AMBUALS. I 5,186 0y oA KIOYD, et hod

is used to e four cénponents, he m Xture and Si € nol ded

product. Thereafter e sintered body is.s pqﬂ% ereb t he sintered body
(sput Ler i RGPt e 2% RS SI=BF it oo FHSaATY Barfiohervs: SeERC T SEne. 1 our
conponents nmay be added to the sintered body (sputtering) target as |long as

the obj ectS k] H&e PROERE i Oh thte ragt atregodn [OB891argsEanpl e 2-6" 1 n2C3

powder, ZnO pom?g£d8fUC)pomder, and CeQ2 powder each having

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-solution into indium sites and the indium
germanate compoundislow. Inotherwords, high-resistanceparticles
are not present in the sputtering target; thus, the target has a
characteristicthat arcingisnoteasily generatedeven if the applied
power is increased. For this reason, according to the example, a
filmcanbe formed at a high speed by the applicationof ahighelectric
power.

[0409]

The reason why the element of germanium (Ge) is incorporated
into 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 is 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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an average particle diameter of 1 gmor |ess were used as starting 156
powders. First, the I1n203 powder, ZnO powder, and PdO powder were wei ghed
into given anmounts, and the wei ghed powders were m xed, put into a pot nade
of resin, and mixed with a wet ball m |l using water as a nedium At this
time, hard ZrQ2 balls were used, and the tine for the m xing was set to 20
hours. Thereafter, the mxed slurry was taken out, filtrated, dried and
granul ated. The resultant granul ated product was filled into a nold, and

was nol ded intopa de%ic\ﬁeeéogtfe ?Iqltglei §9§é%%@df£ﬁ§é%¢@ggﬁuﬁ PI&Rsyre of 3

ton/cn2, so as to obtain nmolded products. e resultant

nol ded products were each sintered through he follow ng steps.. [ 0391]
Oxygen vva%nc%h%ésém'g:geﬁ%gv 1i“jn]:tc-{)eecalgi ﬁ?eecfjly%gedf %Pn%@é e &tggltl% P%tfl% q?f?m n.
per 0.1 nB8 ?f the vol une inside the furnace, and the tenperature of 1450C
was kept FBf1% REGr §he franag 91t § ni05 el - £ ehigildcdve) nadhears@ePat™™ o ni n.

up to 1000C, and at 3 Cmn. from 1000 to 1450C. Thereafter, the inflow of
oxygen wathstigpgedis cangrohéed eiffer auoh & waverbyar ¢dnge 19 t8aki hf Hheom 1450
to 1300C. Thereafter, Ar was caused to flow into the furnace at a rate of
10 L/ m nraper ik bunBobfthdeangkunehe nadetbheefwhacef ahd tdenlitemper at ure
of 1300C was then kept for 3 hours. Thereafter, the product was
thin film increases.
[0411]
Tungsten
In the sputtering target of the example, it is preferred that
tungsten is dispersed therein. It is particularly preferred that
tungsten undergoes substitution/solid-solution into 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 W03 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 In,W3012 in an indium oxide sintered body.
Particularly preferred is a form that tungsten atoms undergo
substitution/solid-solution into indium sites of indium oxide,
whereby tungsten is dispersed into an indium oxide sintered body
at anatomic 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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naturally cool ed. [0392] 157 The conposition ratio of Pd, which is one in
the first nmetal group M, to indium ([Pd]/([Pd] + [In])) was 0.05, the
conposition ratio of Ce, which is one in the second netal group M2, to
indium ([Ce] / ([Ce] + [In])) was 0.03, and the conposition ratio of Zn,
which is one in the third nmetal group M3, to indium ([Zn]/([Zn] + [InNn]))
was 0.10. The sane content is shown in Table 3. [0393] The density of the
sintered body obtai ned as descri bed above was neasured in accordance with

Archi medese Rt had UshAg YAl asarLhe ?i‘%ﬁﬁﬁ% qdepsid yt*[ﬁihlerf‘iQR ¥g5. cal cul at ed

fromthe theoretical density 'thereo eoretical density In this case
was cal cul at ed ?g313fron1fractions by wei ght of 1n203 crystal (bixbite-based
structure) having Ho oxygen defects, Zn oxide, Pd oxide, and Ce oxide. The
cal cul ated valug of the relative density was specifically 95% as shown in
Tabl e 3. [0394]=EFH& contents of Zn, Pd and Ce in the sintered body were
quantitatively analyzed by ICP em ssion analysis. As a result, it was
proved that theWedraFrgelenaposs tNEArgeet el tdrieloft ipnxyingg v umsexirds ng
powders was mai ntai ned. Next, a sputtering surface of the resultant
si ntered bediumad pohdshed enicehoacunigesgsii nels tafnendidn wdT kedvalence in
the film of the indium oxide. As a result, in the example, carrier
electrons are discharged from cerium of quadrivalence so that the
electroconductivity of the thin film increases.
[0414]
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 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.
[0415]
“Example 2-8”
In,0; powder having an average particle diameter of 1 um or
less, Gay03 powder having an average particle diameter of 1 um or
less, WO; powder, and Lay0; powder were used as starting powders.
First, the In,0; powder, the Ga0, powder, the WO powder, and the Lay0s;
powder were formulated at a given ratio to obtain a sintered body
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 ballmill. At this time, hard Zr0O; balls were used, and the time
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into a dianeter of 152 mm and a thickness of 5 nm thereby obtaining a
sintered body (sputtering) target. An In-based alloy was used to stick the
target to a backing plate to nmake a sputtering target 1006. 158 [0395] The
formthat zinc, palladiumand ceriumare incorporated into the sputtering
target may be a formthat they are dispersed as a zinc oxide (ZnO , a

pal Il adium (PdO and a cerium oxide (CeO4 or Ce203) , or may be a formthat
they are dispersed as a conpl ex oxide of indium oxide and zi nc oxide

(1n2Zn206s 0 RPENREB1 nd NN 8840 o 17122R3082aNAIREZNALY )i T erfeds g g form

t hat pal | adi um and cerium atons undergo substitution/solid-solution into

i ndi um S'\Baess t f einngiuym Pf(lltcl 'ted?fm&ffé)é’ a%%eﬁr%ﬁjréjt' Scp.?rﬂg;gsi nga%lflg%eidndi um
oxi de sintere ody ‘at “anatomi c Tevel since electric |sé%arge i'S stabl e
in sputterin and the égr terigg gi ves a honogeneous filmlow in

S

resi st anceFONGF396F At Y EL AT sES OSHEH CcBF $3in Witide 2URERF YHes ©of 3
solid-solution, into indiumoxide in this way, ceriumof quadrivalence
occupi es &M/ . of indiumof trivalence in the filmof the indium oxide,
thereby discharging carrier electrons (fromceriun) to increase the
el ect roconducti d4e] [0397] A part of the cerium oxide nmay be present in
the formof only the cerium oxide. Wien the ceriumoxide is present in the
f or m of Next, this molded product was sintered at 1450°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 cooled after
the sintering, the introduction of oxygen was stopped and the
temperature was lowered up to 1000°C at 10 °C/minute.

(0417]

The composition ratio of W, which is one in the first metal
group M1, to indium ([W]/([W] + [In])) was 0.02, the composition
ratio of La, which is one in the second metal group M2, to indium
([La]/([La]l + [In])) was 0.03, and the composition ratio of Ga, which
is one in the third metal group M3, to indium ([Gal/([Ga] + [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 thenpowderX-raydiffractionmeasurement

was carried out. As a result, only diffraction peaks resulting from

an indium oxide phase having a bixbite-based structure and cerium
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only the ceriumoxide in this way, abnormal growth of the crystal of the
i ndium oxide 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 as shown in Table 3. This dianeter was obtai ned by inage
processing. [0399] On the other hand, the process for producing the
sintered body (sputtering) target of the invention is not particularly
limted gxeeptakhabsarfxture wherein indium oxide, zinc oxide, palladium
oxi de and ceriumoxide are m xed in given anounts is used. A known nethod
is used to mx M] jour conponents, nold the m xture and sinter the nol ded
product. Thereafter, the sintered body is shaped, whereby the sintered body
(sputtering) target Qanlbe %rﬁod,uced. [ 0400] nponents other than the four
component s may FFdagLy o WreSirishes S d508y oSt ends eatigeerssd | ong as
the objects of the invention are not damaged. [0401] "Exanple 2-7" |1n2C8
powder ha¥¥ip AAvavertdige cpareredeldilgseobrthst invenpivor EPMAsanadeep spowder
havi ng an average particle dianeter of 1 pmor |ess,
of the fine structure of the sintered body demonstrated that gallium
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 um 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 ions 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
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W3 powder, and CeO2 powder were used as starting powders. The In2C3
powder, the GeQ2 powder, the WO powder, and the CeQ2 powder were first
formul ated at a given ratio to obtain a sintered body having a conposition
of a[Ce]/[In] atomc ratio, [W/[In], and [Ce]/[In] shown in Table 3, put
into a pot made of resin, and m xed wwth a 160 wet ball mll. At this tine,
hard ZrQ2 balls were used, and the tinme for the mxing was set to 24 hours.
After the mxing, the slurry was taken out, filtrated, dried and

granul at egls tHa s188@d ?)E@gr réf@qléet twac%en@é?g& By 199&9 HiS@statd GaRkkess

under a pressure of 3 on/c [0402 Next, this nol ded "product was

s! ntered b? A Iaét&g&sc@g g% eer%lS ggé%g n was introduced into the
u a ra

air |na3|nter|ng rnace mnute per 0. 1 nB of the
vol une i nside t&;&éurnace, for 3 hours. At this tinme, the tenperature was
raised at ara I'1C ninute. Wen the mol ded product was cool ed after

the sintering, the introduction of oxygen was stopped and the terrperature

was | overed up ¢ tHisoveedt haodcim Rie épUFGQGBTg tpR@et ofpfo$hei oA o of W
which is one in the first netal group M, to indium ([W/([W + [In])) was
0. 01, theaeemsigiat torkher anventforGe thekfipsieiifs cores listanhe cBeont afitk group
M2, to indium ([Ce] / ([Ce] + [INn])) was 0. 03, and the conposition ratio
of Ce, whimdium oxide wherein gallium undergoes substitution/solid-solution
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.
[0424]
Tungsten
Inthe example, tungsten isdispersedin the sputteringtarget.
It is particularly preferred that tungsten undergoes
substitution/solid-solution into indium sites of indium oxide.
[0425]
That is to say, the form that tungsten is contained in the
sputtering targetmaybe a 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 In,W;0;2 in an indium oxide sintered

body.
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is one inthe third netal group MB, to indium ([Ce]/([Ge] + [INn])) was
0.03. The sane content is shown in Table 3. [0404] A cracked part of the
sintered body obtai ned as descri bed above was crushed into pieces, and then
powder X-ray dif fraction nmeasurenent was carried out. As a result, only
diffraction peaks resulting from 161 an indi um oxi de phase having a

bi xbi t e-based structure and cerium oxide were observed. Accordingly, the
resultant sintered body was a sintered oxide having the characteristics of
the invention. ({ 5] The cal cul ated value of the relative density of the
resultant sintered body was 97% as shown in Table 3. [0406] EPMA anal ysis
of the fine strycture.of .this sintered bod denmpnstrat ed t hat r mani um and
Lungsten oxi de UHdEITBARE LEdT IS TR Briq BT he o HdT U ST ae BIdse, and
further about the cerium  oxide .there were both, of azgqrtlon where only

ceri um oxPHSHdS tiPBLEAt 1Rt W 168 tRlh MIHENE EEFFSiIR loxingd WlineetdRent

solid-solution into the indiumoxide. By dispersing in this way, the
aver age dikemadr tongster indilspresede oy snalnghal xiggs skaderetht®dy. 8 m as
shown in Table 3. This dianeter was obtained by i mage processing. This
si ntered dodn wasmior kedel .nt Buah diliaaretred oof atl 0dn mncand lavéhindkeasstof 5 mm
and a sputtering surface thereof was polished
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 of the indium oxide is restrained. Thus, the
generationof nodule or the generationof overdischarge is restrained.
[0428]
“Example 2-9”
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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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. [04071 Gernmanium Wen germani um oxi de
particles are present in a sputtering target, the target is electrified with
argon ions radiated fronplasma 162 since the specific resistance of the
germani um oxi de particles is high. As a result, arcing is caused. This

t endency becones nore remarkable as the electric power applied to the
target is nade hpgher to nake the anount of the radiated argon ions |arger.
[0408] On the other hand, in the sputtering target (of the exanple)

according to the.laventi o, iha SPEgiddiG LESLAIANGH Qo rAEl.ah1L08 i ndi um
%Pdte ? subst i %U?I OH%IOF‘I -soﬁau I on |

oxi de wherein germani um rgoe nto i ndi um
sites and_the jindium gernanate c ound is low.  ln other s

i her o1 50 AnEe i FRETEET P60 Aok BPUSERFath Reratput Aabaaly LLLP gt ¢ hus,
the target has a characteristic that arcing_is not easily generated even if

the appli 8¥1e FEREPN itePeh ck¥a8EONESE LInf QT napddbEad i§erstenesesxanyl e,

a filmcan be formed at a high speed by the application of a high electric
power. [OBED®] 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
mask1106 forsecondfilm~formationwasliftedofftoobtainasubstrate
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. Terminals were 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
targetproduced in Example 2-1wasusedtoformatransparentelectrode.
The resistance value in this case was 32.5 €. The numerical values
in the case of using other Examples 2-2 to 2-8 are shown in Table
3.

[0432]

Inpresent Example 2-9, the transparent electroconductive film
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The reason why the elenent of germanium (Ge) is incorporated into the
sintered oxide (of the exanple) according to the invention is that: in the
case of formng athin filmfromthe sputtering target into which the
germanium (Ge) elenment is incorporated by sputtering, in the thin film
germani um of quadrival ence occupies sites of indium of trivalence in the

i ndium oxide film thereby discharging carrier electrons to increase the
el ectroconductivity of the thin film [0410] 163 As descri bed above, in the
i nvent i onyas heedes aankeliaceredeht Thus t tiei sipald besn agl 1ad et t rsnspeeinti ed to
set the atomc ratio of Ge/ln into the range of 0.005 to 0.2 (inclusive)
The reasogiayrodche ratio is controlled into such a nunerical range is that
if the ratio is out of the range, the resistance value of the resultant
thin filn1increg§9§ﬂ [0411] Tungsten 1In the sputtering target of the
exanple, it is preferred that tungsten is dispersed therein. It is
particularly preferr substitution/solid-solution
into indium si te32=-& ZA8PEM 425 to say, the form that

tungsten is contained in the target nmay be a formthat tungsten is
di spersed as a’pﬁhégpgﬁ 6% Hae formation’of films was made as Tollows:

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 also 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.

171



such as W3 or W2 in an indium oxide sintered body, or may be a form that
tungsten is dispersed as a conpl ex oxi de between indi um oxide and tungsten
oxi de such as I n2WBOL12 in an indium oxide sintered body. Particularly
preferred is a formthat tungsten atons undergo substitution/solid-solution
into indiumsites of indiumoxide, whereby tungsten is dispersed into an

i ndi um oxi de sintered body at an atomic |level. Such dispersion at an atomc
| evel mekes electric discharge in sputtering stable. Furthernore, the

atom c-level digpggision is effective since the dispersion makes the

resi stance 164 of the resultant transparent el ectroconductive thin filmlow.

[0413] Cerium Xﬁ§ Lium oxdde,under gge ol.id+solution i.ntq indium oxide,
cerium of quadriva ea(r\}géco%%ugdlgg’sp’gi%easqé’f ﬁclifld'fausmf(lfs rclie\Péjlselrtl(e,g PH-° fhe film
of the in

iumaoxide. /As.,a result, in the exanple, carrier electraons are
i schar gol-Tr G CBEMARS U - GMAP T PAbBHERCS PhEE SPRE S @I STV 1y of
the thin filmincreases. [0414] A part_of the cerium oxide nmay be present
in the foft@dt tohipvet def ek ithicerrae. ofe?Ct he Rrisupsxedesd Qyr esent in
the formof only the ceriumoxide in this way, abnornal growth of the
crystal plfiotdreetichdngmsdxigdephssptesticaiaisdacFhis act en feniar atidrbasednodul e
or the generation of overdi scharge is restrained.
aqueous solution as an etchant to form a gate electrode 2 and a gate
electrodewiringeach havingadesired 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 wouldbe a channel protective layer, was deposited
thereon to have a film thickness of 3000 A.
[0437]
At the discharge gas at this time, a SiH,-NH;-N,-based mixed
gas was used about the SiN films 3 and 5 while a SiH;-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 SiHs-H,-PHs;-based mixed gas was used
to deposit an amorphous-Si:H (n) film 6 into 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 f£ilm thickness
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[0415] "Exanple 2-8" 1n203 powder having an average particle dianmeter of 1
pmor |ess, Ga203 powder having an average particle dianmeter of 1 mor

| ess, W3 powder, and La203 powder were used as starting powders. First,
the In2G3 powder, the GaQ2 powder, the WO powder, and the La203 powder were
fornul ated at a given ratio to obtain a sintered body having a conposition
ratio of a Ga/ln atomc ratio, WIin, and La/ln shown in Table 3, put into a
pot made of resin, and mxed with a wet ball mlIl. At this tine, hard ZrQ2

bal I's wer g used agﬂdtzﬁe i BEs A6m ft%&cg(nﬁrat LD93UR 3RS géd&f%ty: L e

t he m xi ng, the slurry was taken out granu Thi s
granul ate o tatl [ess nder ressure of 3
t on/ cnR. ?%ﬁ@%fg%x&%{‘m S ﬁr"nﬁclt%%éﬁgro u slmslghsowéﬁtq} ered at- %g%% N an

at nospher rein _oxygen was, i troduce |ntot e.air_in_a sinter.

fur nace a? Eép(faﬁ Srafn gf ?terroéjiem ngte i?ecgl ﬁlafen% ot PV SRYRES n{ﬁlﬂb t he
furnace, for 3 hours. At this tine, the tenperature was raised at a rate of
1 O ninute. WeR4Hh¥ nol ded product was cool ed after the sintering, the

i ntroduction of oxygen was stopped and the tenperature was |owered up to
1000C at 10 cynﬁhutejjﬁ@nmirlayered film was photo-etched with a

H3P0C,—-CH3COOH-HNO3-H,0-based etching solution while Cr in the
bi-layered film was photo~etched with an aqueous solution of cerium
(IV) ammonium nitrate. By the photo-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 combination of dry etching using a CHr gas and wet etching using
an aqueous hydrazine (NH;NH,-H,0) solution, so as to form a desired
pattern of the amorphous-Si:H (i) film 4 and a desired pattern of
the amorphous-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 7 and 8 and the transparent
electrode or pixel electrode 9 by dry etching using CHr gas.

[0442]

An amorphous transparent electroconductive film as obtained
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The conposition ratio of W which is one in the first netal group M, to
indium ([W/([W + [In])) was 0.02, the conposition ratio of La, which is
one in the second nmetal group M2, to indium ([La] / ([La] + [In])) was
0.03, and the conposition ratio of Ga, which is one in the third netal
group M3, to indium([Gl /([Gal + [In])) was 0.03. The sane content is
shown in Table 3. [0418] A cracked part of the sintered body obtained as
descri bed above was crushed into pieces, and then powder X-ray diffraction

neasur enend saplean| i @eh MtvasABade MesiH ity ol yddid foxaekl opi Reaks degsul ting
from an indium oxi de phase having a b|xb|te based structure and ceri um 166

oxi de wasp %Q? ahm%“&@hmﬁ%%? di naly de%é‘seléécﬂ ﬁrﬁgls%hﬁgtf’été hEBexarrpl €

was a sinter OXI aving t aracter| tics o I nvent1 on

anaIyS|s of t fin stLu re of the._si tere nstra d that

gal | i um ihiefe gﬁ%tpag c?%[‘ef 3ﬁuf<ﬁ€f§lFﬁ Lo u?‘ﬁcgﬁp rﬁﬁ&s% C%;f %§Fsper si ng
in this way, the average di aneter of the indium oxide crystal gralns was

made i nt o° @a‘ﬂerﬂﬁ Bhe BREGALT M ATAIRTE MRAernb¥ SRVEF 8 W affettde FeIChage€ai ned by

i mge processing. [0420] The calcul ated value of the relative density of
t he sinte¥2% PUXEERIITN DA AxahpPe dngsispeehicbhd)l ga9mEs aucetviatied Tabl e
3.

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-Zn0O-NiO-CeO, 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 film 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 oxalic 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 9having the givenpixel electrode patternwas formed.
This pixel electrode 9 was a desired amorphous electrode.

[0444]
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[0421] This sintered body was worked into a dianeter of 101 mmand a

thi ckness of 5 mm and a sputtering surface thereof was polished wth a cup
grindstone, thereby obtaining a (sputtering) target. Metallic indiumwas
used to bond this target to a backing plate nmade of oxygen-free copper to
make a sputtering target. [0422] @Gllium Wen gallium oxide particles are
present in a sputtering target, the target is electrified wth argon ions
radi ated from plasma since the specific resistance of the gallium oxide

particles is highthAS tand esHbtso@l B0cdisr&RUSEHhd The L l-8RdeNEY: RRROMES
nore remarkable 167 as the electric power applied to the target is nade

hi gher to he 3y 0 he _ated. i g 4. On the
ot her hang?§$§lt]gpgputtg&Fn%u%éraé?q%%% ?Hgggggﬁ%ﬁgﬁrbgécgé%?%gg%%kthe
ific resistanc indiun12%{de rein

gal 11 um UGS G5B CUtSE PPOTT o1 ST A ST (T oh: ST he5 Prth (HheS] o5 and t he

indiumgallate conmpound is low (in other words, high-resistance particles

are not pFERRTRATENLTRYSCTEPEE target has a characteristic that arcing i s not

easily generated even if the applied power is increased. For this reason,

in the exanple, [0%5li1 mcan be formed at a high speed by the application of

a hien 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-SiTFT active matrix substrate was used to
produce a TFT-LCD system flat display. This TEFT-LCD system flat
display was able to supply half-tone 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 proved that the use of the
sputtering targets produced in Examples 2-1 to 2-3 and 2-5 to 2-8
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 thesputteringtargets intheexamplesotherthanExamples
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el ectric power. [0424] Tungsten |In the exanple, tungsten is dispersed in
the sputtering target. It is particularly preferred that tungsten undergoes
substitution/solid-solution into indiumsites of indiumoxide. [0425] That
is to say, the formthat tungsten is contained in the sputtering targetmy
be a formthat tungsten is dispersed as a tungsten oxide such as W3 or WX
in an indium oxide sintered body, or nay be a formthat tungsten is

di spersed as a conpl ex oxi de between indium oxide and tungsten oxi de such

as |1 n2VWBQAL2 iy ran ykadi 12 o Ag shntgred 3 body. 168 [0426] Particularly
preferred is a formthat tungsten atons undergo substitution/solid-solution

into |nd|unls|tﬁ§ 4g i ndi um oxi de, whereby tungsten is dispersed into an
i ndi um oxi de S|ntered body at an atomc level. Such dispersion at an atonic
| evel makes it ossible that el ec rlc dis Earge in sputtering i s nmade

stabl e and the TEsTSt hEEP of T % FXﬁsﬁ%? ] ect roconductive film

obtained by the sputtering is nmade |ower. [0427] Lanthanum
Comparative examples of the second group will be described

hereinafter. Ineachof thecomparativeexamples, sputteringtargets
each having one out of compositions shown in Table 3 were produced
and evaluated in the same manner as in Example 2-9.

[0450]

“Comparative Example 2-1"

In,0; powder having an average particle diameter of 1 um or

less and SnO; 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 of the indium oxide
was 12.8 um, 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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Apart of |anthanum nmay be present in the formof only | anthanum oxide. Wen
| ant hanum oxi de is present alone in this way, abnornmal growh of the
crystal of the indiumoxide is restrained. Thus, the generation of nodule
or the generation of overdischarge is restrained. [0428] "Exanple 2-9" In

t he exanple, neasured results of contact resistance are shown. [0429] Case
of glass/Al/transparent electrode First, a mask 1102 (a kapton tape) for
first filmformation was fitted onto a slide glass 1100, as illustrated in
Fig. 3(1), andctams reefseshdantdata ALl m of 200 nm t hi ckness. Thereafter,
the mask was lifted off to forma given Al pattern 1104 (see Fig. 3 (2))
169 [0430] Nexin dhep %@géﬁ@réma&%w%Se%@en%%sbn gb@\/@o grples 2-1 to

2-8 were each set into a DC sputtering machine mask 1106 (the sane

ot | R anCseaon ol s bRC ALIRELOD: V8R4 Jiod RRE S BBl (1)

Each of t e sputterlng targets o alned wWas used to

carry out_sput i thereb rmn hin film ran parent el ectrode
108 ot 205 b E i v rsssPERERy elpreiott AL ederer Tort or 12BdeRg It are )

filmformati onwasliftedofftoobtain a substrate 1110 for first contact
resi st ancqEadtr éAthe {see Fig. 4(2)). This

[0454]

Specific resistance of the transparent electrode

In the present comparative example also, a liquid 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 2-2"

In,0; powder having an average particle diameter of 1 um or
less and ZnO 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 above Examples 2-1 to 2-8.

[0456]

The composition ratio of Zn, which is one in the third metal
group M3 to indium ([Zn]/([Zn] + [In]), was 0.16. This is also shown
in Table 3 also.

[0457]

The average diameter of crystal grains of the indium oxide

was 3.8 um, as shown in Table 3. This average diameter was obtained
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substrate was a substrate produced for neasuring contact resistance. Thus,
the substrate is called the substrate 1110 for (first) contact resistance
measurenent in present Exanple 2-9. [0431] The substrate 1100 for contact
resi stance nmeasurenent was substantially rectangular. Term nals were set to
both ends thereof, and then the resistance of the surface in the case of
performng lamnation into "glass/Al/transparent el ectrode" was neasured.
This situation is shown in Fig. 5(1). For exanple, the sputtering target

produced jp i%%é%@%@c?c‘és_s%%.usﬁ{é E1£QT40R LEBASRAT ERL x"él%‘%ti(zgdd“ensi'{:_@e
resistance value in this Case was 32.5 Q The nunerical values 1in the case

of using -2.1 2 I 3 I n present
Exanpl e 28§h§%%gﬁgggkggdﬁgﬁ#agFggﬁ?gé%ﬁ%%ﬁ??VgB?g?%#%ifgaﬁ%géuéé% as an

"el ectrode”. Thus, .this has been called the transparent electrode. [0433]
Case of gf%%%y‘¥%ﬂéﬁa$§ﬁt el ectrode/ Al The order of the formation of filns
was made as follows: transparent electrode/Al. That is, lamnation into

"gIass/transparé%Q&@Iectrode/AI" was performed. In order to neasure the

contact resistance in this case, a substrate 1120 for second
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” were measured. 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 sameway as 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”

Tn;0; powder having an average particle diameter of 1 pm or
less, and W03 powder and CeO, powder each having an average particle
diameter of 1 uym or less were used as starting powders to produce
a sputtering target in the same way as in Examples 2-1 to 2-8.

[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 ratio

178



contact resistance nmeasurenent was obtained. This substrate 1120 for second
contact resistance neasurenent was different only in the order of the

| am nation of the Al pattern 1104 and the netal oxide 1108. The neasured
results of this substrate 1120 for second contact resistance neasurenent
are al so shown in Table 3. The nethod for the neasurenent, and so on are
equal to those for the substrate 1110 for first contact resistance
measurenent. A situation thereof is shown in Fig. 5(2). [0434] 1In the case
of form ngrachi kineh & diansraceicehediader A A cotiiRiShr f @S] /QEeAl 1S

oxi dized to produce A1203. Accordingly, the neasured resistance val ue
becones | arge. [ 5 3 - 1Q% ef er a 2-10 of the

i nventi on’a i ])bgége&ébzrsl'begﬂ%(%ha?rer% glrﬂeln%g qia(;% |E§ gEIT:'8171 [0436] A
metallic Al (99(V46g and 1% Nd) was first deposited onto a

l'ight-transm ssﬁ% @ng ass substrate 1 by high-frequency sputtering so as to
have a filmthickness of 1500 A. This was etched by photo-etching using a
phosphori c aci dicéVpEagRi Hamatercohct i adedra iicdus g ol ndi wh cxddgn
etchant to forma gate electrode 2 and a gate electrodewiring each having a
desired simpés Nexts shaeirl indrabliet Bi d8his 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 84%.

[0463]

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” were measured. 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 also, a liquid crystal
display was produced inthe sameway as in Example 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,03 powder having an average particle diameter of 1 um or

179



(SIN) film which would be a gate insulation film3, was deposited thereon
by gl ow di scharge CVD to have a fil mthickness of 3000 AL Subsequently, an
anor phous Si:H (i) film4 was deposited thereon to have a filmthickness of
3500 A, and further a silicon nitride (SiN) filmb5, which would be a

channel protective |layer, was deposited thereon to have a filmthickness of

3000 A. [ 0437]

At the discharge gas at this tinme, a Si H4- NH3- N2- based m xed

gas was used about the SINfilms 3 and 5 while a SiH4-N2-based nmixed gas
was used about driewsiyddeys- StoHahh) shd) Pofde T ScroinNvihhm® awasgeade into

a desired channel protective layer 5 by dry etching using a CHF gas.

a0y phouse AP e R O AR Or AT IRR B U Ssd i RN Yo,

C/A bi-layered filmwas de

obt ai ned %§

ited th . Thi bj -1 d fil
(ﬁ%gi?P?Ef?flqghgggéé€FVLF %?%%W%%@bi?ﬁ %ﬂ ﬁ%%%ggﬁ? ?#?ﬁga?nto a

filmthickness of 0.3 Nmin this order by vacuum deposition or sputtering.

Fig. 1 shéws: t hat a source el ectrode

made of this bi-layered film [0439] Al in this bi-layered filmwas
phot o- et ched wi th¢&] H3P04- CH3COOH HNOB- H20- based et ching sol ution while Cr

in the

The composition ratio of W, which is one in the first metal
group M1 to indium ([W]/[W] + [In]), was 0.25. The composition ratio
of Ce, which is one in the second metal group M2, to indium ([Ce]/[Ce
+ [In]) was 0.25. The composition ratio of 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” were measured. The
results were each 1 MQQ or more, as shown in Table 3.

[0469]

Specific resistance of the transparent electrode

In the present comparative example also, a liquid crystal

180

7 and a drain electrode 8 are each



bi -1 ayered fil mwas photo-etched with an aqueous solution of cerium (1V)
ammonium nitrate. By the photo-etching, a desired pattern of the |ayer

el ectrode 7 and a desired pattern of the drain electrode 8 were forned.

[ 0440] Furthernore, the anorphous-Si:H filnms were etched by using a

conbi nation of dry etching using a CHF gas and wet etching using an aqueous
hydr azi ne (NH2ZNH2H2O) solution, so as to forma desired pattern of the

anor phous-Si:H (i) film4 and a desired pattern of the anorphous-Si:H (n)

filmé6. [Qadd ﬂaym}gim&c%dm%géraéqu_\?ag%lﬁ)xatngh@z “Whi chwad g constitute

an insulation film was deposited by gl ow discharge CVD, so as to have a

filmthi Cjé}"?%?esfo(?tf ?ect 1¥9 J:ee"as]ct ahc(gj Qﬁ]gﬁt tr}:%lnes V\%[ﬂ? elFegFO etwWeen Fhe

source an rain’e rans &°5r pi xel
el ectrode 9 by dry etchlng u5|ng CHF gas. 0442] An anor phous transpar ent
el ect r ocoRBHISAe f TNME3Sebe@irRedt 128 | aPiplera,; aghfletmas Trde mainly
of indiumoxide, zinc oxide, nickel oxide and cerium oxide, was deposited
on this s@bstrate, on which the patterns of the source electrode 7 and the
drain el ectrode 8 nmade of the netallic Al were nade, by sputtering. As the
di scharge gas, [ptit@E argon gas or argon gas into which 02 gas was
i ncor por at ed

“Example 2-11"” (Modified Example 2-1)

In the above-mentioned 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 of 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

The abovehasdescribedExamples2-1to2-12, 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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in a trace anmount of about 1% by volunme was used. In this manner, a
transparent electrode film (transparent el ectroconductive film 9 was
deposited into a filmthickness of 1200 A. This 1 n2G3-ZnO-Ni O Ce® fil mwas
anal yzed by a X-ray diffraction nethod. As a result, no peak was observed,
and the filmwas an anorphous film The specific resistance of this film
was about 6.25 x 10-4 Qm Thus, the filmwas a fil mcapable of being
satisfactorily used as an electrode. [0443] This transparent

el ect r ocopguctivepbblimhdvas &t ¢hedsb¥onPhpliRpet §hi iy Usd régt@aﬁspa%r&y wei ght

solution of oxalic acid in water as an ‘et chant, so as to forma pi xel

el ect rode, . &gtv'dg@o&g?& Lesho el gl eclkodepatern., T s gt sin,of the

pi xel el ec ern Wher ei I BT BT ect
el ectricall dto ast the source electrode havi n he gi ven
ot orn H A e o B R P e B R T BB e aR el

el ectrode attern was, fornmed This pixel electrode 9 was a desired
anor phousAﬁIsé?l°,1'lfF‘éé‘ér‘3‘J[I'DQJﬂf@FftIlo)die @@dttll?iesplﬁ%el?%’é‘f%?%% be| etrdde? and t he
drain electrode 8 of Al did not elute out. The gate |ine and
el ect r odeittendmagl ol uesectAsoasresiulthevisyuries dlresspeteridedeat Fodmorver e
covered with the transparent el ectrode.

pixelelectrodeisused, aliquidcrystaldisplaycapableofdisplaying

halftone images satisfactorily can be obtained.
[0474]

Third group: examples

Preferred embodiments of the invention of the third groupwill
be described hereinafter on the basis of the drawings.

[0475]

“Example 3-1"

Figs. 6 to 8 i1s an explanatory sectional view illustrating
a producing process of a TEFT array substrate 2100 (a TFT section
and a terminal section) in present Example 3-1. In these Figs. 6
to 8, reference number 2001 represents a transparent insulating
substrate; 2002, a gate electrode; 2004, a gate insulation film;
2005, a semiconductor layer a-Si film; 2006, a semiconductor layer
n" a-Si film; 2007a, a drain electrode; 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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[ 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 TET 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

favor abl esperdcoemanetsde PO448leddh EHEradHRr BBMHHOBRENSXAME €8 ikt
sputtering target produced Exanple 2-4 was used. It was proved that the use

of the SpYARISILALEAIS Flrnoﬂl%eél%ﬂns'f,x %Fﬁte's Bfle Bixd10 eﬁ'e%F?BEe LGto 2-8

ot her than Exanple 2-4 gave preferred resu e resultants were able

to be satjisfactorily used as trans ent el ectrode. Th specific
r esi st ance or Lhe St FA §|1(35aerxearrﬁp lSI%%t%%csc?ﬁ:&ﬁ@t(i:?/neod%tlor:?sg'Sncrp J%?g tas8t hat the
sputtering targets in the exanples other than Exanples 175 2-4 were used are

shown in Fbi™e 3. [ 0449] -Second group conparative exanpl es
[0476]

The TET section 2021 is formed near a crossing portion of a
gate wiring and a source wiring which are formed on the TET array
substrate 2100 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 TFT 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 formedonthe transparent insulatingsubstrate200 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 solution based on phosphoric acid, nitric

acid and acetic acid as illustrated in Fig. 6(a) to forma gate wiring

183



Conpar ati ve exanples of the second group will be described hereinafter. In
each of the conparative exanples, sputtering targets 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" 1n203 powder
havi ng an average particle dianmeter of 1 pmor [|ess and Sn02 powder havi ng
an average particle dianeter of 1 pmor |ess were used as starting powders
to produce a sputtering target in the sane way as in Exanples 2-1 to 2-8.

[0451] Thetcanpastiiedy)y alnddotat Sse Wit rb8e0figpdn the third metal group
M3 to indium ([Sn]/[Sn] + [In]), was 0.10. This is shown in Table 3 also.

0452] Th i t ipspaf Lndi i 12.8
[ | e avey :Bﬁ%ad‘?}e‘iélc%t%d’es 26b%graﬂ{dq§h8 dfaﬁ‘?b'terﬂg&t‘f%&%;;‘éi%%%‘é"gs

)un, as shown in hi's average dl anmeter was obtarned

Oxi do- of Titb B ECoRL-COMIT 07 Ve BRARIE e S TRor T T3 0uohe (as83] 176
Contact resistance with Al In the present conparative exanpl e also, the
cont act formed into a film form by sputtering in present Example 3-1, it
is needless to state that a sputtering target made of the Al alloy
containing W was used as a sputtering target. The action of forming
the gate electrode 2002 and so on in this way corresponds to the
first conductor forming step described in the claims.
[0478]
Next, the gate insulation film 2004 made of silicon nitride
(SiNx) or silicon oxide ($10,) 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 semiconductor layer a-Si film 2005 was formed thereon,
and further the semiconductor layern*a-Si film2006was formed thereon.
As illustrated in Fig. 6(b), the semiconductor layer a-Si film 2005
and the semiconductor layer n" a-Si film 2006 were patterned to form
the semiconductor layer a-Si film 2005 having a thickness of 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 film 2006 (Table 4). This
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resistances with Alin structures of "glass/Al/transparent el ectrode" and
"glass /transparent el ectrode/ Al" were neasured. The results are shown in
Tabl e 3. [0454] 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

resi stance of the transparent el ectrode was neasured. The neasured result
is also shown in Table 3. [0455] "Conparative Exanple 2-2" In203 powder

having antgmerads PafFtdonddi apett bmb18MOkhe! £85I ARG 4BQ-poYKler; shavi ng
an average particle dianeter of 1 pmor |ess were used as starting powders

g Poacté iRl o hOdInALORLcod T E1G SAIT WX IRipEARME SRS 20 °

2-8. [045 onposifironra 10 isTone’in |r§dneta

group MB to indium([zZn] / [Zn] + [INn]),, was 0.16. This is also shown in
Tabl e 3 al'$d:'§ G459 J“aﬁ"}]eer af{?ertgﬁeg%?% e&trBaec%@%%'alsograﬁi he ™ S ndi um
oxide was 3.8 m as shown in Table 3. This average di aneter was obtai ned

177 by i ndERIpEL.EsEIIR20q e apdItd§ stwreval e rordet H el atp fhigassiery

it is preferred to use Ar gas as the sputtering gas. The action of
forming the drain electrode 2007a 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 £i1m 2009 in thisway corresponds to one example
of the insulation film forming step described in the claims.
Thereafter, this interlayer insulation film 2009 was patterned as
illustrated in Fig. 7 (b), so as to make the contact holes 2010. That
is, as illustrated in Fig. 7(b), the contact 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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of the sintered oxide of the present conparative exanple was specifically
98% [0458] Contact resistance with Al In the present conparative exanple
al so, the contact resistances with Al in both structures of
"glass/ Al /transparent electrode” and "glass /transparent electrode/Al" were
measured. The results are shown in Table 3. [0459] Specific resistance of
the transparent electrode In the present conparative exanple also, a liquid
crystal display was produced in the same way as in Exanple 2-10. In the

process thergkerialdei8Rgeh{{in %m%to@@C@orOJestp%ﬁg%;&gg@fl%%ggfekﬁa hlcode was

measured. The neasured result 1s also showm in Ta nparative

Exanple 2-3. p . i.ng.an average particle dianmeter of 1 mor
| ess, angmﬁkﬁh£§§%€r8§%§£ﬁg%%J%bﬁﬁ%rcgﬁk5§having an average particle

di aneter of 1 @[ | ess were used as starting powders to produce a
Sputtering targ 8 the sane way as in Exanples 2-1 to 2-8. [0461] The
conposition ratio of W _which is one in the first netal group ML to indium
(IWI[W + [In]3t 1snasebepsd That coimpésterbrysaingulaygon film 2009 is

made of any one or both of a silicon nitride film and an acrylic
transparent resin.

Furthermore, an ITO film was formed as a transparent
electroconductive film into a thickness of about 1000 A on the
interlayer insulation film 2009 by sputtering (Table 4). As
illustrated in Fig. 8, this ITO film was patterned to form the pixel
electrode2011. Inthisway, theTFTarraysubstrate2100was produced.
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 2007b through the contact holes 2010 made in
the interlayer insulation £1i1lm2009. The action of forming the pixel
electrode 2011 to be electrically connected to each of the gate
electrode 2002, the drain electrode 2007a and the socurce electrode
2007b through the contact holes 2010 in this way corresponds to one
example of the electrode connecting step described in the claims.

[0482]

The transparent electroconductive film made of 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 film electrode is called. On the
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of Cen,

which is one in the second netal group M2, to indium ([Ce] /

[In]) was 0.25. These are shown in Table 3 also. [0462] The average
di aneter of crystal grains of the indiumoxide was 15 pm as shown

3. This average di aneter was obtained by inage processing. The cal cul ated
value of the relative density of the sintered oxide of the present
conparative exanple was specifically 84% [0463] Contact resistance with
In the present conparative exanpl e al so, the contact resistances
in both stEpict weas, ofn takassdrili/d,r AP RIM 188G k80N %QQure of the
"gl ass/transparent electrode/ 1" were neasure The results were each 1 M2
nor e,

Al

or

el ectrode Th 't he prese

ln? h%% 'tﬂug ?hbrlxe t%anggélgélllxt e%%%%}ré&éﬁl L(lacst'llsx}qa'%c?mois tcha le

rve exa quid erys

was produced |nE¢£§Hsane way as in Exanple 2-10. In the process the

the specific re

neasured result was 1 MXmor nore, as shown in Table 0465]

" Conpar ati ve Exfite t@@ﬂef{%@f@ltpgﬁﬂe@rlfﬁdﬂl|SH§S*éﬁa%1@/é3r1é)&e

of

1

m or

resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQQcm. 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 420 Q. These values are shown in
Table 4.

[0484]

“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 alloy containing 2.5% by weight of Mo instead of the
Al alloycontainingl.2%byweight of W, soasto formthe gate electrode
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 4.8 pQcm (Table 4).
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179 less, and W3 powder, Ce® and Sn02 powder each having an average
particle dianmeter of 1 mor |less were used as starting powders to produce a

sputtering target in the sane way as in Exanples 2-1 to 2-8.

[0466] The

conposition ratio of W which is one in the first netal group M to indium
([W/[W + [In]), was 0.25. The conposition ratio of Ce, which is one in
the second netal group M2, to indium([Ce] / [Ce + [In]) was 0.25. The
conposition ratio of Sn, which is one in the third netal group M3, to
indium ([Sn]/[S O¢8§In]) was 0.4. These are shown in Table 3 also. [0467]

The cal cul at ed value of the relative density of the sintered

oxi de of the

present conpar agi ‘ﬁl%?@??{gd it <$e°7' fbgcaéﬂé’ 1990%1932@ ShyR. L o danlh

[ 0468] Contact Tesistance resen

aratrve exanpl e al so,

th ta bath st ruct of "ql ass/ Al /1 t
el ot 1 0020 Sh BRI SH e B} 6P 08P AR OTRI L Tl ST HEH BV REYS, obul (o

were each 1 ML or. nore, as shown in Table 3. [0469] Specific resistance of
t he transpidEne Sréect Neg&, as illustrated in Fig. 8, the pixel electrode

2011 (Table 4) made of ITO was formed on the interlayer insulation

film 2008, 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 pQQcm. 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 380 (). These values are shown in

Table 4.
[0487]

“Example 3-3”

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 1.4% by weight of La instead of the

Al alloycontainingl.2%byweight of W, soasto formthe gateelectrode

2002, the drain electrode 2007a, the source electrode 2007b and the

othersover the transparent insulating substrate 2001, asillustrated
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In the present conparative exanple also, a liquid crystal 180 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 MS2cm or nore, as shown in Table 3. [0470] "Exanple 2-11"
(Modified Exanple 2-1) In the above-nentioned exanpl es, exanpl es wherein one
or two or nore oxides of W M, Nb, N, Pt and/or Pd was/were one or nore
constituents have been described; it is also preferred to use a netal

itself, mﬂh@hg|87 Rot, alzmbLﬁXu@@fome&@gtélél%ht@feaélzomomaa% dledtSodeThe same
effects and advantages as in each of the exanples can be obtalned [0471]

" Exanpl e %\%@-’?a a%MbQéLHc?ed Eée L& 208! Ne@abQ gga%me%ﬁs%agcérg} e ed to use

exanpl es ere was use ve been descri is also pre

A d_of f f d
as Iﬂsiﬁiwas"g?ssa%e%m e bsia%%bﬁay‘é%h”g[a&%#f@@??aﬁ P Eve hag

descri bed Exanples 2-1 to 2-12, which are preferred exanples of t he
i nvent i ontharithlosnpasabi vebsmmiglagde24). to 2- 4.

[0488]

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 TET 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 pQ2cm. 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 430 €. 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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[0473] When the transparent el ectroconductive filmaccording to the 181
present enbodi nent of the second group is used as a transparent el ectrode
or pixel electrode in this way, contact resistances between the A gate

el ectrode and the transparent el ectrode and between the Al source/drain

el ectrode and the pixel electrode can be controlled into small values. As a
result, when this transparent electrode or pixel electrode is used, a
liquid crystal display capable of displaying halftone imges satisfactorily

can be obhahaeft: oh 0674l 1oF N ARAHE: 1 XABY! B8 Aneterkod radigens, of the

invention of the third group w e described hereinafter on t asi s of

the dora pog, [0425),, - Sxarple 2oL 05y O0Le .8 i an, expl anatary sect f onal

view illus a produci’ng process o arr O (a TFT
o A e OB L R A T A T T, e
2002, a gate electrode; 2004, a gate insulation filnm 2005, a sem conductor
| ayer a- SPLhe¢ys9verppee tharwaeoidustdating spbshnate H0k,ianilbodrated drain
el ectrode; 2007b, a source electrode; 2009, an interlayer insulation film
2010, a comtfagt h@)e; BOLL 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 6.4 puQcm (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 TET array substrate 2100.
[0492]
Bbout the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 uQcm. 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 Q. These values are shown in

Table 4.

[0493]
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a pixel electrode; 2021, the TFT section; 2022, the term nal section; and
2100, the TFT array substrate. The pixel electrode 2002, the drain el ectrode
2007a and the 182 source el ectrode 2007b each correspond to one exanpl e of
the first conductor described in the clains, and the pixel electrode 2011
corresponds to one exanple of the second conductor described in the clains.
[0476] The TFT section 2021 is formed near a crossing portion of a gate
wiring and a source wiring which are formed on the TFT array substrate 2100
to be orthogona¢E£§¥§%pg_ther, and functions as a swtching elenent for
driving liquid crystal. "On the other hand, the term nal section 2022 is
electrically connected to_the TFT section 2021 through the gate wiring. The
t er mi nal secticﬁ# yere Hprmgchagd RkSTaedalyitdis S5y gRdhELOYSf unct i on
of inputting signals from the outside_ into the pixel electrode. [0477] On
t he basi sE¥MHiSg3 1 6X£8PB thekdHorbnrhgcirede a@&:x ithe draiprelassgotsr
produci ng the TFT array substrate 2100 of present Exanple 3-1 successively.
First, a 200'f fihfmhedeunte @iepkradi¢ @Y0Gbnitrarhong Exam@¥e B3~ weeghteach W
which is a material of the first conductor, was fornmedon the transparent

i nsul at i ngagailest aatzl 20001 catadhing pherse byofie e ofr Fé drisavadact ihekness of

about 2000 A. This filmcorresponds

Al alloycontainingl.2%byweight ofW, soasto formthe 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 thereof
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 electrode
2011 (Table 4) made of ITO was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.

[0495]

Bbout the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 pQQcm. 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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to one exanple of the Al layer described in the clains. This thin filmwas
subjected to resist-patterning by photolithography, and then etched with an
etching sol ution based on phosphoric acid, nitric acid and acetic acid as

illustrated in Fig. 6 (a) to forma gate wiring 183 (not illustrated) and
the gate el ectrode 2002. Wien the gate el ectrode 2002, and the drain
el ectrode 2007a and source el ectrode 2007b, which will be described |ater,

were each formed into a filmformby sputtering in present Exanple 3-1, it

is needle e S ery t the I
cont ai ni n%r§ %?au%e%ié;%grg%gpu_ Zte‘r F%g%[r%?é%lel.ecgggsggolog% %]%A\ltp %rsirﬁq%gc ® the
gate el ectrode 2002 and so on in this @gi corresponds to the first

I

conduct ore¥THHHG €PeP° dedbri HRlPS Wagh Qi mhepp4aguesnaxe, Shave ¢t e

insulation film2004 made of silicon nitride (SiNx) or silicon oxide (Si02)
was fornetPidt ¢-a t hickness of about 4000 A by chenical vapor deposition
(hereinafter, referred to as CVD) , so as to cover the whole of the
transparent insil4tGing substrate 2001. The seniconductor layer a-Si film
2005 was fornmed thereon, and further the sem conductor |ayer

n a-Sifil mMo06wefampredBhéteon. As illustrated in Fig. 6 (b) , the

sem conductor layer a-Si film 2005 and the semi conductor layer n a-Si film

2006 were patterfed teréofdinddheng gpataRRdEat B thay simé@ly bkl 20@9chaving a
t hi ckness of about 1500 A and the sem conductor layer n- a-Si film 2006
having a ﬁ§§%ple 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 of W, soas to formthegate electrode
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 4.8 uQcm (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 ITO was formed on the interlayer insulation
film 2009, thereby producing the TFT array substrate 2100.
[0498]

About the resultant TFT array substrate 2100, the specific
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resi stance and a thickness of about 300 A successively. [0479] Next, a
thick filmnmade of an Al alloy containing 1.2% by weight of Wwas forned
into a thickness of 3000 A by sputtering, so as to have cover the

sem conductor layer n+ a-Si film 2006 (Table 4) . This 184 thin film
corresponds to one exanple of the Al |layer described in the clains. As
illustrated in Fig. 7 (a), this thin filmwas patterned in the sanme manner
as the gate electrode 2002, so as to formthe drain electrode 2007a and the

source el £clrode 2007yl gs'utéﬂi $1€88Pode '2t01'lswepsr akg5ledq! 0aUse A5, 98s as the
sputtering gas. The action of formng the drain el ectrode 2007a and the

drain eIe trod 2007b hi s Y. .COry espo . e le of the first
conduct or© %%8d5%3P|b 1ﬂﬁuﬁﬁ£a§?£' lﬁhg g@???%£ﬁ@§@§?ances of
t he pi xel electéode 2002 &he drain el ectrode %B$7 and t he source
el ect r ode"P0B78 TR FEREES (PEF L SFhELC TSP LR FreF 3% S}aB6Em (Tabl e
4). [04801 _ Next, the interlayer insulation film 2009 was forned to cover
the whol eVafue) hin Br TEIREeFHE Tassubaitt vy Reiiaanatke popel ctrrsrodaréiiayer

insulation film 2009 corresponds to one exanple of the insulation film
descri bedandhthhgadkat st ride 214,obhefdrhonrlegtirhde Zi00t/erdaybe sowgakat i on
film2009 in this way corresponds to one exanple of the insulation film

form ng s¢ep-tdeser pbeth i nThheyLlh @l WBs 620 Q. These values are shown in

Table 4.

[0499]

“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 2007b in above Example 3-1 were each
made of an Al alloy containing 0.7% by weight of Pt instead of the
Al alloycontainingl.2%byweight of W, soasto formthe 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 thereof
was measured in the same way as in above Example 3-1. As a result,
the value was 5.6 pQdcm (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. Next, as illustrated in Fig. 8, the pixel electrode

193



Thereafter, this interlayer insulation film 2009 was patterned as
illustrated in Fig. 7 (b) , so as to nake the contact holes 2010. That is,
as illustrated in Fig. 7(b), the contact holes 2010 were made in the
interlayer insulation film 2009 and over the gate electrode 2002 in the
term nal section 22 and the drain electrode 2007b in the TFT section 21.
The action of nmaking the contact holes 2010 in 185 the interlayer insulation
film 2009 corresponds to the contact hole naking step described in the

claims. [8¢Bllrableld ALeLess ddothal dbbecl eghgyﬁ{tédaagg@t1@{;&&%2009 i's

made of any one or Sil |con n|tr| m an acry

Cransha ol 4, FULIIR 108 a0, L0 L v, (o s 5 ganrar o

electrocon uctiv ness i nterl ayer
insulation film20Q9 by sputtering (Table 4). As illustrated in Fig. 8,
this ITO filmwd®Pdtterned to formthe pixel electrode 2011. In this way,
the TFT array substrate 2100 was produced. At this tine, the pixel
el ectrode 2011 Aesitelthet FeealiantcShRexitay subseszte ¢fl(0hetiyatwaslidder ode
2002, the drain electrode 2007a and the source el ectrode 2007b t hrough the
contact hoeist20te ohdée pixéhelentecdapdlli msumabsonedi | Ams2dd*sulhe action
of formng the pixel electrode 2011 to be electrically connected to each of
the gate t1d @at heda2098 (e diaiiniekesiraden2PQyasand kkhei syyee gl ectrode
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
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 1.8% by weight of Ce instead of the
Alalloycontainingl.2%byweight of W, soasto formthe gateelectrode
2002, the drain electrode 2007a, the source electrode 2007b and the
othersover the transparent insulatingsubstrate 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 pQcm (Table 4).
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2007b through the contact holes 2010 in this way corresponds to one exanple
of the el ectrode connecting step described in the clains. [0482] The
transparent el ectroconductive filmmde of the ITOfilm is substantially
the sane as the transparent film el ectrode described in the clains. In the
clainms, 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 to the nature of the film and thus the
transparent el ecgs@gonductive filmis called. [0483] About the resultant
TFT array substrate 2100, the specific resistance of the pixel electrode

2011 was measurgd i 1Ansf:Lesilin £ib NS (43 U095, 2202 pl2 s A8 L L) Ughiated 10

Fig. 9, a Kelvin pattern was use asure 't ef ectric resistance val ue
(cont act i St e valu ih a tact surface portion between the pixel
el ectr odeﬁggélfngan%l& ?%rgtagcg 802?%@W§d’§f e tlﬂetr%r 3PP YPEAT HBEP067a or
the source electrode 2007b. The val ue was 420 0. These values are shown in
Tabl e 4. FOHENE 3 Exadié 322 1 Husigahereld oiffeds and 9 aiEet neteGiradse same
way as in above Exanple 3-1 except that the gate el ectrode 2002, the drain
el ect r ode20pba7abaad t Reds ol déOeVas thogred 200 Thei intadveycExampllation wer e

each
film 2009, thereby producing the TFT array substrate 2100.

[0504]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 pQodcm. 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 Q. These values are shown in
Table 4.

[0505]

“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 electrode
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 alloycontainingl.2%byweight of W, soas to formthe gateelectrode
2002, the drain electrode 2007a, the source electrode 2007b and the

othersover the transparent insulating substrate 2001, asillustrated
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made of an Al alloy containing 2.50 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 pOcm (Table 4). 187
[0485]  Asnipkhust @3t ehddutF g £8tRdd ghRe d1rterbayenobnsil=ati one d-me2009 and
t he contact holes 2010 were nmade in the same way as in above Exanple 3-1.

Next, a5 p4dYSLEat et Eigoc Boad BRORbXelnPLESEE pile - 20L1 (ot R ) grade of

| TOwas fornmed on the interlayer insulation uci ng
the TFT array substrate 2100. [00486] . out the resultant TFT array
subst r at ewﬁ%'ﬁ?sﬁﬁ%dﬁesﬁ?isc?megggff aﬁrééa% Vet#éa"ﬁﬁ])?ellj_ l el 3dE 3911 was

nmeasured. As a result, the_ value was 220 pOcm As illustrated in Fig. 9, a

Kel vi n patherilugayagsed? tH2ereadigrdet he- el ectric resistance val ue (contact

resistance value) in a contact surface portion between the pixel electrode

2011 and the gbi¥l&dl ectrode 2002, the drain el ectrode 2007a or the source

el ectrode 2007b. The val ue was 380 0. These values are shown in Table 4.
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 TET array substrate 2100.

[0507]

About the resultant TET array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 yQQcm. 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 Q. These values are shown in

Table 4.
[0508]
“Example 3-10”"
[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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[0487] "Exanple 3-3" Filnms were fornmed 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 i n above Exanple 3-1 were each nade of
an Al alloy containing 1.40 by weight of La instead of the Al alloy
containing 1. 20 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 188 in Fig. 7(a).

About t hexd@raraddgieesehesd eodet 2082 200781 ebeed MrdRp1200Mawand seur ce
el ectrode 2007b, the specific resistance thereof was neasured in the sane

way as iny W 5 &1 hesdlds putdne Ma Nt Labl e 4).
[ 0488] Ao gsﬁglgggilﬁyﬁoé&?l?%)f&?hge F%tﬁ%d@eggi%gglngtt?%n N

dth . 2 de i '

31 Next L oLy PRerRiR e R R R T R SR R Frare )
de of IT f d he i [ | ati fi.lm2009, th b

or oduc ngP L. FT ey RS 4 DE00Ehe [(OFBSF ASBEONR G LB ARESTET

array substrate 2100, the specific resistance of the pixel electrode 2011
was neasUPEErSRYer Fesuransparratiasyéahibsg s9ostozda 2008 49 Lskutredern Fig.
9, a Kelvin pattern

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 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 TET array substrate 2100.

[0510]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 360 pQQcm. 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 640 Q. These values are shown in

Table 4.
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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. The value was 430 Q These values are shown in Table 4. [0490]
"Exanple 3-4" 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 189 nmde of
an Al alloy cont@miing 1.2% by wei ght 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 ectrodecZQQfa. the;source el ectrode 2007b and the others over the
transparent insulating substrate 2001, as illustrated in Fig 7 (a) . About

the formed gat & iheclLede O%Qn%% ﬂe eot%'rﬁ%&r decheZQ%nZ 2SOl SR oglect rode

2007b, the speC| iC re5|s ance was Tfreasure yhe same way as in

1 st ot GRS g SPeRy CRAb T ST TP S%ﬁ%n%?%ﬁab'e Arane |

cont act holes 2010 were made_in the sane ma as in above anple 3-1. Next,
as il ust¢+¥ftedand thegsogres réeph kete éPaéR rlﬁdébo‘z%§¥a{flﬂ’%1%l3€14‘)’e%&é08f | ZO
was formed on the interlayer insulation

made of an Al alloy containing 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 uQcm (Table 4).

[0512]

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 IZ0O was formed on the interlayer insulation
film 2009, thereby producing the TEFT array substrate 2100.

[0513]

About the resultant TFT array substrate 2100, the specific

resistance of the pixel electrode 2011 was measured. As a result,

the value was 360 pQ2cm. As illustrated in Fig. 9, a Kelvin pattern
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film 2009, thereby producing the TFT array substrate 2100. [0492] About the
resultant TFT array substrate 2100, the specific resistance of the pixel

el ectrode 2011 was neasured. As a result, the value was 360 jfcm 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 val ue was 560 Q These

val ues argastiovmtbmeatabé ehd c1L0493¢ rd80st dxarpd Busdt &onthduEe dvetanter ned and
patterned in the sanme way as in above Exanple 3-1 except that the gate

el ect rode, 2003, ;4 Be-difialch &leeii00s: ZR0L AR, LhEpIOUL &5 cLeChE 08¢12007D i

above Exanple 3-1 were each nmde of an Al alloy containing 1. 1% by wei ght

of Fe ins f e | ni.al ni 12% i of so_as to form
the gate éerﬁgg?gcgﬁtég %]Oéglir%td gyoéjr;zg{i {},@%Fﬂg%??é‘? éec%g%?%%t%ﬂé eroE}r\%césoqe)llrg%t rode
2007b and the others over the transparent insulating substrate 2001, as

i |1 ust rat®PCHERE g007R a) Thantikue Hasteridlr gabese | Ediesdareci® digi n

el ectrode  2007a and source el ectrode 2007b, the specific resistance thereof

was neasut®@dS A-the sane way as in above Exanple 3-1. As a result, the

val ue was 5.4 pfcm (Table 4).
[0514]

“Comparative Example 3-1"

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 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
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 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.

[0516]
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[0494] As illustrated in Fig. 7(b), the interlayer insulation film 2009
and the contact holes 2010 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 1 TO was formed on the interlayer insulation film 2009, thereby
produci ng the TFT array substrate 2100. [0495] About the resultant TFT
array substrate 2100, the specific resistance of the pixel electrode 2011
was neasured. As a result, the value was 220 pQxm As illustrated in Fig.

9. a Kelvin patggrn oWes useldo FRASWS, | hepel eeld i grestal anee jwalue

(contact resistance value) Iin a contact surface portion the pi xel
electroderéggg a5 191 %_the e% % 3@ 2002, the drai electr e 2007a
THe VAT @a%fﬁaéf Fes v%ﬁﬁ%%l re shown

or the soUFCe
in Table 4. [0496] "Exa -6" Films were forned and patterned in the
sane way B VALHBIAS 2BX Hé 3651 idteepratethint e gdr e SReEiRRAET2P02, the
drain electrode 2007a and the source el ectrode 2007b in above Exanple 3-1
wer e eachvwasrasred 6p mgasure dhe@ylecbhl GirAF AL TSV DIuavkEghta Bt rewl Stagicead of
the Al alloy containing 1. 2% by weight of W so as to formthe gate
el ect r odeva R0 2in theordraaitns &f fecter poliet i2007at, wadnet sopigel ellect rode 22007b and
t he

and the gate electrode 2002, the drain electrode 2007a or 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
consisted 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 alloy containing 0.8% by weight of Nd instead of the

Al alloycontainingl.2%byweight of W, soas to formthe gate electrode
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ot hers over the transparent insulating substrate 2001, as illustrated in
Fig. 7 (a) . About the fornmed 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 aresult, the value was 4.8 |I2cm
(Table 4). [0497] As illustrated in Fig. 7(b), the interlayer insulation
film 2009 and the contact holes 2010 were nmade in the sane way as in above
Exanple 3-1. Next, as illustrated in Fig. 8, the pixel electrode 2011

(Tabl e 4)200Hetné drE@nvetedtaroaet @V, hehd RbakkayaledthsHE at0aB afd kme2009,
t hereby producing the TFT array substrate 2100. [0498] About the resultant

TFT array,gihst satec 2100 n 4 he spacishh 6+ 1 P20 8si stpnnn | s ¢ sH:ir;éGEled
OflirLycm As

el ectrode 2011 was neasured. As a result,” the value was 22

illustrated.ln F g, 9, Kel vi tter s, used nmeasure the electric
resi st anclerggéﬁugl(%&ént%%utr%%? g %ﬁ%éegaggle\gge)ctfﬁg%ztggﬁt aé:talgluerlfeé:cgoﬁ%rti on

bet ween the pixel, el ectrode 201 the gate electrode 2002, the drain
eIectrodéﬂ§6%78n8rSTH%*%SS?EErU%?@@B?Bdésfbé?ﬁ?lﬁﬁ%IV?PﬁEaQ%%t%?ﬁeef These
val ues are shown in_ Table 4. [0499] "Exanple 3-7" Filnms were forned and
pat t er ned"3d$ TEREVERFE WaYe &RTenWahGPeln above Example 3-1. As a result,

the value was 2.4 pQcm (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
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]

About the resultant TFT array substrate 2100, the specific
resistance of the pixel electrode 2011 was measured. As a result,
the value was 220 uQQcm. As illustrated in Fig. 9, a Kelvin pattern
was used to measure 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 1 MQ 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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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 0.7% by weight of Pt instead of the Al alloy containing
1.2 % by weight of W so as to formthe gate electrode 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 el ectrode 2007a and source el ectrode

2007b, thgaepecdfd,Ccoheshst anse tRereof seMag easyhethd hdhe §asEoWay as in
above Exanmple 3-1. As a result, the value was 5.6 NS)cm (Table 4). [0500]

As il ust i i b),_ .t it erlay As i i 0 d the
cont act h%?%%ﬂgg%bgagpe&%é é”iﬁgfﬁgasggé ﬁ%ybgé%%ﬁggggyé EE&Q%%F%: gl. Next ,
as illustrated in Fi 8, the pixel electrode,193 2011 (Table 4 de of ITO
s T or melEoh TS HRRPT Al iARE T ST I A 90Dt ehePBhgt hr I G ¢ he
TFT array substrate 2100. [0501] About the resultant TFT array substrate
2100, thePSpetiT Petwesdstie ahtel 6LCEhECHH 61! apddtesid pertimesenddur ed. As
aresult, the value was 220 pc2cm As illustrated in Fig. 9, a Kelvin
pattern was drsda eoerwaxia d0Dhe @t dber $@unass edeanreds 2I008b (exintlrided

resi stance value) in a contact surface portion between the pixel electrode
2011 andathiglgateduel.ectrode 2002, the drain el ectrode 2007a or the source

[0522]
[Table 4]
Table 4
. X . Specific resistance of
Addition | Specific resistance .
j:’::;l’ amount P of Al alloy elel-:::op:;zztive transparent Gontact resistance value
. electroconductive film Q
species wtde ¢ Qem film
i Qem
Example 3—1 w 1.2 5 2 ITo 220 420
Example 3—2 1Mo 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 [To 220 520
Example 3—6 |Pd 0.8 4.8 ITo 220 620
Example 3—7 Pt 0.7 5.6 ITo 220 580
Example 3—8 |[Ce 1.8 4.2 Izo 360 560
Example 3—9 Ho 1.3 4.4 ITo 220 440
Example 3—10 |Er 0.8 7.2 jrde] 360 640
Example 3—11 | 0.4 5.6 1Zo 360 620
Mo 1.2
Gomparative _ — 2.1 ITO 220 1M or more
Example 3—1
Comparative |\, 0.8 2.4 o 220 1M or more
Example 3—2

As is evident from Table 4, in the TFT array substrates 2100

in present Examples 3-1 to 3-11, their pixel electrode 2002, drain
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el ectrode 2007b. The val ue was 580 Q These values are shown in Table 4.
[0502] "Exanple 3-8" Filnms were forned and patterned in the sane 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 i n above Exanple 3-1 were each nmade of
an Al alloy containing 1.8% by weight of Ce 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

transpar eé‘fedt%ﬁ'eakbﬁlga SRS EALEe 200+ 2l bhoras rv%g%?eal:ﬂ 18 o Qﬂ%e . About

the fornmed gate el ectrode 2002, drain el ectrode a and source electrode

2hore BT AR D SRR e AT

[0503] As illustrated in Fig. 7( , the |nterla¥ insul ation film2009 and
t he contd%%‘ﬁ@ﬁégt?@f@fwbrgo iPrt R8s sHire BhayC8s it 2aKovE- BXafpPe 3- 1.
Next, as illustrated in Fig. 8, the pi xel electrode 2011 (Table 4) made of

| ZO was ferSfedhen the E?]rﬁcéirrloél?éﬂ@%uﬁé)@ﬁénancﬂ|3Qﬁ7210®9ret¢@¢1et§3ﬁd}§r oduci ng
the TET array substrate 2100. [0504] About the resultant TFT array

subst r at esi®100, mattre ispecitfe electric resistance value (contact resistance

value) of the contact surface portions between these electrodes 2002,
2007a and 2007b, and the pixel electrode 2011 was low and exhibited
a favorable value. Inparticular, in the case that the gate electrode
2002, the drain electrode 2007a and the source electrode 2007b were
each made of the A1 alloy containing Mo, the contact resistance value

became the lowest value, which was about 380 Q at 50 um[l.

[0523]

Each of the TFT 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, andthenthe 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 3-1 to 3-11 had a far lower contact

resistance and a better heat resistance than conventional TFT array

substrates (contact resistance: 1 x E8 to 1 x E12 Q).

Each of the values in Table 4 was a value which was peculiarly
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resi stance of the pixel electrode 2011 was neasured. As a result, the value
was 360 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 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. [0505] "Exanple
3-9" Filnms were forned and patterned in the same way as in above Exanple

3-1 exceplodhat Lie g2l st eLrede, 2002, 5 he. drghn elest Lods, jap07asand the
source el ectrode I'n"above anple 3-1 Were eac hade “of "an al | oy
containiqg %530 bi wei ght of Ho instead of the Al alloy containing 1.2% by
wei ght of W0 V44Y€0 form the gate el ectrode 2002, the drain el ectrode
2007a, the source el ectrode 2007b and the others over the transparent
i nsul ating subst®* 2001, as illustrated 195 in Fig. 7(a). About the
forned gate el ectrode 2002, drain electrode 2007a and source el ectrode
2007b, the specht pgdeedicsphhedn ehéaeofablgasoneauredismndre isapechway as in
above Exanple 3-1. As a result, the value was 4.4 Dcm (Table 4). [0506] As
i |1 ustraticknpleB g.t 7€ brefeimed hhetr Ehy eont asulodttilenoie bmmo280@&:tand sy he
contact holes 2010 were nmade in the sane way as in above
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 electrode
2002, the drain electrode 2007a and the source electrode 2007b, there
was used an Al alloy containing one 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 to 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 Ml.
[0526]
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, it
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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Exanple 3-1. Next, as illustrated in Fig. 8, the pixel electrode 2011
(Table 4) nade of 1 TO was fornmed on the interlayer insulation film 2009,

t hereby producing the TFT array substrate 2100. [0507] About the resultant
TFT array substrate 2100, the specific resistance of the pixel electrode
2011 was neasured. As a result, the value was 220 Dcm 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 ectrode_ 2011 . he gat o e 2002, ..t drai | ect rode 2007a or
the source &érggt%gg %pjz(f)ggba.% $h§ %g %terlv\(fageﬂﬁp € ﬁfgfg v3l tij%‘”é' are shown in
Tabl e 4. [0508] %E'l'?%arrpl e 3-10" [00] Filnms were forned and patterned in the
same way as in H Exanpl e 3-1 except that the gate el ectrode 2002, the
drain el ectrode 196 2007a and the source el ectrode 2007b in above Exanple
3-1 were each *tmdBesrasantt dhpipteontedtiods P& bBhe wkirghte fctEodenst ead
of the Al alloy containing 1.2%by weight of W so as to formthe gate

el ect r ode20@02nd the sduaira cdeetredel@020071a nadeeo Sanrder lelayctarsdest20Q7b and
the others over the transparent insulating substrate 2001, as illustrated
in Fig 74@)yoAhbortor heré aeredsgatlecebedtrondthe2082;1 dranm Mel entisicded
of W, Mo, La, Nb, Fe, Pd, Pt, Ce, Ho and Er, effects of restraining
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 ITO or IZ0O has been described. However,
the technical scope of the invention is not limited thereto. 1In the
case that the pixel electrode 2011 is a transparent electroconductive
film made mainly of any one of InyOs;, SnO,, Zn0; and so on, 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. ItisalsopreferredthattheTFTarray

substrate 2100 of the example has, on its semiconductor layer n' a-Si

film 2006, a channel layer.
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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 jA2cm (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 above Exanple 3-1. Next, as illustrated in Fig. 8, the pixel

el ectrode 2011 (Table 4) nade of 1ZO was fornmed on the interl ayer
insulation film 2009, thereby producing the TFT array substrate 2100.

[ 0510] About thﬁ);gﬁultant TFT array substrate 2100, the specific

resi stance of the pi'xel electrode 2011 was neasured. As a result, the value
was 360 |2cm ﬁﬁ%l|| gstgai? in Fig. 9, a Kelvin pattern was used to
nmeasure the ele esi Stance val ue (contact resistance value) in a
contact surface portion betmeen t he pi xel electrode 2011 and the gate

el ectrode 2002, 24%E g7l REHCEFb@E r203Pssrat g Lo erdusiesein @H’@V§007b
The value was 640 0. These val ues are shown in Table 4. 197 [0511]

"Exanpl e Bramplepiiristodrel f erqmdrtendubstraraddving theowdwsd slctaoden above
Exanpl e 3-1 except that the gate el ectrode 2002, the drain electrode 2007a
and t he sbupterdidcerodsl 200&bs wasabowk Exargie 3Flirwviermnce@cha 1iquid

crystal material was injected into the space between the TFT substrate
2100 andthe countersubstratetosandwichthisliquidcrystalmaterial,
thereby forming a liquid crystal layer. In this way, a TFT array
active matrix-based liquid crystal display (denoted as a TFT-LCD
device) was obtained.

[0530]

According to present Example 3-12, one 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 electrode 2002, the drain electrode 2007a
and the source electrode 2007b. For this reason, these electrodes,
and so on each had a low resistance. The pixel electrode 2011 made
of the IZ0 film (or the ITO film) had a structure connected directly
to the gate electrode 2002, the drain electrode 2007a and the source
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 liquid
crystaldisplaysof present Examples 3~12hadahighnumerical aperture

and a high performance. Since the gate electrode 2002, the drain
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made of an Al alloy containing 0.4% by weight of Ce and further containing
1.2% by weight of Mo instead of the Al 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 insulating
substrate 2001, as illustrated in Fig. 7(a). About the forned gate

el ectrode 2002, drain el ectrode 2007a and source el ectrode 2007b, the
specific resistance thereof was neasured in the sane way as in above

Exanpl e 3silectASdR Q@@W&L tand ReeVabWecdRS e rBadSZeMd TRk ecdde1 1NR1Z), As

illustrated in Fig. 7(b), the interlayer |nsulat|on film 2009 and the

tact h - 1. Next,
e PR 5 AR B R s L B 5
was formed an the |nterla nsulatlon f|In12009 thereby prodUC|ng t he

TFT array?s aFBSEidﬁlrlF@@fg]l%HHHiFFHerégﬁitant TFT array substrate
2100, the specific resistance of the pixel electrode 2011 was neasured. As
aresult, the e was 360 jt cm As illustrated in Fig. 9, a Kelvin
pattern 198 was used to neasure the electric resistance val ue (contact

resi stance vallmirtihn gaocgpntexamsgsf ace portion between the pixel el ectrode
2011 and the gate el ectrode 2002, the drain el ectrode 2007a or the source
el ectrode 2007kprelife real aebodisnch2@ € dhedeveatues o ehshoytirt group

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 TET 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. In item D., production of a TET array substrate will
be described. In item E., the other metals in first group M1, that
is, Ni, Nb, Fe, Pt, Pd and lanthancids 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 WO3 powder having an average particle diameter of 1 um or
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Table 4. [0514] "Conparative Exanple 3-1" Filnms were forned and patterned
in the sane 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 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 forned gate el ectrode 2002, drain el ectrode 2007a and source electrode

2007b, th i fi i th d th
svove xRS SRS UL R B 00R A 5,7
As |IIustrateg§gn Fig %@ the interlayer insulation film 2009 and the

contact ho? &s CL(?I\ﬁeﬁ"étH‘ﬁ 3 ROt Medsatie 'RaY as FuAtABEIRIS/ERBADIME ST, Next ,
as illustrated in Fig. 8, the pixel electrode 2011 (Table 4) made of ITO
was for meRDRAFAE tharetay efhaynsaranisad ¥ithrae2¢09bat hevidByupimglbeirdg t he
TFT array substrate 2100. [0516] 199 About the resultant TFT array
substrat 22300211 helldpecTHe ¢cimeesostdrcaining heasperel telzdchpade. 20he was
nmeasured. As a result, the value was 220 pOcm As illustrated in Fig. 9, a
Kel vi n paté®fltant mixed slurrywas takenout, filtrated, dried andgranulated.
The resultant granulated product was molded 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 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. 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 the volume inside the furnace for 3hours. Theproductwasnaturally
cooled, thereby obtaining an Iny0; 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 into 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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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. The value was 1 MQ 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 nmetals selected fromthe netal group ML consisted of W M,

La, Nb, F§J_J_ fto Pbtag':f’a 5911%1%0560?3} Qgrgéggt E' c ngtegﬂ\ee r%'%%ga}[% "}1%1(: ont act

resi stance v In a contact surface ~portion e pl Xxe ectrode

2011 and th ate electrod 200 e dral el.ectrode 2007 he, source
el ectrode 2 gﬁgb exﬁ?tﬁ% Cug?gég\ﬁﬁ% froﬁs LHPSedY abovd: PéS% %)
"Conparatlve nB -2" | ms, were fornmed, and patterned in the same way as
in above © | & %inlte?x?é‘ﬁtedt ﬁ%ﬁucttl%ega?%v%}gec??rW%G‘?fe?h%' dsi o

el ectrode 2007a and the source el ectrode 2007b in above Exanple 3-1 were
each mad&igie-anThe raldbivedanad i ves cadopbytekpghtron the theausidcel the Al
alloy containing 1.2 % by weight of W so as to formthe gate el ectrode 200
2002, thedafrsiitly élebte dodle 200 a;orttheatsotdir € eireltdet sadee 280 Mpdndiashe ot hers
over the transparent insulating substrate 2001, as illustrated
quantitatively analyzed by ICP emission analysis. As a result, it
was ascertained that the charge composition at the time of mixing
the starting powders was maintained. A specific value of 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 WO3 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,W30;; in the indium oxide sintered
body. Bydispersing in this way, the average diameter of the crystal
grains was made into 4.8 um. This average diameter was obtained by
image processing.
[0536]
Preferred is a form that tungsten atoms undergo

substitution/sclid-solution into indium sites of indium oxide,

whereby tungsten is dispersed into the indium oxide sintered body
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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 sane way as in above Exanple 3-1. As a result, the value was 2.4 jfcm
(Table 4). [0519] As illustrated in Fig. 7(b), the interlayer insulation
film 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 2011
(Table 4) made of ITO was forned on the interlayer insulation film 2009,

thereby prodyciRgnthe)dfh ar 5ayessthate; Z100-q1 42329L, A Ae resul tant
TFT array sgﬁgﬁraﬁe 21%0, the9speci (e re5|staﬁ€%go% tﬂé %#%g% el ectrode
2011 was neasured. .As a resu the value was 220 pl cm As_illustrated in
Fo o LRETArGE,ie rtls Shislecuripy SRSt efete TRbin Thee val ue
(contact resistance. value) in a contact surface portion_between the pixel

el ect r odeABUEL 18N8 1t RESRRHSE 08| &8t *b R LRSG2 Vet Retipdhifrre eWEF iR PW07a or
t he source electrode 2007b. The value was 1 MQ or nore. These val ues are

shown i nreRilsitange qiog@fesulianfe reasparent el fet pioaidugiteve tbde £2402, t he
drain el ectrode 2007a and the source el ectrode 2007b neither contained, as
their 201Thit emaakpareme el@ctrorendettal e seliecteth faaameshendsttad qgreoup M
example of the electroconductive oxide in the claims.
[0537]
In the present patent, Ml 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. [Ml] 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]1/([In] +
[M1]) in Table 5 represents the atomic composition ratio of any one
of the metals in the first group.

[0538]

[Table 5]

210



consisted of W My, La, Nb, Fe, Pd, Pt, Ce, Ho and Er, the electric

resi stance value (contact resistance value) in a contact surface portion

bet ween the pi xel electrode 2011 and the gate el ectrode 2002, the drain

el ectrode 2007a or the source el ectrode 2007b exhibited a high val ue.

[0522] [Table 4] Table 4 specific resistance of Added Addition Specific

resi stance Transparent transparent netal anount of Al all oy

el ectrocOnductive Contact resstance value species W% /t0Ocmfilm

el ectrocpnductive film4 Il Ocm Exanmple 3-1 W1. 2 5. 2 (TO 220 420 Exanple

3-2 MO 2. 5'ﬁ§|%5(TO 220 380 Example 3-3 La 1. 4 S. 3 (TO 220 430 Exanple
2

3-4 Nb 1. 20 360 560 Exanple 3-5 Fe 1 1 5. 4 TTO 220 520 Exanple
3-6 Pd 0. 8 4. 8 RO 220 620 Exanple 3-7 Pt 0. 7 S. 6 (TO 220 580 Exanple
3-8 Ce¢ 1. 8 4. 2 110 360 560 Exanple 3-9 Ho 1. 3 4. 4 TTO 220 440 Exanple
3-10 Er 0.8 72 110 360 640 Exanmpte 311 CeT 0.4 il roalotildh 20640
M1]/ (M2].~ Relative l::::?: elel-::;:asr::ctiﬁc Glass./Al Glass.”
Example M i+ oD (M2 ] (Cinl +CM2D) ﬁtry diameter | resistance /;mwmmt wﬁiwwt
mm mQcm slectrode electrode ” Al

4—1 w |0 02 - |- 95 4.8 485 35. 2 32.6

4-2 Mo |0. 07 - |- 96 4.6 522 37.8 36. 4

4-3 w [0.03 Sn {0.10 g7 4.2 243 28.7 26. 7

4-4 Mo |0. 05 Sn 10.10 97 4.5 263 29.8 27.86

4-5 w |0.02 Zn (0.17 96 4.2 382 32.5 30. 4

4-6 W |0.05 Ge |0.03 96 4.8 428 33.6 31.7

4-7 w [0.05 Ga (0. 02 96 4.6 487 34.9 32. 9

Comparative

Example - |- Sn |0.10 99 12.8 185 84.7 29. 4

4—1

Comparative

Example - |- Zn (0. 16 98 3.8 295 88. 5 354

4-2

“Example 4-2"

In present Example 4-2, In,0; powder having an average particle
diameter of 1 pum or less, and MoOs; powder having an average particle
diameter of 1 pum or less were used as starting powders. The In,0s;
powder, and the MoO; powder were put at a given ratio into a pot made
of resin, and mixed with a wet ball mill. At this time, hard Zr0O,
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/cm?.
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MO 1.2 Conparative - - 2 1 (TO 220 1 Mor nore Exanple 3-1 Conparative
Exanple 3-2 Nd 0.8 2. 4 CTO 220 1 Mor nore As is evident fromTable 4, in
the TFT array substrates 2100 in present Exanples 3-1 to 3-11, their pixel
el ectrode 2002, drain 202 el ectrode 2007a and source el ectrode 2007b were
each nmade of the Al alloy containing one or nore netals selected fromthe
metal 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 nmade of such
a material, they@lggtric resistance value (contact resistance value) of the
contact surface portions between these el ectrodes 2002 2007a and 2007b

and t he plxel fre de 20 om/and exhi bi ted vor abl e val ue.
particul ar, e[}ll%gc 'case t % 4’?“’ et Bt B anfﬁ@?Sp IS \éélngct rode
2007a and the sourc Iectrode 2007b were each made of the Al alloy

cont ai ni ng* M hand dmelc S1PEST Y ane Wit démepetdme SRBLEBIRGEL X968, whi ch
was about 380 O at 50 pnf. [0523] Each of the TFT array substrates 2100 of
present Bxasphésoguged tiptg- qh@ﬁh@nﬁﬁ@ﬁﬁaﬁl§8W3éétédﬂéun23@irﬁbﬂ.@ﬁOﬁlnutes

and then the contact resistance thereof was neasured in the same way as in
above- nenthenvedulskainsd Ble3thet buBndce. The tral yempasia)otthe 6b0l d@d body

was sintered at 1500°C 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. 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 cooled, thereby obtaining 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 fractions by weight of Iny,0Os; crystal
(bixbite-based structure) having no oxygen 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 composition at the time of 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 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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Furthernore, the same TFT array substrates 2100 were each thermally treated
at 300C for 60 m nutes, and then the contact resistance thereof was
nmeasured in the sane way as in above-nentioned Exanple 3-1 to 3-11. The

val ue was about 900 0. It was proved that the TFT array substrates 2100 of
present Exanples 3-1 to 3-11 had a far |ower contact resistance and a
better heat resistance than conventional TFT array substrates (contact

resi stance: 1 X E8 to 1 x E12 0). Each of the values in Table 4 was a val ue
whi ch was pecult 203 optim zed by nmeans of the neasured devices, and
thus it is not |n1ted to the value. [0524] In order to obtain a favorable

contact resist e f les, it is,preferred that the content of
t he one or nnrgﬂH%F % ttg%W@E?@gg??Bﬁ}?ﬁﬂﬂhbgﬁPnb?bﬁ%ﬂkﬁt%8ﬁ§F§FEd of W
Mo, La, Nb, Fe, Pt , and Er in the gate el ectrode 2002, the drain
el ect r ode"a Y HE74 gﬁﬁmtﬂﬁﬁéBHﬂﬁéd%W%%ﬂﬁb@éSE©@?5M3§'ﬁr@ﬁiﬁb@ﬁﬁ@PS@@ﬁ? wei ght .

[ 0525] In each of Exanples, as the material of the gate el ectrode 2002, the
drain el extGhods P00 ®raNgOt He sbar trdiale orriddes DOGHsd bhdve omamyubed an Al
all oy containing one or nore nmetals the nmetal group M consisted of W M,
La, Nb, FRe fRdh tRet el yddenandigrdisgerssedabsoa q@meflexr edide @ddridiemt hird
nmetal to this Al alloy. The first nmetal is A, and the second netal is the
one or tWnhdfo IPs@eritRl, abudis hs SeMeedE drnMos01,, or IniiMosOs, in the indium
oxide sintered body.
Preferred is a form that molybdenum atoms undergo
substitution/solid-solution into indium sites of indium oxide,
whereby molybdenum is dispersed into the indium oxide sintered body
at an atomic level. In 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”
In present Example 4-3, Iny03; 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,03; powder,

SnO,; powder, and WO; powder were weighed into given amounts, and the

welghed powders were mixed, put into a pot made of resin, and mixed
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fromthe netal group M. [0526] The third netal added to the gate el ectrode
2002, the drain electrode 2007a and the source el ectrode 2007b is desirably
Cu, Si or arare earth elenent in order to restrain hillocks or inprove

the corrosion resistance. Wen any one of the netals is added, it is
preferred to control the addition amount of the third nmetal to such an
extent that the specific resistance of these el ectrodes 2002, 2007a and
2007b is not nmore than 10 tS2cmin order to nake use of 204 a characteristic

that the eleetrigeresistance ol dl il ow, JOGRTL 1) thepae (hal i he gate

el ectrod rainelec source electrodé 2007b is

e o o Aot SPTEL L1 ST 2T R8T TP, Syl rom (he

effects of restraining hillocks or inproving the corrosion resistance can
be obt ai nEFIGPItERe SAPerIAHASRtaBIXSH tHErEHsEa DIt @S ATt hel kiat@dnet al .

Therefore, in particular, in the case of adding none of the third netal,
the genedatédbandfgranbleckd. ofhedusorpbsimed gaanbkr reekpredudwas pwesl | .
[0528] In above Exanples 3-1 to 3-11, exanples wherein the pixel electrode
2011 i s mhde afmdIBD atd ZOndsieheiaitcdesdrehetbrrHoyweved,isdshatt egyiiseal scope
of the invention is not limted thereto. In the
under a pressure of 3 ton/cm?, thereby obtaining molded products.
[0542]
Next, the resultant molded 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 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 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 of 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 In,0; crystal

(bixbite-based structure) having no oxygen defects, Sn oxide, and

W oxide. The contents of Sn and W in the sintered body were
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case that the pixel electrode 2011 is a transparent el ectroconductive film
made mainly of any one of 1n203, Sn02, Zn02 and so on, the sane effects and
advant ages can be produced. |In above Exanples 3-1 to 3-11, exanples wherein
the pixel electrode 2011 was connected directly to the gate el ectrode 2002
and the drain el ectrode 2007a have been described; of course, it is
preferred that this second el ectrode is connected to wirings of the
above-nmentioned Al alloy. It is also preferred that the TFT array substrate

2100 of t Sxanphke SR -kHSH §@ECQQ§¥9 rolayen N~ a5 9 . Li 2Q06, a
channel | j%r. 20% Fggzga y"ZExarr‘lis)le 3-12" kﬁbﬁt %g%%'ofﬁéﬁgr%F%igaggy
substrates_2100 produc ount.er. substrate

i_n oV Exanples 3-1 to,3-11, .a c
havi ng a %%%rﬁsecrerélaé%?(?gt&]@t %geccg}aorrgef {:T?rp% Sa &mof‘ﬁetf‘%e Waest Uk A HREr et o.
Furthernore, a liquid crystal material was injected into the space between
the TFT stbtF@E1Ng RO aFeMe bl BIeGubdt 1RAE fle ¥aheRich tsis 1 qui d
crystal material, thereby forming a liquid crystal layer. In this way, a
TFT arr ayaseettiaieegagtimidhamaposiigudn ©rtist b dheph ayn ((dddet ed as a TFT- LCD
devi ce) was obtained. [0530] According to present Exanple 3-12, one or nore
metal s sel ected[0543dm the nmetal group M consisted of W M, La, Nb, Fe, Pd,
Pt, Ce,
Next, a sputtering surface of each of the resultant 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 electroconductive thin film. An In-based
alloy was used to stick this target to a backing plate to make a
target 4-3 for sputtering.
[0544]
The formthat tin, and tungstenare incorporated into the target
may be a form that they are dispersed as a tin oxide (SnO, SnO, or
Sn304), and a tungsten oxide (W03, WO, or W,0;), or may be a form that
they are dispersed as complex oxides 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-solution 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 homogeneous 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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Ho and Er were used as the raw material for wirings of the TFT array
substrate 2100, the gate el ectrode 2002, the drain el ectrode 2007a and the
source el ectrode 2007b. For this reason, these electrodes, and so on each
had a | ow resistance. The pixel electrode 2011 nmade of the ZOfilm (or the
I TOfilm had a structure connected directly to the gate el ectrode 2002,
the drain el ectrode 2007a and the source electrode 2007b made mainly of Al
wi thout formng any netal |ayer nmade mainly of a conponent other than Al,

that is, any nmegaly; - i j jf1C . kesi el fqQre, each
of the liquid %?;%%§¥E%P§%?g;gggﬁv Hgggigggié%pF%gﬁég%ggﬁggg(%ﬁéﬁfﬁUnerica

aperture _and a high performgnce. Sipce the gate el ectrode 2002,. the drain
206 el ectgﬁﬁlenszﬁ’ﬁ‘?amﬁﬁ%l Jtr\%é)ngogr%' eﬁlaﬁfr %’2667?5‘3 &agRER| PRnmade

etchability, they had better productivity and were able to be produced at

| ower cosPs T Bhose in the prior art. [0531] Fourth group: exanples
Preferred enbodi nents of the invention of the fourth group will be

descri bed herei h&%4®r on the basis of the drawings. In the present

enbodi ment, production of sputtering targets which are each necessary for
form ng a transpargm pekeett quarethiict MY anedrid trhengeoud- Eoasiayed uStIngat e used
inaliquid crystal display will firstly be described in the following item

A. (Exampfescéandchqthe roupbkiing BhS1éd €M fecor@X@Mies WhepsitiMiand M in
the first group M

in Table 5, M2 is used as a symbol representing any one of Sn, Zn,

Ge and Ga. [M2] 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, [M21/([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, Iny0O3 powder, SnO, powder, and MoO;
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, SnO; powder, and MoO; 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 ZrQ, 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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were used will be described. In itemB., conparative exanples wll be
described. InitemC. , the neasured result of the contact resistance

bet ween each transparent el ectroconductive filmand Al will be shown. In
itemD., production of a TFT array substrate will be described. InitemE.,
the other netals in first group M, that is, Ni, Nb, Fe, Pt, Pd and

| ant hanoi ds will be described (Exanples 4-10 to 4-23). [0532] A. Formation
of sputtering targets "Exanple 4-1" In20G3 powder having an average particle
dianeter of 1 pm®™7] | ess and W3 powder havi ng an average particle dianeter
of 1 pun or 207 less were fornulated to set the atom nunber ratio of

tungsten/ i ndi unet0 HhdHOSsuPdh ] ddt ©rRIReE wltde £ § BfidYedtHhghNOr €,
pure water was added thereto. They were mixed with a wet ball m Il using

hard Zr Oghg)aﬂddusg}dl%{rl?yg’{\}%st'i me for the mxing was set to 20 hours. The

resul tant m xe s taken out, filtrated, dried and granul ated. The
resul t ant granuﬂ.at q__d groduct was_ nol @8 y cold isostati.c press. _under a
(

pressure of 294 a XW%nnf?’)a_.ST v ¥ & R ded 5 SabCRd

sintered as follows. First, in_a.sipteri n(%lfurnace, t he product was
si nt er ed &tr3f508€ 7 A/BH" - &AStoSphdt eowifg’xeei’ & dBRI ARSI ErERRcRd 3BE a rate

of 5 L/mn. per
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 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
of 1800°C was then kept for 3 hours. Thereafter, the product was
naturally cooled. 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
contents of SnandMo inthe sinteredbodywere quantitativelyanalyzed
by ICP emission analysis. As a result, it was ascertained that the
charge composition at the time of 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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0.1 nB of the volune inside the furnace for 5 hours. At this tinme, the
tenperature was raised at 1 ¢ mn. up to 1000C, and at 3 Cmn. from 1000
to 1500C. Thereafter, 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 in an atnosphere wherein argon gas was introduced at a
rate of 10 L/mn. per 0.1 nB of the volune inside the furnace f or 3 hours.
The product was naturally cool ed, thereby obtaining an I n203si ntered body

cont ai ni Ngod 1KY FEEbo1aRAcRAMItAGa 2ube) Bt oHENHIH Yo e PPN O ADIRtd0534] A
sputtering surface of the sintered body was polished with a cup grindstone

q K gy ) ) e 3
2?ucﬁ0[oegfngﬁyﬁgggﬁg?§§%§gézéqgf an?Pﬁgﬁﬁhghgsegﬁﬁfﬁggéﬁpg%EFéq%bpaiﬁ a

i nt d dy t t 4-1. The th tical density . in.thi
cal cul at eBOGIR® PO (7 ABPPEHET by LREF GO aCATee R ict 911 - P BbT e hsed
structureélﬂavin no oxggen,defects, and W oxide. The relative density was

cal cul at ed* ot W%%JHFFﬂe Hedret tBaP THERE & fTaRFlEng) PlatRetedit'&ne of Win

the sintered body was quantitatively analyzed by ICP em ssion analysis. As
a resul t, tp¥ge raSeBFE@FHEl t hat the charge conposition at the tine of

m xing the starting powders was nai ntai ned. A specific value of the
ascertai ned atobfeé&lonposition ratio is shown in Table S. [0535]

The form that tin and molybdenum are incorporated into the
target may be a form that they are dispersed as a tin oxide (SnO,
Sn0, or Sn;04), and a molybdenum oxide (MoQOs, MoO, or Mo207), or may
be a form that they are dispersed as complex oxides between indium
oxide and tin oxide, and between indium oxide 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 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.

[0549]

By dispersing in this way, the average diameter of the crystal
grains was made into 4.5 pm. This diameter was obtained by image
processing.

On the other hand, the process for producing the sintered body

target of the invention is not particularly limited except that a

218



It is preferred that tungsten is dispersed, in particular, tungsten

under goes substitution/solid-solution into indiumsites of indium oxide.
That is, the formthat tungsten is contained in the target may be a form
that tungsten is dispersed as a tungsten oxide such as W3 or WD2 in the

i ndi um oxi de sintered body, or may be a formthat tungsten is dispersed as
a conpl ex oxi de between indium oxide and tungsten oxide such as I n2WBOLl2 in
the indium oxide sintered body. By dispersing in this way, the average

di ameter Qf thie GRYSLEN 1 QHARNSKIES, @Heozkﬂié) gné W1 BleSuRvEk Age dieanet er

was obtained by |nmage processing. [0 Pr'e erred |s a formthat tungsten
atons un u [ o Iut| to.in i_um
oxi de, \?\A‘ﬁ;ere iR g?l%srg Leé?lnoﬁglc |£sé glr%gd m?go‘f’ emeltrli1 OXI e SI n ere& body

209 at an_atom c |eve e atonmc | evel dispersio | ectric, discharge
is made stAHi% C&WPPH%“%%U%P@B HEE FHECULE 3y SFREST & kP’i-:em":‘iij‘é‘) i RE QG-
dlsperS|on is an effective nethod for Iowering the resistance of the

resul t ant TR RS &Tent DR 1SdBE P ERD Pt 1 ¥ SherPA, MllaRebY THIS SEPEAERRARSRY

el ectroconductive thin filmcorresponds to one exanple of the
el ect r ocohauast vendg deodurache Coragiarentp0B3Er than the Prresentmppatesrts, M
nmeans the group consisted of W Md, N, Nb, Fe, Pt, Pd, and | anthanoi ds
(the groupapaiengdaad tedthbesifrifested body target as long as the objects of
the invention are not damaged.
[0550]
“Example 4-5”"
Inpresent Example 4-5, In,0; powder, ZnO, 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
ZrQ, balls were used, and the time for the mixing was set to 20 hours.
Thereafter, the resultant 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.
Next, the resultant molded products were each sintered through the
following steps.

[0551)

First, oxygen was caused to flow into a sintering furnace at

219



group) . In particular, inthe followng table, M represents any one of W
Mo, Ni, Nb, Fe, Pt, Pd, and | anthanoids. [M] represents the nunber of the
atons of W Mo, Ni, Nb, Fe, Pt, Pd, or a lanthanoid. [In] represents the
nunber of the atoms of In. Thus, [M] /([In] + [M]) in Table 5 represents
the atom c conposition ratio of any one of the netals in the first group.
[0538] [Table 5] 210 Table 5 Contact resistance with Al Q Relative Average
Transparent Exanple [ML]/ M2 [M]/ density particle electrode specific

G ass/ Al &assl ot M klin] gdMbl) Dot tHdVRd) uklaMRieter s $L@nGee/ taranspar ent
transparent mm mXxrn electrode electrode/Al 4-1 W02 - - 95 '4.8 485 35.2

2aov0 o b geeRaheds % T Weneod Vs B SAC TR 8050,
32,5304, £EWO080 0,05 96 8,428 3 8 Hodoect TG GG 02 0

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.perO.lm?ofthevolumeinsidethefurnace,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 Iny0O3 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
compositionat the time of mixing the starting powderswasmaintained.
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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Exanple - - Sn 0. 10 99 12. B 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 diameter of 1 mor |ess, and MO3
powder having an average particle dianeter of 1 pin or |less were used as
starting powders. The 1n203 powder, and the MoG3 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 1rsesuh LARts A eRnsEHIEYS VRS diaken éﬁuaﬂ‘dlntgr@tsqqtegéa%d@nd
granul ated. The granul ated product was filled into a circular nold, - and was

ol e, nhgodh sk SRRl o LLTORAIG eSS N0RR, BRCRTUA 3

at rmsphere dj usting furnace, t hen sinter the _ti rre of

si nt eri ng2L 6%y J&T d FacTod kcggli;n?%rgleﬁfetf’u?ﬂ%cé“é}g Qlfaﬁ?et%fmaﬂ(q_/am n. per
0.1 nmB of the volune inside the furnace. At the sane tine, the nol ded body
was si nt eF@EPelt 4r506erf SPUHHGEEs. At this time, the tenperature was rai sed

at 1 ¢mn. up to 1000C, and at 3 Cmn. from 1000 to
[0554]

The formthat zincand tungsten are incorporated into the target
may be a form that they are dispersed as a zinc oxide (ZnO), and
a tungsten oxide (WOs;, WO, or W.0;), or may be a form that they are
dispersed as complex oxides between indium oxide and zinc oxide
{InyZny0s, In,Zniz0g, Iny,ZnsO; or In,Zns;0s), and between indium oxide and
tungstenoxide. However, morepreferredisa formthat tungstenatoms
undergo substitution/solid-solutionintoindiumsitesof indiumoxide,
whereby they are dispersed into 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 into 4.2 um. This diameter was obtained by image
processing.

[0555]

“Example 4-6"

In present Example 4-6, Iny03; powder having an average particle

diameter of 1 um or less and GeO, powder and WO; powder each having
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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 volune 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 fromfractions by

vel ght - of . NZA326EYSIAl 1EPhKind i Dased 3! Lpoldlep Daving 00 Axyggn defect s,

and Mo oxi de. e relative nsity was 'ca ated out retical

density (%I/_vgfe;res (?é as III% e i;rrll% n}:%&f_. Ngilrgt”’e §§[!n2(-53e§vgdaet}:gg%?ﬁg?§owdterm3

guanti t at analyze N ssi on” aha i
ascertained. that the charge conposition at the tine of mxing the starting

powders RS Wrhi PRSTedSTA SpEHAtEIv AT R DP1VRR FRkt 58 ABIE At 2
conposition ratio is shown in Table 5. Next, a sputtering surface of the

si nt er ed HoHhienRgs bpaY i e aniat Forpesis ign rdse Eh@tapi Reprtimtamdaadi anet er
of 152 mm and a thickness of 5 mm 212 [0540] The formthat the nol ybdenum
el enent %/ Toatanhedrdtiot heowrrigeTainhy Sheand frdrem thatrawillybdemam psit

di spersed as a nol ybdenum oxi de such as MoG3 or MoQ2 in the indium oxide
sintered hodya ebtmaydder aekon mridat xeal whderumet spali spansed ms taigonpl ex

oxi de of indium and nol ybdenum such as InM406, [n2Mb3012, or 1nl11Mb4062,
in the indiM hard zro, 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
raisedat 1°C/minute. Whentheproductwascooledafterthesintering,
the introduction 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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oxi de sintered body. Preferred is a formthat nolybdenum at ons undergo
substitution/solid-solution into indiumsites of indium oxide, whereby

nol ybdenum i s dispersed into the indiumoxide sintered body at an atomc
level. In this case, electric discharge is stable in sputtering, and thus
the case is effective for obtaining a lowresistance film This

| ow-resistance filmcorresponds to one exanple of the el ectroconductive
oxide in the clainms. By dispersing in this way, the average di aneter of the
crystal  ghal i MRS cFRgeiENtSF 4n8 fHPendS dEﬁ\ﬁF‘?taﬁ{al?@isOQf atled iy i mage
processi ng. [0541] "Exanple 4-3" I n present Exanple I n2C3 pomder Sn02

wd 1
oas whr oo Ekd "B Eh PG p&%@ L Shared e??%%,b%@ar‘f‘%@‘“ﬁ% &

| n203powder 0 owde re weigh ntaq give annunts
and the }ﬁﬁgﬁ’ﬁ538gﬂgﬁﬁbg é&g (£?mﬁ85%'p§gvﬁﬁﬁ% n%e%?quﬁnd m xed
213 with a wet ball mll uS|n% mater as a nedium At this tineg, hard Zr Q2
bal I's werB3Yisddi® aHa 2% HRRETEErOk HESnFRYFiF WeE2dBE &5 JedRoirEe 4

Thereafter, the resultant m xed slurry was taken out, filtrated, drled and
gr anul at epn. TABiE rﬂj@n@beaiW@dolgt@mﬁchbﬁdﬂplg@dnmcaﬁaslnput Thiﬁtﬁ)ir&emﬂdd, and
was nol ded into a given formby cold isostatic press

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 indium was used
to bond the target to a backing plate made of oxygen-free copper
to make a sputtering target.

[0557]

When germanium oxide particles are present in a sputtering
target, the target iselectrifiedwith argonions 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 ismade higher tomake the amount of the radiated
argon ions larger.

[0558]

On the other hand, in the sputtering target according to the
invention, the specific resistance of each of the indium oxide wherein
germanium undergoes substitution/solid~solution 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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under a pressure of 3 ton/cnR, thereby obtaining nolded products. [0542]
Next, the resultant nol ded products were each sintered through the
foll ow ng steps. 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 tine, 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

| ower ed ageddrEadl @verd LEMHEDAPRPL Ded PINEL.isTheteafdRy., Asr wasscadises, to fl ow
into the furnace at a rate of 10 L/mn. per 0.1 nB of the volune inside the

furnace, andhitheg terReEabdpee 0tnd 30QE: WBS ehbﬁ@yrgg%efégpﬁe@%me%tnc

Thereafter, the “product was naturally cool ed. The density of the resultant

si ntered T%&PQQ/ F%%eﬁ%&é’ﬁ%@g%ﬁ@%ﬁ% dapch, W %&ﬁ%@kﬁ%s' Hg&{l%%eﬁs.? ng

wat er . e relative densit ereor was ca om oretical
density thereof ﬁsee Tabl e _5), .. Eﬂgy}h oretical density in this case was
cal cul ated out From¥FrRet I'Phsty SH? %f(%%iéBlEF9§P%fat?4ﬂ%? Ptgﬁ%ased
structure), having no oxygen defects, Sn oxide, and Woxide. The contents of
Sn and WHHEGFESPRIH Od HeRly-EPE1on 4 Sqthdl ithet $ LRI OSRRAYSBHY Hyy Lep
em ssion analysis. As a result, it was ascertained that the charge
conposi t i orpzvedhia thenga ssfo f ximmigng & frielnst zont suvd) posdrats wape ol imadilyed. A
specific value of the ascertained atom c conposition ratio is shown in
Tabl e 5. germaniumof 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 to 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 undergoes
substitution/solid-solutioninto indiumsitesof 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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[0543] Next, a sputtering surface of each of the resultant sintered bodies
was polished with a cup grindstone and worked into a dianmeter of 152 mm and
a thickness of 5 mm 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 make a target 4-3 for sputtering.
[0544] The formthat tin, and tungsten are incorporated into the target

may be a formthat they are dispersed as a tin oxide (SnO, Sn02 or Sn304),

and a tungss RBOXhES 4( W03, VW2 O MRQ O wad oY 8 1 {RM B bhatesdibgy are

di spersed as conpl ex oxi des between indiumoxide and tin ‘oxide, and between
i ndi um oxi de ang. ti@@ﬁ%@@r%&%a‘d"@&%}ﬁgfen referngd is a formthat tin and

tungsten atons undergo substitution/Solid-solution ihto indiumsites of

i ndi um ox] . [ hey are.dis ed i.nto_the indi.um.oxide. sintered
body at %gbe%ttléc\r{%%goﬁzg%#%deﬁoﬁél%ﬁgnbgrggotsjslgldéf)}élc %lp%sacf scnactlrl e 75'fede stable
in sputter]%%ge[ and a Qfﬁnrtl)%%n ous filmlowin resistance is,obtained

|

accor di ng” % §Upg LPRREFEE B AN ARAMR e ShRES TR SREY exanpl e
of the electroconductive oxide in the clainms. 215 By dispersing in this way,
t he aver agje 28i arRitier lofel heThe pdoRlic- e hdiansr iatels rﬁ%e@.tivﬁlrﬁirﬂ:ﬁi s
di aneter was obtai ned by i nage processing.

the dispersion makes electric discharge 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.

[0560]

“Example 4-7"

In present Example 4-7, In,03 powder, GeO, powder and W03 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, GeO, powder
and WO; powder were formulated into a given ratio 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 mill. At this time, hard ZrO,
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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[0545] In the present patent, M neans the group consisted of Sn, Zn,
GeandG (the group being called the secondgroup) . Inparticular, in Table
5, M2 is used as a synbol representing any one of Sn, Zn, Ge and Ga. [M]
represents the nunber of the atons of any one of Sn, Zn, Ge and Ga. [In]
represents the nunber of the atons of In. Thus, [M] / ([In] + [M] ) in
Table 5 represents the atom c conposition ratio of any one of the netals in
t he second group. [0546] "Exanple 4-4" | n present Exanple 4-4, 1n2Q8
powder, Sn02 p r.each havin e particle

di aneter of 1 g %r’ ItZ%E et & L%r\,\%ugg ‘é?%rstﬁ“&&r%i} alsfcg}%g g‘buﬂ ering
target. First, the I powder , and powder , wer e wei ghed
into give e %ﬁﬁﬁ%rﬁ?xﬂépgﬂﬁﬁ kﬂﬁ%§gﬂ§eﬁe+%F9n alﬁuf“?+ﬁ?)§a pot nade

of resin, and nlxed with a wet ball mll using water as a nmedium At this
time, hat HNAGAIEINS CRetleausde O hAd itk /Nimete Bertthd ™ &F hjewed uBet to 20
hours. Thereafter, the m xed slurry was taken out, filtrated, dried and

gr anul at ethsifeethegirmane, gircand| fatuets -prlﬁdmbﬁsvvdsneputhé mempeaah@tejwaand was
nol ded into a given formby cold isostatic press under a pressure of 3

ton/cn?, tieseint vhi/aiinupg. Mihded hRiREHGESwas 2461 P8Adr tNexintd@ g esul t ant

nol ded products were each sintered through
the introduction 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 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 of 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
um. 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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the follow ng steps. 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 & 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

i nside thgf UpBaEES; o %gigégnéee%eee% ‘:jéfliﬂé-{. gégggggwgacﬁgqu%g%f oR 3 hours.

Thereafter, e product was natur y CO ensi e resultant
sintered bad s _neasured in accqrdance with Archi nedes' nethqgd. using

wat er. The re?’égwgt i VEHENLT (P REr e J\ﬁa‘ge %W et BWFh]éer‘Ea}f%&PgFi cal
density thereof_ (see Table 5) . The theoretical_densit%lin this case was

cal cul at e Stef PERFTEG PEHSHARSIIGRE oF ItheoBRFIAK AF 1 bilghepaseaake
structure) having no oxygen defects, Sn oxide, and Mo oxide. The contents
of Sn andtiv ameunkeo$i therkadiipsdg aegden doast Laagével y anal yzed by ICP

em ssion analysis. As a result, it was ascertained that the charge
conposi tion at Q@rehel pehef hand, ngnt tlee sbavterngnipowder sawgst amdardanged. A
specific value of the ascertained atom c conposition ratio is shown in
Tabl e S. fNexhe iavepUibe) itRg spachiace rekieaghicoObridienr&suhé andishdxened 217

bodi es was polished with a cup grindstone and worked into a dianeter
wherein gallium undergoes substitution/solid-solution into indium
sites and the indium gallate compound is low. In other words,
high-resistance particles are not present; thus, the arcing is hardly
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/solid-solution into 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 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,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 um. This diameter was obtained
by image processing.

It is preferred that tungsten atoms undergo
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of 152 mm and a thickness of 5 mm 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 for sputtering.
[0548] The formthat tin and nol ybdenum are incorporated into the target
may be a formthat they are dispersed as a tin oxide (SnO, Sn02 or Sn304),
and a nol ybdenum oxi de (MoG3, M2 or Md207), or may be a formthat they
are di spersed as conpl ex oxides between indium oxide and tin oxide, and

bet ween i sighstntexiida/asdi drdoiaesd M Oxd dgwdi ullr ef ess esk iisqauhosddat tin and
nol ybdenum at onms undergo substitution/solid-solution into indiumsites of

i ndi um ox&,ﬁ@reby\{@gﬁgy@f hey qakfe AePehegd Hdtiaqh i d.ndiuay axide, $idter ed

body at an atomic Fevel since electric discharge is nade stable in

sputtering. and,a bonpgeneous, {ilmlawin Jesi stance ks obtahned o Thi s

. el .
| ow-resis nce m corresponds t 0 one exanpl e of COI’](yUCtI ve

oxide in the clains. 49]. By dispersing in this way, the average dianeter
of the Cr YTaE SIS Pk AT R SRS CRRS . GHISNeR SHER U Gt Goegened by
i mage processing. On the other hand, the process for producing the sintered

body t ar {etSRIFCtEEENT nSedt i RdsMAkeS pdid iteSLaERYCE iGh (B¢ ER€eptarthat a 218

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 produced in the same way as in above
Example 4-3 except the following:

A different point from Example 4-3 was that WO3; 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 of the produced sputtering target was 99%.
The average particle diameter was 12.8 um (Table 5). These
measurements were performed in the same way as in Example 4-3.

[0566]
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m xture wherein indiumoxide, tin oxide, and nol ybdenum oxide are mxed in
gi ven anounts is used. A known nethod is used to mx the three conponents,
nold the m xture and sinter the nolded product. Thereafter, the sintered
body i s shaped, whereby the sintered body target can be produced.
Conmponents other than the three conponents may 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 hawidigpaadtaveragenfay ui-ete dianmeter of 1 mor |ess were used
as starting powders of a sputtering target. First, the 1n203 powder, Zn02
powder, and W3 pRwder - Wey ¢ awekghed bgé@u&éd/%_ @rﬁ@‘é@%@’wﬂﬁgstﬂ? apiskghed

powders were m xed, put into a pot nmade of resin, and mxed wth a wet bal

m usiqgg$%%%r4§§ gxgggquk ?%%Eggglzine, hard Zr02 balls were used, and

the tine e mxing was set to ours. Thereafter, the resultant

m xed slurry t.aken out, .filfrated ried and granul ated. The resultant
granul at ed pr\(l)\%gtl%\l%ﬁ}s‘e%ﬁtpqlﬁ?oh%n %F@?f%néld 35 M1ateti®1 HEd X GiNFER f or m by
cold isostatic press under a pressure of 3 ton/cnR, thereby obtaining

nol ded prdt@@sravw gaGerighesSe ddiatt AHPIRERHEH) pradiRAs cRBFele@ Hisitheer ed

through the followi ng steps. [0551] First, oxygen was caused to flowinto
a sint erisptftgriagetatget. Another different point was that the atomic

composition ratic of Zn ([Zn]/[Zn] + [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 of adopting each of the transparent

electroconductive films

“Example 4-8"

Each of the sputtering targets obtained in above Examples 4-1
to 4-7 was fitted tc a DC sputtering apparatus. A mask (a kapton
tape) for first film-formation was fitted onto a slide glass, and
Al was formed into a £ilm 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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219 a rate of 5 L/mn. per 0.1 nB of the volunme inside the furnace, and the
tenperature of 1500C was kept for 5 hours. At this tine, the tenperature
was raised at 1 Cmn. up to 1000C, and at 3 C/mn. from 1000 to 1500C.
Thereafter, the inflow of oxygen was stopped, and the tenperature was

| owered at 10 ¢ 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 ef; 1 f e, RLEEAUG tiawas: rHRAtINEL L ¥re0h 841 veBBR st LRE densidnef the

resul tant sintered body was nmeasured in accordance wth Archinmedes’ method
Uheoret | o Honeiry "ERe) o (seotr rhnra apa Lo el e T i n i s
(B xbi 1 o- BASRFETFhCEOr e TAVFRG b OFy GRC HEP A3 ok Hnd W oxi de.
The contents of Zn and Win the sintered body were quantitatively anal yzed
by | CP eftddion Bovalysils wase fakesguput firomppathepdptel te sHkatnate, char ge
conposition at the time of mxing the starting powders was mai ntai ned. A
speci fi ¢ ¥ad tbenfthehecsistancei olethat gibes (bhfiosirtsipamenatdl@citsodddwas i n
Table 5. [0553] Next, a sputtering surface of each of the resultant
sintered measured. The result is together shown in Table 5.
[0568]
A substrate of “glass/transparent electrode/Al”, for contact
resistance measurement, was also obtained by forming the films in
order of the transparent electrode and A1. 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 electrode onAl, the surface of Al is oxidized toproduce
Al,03. 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),
themeasuredresistancevalueof the“glass/Al/transparentelectrode”

is large (see Comparative Examples 4-1 and 4~2 in Table 5). In light

of thismatter, atransparent electrodewherein the contact resistance
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bodi es was polished with a cup grindstone and worked into a dianeter 220 of
152 mm and a thickness of 5 mm thereby obtaining a sintered body target

for a transparent el ectroconductive thin film An In-based

to stick

this target to a backing plate to nake a target 4-5 for

al l oy was used

sputtering. [0554] The formthat zinc and tungsten are incorporated into

the target

a tungsten oxide (W03, W2 or W207), or may be a formthat they are

b mechs I wel S e A O 2

| N2Zn306,

I n2Znb n en i i de a

may be a formthat they are dispersed as a zinc oxide (ZnO, and

‘t ungst en

oxi de. Fbﬁev r, re preferred is a faqr.nthat tungst at nder,go
substitut|%M?§0Iggfgﬁﬁﬁfi§§P§3ﬁﬂglﬁﬁdi ’sg?e e%fgfhﬁghﬁpggf%ﬁﬁtanﬁﬁgfeby t hey
are dispersed into the indiumoxide sintered body at an atom c |evel

el ectric tiskhsr getpéledde $xapPées nisiflitttefiAg PeYRY -a honogeneous fil m | ow

in resistance is obtai ned. This

si nce

| ow-resistance filmcorresponds to one

exanpl e of the [@7&dtroconductive oxide in the clains. By dispersing in this
average dianmeter of the crystal grains was nmade into 4.2 gm This

way, the
di anet er

was obRaibrediubyiomege a fFdcessangudsdixabg " Exanpl e 4-6"

“"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 Al (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 photo-etching using a phosphoric acid-acetic acid-nitric
acid-based aqueous solution as an etchant to form a gate electrode
3002 having a desired shape and a gate electrodewiring 3002a connected
to the gate electrode 3002.

[0571]

Next, asiliconnitride (SiN) film, for formingagate insulation
film 3003, is deposited thereon by glow discharge CVD, so as to have
a film thickness of 3000 A. Subsequently, an a- 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 SiH;-NH3;-Ny-based mixed gas

is used when the SiN films, which will be the gate insulation film
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In present Exanple 4-6, In203powder having an average particle dianmeter of
1 mor |less and Ge02 powder and W3 powder each having 221 an average
particle diameter of 1 mor |less were used as starting powders of a
sputtering target. First, the In20G3 powder, Ge02 Powder, and W3 powder
were fornmulated into a given ratio so as to give a sintered body having a
conposition of a Ge/In atomc ratio and a WIn atomc ratio shown in Table
5, and then the resultant was put into a pot nmade of resin and mxed with a

wet ball 3003 and¥hé Bhenndl pesotdtiite (R rBabb S ragicendged A aind-tihe s f or
the mxing was set to 24 hours. After the mxing, the resultant slurry was

taken out;, 4 Liat edy g6 -angooanulat ad. (The ghgpulaled product was

nol ded by co sostatic press un er a pressure [ 0556] Next,
this nol ded pro nas sintered at 1300C, in an atnosphere wherein oxygen
was introduced into'the air insidea sinteringfurnace at arate of 5

liter/mnute p . nB t he t he rnace, for 3 hours. At
this tinme, thee[\ﬁeégme%élt Ol\fl\%éz %Héﬁ%ﬁrﬁq}?ﬁ@n &rqtﬁé: Vs daYErwas
cooled after the sintering, . the |ntroduct| on_of oxygen was stopped. The

t enper at u?t & tnaks ‘F?\Sér?tqhﬁﬂé’rséégtat@f(ﬂ?@c sqas)ee EP T Bk @ha?il%lrmtﬁé(?t of the

resul tant sintered body was crushed into pieces, and then powder X-ray
di ffractibawarcad0behentnyes desireddshans.. AssHudsont of onlh s ditfafingdt i on
peaks resulting froman indium

protective layer 3005 is illustrated in Fig. 10.

Subsequently, a SiH;—H,-PH3-based mixed gas is used to deposit
an 0~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 ymandAl into a filmthickness 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 H;PO;-CH3;COOH-HNO;-H,O-based etching solution
and anaqueous solutionof cerium (IV) ammoniumnitrate, respectively.

By the photo-etching, a desired pattern of the layer electrode 3007
and a desired pattern of the drain electrode 3008 are formed.

Furthermore, the o-Si:H (i) film 3004 and the a-Si:H (n) f£ilm 3006
are etched by using a combination of dry etching using a CHF-based
gas and wet etching using an aqueous hydrazine (NH,NH;-H,0) solution,
so as to form a desired pattern of the a-Si:H (i) film 3004 and a
desired pattern of the a-Si:H (n) film 3006. Next, a transparent

resinresist 3016 isusedtoformaprotectionfilm. InpresentExample
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oxi de 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 analysis of the fine structure of this sintered body
denonstrated that gernmani um underwent solid solution into the indium oxide
phase. By dispersing in this way, the average dianeter of the crystal
grains was made into 4.3 dun. This dianmeter was obtai ned by inage

processi ng-9,Tkhs 15i-Ntfiedd HOdy ovasr warked iisniged diametekoqbrfdl v and a
thickness of 5 nm and a sputtering surface thereof was polished with a cup

grindst onenat HRET €RYoPraMICHNG 3st 3E88tindtRaBALE €M fee MREAl LH e, | Ndi um vas
used to bond the target to a backing plate nmade of oxygen-free copper to

mmke a sputter i g target; L0557k Wien getamnLum o e pard Lel gs ang present

in a sputtering arget, 'the targe | e h™argon ions 1adi at ed

| gh PR BT R HG 1 CHSCROCTRG 07 GHAGHLY THA LIS Eshenonnon

i s caused becones nore remarkabl e _as the electric power applied to the
target isCHRIENKicghERat ol Sralte PLKBL PARAHIOSE (RHeLdi sleatrafdentite#® | ar ger .
[0558] On the other hand, in the sputtering target according to the

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
amorphous 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
electrodepattern3009corresponds tooneexampleof the ™“transparent
electrode ” in the claims. The amorphous transparent
electroconductive film, whichisasimilartheretobutisarawmaterial
thereof, corresponds to one example of the “electroconductive oxide”
in the claims.

[0575]

In a manner of using, as the discharge gas, pure argon gas
or argon gas into which 0, gas was incorporated in a trace amount

of about 1% by volume, a transparent electrode film, which would
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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 elenment of Ge is incorporated

into the psidMeet 88 pXied e Rt EBB/t_edHr'nO@O(bSS ahRado bhe slachyagondugtivity is

i nproved inthe case of formng a romsuch a target. Specificall Y,

ger mani U of URdiEual Snce J0epup 8550088 81 g A af;guadi valenge in the

i ndi um oxI arging carrier elect ificrease the

el ectroco uct|V|t scribed a in the i ntion, the gernmani um

el enent T Kest 4 %]eYzeicggé’p% 1i%d %&@f“t%“ﬁ?%ﬁc rAétiaor‘?ﬁ’u]&/ PR into
the range of 0.01 to 0.3 (inclusive) . The reason therefor is that if the
ratio i s RRAK BFS RECFEAge 2NEHES E51B VAR FBPERNGTS £hENy eShEtRRCITERIin fil m
i ncreases. [0559] On the other hand, about tungsten also, it is preferred
that tungstiertanse" df spersédin was;nhdutcalarxiMhﬁgﬁmen Thdey gdes film
substitution/solid-solution into indiumsites of indiumoxide. That 1is to
say, the #ay m tthaih tamgsicefi betoptstriedattot ey adegiebsnay electrode.

This film was etched by photo-etching using a 3.5% by weight solution
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 ocut 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). 1In this way,
a TFT array substrate is completed. This TFT array substrate
corresponds to one example of the TFT substrate in the claims.

[0576]

The 3.5% by weight solution of oxalic acid in water is used
as the etchant herein. It is alsoc 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 aqueous solutions, the same effects and

advantages as in the case of oxalic acid are obtained.
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be a formthat tungsten is dispersed as a tungsten oxide such as NO3 or N2
in the indiumoxide sintered body. The formmy be a form that tungsten is
di spersed as a conpl ex oxi de between indium oxide and tungsten oxide such
as 1n2WB0O12 in the indium oxide sintered body. By dispersing in this way,
the average dianeter of the crystal grains 224 was nmade into 4.8 pm This

di aneter was obtained by inmage processing. It is preferred that tungsten
atons undergo substitution/solid-solution into indiumsites of indium oxide,
wher eby tungsteppdsjdi spersed into the indiumoxide sintered body at an
atomc level. The atom c-level dispersion is effective since the dispersion

om ¢ jovel. The . er s | : f
mekes el ectric ﬂﬁﬁg%?ﬁ@? Il yRRIHEF | G o A, B 20 o (UBkER, | DR JBlatance ©

the resultant tra arent electroconductive t

| owresi sf ance fil m.corresponds one_exanple .of the_ el ectroconduyctive
oxi de in Zt&%:euac lé’i’rrg]? WT%OF%K%%EI%EIS@EE f‘rggﬂg%?é?eﬁts &Hﬁﬁ}tg Y2 Fe%Ph203
powder, Ge02 rpovvder and W3 é),owder were used as starting powders. These
powders eACRINAY A& Ege FBF & [ hUSrEt e f thedbl DRTPeR®aTFitPst , t he

three powders, i.e., the In203 powder, Ge02 powder and W3 fowder wer e
f or nul at eBRFhOEhargirely prass@Fiseadsviey gifveha sisiohe Pl Lsodl kriviatgda
conposition of a Ge/In atomc ratio and WIin shown in Table 5, and then the
resul tantimasiqutlOi.nto a pot nade

[0578]

Thereafter, a light-shielding pattern is further formed
subsequently to the state illustrated in Fig. 10, so as to complete
ano-SiTFT activematrix substrate. This substrate isusedtoproduce
aTFT-LCDsystemflat display. 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 TFT array substrate and further it is used to make a liquid
crystal display; it is also preferred to use sputtering targets of
other Examples 4-1 to 4-7 to produce TET 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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of resin and mxed with a wet ball mll. At this time, hard Zr02 balls were
used, and the tine for the mxing was set to 24 hours. After the m xing,
the resultant slurry was taken out, filtrated, dried and granul ated. The
granul at ed product was nol ded by cold isostatic press under a pressure of 3
ton/cnR. [0561] 225 Next, this nolded product was sintered at 1300C, in an
at nosphere wherein oxygen was introduced into the air inside a sintering
furnace at a rate of 5 liter/mnute per 0. 1 n8 of the volunme inside the
furnace, for. 3 . At this time, the tenperature was raised atl G mnute,
When t he product was cool ed after the sintering, the introduction of oxygen
was stopped. The t e 0 ed t0.1Q00C t 10 G mnute. A
cracked part ops & weEg Pde AN i g '- eces, and

t hen powder X-ra dlffractlon asurerrent was carried out a result

onl'y a diffractTOf Pk er e SFPIPHES PPBHF & iR En PBleﬂlear}Sjn]a%‘et if§ a

bi xbi t e- based structure was observed. Accordingly, the resultant was judged
as a si nt & ddeo¥ilgethavoury witlRebehdeaetidiadst i cs of the invention. EPMA

anal ysis of the fine structure of this sintered body denonstrated that

gal | i um under wel easlobf dxsop ¢ Uehl itotixatmbée i4rdBumhdxhoe 1 hesde sdBy beéidsper si ng
inthis way, the average dianeter of the crystal grains was nade into 4.6
pm This RVt Ehe WASPRLASE A1EGHRY 1 h TREAREPESAEISONA-2Trsd EkBhBISS 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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body was worked into a dianmeter of 101 mmand a thickness of 5 mm and a
sputtering surface thereof was polished with a cup grindstone, thereby
producing a target. Metallic indiumwas used to bond this target to a

backi ng plate nade of oxygen-free copper. [0562] When gallium oxide
particles are present in a target, the target is generally electrified with
argon ions radiated fromplasm since 226 the specific resistance of the

gal lium oxide particles is high. As a result, arcing is caused. This

t endency becones nore remarkable as the electric power applied to the
target is E gher to make the amount of the radiated argon ions |arger.
On the other "hand, in the above-nentioned target according to the

i nvention, the speci fic resistance of each of the indiumoxide wherein

gal | i um under goes substitution/solid-solution intQ.i ndeusneisiies and the

i ndi um gal l'ate conmpupd i s| | oWmzin ot meaave\@l'gs dectrité gh-r-esi-stan ance—particles

are not preSemt ;M hus e "Er ¢TGN Y apmereg EFET at ed'“e’\f‘bnffnfparetthé appl i ed
power is i ncreased| For this feason, | a fill mrchm.he 6”“"5 “d"t dr~& hi gh speed
by_ appl yi ng4g]0hi hTg D:?L,L G ppRer 97563]2 Tt 4'85‘ pl tz"’4' edr, |é<‘?uL ungsten IS
"di spersed" i RATE bL U AT |2, THROSTEN U] JOES,5UbStLT gt owr{i*sm—n - sol ution
into indi uneSid @8 [Obas | NAT O OXbAE. That 5,:10(Say, (Re,forpsghat|tungsten
is contained-13 [no |0.04 sn |0.05 96 3.5 |3s6 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 Ho |0.03 - - 95 3.6 425 42.0 43.0

4-17 Ho |O. 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 - - g5 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 Examples 4-1 or 4-2, and Example 4-3 or 4-5 were carried out, and the contact resistances with Al were
ré]easurl'e% bg 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 cut, 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 group
Ml. Gawas adopted from the second group M2. The atomic composition
ratio of Ni ([Ni]/[In] + [Ni]) was 0.03, and the atomic composition
ratio of Ga ([Ga]/[In] + [Ga]) was 0.02. The relative density of

theproduced sputteringtargetwas 97%. Theaverageparticlediameter
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in the target may be a formthat tungsten is dispersed as a tungsten oxide
such as W3 or W)2 in the indiumoxide sintered body. The form may be a
formthat tungsten is dispersed as a conplex oxide between indium oxide and
tungsten oxide such as 1n2WBOL12 in the indiumoxide sintered body. By

di spersing in this way, the average dianeter of the crystal grains was nade
into 4.8 m This dianeter was obtained by inmge processing. It is preferred
that tungsten atons undergo 227 substitution/solid-solution into indium
sites of | ndi i where tungsten is dispersed into the indium oxide
sintered %%%fﬁqg agg%?on1ceﬁg¥él. The reason therefor is that the

atomc-level d &@fgsion is effective since the dispersion nakes electric
di scharge in sLu éring stabl e and nmakes the resistance of the resultant
transparent el ectroconductive thin filmlow This | owresistance film
corresponds to Oree gﬁpF%S%ﬁtﬁqﬁ§ 8?%%?ﬂ6¥bﬁﬁéé???%36kﬁﬁg PATC Y &Fai ms.
[0564] B, Conparative Exanples Exanples for conparison with above Exanples
4-1 to 4-Tm@bove beangdscArBed Aser aigfaflter thaispecohiientesdistenee copheat i ve
exanples is also shown in Table 5. [0565] "Conparative Exanple 4-1"
transparent electrode was 480 uQcm (see Table 6).

[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 adopted from the first group
Ml. Znwas adopted from the second groupM2. The atomic composition
ratio of Ni ([Ni]/[In] + [Ni]) was 0.05, and the atomic composition
ratio of Zn ([Zn]/[In] + [Zn]) was 0.08. The relative density of
theproducedsputteringtargetwas 96%. Theaverageparticlediameter
was 2.2 um (see Table 6).

[0586]

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 562 uQcm (see Table 6).

[0587]
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A sputtering target was produced in the sane way as in above Exanple 4-3
except the followng: A different point from Exanple 4-3 was that W3 was
not used as any raw material so that tungsten (W was not contained in the
sputtering target. The other matters were the sane as in Exanple 4-3. The
relative density of the produced sputtering target was 99% The average
particle dianmeter was 12.8 m (Table 5). These neasurenents were perforned
in the sane way as in Exanple 4-3. [0566] 228 "Conparative Exanple 4- 2" A

sputtering tar gete%%tg\eg% Gad LNCLNE FARP MY, 85, ) ARRVE  RXanpl g

except the follown er en poin

not used S any raw 0 that tun en S no cont |ne in the
sputteri nﬁg ga¥tSpa£n8 her %’rtoégre%]t &anr’tﬁ é\%% Qg‘hv%%aﬁelrht O 8 osition
rati o of Znh%l%zt [Zné ) was 0,16 wherein the [Zn] represents t he
nunber of ¢ rgps f”n%m'aﬁ ef:taéoter n FRPIEBEACS TeheS tiliTBer 1 Bt Athe at ons

of indium The other matters were the sane as in Exanple 4-5. The relative
density oWashb .gr wbed shatiard wgret hagiatatwals 088§4askhe navbe agedgpardfi cl e
dianeter was 3.8 Fun (Table 5) . These neasurenents were performed in the
sanme way aglass/Brampberdnt.clddx6dE/Ll” ResiestTabte 6f. t he case of adopting
each of the transparent
[0588]
“Example 4-12"
In present Example 4-12, Nb was adopted from the first group
M1l. Gewas adopted from the second groupM2. The atomic composition
ratio of Nb ([Nb]/[In] + [Nb]) was 0.04, and the atomic composition
ratio 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 pQcm (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/Al/transparent electrode”. The contact resistance with Al
was 35.5 Q when the same were laminated on glass in the order of

“glass/transparent electrode/Al” (see Table 6).

[0591]

239



el ectroconductive filns "Exanple 4-8" Each of the sputtering targets
obt ai ned i n above Exanples 4-1 to 4-7 was fitted to a DC sputtering
apparatus. A mask (a kapton tape) for first filmformation was fitted onto
a slide glass, and Al was forned into a filmof 200 nmt hi ckness.
Thereafter, the mask was lifted off to forma given Al pattern. A mask (a
kapton tape) for second filmfornmation was fitted thereto. Each of the
sputtering targets was used to forma transparent el ectroconductive film
(transparent el egfspde) 40f 3200 nm thickness. The mask for 229 filmformation
was |ifted off to obtain a given substrate for contact resistance

neasurenent . This d1.anspar.ent el e011 0NINCLLYE, 13140, 0LJ 43pDU5 Lo, one

exanpl e of the el ectrocon I'Ve oxi‘de’in aime. Ter minal s wete taken
out from photh _ends of the substrate, nd th t resi stance of, the

"gl ass/ Al ?raﬁgdﬁF%ﬁ?o Q%%f¥%ﬁégeﬁﬁ§onﬁéﬁgﬁpﬁgf Qﬁ&a?E%Tﬂ?C?@p?%ﬂﬁfﬁbr shown
in Table 5. [0 A substrate of "glass/transparent electrode/A", for

568
contact Fe&ieLdntie (¥R (FEnkrit [Nivas WaF b Wbt at @byt IHHTAGPLFEHIN s i n

order of the transparent electrode and Al. Simlarly, the neasured result
of the resdtiamdeSof ({$nl/ [Sudstr &3] )i vasogedher ThhovwldtivEabeesity ofbout the
sputtering targets obtained in above Conparative
theproducedsputteringtargetwas 96%. Theaverageparticlediameter
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 udcm (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 adopted from the first group
M1. Nometal in the second group M2 was used. The atomic composition
ratio of Ce ([Ce]/[In] + [Ce]) was 0.03. The relative density of

theproduced sputteringtargetwas 96%. Theaverageparticlediameter

was 2.3 um (see Table 6).
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Exanples 4-1 to 4-2 also, the sanme neasurenent was made. The results are
al so shown in Table 5. [0569] As shown in Table 5 also, in the case of
forming a filmof a transparent electrode on Al, the surface of A is

oxi dized to produce A1203. Thus, the resistance val ue generally becones

| arge. In other words, as shown in Table 5, in the el ectrodes containing
none of W M, N, Nb, Fe, Pt, Pd and | ant hanoids (the conparative

exanpl es) , theneasured resistance value of the "glass/Al/transparent

el ectrode" is (@sqe (see Conparative Exanples 4-1 and 4-2 in Table 5) . In
light of this matter, a transparent el ectrode wherein the contact

N e i S = Rl SR i e

Nb, Fe, Pt, Pd and/or an oids will
be detailed in Ex | es 4-10 to 4-22 |l ow. [0570].. D. Productio f a TFT
array subS? rPR¥e E%§§ﬁ61g'é:gA§Aﬂ]é Ve@&%éiﬁfﬁkécfﬁ¥”§&?8§es ate was

produced on the basis of the invention will be described with reference to
Fig. 10. trnpsmareatpeleftiedeAwasodss AQend(sem Na@blesofirst deposited onto a
light-transm ssible glass substrate 3001 by hi gh-frequency sputtering, so
as to have a fil®%di ckness of 1500 A. This is etched by photo-etching
usi ng a phosphoric acid-acetic acid-nitric

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
M1l. Snwas adopted from the second group M2. The atomic composition
ratio of Ce ([Ce]/[In] + [Ce]) was 0.05, and the atomic composition
ratio 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 pQlcm (see Table 6).

[0599]

The contact resistance with Al was 33.2 Q when glass, Al and
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aci d- based aqueous solution as an etchant to forma gate el ectrode 3002
havi ng a desired shape and a gate el ectrodew ring 3002a connected to the
gate el ectrode 3002. [0571] Next, asiliconnitride (SIiN) film for form nga
gate insulation film 3003, is deposited thereon by gl ow di scharge CVD, so
as to have a filmthickness of 3000 A. Subsequently, an a- Si:H (i) film
3004 is deposited thereon to have a filmthickness of 3500 A and further
a silicon nitride (SIN) film which will be a channel protective |ayer

3005, is ¢epasishegdatber eardteochaviie @ fbhihitielnessaof 3008e Arads oshe
di scharge gas at this tinme, a Si H4- NH3-N2-based mxed gas is used when the

or of cct Ve %&@yer heen a1 Beac W v, N satea f’nl’%%%@%gg%t%ie "whon

the a-Si: film 3004 is formed. 0572] Next, this SiN WhICh vv|II
be the ch‘éfr‘ﬁl 6.4r & wBeEPVENS SfEe WebB5ianinagfeg. %‘tlc%]é%f%épnﬁh% so as
to formthe channel protective |ayer 3005 havi ng a desired shape A

si tuation PfasHityapRRARIIt Prestacop(Rl| ayeee 3605€i%) i1l ustrated in Fig. 10.
Subsequently, a Si H4- H2- PH3- based m xed gas is used to deposit an a-Si:H

(n) film 3006 i R®A filmthickness of 3000 A. Next, a Cr/A bi-Ilayered
filmis fornmed thereon by depositing C& into a film thickness of 0. 1 m and
Al into a fil mYtExkadiesd-06”0.3 m successively

In present Example 4-16, Ho (holmium) was adopted from the
first groupMl. 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 pum (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 pQdcm (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 electrode”. The contact resistance with Al
was 43.0 Q when the same were laminated on glass in the order of
“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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by vacuum deposition or sputtering. [0573] About this bi-layer, its Al and
its Cr are etched by photo-etching with a H3P09- CH3000H HNO3- H20- based
etching solution and an aqueous solution of cerium (1V) anmoniumnitrate,
respectively. By the photo-etching, a desired pattern of the |ayer

el ectrode 3007 and a desired pattern of the drain el ectrode 3008 are
formed. Furthernore, the a-Si: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 et chi Agr4tShRGuENI1AGUROHSS lamd @@d@@owﬁ%%d%@) BQlgIp ONTheSA ASct 0 form
a desired pattern of the a-Si:H (i) film 3004 and a esired pattern of the

a-Si 1 H (nao@c!smtiigﬂ rat¥eXbe 18 wﬁgfpgfégnrf [gfoeﬁwoa%%&oﬁt a?f%l@ lsant]ta)g@@to form

protection fil I'n present Exa I'a ered Cr and

G (seo AT pofd)tsloal Bl Bt ﬂépi'/ﬁ%ﬁq it A kopls g st oad

3012 betvyeen the _source apd draln el ectrodes 3007 and 3008 and a

t r anspar entSEYe Ofr 688, PTIHCSCs SPHL P %EIY dPEEF oS (P i xEPe & EdRS6de
pattern 3009), and so forth. [0574] An anorphous transparent
eIectrOCGW@UdKﬂﬁedﬁBMﬁtés‘dﬁp@sﬁtﬂm (gge tTabdestbstrate, on which the
patterns of the source electrode 3007 and the drain el ectrode 3008 made of
the metallic Al [@®E Imade,

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 pQdcm (see Table 6).

[0605]

The contact resistance with Al was 42.3 2 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 on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0606]

“Example 4-18"

Inpresent Example 4-18, Er (erbium) was adopted fromthe first
group Ml. 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 pm (see Table 6).

[0607]

Next, the resistance value was measured in the same way as
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by sputtering using a sputtering target nade mainly 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 so forth are forned. This pixel electrode pattern 3009 corresponds
to one exanple of the "transparent electrode " in the clains. The anorphous
transparent el ectroconductive film which is a simlar thereto but is a

[ awrml e i3] abbie Bk € OLIES PRACS rb0u 0P (SALPLEL Al LRE; sELREL Laconduct | ve
oxide" in the clains. [0575] |In a manner of using, as the discharge gas,

pure argaQn_gas.__or_ar.gon s into i 2 gas incorporated in a trace
anount % aﬁBBGYGQE@ﬁg%Q&5E§ﬁE,a%f%%ﬂH@%ﬁ?é%?ee%§§¥?2§e film which would 233
becone t he pix%l6ﬁkfctrode pattern 3009 and so on later by etching, was
deposited into Q m t hi ckness of 1200 A. This 1n233-ZnO-WB fil mwas

anal yzed by a X-ray diffraction method. As a result, no eak was observed,
and the fil m wd8eaperrdmsitphesssfanan wike Adpeas 5% 9 Radiadt gheesofltand film
was about 3.8 x 10-4 Qcm Thus, the film was a filmcapable of being

sat i sf acttdei Fyansmaread aheetexda pdee 1amirated omn vElsisst chethdprghkot of et chi ng
using a 3.5 % by weight solution of oxalic acid in water as an etchant, in
such a mawgnessyhbttidispatrehth stdtdode” el atier certdat cepneciesk watatal east the
pattern of the

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
theproduced sputteringtargetwas 97%. Theaverageparticlediameter
was 4.3 um (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 pQdcm (see Table 6).

[0611]

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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source el ectrode 3007. In this way, the pixel electrode 3009, which was
made of the desired anorphous el ectrode, was forned. At this tinme, the
source el ectrode 3007 and the drain electrode 3008 of Al  hardly el uted out
by the etching solution. A gate-line-leading-out section 14 and a
source/drain-1ine-Ieading-out section 3010 are also covered with the
transparent electrode (see Fig. 10) . In this way, a TFT array substrate is
conpleted. This TFT array substrate corresponds to one exanple of the TFT
subst r at evgraddye rehapaBent [Dt8lrcdben B 5%y Tweight) sol ution of oxalic acid
in water is used as the etchant herein. It is also preferred to use, as the
etchant, an aqugeuys sol ution containing phosphoric acid/acetic acid/nitric
acid, or an aqueous solution containing ceriumamopniumnitrate. 1In the
case of wusing thﬁgﬁmggygg g~solutions, the same effects and advantages as
in the case of oxalic acid are obtained. 234 [0577] 1In Fig. 10, only one

TFT (thin filmgtransistor) is illustrated. Actuall however,, _pl ural TFTs
are arranged onﬂéf§ﬁﬁ§P$a%émﬁgfhéEgb'g%aéPF&?lETid%?ﬁfﬁ@p FHCQBF%é%e
structures, of the TFTs are equal to_  each other, only a sectional view of
the singl BLTETIFQUR Mlustirarat adPRtes §romdheoxrmsd gndisy ¥af t dhe fomic

| ight-shielding pattern is further forned
composition ratio of Fe ([Fel/[In] + [Fe]) was 0.05, and the atomic

composition ratio of Zn ([Zn]/[In] + [Zn]) was 0.10. The relative
density of the produced sputtering target was 95%. The average
particle diameter was 4.2 pym (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 pQcm (see Table 6).

[0614]

The contact resistance with Al was 29.6 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 35.4 Q when the same were laminated on glass in the crder of
“glass/transparent electrode/Al” (see Table 6).

[0615]

“Example 4-21"

In present Example 4-21, Pd (palladium) was adopted from the
first groupMl. Nometal in the second group M2 was used. The atomic

composition ratio of Pd ([Pd]/[In] + [Pd]) was 0.03. The relative
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subsequently to the state illustrated in Fig. 10, so as to conplete an

a-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) without any problem This TFT-LCD systemflat display
corresponds to one exanple of the liquid crystal display in the clains.
[0579] In present Exanple 4-9, there has been described an exanple wherein
the sputtering target produced in Exanple 4-5 is used to produce a TFT
array suhbiehsate aehdHeauprbdoced sputteednyotamder avalsi Qaéd Teeystatagk spl ay; it
is also preferred to use sputtering targets of other Exanples 4-1 to 4-7 to

produce TETtari@yqsdshslralss. 4|£;h§ S@ES@agﬂgugrred that the TFT array
substrates are each used to nake liquid crystal display. In the sane

manner as descrbgﬁ above, a I|qU|d crystal display wherein hal ftone

di spl ay (gray scal e’ displ ay) is satisfactorily attained is obtained. 235
[0580] E. S bout ] and | anthanoi ds Hereinafter,
exanpl es aboutﬁ%lg °Fe’ lﬁFan?% Véi N wﬁfﬁgnoﬁﬁgda ﬁ% = 155t 8?0@% will be
described. In each of . Ex gple 4-10 to Exa le 4-23, which will be descrlbed
bel ow, tH& SPeHs FHERELTbEd | P BaakBrest4 tfeon%ClzflCaﬁasE%ﬁ‘ﬁﬂee§’ 457 and 4-5

were carried out to pI’OdUCG sputterl n targets and neasure
transparent electrode was 564 cm (see Table o).

[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 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0618]

“Example 4-22”"

In present Example 4-22, Pt (platinum) was adopted from the
first groupMl. Nometal in the second group M2 was used. The atomic
composition ratio 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 pm (see Table 6).

[0619]

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 657 pQdcm (see Table 6).

[0620]
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the relative densities and the average particle dianmeters thereof. The
results are shown in Table 6. The sane nmanner 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 mentnd-3ntapd Mas sahhee ta t4i NE walkap$ I oe welbs R s ssahl shRct ori ly.
[0582] [Table 6] 236 Table 6 Contact reskence with Al Average Transparent

[M [M]/ tlE@'@»:ta'n\é%aP@ﬁE drghegtrpde @aﬁ%ﬁﬁéte moqﬂsswlrlv%h(e[&fdgﬁ M2 )

density diameter specific ~@ess/Al  ([In]+ M]) %resistance /transparent

L2 DI R AR A R 4

was 26.8 Q when the same were laminated on glass in the order of

“glass/transparent electrode/Al” (see Table 6).

[0621]

“Example 4-23"

In present Example 4-23, La {lanthanum) was adopted from the
first group M1. Zn was adopted from the second group M2. The atomic
composition ratio of La ([Lal/[In] + [La]) was 0.10, and the atomic
composition ratio of Zn ([Zn]/[In] + [Zn]) was 0.18. The relative
density of the produced sputtering target was 98%. The average
particle diameter was 2.2 pm (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 electrode was 620 pQcm (see Table 6).

[0623]

The contact resistance with Al was 23.0 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 39.3 Q when the same were laminated on glass in the order of
“glass/transparent electrode/Al” (see Table 6).

[0624]
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4-12 Nb 0.04 Ge 0.03 95 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 Go 0.03 96 2.3 493 35.3 38.3 4-15 Cc 0.05 Sn 0.05 97 2.8
387 33.2 36.4 4-16 Ho 0.03 - +0 95 3.6 425 42.0 43.0 4-17 Ho 0.04 Zn .10
96 2.5 463 42.3 43.5 4-18 Er 0.04 95 3.7 487 39.9 43.8 4-19 F. '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 -21 Pd
0.03 - - 96 4.1 564 37.6 47.6 22 Pt 0.03 - - 95 4.2 657 23.7 26.8 '4-23 La
0.10 Zn 0.30 98 H2.2 620 23.0 39.3 The steps in Exanples 4-1 or 4-2, and
Exanpl e 4-3 or #A- Yamerneieasri ed out, and the contact resistances with Al
were neasured by the nethod of Exanple 4-8. The devices operated w thout

any problemin AhehsagBor@nnglt idsehinexaipideyi egeff hdxappbe JefbribBg Steps
in Exanples 4-1 or 4- 2, and Exanple 4-3 or 4-5 were carried out, and the

cont act r&ésln?l% Ct%s%t ﬁbné"%rr%gl%aﬁé”ﬁg Ry, ddiepfrepfod of, li§s4-8. The

devi ces oper out “any pro in the same nanner as t TFT devi ce
of Exanpl e " esent d ed from
the first gﬁhgflr%f%”g%pré SQE S% tﬁ%%%@ggﬁ%@%%séﬂﬁéﬁ%aﬁ%a %
conposition ratlo f Ni N|]/[In% I{NI ) was 0.03, and the atomc
conposi t i ¥F RELENGeet Wegh +%%PF[WH e 4 foma%r%‘ﬁﬁa ‘The relative density

of
As the above-mentioned examples, there have been described

exampled using only one from 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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t he produced sputtering target was 97% The average particle dianmeter 237
was 2.1 pm (see Table 6). [0583] 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 electrode was 480 pDcm (see Table 6). [0584] The
contact resistance wwth Al was 22.4 Q when glass, Al and the transparent

el ectrode were lamnated on glass in the order of "glass/Al/transparent

el ectrode". The contact resistance with Al was 26.6 Q when the sane were

| am nat ed-otrvH ass in the order of "glass/transparent electrode/Al" (see
Table 6). [0585] "Exanple 4-il" In present Exanple 4-11, N was adopted
fromthe first group M. Zn was adopted fromthe second group M2. The
atom c conposition ratio of Ni ([N] / [In] + [N|] ) was 0.05, and the

atom c conpositjo rati f nl/[1 Zn]) was. 0.08. The relative
density of the p &@&ngégﬁtﬁ%ﬁég# t# ﬁ@% e96@omRﬁE$HV%rage particle
dianeter was 2.2 pm (see Table 6). [0586] Next, the resistance val ue was
measured in t he? SHPESRAYCRE SWiPtdlséee Exanple 4-8. As a result, the specific

resi stance of the
a source electrode formed over the transparent substrate,

a drain electrode formed over the transparent substrate, and

a transparent pixel electrode formed over the transparent
substrate, wherein the transparent pixel electrode is a transparent
electroconductive film which is made mainly of indium oxide, and
further comprises one or two or more oxides selected from tungsten
oxide, molybdenum oxide, nickel oxide and niobium oxide, and the
transparent pixel electrode is electrically connected to the source
electrode or the drain electrode.

2. Athin film transistor liquid crystal display, comprising:

a thin film transistor substrate comprising a transparent
substrate, a source electrode formed over the transparent substrate,
a drain electrode formed over the transparent substrate, and a
transparent pixel electrode formed over the transparent substrate,

a color filter substrate wherein a colored pattern in plural
colors is formed, and

a liquid crystal layer sandwiched between the thin film
transistor substrate and the color filter substrate, wherein the
transparent pixel electrode is a transparent electroconductive film

which is made mainly of indium oxide, and further comprises one or
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transparent el ectrode was 562 pS2cm (see Table 6). [0587] 238 The cont act
resistance wwth Al was 21.3 Q 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 25.4 Q when the sanme were | am nated on
glass in the order of "glass/transparent electrode/Al" (see Table 6).
[0588] "Exanple 4-12" In present Exanple 4-12, Nbo was adopted fromthe
first group M. Ge was adopted fromthe second group M2. The atomic

conposi tigfo JrahbLe %fxﬁés(ié\i@cft[ehnhdh Em%%tw%x9d941m&%dhh%aéﬂr@ec
conposition ratio of Ge ([Zn]/[In] + [Zn 3. The relative density

L, e e i dgores i, Se ey \adary,

was 3.1 m(see I'Ue Was reasured in
t he sanme way ove Exanple 4-8. As a result ifi,c reS|stance
of the tF B e o S LT OIE BRES CA 2o RSTHCEe BT LB O T80T The
contact resistance with Al was 32.7 0 when glass, Al and the transparent
el ect r ode®¥@Fe9%ni nat ed on glass in the order of "glass/ Al / transparent

el ectrode”. The contact resistance with Al
3. A process for producing the thin film transistor substrate

according to claim 1, comprising:

the step of depositing the transparent electroconductive film
over the transparent substrate, and

the step of using an acidic etchant to etch the deposited
transparent electroconductive film, thereby forming the transparent
pixel electrode.

4.The thin film transistor substrate producing process
according to claim 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) ammonium nitrate.

5. A sputtering target, which is made mainly of indium oxide,
and comprises:

one or two or more metal (s) selected fromthe 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 cxides of one or two or more metal (s) selected
from the second metal group M2 consisted of lanthanoid-based metals.

6. The sputtering target according to claim 5, wherein the

value of [M1]/([M1] + [In]), which is the composition of one or two
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was 35.5 52 when the sanme were | am nated on glass in the order of

"gl ass/transparent el ectrode/Al" (see Table 6). [0591] 239 "Exanple 4-13"
present Exanple 4-13, Nb was adopted fromthe first group M.
adopted fromthe second group M2. The atom c conposition

([No]/[In] + [Nb]) was 0.04, and the atom c conposition ratio of Sn
(fsn]/[In] +[Sn]) was 0.05. The relative density of the produced

sputtering target was 96% The average particle dianmeter was 3.5 Nm (see

Sn was
ratio of Nb

In

Tabl e 6).of G&92] meteXts) tdee ebe8d St Eh¥af Lhes tWas t SR agti gdMI Ncd e e way as
in above Exanple 4-8. As a result, the specific resistance of the

transpar ept el gst WerasPt?’éﬁdﬁcgk(é?eem@?i ﬁﬁ)de %951%3]1nd19ﬁ Sonjact

resi stance w'th was 31
wer e IanlnﬁpEQDO% %bgs _@;}h% %rder of "glass/Al/transparent el ectrode".

The cont ac H'A" "was 34.6 0 when the sane were | am nated on

glass in the or ' ar ent eIectrode/AI (see Table 6)
[ 0594] "Exanplg“%"f ‘ﬂeﬁ% gP@iéFfM Ty )4 4R1Chd Syie ﬁ@ﬁ?éﬂt%%mft he

n gl ass

resi stance

first group

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 [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 metallic indium.

7. The sputtering target according to claim 5 or 6, 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, Ce, Ho, and Er.

8. A sputtering target, which is made of indium oxide, and
comprises:

one or two or more metal (s) selected fromthe 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 (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
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M. No netal in the second group M2 was used. The atom c conposition ratio
of Ce ([Ce]l/[INn] + [Ce]) was 0.03. The relative density of the produced
sputtering target was 96% The average particle dianmeter was 2.3 pm (see
Tabl e 6). 240 [0595] 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 493 pOcm (see Table 6). [0596] The contact
resistance with Al was 35.3 S2 when glass, Al and the transparent el ectrode

vere | am pasedHentBl AgSndtalt Beo@p dey BhsisGbRTY Ab/ tsANIRIr 6Atad erl.r ode”.
The contact resistance with Al was 38.3 0 when the sane were | am nated on

glass in the orger N I r .ect NS ) .
[0597] " Exanpl g E%“Sp}lgjc%fsg{séentt% Q%%gn% eor?-l%%, E%edﬁmagsm asgoﬁrt?%%@ﬂ e S

(L1t 0 ol R IRSeIoBted ARS, PSR LR I8 o ool o
conposi tion rat%o oiféns%[gnglél.J + ESgkﬁfwa% 0.?5. The rel ative density
of the prbdiRd&dSpat (2r iShgSFaf é?‘ﬁbg 9ot TRt TEV R P Ipal'ti O Hitafet er
wes 2.8 né% SWe,eM;)r?bI\}be, Ie\ls)l, togrglglPd, 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 [M3]/([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 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 atoms of metallic indium.
10. The sputtering target according to claim 8 or 9, 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, Ce, Ho and Er.

11. A transparent electroconductive film, which ismademainly
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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
387 pQxm (see Table 6). [0599] The contact resistance with Al was 33.2 S2
when glass, Al and 241 the transparent electrode were |am nated on glass in
the order of "glass/Al/transparent electrode". The contact resistance with
Al was 36.4 Q when the sane were |am nated on glass in the order of
"glass/transparent el ectrode/ Al" (see Table 6). [0600] "Exanple 4-16" In

present Exanddr b&idEp 4holdonpr)iswes adopted fromthe first group ML. No
nmetal in the second group M2 was used. The atomic conposition ratio of Ho

([Ho]/[In] + [Hold oWasidbiORord Rech el tbe\éfecﬂﬁﬁﬂ&b{tﬁlé ftlh}gtme%%chgﬁ%l\lm (see

sputterlng target was 95% The aver age particle dlaneter was 3

Tabl & 6). 4] Q80U o Maxts f Mo ! 6 shance. valugy was. TRas @l Jinothe, sage ey as

i n above Exanp a res f he speC| fcresis
transparepf elqptro e % 425 pS cnl(see Table 6). [0602] The contact
resi stanc VMW%] Swas?42. 0 Q when glass, Al and the transparent el ectrode

were |lam nated on glass in the order of
an oxide or oxides of one or two or more metal (s) selected

from the second metal group M2 consisted of lanthanoid-based metals.

12. The transparent electroconductive film according to claim
11, 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, 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 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 [M2] represents the number of the atoms of one or two or more
metal (s) selected from the secondmetal group, and the [In] represents
the number of the atoms of indium.

13. The transparent electroconductive film according to claim
11 or 12, wherein the oxide (s) of one or more metal (s) selected from
the second metal group M2 consisted of lanthanoid-basedmetals is/are
an oxide or oxides of one or more metals of La, Ce, Ho and Er.

14. A transparent electroconductive £ilm, which ismademainly
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"glass/ Al /transparent electrode". The contact resistance with Al was 43.0 Q
when the sane were |lam nated on glass in the order of "glass/transparent

el ectrode/ Al" (see Table 6). [0603] "Exanple 4-17" In present Exanple 4-17,
Ho (hol mum was adopted fromthe 242 first group M . Zn was adopted from
the second group M2. The atomic conposition ratio of Ho ([Ho]/[In] + [Ho])
was 0.04, and the atomc conposition ratio of Zn ([Zn]/[In] + [Zn]) was
0.10. The relative density of the produced sputtering target was 96% The
aver age @arirdile dkadef eindvasmprdspsm (see Table 6). [0604] Next, the

resi stance val ue was neasured in the sane way as in above Exanple 4-8. As a

result, the spegid be thedShaPCRe 041 tdHeseldanPF ANt helreehE ade SR H83 NS2cm
(see Tabl e 6). [0605] The contact resistance with Al was 42.3 Q when gl ass,

and E?P ddrdnspaL & el g6t WeNﬁrﬁc LA Bat &t on GLAgs o'r”%J;%? prger of

"gI ass/ Al [transparent el éctro e contact’ resi stance Wt was 43.5 Q
when t he sane vgerlz l\_am nated on glass in the order of "glass/transparent
el ect r oder' At 'me( See>Tabl e 6). [0606] "Exanple 4-18"

an oxide or oxides of one or two or more metal (s) selected
from the second metal group M2 consisted of lanthanocid-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.

15. The transparent electroconductive film according to claim
14, 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, Mo, Nb, Ni, 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 [M3]/([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 [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)
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In present Exanple 4-18, Er (erbium was adopted fromthe first group M

No netal in the second group M2 was used. The atom c conposition ratio of
Er ([Er]/[In] + [Er]) was 0.04. The relative density of the produced
sputtering target was 95% The average particle dianmeter was 3.7 pin (see
Table 6). [0607] Next, the resistance value was neasured in the sane way as
243 in above Exanple 4-8. As a result, the specific resistance of the
transparent el ectrode was 487 pOcm (see Table 6). [0608] The contact

resi st ancgeWeddb A r RS h3S2Rdwhan 19 AssH, Hhe aRd ;Mrtef&egéﬁ% RakeNtmlect rode

were |l am nated on glass in the order” of "glass/ /transparent el ectrode”.

The cont ag. EsLSLROCS: Wilhnl ) 18s 43.8: 0, Wien the SA, were)| ampat ed on

glass in e or nsparent electro

[ 0609] "Exgnple 4 19" In present Exanple 4-19, Fe was adopted fron1the
first grofp . No netal in the second group M2 was used. The atomc
conposition ratlo of Fe ([Fe]/[In] + [Fe]) was 0.04. The relative density
of the producet"R@plttlereryetarettiftad@Per ghdhaydpdgenpalrdicl e di anet er

was 4.3 m (see Table 6). [0610]
16. The transparent electroconductive filmaccording to claim

14 or 15, wherein the oxide(s) of one or more metal (s) selected from
the second metal group M2 consisted of lanthanoid-basedmetals is/are
an oxide or oxides of one or more metals of La, Ce, Ho and Er.

17. 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 first metal groupMl 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 mainly of Al or Ag.

18. The transparent electroconductive glass substrate
according to claim 17, 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, Mo, Nb, Ni, Pt and Pd, or the

metal oxide(s) to indium oxide, is from 0.005 to 0.2, and
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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
456 pOcm (see Table 6). [0611] The contact resistance with Al was 28.4 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 34.2 0 when the sanme were |am nated on glass in the order of 244
"glass/transparent electrode/ Al" (see Table 6). [0612] "Exanple 4-20" In

present Exanpl eyl 281 uE& A Egbwymz ws[rﬁqut@ﬁléH 9/ £he cofpbsit S5 PWR ML Zn
was adopted fromthe second group he atom c corrp05|t| on ratio of Fe

(Lznl 111 nfS 0%58%15“%? il *%%2 %%ar?ff@%aﬁaeif%"i;’e% P Petbhg g

tt 95% The 4,
Tobl ¢ 6) 5%1% ﬁ@% T esP i FaRteed BRGe R ARALEP G h 2k way as
i n above Exa 4- 8. As a result the specific resistance of the

t r anspar eht9 é@t Potie WREeAB0t e Jdth] ( SERTRMILS bhe PUERA Of THee Ghvisct

resistance with Al was 29.6 0 when glass, A and
of one 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.

19. The transparent electroconductive glass substrate
according to claim 17 or 18, wherein the oxide(s) of one 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, Ce, Ho and Er.

20. 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, 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 (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, and

a metal thin film which is formed over the glass substrate
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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 ML. No netal in the second
group M2 was used. The atom c conposition ratio of Pd ([Pd]/[In] + [Pd])
was 0.03. The relative 245 density of the produced sputtering target was

96% The avgrpYenRARLiR ¢ G aleler ayas 4.1 dun (see Table 6). [0616] Next,
t he resistance val ue was measured in"the sane way as in above Exanple 4-8.

85,2 result, the snpel fhe cesi slenoe 91 Lhg..rANSpaLent olactiade was S64

N52cm (see Table b). e contact ‘resistanc Was 37.6 S2 when
o dor of 20T HERIGT CHATE ALy SSE B FOURICE ThdTRORTME) Pesidi e ah (h A
was 47.6 Q when the same were |lamnated on glass in the order of
"gl ass/ t r ahspr EATPRTECONodR /NS of @ JaBlcEeayetdloEl 8el egbathrem 4 hgp
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,
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 [M3]/([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 [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.
22. The transparent electroconductive glass substrate
according to claim 20 or 21, 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, Ce, Ho and FEr.
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In present Exanple 4-22, Pt (platinum was adopted fromthe first group M

. No netal in the second group M2 was used. The atom c conposition ratio of
Pt ([Pt]/[In] + [Pt]) was 0.03. The relative density of the produced
sputtering target was 95% The average particle dianeter was 4.2 m (see
Table 6). [0619] 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 657 NOcm (see Table 6). [0620] 246 The contact

resi stance wt h23AI A Oc%%s?];%e%\g?%%(?ilr?g,thg:n Pﬂ?"AF’} Sitsrtaonrsgﬁr%secgj{at%l ectrode

were | anm nated on glass in ass ranspare ect'rode".
The contact resi.stance with Al was 26.8 S2 when the sane were | am nated on
glass in AT dEC of "glass/transparent el ectrode/ Al" (see Table 6).
[0621] "Exanple 4-23" In present Exanple 4-23, La ((@Iéant hanum) was adopt ed
fromthe first2§itsap ndughohids radoprearaion iteas ééond Qr GURPNESiNhe
atomc conposition ratio of La ([La]/[In] + [La]) was 0.10, and the atom c
conposi t i ome reat morefmetra (e 2alé¢ted frofZalnetsds 9008 . MITensekaed \af Waensity
of the produced sputtering target was 98% The average particle dianeter
was 2.2 mi¢sde,Tabl eFd) .Pd, Pt, Ce, Ho and Er to form, over a transparent
insulating substrate, a first conductor which is any conductor
contained in a conductor 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 insulating
substrate,
a contact hole making step of making a contact hole in the
formed insulation film, and
an electrically connecting step which is a step of forming
a second conductor comprising a transparent film electrode onto the
insulation film, andwhich is a step of connecting the second conductor
and the first conductor electrically toeach other through the contact
hole.
24.Athinfilmtransistor, comprisingatransparent insulating
substrate, and a first conductor which is formed over the transparent
insulating substrate and is any conductor contained in a conductor
group El1 consisted of a gate, a source and a drain,

wherein the first conductor comprises an Al layer made of an

Al alloy comprising one or more metals selected from a metal group
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[0622] 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 620 pl2cm (see Table 6). [0623] The contact resistance with
Al was 23.0 0 when glass, Al and the transparent el ectrode were | am nated
on glass in the order of "glass/A/transparent el ectrode". The contact
resistance wwth Al was 39.3 52 when the sane were |am nated on glass in the
order of "glass/transparent electrode/Al" (see Table 6). [0624] 247 F.

Vari ati ong1 Asoidiestaboye-mentd,onad fxanmd esq,t ber echave hganpdeseid hed
exanples using only one fromW M, N, Nbo, Fe, Pt, Pd and |l anthanoids in

the first ghoundy ¢, nesdly ?ﬁcéﬁ?&%’r hdlfe 8?%%%{5&&%%%&“&1%%%‘&&% are

pr oduced en two or nore erefrom are used. above-nentione

exanpl es, _there have been descri bed anpl e sing.only one fromsSn, Zn, Ge
and Gt nEEHE G B Han G g For aad 658 T LAy Lofne Bhihwer Fot (o sty

advant ages are produced when two or nore therefromare used. 248 CLAI M 1.
A thin fi ARt -stor substrate, conprising:

25. The thin film transistor according to claim 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 MI.

26. Athin filmtransistor substrate, comprising a transparent
insulating substrate, an insulation film which is formed over the
transparent insulating substrate, comprises a first conductor which
is any conductor contained in a conductor group El consisted of 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 film,

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
conductor,

the second conductor is made of a transparent film electrode,
and

the second conductor is electrically connected to the Al layer
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a transparent substrate, a source electrode forned over the transparent
substrate, a drain electrode forned over the transparent substrate, and a
transparent pixel electrode formed over the transparent substrate, wherein
the transparent pixel electrode is a transparent el ectroconductive film
which is made mainly of indiumoxide, and further conprises one or two or
nore oxi des selected fromtungsten oxide, nolybdenum oxide, nickel oxide
and ni obi um oxi de, and the transparent pixel electrode is electrically

connect edof o e i3QUr e6na&t @t edeugh tihe dndihprehgedrode. 2. A thin film
transistor liquid crystal display, Conprising: a thin filmtransistor

substrate conprls] e r{;&fﬁfﬁﬂ?gﬁsiﬁﬁ%&ﬁéﬁa& F8rdin @&%ﬁQ?ﬁ Jeor med
over the transparent substrate, a drain el'ectrode forrmed over e
t ranspar ent subs% ate, and a _transparent pixel electrode forped over the
tr anspar cHESSUBLE PRt 2"FPEERBF 41t B SUSEEr BB RGP RY o Por S BRY t ern i n
plural colors is forned, and a liquid crystal |ayer sandw ched between the
thin fil nPXi9em&LBtBrubsrdaie LARPHRE ADANHL IR i nsubstdat RdvHéCei n t he
transparent pixel electrode is a transparent electroconductive film which
i s made nekkds. of indium oxide, and further conprises one or 249 two or nore
oxi des sel ected from tungsten oxi de, nolybdenum oxide, nickel oxide and
ni obi um oxi de, 2a&d Theetiiransparerinspsret wlbeeraddaiccording to claim 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 Ml.
29. A liquid crystal display, comprising the thin film
transistor substrate according to any one of claims 26 to 28, and
a liquid crystal layer which is driven by the thin film
transistor substrate.
30. A TFT substrate for a 1liquid crystal display, comprising:
a transparent substrate,
agateelectrodewhichis formedover 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 transparent electrode formed over the transparent substrate,
wherein the transparent electrode is an electroconductive

oxide containing: indium oxide, and

an oxide or oxides of one or two or more metal(s) selected
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is electrically connected to the source electrode or the drain electrode.

3. A process for producing the thin filmtransistor substrate according to
claim1l1, conprising: the step of depositing the transparent

el ectroconductive film over the transparent substrate, and the step of
using an acidic etchant to etch the deposited transparent el ectroconductive
film thereby formng the transparent pixel electrode. 4. The thin film
transi stor substrate produci ng process according to claim3, wherein the

aci di c et eRaNt HeOPPFd S8 oAPWMORENs PEt ANK MO M3!, P &0 rOX @ Cp@cCidy @ mi xed
acid conprising phosphoric acid, acetic acid and nitric acid, or cerium
(I'v) ammo : L N4t e . A sputtering target, which is nade mainly of

i ndi um OX|P e, 6{H<5(13r11 éoﬁ%(?i ses: one or two or nore netal (s) selected fromthe
first nmetal group, ML consisted of W M, Nb, N, Pt and Pd, or an oxide or
oxi des of the ﬁxg]t%It(r§P§pﬁﬁﬁn%r?1§>?it68d8rl%)@iO&é‘Eerdb‘??ecthy tRo?orlSaste

netal (s) selected fromthe second netal group M2 consisted of

| ant hanoi @Pdgsedt rdapslectrd fren shegrepp r§NEas trd CaAdberdhivge tertogiem 5,
wherein the value of [M]/([M] + [In]), which is the conposition of one or

two 250 omaderadndwt af (B), sélecsbedcd ramdthedéi asd thet alragnospedfircciensi st ed

31. The TFT substrate according toclaim 30, 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 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.

32. The TFT substrate according to claim 30 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 gallium beside indium oxide.

33. The TFT substrate according toclaim 32, wherein [M2]/ ([In]
+ [M2]), 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, 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 one or any two or more of tin, zinc, germanium,

andgallium, and the [In] represents the number of the atoms of indium.
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of W Mp, Nb, Ni, Pt and Pd, or the netal oxide(s) to indiumoxide, is from
0.005 to 0.2, and the value of [M] / ( [M] + [In]), which is the
conposition of the oxide (s) of one or two or nore netal (s) selected from
the second netal group M2 of | anthanoi d-based netals to indiumoxide, 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, the [M]
represents the nunber of the atons of one or two or nore netal (s) selected

from the secondwetpalspglrte@pm@rn@agg}& Lbsh semuesents of he-quer of the

atons of netallic indium 7 esputterlngtarget accor ngtocaim5 or
6, wherei d taI I d rom t.he .second
nmet al grgﬁaﬁ%%r%?k §£ teirr?(()jled lé:g{e 5" |sﬁ§%esugjﬁ%ox? ef]c or oJ><]l(%lle§i of
or nore netals s lectedfrom n puttering target,
which is weY a&f5%%%%6%&5@%&481%&%??slégmsﬁ—‘ef.\/éﬂca?m U E et al  (s)
selected fromthe first netal group ML consisted of W M, No, N, Pt and
Pd, or ant}é&FH@nWa@ﬂtdé@CéﬁTOdﬁﬁélﬁﬁﬁapeb}eOﬁﬁeémd@l@?e@ﬁlﬂ@@mﬂdm’e or two
or nore netal (s) selected fromthe second netal group M2 consisted of
| ant hanoi te bassEidaretde orwiandg ardexnade lgrofoki desddtheosuttreting torrgeanr e
netal (s) selected 251

being made of an electroconductive oxide comprising:

one

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.

35. The sputtering target according to claim 34, wherein
(M1]1/([In] + [M1]), which is the atomic composition ratio of the
oxide(s) of one or two or more 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.

36. The sputtering target according to claim 34 or 35, 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.

37. The sputtering target according to claim 36, wherein
[M2]1/([In] + [M2]), which is the atomic composition ratio of the

oxide (s) of the metal (s) selected from the second group M2 to indium
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fromthe third netal group M3 consisted of Zn, Sn, Zr, Ga and Ge. 9. The
sputtering target according to claim@8, wherein the value of [M]/([M] +
[In]), which is the conposition of one or two or nore netal (s) sel ected
fromthe first netal group M consisted of W M, Nb, Ni, Pt and Pd, or the
metal oxide(s) to indiumoxide, is fromO0.005 to 0.2, the val ue of
[M]/([M] + [INn]), 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 dn hagesh dmtaksnhoct el B Q¥ 48, rrdnsof 6 00 008t Pe 2 +ABGMAE val ue
of [MB]/([MB] + [In]), which is the conposition of the oxide(s) of the

ol (5) PELECLAA S LRI ANBAN LA LRl g LR M CONSI Rl R8I, 39, 21 G

and Ge to Indium oxi erein repre ts the
nunber of the at of .one or two or nore rretal{}i)e ;g%ectqeﬁi Eromthe first
Tetal gr oFPISTIRS TERB]E Ponr et CESE R RBRY Tor L TRTBRE O BRI wo. o
nore netal (s) selected fromthe second netal group, the [M] represents
t he nunbePf ¥ PR@ 3t BRY¥ B PREGHS af (R seleet 88 rRABREhenand s Ll iy al
group, and the [In]] represents the nunber of the atons of nmetallic indium
10. The spudttard ndnt argeresaitor dhagnumbey] @ifmtBeopt9ns wiferigiddumt he oxi de (s)
of one or nore netal (s) selected fromthe second netal group M consisted
of | ant hanoi d- baged etjalid ¢sysrad dnspkageroridediwiesh of TeNeswsstaate net al s
of La, Ce, Ho and Er. 11. A transparent electroconductive film which is
made mai nh¥d a liquid crystal,
wherein the TFT substrate comprises:
a transparent substrate,
agateelectrodewhichis formedover thetransparent 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, 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 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 or transparent electrode is jointed
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252 of indium oxide, and conprises: one or two or nore netal (s) selected
fromthe first metal group M consisted of W Mo, Nb, N, Pt and Pd, or an
oxi de or oxides of the netal(s), and an oxi de or oxides of one or two or
nore netal (s) selected fromthe second netal group M2 consisted of

| ant hanoi d- based nmetals. 12. The transparent el ectroconductive film
according to claim1ll, wherein the value of [M] / ( [M] + [In] ) , which
is the conposition of one or two or nore netal (s) selected fromthe first

nmetal gro IS o] i R t xi de(s)
to indi U%PE&%M&&P Q%tfir%%to%%%l%(gtﬁ&% Sg!rll%ct %%gﬁgeo&){%ﬁlﬁ%ﬁedﬁ [1n]),
which is the . .conpositjon of, the oxi.de (s f e or two or re metal (s)
s6l oct ed PForia B eet i 2o s A TSt i ol R anr e b S LBE RS L T o
indiumoxide, is from 0.005 to 0.2, wherein the [ ML] represents the nunber
of the atbie G T0ReS6F P90 or nore metal (s) selected fromthe first netal
group, the [NQ% represents the nunber of the atons of one or two or nore
metal (s) sel ect ¥ fren idvd ds@pittd Lndt el agr aegRrimet Fe CLAR] 3Bepresditls  t he
nunber of the atonms of indium 13. The transparent el ectroconductive film
accor di ng[ib] £{ dinh +11Mbl) 12hiwhelei the ke ooiicdeors)s idficoneabio nof eheet al  (s)
selected from the second netal group M2 consisted of |anthanoi d-based
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| M1 to indium in the electroconductive 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 group M1 and the [In]
represents the number of the atoms of indium.

40. The liquid crystal display according to claim 38 or 39,
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.

41. The liquid crystal display according to claim 40, wherein
[M2]/([In] + [M2]), which is the atomic composition ratio of the
oxide(s) of the more metal (s) 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 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 one or any two or more of tin, zinc, germanium,
andgallium, and the [In] represents the number of the atoms of indium.

42 . A pixel electrode for driving a liquid crystal, which is

used in a TFT substrate, for a liquid crystal display, comprising:
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14. A transparent el ect roconductive f ilm which is nade mainly 253

a transparent substrate,

agateelectrodewhichis formedover 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 source electrode 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 of W, Mo, Ni, Nb, Fe, Pt, Pd, and
lanthanoids, and

the pixel electrode being 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.

43. The pixel electrode according to claim 42, wherein
[M11/([In] + [M1]), which 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 [M1l] represents the number of the atoms of one or two

or more metal(s) selected from the first group M1 and the [In]
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represents the number of the atoms of indium.

44, The pixel electrode according to claim 42 or 43, 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.

45. The pixel electrode according to claim 44, wherein
[M2]/([In] + [M2]), which is the atomic composition ratio of the
oxide (s) of the metal (s) selected from the second group M2 to indium
in the electroconductive oxide, is from 0.01 to 0.3 wherein the [MZ2]
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 one or any two or more of tin, zinc, germanium, and gallium,
and the [In] represents the number of the atoms of indium.

46. A transparent electrode, which is used in a TFT substrate,
for a liquid crystal display, comprising:

a transparent substrate,

agateelectrodewhichis formedover 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 formed over the transparent substrate, and

the transparent electrode for protecting the gate electrode,

the source electrode and the drain electrode,
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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, Mc, Ni, Nb, Fe, Pt, Pd, and
lanthanoids, and

the transparent electrode being 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.

47. The transparent electrode according to claim 46, wherein
[M1]/([In] + [M1]), which is the atomic composition ratio of the
oxide (s) of one or two or more metal (s) selected from the first group
Ml 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 M1l and the [In]
represents the number of the atoms of indium.

48. The transparent electrode according to claim 46 or 47,
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.

49. The transparent electrode according to claim 48, wherein
[M2]/([In] + [M2]), 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, is from 0.01 to

0.3 wherein the [M2] represents the number of the atoms of one or
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two or more metal (s) selected from the second group M2, that is,
the number of the atoms of any one or any two or more of tin, zinc,
germanium, and gallium, and the [In] represents the number of the
atoms of indium.

50. A process for producing the TFT substrate according to
any one of claims 30 to 33, comprising:

the step of depositing the electroconductive oxide onto the
transparent substrate, thereby forming a thin film of the
electroconductive oxide, and

thestepofetchingthe formedthinfilmoftheelectroconductive
oxidewithanaqueous solutioncontainingoxalicacid, thereby forming
the transparent electrode.

51. A process for producing the TFT substrate according to
any one of claims 30 to 33, comprising:

the step of depositing the electroconductive oxide onto the
transparent substrate, thereby forming a thin film of the
electroconductive oxide, and

thestepofetchingtheformedthinfilmof theelectroconductive
oxide with an aqueous solution containing phosphoric acid, acetic
acid and nitric acid, thereby forming the transparent electrode.

52. A process for producing the TFT substrate according to
any one of claims 30 to 33, comprising:

the step of depositing the electroconductive oxide onto the

transparent substrate, thereby forming a thin film of the
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electroconductive oxide, and

thestepofetchingthe formedthinfilmof theelectroconductive
oxide with an aqueous solution containing a cerium aluminum salt
of nitric acid, thereby forming the transparent electrode.

53. A process for producing the TFT substrate, the sputtering
target for producing a transparent electrode, the liquid crystal
display, the pixel electrode, the transparent electrode, or the TFT
substrate according to any one of claims 30 to 52, wherein the
lanthanoid(s) are one or more lanthanoids selected from Ce, Nd, Er

and Ho.

269





