DESCRI PTI ON | NDI UM OXI DE- CERI UM OXI DE BASED SPUTTERI NG TARGET, TRANSPARENT
ELECTROCONDUCTI VE FI LM AND PROCESS FOR PRODUCI NG A TRANSPARENT
ELECTROCONDUCTI VE FI LM Background Art [0001] The invention relates to a
sputtering target for producing an el ectrode substrate for driving liquid
crystal, an electrode substrate for EL, or the like. The invention also
relates to a transparent el ectroconductive film produced by use of the
sputtering target, and a process for producing a transparent

el ectroconductive film using theDESQRIPEILIONG target. Background Art [0002]
Techni cal background Hitherto, materials doped with Sn have been
investigated for a sputtering target for transparent el ectroconductive
films. In particular, ITO (indiumtin oxide) has wdely been used. [0003]

However, it tm@@ﬁew%@i@gﬁwﬁt akiripze dald b Ns PUReE R thid OrARKRTL he specific
resistance of 1TOlow It is therefore necessary to formI1TO info a filmat
high tenmper abuhfpMENT ELECTROCONDUCTIVE FILM, AND PROCESS FOR

PRODUCING A TRANSPARENT ELECTROCONDUCTIVE FILM

Background Art

[0001]

The invention relates to a sputtering target for
producinganelectrode substrate fordrivingliquidcrystal,
an electrode substrate for EL, or the like. The invention
also relates to a transparent electroconductive film
produced by use of the sputtering target, and a process for
producing a transparent electroconductive film, using the
sputtering target.

Background Art

[0002]

Technical background

Hitherto, materials doped with Sn have been
investigated for a sputtering target for transparent
electroconductive films. 1In particular, ITO (indium tin
oxide) has widely been used.

[0003]

However, it is necessary to crystallize ITO in order



conduct predeterm ned thermal treatnent after 1TOis forned into a film

For etching process of a crystallized ITOfilm aqua regia (a m xed
solution of nitric acid and hydrochloric acid) , which is a strong acid, is
used. However, the occurrence of the inconveniences due to the use of the
strong acid may be problematic. In other words, in a liquid crystal display
devi ce wherein constituents such as TFTs (thin film transistors) are used,
metallic thin lines may be used for a gate line, or source/drain |ines (or

el ectrodes) riaé tHe spldoier 0f relschituhéded TOfibm W th afuadedidxet here
may be caused problens that the |ines nmade of these wiring materials are

broken, opcbecE J Hid-£d QP00 ThUS, o SHOBRSL €0nE §hac BREROG (Qf L oring a
filmof anorphous ITOIin the presence of hydrogen or water in sputtering

target gas when d pe il LoF med and then  &f ching | hirg) ararphious | TO
with a weak acid. Wever, itse 'S cry§%a I'i'me 'so"as To cause a

pr obl em t hat etcgggﬁ% resi dues are generated. Wien the filmis formed,

proj ecti on8t€al dul es may be generated on the ITO sputtering target if
hydrogen or water is dispersed in the 2 sputtering gas. The projections may
cause abnormal Fdrsehahgag process of a crystallized ITO film, aqua

regia (amixedsolutionofnitricacidandhydrochloricacid),
which is a strong acid, is used. However, the occurrence
of the inconveniences due to the use of the strong acid may
be problematic. Inotherwords, inaliquidcrystal display
device wherein constituents such as TFTs (thin film
transistors) are used, metallic thin lines may be used for
a gate line, or source/drain lines (or electrodes); at the
time of etching the ITO film with aqua regia, there may be
caused problems that the linesmade of thesewiringmaterials
are broken, or become thin.

[0004]

Thus, suggested is a method of forming a film of
amorphous ITO in the presence of hydrogen or water in
sputtering target gas when the film is formed, and then
etching this amorphous ITO with a weak acid. However, ITO
itself is crystalline so as to cause a problem that etching
residues are generated. When the film is formed,
projections called nodules may be generated on the ITO

sputtering target if hydrogen or water is dispersed in the



[0005] Prior art wherein Ce is added As patents about a sputtering target,
an el ectroconductive material and a transparent el ectroconductive film
wherein Ce is added, Patent Docunents 1 and 2 that will be described | ater
are disclosed. According to, for exanple, Patent Docunent 1, it is stated
that the addition of Ce gives a transparent el ectroconductive film having
a | ower resistance. [0006] However, according to these disclosed Patent
Docunents 1 to 6, it is difficult to obtain a target wherein no nodul es
are gener aped.t §0i00y5] gaSem Theapswiissithl en anda ge wiaursef | et o vealli qui d
crystal In the neantinme, sem -transm ssible and sem-reflective liquid
crystal s bhavehbkaeeye eagerly researched and devel oped for the follow ng
reasons. [0008] (1) Since the liquid crystals are senm -transm ssible and
sem -refl ectivejobpisght display can be obtained whether 3 the liquid
crystals are present outdoors or indoors. (2) Wien the liquid crystals are

used in a brigh%rEEQC%Tt wherein Ce 1s added

As patents about a sputtering target, an
electroconductive material and a transparent
electroconductive filmwhereinCe is added, Patent Documents
land2thatwillbedescribedlateraredisclosed. According
to, for example, Patent Document 1, it is stated that the
addition of Ce gives a transparent electroconductive film
having a lower resistance.

[0006]

However, accordingtothesedisclosed Patent Documents
1 to6, it isdifficult to obtain a target wherein no nodules
are generated.

[0007]

Semi-transmissible and semi-reflective liqgquid

crystal

In the meantime, semi-transmissible and
semi-reflective liquid crystals have been eagerly
researched and developed for the following reasons.

[0008]

(1) Since the liguid crystals are semi-transmissible

and semi-reflective, bright display can be obtained whether



the liquid crystals can be used as reflective liquid crystals . Thus, power
consunption can be saved. (3) Since the liquid crystals are excellent in | ow
power consunption property, the liquid crystals are suitable for portable
di splays. (4) Full-color display can easily be obtained. However, about the
sem -transm ssible and sem-reflective liquid crystals, it is necessary to
set a reflective electrode and a transm ssible electrode inside the sane

pi xel in electrode sections for driving the liquid crystals. Thus, the

produci ngtpeocesfiidesepbthecones ©oaptheabed.danwks psobl eamcas fol lows are
poi nted out: [0009] The yield falls. Costs increase. The manners that a

di splay is viewed)iyhdx angn sghbher podatefd actibvg Mpdas- aygcdiffecent, so
that displays are not easy to view.  Thus, in Patent Docunent 7 or 8 that

i |1 be describeds 4l ' ' ] flecti
i m s § oF o Tk T e oo ERah Cover b 1o o bf Sre Twes T akfy o'

transpare@kuglectmﬂggs for driviqg quu$d cr&sgﬁls 4 are disposed thereon.
The silver reflé%ilng ?%98P§p§ﬁ§ he Mt 3n§8 Fért el ectrodes are alternately

arranged, there?g) Since the liquid crystals are excellent in low
power consumptionproperty, theliquidcrystalsare suitable
for portable displays.

(4) Full-color display can easily be obtained.

However, about the semi-transmissible and
semi-reflective liquid crystals, it is necessary to set a
reflective electrode and a transmissible electrode inside
the same pixel in electrode sections for driving the liquid
crystals. Thus, the producing process thereof becomes
complicated, and problems as follows are pointed out:

[0009]

The yield falls.
Costs increase.

- The manners that adisplay isviewedin transmissible
and reflective modes are different, so that displays are
not easy to view.

Thus, in Patent Document 7 or 8 that will be described
later, a structure is adopted wherein a silver reflecting
film is formed, the film is then covered with a protecting

film, andtransparent electrodes fordrivingliquidcrystals



formng a sem -transm ssible and sem -reflective liquid
Pat ent Docunent 7 or 8 states that a fall

el ectrode. [0010]

reflectivity of the silver reflecting film beneath the
filmto heating treatnent.

be prevented by subjecting the protecting
In Patent Docunent 9 that wll

sem -reflective filmis forned,
has an auxiliary

be described | ater,
and further a S
reflecting function is arranged. This Patent Docunent 9

crystal driving

in the

protecting filmcan

[ 0011]
a sem -transm ssi bl e and

thin filmor the |ike that

states thatetdesgeker twaeceh.a qlh%péayvd@vwﬂ@alaia% adjustsedndith® a

desired color tone by the auxiliary thin film

Japanese Eat.ent,Annl{ Galion obaldatRen (I Aoy 4390y Transpay ent

El ect roconducti ve Fi ', Pat ent Document No. 54133,
for Sputteri target” . . Patent Docunment 3: .(JP-A) No., 8-
Target", Oﬁ%ﬁ&% %ﬁ%%n?r§p88ﬁ§§$gi%_§§§1§§giLra§%%%%éyan

crystal driving electrode.

[0010]

[ 001 Pat ent Docunent 1:
Tar get
6013&1 "Jﬂyttering
arget",

Patent Document 7 or 8 states that a fall in the

reflectivity of the silver reflecting film beneath the

protecting filmcanbepreventedbysubjectingtheprotecting

film to heating treatment.

[0011]

In Patent Document 9 that will be described later,

a semi-transmissible and semi-reflective film is formed,

and further a Si thin film or the like that has an auxiliary

reflecting function is arranged.

This Patent Document 9

states that thecolor toneof adisplaydevice canbe adjusted

into a desired color tone by the auxiliary thin film.

[0012]

Patent Document 1:

Japanese Patent Application

Laid-Open (JP-A) No. 3-43911, “Transparent
Electroconductive Film”,

Patent Document 2: (JP-A) No. 7-54133, “ITO Target
for Sputtering target”,

Patent Document 3: (JP-A) No. 8-260134, “Sputtering

Target”,



Pat ent Docunent 5: (JP-A) No. 2001-11613, "Process for Producing a
Sputtering Target Containing Zinc Oxide", Patent Docunment 6. (JP-A) No.
2003- 105532, "Sputtering Target, and Process for Producing the Same",

Pat ent Docunent 7: (JP-A) No. 2002-49034, Patent Docunent 8: (JP-A) No.
2002- 49033, and Patent Docunent 9: (JP-A) No. 2001-305529. Disclosure of
the I nvention Problens to be solved by the invention [0013] However,
according to the above-nentioned patent docunents, it is necessary to etch
their transm ssPhtentebectunede: sectimm-mandid hed+17edkect Mo ualtect inge
section separately. That is, it is necessary to performfilm formation and
etching fegrgagh |ayer. In other words, treatments are repeatedas follows:
"Filmformation -Etching by photolithography - Filmformation - Etching by

phot ol i t hogr aphh‘%teh@%ﬂcun}a@r}:{rggeiﬁﬁ—%ﬁar&%o.arzed‘dl e ?ﬁﬁ%‘)de‘ AL dhe

reflective electrode are ele or 't he 'sane pixel . "Thus,” " hatural ly,
he. aboves REntFBROS THoa NEMTE. " Lo | TERE | SoP 18 Gond 001 By At on of
devel opi ng sol ution, _

Patent Document 6: (JP-A) No. 2003-105532, “Sputtering
Target, and Process for Producing the Same”,

Patent Document 7: (JP-A) No. 2002-49034,

Patent Document 8: (JP-A) No. 2002-49033, and

Patent Document 9: (JP-A) No. 2001-305529.

Disclosure of the Invention

Problems to be solved by the invention

[0013]

However, according to the above-mentioned patent
documents, it is necessary to etch their transmissible
electrode section and their reflective electrode section
separately. That is, it 1s necessary to perform film
formation and etching for each layer. 1In other words,
treatments are repeatedas follows: “Filmformation-Etching
by photolithography - Film formation - Etching by
photolithography”.

[0014]

Both of the transparent electrode and the reflective

electrode are electrodes for the same pixel. Thus,

naturally, they are electrically connected to each other.



an etchant or a releasing agent used when these electrode |ayers (the
transparent electrode and the reflective electrode) are etched, so that the
reflective electrode may be locally corroded. Specifically, the etchant or

the like beconmes an electrolyte of a cell, and the transparent el ectrode
and the reflective electrode unfavorably constitute two el ectrodes of the
cell. [0015] 1In the case of adopting a structure having a reflective

el ectrode on a transparent electrode, it is feared that when the reflective

el ectr odeAcs cetdiihesll v 1 ke thanspas et thel £isd vodhcheneaidd the awefdees| ve
el ectrode is damaged. As a transparent electrode that is generally used,

i nparti CUL:@"Ll_rég@cﬁbﬁdiiél@ehie'}a@@@%%r £301 B8 eI d1 & nYVae ddd n ] TO
contacts alum num a problemthat cell reaction is easily “caused arises. As

a result, jin.the case of, &%ﬁf@%@i@éﬁ%&gsg;ﬁpgﬁ %}Jjegce}]ieweeceére&%{ﬂde,

this cell reaction is easily gene y I'i'ne as a probl'em that
hydr ochl ofPOoE8 d TA° b <028 Ny Sbr 7 bHBGC Por! AT 8L Lo Ay ot or | al
of TFTs connected to the electrode. 7 [0016] 1In the nmeantinme, about
anDrphouseﬂ?GFrﬁFHHIéﬁﬁ gfched, so that thereflective electrode may
be locally corroded. Specifically, the etchant or the like
becomes an electrolyte of a cell, and the transparent
electrode and the reflective electrode unfavorably
constitute two electrodes of the cell.

[0015]

In the case of adopting a structure havinga reflective
electrode on a transparent electrode, it is feared that when
the reflective electrode is etched, the transparent
electrode beneath the reflective electrode is damaged. As
atransparentelectrodethat isgenerallyused, inparticular,
ITO (indium tin oxide) can be exemplified. When this ITO
contacts aluminum, a problem that cell reaction is easily
caused arises. As a result, in the case of using aluminum
tomake a reflective electrode, this cell reaction is easily
generated.

Crystalline ITO has a problem that the ITO cannot be
etched as long as a strong acid such as aqua regia or

hydrochloric acid is not used, and corrodes, for example,

wiring material of TFTs connected to the electrode.



descri bed bel ow are known. [0017] A decline in the adhesive property
thereof to an underlying substrate is observed. The contact resistance
with, for exanple, TFT wiring material increases. Wen the ITO is etched,
residues are generated. A short circuit between the el ectrodes. Driving
failure and other troubles are generated at the tinme of driving a liquid
crystal. The standard el ectrode potential of an ITOthin film neasured in
an Al etchant (a m xed acid made of phosphoric acid, acetic acid and nitric
acid) to a Ag/AdG0ledlectrode is 0.80 V. Simlarly, the standard el ectrode
potentials ~of Al and Al-Nd to a Ag/AgCl electrode are -0.41 V and -0.54 V,

respectively. Asnattesuldanwhes, Abbang 1ad apBopcesa, proBDedk efschant,
which is an electrolyte, in a state that A and ITO electrically contact

each ot heye sz Hheneomeaony that Mods. di ssol ved by cell reaction is caused
Asa result, wring lines of Al nmay be broken or "line-thinning" may be

caused. IZO (in b%qh2|nc oxide, "IZO' is a registered trade nane) is
devi sed as an anorphous material. This material 8 has a nature that the

rgéfr;agl}?lghffO%Y%dIf}fg]fﬁcpﬁ dH@éfﬁé”BE‘pe? tﬁg%%éPus thg use of

underlying substrate is observed.

- The contact resistance with, for example, TFT wiring
material increases.

When the ITO is etched, residues are generated.

A short circuit between the electrodes.

Driving failure and other troubles are generated
at the time of driving a liquid crystal.

The standard electrode potential of an ITO thin film
measured in an Al etchant (a mixed acid made of phosphoric
acid, acetic acid and nitric acid) to a Ag/AgCl electrode
is 0.80 V. Similarly, the standard electrode potentials
of A1 and A1-Nd to a Ag/AgCl electrode are -0.41 V and -0.54
V, respectively. As a result, when Al and ITO are present
in an Al etchant, which is an electrolyte, in a state that
Al and ITO electrically contact each other, a phenomenon
that Al isdissolvedbycell reactionis caused. Asaresult,
wiring lines of Al may be broken or “line-thinning” may be
caused. IZ0 (indium zinc oxide, “IZ0” is a registered trade

name) 1s devised as an amorphous material. This material



the case of adopting a structure having a reflective electrode on a
transparent electrode. [0018] In view of the above-nenti oned probl ens, the
invention has been nade. An object of the invention is to provide a
transparent el ectroconductive film which constitutes a transparent

el ectrode wherein residues and the like, are not generated by etching with
a weak acid (such as an organic acid), and provide a sputtering target for
producing this transparent electroconductive film [0019] Another object
of the inkest konaitsirteo thragvitdes anat e mhgpak entdiekedtregt dmduat iatecahm whi ch
constitutes a transparent el ectrode having resistance agai nst an etchant
for a reflfect avamdinrect raddses pwatd a Huanspanesy «f ado ade ashrefi ctibhe tefl ecti ve
el ectrode is etched, and provide a sputtering target for producing this

transpar egheeledd asongdaepitie g fd 19t r (8020 nAWid her rebj eet: iGfe t he
invention is to provide a transparent electroconductive filmwhich

constituteseat AJANSHPRr gnt rahegisde: capapke ofc restraining cell reaction 9
resulting froma matter that the electrode is electrically connected to a

refl ective eIecRbgq%]mhen the reflective

Inview of the above-mentioned problems, the invention
has been made. An object of the invention is to provide
a transparent electroconductive film, which constitutes a
transparent electrode wherein residues and the like, are
not generated by etching with a weak acid (such as an organic
acid), and provide a sputtering target for producing this
transparent electroconductive film.

[0019]

Another object of the invention is to provide a
transparent electroconductive film which constitutes a
transparent electrode having resistance against an etchant
forareflective electrodeover a transparent electrode when
the reflective electrode is etched, andprovide a sputtering
target for producing this transparent electroconductive
film.

[0020]

A further object of the invention is to provide a
transparent electroconductive film which constitutes a

transparent electrode capable of restraining cell reaction



el ectrode over the transparent electrode is etched, and provide a
sputtering target for producing this transparent electroconductive film
Means for solving the problenms [0021] (1) In order to solve the
above-nentioned problens, the invention is a sputtering target conprising
i ndi um oxi de and cerium oxi de, wherein when its crystal peaks are observed
by X-ray diffraction, the presence of peaks originating from indium oxide
and cerium oxide is observed, and further when EPMA neasurenent is

perfOr”EdreQEQtﬁﬁﬁf%ﬁ%%mg'ﬁg%%%&~Q%atP%EE'éh@%t@%d&%ﬁ#@ﬁ%@ﬂ#ﬁéﬁﬁpﬁrSed in
indiumoxide is 5 "mor less. [0 In the case where the sputtering

target, to phicGh Gerigm fé,:f;i%caé Lpepddete I dise o pelon

sputtering, an anorp ous m can or ne erature of a
substrate on which the fi d.is fro oom t enper at ure)
Lo 200G, RS CRITHC es%meh@ﬁa?ﬁefran%m ahor ﬁ&&sr%%maﬁt%é B yotal | | zed
by subjectln% the filmto thermal treatnment at 200C aor hi gher after t he

for mat i onPEPVERE i FRICES ORI T IST £RE PROENGISIT EhHenbiehs RIESR T bed

bel ow can be
electroconductive film.

Means for solving the problems

[0021]

(1) In order to solve the above-mentioned problems,
the invention is a sputtering target comprising indiumoxide
and ceriumoxide, whereinwhenits crystal peaks are observed
by X-raydiffraction, the presence of peaks originating from
indium oxide and cerium oxide is observed, and further when
EPMA measurement is performed, the measured diameter of
particles of cerium oxide dispersed in indium oxide is 5
pm or less.

[0022]

Inthe casewherethe sputteringtarget, towhichcerium
oxide alone is added, is used to perform sputtering, an
amorphous film can be formed when the temperature of a
substrate on which the film is to be formed is from R.T.
(room temperature) to 200°C.

As will described later, this amorphous film can be
crystallized by subjecting the film to thermal treatment

at 200°C or higher after the formation of the film.

10



observed in the case where no peak originating fromcerium oxide is present
or the particle dianmeter of cerium oxide neasured with an EPMA (el ectron
probe mcro analyzer) is nore than 5 m 0024] Abnormal discharge is
generated. In the case where crystalline particles are present in a
transparent el ectroconductive filmwhile the filmis fornmed, residues are
generated when the filmis subjected to etching working. The anorphous
filmis not crystallized even by heating treatnment at 200C or higher (this
will be again déf&ai2l3dd later). (2) The invention is the sputtering target
according to the above-nentioned item[1l], wherein when the EPMA

measur ement is par tormadvdiei presphed ciferidedeet i upeaxivéd owatrdh ches, which
are ceriumoxide particles, dispersed in indiumoxide and have a di aneter

of 1 m oroRRke vy aksenheedase 082%)e hd bR« Byertingn Ofg thehtem{dh , the
particle dianmeter of cerium oxide according to'the EPﬁﬁ measurenent is 5 m

ticle di ameter cordrn | | s
rom 1 toohn Honeva i & oot BrETy ot SpirSLE T e L TR LReE wher o

only cerium oxide of, 1 mor S . .
y measured w1€h an Egﬁi (electron probe micro analyzer) 1is

more than 5 um:

[0024]

Abnormal discharge is generated.

- In the case where crystalline particles are present
in a transparent electroconductive film while the film is
formed, residues are generated when the film is subjected
to etching working.

+ The amorphous filmisnotcrystallizedevenbyheating
treatment at 200°C or higher (this will be again detailed
later).

(2) The invention is the sputtering target according
to the above-mentioned item [1], wherein when the EPMA
measurement is performed, the presence of the cerium oxide
particles, which are cerium oxide particles, dispersed in
indium oxide and have a diameter of 1 um or more is observed.

[0025]

Inthe inventionof theitem [1], theparticle diameter
of cerium oxide according to the EPMA measurement is 5 um

or less, as described above. The particle diameter is more

11



size is present) , indiumoxide may grow abnormally. This conpletely

di spersed state nmay cause abnormal discharge. Furthernore, this conpletely
di spersed state nay cause etching residues when a filmis formed by
sputtering and then the thin filmis etched. Therefore, the invention is
characterized in that particles having at least 1 mor nore are present.
[0026] (3) The invention is also the sputtering target according to the
item (1) or (2) , conprising indiumoxide and cerium oxide, wherein [Ce] /
([In] + [Belerm®lPETciol BolbumAs Weserkekedimbavepldat&éhe dinventsea, the
adopted conposi tion of ceriumis a conposition wherein [Ce]/([In] + [Ce])

0. 005 t@+tQtld. (iHereid cdLLlvHens Qﬁemscépﬁuﬂaug?%e 8k thenatempe9E cerium
per unit melght/unlt volune, and [In] ~“represents the nunber of the atons of

i ndi um pet;juni t g W@é@gﬂﬂw"tlﬂ@iHﬂpoxhan%Q?rg%@%débﬂg¥ﬂéfi n] Tﬁ%gb])

represents the atom c COITpOSItIOI’l ratio o ceriumatons -~ in
SPUL Lol ARSI, OB TDe bR NS S O L NELUR O L, Sagresot on T
's prefer%%&yﬂgéﬁgggPlthosoc%mggggg §eE?2%@£ée§r?@ége0%§§)é£§§2
etching residues when a film is formed by sputtering and
then the thin film is etched. Therefore, the invention is
characterized in that particles having at least 1 pm or more
are present.
[0026]
(3) The invention 1is also the sputtering target
according to the item (1) or (2), comprising indium oxide
and cerium oxide, wherein [Ce]/([In] + [Ce]) =0.005t0 0.15.
As described above, in the invention, the adopted
composition of cerium is a composition wherein [Ce]/ ([In]
+ [Ce]) =0.005t0 0.15. Herein, [Ce] represents the number
of the atoms of ceriumper unit weight/unit volume, and [In]
represents the number of the atoms of indium per unit
weight/unit volume. In other words, [Cel/([In] + [Cel)
represents the atomic composition ratio of the cerium atoms
in the sputtering target.
[0027]

In the invention, the value of this expression is a

number in the range of 0.005 to 0.15, as described above.

12



[0028] If the value of this expression is 0.005 or smaller, a conpletely
di spersed state is generated so that abnormal grow of indium oxide may be
generated. In short, this conpletely dispersed state may cause abnor nal

di scharge. Additionally, in the case where a filmis forned at a substrate
tenperature of 150C or lower, crystallization of the film may advance
imedi ately after the formation of the film In the case where this
crystallization advances, etching residues may be generated when etching is
per for medThiits vhewealigepot riltiap X Fressicam i somor.e ,t harDpkareddl particle
di aneter of cerium oxi de beconmes nore than 5 pmso that abnormal discharge
may be gerepat @d.o1 Addigipral ly, the particles may not be crystallized even
if the particles are heated at 200C. [0029] (4) The invention is also the
sputtering targﬁgoz% cording to any one of the itens (1) to (3) conprising
i ndium oxide a iun1oxide and having a density of 6.6 or nore and a

Dulk st ot anoe: ol AT oopg, o 030L . A9 desery st above e desi y
fore  pr egeégr2£)¥etelyg{ig%p%rr srg)cg esta-ljchee 1bsu lgkenreersaI tséc?nscoe tlhsat1 arkr)%or?mal
grow of indium oxide may be generated. 1In short, this
completely dispersed state may cause abnormal discharge.
Additionally, inthecasewhereafilmis formedatasubstrate
temperature of 150°C or lower, crystallization of the film
may advance immediately after the formation of the film.
In the case where this crystallization advances, etching
residues may be generated when etching is performed.

If the value of this expression is more than 0.15,
the particle diameter of cerium oxide becomes more than 5
pm so that abnormal discharge may be generated.
Additionally, the particles may not be crystallized even
if the particles are heated at 200°C.

[0029]

(4) The invention is also the sputtering target
according toanyoneof theitems (1) to (3) comprising indium
oxide and cerium oxide, and having a density of 6.6 or more
and a bulk resistance of 1 mQcm or less.

[0030]

As described above, the density is preferably 6.6 g/cc

13



or less in the invention, as described above. The resistance is nore
preferably 0.9 n62cmor less. If the density of the sputtering target is

|l ess than 6.6 gQcm the bul k resistance al so becones nore than 1 nfxm so
t hat abnornmal di scharge may be generated. Abnormal di scharge may be
generated in the sanme manner even if the bulk resistance is nore than 1
nmxm [0031] (5) The invention is also the sputtering target according to
any one of the itenms (1) to (5), conprising indiumoxide and cerium oxide,

and_compr b3l ROl I Oxbdle £ i, 1Al ONG e 0L W,Ch d S5 posi,Lived val ent.

[0032] When the valence of ceritumis posSitive trivalent as escri bed
above, the _dispersjbili of the ceriu taons.jn the target can be
controlIearegiégggﬁﬁé+§%g{ﬁ§:86ﬂﬁor?es?i€§§@élEfr?ﬂbSEBGF e??hgnég?ﬁet
becomes 1 nfcmor less., As a result, the sputtering target becones a
sputterinﬁr%%ﬁ%épébﬁﬁQWﬁQﬂﬁﬁﬂhﬁFqﬁ%%ﬁh?gé%@?Yﬁn égggF?%ﬁﬁﬁﬁ%ﬁ%d. The
Sputtering target can be used industrially usefully. [0033] The abundance

(presencelfafiod)e dfreherebilvallert eenumr 1e9s- preferably from0.01 to 0.6,

nmore preferably from0.01 to 0.4, even nore preferably fromO0.05 to 0.4. If
t he If the density of the sputtering target is less than

6.6 gQlcm, the bulk resistance also becomes more than 1 mQcm
so that abnormal discharge may be generated. Abnormal
discharge may be generated in the same manner even if the
bulk resistance is more than 1 mQcm.

[0031]

(5) The invention is also the sputtering target
according to any one of the items (1) to (5), comprising
indium oxide and cerium oxide, and comprising cerium oxide
the valence of which is positive trivalent.

[0032]

When the valence of cerium is positive trivalent as
described above, the dispersibility of the cerium atoms in
the target can be controlled. Accordingly, the bulk

resistance of the sputtering target becomes 1 mQcm or less.

As a result, the sputtering target becomes a sputtering
target wherein abnormal discharge is not easily generated.
The sputtering target can be used industrially usefully.

[0033]

The abundance (presenceratio) of thetrivalent cerium
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abundance of the trivalent ceriumis less than 0.01, the dispersibility of
the ceriumatons nay not be controlled wth ease. On the other hand, if the
abundance is nore than 0.6, abnornal dispersion nay be caused. This nmay
cause abnormal discharge in sputtering. [0034] (6) The invention is also a
transparent el ectroconductive filmformed by sputtering using a sputtering
target according to any one of the itens (1) to (5), the specific

resi stance of the filmbeing | ess than 600 pOcm [0035] In particular,
when the spuptrerfiengiilay getormdtod dithg 01O, ttheret ene b) ald wsathm pbsdti ve
trivalent ceriumis contained in a thin filmalso, whereby the

di spersi btbi by 4, £ddprRyed pecthatamny i fpraAven®H dd dhe. 1f the
electroconduct|V|ty (a decrease in the specific resistance) can be

realized. ;p|Rgsherd o @ éH@”@P%Q%n@c' ectrqapnduct Lyg Eh%‘i{‘ hayng @4 ow
resi stance can be obtained. As a nethod for detecting this 'positive

trival ent ggephum, fhere, can bgeused XBS (X ray, ok e ECLEAR SREEL 05COPY)

, or a de ng me u5|ng hi"gh- Hinithance Tadi a e like. 15

[0036] (\Ht-klzheeal nvené ote}ueslp htar}led,t rl%n graek%ndance is more than

0.6, abnormal dispersion may be caused. This may cause
abnormal discharge in sputtering.

[0034]

(6) The invention is also a transparent
electroconductive film formed by sputtering using a
sputtering target according to any one of the items (1) to
(5), the specific resistance of the film being less than
600 pQcm.

[0035]

In particular, when the sputtering target according
to the item (5) is used, positive trivalent cerium is
contained in a thin film also, whereby the dispersibility
isimprovedsothat animprovement intheelectroconductivity
(a decrease in the specific resistance) can be realized.
In short, a transparent electroconductive film having a low
resistance can be obtained. As amethod for detecting this
positive trivalent cerium, there can be used XPS (X-ray
photoelectron spectroscopy), or a detecting method using

high-luminance radiated light or the like.
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el ectroconductive filmaccording to the item(6), which is heated in a
tenperature range of 200 to 250C, so as to be crystallized. The transparent
el ectroconductive filmof the item (6) is anorphous when or after the film
is formed. However, by heating this, the filmcan be crystallized. The
matter that the filmis anorphous when or after the filmis forned is
preferably known by, for exanple, X-ray diffraction. [0037] Filmformng
tenperature In the case of using the sputtering target of any one of the
itens (1) to (5Y0086florma film judgnment fromresults of X-ray diffraction
t hereof denonstrates that an anorphous transparent el ectroconductive film
i's obtained when7yhehfd |invé et MbAg iksenPeyattie teahs@padsaom tenperature to

| ower than 200C. In the case where the filmformng tenperature is room

terrperatugqe%rtﬂ%duéeﬁé §E§mn§€'§§§@rﬂhgf b EH@'iE‘Qm (dhusynibg gase is
practlcally meani ngl ess. In the case where the fil n1forn1ng tenperature is

gencr at ed SAGHS o o PR L1 Lhad: 21621 06381 O TRe2ehnge BF Thet £ P f or mi ng
temperature | Al LIgblY
The transparent electroconductive film of the item
(6) is amorphous when or after the filmis formed. However,
by heating this, the film can be crystallized.
The matter that the film is amorphous when or after
the filmis formed is preferably known by, for example, X-ray
diffraction.

[0037]

Film forming temperature

In the case of using the sputtering target of any one
of the items (1) to (5) to forma film, judgment from results
of X-raydiffraction thereof demonstrates that an amorphous
transparent electroconductive filmisobtainedwhenthe film
forming temperature is from room temperature to lower than

200°C. 1In the case where the film forming temperature 1is

room temperature or lower, costs are necessary for cooling.
Thus, thecase ispracticallymeaningless. Inthecasewhere
the film forming temperature is 200°C or higher, the film
may be crystallized so that residues may be generated when

the film is etched.
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from50 to less than 180C, nore preferably from 100 to 180C. Wen a filmis
formed wthin such a tenperature range, the fornmed transparent

el ectroconductive filmw |l be <crystallized by subsequent heating in a
tenperature range of 200 to 250C. [0039] Heating after the filmformation
As described above, in the invention, after the formation of the film the
filmis heated within a tenperature range of 200 to 250C, thereby
crystallizing the film If the heating tenperature is |ower than 200C at
this tinme, the[paBeg]of the crystallization (the rate at which the filmis
being crystallized) may be slow so that the time for the crystallizing

treatment nmay begene: eXEessiNelry 11 #6981 nh004R)e r O uthie; obherrhand; i f the
heating tenperature is 250 Cor higher, costs required for the heating may

i ncrease. -_Fur r nor n efféﬁgzlﬂa be produc opt o nde L nmenber
such as affﬁ#l%@Eggggggf@%%n&EScrVb@érﬁﬂ%@%?eFﬁ%gﬁbpfﬂWZQNFSRf[%ﬁégg
transpare é ele tiocond ctiv fLIgLis heat ed, thereby being 17
crystalli@ g- ?hf% Br {8t ?FW??tV&ﬁ ﬁﬁkégc%tapgggpﬁﬁ? o %e t hflke
transparent el ectroconductive filmto have

formed transparent electroconductive film will be

crystallized by subsequent heating in a temperature range

of 200 to 250°C.

[0039]

Heating after the film formation

As described above, in the invention, after the
formationof the film, thefilmisheatedwithinatemperature
range of 200 to 250°C, thereby crystallizing the film.

If the heating temperature is lower than 200°C at this
time, the rate of the crystallization (the rate at which
the film is being crystallized) may be slow so that the time
for the crystallizing treatment may become excessively
large.

[0040]

On the other hand, if the heating temperature is 250
°Cor higher, costs required for the heating may increase.
Furthermore, an effect may be produced onto an underlying
member such as a TFT substrate.

As described above, in the invention, the transparent

electroconductive film is heated, thereby being
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resi stance agai nst an aqueous solution of oxalic acid, a mxed acid of
phosphoric acid, acetic acid and nitric acid, or an etchant solution
containing ceriumammoniumnitrate. [0041] The case of causing the filmto
have such resistance neans that the filmhas resistance agai nst etchants
for a reflective filmforned on the transparent el ectroconductive film and
made of Al, Ag or the like, for Al, which is a source/drain wiring in a TFT
array, and for wiring made of Cr, Md, Ag or the like. Accordingly, at the
time of fotgisngllihe=deflBetsveriskmiar mMuisng ahges thke plosuispps end

el ectroconductive filmof the invention is not damaged. Thus, this matter

is useful chokepriafiuci ngahigarefdecdiyer rEEbARI- iRt | #kem £@042)ve The
tenperature range of the heating treatnment in the invention is preferably a

oo s o pabEsi I Al £00: L0280 o TN RIS SLAONY oF LRIRSI Oy 209e Of

220 to 24 _ ] e rnvention 1s a transparen
whor ei n  He EEaiBAP® DLt ToRB 06| TagR. O Ab AGLT 818 10,167 V7 61 B,
[0044] or an etchant solution containing cerium ammonium nitrate.

[0041]

The case of causing the film to have such resistance
means that the film has resistance against etchants for a
reflective film formedon the transparent electroconductive
film and made of Al, Ag or the like, for Al, which is a
source/drain wiring in a TFT array, and for wiring made of
Cr, Mo, Ag or the like. Accordingly, at the time of forming
the reflective film or wiring also, the transparent
electroconductive film of the invention is not damaged.
Thus, this matter is useful for producing the reflective
film or the like.

[0042]

The temperature range of the heating treatment in the
invention is preferably a temperature range of 210 to 250°C,
more preferably a temperature range of 220 to 240°C.

[0043]

(8) The invention is also the transparent

electroconductive film according to any one of the items

(6) to (7), wherein the standardelectrode voltage toAg/AgCl
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As descri bed above, according to the invention, the standard el ectrode
potential is low, therefore, this transparent el ectroconductive filmcan be
etched without giving any damage to Al as an electrically connected
reflective film or Al, Mo or O wiring or electrodes used in a TFT array.
[0045] If the standard el ectrode potential is nore than 0.6 V, cel
reaction is easily caused, and a |l ocal voltage generated herein becones

| arge so that a |large danage gives to Al as a reflective filmin many
cases. Inikhe .case sheressa TFT array is set up as a driving el enment such as
a liquid crystal, a large damage is given to the Al, M or G wring or

el ectrodes used b@ yhe TFT array in many cases. As a result, the follow ng
possibility becones high: the possibility that the reflective filmor the
wiring is detegiora i_ng |ines are br becone .t.hin, the
reflectivity fa nge%% &- %%%ﬁﬂe? Corar guggdgke[éﬁmﬁanﬁ THe ¥ nvent i on
is also a process, for rod cin nt el ectroconductive film by use
of the spﬁgégﬂﬁﬁf §LFgef© 808%& %%faﬁ ﬁ@(ﬁghqﬁﬁf?éﬁs tHisto (5) |
conprising 19 the step of using the sputterlng target to formthe

t r anspar ehf 2BSEAGTorithRE F ¥ 8 CPDIOM IR Eput BRI Aan Qﬁdeﬁﬁéed without

giving any damage to Al as an electrically connected
reflective film, or Al, Mo or Cr wiring or electrodes used
in a TFT array.

[0045]

If the standard electrode potential is more than 0.6
V, cell reaction is easily caused, and a local voltage
generated herein becomes large so that a large damage gives
to Al as a reflective film in many cases. In the case where
a TFT array is set up as a driving element such as a liquid
crystal, a large damage is given to the Al, Mo or Cr wiring
or electrodes used in the TFT array in many cases. As a
result, the following possibility becomes high: the
possibility that the reflective film or the wiring is
deteriorated, wiring lines are broken or become thin, the
reflectivity falls, and other problems are caused.

[0046]

(9) The invention is also a process for producing a
transparent electroconductive filmby use of the sputtering

target accordingtoanyoneoftheitems (1) to (5), comprising
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step of heating the forned transparent el ectroconductive filmin a
tenperature range of 200 to 250C, thereby «crystallizing the film The
action that the filmis heated after formed, whereby the filmis
crystallized is as descri bed above. Such a structure makes it possible to
yield the above-nentioned transparent el ectroconductive film Advantageous
effects of the invention [0047] As described above, according to the
invention, a transparent electroconductive filmis obtained which

const i t ut €sea stregnsparent ngl adter cimuwher éhg tesighiestor fole tlhke are not
generated by etching with a weak acid (such as an organic acid). Moreover,
a sputtertmrgnisgrzgeint afl e Pr pdubhad c3UGHe & itIransparerit e 86y ogeaduesi ve film
is obtained. [0048] According to the invention, a transparent

el ect rocondeet bite Hddt s 0bl aF Hedewh ¢h reonstd Ut €5c ar rbLaRsRA €Nt e
el ectrode having resi stance against an etchant for a reflective el ectrode

when t he E Iectlve electr over the tr p re ctrode s et ched.
Mor eover, gﬁ garge angpro%ugp g%éug%S@J ra% %5?%
eIectroconducElﬁﬁJf E obtalned

crystalliza g he

Theactionthat thefilmisheatedafter formed, whereby
the film is crystallized is as described above. Such a
structure makes it possible to yield the above-mentioned
transparent electroconductive film.

Advantageous effects of the invention

[0047]

As described above, according to the invention, a
transparent electroconductive film is obtained which
constitutes a transparent electrode wherein residues or the
like are not generated by etching with a weak acid (such
as an organic acid). Moreover, a sputtering target for
producing such a transparent electroconductive film is
obtained.

[0048]

According to the invention, a transparent
electroconductive film is obtained which constitutes a
transparent electrode having resistance against an etchant
for a reflective electrode when the reflective electrode

over the transparent electrode is etched. Moreover, a

20



[0049] According to the invention, a transparent electroconductive filmis
obt ai ned which constitutes a transparent el ectrode capable of restraining
cell reaction resulting froma matter that the transparent electrode is

el ectrically connected to a reflective electrode when the reflective

el ectrode over the transparent electrode is etched. A sputtering target for
produci ng such a transparent el ectroconductive filmis obtained. [0050]
Furthernore, a transparent el ectroconductive film producing process capabl e

of DFOdUC%Bﬂﬁ&QﬁjQQQVQaHEQEiQﬂﬁd;xﬁé@@é?ﬁ&e@hc%l%ﬁtEQ§BQBH§%E%¢ filmis
obt ai ned. Brief Description of the Drawmngs [0051] [Fig. 1] It is a diagram

of a tabl i I o) Conparative Exanples 1 to 3.
[ 0052] Bgsl?&%éiel%%?&%g?r@g?%ﬁ&gl%h%gfﬁ\%ggfji'on Exanple 1 [0053] |n2C8

powder havi ng anogégﬁage particle dianeter of 21 1 mor |less and CeQ2
powder havi ng a% rage particle dianeter of 1 mor |less were fornmul ated

to set the atom , _ _
According to the invention, a transparent

electroconductive film is obtained which constitutes a
transparent electrode capable of restraining cell reaction
resulting from a matter that the transparent electrode is
electrically connected to a reflective electrode when the
reflective electrode over the transparent electrode is
etched. A sputtering target for producing such a
transparent electroconductive film is obtained.

[0050]

Furthermore, a transparent electroconductive film
producing process capable of producing the above-mentioned
transparent electroconductive film is obtained.

Brief Description of the Drawings

[0051]

[Fig. 1] It is adiagramof a table showing the examples
1 to 3, and Comparative Examples 1 to 3.

[0052]

Best Mode for Carrying Out the Invention

Example 1

[0053]

In,03 powder having an average particle diameter of
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nunber ratio of ceriumindiumto 0.012, and the resultant was put into a
pot made of a resin. Furthernore, pure water was added thereto, and the
conponents were subjected to wet ball mll mxing, using a hard Zr02 bal
mll. The mxing tinme was set to 20 hours. [0054] As a result of the

m xi ng, the resultant mxed slurry was taken out, filtrated, dried and
granul ated. The thus-obtained granul ated product was shaped by cold

i sostatic press under an applied pressure of 294 MPa (3 t/cnR) . [0055]

Next, theishaped botys aaqSice! 66,88 . Ay o fi LSLraldl & 5101 1LY

furnace, prepared was an at nosphere erei n oxygen was being 1ntroduced at a

rate of L/ mn._ pe .1 nB_of the valu of the furnace. der . this
atnosphergfagﬁgﬂ§ﬁéﬁéd95%8yoﬁagegfnﬁgggﬁqunTﬁ%%E?goFo §eﬁbhﬁ S A% hi s
time, the_tenperatyre raised, at . 1C/ mn. to 1000C, and then raised at
20 m n. f PORCEG0S A0 ALAB0CS* THe{ GAFEER, TPh8 - Proddl i O BXYgeRt was
stopped, and the  tenperature was |owered at 5C mn. from 1450 to 1300C. In
an at nospHéfePWhert d BaPgEnmgds Qas BeisAg - ntigdureemare , 22uaereaeedf 10
L/'mn. per 0.1 n8 of the furnace volunme, the tenperature of 1300C was kept
for 3 hourgs JHdedafhereto, and the components were subjected to wet

ball mill mixing, using a hard ZrO; ball mill. The mixing
time was set to 20 hours.

[0054]

As a result of the mixing, the resultant mixed slurry
was taken out, filtrated, dried and granulated. The
thus-obtained granulated product was shaped by cold
isostatic press under an applied pressure of 294 MPa (3
t/cm?) .

[0055]

Next, the shaped body was sintered as follows:

First, in a sintering furnace, prepared was an
atmosphere wherein oxygen was being introduced at a rate
of 5 L/min. per 0.1 m® of the volume of the furnace. Under
this atmosphere, the shaped body was sintered at 1450°C for
8 hours. Atthistime, the temperaturewasraisedat 1°C/min.
up to 1000°C, and then raised at 2°C/min. from 1000 to 1450°C.
Thereafter, the introduction of oxygen was stopped, and the
temperature was lowered at 5°C/min. from 1450 to 1300°C.

In an atmosphere wherein argon gas was being introduced at
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t he shaped body was naturally cooled. This gave a ceriumcontaining | n203
sintered body having a bulk resistance of 0.95 mxm and a density of 6.6
g/cc or nore. A sputtering face of this sintered body was polished with a
cup grindstone, and the body was worked into a dianmeter of 100 mmand a
thickness of 5 nm An indiumbased alloy was used to stick a backing plate
to the sintered body to produce a sintered body target. [0056] 1In the
exanple, an inportant matter is that cerium is dispersed in the sputtering
target. |t iratpeacti qu arinyin prieéeroed whadritweupnshbes & liumh untwxi de
undergo substitution wth/solid-solution of one part of the cerium atons,

dth f h i t j t f f i
 hst anco FBRbdaad 010 ENEIGRRLLTLE YA oL e LABuLLS TR R SBLE |
ceriumis.g ntsaéagfedd 5 0q h%aﬁp%gt%%yg%gagggtyedt.he.Tgﬁ's' owing two forms are

present: a form a portion wherei i'um’oxi'de sites  undergo

bstituti W th/solid-soluti f.th ' t ) daf f
por t1 0n WHBFAh THI ot T bAPatORR: aF & CprECero A% BeSTRGl & SUbsk ance. of

cerium oxi de. Such a 23 presence of cerium oxide can be identified by X-tray
di ffracti 86asiPh@ie @ ol tHe nidenianés: ekt vim Hx§ de g/cc or more.

A sputtering face of this sintered body was polished with
a cup grindstone, and the body was worked into a diameter
of 100 mm and a thickness of 5 mm. An indium-based alloy
was used to stick a backing plate to the sintered body to
produce a sintered body target.

[0056]

In the example, an important matter is that cerium
is dispersed in the sputtering target. It is particularly
preferred that indium sites of indium oxide undergo
substitution with/solid-solution of one part of the cerium
atoms, and the other parts of the cerium atoms are in the
form of a simple substance of cerium oxide.

[0057]

Inotherwords, about forms that theceriumiscontained
in the sputtering target, the following two forms are
present: a form of a portion wherein the indium oxide sites
undergo substitution with/solid-solution of the cerium
atoms; and a form of a portion wherein the cerium atoms are

present as a simple substance of cerium oxide. Such a
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present as a sinple substance can be checked with an EPMA (el ectron probe
m cro anal yzer). The dianeter of the «crystal particles dispersed in this
manner was 2.8m This dianeter was obtained by i mage processing. [0058]
The matter that the presence of cerium oxide can be identified by X-ray
diffraction as described above is equal to the matter that a peak
originating fromceriumoxide can be observed. Since the sputtering target
of the exanple contains indiumoxide, a peak originating fromindi um oxi de
i s nat ur ablre sebser vetl aseondi rgkitde Xe&aybdi fillkactiOied Agcardinygty, about
the sputtering target of the exanple, peaks originating fromindium oxide

and ceri UBN @6 d& & & . ObSigs ved ,acear A $or X1 ER% sdide ract{ @R okQGRS] In
the case where all of |nd|un15|tes of indium oxide undergo substitution

t h/ sol |_ut f h f h
Wi SO '?ﬁ‘ége‘ﬁﬂ %% e r#luénsaﬁk%r@ ct—:- EaGaBE %'e%g(% vfletrk?[%]e 24 the

exanpl e, e cryst siZes of |nd|un1OX| TS i um oxi de
sintered b dy

i nsput t eri‘ige éf“%q g%??@ﬁ%&gguﬁﬁ§i£%§6 ﬁgFg%PgE&ﬁﬁ%gqgf?Fg%épargﬁf’
el ectroconductive filmto be obtained may 24 not be stably produced with
ease. [OgggFtalpartlclesdlspersedlethlsmannerwas2 8 um. This
diameter was obtained by image processing.
[0058]
The matter that the presence of cerium oxide can be
identified by X-ray diffraction as described above is equal
to the matter that a peak originating from cerium oxide can
be observed. Since the sputtering target of the example
contains indium oxide, a peak originating from indium oxide
is naturally observed according to X-ray diffraction.
Accordingly, about the sputtering target of the example,
peaks originating from indium oxide and cerium oxide are
observed according to X-ray diffraction.
[0059]
In the case where all of indium sites of indium oxide
undergo substitution with/solid-solution of cerium atoms,
the case being different from the example, the crystal grain
sizes of indium oxide itself in the indium oxide sintered
body may grow abnormally (into a size of more than 5 um).

Thus, insputtering, electricdischargemaybecomeunstable,

and a transparent electroconductive film to be obtained may
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Retuning to the exanple, the resultant sputtering target was put into a DC
magnetron sputtering target apparatus, and this was used to forma
transparent thin film having a thickness of 70 nmon a gl ass substrate the
tenperature of which was kept at 150C. The light transmttance of the

t hus- obt ai ned gl ass substrate with the thin filmto Iight having a

wavel ength of 550 nmwas neasured. The resultant light transmttance was
91% The specific resistance of the thin filmwas 360 pflcm The potenti al

of this thor fdd miHH ayAgkAddcsd andar degkect rode was neasured. The
potential was 0.38 V. Furthernore, X-ray diffraction was perforned. As a

result, no peak[yy@%oqbserved, and thus it was denonstrated that the thin
filmwas anorphous. [0061] This substrate was subjected to thermal

treatment at 230,C f.or 30 miputes, and then subjected to X-r anal ysi s.
Asa result, onl geguﬁf e gcr(i) S?f‘ﬁ%\t FigErom P%ekiﬁu E(i&ﬁg)etr v%%l?tgéﬁdntghus it
was denonstrated that it was crystallized, The standard el ectrode potenti al
of this cFFSEAY MRS tArh £PEM Awdd BB G TRAd SEHE SpetRPi & ardsitst ance
thereof was 220 cm This substrate was subjected to XPS neasurenent, so as
to obser ?8PEAE bl eR@E bhisheagerseintar SpsM AS zanesarent pEipokitnve
trivalent ceriumwas observed. [0062]

having a thickness of 70 nm on a glass substrate the

temperature of which was kept at 150°C. The light
transmittance of the thus-obtained glass substrate with the
thinfilmto light havingawavelengthof 550 nmwas measured.
The resultant light transmittance was 91%. The specific
resistance of the thin film was 360 pQcm. The potential
of thisthinfilmtoaAg/AgCl standardelectrodewasmeasured.
The potential was 0.38 V. Furthermore, X-ray diffraction
was performed. As a result, no peak was observed, and thus
it was demonstrated that the thin film was amorphous.

[0061]

This substrate was subjected to thermal treatment at
230 °C for 30 minutes, and then subjected to X-ray analysis.
Asaresult, onlyapeakoriginating fromindiumwas observed,
and thus it was demonstrated that it was crystallized. The
standard electrode potential of this crystalline thin film
was 0.36V, and the specificresistance thereof was 220 pQcm.
This substrate was subjected to XPS measurement, so as to

observe the valence of the cerium atoms. As a result,
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The abundance of the positive trivalent cerium that 1is, [Ce+3]/([Ce+3] +
[ Ce+4] ), which was obtained frompeak separating treatnent and area rati o,
was 0.15. Herein, [Ce+3] represents the nunber of the trivalent cerium
atons per unit volume/unit mass in the sanple, and [Ce+4]represents the
nunber of the positive quadrivalent ceriumatons in the sane unit. [0063]
Next, a gl ass substrate was set into the sane DC mnagnetron sputtering
apparatus in the sane way, so as to forma transparent el ectroconductive f

i | mhavi ng oz itthi €k Nessva0knk0 Jun 1 Jhewhhugrektajded gl ass substrate with the
thin filmwas patterned by photoetching. At this tine, three Kkinds of

et chi ng solutioq@O@@qe used to attenpt to perform the patterning. The three
ki nds of etching solutions were a solution of oxalic acid (3.4% by wei ght)

in water, a mx i.d of phosphoric acid, acetic acid and.nitric acid, and
an aqueous so|u?ﬁgng§8ﬁF§fH%h§%gt§§rPﬁﬁﬁéﬁﬁﬁaﬁﬁﬁﬂﬁ Fat SE T hel3hse of
usi ng any .one of+g$2é?tchg gﬁsglutjons no _generation of residues was

n

obser ved. *FO064E F&sul t AntCGl ds's SUBSERaVRShaPitAg ek athePfdl 26

el ectrode (transparent el ectrode) was subjected to thermal treatnment at
230C for 36DHLAESI Thepéakmdr and awsaf spimdg, was 0.15. Herein,

[Ce+ﬁ represents the number of the trivalent cerium atoms
perunit volume/unitmass inthe sample, and [Ce**] represents
the number of the positive quadrivalent cerium atoms in the
same unit.

[0063]

Next, a glass substrate was set into the same DC
magnetron sputtering apparatus in the same way, so as to
formatransparent electroconductive filmhavinga thickness
of 60 nm. The thus-obtained glass substrate with the thin
film was patterned by photoetching. At this time, three
kinds of etching solutions were used to attempt to perform
the patterning. The three kinds of etching solutions were
a solution of oxalic acid (3.4% by weight) in water, a mixed
acid of phosphoric acid, acetic acid and nitric acid, and
an aqueous solution containing a cerium ammonium nitrate.
In the case of using any one of the etching solutions, no
generation of residues was observed.

[0064]

The resultant glass substrate having the patterned
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into a filmof 300 nmfilmthickness on this glass substrate, This A film
was patterned using a photo-mask having a different pattern. After the
patterning, an etching solution was used to performetching (that is,

phot oetching) The etching solution used in this photoetching was a m xed
sol ution of phosphoric acid, acetic acid and nitric acid. After the
etching, the section of the transparent el ectrode was observed under an

el ectron m croscope; the section was not damaged. In the Al el ectrode

formed byetbe t ralyetieid onesh pattes hi-Bdedl $9s NivHOLE8d ¢ Rard MhANI ng,
| i ne-breaking, and the |ike were not observed. [006 The contents of the

ne | \ ]
Compar at i Ve ExBnm 02" 2 Bcdihts o FOBkET = 1 n Pe B 672, " ERd Lane
process'n@n%%@a%&%&?%gqyéorﬁﬁfg HPPQXEk%é%gﬁégéhd¥$%§f3%§Egrgﬁ%ﬁﬁgcept t hat

the rati o between nunber ceriam at T bns

((the nunpber of ceriumatons) / (that of indiumatons) ) per unit volune or

unit nmass!RasS &t {1011@_@%5_ PRGGEANST B81R9r st P s PrIdékitg, a

ceriumcontaining In203 sintered body wherein the bul k resistance was 0. 84
different pattern. After the patterning, an etching

solutionwasusedtoperformetching (thatis, photoetching).
The etching solution used in this photoetching was a mixed
solution of phosphoric acid, acetic acid and nitric acid.
After the etching, the section of the transparent electrode
was observed under an electron microscope; the section was
not damaged. In the Al electrode formed by the

above-mentioned patterning also, pinholes, line-thinning,
line-breaking, and the like were not observed.

[0065]

The contents of the example 1 are shown in Fig. 1,
togetherwithother Examples andother Comparative Examples.

Example 2

[0066]

In the example 2, the same processing and operations
as in above Example 1 were performed except that the ratio
between the number of cerium atoms and that of indium atoms
((the number of cerium atoms)/(that of indium atoms)) per
unit volume or unit mass was set to 0.035.

[0067]
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mXxm and the density was a value of 6.8 g/cc or nore was obtai ned. The
presence of ceriumoxide in the sintered body could be ascertained by X-ray
diffraction. The size of particles of ceriumoxide that was present as a
sinple substance could be ascertained also with an EPMA. Cerium oxide was
di spersed and contained in this manner, whereby the dianeter of the crystal
grains was 2. 4 m This dianeter was obtained by inmage processing. This
sputtering target was used to forma transparent thin filmhaving a

thi ckness of 7@sm. [0968% cFheHihtr ddasi b1 aacee ot ukhe dihust 0bhgi ned
glass substrate with the thin filmto |ight having a wavel ength of 550 nm

was neasured~ T i r i - 9 : i i sh st ance of
the thin FErewas” 50 5 Seay Tet POERSaR Pk e BRERE A0 28857 Aga
standard el ectrode.  wasneasured. The potential was 0.36V. Furthernore, X-ray
diffract POl hidstf edeNadLiyr ¥sFl £, VAd Yedk Kad S vt MO BAd R Rus it
was denonstrated that the thin fil mwas, anorphous. This substrate was

subj ect ed°Pé atifsital TeRERSRNGR 02308 LEBCB®iliut BE, S hnbet RENPLEY] ect ed
to X-ray diffraction. Asa result, only a peak originating fromindi um was
observed, c28lgnd e uscertaas edernst Tt B Bddifdraat was- criReabiizze®f [ 0069]

particles of cerium oxide that was present as a simple
substance could be ascertained also with an EPMA. Cerium
oxide was dispersed and contained in this manner, whereby
thediameter of thecrystalgrainswas 2.4 pum. Thisdiameter
was obtained by image processing. This sputtering target
was used to form a transparent thin film having a thickness
of 70 um.

[0068]

The light transmittance of the thus-obtained glass
substrate with the thin film to light having a wavelength
of 550 nm was measured. The light transmittance was 90%.
The specific resistance of the thin film was 330 pQdcm. The
potential of this thin film to a Ag/AgCl standard electrode
wasmeasured. Thepotentialwas0.36V. Furthermore, X-ray
diffractionwasmeasured. Asaresult, nopeakwasobserved,
and thus it was demonstratedthat thethin filmwas amorphous.
This substrate was subjected to thermal treatment at 230°C
for 30 minutes, and then subjected to X-ray diffraction.

Asaresult, onlyapeakoriginating fromindiumwas observed,
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The standard el ectrode potential of this crystalline thin filmwas 0.35 YV,
and the specific resistance thereof was 210 fcm This substrate was

subj ected to XPS neasurenent, so as to observe the val ence of the cerium
atons . As a result, positive trivalent ceriumwas observed. The abundance
of the positive trivalent ceriumwas 0.24. [0070] Next, a glass substrate
was again set into the above-nentioned DC sputtering apparatus, so as to
forma transparent electroconductive filmhaving a thickness of 60 nm The
t hus- obt aiamed @S si sURSEr ate@oM dtr & bedt Riha tf il waeasc pgktarned, &y.
phot oet ching. As etching solutions, the follow ng three kings were used: a
sol ution of oxa“bge@qid (3.4% by weight) in water, a m xed acid of
phosphoric acid, acetic acid and nitric acid, and an aqueous sol ution

cont aini ng a ceruT AIRNLUMLALLIAL S L IR £25e, of, sl 10 Ay, pngcof the

sol utions, no generation of résidues S served. us
-obt ai ned gl.ass .substrate ving the patterned. el ect.rode was subjected to
o e R R R 1o g S P g B g AR F e Rag 1 at o a
filmof 300 29 nmfilmthickness on this glass substrate. This Al film
corresponiigst @ 1 rieRract | Talel ectrvdeabverasg tsuansparedt to XPS

measurement, soas toobserve thevalenceof theceriumatoms.
As a result, positive trivalent cerium was observed. The
abundance of the positive trivalent cerium was 0.24.

[0070]

Next, a glass substrate was again set into the
above-mentioned DC sputtering apparatus, so as to form a
transparent electroconductive film having a thickness of
60 nm. The thus-obtained glass substratewith the thin film
was patterned by photoetching. As etching solutions, the
following three kings were used: a solution of oxalic acid
(3.4% by weight) in water, a mixed acid of phosphoric acid,
acetic acid and nitric acid, and an aqueous solution
containing a cerium ammonium nitrate. In the case of using
any one of the solutions, no generation of residues was
observed.

[0071]

The thus-obtainedglass substratehavingthepatterned
electrode was subjected to thermal treatment at 230°C for

30 minutes. Thereafter, Al was formed into a film of 300
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el ectrode in an actual electrode substrate. [0072] This Al filmwas
patterned using a photo-mask having a different pattern, andthenetching
(thatis, photoetching) was perforned. The etching solution used therefor
was a m xed solution of phosphoric acid, acetic acid and nitric acid.
[0073] Thereafter, the section of the transparent electroconductive film
(which may also be referred to as a transparent electrode in an actual

el ectrode substrate) was observed under an el ectron mcroscope; the section
was not danmddddh dmidheeds binl mhiwhighs smysbhieseabited amrhAls 2l eeiIade or a
reflective electrode in an actual electrode substrate, pinholes,

l'i ne-thi nab&q,eézdd}ed@r@@ka Nge raBettike dike: Weae BoLrobservwetspalfeneont ents
of the exanple are shown in Fig. 1, together with other Exanples and

other  CompRAtics Examphes.c XA g3y, bAAT 4L din e exampl e 3 the same

processi ng and operations as in above Exanple 1 were perforned except that
the ratio 30 b? H the nunber of ceriumatons and that of indium atons
((the nunber of “ceriumatons) / (that of indiumatons) ) per

This Al film was patterned using a photo-mask having
adifferentpattern, andthenetching (that is, photoetching)
was performed. The etching solution used therefor was a
mixed solution of phosphoric acid, acetic acid and nitric
acid.

[0073]

Thereafter, the section of the transparent
electroconductive film (which may also be referred to as
a transparent electrode in an actual electrode substrate)
was observed under an electron microscope; the section was
not damaged. In the Al film, which may be called an Al
electrode or a reflective electrode in an actual electrode
substrate, pinholes, line-thinning, line-breaking, and the
like were not observed. The contents of the example 2 are
shown in Fig. 1, together with other Examples and other
Comparative Examples.

Example 3

[0074]

In the example 3, the same processing and operations

as in above Example 1 were performed except that the ratio

30



unit volume or unit nmass was set to 0.07. [0075] As a result of this
processing, a ceriumcontaining 1n203 sintered body wherein the bul k
resistance was 0.82 mXxm and the density was a value of 6.9 g/cc or nore
was obtained. The presence of ceriumoxide in the sintered body could be
ascertained by X-ray diffraction. The size of particles of cerium oxide
that was present as a sinple substance could be ascertained also with an
EPMA. Cerium oxide was di spersed and contained in this manner, whereby the

di ameter @fe thee o rotd alunidd B WS ihm & tWmsThinS dhaweberi nMasmoRt aiaed by
i mge processing. This sputtering target was used to forma transparent

thin film Wac‘ﬂé"gu&ﬁntfé’f%f‘eé riQh 40-%,[0Q78] e I@gr{ 9{}5 ﬁ%ﬁg @é?ce of

t he thus-obtal ne ass strate mnth t' he I'ng a

wavel engt h g hmwas ne sured. The Irggt tr§P§$lttance was 89% The
specific P@%rstaﬁ 216f CEh&thi A"F7 P ' @&s ° he potential of this

thin filmto a g/%&?l standard el ectrode wasneasured. The potential was O.
37 V. Furthernot ray diffraction was neasured. Asa result, no peak was
observed, 31 and thus it was denonstrated that the thin filmwas anorphous.
This substrate Wasasubjsedttedft ¢ tiremmdces eangent aer289cCcontaining

In,03 sintered body wherein the bulk resistance was 0.82
mQcm, and the density was a value of 6.9 g/cc or more was
obtained. The presence of ceriumoxide in the sintered body
could be ascertained by X-ray diffraction. The size of
particles of cerium oxide that was present as a simple
substance could be ascertained also with an EPMA. Cerium
oxide was dispersed and contained in this manner, whereby
the diameter of the crystal grainswas 4.8 um. This diameter
was obtained by image processing. This sputtering target
was used to form a transparent thin film having a thickness
of 70 pm.

[0076]

The light transmittance of the thus-obtained glass
substrate with the thin film to light having a wavelength
of 550 nm was measured. The light transmittance was 89%.
The specific resistance of the thin film was 380 pQcm. The
potential of this thin film to a Ag/AgCl standard electrode
wasmeasured. Thepotentialwas0.37V. Furthermore, X-ray

diffractionwasmeasured. Asaresult, nopeakwasobserved,
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for 30 mnutes, and then subjected to X-ray diffraction. As a result, only
a peak originating fromindiumwas observed, and thus it was denonstrated
that it was crystallized. [0077] The standard el ectrode potential of this
crystalline thin filmwas 0.38 V, and the specific resistance thereof was
250 @xm This substrate was subjected to XPS neasurenent, so as to observe
the valence of the ceriumatons . As a result, positive trivalent cerium
was observed. The abundance of this positive trivalent ceriumwas 0. 36.

[0078] NeXihd ©h@kasSwsYRREINA £ Mascadai it 8k 4 Q rineg wabeues Aembhened
Sputtering apparatus, so as to forn1a transparent electrocon uctive film

havi ng a %%lckge S 60 nm % us- gbt ned ubstraé 2?%EE t he

of
thin film was paf%%ﬁ%ﬁﬁi%?srﬁy }F |ng |n6e§

follomnng thr s were_u a solution f 0X aC| 3. 4@6by wei ght)
in water, % EF%f %HgngSPnéﬁﬁﬁ%Ft gc%?lg aéivd % ¢t +%%aci d, and
an aqueous solut|on conta|n|ng a ceriumampniumnitrate. In the case of

using anySchEesH1itheCB oV it PBAL,C i Yeakt AFi P B NAddides aRacrvdder ved. 32

[0079] The thus-obtained glass substrate having the patterned
and thus it was demonstrated that it was crystallized.

[0077]

The standard electrode potential of this crystalline
thin film was 0.38 V, and the specific resistance thereof
was 250 pQcm. This substrate was subjected to XPS
measurement, soas toobserve thevalenceof theceriumatoms.
As a result, positive trivalent cerium was observed. The
abundance of this positive trivalent cerium was 0.36.

[0078]

Next, a glass substrate was again set into the
above-mentioned sputtering apparatus, so as to form a
transparent electroconductive film having a thickness of
60 nm. The thus-obtainedglass substrate with the thin film
was patterned by photoetching. As etching solutions, the
following three kings were used: a solution of oxalic acid
(3.4% by weight) in water, a mixed acid of phosphoric acid,
acetic acid and nitric acid, and an aqueous solution
containing a cerium ammonium nitrate. In the case of using
any one of the solutions, no generation of residues was

observed.
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el ectrode was subjected to thermal treatnment at 230C for 30 m nutes.
Thereafter, Al was fornmed into a filmof 300 nmfilmthickness on this

gl ass substrate. This Al film corresponds to a reflective el ectrode over a
transparent electrode in an actual electrode substrate. This A filmwas
patterned using a photo-mask having a different pattern, andthenetching
(thatis, photoetching) was perforned. The etching solution used therefor
was a m xed solution of phosphoric acid, acetic acid and nitric acid.

[ 0080] Thereaften;otthe section of the transparent electroconductive film
(which may also be referred to as a transparent el ectrode in an actual

el ectrode substrata)huNaspORSaewes Andenan &l eChhol Y €ROPeAR ridg section
was not danmaged. In the Al film which may be call ed an el ectrode or a

reflectivg, glectrod g§1%ybé§é§§é ?'EEB%% g1 FyRstyate Q{U@%bQFaagi] The

. . rn
| i ne-thinning, T ne-brea € Were no o%serve .

bove. ment P oN6R T vi QUAI® 5 ahpF 6s™nto 3T GEMSAr aTiVe A/ 6t (RAY will be
descri bed bel ow. [0082] , . .

nm film thickness on this glass substrate. This Al film
corresponds to a reflective electrode over a transparent
electrode in an actual electrode substrate.

This Al film was patterned using a photo-mask having
adifferentpattern, andthenetching (thatis, photoetching)
was performed. The etching sclution used therefor was a
mixed solution of phosphoric acid, acetic acid and nitric
acid.

[0080]

Thereafter, the section of the transparent
electroconductive film (which may also be referred to as
a transparent electrode in an actual electrode substrate)
was observed under an electron microscope; the section was
not damaged. In the Al film, which may be called an Al
electrode or a reflective electrode in an actual electrode
substrate, pinholes, line-thinning, line-breaking, and the
like were not observed.

[0081]

The contents of the example 3 are shown in Fig. 1,

together with the above-mentioned individual Examples and
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"Conparative Exanple 1" In the Conparative Exanple 1, the sane processing
and operations as in above Exanples 1 to 3 were perforned except that the
rati o between the nunber of ceriumatons and that of indiumatons ( (the
nunber of ceriumatons) / (that of indium atomnms)) per unit volunme or unit
mass was set to 0.0005. [0083] As a result of this processing, a
ceriumcontaining 1n203 sintered body wherein the bulk resistance was 10.5
mXxm and the density was a value of 6.4 g/cc or nore was obtai ned. The
presence 6foreeiaim oxi Baamp ltdte Shat eved lbody decout dbadt bed cascert ai ned by
X-ray diffraction. The size of particles of cerium oxide that was present
as a sinple suljstodrzce coul d not be ascertained also with an EPMA. That is
to say, the dianeter of the crystal grains could not be obtained. This

sputtering tar getow@)%ﬂjasteﬂvéoﬂ;gm@l@ transparent thin film having a
t hi ckness of 70 nm [0084] The light transm ttance of the thus-obtained

giass substrateth ddeabLe.Lid mERCioNt baying.a yeyeleoghh gk 550 m

was neasured. T ansm ttance was 89% ic resistance of
thethinfilmv,\claso4505pflc§%oTh 34 ot i al, of t_hisr hin filmto, a
Ag) AQCL PRI o B ST OB RRETALLP BRS TG pOVeRt b W BN b
Furthernn%%étx£%%yratio between the number of cerium atoms and that
of indiumatoms ( (the number of ceriumatoms)/ (that of indium
atoms)) per unit volume or unit mass was set to 0.0005.
[0083]
As a result of this processing, a cerium-containing
In,03 sintered body wherein the bulk resistance was 10.5
mQcm, and the density was a value of 6.4 g/cc or more was
obtained. The presence of ceriumoxide in the sintered body
could not be ascertained by X-ray diffraction. The size
of particles of cerium oxide that was present as a simple
substance could not be ascertained also with an EPMA. That
is to say, the diameter of the crystal grains could not be
obtained. This sputtering target was used to form a
transparent thin film having a thickness of 70 nm.
[0084]
The light transmittance of the thus-obtained glass
substrate with the thin film to light having a wavelength

of 550 nm was measured. The light transmittance was 89%.

The specific resistance of the thin film was 450 pQdcm. The
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diffraction was neasured. As a result, small peaks were observed, and thus
the filmwas mcrocrystalline. This substrate was subjected to thernal
treatment at 230C for 30 mnutes, and then subjected to X-ray diffraction.
As a result, only a peak originating fromindiumwas observed, and thus it
was denonstrated that it was crystallized. [0085] The standard el ectrode
potential of this crystalline thin filmwas 0.86 V, and the specific

resi stance thereof was 870 RQxm This substrate was subjected to XPS

measur enepb;t es a6l & ebser veihhei val escenel/ Adte e@hindn A4 QMect rf8ea
result, no positive trivalent ceriumwas observed. [0086] Next, a glass

subst r at e, wWasn&gahPedet ALY I Hen £ 2ROVErIBNEDANEd Mﬂ@fhegeé}@@ﬁfé us, so
as to forma transparent el ectroconductive filmhaving a thickness of 60

nm The tng?q%gg%qgﬂiﬁ%gsoﬁéggﬁk&gteA@t%k#%ghipgnFﬁ%gq)§¥%b:Patterned by

phot oet chin S ions,” the oW n e §° Wereused: " a
solution of oxali¢ aci 3.4%Db ejght) in water, a m xed acid. of

phosphor i 8E§8ird’,e£’ac%?gct§8isd tzilr% %ﬁtr?l Egﬁcﬁ,cré’r‘?dr%%t%a&é&?s soFdtS on
containing a ceriumanmmoniumnitrate. In the case of using 35 any one of the
sol uti onssubké rgerrera $ grillof ecbesddtiestivagmadbgeraasdtnent at 230°C for

30 minutes, and then subjected to X-ray diffraction. As
a result, only a peak originating from indium was observed,
and thus it was demonstrated that it was crystallized.

[0085]

The standard electrode potential of this crystalline
thin film was 0.86 V, and the specific resistance thereof
was 870 pQcm. This substrate was subjected to XPS
measurement, soas toobservethevalenceoftheceriumatoms.
As a result, no positive trivalent cerium was observed.

[0086]

Next, a glass substrate was again set into the
above-mentioned sputtering apparatus, so as to form a
transparent electroconductive film having a thickness of
60 nm. The thus-obtained glass substrate with the thin film
was patterned by photoetching. As etching sclutions, the
following three kings were used: a solution of oxalic acid
(3.4% by weight) in water, a mixed acid of phosphoric acid,
acetic acid and nitric acid, and an aqueous solution

containing a cerium ammonium nitrate. In the case of using
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The thus -obtained glass substrate having the patterned electrode was
subjected to thermal treatnent at 230C for 30 mnutes. Thereafter, A was
formed into a filmof 300 nmfilmthickness on this glass substrate. This
Al film corresponds to a reflective electrode over a transparent el ectrode
in an actual electrode substrate. [0087] This Al filmwas patterned using a
phot o- mask having a different pattern, and then etching (that is,
phot oet ching) was perforned. The etching solution used therefor was a

m xed sol ghiyornef drhagphoid cufehbds,aceld Gard fh angnnblr ke s iafids [9988]
Thereafter, the section of the transparent el ectroconductive film (which

may al so pgsreferyed to as a transparent electrode in an actual electrode
substrate) was observed under an el ectron m croscope; it was nade evident

t hat t of ti i | ved t be d .. In the A
e o 8 S5 O LYl R R A " P o
actual electrode substrate, pinholes were partially observed, and

| i ne-t hi nALRGTEHAES s Freakengehere Fheamayl seeartvernt 3t Tha0tonieht s of

the Conparative Exanple 1 are shown in Fi%. 1, together with the
above- mentPomédautsd vi duigireatter, Al was formed into a film of 300

nm film thickness on this glass substrate. This Al film
corresponds to a reflective electrode over a transparent
electrode in an actual electrode substrate.

[0087]

This Al film was patterned using a photo-mask having
adifferentpattern, andthenetching (thatis, photoetching)
was performed. The etching solution used therefor was a
mixed solution of phosphoric acid, acetic acid and nitric
acid.

[0088]

Thereafter, the section of the transparent
electroconductive film (which may also be referred to as
a transparent electrode in an actual electrode substrate)
was observed under an electron microscope; it was made
evident that a part of the section was dissolved so as to
be damaged. In the Al film, which may be called an Al
electrode or a reflective electrode in an actual electrode
substrate, pinholes were partially observed, and

line-thinning and line-breaking were locally observed.
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Exanpl es and ot her Conparative Exanples. [0089] "Conparative Exanple 2" In
the Conparative Exanple 2, the sane processing and operations as in above
Exanples 1 to 3 were perfornmed except that the ratio between the nunber of
ceriumatons and that of indiumatons ( (the nunber of ceriumatons) /

(that of indium atons)) per unit volune or unit mass was set to 0.18.

[0090] As a result of this processing, a ceriumcontaining [1n2Q38 sintered
body wherein the bulk resistance was 8.35 mXxm and the density was a val ue

of 7.0 g/cc or mpre oS erobd ab Neghe ThempheSeNGR: OfxH851sm oxideshBwhhe
sintered body could be ascertained by X-ray diffraction. The size of

articl es:of «eri um oxj f e i S : uld be
p i ey um %g%@&:gﬁ »Y?@r\}\ggﬁé %o%%a%??!aﬁed %%PJEE&Q?

ascertained al'so wth however cult that the di aneter

of the crystal grain i.n by i e _processi ng was determ ned. A
continuou§§aﬁﬁggggc%ﬁﬁdggF%3~E%NQ%%EFEgWﬁeE%aFH?%e%puttering target was
used to forma t%%%zﬁarent thin filmhaving a thickness of 70 nm [0091] 37
The |i ght transhi’®ance of the thus- obt ai ned gl ass substrate with the thin

filmto |ight having a wavel ength
“Comparative EXxample 27"

In the Comparative Example 2, the same processing and
operations as in above Examples 1 to 3 were performed except
that the ratio between the number of cerium atoms and that
of indiumatoms ( (the number of ceriumatoms)/ (that of indium
atoms)) per unit volume or unit mass was set to 0.18.

[0090]

As a result of this processing, a cerium-containing
In,03 sintered body wherein the bulk resistance was 8.35
mQcm, and the density was a value of 7.0 g/cc or more was
obtained. The presence of ceriumoxide in the sintered body
could be ascertained by X-ray diffraction. The size of
particles of cerium oxide that was present as a simple
substance could be ascertained also with an EPMA. It was
however difficult that the diameter of the crystal grains
obtained by image processing was determined. A continuous
phase could also be ascertained. This sputtering target
was used to form a transparent thin film having a thickness
of 70 nm.

[0091]
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of 550 nm was neasured. The light transmttance was 87%

resi st anc

Furt her no
observed,
thermal t
diffracti

el ectrode

The specific

e of the thin filmwas 1250 LQcm The potential of this thin film
to a Ag/ AgCl standard el ectrode was neasured. The potential was 0.7 V.

re, X-ray diffraction was neasured. As a result, no peak was

and thus the filmwas anorphous. This substrate was subjected to

reatment at 230C for 30 mnutes, and then subjected to X-ray

on. As a result, no peak originating fromindi umwas observed, and
thus it was denDhst ndigedt tthadnsmiwnwasannet oof wHalthzedobt[aQG] Jhesst andard

potential of this anmorphous thin filmwas 0.76 V, and the

speci fic gasistrance Wihes edle asn1860m. £ LM ghRi 6 asUbs] At wese sgbhect ed to

XPS neas
result, n
t hat aInD
cerium

above- nen
el ectroco
gl ass sub
etchlng S

urenent, so as to observe the val ence of the cerium atons

As a

8 £Pgsht b il Yalenty e i usR dap; Re et ¥eonand ad do Wpss Aot € ermi ned

st all of the observed cerium

%ﬁ%@ewﬁ%rr%é?% 53#%5% Ce 2t g o et dasflngpen

ons were positive quadrlvalent

nductive fil m havi ckn of 38 60 nm The t obt ai ned
b Wt T hoobhite i 1R Esiatﬁ&ﬁecﬁ%m TRE el A

ol utions, the
electrode was measured. The potential was 0.7 V.

Furthermore, X-ray diffraction was measured. As a result,
no peak was observed, and thus the film was amorphous. This
substrate was subjected to thermal treatment at 230°C for
30 minutes, and then subjected to X-ray diffraction. As
a result, no peak originating from indium was observed, and
thus it was demonstrated that it was not crystallized.

[0092]

The standard electrode potential of this amorphous
thin film was 0.76 V, and the specific resistance thereof
was 1860 puQcm. This substrate was subjected to XPS
measurement, soas toobservethevalenceof theceriumatoms.
As a result, no positive trivalent cerium was observed, and
it was determined that almost all of the observed cerium
atoms were positive quadrivalent cerium.

[0093]

Next, a glass substrate was again set into the
above-mentioned sputtering apparatus, so as to form a

transparent electroconductive film having a thickness of
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follow ng three kings were used: a solution of oxalic acid (3.4% by weight)
in water, a m xed acid of phosphoric acid, acetic acid and nitric acid, and
an aqueous solution containing a ceriumamopniumnitrate. In the case of
using any one of the solutions, no generation of residues was observed.
[0094] Thethus -obtained glass substrate having the patterned el ectrode
was subjected to thermal treatnent at 230C for 30 mnutes. Thereafter, Al
was formed into a filmof 300 nmfilmthickness on this substrate. This A
film corrdspondsThe thuefdbbthivedytatssoteb oventa wiahspes ehtin Eiéect rode in
an actual electrode substrate. [0095] This Al filmwas patterned using a
phot o- mask; ahkavang e on &ld b g rend £ pat tanmg .andisheretrciii ngd hat i snphotaet chi ng)
was performed. The etching solution used therefor was a m xed sol ution of

phosphor i q&q&ﬂl@g%ﬂﬁe@%ﬁngg%@kérageda%%L@Q@@h ofh&ag@%eamhhe
section of the transparent ectroconductive film (which may al so

referred g as 39 gotansparent .glectrode. in, angact yalo sleghiedes abstrat )

was observed ungj ran e gcfron mer oscope;

acetic acid and nitric acid, and an aqueous solution
containing a cerium ammonium nitrate. 1In the case of using
any one of the solutions, no generation of residues was
observed.

[0094]

The thus-obtainedglass substratehavingthepatterned
electrqde was subjected to thermal treatment at 230°C for
30 minutes. Thereafter, Al was formed into a film of 300
nm film thickness on this substrate. This Al film
corresponds to a reflective electrode over a transparent
electrode in an actual electrode substrate.

[0095]

This Al film was patterned using a photo-mask having
adifferent pattern, andthenetching (that is, photoetching)
was performed. The etching solution used therefor was a
mixed soluticn of phosphoric acid, acetic acid and nitric
acid.

[0096]

Thereafter, the section of the transparent

electroconductive film (which may also be referred to as
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evident that alnost all of the area thereof was dissolved so as to be
damaged. In the Al film which nmay be called an Al electrode or a
reflective electrode in an actual electrode substrate, pinholes were
partially observed, and |ine-thinning and |ine-breaking were |ocally
observed. The contents of the Conparative Exanple 2 are shown in Fig. 1,
together with the above-nentioned individual Exanples and other Conparative
Exanpl es. [0097] "Conparative Exanple 3 In the Conparative Exanple 3, which

is differentrhnemarahoyve kxatpbas intgn3actinlvascuseddasteatt Ofteeri um
Furthernore, in the Conparative Exanple 3, the sane processing and

oper ati ongaas gt abave Exaep! e l1o-8r¥Rr o Ryfsped excepts thajethe ratio
bet ween the nunber of tin atonms and that of indiumatons ((the nunber of

tin at ONF)%-@S@](M%MOJ TSN 51 015} InDOL UD! EnYOLWE B WH doSB58g Uas set

to 0.10. As a result of this processing, a tin-containing In2C3
s o val 08 BF B0 BegRat A hor o hels BBt b hod™ 487 TR RPSLaEe b Ltin ox) de
in the sintered body could not be ascertained by X-ray diffraction. The
si ze of paptﬁé|@§e trode or a reflective electrode in an actual
electrode substrate, pinholes were partially observed, and
line-thinning and line-breaking were locally observed.
The contents of the Comparative Example 2 are shown
in Fig. 1, together with the above-mentioned individual
Examples and other Comparative Examples.
[0097]
“Comparative Example 3
In the Comparative Example 3, which is different from
above Examples 1 to 3, tin was used instead of cerium.
Furthermore, in the Comparative Example 3, the same
processing and operations as in above Examples 1 to 3 were
performed except that the ratio between the number of tin
atoms and that of indium atoms ((the number of tin
atoms)/ (that of indium atoms)) per unit volume or unit mass
was set to 0.10.
[0098]
As a result of this processing, a tin-containing In;0;
sintered body wherein the bulk resistance was 0.35 mQcm,

and the density was a value of 6.8 g/cc or more was obtained.
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of tin oxide that was present as a sinple substance could not be
ascertained also with an EPMA, either. Thus, they were uniformy dispersed.
This sputtering target was used to forma transparent thin filmhaving a
thickness of 70 nm [0099] The light transmttance of the thus-obtained
glass substrate with the thin filmto |ight having a wavel ength of 550 nm
was neasured. The light transmttance was 90% The specific resistance of
the thin filmwas 230 S2cm The potential of this thin filmto a Ag/ Agd
standard Ehecprede=namsotasinedxiflee ipottend iadntwased 83dy Fust hérmote, X-ray
diffraction was neasured. As a result, small peaks were observed, and thus

the film wpasastereanysiablinerayhist rsabstibate was subkest e #10i & hesmal
treatment at 230C for 30 mnutes, and then subjected to X-ray diffraction.

As a resylt i3 B%@J&eortikﬂaiﬂ‘%}aié‘%f_éé’é@uk“?%%’og‘@ﬁ ?Q%‘[%%%ar?é‘é’ cdlipg it was

denonstrated that it was crystallized. ] The standard el ectrode

i al [ I ] insfil . 86.Y, d ifi
P aci ot ancBOTnEPeaPCSae T8 ot HEm YA L AR TP Hy Sdneiet e bat abai n set

in h ve-nenti aned , rin r , form
to the wg?’% Snl otrm%yeglss%l'ggseed. 9 ﬂ?fg sagy’cstei(l)ngstggge% wa(él used

to form a transparent thin film having a thickness of 70
nm.

[0099]

The light transmittance of the thus-obtained glass
substrate with the thin film to light having a wavelength
of 550 nm was measured. The light transmittance was 90%.
The specific resistance of the thin film was 230 pQcm. The
potential of this thin film to a Ag/AgCl standard electrode
wasmeasured. Thepotentialwas0.83V. Furthermore, X-ray
diffraction was measured. As a result, small peaks were
observed, and thus the film was microcrystalline. This
substrate was subjected to thermal treatment at 230°C for
30 minutes, and then subjected to X-ray diffraction. As
a result, a peak originating from indium was observed, and
thus it was demonstrated that it was crystallized.

[0100]

The standard electrode potential of this crystalline

thin film was 0.86 V, and the specific resistance thereof

was 180 pQcm.
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transparent el ectroconductive film having a thickness of 60 nm The

t hus- obt ai ned gl ass substrate with the thin film was patterned by
phot oet ching. As etching solutions, the follow ng three kings were used: a
solution of oxalic acid (3.4%by weight) in water, a m xed acid of
phosphoric acid, acetic acid and nitric acid, and an aqueous sol ution
containing a ceriumamoniumnitrate. In the case of using any one of the
solutions, the generation of residues was observed. [0101] The thus

- obt ai ned gl assNsubst matel i sigbthe apat twernedlga éhecertoden st sabj ected to
thermal treatnment at 230C for 30 mnutes. Thereafter, A was forned into a

filmof 388cvemrddtmdmhégkBess tt il sasphshtake. shiss Abof ifloim Gpr responds
to a reflective electrode over a transparent electrode in an actual

e'eCtrOdet%?P%E@?éht[éﬁgglrog %ﬁﬁ@tf&%ﬁ?g RQ&EEE“%dtWﬂ Iréb@“ﬁgo'”aSk

having a rent pattern, an enet ching(thatis, photoetc S

formed, The etghi |yt t her_ef i xed solution of
Phosphor | BOd o, ebEre ettt ShAC R T £ Rk 0° (OH05] T orhar 18P, t he

section of the transpar%pt , , _
was patterned by photoetching. As etching solutions, the

following three kings were used: a solution of oxalic acid
(3.4% by weight) in water, a mixed acid of phosphoric acid,
acetic acid and nitric acid, and an aqueous solution
contaiﬁingeaceriunlammoniunlnitrate. In the case of using
any one of the solutions, the generation of residues was
observed.

[0101]

The thus-obtainedglass substratehavingthepatterned
electrode was subjected to thermal treatment at 230°C for
30 minutes. Thereafter, Al was formed into a film of 300
nm film thickness on this substrate. This Al film
corresponds to a reflective electrode over a transparent
electrode in an actual electrode substrate.

[0102]

This Al film was patterned using a photo-mask having
adifferentpattern, andthenetching (thatis, photoetching)
was performed. The etching solution used therefor was a
mixed solution of phosphoric acid, acetic acid and nitric

acid.
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el ectroconductive film (which may also be referred to as a transparent

el ectrode in an actual electrode substrate) was observed under an el ectron
m croscope. A portion thereof was a portion low in transparency. Thus, it
was nmade evident that the section was damaged. In the Al film which may
be called an Al electrode or a reflective electrode in an actual electrode
substrate, pinholes were partially observed. [0104] The contents of the
Conparative Exanple 3 are shown in Fig. 1, together with the

above- ment i oned [PAdi3di dual Exanples and the ot her Conparative Exanples.
[0105] Conclusion As described above, according to the enbodi nent, there
i s obtained a tTaersparferdr gl enher eeanduct ive themewhincdpacemstitutes a
transparent el ectrode having a useful nature that residues and so on are
not gener atied thyb @4t 881 Wet 1 10 V\(Q\ﬁ}ki@l@irﬁjagsmjgoaﬁea&e@é}@f@& asidy , and
ot her useful natures . The enbodi nent can be used in various el ectrode
subst rat eg. b ol Ul &ITEM, | 0a8PPhyat N EHROUL TBRL Lo/ ALJAUS, sUbgt rat es
whi ch constitute Iiquid crystal dlsplay devices, in 43 particular, an
glig:;?de %@xﬂrég vggegnder ar & eé£ %%ggé%g%g.sgglbggfh%%lve I quid

thereof was a portion low in transparency. Thus, it was
made evident that the section was damaged. In the Al film,
whichmay be called anAl electrode or areflective electrode
in an actual electrode substrate, pinholes were partially
observed.

[0104]

The contents of the Comparative Example 3 are shown
in Fig. 1, together with the above-mentioned individual
Examples and the other Comparative Examples.

[0105]

Conclusion

As described above, according to the embodiment, there
is obtained a transparent electroconductive film which
constitutes a transparent electrode having a useful nature
that residues and so on are not generated by etching with
aweakaéid(suchasanorganicacid),andotherusefulnatures.
The embodiment can be used in various electrode substrates.
It ispreferredtoapply the embodiment tovarious substrates

which constitute liquid crystal display devices, in
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di spl ay device. Furthernore, it is also preferred to use the enbodinment in
an el ectrode substrate used in an EL display device or the |ike. Besides,
the invention can be used in various fields wherein transparent el ect
roconductive filnms known in the prior art are used. 44 CLAIMS 1. A
sputtering target conprising indiumoxide and cerium oxide, wherein when
its crystal peaks are observed by X-ray diffraction, the presence of peaks
originating fromindium oxide and cerium oxide is observed, and further
when EPMApreaswignent is peetermih $iesteaser ededi afeier of particles of
cerium oxide dispersed in indium oxide is 5 smor less. 2. The sputtering

target aceepding 4kl 86 Mhie WHRS &ldhi WheR1khe iERVA neasur engil 4 5 ,
performed, the presence of the ceriumoxide particles, which are cerium

oxi de parg&%kﬁ%az_ d%i.vsj_?cﬁé?edFlJL%f‘cefRQQRB?gOXiiqei%ngrl%?)\r/]. £ L age Srué’%, 1 smor

nore i s obServ e sp I'ng rgét acc clarm1l or

conpri sing, i ndi.um oxi de .and _ceri um oxi de erein [ ([ + [Cel) =
52005 10 BhEE T S RAE ] SPert oS TP TIBEF L4 ¢ ACThEbA B 1261 um per
unit weight/unit mass, and [In% represents the nunber of the atons of

i ndi um peflel¥pice or the like. esides, the invention can be used in

various fields wherein transparent electroconductive films

known in the prior art are used.
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wei ght/unit mass. 4. The sputtering target according to any one of clainms 1
to 3, conprising indiumoxide and cerium oxide, and having a density of 6.6
or nore and a bulk resistance of 1 nS2cm 45 or less. 5. The sputtering
target according to any one of claims 1 to 4, conprising indium oxide and
cerium oxide, and conprising cerium oxide the valence of which is positive
trivalent. 6. A transparent el ectroconductive filmfornmed by sputtering
using the sputtering target according to any one of clains 1 to 5, the
speci fic cesairstance of the filmbeing less than 600 pflcm 7. The
transparent el ectroconductive filmaccording to claim6, which is heated in
a tenperature range of 200 to 250C, so as to be crystallized. 8. The

t ranspar ent eIectroconductive filmaccording to any one of cIainB 6 to 7,

wherein the stagdakd tgfg%e goteg i al to % 1 n§ A
process for pro At 961 X Foc hﬁ Pﬁtﬁpﬁb %S% f the

UC|ng transp r
sputtering tar et according to any one of clains 1 to 5, conprising the
step of uSFAg tering target according to any one of clains 1 to 5

to formthe transparent
whereln when its crystal peaks are observed by X-ray

diffraction, the presence of peaks originating from indium
oxide and cerium oxide is observed, and

further when EPMA measurement is performed, the measured
diameter of particles of cerium oxide dispersed in indium
oxide is 5 um or less.

2. The sputtering target according toclaiml, wherein
when the EPMA measurement is performed, the presence of the
cerium oxide particles, which are cerium oxide particles,
dispersed in indium oxide and having a diameter of 1 pum or
more 1is observed.

3. The sputtering target according to claim 1 or 2,
comprisingindiumoxide andceriumoxide, wherein [Ce]/([In]
+ [Ce]l) = 0.005 to 0.15 wherein [Ce] represents the number
of the atoms of cerium per unit weight/unit mass, and [In]
represents the number of the atoms of indium per unit
weight/unit mass.

4. The sputtering target according to any one of claims
1 to 3, comprising indium oxide and cerium oxide, and having

a density of 6.6 or more and a bulk resistance of 1 mQcm
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el ectroconductive fil mby sputtering, and the step of heating the forned
transparent electroconductive filmin a tenperature range of 200 to 250C,
thereby crystallizing the film 46

or less.

5. The sputtering target according to any one of claims
1 to 4, comprising indium oxide and cerium oxide, and
comprising cerium oxide the valence of which is positive
trivalent.

6. A transparent electroconductive film formed by
sputtering using the sputtering target according to any one
of claims 1 to 5, the specific resistance of the film being
less than 600 pQcm.

7. The transparent electroconductive film according
to claim 6, which is heated in a temperature range of 200
to 250°C, so as to be crystallized.

8. The transparent electroconductive film according
to any one of claims 6 to 7, wherein the standard electrode
potential to Ag/AgCl is 0.6 V or less.

9. A process for producing a transparent
electroconductive film by use of the sputtering target
according to any one of claims 1 to 5,

comprising the step of using the sputtering target
according to any one of claims 1 to 5 to form the transparent
electroconductive film by sputtering, and

the step of heating the formed transparent
electroconductivefilminatemperature rangeof200to250°C,

thereby crystallizing the film.
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