SPECI FI CATI ON  SEM - TRANSM TTI NG SEM - REFLECTI NG ELECTRODE SUBSTRATE, METHOD
OF PRODUCI NG THE SAME, AND LI QUI D CRYSTAL DI SPLAY DEVI CE USI NG THE

SEM - TRANSM TTI NG SEM - REFLECTI NG ELECTRODE SUBSTRATE Fi el d of the

I nvention [0001] The invention relates to a sem -transmtting and

sem -reflecting substrate used in a sem-transmtting and sem -reflecting
type liquid crystal display. Also, this invention relates to a nethod of
producing the sem-transmtting and sem -reflecting el ectrode substrate

and to a liquid crystal displagmevircentsiong t he produced sem-transmitting
and sem -reflector electrode substrate. Background Art [0002] A sem -
transmtting and sem -reflecting liquid crystal deviceis aliquid crystal
di spl ay device provided with both reflector electrode and transparent

el ectrode. This deyige-ThhgseiorenbaseaIinpetronIRG BLECARSOEL LI Ng type
liquid crystal display device and a function as a reflecting type liquid

crystal deysoergtr | MeSRITROF PRODEONVERHOBAMEY  nIERINERITD ERFERRENES and
devel opnment s of this sem -transmtting and sem-reflecting liquid crystal

Flogglg?y devs SeA Nave TReens Rderrk §Eam-TRANSEXAMPLE, sEhe-Rektewrager easons.

ELECTRODE SUBSTRATE

Field of the Invention

[0001]

The invention relates to a semi-transmitting and
semi-reflecting substrate used in a semi-transmitting and
semi-reflecting type liguid crystal display. Also, this
invention relates to a method of producing the
semi-transmitting and semi-reflecting electrode substrate
and to a liquid crystal display device using the produced
semi-transmitting and semi-reflector electrode substrate.
Background Art

[0002]

A semi-transmitting and semi-reflecting liquidcrystal
device is a liquid crystal display device provided with both
reflector electrode and transparent electrode. This device
thereforehas a functionasatransmitting type liquidcrystal
display device and a function as a reflecting type liquid
crystal device at the same time. Conventionally, earnest
researches and developments of this semi-transmitting and

semi-reflecting liquid crystal display device have been made



(1) The liquid crystal display device is a sem-transmtting and

sem -reflecting type. Therefore, it nay be used as a reflecting type
allowing a liquid crystal display device to be effected by utilizing
extraneous light in the open where extraneous light is relatively strong
whereas it may be used as a transmtting type allowing a liquid crystal
display to be effected by utilizing back light in the interior of a house
where extraneous light is relatively weak. Therefore, this display device

can di spl gy, t B i QQamBIéQhEH@S%W@@Mﬂ% EQQth%p' ay is used in the open or
inthe interior of a house. (2) Wien thé Iiquid crystal display is used in

a bright placepfygger strong extraneous Ilght) it can be used as
reflecting type and power consunption can be therefore saved. (3) The liquid

crystal dlsplaylpaﬁh@elyaegdaér9s£§i'sggbmg 8¥9§cé” thg open and therefore,
it can be operated wth snal pomer consunpt i on. I's therefore suitable

for portable;_ wgssﬂié@&ﬁgsand%kn/\ e eeelag &g@ﬁ)pe sidgosni tiing and

sem -reflecting display device can be easi |y "de 0004] Fbmever in

the sen ﬁé?rﬁé”&stéd‘%sa@dré?%c{':%b %bé‘galid éiachﬁ. lg @'rg@lt%

reflector el ectrode and a transpare electr must be di sposed in the

o Pkt R S S ey S 1o
in the open where extraneous light is relatively strong
whereas itmaybeusedasatransmittingtypeallowinga liquid
crystal display to be effected by utilizing back light in
the interior of a house where extraneous light is relatively
weak. Therefore, this display device can display with high
brightness whether the display is used in the open or in the
interior cf a house.

(2) When the liquid crystal display is used in a bright
place (under strong extraneous light), it can be used as
reflecting type and power consumption canbe therefore saved.

(3) The liquidcrystaldisplaycanbeusedasareflecting
type in the open and therefore, it can be operated with small
power consumption. It is therefore suitable for portable
type displays.

(4) A full-color type semi-transmitting and
semi~-reflecting display device can be easily developed.

[0004]

However, in the semi-transmitting and semi-reflecting

liquid crystal display, a reflector electrode and a

transparent electrode must be disposed in the same pixel in



a reduction in yield and cost-up are caused and the problem that an inmage
seen on a transmtting type liquid crystal display is different fromthat
on a reflecting type and there is therefore a difficulty in seeing an
image. [0005] In light of this, the follow ng Patent References 1 and 2
di scl ose sem -transmtting and sem -reflecting liquid crystal driving
el ectrodes respectively having a structure in which a silver reflecting
filmis formed, then this silver reflecting filmis covered with a
protective fidum andyestddiguird viergy el abtdpdei pgrtianspatetg et ieot tede i s
formed on the protective film These silver reflecting |layer and liquid
crystal dtheipypiranspartenheededucdierape oaletser hatadnypl ardataadednid t her eby
forma sem -transmtting and sem-reflecting liquid crystal driving
el ect r odeahasdungr Bon siemyiellansndtdd g-and reenbusetll ecditige unetlican. Al so,
the follow ng Patent Reference 3 discloses a sem -transmtting reflecting
filmproduned by fmagbesechoon agtaabbmtibtingi kypbaving idn caysickilary
reflecting function beneath a netal -based sem -transmitting reflecting
| ayer. [0086]alatedt fRetenenteord thRubin aate Hne of i dapgpesen Pathente
Application Laid-Open (JP-A) No. 2002-49034 Patent Reference 2: Publication
of JP-A Nbos 2002¢48033a JdiPatenftRefiar eseend: aRubibgati on of JP-A No.
2001- 305529 Discl osure of the Invention

[0005]

In light of this, the following Patent References 1 and
2 disclose semi-transmitting and semi-reflecting liquid
crystal driving electrodes respectively having a structure
inwhich a silver reflecting filmis formed, then this silver
reflecting filmis coveredwith a protective filmanda liquid
crystal driving transparent electrode is formed on the
protective film. These silver reflecting layer and liquid
crystal driving transparent electrode are alternately
arranged to thereby form a semi-transmitting and
semi-reflecting liquid crystal driving electrode having a
semi-transmitting and semi-reflecting function.

Also, the following Patent Reference 3 discloses a
semi-transmitting reflecting film produced by further
formingaSithinfilmhavinganauxiliaryreflectingfunction
beneath a metal-based semi-~-transmitting reflecting layer.

[(0006]

Patent Reference 1: Publication of Japanese Patent
Application Laid-Open (JP-A) No. 2002-49034

Patent Reference 2: Publication of JP-A No. 2002-49033



Problenms to be solved by the Invention [0007] However, in the above Patent
references 1 to 3 and the |ike, the transparent el ectrode portion is etched
separately fromthe reflector portion. This is the reason why it is
necessary to carry out the repeated step "filmformation - etching by
photolithography - filmformation - etching by photolithography” to forma
| ayer which is to be the transparent el ectrode portion and a | ayer which is
to be a reflector portion. At this time, the layer which is to be the

transparent el egteptdRdridrade andudie daayiein whiJeh A ot @oohe 3@ 55efd ect or
portion are electrically connected with each other and there is therefore

the case pheeeoaudeverkopre, 1akenetiehant and a rel easi ng agent, which are
used to etch these electrode |ayers, cause a cell reaction which causes the

refl ectingrspbshsate beekbegtar ppothkonhvkathencorroded |ocally. [0008]
Al so, when a reflector electrode is provided on a transparent el ectrode,

there is a fearpob7gdamagi ng the transparent el ectrode when the reflector
el ectrode is etched. |In particular, ITO (indiumtin oxide) is given as

general exanphgfebr} hen maleebibalvet PabentisesEdeinddie 1t kanspaierthe el ectrode
and Al is given as exanples of the material to be 4 used for the reflector

el ectrodei1iks, tihest £as€pat 8L & lickt HdtRe Pé ool eMitshet cle @ 8ldpareaetlivon is

easily caused when I TO
from the reflector portion. This is the reason why it is
necessary to carry out the repeated step “film formation -
etching by photolithography - film formation - etching by
photolithography” to form a layer which is to be the
transparent electrode portion and a layer which is to be a
reflector portion. At this time, the layer which is to be
the transparent electrode portion and the layer which is to
be a reflector portion are electrically connected with each
other and there is therefore the case where a developer, an
etchant and a releasing agent, which are used to etch these
electrode layers, cause a cell reaction which causes the
reflecting substrate (reflector portion) to be corroded
locally.

[0008]

Also, when a reflector electrode is provided on a
transparent electrode, there is a fear of damaging the
transparent electrodewhenthereflectorelectrode isetched.
In particular, ITO (indium-tin oxide) is given as general
examples of the material to be used for the transparent

electrode and Al is given as examples of the material to be



is in contact with Al. [0009] Also, in the case of crystalline ITO it can
be etched only by a strong acid such as aqua regia or hydrochloric acid,
posing the problem for exanple, that wiring materials such as TFT are
corroded. In the case of anorphous ITO on the other hand, a reduction in
adhesion to a base substrate is often observed and there is al so the case
where it causes an increase in contact resistance between | TO and TFT
wiring materials. Also, a residue is generated during etching and there is
t her ef or e udeldedp rt hakt shdikctotceilbstabeedeveh opets @anse | riowdtesi about t he
driving of a liquid crystal arise. On the other hand, 1ZO (trademark,
manuf act uree byobdeni tBat Kossall Geactitah ,isi Bdsilyzeaasedi diegn NBERO been
devel oped as an anorphous naterial. However, when a reflector el ectrode
cont ai ni ng sAlin soprewitded ton 24 .t ransparent el ectrode, this material is
di ssolved even in an etchant for Al by nature it is difficult to use this
material. [001Qjoo0oBhe invention has been nmade in view of the above probl ens
and it is an object of the invention to provide a sem-transmtting and
sem -refl ecti nglelogct nodee stiist bdt erywhathipeolllees takabshe et atesd due in
etching and is resistant to an etchant used for a reflector electrode.
Anot her objn@gtbp adst tdrey iaav end wem aisSadta REQY bder Aydredhutbiror aeidod to
obtain the above sem -transmtting and sem -reflecting el ectrode

posing the problem, for example, that wiring materials such

as TFT are corroded. In the case of amorphous ITO, on the

other hand, a reduction in adhesion to a base substrate is

often observed and there is also the case where it causes

an increase in contact resistance between ITO and TFT wiring

materials. Also, a residue is generated during etching and

there is therefore a fear that short circuits are developed

and troubles about the driving of a liquid crystal arise.

On the other hand, IZ0 (trademark, manufactured by Idemitsu

Kosan Co., Ltd., indium-zinc oxide) has been developed as

an amorphous material. However, when a reflector electrode

containing Al is provided on a transparent electrode, this

material is dissolved even in an etchant for Al by nature

it is difficult to use this material.

[0010]
The invention has beenmade in view of the above problems
and it is an object of the invention to provide a
semi-transmitting and semi-reflecting electrode substrate

which produces almost no residue in etching and is resistant

to an etchant used for a reflector electrode. Another object



substrate in an efficient manner. Al so, a further object of the invention is
to provide a liquid crystal display device utilizing the above

sem -transmtting and sem -reflecting el ectrode substrate. Means to sol ve
the problem [0011] The invention is largely divided into two classes. The
following (1) to (9) are a first invention group. The followng (10) to
(21) are a second invention group. [0012] Enbodinents of the first
invention are those of the A-group which will be explained | ater and

enbodi menbg ©fe titerentaGINd si 1y HOVAR AR G dHSE 1in 1@ nBot eWb i ch wi Il be
explained later. [0013] First invention group (1) In order to solve the

above probh@Mmibévesssth: it ARS8kt N8y ik sem rIefd rcdd 1y eliectthede substrate
conprises a transparent substrate, a transparent conductive |ayer which is

di sposed gupkhezabove trharsparerhtsuhsheate and contains indi um oxi de as
its maj or conponent and further one or two or nore oxides selected from

tungsten oxi dealsapl ybeentme Xdveand micabi upvextdenand wo Mtalidef | ecting
| ayer which is disposed on the above transparent substrate, 6 reflects

extraneous hightdapdyksacoanegtied akectel ealihy -wnigh tHhaReve transparent
conductive | ayer.

semi-transmitting and semi-reflecting electrode substrate.

Means to solve the problem

[0011]

The invention is largely divided into two classes. The
following (1) to (9) are a first invention group. The
following (10) to (21) are a second invention group.

[0012]

Embodiments of the first invention are those of the
A-group which will be explained later and embodiments of the
second invention are those of the B-group which will be
explained later.

[0013]

First invention group

(1) In order to solve the above problem, a
semi-transmitting and semi-reflecting electrode substrate
comprises a transparent substrate, a transparent conductive
layer which is disposed on the above transparent substrate
and contains indium oxide as its major component and further
one or two or more oxides selected from tungsten oxide,
molybdenum oxide and niobium oxide and a metal reflecting

layer which is disposed on the above transparent substrate,



[0014] The descriptions which read as follows: "contains indium oxide as
its major conponent” in this patent neans that indium oxide is contained as
its principal conponent and nmeans that the content of indiumoxide is 50%
or nore in terns of atom c conposition ratio, weight ratio or volunetric
ratio. [0015] The addition of tungsten oxide, nolybdenum oxide or niobium
oxi de ensures that after the transparent conductive |layer is forned, the
formed transparent conductive |ayer can be etched using an etchant

cont ai ni nge®xaktte eacithnelies 1syhstarad estmeyaidd elwbenithelfidiad s forned
is preferably R T. (roomtenperature) to 200C and nore preferably 80C to
180C. Thetheaabnvehyrthepaukstr abeduerperatiurerwhen the filmis forned is
designed to be in the above range is that it is necessary to cool for
controlling théosuhstrate tenperature to R T. or less, leading to a | oss of
energy, whereas when the substrate tenperature is designed to be 200C or
hi gher, there Taetdes wasa wWieyehibie rebahisnto UBbwg: thenetéhanindiannt ai ni ng
oxal ic acid cannot be carried out because of, for exanple, crystallization

of the transparsanitsanrduettompbayet” inAisos pwatar dchdydeederiivay be added
in the atnospheric gas during the course of filmformation. This nmakes it

easy to ekehethe choragactr anspay ppt neopducidion@yenBymélsh8gdyr 7 et chant
containing oxalic acid and residues can be nore reduced.
the content of indium oxide is 50% or more in terms of atomic
composition ratio, weight ratio or volumetric ratio.

[0015]

The addition of tungsten oxide, molybdenum oxide or
niobium oxide ensures that after the transparent conductive
layer is formed, the formed transparent conductive layer can
be etched using an etchant containing oxalic acid. The
substrate temperature when the film is formed is preferably
R.T. (room temperature) to 200°C and more preferably 80°C
to 180°C. The reason why the substrate temperature when the
film is formed is designed to be in the above range is that
it is necessary to cool for controlling the substrate
temperature to R.T. or less, leading to a loss of energy,
whereas when the substrate temperature is designed to be 200°C
orhigher, thereisthecasewheretheetchingusingtheetchant
containing oxalic acid cannot be carried out because of, for
example, crystallizationof the transparent conductive layer.
Also, water and hydrogen may be added in the atmospheric gas

during the course of film formation. This makes it easy to

etch the formed transparent conductive layer by using an



[0016] The addition of the above netal oxide enables the «crystallization
of the transparent conductive |ayer on the substrate sinply by heating the
tenperature of the substrate to 200C or higher after the above forned
transparent conductive layer is etched. The crystallization tenperature is
preferably 220C or higher and nore preferably 230C or higher. If the
transparent conductive layer is crystallized, the danages to the
transparent conductive |ayer caused by an etchant constituted of phosphoric

acid, aceti{enastd-aRdainihgi 6xacid, aWhhChngt chantiuke vaHabkymysed for a
metal reflecting |ayer can be avoided. Also, the addition of tungsten
oxi de, molybhdeaym oxi de or niobi um oxi de makes it possible to suppress a
cell reaction. [0017] The filmthickness of the transparent conductive
layer is prefepgbky 20 to 500 nm nore preferably 30 to 300 nmand stil
nore preferably 30 to 200 nm Wen the filmthickness of the transparent

conductive |ayekei 8qheesohhah 2RleNBbobBehEtal SokhgeCRBBLIMAEG €nkhe surface
resi stance of the transparent conductive |ayer is raised whereas if the

filmthickpeseaofizbheohr@NsRRY ephncpRdUeti ¥Enhayer vexcopds SP@ram there is
the case where the problens arise concerning a reduction in 8 transmttance
and procesghigr8€8WidfNy bl MEB)ing the temperature of the substrate

to 200°C or higher after the above formed transparent

conductive layer isetched. Thecrystallizationtemperature

is preferably 220°C or higher and more preferably 230°C or

higher.

If the transparent conductive layer is crystallized,
the damages to the transparent conductive layer caused by
an etchant constituted of phosphoric acid, acetic acid and
nitric acid, which etchant is usually used for a metal
reflecting layer can be avoided. Also, the addition of
tungsten oxide, molybdenum oxide or niobium oxide makes it
possible to suppress a cell reaction.

[0017]

The film thickness of the transparent conductive layer
is preferably 20 to 500 nm, more preferably 30 to 300 nm and
still more preferably 30 to 200 nm. When the film thickness
of the transparent conductive layer is less than 20 nm, there
is the case where the surface resistance of the transparent
conductive layer is raised whereas if the film thickness of

the transparent conductive layer exceeds 500 nm, there is

the case where the problems arise concerning a reduction in



The refl ectance of the netal reflecting layer is preferably 80% or nore.
The refl ectance according to the invention is neasured using a graph in
which the ordinate (Y axis) is the reflectance and the abscissa (X axis) is
the wavelength. This reflectance is defined as a val ue obtai ned by
expressing the proportion of the area cal cul ated by actual data of the
netal reflecting layer (or netal |ayer) as % based on the area obtained
when the refl ectance at each wavelength is set to 100%in a neasurable
wavel engt hraasgetbngde0angd prooeamina eheugraph. [0019] Here, the
af orenenti oned area neans the area enclosed by the X axis and the
refl ectance spé€e®t8is in the wavel ength range of 400 to 700 nmin the above
graph. It is needless to say that this area is equal to the val ue obtai ned
by integratinghehecfétéreenancefspbet maewi rhfiespecy tevele iswavel engt h of
400 to 700 nm [0020] The filmthickness of the netal reflecting |ayer is
pref er abl préfetablp080hinpr meee pr &iter atslfil 30 aree3@Earmdamy tst ithle nor e
preferably 50 to 200 nm Wen the filmthickness of the netal reflecting
| ayer is Levsnthan 19 megsthed eussng theywase wherd ahhe heefdreldnatee i s 80% or
nore, whereas the filmthickness exceeds 1000 nm there is the case where a
9 probl emard%ies) dontlee nigfyl ertovessiang bbe gl s M J& akhe) t¥asdgar ent
conductive layer is provided with

wavelength. This reflectance isdefined as a value obtained

by expressing the proportion of the area calculated by actual
data of themetal reflecting layer (or metal layer) as % based
on the area obtained when the reflectance at each wavelength
is set to 100% in a measurable wavelength range of 400 to
700 nm in the graph.

[0019]

Here, the aforementioned area means the area enclosed
by the X axis and the reflectance spectrums in the wavelength
range of 400 to 700 nm in the above graph. It is needless
to say that this area is equal to the value obtained by
integrating the reflectance spectrum with respect to the
wavelength of 400 to 700 nm.

[0020]

The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and
still more preferably 50 to 200 nm. When the film thickness
of the metal reflecting layer is less than 10 nm, there is
the case where the reflectance is 80% or more, whereas the

film thickness exceeds 1000 nm, there is the case where a



the ability of alnost transmtting light, whereas the netal reflecting

| ayer has the ability of alnbst reflecting light. Wen the transparent
conductive layer having such a function and the above netal reflecting

| ayer connected electrically wth the transparent conductive |ayer are
provided at the same tinme, a sem-transmtting andsem -ref |ecting

el ectrode substrate is obtained. [0021] (2) Also, the invention relates to
a sem-transmtting and sem -reflecting el ectrode substrate according to

the abovgr(hlemWaergkn theckahye obrblalisifly am®ialsly that is a

conposition ratio of In in the above transparent conductive |ayer

contai ni ng i ndhygL0XiHte+ 2ankhba rARE o fAIRONRNT 298d i § HEEDEHQNRE 1A T WO
ornore oxi des selected fromungsten oxide, nolybdenum oxide and ni obi um

oxi de is Qhé%%ﬂ&f%f a[LQQ%%]tfénéﬂiE@Pn&]g%‘?ﬁﬂ'(,t /98 r@h st fige tANSpar ent

conductive |ayer, he conposition ratio of I'n (hereinafter, referred to as
l%_]ght:. 0.85 to

atom c ra&%@l%@t%ﬁ?ﬁl&ﬁiﬁhsi @812k OWsE aikRlst ré M LcFBLE

I
0.99 as atomc rat n the conmposition ratio of Inis’less than 0. 8S,

there is WH@nQ§§§t%@%%?a&@%tf@@ﬁé&@@f@e1%&e&h@a$£ﬁ@%ﬁﬁﬁﬁgtﬁﬁﬂﬂﬁﬁﬁ$iVe | ayer
is increased and the ransparent conductive layer is not crystallized even

1T the syhgtiid et 81 thsr IdANSRATghE LCoNdMEL L ¥8 d1averrihas iieen 10
formed is heated to 200C or higher. Also, when the conposition ratio of In

exceeds Owigg1tBQeEFaﬁ§p£?§n€a§§n&ﬂgffve layer are provided at the

same time, a semi-transmittingand semi-reflectingelectrode
substrate is obtained.

[0021]

(2) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (1), wherein the value of [In]/[All metals] that is
a composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
furtheroneor twoormoreoxides selected fromtungstenoxide,
molybdenum oxide and niobium oxide is 0.85 to 0.99.

[0022]

Astothecompositionofthetransparent conductive layer,
the composition ratio of In (hereinafter, referred to as
atomic ratio in some cases) is as follows: [In]/[All metals]
= 0.85 to 0.99 as atomic ratio. When the composition ratio
of Inis less than 0.85, there is the case where the resistance
of the transparent conductive layer is increased and the
transparent conductive layer is not crystallized even if the

substrate on which the transparent conductive layer has been

10



the transparent conductive layer is crystallized when the transparent
conductive layer is forned and cannot be etched by an etchant contai ning
oxalic acid and residues are generated in a |arge anount. This is the
reason why the conposition ratio [In]/[AIl metals] = 0.85 to 0.99. Here,
[In] represents the nunber of indiumatons per unit volune and [All netals]
represents the nunber of all netal atons per unit volune in the transparent
conductive layer. [0023] Sn and Zn nay be added as third atons in the above

transpar efibreeaduet heatkayeo. 2ldere, otheifhest aADsB ) swidn trei um atomin
i ndi um oxi de and the second atomis a tungsten atom ni obium atom and

ol ybdenugoaxiode tabamd i OBE Of it edl 0 M8 e therdess 38lLeehsd fHom tungst en
oxi de, niobium oxide and nol ybdenum oxi de. "Third atonf means an atom

fol | ow ngtnkhesankphsbnandosggendvat DaGe ands BASEal Ni SE@Tdhe Pt atom
[ 0024] When Sn is added, the conmposition ratio of Sn, nanely, [Sn] / [All

netal s] <tQaAspReEBiecHR@her abbyl @Y ik fHhedRIR] hnndtled &@PM C ratio.
When [Sn]/[AIl netals] in the transparent conductive |ayer is 0.2 or nore,

there i s pheancasenvher eohesiiduey akeldenacaednduriaid Rlechire Here, [Sn]
represents the nunber of tin atons per unit volune. [0025] 11 Wen Zn is

added, thgeaempe@sh! i@Nar abirgeOtméintNamehys ikZphe/ rEAbnMhgl $he< 0. 1 and
nore preferably [Zn] / [Al netal s]

composition ratio [In]/[All metals] = 0.85 to 0.99. Here,

[In] represents the number of indium atoms per unit volume

and [All metals] represents the number of all metal atoms

per unit volume in the transparent conductive layer.

[0023]

Sn and Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an
indium atom in indium oxide and the second atom is a tungsten
atom, niobium atom and molybdenum oxide atom in one or two
or more oxides selected from tungsten oxide, niobium oxide
and molybdenum oxide. ™“Third atom” means an atom following
these first and second atoms and means, in short, other atom.

[0024]

When Sn is added, the composition ratio of Sn, namely,
[Sn]/[All metals] <0.2 andmore preferably [Sn]/[All metals]
< 0.1 as atomic ratio. When [Sn]/[All metals] in the
transparent conductive layer is 0.2 or more, there is the
case where residues are generatedduringetching. Here, [Sn]

represents the number of tin atoms per unit volume.

[0025]

11



< 0.05 as atomc ratio. Wien [Zn]/[A|l netals] in the transparent
conductive layer is 0.1 or nore, there is the case where a m xture acid
cont ai ni ng phosphoric acid, acetic acid and nitric acid gives danages to
the transparent conductive |ayer when the netal reflecting |ayer is etched
using the mxture acid. Here, [Zn] represents the nunber of zinc atons per
unit volume. [0026] (3) Also, the invention relates to a sem-transmtting
and sem -reflecting el ectrode substrate according to the above (1) or (2),

wherein the abgyenmat als hebbacting dARsi tham @akayesr oant alafidng Al or Ag as
conponents. Besides Al and Ag, |anthanoi d-based netals such as Nd and heavy

metal s sughn@p A1 riitalRd, < AUl Ald mbe ¥ fAtaMRY, [D€) Afded it kg | ayer

(layer containing Al or Ag as its major conponénts) included in the above

nmetal reflegtdnoasdayesmiclPRTH. Thenhgontant/ of1 1 heseal apt hanghd- based netal s
and heavy netals to be added is preferably 0. 1 to 5 w% nore preferably

0.5 to 3 wdnapdreht! tonmrer prefespdtyi 9.0 1 o2 %, Wit e tike tgent ent of
the | anthanoid netals and heavy netals is less than 0.1 wt% there is the

case wher gz 88 wafdech niktatabned cdiv4he fghbkpRoefi cthei d hasetirt al s
wher eas when the content of the |anthanoid netals and heavy netals is 5 wm

% or noreacid2atfenetitsct heigagevuhengnthesethl eptancgatphhbenret al
reflecting layer is reduced.
conductive layer when the metal reflecting layer is etched
using the mixture acid. Here, [Zn] represents the number
of zinc atoms per unit volume.

[0026]

(3) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (1) or (2), wherein the above metal reflecting layer
has a layer containing Al or Ag as components.

Besides Al and Ag, lanthanoid-based metals such as Nd
and heavy metals such as Co, Ni, Pd, Au, Zr, Pt and Cu may
be added in the layer (layer containing Al or Ag as its major
components) included in the above metal reflecting layer.

[0027]

The content of these lanthanoid-based metals and heavy
metals to be added is preferably 0.1 to 5 wt%, more preferably
0.5 to 3 wt% and still more preferably 0.5 to 2 wt%. When
the content of the lanthanoid metals and heavy metals is less
than 0.1 wt%, there is the case where no effect is obtained
by the addition of the these metals whereas when the content

of the lanthanoid metals and heavy metals is 5 wt?% or more,
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[0028] (4) A sem-transmtting and sem -reflecting el ectrode substrate
according to the invention conprises a transparent substrate, a transparent
conductive layer which is disposed on the above transparent substrate and
contains indiumoxide as its major conponent and further one or two or nore
oxi des selected fromtungsten oxide, nolybdenum oxi de and ni obium oxide, a
TFT el enment di sposed on the above transparent substrate and a netal |ayer
whi ch is disposed on the above transparent substrate and connects the above

transpar epher §QRAU LY 8e k»@.)é%re el Leb ki gat hyc¥idit Hdge pROVR FIEE 6l %rrent
wherein the above netal |ayer has a reflectance of 80% or nore. 10029] The

above TFTy gl epent k§dgcgg|n Film Transistor (thin fllnltran3|stor) When
tungst en oxi de, nol ybdenum oxi de or ni obium oxide is added, it is ensured
that after therpppgpsparent conductive layer is formed, the fornmed
transparent conductlve | ayer can be etched using an etchant cont ai ni ng

oxal ic acid. T_ﬁ_@ ) SUBgkAate shemerahy enahen the rfddimi$ HBd des
preferably R (roomtenperature) to 200C and nore preferably 80C to

180C. Thesf5380LRt ARy rRpPS Rl &&@Hp%ﬁtc%%r%%@ 5 ke hisyaresitf ormed i s
designed to be in the above range is that it I's necessary to cool for 13

control I'i ggr5he,eubst E%E%sb@%ﬁ'&a&é‘ﬁ@u&&% 1hyedf whesf id @adiAged 0 a loss
of energy, whereas when the substrate tenperature

on the above transparent substrate and contains indium oxide
as its major component and further one or two or more oxides
selected from tungsten oxide, molybdenum oxide and niobium
oxide, a TFT element disposed on the above transparent
substrate and a metal layer which is disposed on the above
transparent substrate and connects the above transparent
conductive layer electrically with the above TFT element,
wherein the above metal layer has a reflectance of 80% or
more.

[0029]

The above TFT element is a Thin Film Transistor (thin
film transistor). When tungsten oxide, molybdenum oxide or
niobium oxide is added, it is ensured that after the
transparent conductive layer is formed, the formed
transparent conductive layer can be etched using an etchant
containing oxalic acid. The substrate temperature when the
filmis formed is preferably R.T. (room temperature) to 200°C
and more preferably 80°C to 180°C. The reason why the
substrate temperature when the film is formed is designed

to be in the above range is that it is necessary to ccol for
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is designed to be 200C or higher, there is the case where the etching using
the etchant containing oxalic acid cannot be carried out because of, for
exanpl e, crystallization of the transparent conductive |ayer. Al so, water
and hydrogen nay be added in the atnospheric gas during the course of film
formation. This makes it easy to etch the formed transparent conductive
| ayer by using an etchant containing oxalic acid and residues can be nore
reduced. [0030] The addition of the above nmetal oxide enables the
crystal | i zahtonlofnyhéd sanspasent enpadactiree drayerooietshe 1eadhistg ate sinply
by heating the tenperature of the substrate to 200C after the above forned
transpar end £drducoifvend ayey whered<heen The wulystedt ¢ zamip@rdtemeerature i s
preferably 220C or higher and nore preferably 230C or higher. If the
transpar et desilgotdveollayex00°s orysighkrzethetbei slattgaesasd ovHdre
transparent conductive |ayer caused by an etchant constituted of phosphoric
aci d, acethe ecildi ragnadisiing theaet chanwaictht adtndhanboxed idsaed d ycarsed for a
netal reflecting |ayer can be avoided. [0031] The filmthickness of the
t ranspar eht condiediote loayrnsd ofpr éberabinyp PO, taxr v Inn zamien prief erably 30
to 300 nmand still nore preferably 30 to 200 nm Wen the filmthickness
14 of thetheanspa@niercordnchictd ieayeyetrs |2sso t Wane20aminhytdrergen i s t he
case where the surface resistance of the transparent

may be added in the atmospheric gas during the course of film

formation. Thismakes it easy toetch the formed transparent

conductive layer by using an etchant containing oxalic acid

and residues can be more reduced.

[(0030]
The addition of the above metal oxide enables the

crystallization of the transparent conductive layer on the

substrate simply by heating the temperature of the substrate

to 200°C after the above formed transparent conductive layer

is etched. The crystallization temperature is preferably

220°C or higher and more preferably 230°C or higher. 1If the

transparent conductive layer is crystallized, the damages

to the transparent conductive layer caused by an etchant

constituted of phosphoric acid, acetic acid and nitric acid,

which etchant is usually used for a metal reflecting layer
can be avoided.

[0031]

The film thickness of the transparent conductive layer
is preferably 20 to 500 nm, more preferably 30 to 300 nm and

still more preferably 30 to 200 nm. When the film thickness
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conductive layer is raised whereas when the filmthickness of the
transparent conductive | ayer exceeds 500 nm there 1is the case where the
probl ens arise concerning a reduction in transmttance and processing
accuracy. The filmthickness of the netal reflecting layer is preferably 10
to 1000 nm nore preferably 30 to 300 nmand still nore preferably 50 to
200 nm When the filmthickness of the netal reflecting layer is | ess than
10 nm there is the case where the reflectance is not 80% or nore, whereas
the filmbhitknessnepaeeds d0Duatm vé hareri s ke scalsen \@ene, thgreobl em

ari ses concerning processing accuracy. [0032] Also, the transparent
conduct i vesl@yercase phevedete WldTfadde eabiskibhycob f ad i stransaas@ritt i ng |1 ght,
whereas the nmetal |ayer has the ability of alnost reflecting light. Wen
the trangpagesticentugét vies IraMeded shelreakr whah! yhe oninee ttéd oMridss t he TFT

el ement through the nmetal |ayer, the transparent conductive |layer and the

met al | ayee thactromspsréie ceh@ett DEes] 4 e beesttsashid @ Innguittheatey st al
di spl ay device. Also, because the reflectance of the netal |ayer is 80% or

nore, theipeflad daagewhbuacthons Aslend atlieet Osnetesingae rdrstlittant |y, The
metal |layer that functions as a reflector electrode and the transparent

conducti venl ayensaietphnowi dad pabckbeisgnmactumackn this manner to obtain a
sem -transmtting 15 and senm -refl ecting el ectrode substrate is obtained.
[ 0033] The film thickness of the metal reflecting layer is

preferably 10 to 1000 nm, more preferably 30 to 300 nm and

still more preferably 50 to 200 nm. When the film thickness

of the metal reflecting layer is less than 10 nm, there is

the case where the reflectance is not 80% or more, whereas

the film thickness exceeds 1000 nm, there is the case where

a problem arises concerning processing accuracy-.

[0032]
Also, the transparent conductive layer is provided with

the ability of almost transmitting light, whereas the metal

layer has the ability of almost reflecting light. When the

transparent conductive layer is electrically connected with

the TFT element through the metal layer, the transparent

conductive layer and the metal layer function as the

electrodes to be used in a liquid crystal display device.

Also, because the reflectance of the metal layer is 80% or

more, the metal layer functions as a reflector electrode

resultantly. The metal layer that functions as a reflector

electrode and the transparent conductive layer are provided

at the same time in this manner to obtain a semi-transmitting
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(5) Also, the invention relates to a sem-transmtting and sem -reflecting
el ectrode substrate according to the above (4), wherein the val ue of
[IN]/[Al metals] that is a conposition ratio of In in the above
transparent conductive |ayer containing indiumoxide as its major conponent
and further one or two or nore oxides selected fromtungsten oxide,

nol ybdenum oxi de and niobiumoxide is 0.85 to 0.99. [0034] As to the
conposition of the transparent conductive |layer, the conposition ratio of

In is as babl gusi-keflebbAhly BRbalshbde=s0p8%rb@ 0199 s aatn@ad.c ratio. \Wen
the conposition ratio of Inis less than 0.85, there is the case where the

resi stance of [pbesfransparent conductive |ayer is increased and the
transparent conductive layer is not crystallized even if the substrate on

whi ch the trangparendo cenduchir¥athaperenasedeens dearimed-drsmieatiedy to 200C or
hi gher. Al so, when the conposition ratio of In exceeds 0.99, there is the

case wher gndt Bemt F2B$pPaceRhgcenddet-bve kayet riagenabcorishdfl lticzethanhen the
transparent conductive layer is formed and cannot be etched by an etchant

cont ai ni ngpexal i(¢) ACkHe A8EUNT €8 HHEBUAT &F Qﬁﬂﬁf?ﬁfiiﬂétéQA ragy@anmeunt . This
is the reason why the conposition ratio [In]/[Al netals] = 0.85 to 0.99.

[0035] Snaaithpdt itedorbeadddest as itrht ke 3RSt Fan s PeralRe @ ndifetliranspar ent
conductive layer. Wien Sn is added, the conposition ratio of Sn, nanely,
[Sn]/[Al 1g8tal 8bnta®n2ngNdndium oxide as its major component and
furtheroneor twoormoreoxides selected fromtungstenoxide,
molybdenum oxide and niobium oxide is 0.85 to 0.99.
[0034]
Astothecompositionof the transparent conductivelayer,
the composition ratio of In is as follows: [In]/[All metals]
= 0.85 to 0.99 as atomic ratio. When the composition ratio
cf Inis lessthan0.85, there is the case where the resistance
of the transparent conductive layer is increased and the
transparent conductive layer is not crystallized even if the
substrate on which the transparent conductive layer has been
formed is heated to 200°C or higher. Also, when the
composition ratio of In exceeds 0.99, there is the case where
the transparent conductive layer is not crystallized when
the transparent conductive layer is formed and cannot be
etched by an etchant containing oxalic acid and residues are
generated in a large amount. This is the reason why the
composition ratio [In]/[All metals] = 0.85 to 0.99.
[0035]

Sn and Zn may be added as third atoms in the above
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norepreferably [Sn] /[AIl metals] <0. 1 as atomc ratio. Wien [Sn] /[AlI
netals] in the transparent conductive layer is 0.2 or nore, there is the
case where residues are generated during etching. Wien Zn is added, the
conposition ratio of zZn, nanely, [Zn] / [Al netals] <0. 1 andnore
preferably [Zn] / [AIl netals] < 0.05 as atomic ratio. Wien [Zn]/[All
netals] in the transparent conductive layer is 0.1 or nore, there is the
case where a m xture acid containing phosphoric acid, acetic acid and

nitric ackdagkpascdanagasuteithe 1bhanrspagesh sgondughiiug, ! ayer when the
metal reflecting layer is etched uUsing the mxture acid. [0036] (6) Also,

the i nventbRBokekabasrd©i @ c¥ebh; tdansiy t tishg / (and serb: & efd echifyg el ectrode
substrate according to the above (4) or (5), wherein the above netal |ayer

has a | aygbreGmira G, Abn Py [z&\gmsetgquw@mgs ddortiteraefbectignge of the
metal layer is not 80%or nore, the reflectance for extraneous light is

decreased [8Aq /fAgNGnet 514 NELEf RE € YRR 3SR (WBEHEL AP L ERGR, ON: 8 d 1qui d
crystal display is scarcely seen. As the layer (layer containing Al and Ag

as its copponsid snkpelivdede icd skhend®d akshanes o Reghdesafbd cﬁﬂdu% od A
(. , u,

| ant hanoi d- based metal s such as Nd and heavy nmetal § such as Co,
Zr, Pt angtggigge preferably added. 17 [0037] The content of these
| ant hanoi d- based netal s and heavy

When Zn is added, the composition ratio of Zn, namely,
[Zn]/[Allmetals] <0.1 andmore preferably [Zn]/[All metals]
< 0.05 as atomic ratio. When [Zn]/[All metals] in the
transparent conductive layer is 0.1 or more, there is the
case where a mixture acid containing phosphoric acid, acetic
acid and nitric acid gives damages to the transparent
conductive layer when the metal reflecting layer is etched
using the mixture acid.

[0036]

(6) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (4) or (5), wherein the above metal layer has a layer
containing Al or Ag as components.

If the reflectance of themetal layer is not 80% or more,
the reflectance for extraneous light is decreased and there
isthereforethecasewhereanimageonaliquidcrystaldisplay
is scarcely seen. As the layer {(layer containing Al and Ag
as its components) included in the metal layer, besides Al
and Ag, lanthanoid-based metals such as Nd and heavy metals

such as Co, Ni, Pd, Au, Zr, Pt and Cu are preferably added.
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netals to be added is preferably 0. 1 to 5 % nore preferably 0.5 to 3
wt% and still nore preferably 0.5 to 2 ww% Wen the content of the

| ant hanoi d netals and heavy netals is less than 0.1 w% there is the case
where no effect is obtained by the addition of the these netals whereas
when the content of the lanthanoid netals and heavy netals is 5 wt % or

nore, there is the case where the reflectance of the netal reflecting

| ayer is reduced. [0038] (7) Also, the invention relates to a method of
producing thergesyjtransntting and sem -reflecting el ectrode substrate
according to any one of the above (1) to (3) , the nethod conprising a step

of etching therrBayhidrenoFate8te 1GONHHIGI MB-dA0e] mebeR geatRIARS, | ndi um
oxide as its major conponent and further one or two or nore oxi des sel ected

from tungstensad de.adgdybdenunardide, and v 9Ritw RFde r@tddaplydi sposed on
t he above transparent substrate, by an etchant containing oxalic acid and a

step of ebchipg 3 he il §3&M¥'mo&%ﬂﬁ@%&@QaghgchEC@b|2 wég h tirerabove
transparent electrode I|ayer by a mxture acid containing phosphoric acid,

acetic aehd @Htdit brcracidntaaherthdies phave ned ey meefdiect sngdayer.
[ 0039] The concentration of oxalic acid in the etchant containing oxalic

acid is peghgr@bl yvek ! @ nkQ et % and JEy e whk8 Phef e ably 14 @z Ming® This is
because when the concentration of oxalic acid is less than 1 wt% there is
the case Mbelt: addition of the these metals whereas when the content
of the lanthanoid metals and heavy metals is 5 wt% or more,
thereisthe casewherethereflectanceof themetal reflecting
layer is reduced.
[0038]
(7) Also, the invention relates to a method of producing
the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (1) to (3), the
method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further one or two or more oxides selected from
tungsten oxide, molybdenum oxide and niobium oxide and is
disposed on the above transparent substrate, by an etchant
containing oxalic acid and a step of etching the metal layer
connected electrically with the above transparent electrode
layer by a mixture acid containing phosphoric acid, acetic
acidandnitricacidto formthe abovemetal reflecting layer.
[0039]

The concentration of oxalic acid in the etchant

containing oxalic acid is preferably 1 to 10 wt% and more
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the etching rate of the transparent conductive layer is |owered, whereas
when the concentration of oxalic acid exceeds 10 w% there is the case
where crystals of oxalic acid precipitate in the etchant sol ution
containing oxalic acid. [0040] Each concentration of phosphoric acid,
acetic acid and nitric acid in the mxture acid used for etching the netal
| ayer may be properly sel ected. However, the concentration of phosphoric
acid is preferably 40 to 95 wt% the concentration of acetic acid is

pref er abl prefeeab0yvit %o dnek 2 I herdentepkratiserwiadn Bherfdoghagitddtsi qf ef erabl y
0.5to0 5wWw% This mxture acid may be diluted with water as required.

[0041] Itoifsopseierable 19 haad tthe Juhstkratpeter 1Bd- e tdrddeshdraanspar ent
conductive layer to 200C or higher, preferably 220C or higher and nore

pref er abl yhd38€Echinki ghee, otfhthébyira(ﬁlrs?{)&tréhki Zongiuldte vier ansear gt conducti ve
|l ayer. If the transparent conductive |ayer has been crystallized, a damage

to the trapgpaeanivheorduciiMmethayehcear rie idacdeagedi whedd &hedwmi al | ayer
is etched by a mxture acid containing a phosphoric acid, acetic acid and

nitric acid. wE@042her€8)sAkse, ckiBe wAvent cepstealat eF toxaa 1eethad: of
producing the sem-transmtting and sem -reflecting el ectrode 19 substrate

accordi ngptecapytane of thieetbryet (D1 it drbrontheningt b4l comariigi ng a step
of etching the above transparent

[0040]

Each concentration of phosphoric acid, acetic acid and
nitric acid in the mixture acid used for etching the metal
layer may be properly selected. However, the concentration
of phosphoric acid is preferably 40 to 95 wt%, the
concentration of acetic acid is preferably 5 to 60 wt?% and
the concentration of nitric acid is preferably 0.5 to 5 wt%.
This mixture acid may be diluted with water as required.

[0041]

It is preferable to heat the substrate formed with the
transparent conductive layer to 200°C or higher, preferably
220°C or higher and more preferably 230°C or higher, thereby
crystallizing the transparent conductive layer. If the
transparent conductive layer has been crystallized, a damage
to the transparent conductive layer can be decreased when
the metal layer is etched by a mixture acid containing a
phosphoric acid, acetic acid and nitric acid.

[0042]

(8) Also, the invention relates to amethod of producing

the semi-transmitting and semi-reflecting electrode
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conductive | ayer which contains indiumoxide as its major conmponent and
further one or two or nore oxides selected from tungsten oxide, nolybdenum
oxi de and ni obi um oxide and is disposed on the above transparent substrate,
by an etchant containing oxalic acid and a step of etching the above netal

| ayer whi ch connects the above transparent conductive |ayer electrically
with the above TFT el enent and has a reflectance of 80% or nore, by using a
m xture acid containing phosphoric acid, oxalic acid and nitric acid.

[0043] |%ub@%r%&%”é@é&?&&n?oﬂgQﬁh}%%e'éYQhﬁﬁ%Hﬂ&@tﬁ¥C%b|Y6 ) conpected with
the TFT el ement by the netal [ayer, the transparent conductive |ayer and

the metal fayel LuAStiQangas Lhepebecdtodasy Ussd Lol i ATl ve system

liquid crystal display device. Al so, as nentioned above the transparent

conducti vedhayes ihas 1hhe f HHEEhOEon:a%QD% 1 hhadR £‘9111 9{5 d the
AR

nmetal |ayer has the function of al nost ref ecting | | ayer

flunct | onS Bficnchel a0l eleotkode: Looldicheby abial sélée%dtf@&@mttl ng

and sem -ref ectlng e ectro e su strate 0044] Al'so, the Invention

relates to.adskaul gxahist ab1yBhsRLAY okOB LAkNG: bHPRSBA1 G AR 141 ng and

senl-reflectlng el ecirode substrate according to any one of 20 the above (1)

to (6) and;aghia dnCf ¥Stalod EXarlMAM DY uokRE 20OVEy SERT st AiRM i g and

sem -refl ecting el ectrode
containing oxalic acid and a step of etching the above metal

layer which connects the above transparent conductive layer
electricallywith the above TFT element and has a reflectance
of 80% or more, by using a mixture acid containing phosphoric
acid, oxalic acid and nitric acid.

[0043]

If the transparent conductive layer is electrically
connected with the TFT element by the metal layer, the
transparent conductive layer and the metal layer function
as the electrodes used to drive a TFT drive system liquid
crystal display device. Also, as mentioned above, the
transparent conductive layer has the function of almost
transmitting light and the metal layer has the function of
almost reflecting light. The metal layer functions as a
reflector electrode to thereby obtain a semi-transmitting
and semi-reflecting electrode substrate.

[0044]

(9) Also, the invention relates to a liquid crystal
display comprising the semi-transmitting and

semi-reflecting electrode substrate according to any one of
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substrate. Since the liquid crystal display device is provided with the
first or second sem-transmtting and sem -reflecting electrode substrate,
it has a function as a reflecting type liquid crystal display device and a
function as a transparent type liquid crystal display device at the sane
time. [0045] Second invention group (10) In order to solve the above
problem a sem-transmtting and sem -reflecting el ectrode substrate
conprises a transparent substrate, a transparent conductive |ayer which is
di sposed ahet bpoabove)ttansparend subsdquad ecrasith L ard @ nsddindérubyoxi de as
its maj or conponent and further one or two or nore oxides selected from
| ant hanoi dhbaskdvaetahi-oxanesianina amed ademiefdeeCid aigid@ydreatvicede | S
di sposed on the above transparent substrate and is connected with the above
t ranspar estibsomduieti ve | ayer. [0046] The descriptions reading as foll ows:
"contains indium oxide as its major conponent” in this patent neans that
i ndi um oxide Bincentle hiduad drtys tprll dcsphay denporend pandidednsi gthat  the
content of indiumoxide is 50%or nore in terns of weight conposition
rati o, vokhmefirstratioeosndtomic-taimeni taing.ankheeaddind fdreafidde
| ant hanoi d- based netal oxide ensures 21 that after the transparent
conduct i velkayebdessiiostedte] hiec hizer gethidaiteparseat repneltici hy e hgyer can be
et ched using an

liquid crystal display device and a function as a transparent

type liguid crystal display device at the same time.
[0045]

Second invention group

(10) In order to solve the above problem, a
semi-transmitting and semi~reflecting electrode substrate
comprises a transparent substrate, a transparent conductive
layer which is disposed on the above transparent substrate
and contains indium oxide as its major component and further
one or twoormore oxides selected from lanthanoid-basedmetal
oxides and a metal reflecting layer which is disposed on the
above transparent substrate and is connected with the above
transparent conductive layer.

[0046]

The descriptions reading as follows: “contains indium
oxide as itsmajor component” in this patent means that indium
oxide is contained as its principal component and means that
the content of indium oxide is 50% or more in terms of weight
composition ratio, volumetric ratio or atomic number ratio.

The additionof the lanthanoid-basedmetal oxide ensures
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etchant containing oxalic acid. The substrate tenperature when the filmis
formed is preferably R T. (roomtenperature) to 200C and nore preferably
80C to 180C. The reason why the substrate tenperature when the filmis
formed is designed to be in the above range is that it is necessary to cool
for controlling the substrate tenperature to R T. or less, leading to a

| oss of energy, whereas when the substrate tenperature is designed to be
200C or higher, there is the case where the etching using the etchant

cont ai ni ngngxah f €e AGI Kk GaMNApa G CRLNEE QY PEGRYSES Oford i, &R €,
crystallization of the transparent conductive |ayer. [0047] ~ Al so, water

and hydrogepmgBYt Pen8g8eant nedheudt MRS PhSSd € 8RB ERG4 TS coWse of film
formation. This makes it easy to etch the forned transparent conductive

llayer by HSEREn8NcotL£haitg nEiNiaRg oxathe Aah gk and nesiglues Gan be nore
reduced. The concentration of water and hydrogen in the atnospheric gas is

pr ef er abl yn0nk HOr 10961 sTRL Sk RESAUBE 0GR the £9BReU AL, @f) Wat er and
hydrogen is less than 0.1% there is the tase where the effect obtained by

the addi thomoh& 2R sRll ppBeceas1vhenod he aqneent ratd ane foyafgy and
hydrogen is 10% or nore, there is the case where the resistance of the

formed trapspaneitr LRNHEGHEYEtLA¥8IMdStHhOT 1 1hAl 98 o rdied PO4B)sigHAR addition
of the above netal oxi de enables the

to be in the above range is that it is necessary to cool for
controllingthe substrate temperaturetoR.T. or less, leading
to a loss of energy, whereas when the substrate temperature
is designed to be 200°C or higher, there is the case where
the etching using the etchant containing oxalic acid cannot
be carried out because of, for example, crystallization of
the transparent conductive layer.

[0047]

Also, water and hydrogen may be added in the atmospheric
gas during the course of film formation. This makes it easy
to etch the formed transparent conductive layer by using an
etchant containing oxalic acid and residues can be more
reduced. The concentration of water and hydrogen in the
atmospheric gas is preferably 0.1 to 10%. This is because
when the concentration of water and hydrogen is less than
0.1%, there 1s the case where the effect obtained by the
addition is too small whereas when the concentration of water
and hydrogen is 10% or more, there is the case where the

resistance of the formed transparent conductive layer is too

large.
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crystallization of the transparent conductive |layer on the substrate sinply
by heating the tenperature of the substrate to 200C or higher after the
above formed transparent conductive layer is etched. The crystallization
tenperature is preferably 220C or higher and nore preferably 230C or

hi gher. If the transparent conductive layer is crystallized, the damages to
the transparent conductive |ayer caused by an etchant constituted of
phosphoric acid, acetic acid and nitric acid, which etchant is usually used
for a metal rqbb gghing layer can be avoided. Also, the addition of the

| ant hanoi d- based nmefal oxide nmakes it possible to suppress a cell reaction.

[0049] The filkm.thLgkRess gf tt'}‘l% ta'b%%%p?h 20l CoNACTILE 113y &4 s IS

preferably 20 to 500 nm nore pref era 'y 30 to 300 nm an st nDre

preferabl%r gtBQIEQthgh e@hé'%%a £4H63%B%§%ct9%etb

conducti ve ?ayer s less ¥%an 20 nm t ere 1s the case x%ere t e surface

resi stanog, oLt AR CONIURL Venbaysr,ts Jialned hareas the Tl m

t hi ckness o nt cond ctlve yer exceeds ere is the

case wher o DBORE Ok IpaRLL sgeconceng! o go@erfgyﬁ%wﬂrgﬂs?ggaﬂﬁm ttance and

processing accuracy e reflectance o reflecting | ayer

i's prefergflyc89%aaymY £s e TBRHE! | 0L BRGE£3§§9Ldk R8N RS ature

is preferably 220°C or higher and more preferably 230°C or
higher.

If the transparent conductive layer is crystallized,
the damages to the transparent conductive layer caused by
an etchant constituted of phosphoric acid, acetic acid and
nitric acid, which etchant is usually used for a metal
reflecting layer can be avoided. Also, the addition of the
lanthanoid-based metal oxide makes it possible to suppress
a cell reaction.

[0049]

The film thickness of the transparent conductive layer
is preferably 20 to 500 nm, more preferably 30 to 300 nm and
still more preferably 30 to 200 nm. When the film thickness
of the transparent conductive layer is less than 20 nm, there
is the case where the surface resistance of the transparent
conductive layer is raised whereas the film thickness of the
transparent conductive layer exceeds 500 nm, there is the
case where the problems arise concerning a reduction in
transmittance and processing accuracy.

[0050]
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invention is nmeasured using a graph in which the ordinate (Y axis) is the
refl ectance and the abscissa (X axis) is the wavelength. This refl ectance
is defined as a val ue obtained by expressing the proportion of the area

cal cul ated by actual data of the netal reflecting |layer (or netal |ayer) as
% based on the area obtained when the refl ectance at each wavel ength is
set to 100% in a neasurable wavel ength range of 400 to 700 nmin the graph.
Here, the aforenentioned area nmeans the area enclosed by the X axis and the
refl ectance spatia west lidgrtidrecavayvel engtietaangef ey taydp ngnin the above
graph. It is needless to say that this area is equal to the val ue obtained
by i nt egratdflrrydiiey rsefd eat anee .Speber usf Wethanespaectotraihetowenel engt h of
400 to 700 nm [0051] The filmthickness of the nmetal reflecting layer is
pref er abl yi nk@&rita cH0QAG mida smaeel prsdher abbyagh ta @dROchntAsdor8in&tenore
preferably 50 to 200 nm Wen the filmthickness of the netal reflecting

| ayer is |esaxtibanidGhynretheceanse 4he AR abvhekseat e 4:efd )eckange i s 80% or
nore, whereas the filmthickness exceeds 1000 nm there is the case where a

pr obl em anizses RICEr NThY spf OEBSSE Aigc@tcUd@tyne Aasoa viahe et sahspasent
conductive layer is provided with the ability of alnost transmtting |ight,

wher eas t gy aRbaEss24grtefd pebpogtl ayerr tias arke ahitht ¥t of vyl aostarefl ecting
light. Wen the transparent conductive |ayer having such a function

data of themetal reflecting layer (ormetal layer) as % based

on the area obtained when the reflectance at each wavelength

is set to 100% in a measurable wavelength range of 400 to

700 nm in the graph.

Here, the aforementioned area means the area enclosed
by the X axis and the reflectance spectrums in the wavelength
range of 400 to 700 nm in the above graph. It is needless
to say that this area is equal to the value obtained by
integrating the reflectance spectrum with respect to the
wavelength of 400 to 700 nm.

[0051]

The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and
still more preferably 50 to 200 nm. When the film thickness
of the metal reflecting layer is less than 10 nm, there is
the case where the reflectance is 80% or more, whereas the
film thickness exceeds 1000 nm, there is the case where a
problem arises concerning processing accuracy.

Also, the transparent conductive layer is providedwith

the ability of almost transmitting light, whereas the metal
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and the above netal reflecting | ayer connected electrically wth the
transparent conductive |ayer are provided at the sane tine, a

sem -transmtting and sem -reflecting electrode substrate is obtained.
[0052] (11) Also, the invention relates to a sem-transmtting and

sem -reflecting el ectrode substrate according to the above (10), wherein
the value of [In]/[AIl netals] that is a conposition ratio of In in the
above transparent conductive |ayer containing indiumoxide as its ngjor

conponent rafidectuhyhedy©ne a6 t havaarl ifBy ef eXindes: sekeetednfriomht.
| ant hanoi d- based nmetal oxides is 0.8 to 0.99. [0053] As to the conposition

rati o of wWhdhwhoxirde sphrkhe cdériansparentayeandaci hyesdayearfuddieiqonposition
ratio of In (hereinafter, sinply referred to as weight ratio in sone

cases) isaag f1od la@asie heévhl/rdAldctBi@lislyet GonSet0e@.d@sSrM&ight ratio.
When the conposition ratio of Inis less than 0.8, there is the case where

the resisyaneetht thenbpanspareshducondeclayer| ayerpisvidsd easeathand the
transparent conductive layer is not crystallized even if the substrate on

whi ch t he saheaiisRar gRlengordueisnie diakeindasmbeeariiechrd s dieatqtt to  200C
or higher. Also, when the conposition ratio of In exceeds 0.99, there is

the case whekerbhe tkasgpparery .25 conductive layer is crystallized when the
transparent conductive layer is formed and cannot be etched by an etchant

[0052]

(11) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (10), wherein the value of [In]/[All metals] that is
a composition ratio of In in the above transparent conductive
layer containing indium oxide as its major component and
further one or two or more oxides selected from
lanthanoid-based metal oxides is 0.8 to 0.99.

[0053]

As to the composition ratio of indium oxide in the
transparent conductive layer, the composition ratio of In
(hereinafter, simply referred to as weight ratio in some
cases) isas follows: [In]/[Allmetals] =0.8 to 0.99 asweight
ratio. When the composition ratio of In is less than 0.8,
there is the case where the resistance of the transparent
conductive layer is increased and the transparent conductive
layer is not crystallized even if the substrate on which the
transparent conductive layer has been formed is heated to
200°C or higher. Also, when the composition ratio of In

exceeds 0.99, there is the case where the transparent
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containing oxalic acid and residues are generated in a large anmount. This
is the reason why the conposition ratio [In]/[Al metals] = 0.85 to 0.99.
Here, [In] represents the weight of indiumoxide per unit volume and [All
netals] represents the weight of all netal oxides per unit volune in the
transparent conductive layer. [0054] Sn and Zn may be added as third atons
in the above transparent conductive |layer. Here, the first atomis an
i ndiumatomin indiumoxide and the second atomis a |anthanoi d-based netal
atom i n onenductweeodagere iaf cayisdesd 1 izeldeshed fthemtlramtdpaneind- based net al
oxi des. When Sn is added, the conposition ratio of Sn, nanely, [Sn] / [Al
net al s] <cOnd@candaoreyqr ekef @arhyd [a8al] cdnfdt benet ahsfl bywaf.€tk dsmntei ght
ratio. When [Sn]/[AIl netals] in the transparent conductive layer is 0.2 or
nore, thecentsihlheg caski alerie apdimheslereagensrat et ediriinng letreyd ng. Her e,
[Sn] represents the weight of tin oxide per unit volune in the transparent
conducti vembayer. THR055]s Whenrdasos waddetdhet bemposposohi eatiati o of Zn,
nanely, [Zn]/[Al metals] <0.land nore preferably [Zn]/[A|l nmetals] < 0.05
as wei ght [fafl/oA1Wresntd Zan] H Al 85 et Al 8D .1 rHéhe, [Indnspareseéncondiecti ve | ayer
is 0.1 or nore, there is the 26 case where a m xture acid contai ni ng
phosphori geaghd, cécehddumaocixddangemni nhic goildmg wes Jatdgestiad stlhe
t ranspar ent

represents the weight of all metal oxides per unit volume

in the transparent conductive layer.

[0054]

Sn and Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an
indium atom in indium oxide and the second atom is a
lanthanoid-based metal atom in one or two or more of oxides
selected from lanthanoid-based metal oxides.

When Sn is added, the composition ratio of Sn, namely,
[Sn]/[Allmetals] <0.2 andmore preferably [Sn]/[All metals]
< 0.1 as weight ratio. When [Sn]/[All metals] in the
transparent conductive layer is 0.2 or more, there is the
casewhere residues are generatedduringetching. Here, [Sn]
represents the weight of tin oxide per unit volume in the
transparent conductive layer.

[0055]

When Zn is added, the composition ratio of Zn, namely,
[Zn]/[All metals] <0.1 andmore preferably [Zn]/[All metals]
< 0.05 as weight ratio. When [Zn]/[All metals] in the

transparent conductive layer is 0.1 or more, there is the
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conductive |ayer when the netal reflecting |layer is etched wusing the
m xture acid. Here, [Zn] represents the weight of zinc oxide per unit
volune in the transparent conductive layer. [0056] (12) Also, the
invention relates to a sem -transmtting and sem -reflecting electrode
substrate according to the above (10) or (11) , wherein the above netal
reflecting layer has a |ayer containing Al or Ag as its nmjor conponents.
Besides Al and Ag as the first metals contained as nmajor conponents,
| ant hanoi da bagd: neet alisk ushaas dNeb ratrad thisay phosphalrd csiichd asceg,icNi , Pd, Au,
Zr, Pt and Cu may be preferably added in the |ayer (layer containing A or
Ag as itsaarfloandconponenas)idi gevadedamagehetabohe trebalbpeethécti ng | ayer.
It is to be noted that the descriptions "layer containing A or Ag as its
maj or conponduttiveaehngen Whayertheonedini ngfl&Et bng Ap wer iis efmjhed
conponents, and nmeans a |layer containing Al or Ag in aratio of 50% or nore
in terns ofingi gt rconposetaoind. rddamg, Vdnineepre seattiso the aedghc nunber
ratio. [0057] The content of these |anthanoid-based nmetals and heavy
met al s t ocbe iaddediids peefwriblvwollinel inotke vitr4gn spmreepr efoedaloityive). 5 to 3
w % and still nore preferably 0.5 to 2 W% Wen the content of the
| ant hanoi dapased netal s and heavy netals 27 is less than 0.1 w% there is
the case where no effect is obtained by the addition of the these netals
wher eas when [0056]
(12) Also, the invention relates toa semi-transmitting
and semi-reflecting electrode substrate according to the
above (10) or (11), wherein the above metal reflecting layer
has a layer containing Al or Ag as its major components.
Besides Al and Ag as the first metals contained as major
components, lanthanoid-based metals such as Nd and heavy
metals such as Co, Ni, Pd, Au, Zr, Pt and Cumay be preferably
added in the layer (layer containing Al or Ag as its major
components) included in the above metal reflecting layer.
It istobenotedthat thedescriptions “layer containing
Al or Ag as its major components” means a layer containing
Al or Ag as its major components, andmeans a layer containing
AlorAginaratiocoof 50%ormoreinterms of weight composition
ratio, volumetric ratio or atomic number ratio.
[0057]
The content of these lanthanocid-based metals and heavy
metals to be added is preferably 0.1 to 5 wt%, more preferably
0.5 to 3 wt% and still more preferably 0.5 to 2 wt%. When

the content of the lanthanoid-based metals and heavy metals

27



the content of the lanthanoid netals and heavy netals is 5 w % or

nore,

there is the case where the reflectance of the netal reflecting |ayer is
[0058] (13) Asem -transmitting and sem -reflecting el ectrode

reduced.

substrate according to any one of the above (10) to (12),

| ant hanoi d- based netal oxide is |anthanum oxide, cerium oxide, samarium
oxi de, gadol i nium oxi de, dysprosium oxide, erbium oxide or hol m um oxi de.
(14) A second sem -transmtting and sem -reflecting electrode

substrat eiactesditigan @ t hevtivenidren iconhei sesecawhéransparefdctsulstrat e,

[ 0059]

transparent conductive |ayer which

i s disposed on the above transparent

wherein the above

a

substr at eoapndifedtiaynshei add i oxi ¢l @se itirse g@jnert Lporerdaandhdrurt her one
or nobre oxides selected from | ant hanoi d oxi des, a TFT el enent
di sposed onet beneboveot rais Qameta sl neate saaddah et alméeyes isMi ch is

or two

di sposed on the above transparent substrate and

connects the above

t ranspar et sconaitetd Ve hleayet setiestdd cangerenthb &1 aboyecdFJE &lrerent
t he above netal |ayer has a reflectance of 80% or nore. [0060]

wher ei n

above TFTmetenentfiscaidbi nakelkmidr asgustar, (thin

| ant hanoi d- based netal oxide is 28 added, it is ensured that after the
transparent comndoegive layer is formed, the forned transparent conductive
| ayer can

(13) Asemi-transmitting and semi-reflectingelectrode
substrate according to any one of the above (10) to (12),
wherein the above lanthanoid-based metal oxide is lanthanum
oxide, cerium oxide, samarium oxide, gadolinium oxide,
dysprosium oxide, erbium oxide or holmium oxide.

[0059]

(14) A second semi-transmitting and semi-reflecting
electrode substrate according to the invention comprises a
transparent substrate, a transparent conductive layer which
is disposed on the above transparent substrate and contains
indium oxide as its major component and further one or two
or more oxides selected from lanthanoid oxides, a TFT element
disposed on the above transparent substrate and a metal layer
which is disposed on the above transparent substrate and
connects the above transparent conductive layer electrically
with the above TFT element, wherein the above metal layer
has a reflectance of 80% or more.

[0060]

The above TFT element is a Thin Film Transistor (thin

film transistor). When the lanthanoid-based metal oxide is

28

The

filmtransistor) Wen the



be etched using an etchant containing oxalic acid. The substrate
tenperature when the filmis forned is preferably R T. (roomtenperature)
to 200C or higher and nore preferably 80C to 180C. The reason why the
substrate tenperature when the filmis forned is designed to be in the
above range is that it is necessary to cool for controlling the substrate
tenperature to roomtenperature or less, leading to a |loss of energy,
whereas when the substrate tenperature is designed to be 200C or higher,

there i s hhge@aser hera s RteRitngrtEsi fige thereigdadiit coMRidHing oxal i c
acid cannot be carried out because of, for exanple, crystallization of the

transpar entyeenduebirvmed|, ayes £orm@a6dlad soremienhqrird iRkdr 9gen Jmy be added
in the atnospheric gas during the course of filmformation. This nmakes it

easy to pechtthedfosimd thaesparant ceanduatnge okayelc Byidsi nghan et chant
contai ning oxalic acid and residues can be nore reduced. The concentration

of water andsBydtegesmperdhere alnmspherfLigas srpeaf £8 AHardabityp 10% Ven
t he concentration of water and hydrogen is less than 0.1% there is the

case wherp. the Ridheesmebt at ned) by 2dcasieht hABrishd A8re PrRIfde ifRarLaS When

the concentration of water and hydrogen is 10%or nore, there is the case
where thegpesist aee 0f ThEhed H5med i ¥ ROSRREEHE teOPEHSE Y But@YBferd S 100

| arge. 29 [0062] The addition of the above netal oxide enables the

the film is formed is designed to be in the above range is
that it is necessary to cool for controlling the substrate
temperature to room temperature or less, leading to a loss
of energy, whereas when the substrate temperature is designed
to be 200°C or higher, there is the case where the etching
using the etchant containing oxalic acid cannot be carried
out because of, for example, crystallization of the
transparent conductive layer.

[0061]

Also, water and hydrogen may be added in the atmospheric
gas during the course of film formation. This makes it easy
to etch the formed transparent conductive layer by using an
etchant containing oxalic acid and residues can be more
reduced. The concentration of water and hydrogen in the
atmospheric gas is preferably 0.1 to 10%. When the
concentration of water and hydrogen is less than 0.1%, there
is the case where the effect obtained by the addition is too
small whereas when the concentration of water and hydrogen

is 10% or more, there is the case where the resistance of

the formed transparent conductive layer is too large.
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crystallization of the transparent conductive |layer on the substrate sinply
by heating the tenperature of the substrate to 200C after the above forned
transparent conductive layer is etched. The crystallization tenperature is
preferably 220C or higher and nore preferably 230C or higher. If the
transparent conductive layer is crystallized, the danages to the
transparent conductive |ayer caused by an etchant constituted of phosphoric
acid, acetic acid and nitric acid, which etchant is usually used for a
metal reflectingoeayer can be avoided. [0063] The filmthickness of the
transparent conductive layer is preferably 20 to 500 nm nore preferably 30

to 300 nmand gl Llqdrrie et amblapa3fe & t200 mgdNamdnes fiddn thi ckness
of the transparent conductive layer is less than 20 nm there 1is the case

wher e t he suisfage i@%iishaneet RE e dpansPariductandugtive bayeiei s raised
whereas the filmthickness of the transparent conductivé |ayer exceeds 500

nm there gy sihe t LCasRp e en b BEi RE A LRBBE L §BuEANCEERENGLs F SgUCt i on i n
transmttance and processing accuracy. The filmthickness of the netal

reflectingd ayeic b8tePr&{enabhy £0rhod 100 Syar MY BoREEEER 8B Y230 0 300 nm
and still nore preferably 50 to 200 nm Wen the filmthickness of the

metal refligCkipgelayefndSct$saitPallofiMethererise 89 4her&age yhere the
reflectance is 80% or nore,” whereas the filmthickness exceeds 1000 nm
there is Hheeease RIS 8nd more preferably 230°C or higher. If the
transparent conductive layer is crystallized, the damages
to the transparent conductive layer caused by an etchant
constituted of phosphoric acid, acetic acid and nitric acid,
which etchant is usually used for a metal reflecting layer
can be avoided.
[0063]
The film thickness of the transparent conductive layer
is preferably 20 to 500 nm, more preferably 30 to 300 nm and
still more preferably 30 to 200 nm. When the film thickness
of the transparent conductive layer is less than 20 nm, there
is the case where the surface resistance of the transparent
conductive layer is raised whereas the film thickness of the
transparent conductive layer exceeds 500 nm, there is the
case where the problems arise concerning a reduction in
transmittance and processing accuracy.
The film thickness of the metal reflecting layer is
preferably 10 to 1000 nm, more preferably 30 to 300 nm and

still more preferably 50 to 200 nm. When the film thickness

of the metal reflecting layer is less than 10 nm, there is
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probl em ari ses concerning processing accuracy. [0064] Also, the transparent
conductive layer is provided with the ability of alnobst transmtting |ight,
whereas the nmetal |ayer has the ability of alnost reflecting light. Wen
the transparent conductive |layer is electrically connected with the TFT
el ement through the nmetal l|ayer, the transparent conductive |layer and the
nmetal |ayer function as the electrodes to be used in a liquid crystal
di spl ay device. Also, because the reflectance of the netal |ayer is 80% or
nore, thethetahsétaytesrd wict iretd eaaxamdeefilse6toroelmet & pdeheressidtant |y, The
metal layer that functions as a reflector electrode and the transparent
conducti véilayeniakeepesowkdeddsal 00hensanehd rerei s ntHdicsagmniesrd a obtain a
sem -transmtting and senm -reflecting electrode substrate to be intended.
[ 0065] (1p)yoBlsn, atheesneenteaningl aresetesiagsericutrbaysm tting and
sem -reflecting el ectrode substrate according to the above (14), wherein
the value of [I[ADGEA | netals] that is a conposition ratio of In in the
above transparent conductive |ayer containing indiumoxide as its ngjor
conmponent and Af o} hete bpenspatent arormiuer ioxd tegeseleptedifieamith
| ant hanoi d- based netal oxides is 0.8 to 0.99. [0066] 31 As to the
conposi ti eheaibihiet ¥ dns padent t comnshict t Meg 11dyert,, whbecaenposinidterl rati o of
Inis as follows: [In] / [Al netals]

layer has the ability of almost reflecting light. When the

transparent conductive layer is electrically connected with

the TFT element through the metal layer, the transparent

conductive layer and the metal layer function as the

electrodes to be used in a liquid crystal display device.

Also, because the reflectance of the metal layer is 80% or

more, the metal layer functions as a reflector electrode

resultantly. The metal layer that functions as a reflector

electrode and the transparent conductive layer are provided

at the same time in this manner to obtain a semi-transmitting

and semi-reflecting electrode substrate to be intended.

[0065]
(15) Also, the invention relates toa semi-transmitting

and semi-reflecting electrode substrate according to the

above (14), wherein the value of [In]/[All metals] that is

a composition ratioof In in the above transparent conductive

layer containing indium oxide as its major component and

further one or two or more oxides selected from

lanthanoid-based metal oxides is 0.8 to 0.99.

[0066]
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= 0.8 to 0.99 as weight ratio. Wien the conposition ratio of Inis |less
than 0. 8, there is the case where the resistance of the transparent
conductive layer is increased and the transparent conductive |layer is not
crystallized even if the substrate on which the transparent conductive

| ayer has been forned is heated to 200C or higher. Al so, when the
conposition ratio of indiumoxide exceeds 0.99, there is the case where the
transparent conductive layer is crystallized when the transparent

conductive |ayg%ﬂd%ﬁ@éaﬁgo§9916ﬁ®¥%he@?aﬁéﬁgﬁgngﬁo%@u%EQW@ﬁ fémta'nlng
oxalic acid and residues are generated in a large anount. This is the

reason WhynhtheomsOsmpesht irah ifAbEor h@,]a{i/ﬁblllwsal $InF/0a81 1Rt L199. [0067]

Sn and Zn may be added as third atons in the above transparent conductive

layer. Heeep, sheofdrsd A e@iightaratiidi umléﬁotfmlé Nedrijolh 4 0 des @ngl t he
second atomis a | anthanoid-based netal atomin one or two or nore oxi des

sel ect ed Hrorp the danichanoy ds Pased JTBS &l OXh 88ne L hE rA M afRaNSs an atom
after these first and second atons and means, in short, other atom [0068]

Wen Sn '%fagH@dtrghgpgggﬂQsbbh@%c%@%%ol%fe§nusHQ%%ﬁéaséa&ynd[£ﬂé met al s]
<0. 2and nore preferab nmet al sﬁ .1 as weight ratio. Wien

[Sn]/[ AT trehabgkeh® é&?d@@tix?@'l%%rreﬂé nSRNEEGL LY 1} BT x}e% OeZy more,

there is the <case where residues are generated during etc I ng.
substrate on which the transparent conductive layer has been

formed is heated to 200°C or higher. Also, when the
composition ratio of indium oxide exceeds 0.99, there is the
case where the transparent conductive layer is crystallized
when the transparent conductive layer is formed and cannot
be etched by an etchant containing oxalic acid and residues
are generated in a large amount. This is the reason why the
composition ratio [In]/[All metals] = 0.8 to 0.99.

[0067]

Sn and Zn may be added as third atoms in the above
transparent conductive layer. Here, the first atom is an
indium atom in indium oxide and the second atom is a
lanthanoid-based metal atom in one or two or more oxides
selected from the lanthanoid-based metal oxides. "“Third
atom” means an atom after these first and second atoms and
means, in short, other atom.

[0068]

When Sn is added, the composition ratioc of Sn, namely,
[Sn]/[Allmetals] <0.2 andmore preferably [Sn]/[All metals]

< 0.1 as weight ratio. When [Sn]/[All metals] in the
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When Zn is added, the conposition ratio of Zn, namely, [Zn]/[Al netals] <
0. 1 andnore preferably [Zn]/[AIl metals] < 0.05 as weight ratio. Wen
[Zn]/[AIl metals] in the transparent conductive layer is 0.1 or nore, there
is the case where a m xture acid containing phosphoric acid, acetic acid
and nitric acid gives danmages to the transparent conductive |ayer when the
netal reflecting layer is etched wusing the mxture acid. [0069] (16) Al so,
the invention relates to a sem-transmtting and sem -reflecting el ectrode
substrat etaecepdiragtt oohHectabeveéagdd) isr0 (15 mdwes eitthdihe abatee net al
| ayer having a reflectance of 80% or nore has a |ayer containing Al or Ag
as maj or cenponbats. rE6QAQEs bfret heneebltedt dncenof ettlodimet.al | ayer i s not
80% or nore, the reflectance for extraneous |light is decreased and there
is therefore tWeenase ivhereean thagsompissitigpn dadriystvdl Zw) spmly,is scarcely
seen. As the layer (layer containing Al and Ag as its major conponents)
i ncl uded i[bn{i¢ametnadtdlayle 0 .hesidiesrAlprasfe A ly (he] geponchgmeilalls are al so
preferably added. As the second netal, |anthanoid-based netals such as Nd
and heavy<net absassuwebhghs Catibi., Wden AnZr [APL méedaCy] nhy beeadded. 33
[0071] The content of these | anthanoi d-based netals and heavy
transparent conductive layer is 0.1 or more, there is the
case where a mixture acid containing phosphoric acid, acetic
acid and nitric acid gives damages to the transparent
conductive layer when the metal reflecting layer is etched
using the mixture acid.
[0069]
(16) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to the
above (14) or (15), wherein the above metal layer having a
reflectance of 80% or more has a layer containing Al or Ag
as major components.
[0070]
If the reflectance of themetal layer is not 80% or more,
the reflectance for extraneous light is decreased and there
isthereforethecasewhereanimageonaliquidcrystaldisplay
is scarcely seen.
As the layer (layer containing Al and Ag as its major
components) included in the metal layer, besides Al and Ag,
the second metals are also preferably added. As the second

metal, lanthanoid-based metals such as Nd and heavy metals

such as Co, Ni, Pd, Au, Zr, Pt and Cu may be added.
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netals to be added is preferably 0. 1 to 5 % nore preferably 0.5 to 3
wt% and still nore preferably 0.5 to 2 ww% Wen the content of the

| ant hanoi d netals and heavy netals is less than 0.1 w% there is the case
where no effect is obtained by the addition of the these netals whereas
when the content of the lanthanoid netals and heavy netals is 5 wt % or
nore, there is the case where the reflectance of the netal reflecting

| ayer is reduced. [0072] (17) Also, the invention relates to a

sem -transmttipg71and sem -reflecting el ectrode substrate according to any
one of the above (14) to (16) , wherein the above | anthanoi d-based netal

oxide is |anthangradnddles oFet helse QdriiharsAMBHAEBOKLEa] s &3 0ldaRiyum oxi de,
dysprosi um oxi de, erbi um oxide or hol mium oxide. [0073] (18) Al'so, the

i nventionpeeh ates be AdEt hoeh ff dH04UCH NY t & H§ t3EMho L& e HLAIDIG and
sem -reflecting electrode substrate according to any one of the above (10)

to (13), othecgei had GOMPIHItSINImd rat BRe8Er8bEY HOSthE Abpve tRapspar ent
conductive layer which contains indiumoxide as its major conponent and

further opgeQordthObrMHE1axkAER 38! ROt L Eham 4 APRRanaid: based net al
oxi des and is disposed on the above transparent substrate, by an etchant

cont ai ni ngngxad i £ a8 d 34 randsac st e f Blchi ng dheeaptal duavamLonnect ed
electrically wth the above transparent el ectrode layer by a mxture acid
by the addition of the these metals whereas when the content
of the lanthanoid metals and heavy metals is 5 wt% or more,
thereisthe casewherethereflectanceof themetal reflecting
layer is reduced.
[0072]
(17) Also, the invention relates to a semi-transmitting
and semi-reflecting electrode substrate according to any one
of the above (14) to (16), wherein the above lanthanoid-based
metal oxide is lanthanumoxide, ceriumoxide, samariumoxide,
gadolinium oxide, dysprosium oxide, erbium oxide or holmium
oxide.
[0073]
(18) Also, the inventionrelates toamethodof producing
the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (10) to (13),
the method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further one or two or more oxides selected from

lanthanoid-based metal oxides and is disposed on the above

transparent substrate, by an etchant containing oxalic acid
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cont ai ni ng phosphoric acid, acetic acid and nitric acid to formthe above
nmetal reflecting |layer. [00741 The concentration of oxalic acid in the
etchant containing oxalic acid is preferably 1 to 10 wt % and nore
preferably 1 to 5w % This is because when the concentration of oxalic
acidis less than 1 wt% there is the case where the etching rate of the
transparent conductive |layer is |owered, whereas when the concentration of
oxalic acid exceeds 10 % there is the case crystals of oxalic acid
precipita Ln.the et t | ut 1 t aini Li.c id. .

concentr atal%gnéo t%‘nggp ocrallplcnigih%, nggae iqc%y%cl{]aggﬁgé%ﬁflt??%ég{:}%&?gyt he

m xture acj.d,u for_e I r y, be pr rly. selected.
However, ?jﬁghc?)ﬁgean T {t%%hggfﬁ%ﬁég%‘%r%‘g a%i(i&yirégr k[%Veaf §%§§§§e4%33f% 95 wt %
t he concentrati.on of tic acid is preferably. 5 to 60, W% and , t he
concentra{&logﬁa& Bl Pﬁ%g élgéll sgﬁ%éf earl%%ﬁlcoa.%wfﬁnéi \I/\]ﬁl%rlcTﬁFédn%?(ture acid
may be diluted with water as required.. It jis preferable to heat the
substrateff%orgnmg\(gfevwatq?%ehéne arlanrgegalreecgctlr}%r}cﬁ}ﬁ fve | ayer to 200C or hi gher,
preferably 22q%ogr4 hi gher and nore preferably 230C or higher, thereby
crystallizing the tr]anspar ent conductive |layer before or after the netal

| ayer is forne | f.the transpare caonducti.ve . ayer has ,been crystallized,
a damage to thgh§5 Ctorné:r(lesnﬁéfraen Oncé)ndl?(?qtaﬂvlec Iae%:yled‘ra Wit te e?ecck}‘—’lena(@altsed when t he

metal 1 ayel daS nShE 8% P LU Y28 e SRL A N1 B PPOSRRS e

preferablylto5wt?%. This isbecause when the concentration
of oxalic acid is less than 1 wt%, there is the case where
the etching rate of the transparent conductive layer is
lowered, whereaswhen the concentrationof oxalicacidexceeds
10 wt%, there is the case crystals of oxalic acid precipitate
in the etchant solution containing oxalic acid.

Each concentration of phosphoric acid, acetic acid and
nitric acid in the mixture acid used for etching the metal
layer may be properly selected. However, the concentration
of phosphoric acid is preferably 40 to 95 wt%, the
concentration of acetic acid is preferably 5 to 60 wt% and
the concentration of nitric acid is preferably 0.5 to 5 wt%.
This mixture acid may be diluted with water as required.

It is preferable to heat the substrate formed with the
transparent conductive layer to 200°C or higher, preferably
220°C or higher and more preferably 230°C or higher, thereby
crystallizing the transparent conductive layer before or
after the metal layer is formed. If the transparent

conductive layer has been crystallized, a damage to the
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acid, acetic acid and nitric acid. [0075] (19) Also, the invention relates
to a nethod of producing the sem-transmtting and sem -reflecting

el ectrode substrate according to any one of the above (14) to (17), the
met hod conprising a step of etching the above transparent conductive |ayer
whi ch contains indiumoxide as its major conponent and further containing
one or two or nore oxides selected froml anthanoid-based netal oxides and
is disposed on the above transparent substrate, by an etchant containing

oxal i ¢ actdanBfgaaent efbrfuet Ghi ngykhecimbrl déayesssahintlRrconseeits1 t he above
transparent electrode |layer electrically with a TFT elenment and has a

refl ectancgyet 890cochd@rigy dymixtid WEid a@irt Lofitray i ;pgnq@mmh@i c acid,
acetic acid and nitric acid to formthe above netal reflecting |ayer.
[0076] Waend}hecttansparantneondueticvaclhiayer is electrically connected
with the TFT elenent by the netal |ayer, the transparent conductive |ayer
and the netal lagesjcan function as a TFT driving systemliquid crystal
driving el ectrodes. Also, as nentioned above, the transparent conductive
layer is provided pidd) the iakbikhittynafe 1@l tmst o bmansidd bERgddu@itng Wwher eas
the metal |ayer has the ability of alnost reflecting |ight. Wen the netal

| ayer funghkoBsmastaahshhieetiay 36dekeat-ede] catsan =tlkamsddet i ng and

sem -reflecting electrode substrate is obtained.
substrate according to any one of the above (14) to (17),
the method comprising a step of etching the above transparent
conductive layer which contains indium oxide as its major
component and further containing one or two or more oxides
selected from lanthanoid-based metal oxides and is disposed
on the above transparent substrate, by an etchant containing
oxalicacidandastepofetchingthemetallayerwhichconnects
the above transparent electrode layer electrically with a
TFT element and has a reflectance of 80% or more, by a mixture
acid containing phosphoric acid, acetic acid and nitric acid
to form the above metal reflecting layer.

[0076]

When the transparent conductive layer is electrically
connected with the TFT element by the metal layer, the
transparent conductive layer and themetal layer can function
as a TFT driving system liquid crystal driving electrodes.
Also, as mentioned above, the transparent conductive layer
is provided with the ability of almost transmitting light,
whereas the metal layer has the ability of almost reflecting

light. When the metal layer functions as a reflector
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[0077] (20) Also, the invention relates to a nethod of producing a
sem-transmtting and sem -reflecting el ectrode substrate according to the
above (18) or (19), wherein the above | anthanoi d-based netal oxide
i sl ant hanum i ant hanunoxi de, cer samari um oxi de, gadol i ni um oxi de, dysprosium
oxi de, erbium oxide or holmumoxide. (21) Al so, the invention relates to a
liquid crystal display conprising the sem-transmtting and
sem -reflecting el ectrode substrate according to any one of the above (10)
to (17) awrdeatlriogiai,d acrepstialt daayseri tdriinerarey sdntie- radfoMe-tsiaig -t ransmi tti ng
and sem -reflecting el ectrode substrate. [0078] Since the liquid crystal
di spl ay dewviece ricgleprsavistedtw tils dwissd.-transmtting and sem -reflecting
el ectrode substrate according to any one of the above (10) to (17), it has
a function as dooaflljecting type liquid crystal display device and a
function as a transparent type liquid crystal display device at the sanme
tinme. Effect of(2tthenlswenhedmvdr¥d a3 rébat@atioenedtabavd, ptd®ucing
sem -transmtting and seni-reflecting electrode substrate al nost prevents
37 resi duessdnibnm e s1gi gehed ahelds avtierr ¢ tiee dtf ang paeent oclenslusd t vece | ayer i s
etched using a weak acid (for exanple, organic acids,
according to the above (18) or (19), wherein the above
lanthanoid-basedmetal oxide is lanthanumoxide, ceriumoxide,
samarium oxide, gadolinium oxide, dysprosium oxide, erbium
oxide or holmium oxide.
(21) Also, the invention relates to a liquid crystal
display comprising the semi-transmitting and
semi-reflecting electrode substrate according to any one of
the above (10) to (17) and a liquid crystal layer driven by
the above semi-transmitting and semi-reflecting electrode
substrate.
[0078]
Since the liquidcrystal display device isprovidedwith
the semi-transmitting and semi-reflecting electrode
substrate according to any one of the above (10) to (17),
it has a function as a reflecting type liquid crystal display
device and a function as a transparent type liquid crystal
display device at the same time.
Effect of the Invention
[0079]

As mentioned above, the semi-transmitting and

semi-reflecting electrode substrate almost prevents
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especially, oxalic acid) and is provided with a transparent conductive
| ayer resistant to an etchant (m xture acid) used for the netal reflecting
| ayer (netal |ayer) when the netal reflecting layer (nmetal |ayer) above the
transparent conductive layer is etched. The sem -transmtting and
sem -reflecting el ectrode substrate of the invention is therefore superior
in processability. [0080] Also, the nethod of producing a sem -transmtting
and semni-reflecting el ectrode substrate according to the invention enables
t he provi giesn dufe saf sanbet pagemans ey wieh tefransidagdritngerdiect t vele
substrate which alnmost prevents residues from being generated when the
t r anspar ed@yeondsietiched Uiy ajiveak ahed (fsimegxampeak cagiag i(d aciéxanpl e,
organic acids, especially, oxalic acid) and is provided with a transparent
conduct i vesipgyér llgsi skaht ctachmh) etnchaatpfow xdent eviddi d)t xeesbafert t he net al
reflecting layer (netal |ayer) when the netal reflecting |ayer (netal
| ayer) abowedunt itreahgpar erstsistmmducbiarecekahenti enistwhee acThiéresede, this
nmet hod i nproves the yield in the process of producing this
sem -t r angwirt thagnetand rsaitieatafriedbiyeg éhetst ddeyesubstreat eheAlstoglt he 1iquid
crystal display device of the present invention is provided with the above
sem -t r angwiftleiatg nand a yseni (@redfd le dia ey Jelagstwendenes ubstirsgia entther eby
i mprovi ng 38 production efficiency. Brief Description of the Draw ngs
conductive layer is etched. The semi-transmitting and
semi-reflecting electrode substrate of the invention is
therefore superior in processability.
[0080]
Also, the method of producing a semi-transmitting and
semi-reflecting electrode substrate according to the
invention enables the provision of a semi-transmitting and
semi-reflecting electrode substrate which almost prevents
residues frombeing generatedwhen the transparent conductive
layer is etched using a weak acid (for example, organic acids,
especially, oxalic acid) and is provided with a transparent
conductive layer resistant to an etchant (mixture acid) used
for the metal reflecting layer (metal layer) when the metal
reflecting layer (metal layer) above the transparent
conductive layer is etched. Therefore, thismethod improves
the yield in the process of producing this semi-transmitting
and semi-reflecting electrode substrate.
Also, the liquid crystal display device of the present

invention is provided with the above semi-transmitting and

semi-reflecting electrode substrate, thereby improving
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[0081] Fig. 1 is a partial sectional view of an a-Si TFT active matrix
substrate in this enbodi nent. Explanations of the Synbols [0082] 1. d ass
substrate 2. Gate electrode 3. Gate insulation film 4. a-Si:H(i) filmb5.
Channel protective film 6. a-Si:H(n) film7. Drain electrode 8. Source
el ectrode 9. Transparent conductive film 10. Transparent resin resist 10a.
Through-hole 11. Reflector electrode 12. Gate electrode wiring 100. a-Si TFT
active matrix substrate Preferred enbodi nents of the Invention Preferred
enbodi mentEOGUGHET RFEHGIGRGHM 1 | be explained with reference to the
drawi ngs. The enbodi nents are divided into an A-group and a B-group. The
A- group i Sréfbodiessrietion ofe the HrawiveEi® i on group and the B-group is
enbodi ment s 39[0%r8e1]enbodi ments of the second invention group. [0084]
Fig. 1 is a partial sectional view of an a-SiTFT active
matrix substrate in this embodiment.
Explanations of the Symbols
[0082]
1. Glass substrate
2. Gate electrode
3. Gate insulation film
4. a-Si:H(i) film
5. Channel protective film
6. 0a-Si:H(n) film
7. Drain electrode
8. Source electrode
9. Transparent conductive film
10. Transparent resin resist
10a. Through-hole
11. Reflector electrode
12. Gate electrode wiring
100. a-SiTFT active matrix substrate
Preferred embodiments of the Invention
Preferredembodiments of theinventionwill beexplained
with reference to the drawings. The embodiments are divided

into an A-group and a B-group. The A-group is embodiments

of the first invention group and the B-group is embodiments
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A-group "Enbodinment A-1" [0085] Fig. 1 shows a partial sectional view of
an a-Si TFT (anorphous silicon thin-filmtransistor) active matrix
substrate 100 in this enbodinent A-1. Metal Al was deposited on a
transmttable glass substrate 1 by high-frequency sputtering such that it
had an filmthickness of 1500 angstrons and netal No was deposited on the
metal Al such that it had a filmthickness of 500 angstrons. This gl ass
substrate 1 corresponds to one exanple of the transparent substrate as

descri be%féw I & i B of £ thi S pat eng Li €At ogg%%ﬁgOO%] Next, the above

deposi ted netal and netal Mo were etched into formshown in Fig. 1
according to (pjp}]oet ching nethod using a phosphoric acid/acetic
acid/nitric acid/water (volunetric ratio: 12/6/1/1)-based aqueous sol ution

as an etching f@iéﬂg on to forma gate el ectrode 2 anda gate el ectrode
Wi ring 12. Them, licon nitride film (hereinafter, referred to as a SIN

filmin sone c 3 ichwas to be a gate insulating film3, was
aﬂ%{?&&d éME'I e
deposited by a g owldtllsc arge CVD nethod on the above glass substrate 1,
t he above gate (ﬁj trode 2 and the above gate electrode wiring 12 such that
it had a fil m& I ckness 40 of 3000 angstrons. |In succession, an a-Si:H(i)

filma4 was  deposi tedphl,d e gafe; Insulati g1 i V1ad spclnt@atitkrhad a
(amorphous silicon thin-film transistor) active matrix
substrate 100 in this embodiment A-1. Metal Al was deposited
on a transmittable glass substrate 1 by high-frequency
sputtering suchthat ithadanfilmthicknessof 1500 angstroms
and metal Mo was deposited on the metal Al such that it had
a film thickness of 500 angstroms. This glass substrate 1
corresponds to one example of the transparent substrate as
described in the claims of this patent application.

[0086]

Next, the above deposited metal Al and metal Mo were
etchedintothe formshowninFig. 1 accordingtoaphotoetching
method using a phosphoricacid/aceticacid/nitricacid/water
(volumetric ratio: 12/6/1/1)-based aqueous solution as an
etchingsolutionto formagateelectrode?2andagateelectrode
wiring 12.

Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was deposited by a glow discharge CVD method on the
above glass substrate 1, the above gate electrode 2 and the

abovegateelectrodewiringl2 suchthatithadafilmthickness
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filmthi ckness of 3500 angstrons. Moreover, a silicon nitride film(Si N
film which was to be a channel protective |ayer 5 was deposited on the
above a-Si: H (i) film4 such that it had a filmthickness of 3000
angstronms. [0087] At this tinme, as the discharge gas, SiH4-NH3-N2-based

m xture gas was used for the gate insulating film3 and channel protective
| ayer 5 which were fornmed of a SIN filmwhereas Si H4-N2-based m xture gas
was used for the a-Si:H(i) film 4. A so, the channel protective |ayer 5

made of ac8i B! dMgyesors ched st dsha Jor Bhshown: Hnili gi1g Py y etching
usi ng CHF-based gas. [0088] |In succession, an a-Si:H(n) film®6 was

deposi t edgepothecdabAvend-gite Hddu1dt 148 4iand 3t Bacabeyugtchanngh protective
| ayer 5 by using SiH4-H2-PH3-based m xture gas such that it had a film

thi ckness rof 3009 caR@SLr 845 35A 0 Angethawer. Tubmelerpt gl sMpipghal Al/ netal
Mo was further deposited in this order on the deposited a-Si:H(n) by a

sput t eri ng; et hads sugh Silakit e Jf;licgﬂmisCEfJ%ZelgaOéhéﬁﬁel'Med@W‘é netal M

was 0.05m the filmthickness of th et a was 0.2m and the film
thi cknessig ekf@wa@p@é%é@y@éd Jretab Myweg-Qi0am: ) [ POBRl, dd-Hhimdretal

Mo/ Metal Al7nmetal Mo three-layer filmwas etched into the formshown in
Fig. 1 byia phatget¢hihngnieikheds of 3000 angstroms.

[0087]

At this time, as the discharge gas, SiH4-NH3;-N,-based
mixture gaswas used for thegate insulating film 3 and channel
protective layer 5 which were formed of a SiN film whereas
SiH4-Ny-based mixture gas was used for the a-Si:H(i) film
4. Also, the channel protective layer 5 made of a SiN film
was etched into the form shown in Fig. 1 by dry etching using
CHF-based gas.

[0088]

In succession, ana-Si:H(n) film 6 was deposited on the
above a-Si:H (1) film 4 and the above channel protective layer
5 by using SiH4~H,-PHs;-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)
by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2um and the film thickness of the upper layer

metal Mo was 0.05um.

[0089]
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usi ng a phosphoric acid/acetic acid/nitric acid/ water (volunetric ratio:
9:8:1:2)-based aqueous solution to form a pattern of a drain electrode 7
and a pattern of source electrode 8. Mreover, dry etching using CHF based
gas and wet etching using a hydrazi ne (NH2NH2. H20) -based aqueous sol ution
were conbined to etch the a-Si:H(i) film4 and a-Si:H(n) film®6 forned of
an a-Si:H film thereby formng a pattern of a-Si:H(i) film4 and a pattern
of the a-Si: H(n) film®6 having the forms shown in Fig. 1. Al so, as shown
in Fig 1, amfHianspa=anMd/esitalr esi/slettQ wastHsed-tayber miam pastective
film thereby formng a pattern of a through-hole 10a and the |ike. [0090]
Transpar esticHeandHe bl Mee friolii §AHRIIH 8t UNBst £pheXiode cAMARBERBAUS
transparent conductive film9 containing indiumoxide as i'ts major conponent
and tungsigmPd gﬁhdg%oxdﬁpoa%it&ph@u@%ﬂ@xﬁﬁm!a@éicmgwitéfn 3 by a
sputtering method. he target used in this sputtering nmethod was an

| N2C8- WOB( y st ad hady ot:hat gwasoadpystady 3 had1 dd i &bl pbrat [W)
showing the atomic ratio of Into Win the target becane 0. 97. Here, [In]

represents gdva JwHher Dfdindi um adorgdder Adta Yol Lk apd fMireepresents
t he nunber of tungsten atons per wunit volune. [0091] 42 In the sputtering,

this | n2@-¥B-ciker edbpdyvias Hhaeedniagdussed @stdesLalyRadengn a planer
magnetron type to deposit
wet etching using a hydrazine (NH;NH,-H,0)-based aqueous
solution were combined to etch the a-Si:H(i) film 4 and
a-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H (i) film 4 and a pattern of the a-Si:H(n)
film 6 having the forms shown in Fig. 1. Also, as shown in
Fig. 1, a transparent resin resist 10 was used to form a
protective film, thereby forming a pattern of a through-hole
10a and the like.
[0090]

Transparent conductive film containing tungsten oxide

An amorphous transparent conductive film 9 containing
indium oxide as its major component and tungsten oxide was
depositedonthisgate insulatingfilm3byasputteringmethod.
The target used in this sputtering method was an In,03-WO;
sintered body that was adjusted such that [In]/([In] + [W])
showing the atomic ratio of In to W in the target became 0.97.
Here, (In] represents the number of indium atoms per unit
volume and [W] represents the number of tungsten atoms per
unit volume.

[0091]
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t he transparent conductive film9 such that the filmthickness was 1000
angstrons. At this tinme, as the discharge gas in the sputtering, pure argon
gas or argon gas mxed with 02 gas contained in a trace anount of the order
of about 1 vol% was used. This transparent conductive film9 corresponds

to one exanple of the transparent conductive |ayer as described in the
claimof the patent application. [0092] As to the formof tungsten in the
target, tungsten may be dispersed in the formof tungsten oxide such as W3
or W2 or in Thehespuiofeniconphex IoxOderded wesnr¢ddbdwesilies ceand t ungst en
oxi de such as 1n2WB012 in the indium oxide sintered body. A preferable form

of tungst endisses abot howsit Hamgshenpliasesulsdnd tit @ thple tbeldguditm site of
i ndi um oxi de whereby it is dispersed as a solid solution at an atom c | evel

in the i pdewnaepda Sintenedcbody £illin 9 suentther €fd eetintthitdiatesd ungsten is
di spersed at an atomc level in the indiumoxide sintered body in this

manner towstabobozenderehschargitnd s itAmepPubbeth8odi sbies ey ¢ airhi ng the
transparent conductive film9 having a | ow resistance. [0093] The

transpar ephecepduetirvaghi bur8 whyeh was an 4ngEB- YB mikém fotned, by the
above sputtering was anal yzed by an X-ray diffraction nmethod, to find that

no peak wagssobsetyetkedshow fgadd dnbuunt idfmthe dederrphByst 1tvowes al so
found that the specific resistance of the transparent conductive film?9
that was %Be used. This transparent conductive film 9 corresponds
to one example of the transparent conductive layer as
described in the claim of the patent application.
[0092]
As to the form of tungsten in the target, tungsten may
be dispersed in the form of tungsten oxide such as WO; or
WO, or in the form of a complex oxide between indium oxide
and tungsten oxide such as In;W301, in the indiumoxide sintered
body. A preferable form of tungsten is as follows: tungsten
is substituted for the indium site of indium oxide whereby
it is dispersed as a solid solution at an atomic level in
the indium oxide sintered body. It is rather effective that
tungsten is dispersed at an atomic level in the indium oxide
sintered body in this manner to stabilize the discharging
in sputtering, thereby obtaining the transparent conductive
film 9 having a low resistance.
[0093]
The transparent conductive £film 9 which was an In,03-WO3
film formed by the above sputtering was analyzed by an X-ray

diffractionmethod, to find that no peak was observed, showing
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In2CG3-WB fil mwas about 3. 8x10.4 fl-cmand was therefore a film used
satisfactorily as an electrode. [0094] This transparent conductive film9,
whi ch was the 1n203-W3 film was etched by a photoetching nmethod using an
3.2 wt % aqueous oxalic acid solution as an etchant so as to forma pattern
of atransmtting pixel electrode. Apattern of a transmtting pixel

el ectrode nade of an anorphous electrode of the transparent conductive film
9 shown in Fig. 1 was formed. It is to be noted that this 3.2 wt % aqueous

oxalic aC:tgﬁcﬁ trd@é‘b%?&gﬁ&%ﬁ?cﬂ?é tQOnes ?%éﬁ@o%n‘?ft%@tﬁte Al £ Gont ai ni ng

oxalic ac escrlb clains o atent application. [0095]

Then,  LherubStugke ORI ILE wsnebcoo\f?dgatflhaﬁ@%&g@tg t%%gdwgg'%ﬁepf' 'm 9" was

heat-treate After osited on

atr a”Spa&ﬁ:‘% —rw%ﬁ'f& Séb&&’t By gy ghe H&H%ﬁ'&ﬁlaé&‘ﬁ 441 égﬁ fhat it had

an filmt ness angstrons and net a eposited on the neta

Mo such t i £ hick angstrons. The refl ectance of
t he IayerB%%ﬁp%???%ggﬁébgﬁh&wb% 2 %é%at% was neasured to find that the

refl ectance $08Q@% or nore. ThIS | ayer conprising metal Mo and netal Al
corresponds to one éxanple of the netal |ayer as described 44 in the clains

of this patentTﬂQB'k?ghgggrenkog%%huctive film 9, which was the

In203-WO3 film, was etched by a photoetching method using
an 3.2 wt?% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixelelectrode. Apattern
of a transmitting pixel electrode made of an amorphous
electrode of the transparent conductive film 9 shown in Fig.
1 was formed. It is to be noted that this 3.2 wt% aqueous
oxalicacidsolution corresponds to one example of the etchant
containingoxalicacidasdescribedintheclaims of thepatent
application.

[0095]

Then, the substrate formed with the above transparent
conductive film 9 was heat-treated at 250°C for 30 minutes.
After that, metal Co was deposited on a transparent resin
resist 10 by high-frequency sputtering such that it had an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal
Mo and metal Al was measured to find that the reflectance
was 80% or more. This layer comprising metal Mo and metal

Al corresponds to one example of themetal layer as described
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The above netal Mo and netal Al were etched by a photoetching nmethod using
a phosphoric acid/acetic acid/nitric acid/ water (volunetric ratio:

9:6:1: 2)-based aqueous solution as an etching solution to forma pattern

of a reflector electrode 11 as shown in Fig. 1. At this tine, the reflector
el ectrode 11 conprising netal Mo and netal Al was patterned such that the
pattern of the source electrode 8 was electrically in contact wth the
pattern of the transmtting pixel electrode conprising the transparent
conduct i vin fihen Ol &smshemnchs Fpgredt pplbescibpae, the drain el ectrode 7
and source el ectrode 8 that contained netal Al were not eluted by the
etching solutipmodhe reflectance of this reflector electrode 11 was
nmeasured to find that it was 80%or nore. [0097] This reflector electrode
11 correspondsTi® anevexaspie Mofahhemeesal Al efbest eBghkaypy as described in
the clains of the patent application and the phosphoric acid/acetic

aci d/ oxalpleotass t et @ rmé viobdines the & aphospRobid: 2ribasedtiaqueous sol ution
as an etching solution corresponds to one exanple of the m xture acid of
phosphor igcatith tciet | £ci@that art (velaaétlrbs descot bedek bD: bhebgkadnms of the
patent application. After that, a Si N passivation film (not shown) and a
45 shi el diqgedud mqaid &5m {Nein SraMingveia fralored of oprodupattamna- Si TFT

active matri x substrate 100 as shown in Fig. 1.
of a reflector electrode 11 as shown in Fig. 1. At this time,
the reflector electrode 11 comprising metal Mo and metal Al
was patterned such that the pattern of the source electrode
8 was electrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent
conductive film 9 as shown in Fig. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were not eluted by the etching solution. The reflectance
of this reflector electrode 11 was measured to find that it
was 80% or more.

[0097]

This reflector electrode 11 corresponds to one example
of the metal reflecting layer as described in the claims of
the patent application and the phosphoric acid/acetic
acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-based
agueous solution as an etching solution corresponds to one
example of the mixture acid of phosphoric acid/acetic
acid/nitric acid as described in the claims of the patent
application.

After that, a SiN passivation film (not shown) and a
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A liquid crystal layer was fornmed on this a-Si TFT active matrix substrate
100 to thereby produce a TFT-LCD systemflat display. This a-Si TFT active
matri x substrate 100 corresponds to one exanple of the sem -transmtting

and sem -reflecting electrode substrate as described in the clains of the
patent application and the TFT-LCD system flat display corresponds to one
exanple of the liquid crystal display device as described in the clains of
the patent application. "Enbodinent A-2" [0098] Ana-Si TFT active nmatrix

subst r at esH81 dihd M 51 e i Nt (ndv ZHwm )t he rear® reldduebupe casickhat  shown
in Fig. 1 except only that the conposition of the transparent conductive

film 9 odntdhesiapS Bk iaed mae et sukssuhstr abe d9Gndwit hirs Fahodi.ment A-2
is different fromthat of the above enbodinent A-1. Therefore, the a-Si TFT

active o Ligustbstisaizg 10 O« akFcsmeeidhrodhmeni-ATE WAt i Bemaxphiai ned al so
with reference to Fig. 1. [0099] As shown in Fig. 1, netal Al was deposited

on a tranghdtadd @Og|tfb'5§hérl@§§1F&b@lul;ebi/ThTQD€brs%&%&ﬁﬂl&@d&%@&bﬁ)g such
that it had an filmthickness of 1500 angstrons and netal M was deposited

on the metids M-ssucir bBat vetmbesi 2 Sudgprdl ehnessr pés SO angsbhens. Next,
t he above deposited netal Al and netal Mo were etched into the form shown

in Fig lednscsasditge t Semi PHodoshcht D8y NBLH0g-HSL REF BephOgHNOr i C
acid/acetic acid/nitric acid/water (volunetric ratio:
electrode substrate as described in the claims of the patent
application and the TFT-LCD system flat display corresponds
to one example of the liquid crystal display device as
described in the claims of the patent application.

“Embodiment A-2”"

[0098]

Ano-SiTFTactivematrixsubstratel00inthisembodiment
A-2 has the same structure as that shown in Fig. 1 except
only that the composition of the transparent conductive film
9o0fthea-SiTFT activematrixsubstratel00 inthisembodiment
A-2 is different from that of the above embodiment A-1.
Therefore, the a-SiTFT active matrix substrate 100 of this
embodiment A-2will beexplainedalsowithreferencetoFig.l.

[0099]

As shown in Fig. 1, metal Al was deposited on a
transmittable glass substrate lbyhigh-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film

thickness of 500 angstroms. Next, the above depositedmetal

Al and metal Mo were etched into the form shown in Fig. 1
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12: 6: 1: 1) - based aqueous solution as an etching solution to forma gate

el ectrode 2 and a gate electrode wiring 12. This glass substrate 1
corresponds to one exanple of the transparent substrate as described in the
clainms of this patent application. [0100] Then, a silicon nitride film
(hereinafter, referred to as a SINfilmin sone cases) , which was to be a
gate insulating film3, was forned on the above gl ass substrate 1, the
above gate electrode 2 and the above gate electrode wiring 12 by a gl ow

di schar geadddyrdieidah suchhdthedt chih@dnat iod mué hhgkaessospho3080 angstrons.

I n succession, an cc-Si:H(i) film4 was deposited on the gate insulating
film3 suchidifetetiic hathi @/ nittin tdeckmesseof (B350mangstr easiobreover, a
silicon nitride film(SIiNfilm which was to be a channel protective |ayer
5 was depasié €d: -1 dwedlepue ArsSisofiit)i ohi b8 #n stedhithatsolit ilbadta fil m

t hi ckness of 3000 angstronms. [0101] At this time, as the discharge gas,

Si HA- NH3-N2rrbas@sl e D @as RS a Utk EQécHﬂ@d@aIlﬁ‘rirlﬂ?llbati mgiki I m3 and
channel protective layer 5 which were formed of a Si N film whereas

Si H4- N2- hisseths s udh 4 1€a 9811 VoS tisSoh @ theome SexdiplefbEmnd. Al so, the

channel protective layer 5 nade of a SINfilm was etched into the form

shown i n thtghsdadsndryuedchd thy asi dgscéib&diF hasied gasims[O£02his
patent application.

[0100]

Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by
a glow discharge CVD method such that it had a £film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
deposited on the gate insulating film 3 such that it had a
film thickness of 3500 angstroms. Moreover, a silicon
nitride film (SiN film) which was to be a channel protective
layer 5 was deposited on the above a-Si:H(i) film 4 such that
it had a film thickness of 3000 angstroms.

[0101]

At this time, as the discharge gas, SiH4;-NH3;-N,-based
mixture gas was used for thegate insulating film 3 and channel
protective layer 5 which were formed of a SiN film whereas
SiH4-Ny-based mixture gas was used for the a-Si:H(i) film

4. Also, the channel protective layer 5 made of a SiN film

was etched into the form shown in Fig. 1 by dry etching using

47



In succession, an a-Si: H(n) film6 was deposited on the above a-Si: H (i)
film4 and the above channel protective layer 5 by using Si H4-H2-PH3-based
m xture gas such that it had a filmthickness of 3000 angstrons. A
three-layer filmof nmetal Md/ netal Al/netal Mo was further deposited in
this order on the deposited a-Si:H(n) 6 by a sputtering nethod such that
the filmthickness of the |ower layer netal Mo was 0.05m the film
t hi ckness of the netal Al was 0.2m and the filmthickness of the upper
| ayer neC@F-Mysadsg®s05m [0103] This netal Mo/ Metal Al/nmetal M
three-layer filmwas etched into the formshown in Fig. 1 by a photoetching
met hod wusing &0pbdsphoric acid/acetic acid/nitric acid/water (volunetric
ratio: 9:8:1:2)-based aqueous solution to form a pattern of a drain
el ectrode 7 anthaywatdsyiromf asouwr&e: H eéh edtinade whs Nepesierd it yhet chi ng
usi ng CHF-based gas and wet etching using a hydrazine (NH2NH2H20) - based
aqueous siodwt ioB1siver (@ )chHibindeasnd ahet ZibotdehanSelHirdt et ivd layer a- Si : H( n)
film6 forned of an a-Si:H film thereby formng a pattern of a-Si:H(i)
film4 and lay patitrey 1$16f, - HhePls-Siaddchnixftiulre §abasioly thet fior rmmedskown in Fig.
1. Also, as shown in Fig. 1, a transparent resin resist 10 was used to form
a protecfive thiokneéhereby300Onangsarpastern of a through-hole 48 and the
i ke. [0104]
A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2pm and the film thickness of the upper layer
metal Mo was 0.05um.
[0103]
This metal Mo/Metal Al/metal Mo three-layer film was
etched into the form shown in Fig. 1 by a photoetching method
using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based agueous solution to form
a pattern of a drain electrode 7 and a pattern of source
electrode 8. Moreover, dry etching using CHF-based gas and
wet etching using a hydrazine (NH;NH,-H,0)-based aqueous
solution were combined to etch the a-Si:H(i) film 4 and
o-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H(i) film 4 and a pattern of the a-Si:H(n)
film 6 having the forms shown in Fig. 1. Also, as shown in

Fig. 1, a transparent resin resist 10 was used to form a

protective film, thereby forming a pattern of a through-hole
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Transparent conductive filmcontaining nolybdenum oxide An anorphous

transparent conductive film9 containing
conponent and nol ybdenum oxi de was
by a sputtering nethod.
I n2G3- M08
showi ng the atomc ratio of

i ndi um oxide as its major
deposited on this gate insulating film3
The target used in this sputtering nethod was an
sintered body that was adjusted such that [In]/( [In] + [M] )
In to Mo in the target becane 0.90. Here, [In]

represents the nunber of indiumatons per wunit volume and [ Mb] represents
t he nunbegnaf tABl yYbdenum atons per unit volunme. [0105] 1In the sputtering,

this 1n20G3- M3 sintered body was
pl aner magnetr ppibype

that the

filmthi ckness was 1000 angstronms. At this tinme, as the

pl aced and used as the cathode in a
to deposit the transparent conductive film9 such

di schar ge

gas in the sputtghkpgreRlr eoaldeR 1gas feN1mAEEaAR a§aS ngM¥eplicnind2 gas
contained in a trace anount of the ordér of about I vol % was used. This

transpar epkigenductive film 9 corresponds to one exanple of the transparent
conductive Tayer as described in the claimof the patent application.

[0106] As to thg dmsmprdud he-amiphdenupoalerent el pithe tgetinidd may be
di spersed in the form of nol ybdenum oxi de such as 49 MdG3 or M

the nol ybggaumhe):eimnt sMays b ésedombBnthe FRf FbehbacaaiPb exaoxkide bet ween
i ndi um oxi de and

depositedonthisgateinsulatingfilm3bya sputteringmethod.

The target used in this sputtering method was an In,03-MoOs
sintered body that was adjusted such that [In]/([In] + [Mo])
showing the atomic ratio of In to Mo in the target became
0.90. Here, [In] represents the number of indium atoms per
unit volume and [Mo] represents the number of molybdenumatoms
per unit volume.

[0105]

In the sputtering, this In;03-Mo0O; sintered body was
placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the
film thickness was 1000 angstroms. At this time, as the
discharge gas in the sputtering, pure argon gas or argon gas
mixed with O, gas contained in a trace amount of the order
of about 1 vol% was used. This transparent conductive film
9 corresponds to one example of the transparent conductive
layer as described in the claim of the patent application.

[0106]

As to the form of the molybdenum element in the target,

it may be dispersed in the form of molybdenum oxide such as
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nol ybdenum oxi de such as | nMb406, |1 n2Mb3012 or 1 nl11Mb4062 in the indium
oxi de sintered body. A preferable formof nolybdenumis as follows: a

nol ybdenum atom i s substituted for the indiumsite of indium oxide whereby
it is dispersed as a solid solution at an atom c level in the indium oxide
crystals. It is rather effective that nol ybdenumis dispersed at an atomc
| evel in the indiumoxide sintered body in this manner to stabilize the

di scharging in sputtering, thereby obtaining the transparent conductive

film9 haybag o@Mo@l\é;breﬁé?é@@fe-tlLQ%QJibeé‘ﬁuxﬁr@Ié{?&H@%af%@%éd’e film9

whi ch was an | n2G3- Mo(G3 ilmformed by the above sputtering was anal yzed by

an X-ray jdi fhtagbiRnoreghednpt axf badqehakrRrcpeakMwas eRselvedq show ng
this filmto be anorphous. It was also found that the specific resistance

of the tr gatmconduet kMenf Ekmr9 ’ R268: MR .f iidn was about
3.4x10-4 %g%?gﬁd 3gsgthg§efgrg g n?iwﬁgﬁiegﬁég%gg agtogﬁf§ as6%ﬁ'electrode.

Thi st rangar eAk; GANJGLLVE. ht LFLY, pehch 4as: LherabZCBoMRCBr i I m s

etched by a photoetching nethod using “an 3.2 wt % aqueous oxalic acid

sol ution as;apqeheRant S0 2314 f A ABLPBULELRA Sfof 14 ANYELitdng pi xel

il
el ectrode. A pattern of a transmtting plxeP el ectrode made of an anor phous

el ect r odegl {9 ARSIl oLONMNAL) VEiTdd Mh2,SBOMALi 1 FiiGpe Adl was

formed. It 1Is e noted that this 3.2 w % aqueo oxal 1c acid sol ution

corresponds 1 os9ngy @%?ﬂpéi%rpfatt he gt6RARt1evel in the indium oxide

crystals. It is rather effective that molybdenum is
dispersed at an atomic level in the indium oxide sintered
body inthismanner tostabilize thedischarging in sputtering,
thereby obtaining the transparent conductive film 9 having
a low resistance.

[0107]

The transparent conductive film 9 which was an In,03-MoO3
film formed by the above sputtering was analyzed by an X-ray
diffractionmethod, to find that nopeakwas observed, showing
this filmtobe amorphous. Itwasalsc foundthat thespecific
resistance of the transparent conductive film 9 that was the
Tn,05-Mo0O; film was about 3.4x107* Q-cm and was therefore a
film used satisfactorily as an electrode.

This transparent conductive film 9, which was the
In203-Mo0O3 film, was etched by a photocetching method using
an 3.2 wt% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixelelectrode. Apattern
of a transmitting pixel electrode made of an amorphous

electrode of the transparent conductive £film 9 shown in Fig.
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containing oxalic acid as described in the clains of the patent
application. [0108] Then, the substrate forned wth the above transparent
conductive film9 was heat-treated at 250C for 30 mnutes. After that,
nmetal Co was deposited on the substrate by high-frequency sputtering such
that it had an filmthickness of 500 angstrons and netal A was deposited
on the nmetal Mo such that it had a filmthickness of 2000 angstrons. The
refl ectance of the layer conprising nmetal Mc and netal Al was neasured to

find thatithesredtesd ance was t80He0hofBECEhat Niisid Ay EF OGS netal M
and netal Al corresponds to one exanple of the netal |ayer as described in

the clai mexa0f ctliisi fatepiomppliredbbafs PNk xakipe caboyYaer@Iar¥ and net al
Al were etched by a photoetching nethod using a phosphoric acid/acetic

aci d/ ni tr kenegi i wglosda 1(1\0d @b bide Jatiindd Hh 6hd A)ribased t nagiaeus sol ution
as an etching solution to forma pattern of a reflector electrode 11 as
shown in gpgiridatPenthis time, the ref lector electrode 11 was patterned
such that the pattern of the source electrode 8 was electrically in contact
with the pattepmnogf the transmtting pixel electrode conprising the
transparent conductive film9 as shown in Fig. 1. At 51 this tinme, the drain

el ectrode 7 andnhsAyrege &\ @dade §drirld weent ehaethdrt alr MNspreie el t her

burned out nor narrowed. The
conductive film 9 was heat-treated at 250°C for 30 minutes.
After that, metal Co was deposited on the substrate by
high-frequency sputtering such that it had an film thickness
of 500 angstroms and metal Al was deposited on the metal Mo
such that it had a film thickness of 2000 angstroms. The
reflectance of the layer comprising metal Mo and metal Al
was measured to find that the reflectance was 80% or more.
This layer comprising metal Mo and metal Al corresponds to
one example of the metal layer as described in the claims
of this patent application.

[0109]

The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic
acid/nitric'acid/water (volumetric ratio: 9:6:1:2)-based
aqgueous solution as an etching solution to form a pattern
of a reflector electrode 11 as shown in Fig. 1. At this time,
thereflectorelectrode11waspatternedsuchthatthepattern
of the source electrode 8 was electrically in contact with

the pattern of the transmitting pixel electrode comprising

the transparent conductive film 9 as shown in Fig. 1. At
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refl ectance of this reflector electrode 11 was neasured to find that it was
80% or nore. [0110] This reflector electrode 11 corresponds to one exanple
of the nmetal reflecting |layer as described in the clains of the patent
application and the phosphoric acid/acetic acid/ oxalic acid/water
(volunetric ratio: 9:6:1:2)-based aqueous solution as an etching solution
corresponds to one exanple of the m xture acid of phosphoric acid/acetic
acid/oxalic acid as described in the clains of the patent application.

After thaty;a Sl passi yalion fdlm{noy §J§?‘%§F%de§ec§@ogledé ”cgﬁfé Impattern

(not shown) were fornmed to produce an a- active matrix substrate 100

hown ip, Fi Jem i s Si TFT
oS shoun LoeFLBocd oAbyl al LaveE e (ot on, bl s LS T
di spl ay. J?}k]écé‘ér?!:l FJs 3Gty V‘?:.erfeiterdtg)rsgli%tc@‘%aﬁelﬁ 79k rrfeszPo&des tQ one
exarrple O¥ e sem-transmsttlng an sem-re ecting el ecirode substrate as

descri bed intpgagl§£nsagf bgeoga%gng application and the TFT-LCD system
flat dispFay correspon@s §o°one ex£nﬁ|e of the liquid crystal display

devi ce as des?gkggg in the clains of the patent application. "Enbodi nent
A-3" [0111] 52 -SIi TFT active matrix substrate 100 in this enbodi rent A-3

has the same S&'fl_!tj(s:truer eaczsté[rh% e%ril.%o ei ik If:iogr'relsp%xncdesmco one example
of the metal reflecting layer as described in the claims of
the patent application and the phosphoric acid/acetic
acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution as an etching solution corresponds to one
example of the mixture acid of phosphoric acid/acetic
acid/oxalic acid as described in the claims of the patent
application.

After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce
an a-SiTFT active matrix substrate 100 as shown in Fig. 1.
Aliquidcrystal layerwas formedonthisa-SiTFT activematrix
substrate 100 to therebyproduce a TFT-LCDsystem flat display.
This a-SiTFT active matrix substrate 100 corresponds to one
example of the semi-transmitting and semi-reflecting
electrode substrate as described in the claims of the patent
application and the TFT-LCD system flat display corresponds
to one example of the liquid crystal display device as
described in the claims of the patent application.

“Embodiment A-3”

[0111]
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only that the conposition of the transparent conductive film 9 of the

a-SI TFT active matrix substrate 100 in this enbodinment A-3 is different
fromthat of the above enbodinent A-l. Therefore, the a-Si TFT active matrix
substrate 100 of this enbodinent A-3 will be explained also wth reference
to Fig. 1. [0112] As shown in Fig. 1, netal Al was deposited on a
transmttabl e glass substrate 1 by high-frequency sputtering such that it
had an fil mthickness of 1500 angstrons and netal No was deposited on the

nmetal Al such bhai-ditTiegcaifé har rtRisciiess «f 1 GOOnandstdnditdinliext , the
above deposited netal Al and netal Mo were etched into the form shown in

Fig. 1 apcordhpBgthe saphoteetebiing &Bt & UShoigh ai Phesphor ickcast d/ acetic
acid/nitric acid/water (volunetric ratio; 12:6:1:1)-based aqueous sol ution

as an et cbhng sodtthencdMpos of A Fat Be &6l & @Bﬁldacg%e ﬁﬁ@trode
wiring 12. This glass substrate 1 corresponds to one exanple of the

transpar egt, rsgishat @ F@%&ﬁwmmﬂlk gubg%r@lt@l 1rrﬁo of thRisSemRRt §nt

application. [0113] Then, a silicon nitride film (hereinafter, referred to

as a Si N hibmiisngsene reaseShom Whixeh JHAS Hed al%%v% et ditd@tdng films3,
was fornmed on the above gl ass substrate 1, the above gate electrode 2 and

the abovergate rekect £ Rdey,Yi1+hg J& hye 5312 10! Qwpdicsehar 980 QYP vretdod such
that it had a filmthickness of 3000 angstrons. |In succession, an a-Si: H(i)

filma4 wagmpodiment A-3willbe explainedalsowith referencetoFig.1.

[0112]

As shown in Fig. 1, metal Al was deposited on a
transmittable glass substrate 1 by high-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. Next, the above deposited metal
Al and metal Mo were etched into the form shown in Fig. 1
according to a photoetching method using a phosphoric
acid/acetic acid/nitric acid/water (volumetric ratio:
12:6:1:1)-based aqueous solution as an etching solution to
form a gate electrode 2 and a gate electrode wiring 12. This
glass substrate 1 corresponds to one example of the
transparent substrate as described in the claims of this
patent application.

[0113]

Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above

gate electrode 2 and the above gate electrode wiring 12 by
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formed on the gate insulating film3 such that it had a film thickness of
3500 angstrons. Moreover, a silicon nitride film(SINfiln) which was to be
a channel protective layer 5 was fornmed on the above a-Si:H(i) film4 such
that it had a filmthickness of 3000 angstrons. [0114] At this tine, as

t he di scharge gas, SiH4-NH3-N2-based m xture gas was used for the gate
insulating film3 and channel protective layer 5 which were forned of a SiN
filmwhereas SiH4-N2-based m xture gas was used for the a-Si:H(i) film 4.

Al so. the, ehannst sProtegtd s kaven S.Lenied. of BN I LM, wasetched fnto

the forms inl ( etchrng using based gas. fﬁS] I'n
Fuscessiohe MDA e i) iuRoes e bed e by Abare g L H ()
i ur e 985O IR Lot A 141 A OeR AL OG e g A
(DL O SerneORh0Es SPORASL AT R JRNAEPY Lering et guch Cha
(1 ks otn! N T 8,088 0200500 4 6 L1 Wl A0S 5.4, oo
three-layer T1100 W8S on the above a-Si:H(i) film 4 such that it had

a film thickness of 3000 angstroms.

[0114]

At this time, as the discharge gas, SiH;-NH3-N,-based
mixture gaswasused for thegate insulating film 3 and channel
protective layer 5 which were formed of a SiN film whereas
SiH4-N;-based mixture gas was used for the o-Si:H(i) film
4. Also, the channel protective layer 5 formed of a SiN film
was etched into the form shown in Fig. 1 by dry etching using
CHF-based gas.

[0115]

In succession, ana-Si:H(n) film 6 was deposited on the
above a-Si:H(i) film 4 and the above channel protective layer
5 by using SiH;-H,-PHs-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)

6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05pum, the film thickness of the

metal Al was 0.2um and the film thickness of the upper layer

metal Mo was 0.05um.
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etched into the formshown in Fig. 1 by a photoetching nethod using a
phosphoric acid/acetic acid/nitric acid/water (volunetric ratio:

9:8:1: 2)-based aqueous solution to form a pattern of a drain electrode 7
and a pattern of source electrode 8. Mreover, dry etching using CHF- based
gas and wet etching using a hydrazi ne (NH2ZNH2H20) - based aqueous sol ution
were conbined to etch the a-Si:H(i) film4 and a-Si:H(n) film6 formed of
an a-Si:Hfilm thereby formng a pattern of a-Si: H(i) film4 and a
pattern of the(31%6) H(n) film®6 having the forns shown in Fig. 1. [0117]
Transparent conductive film containing niobiumoxide An anorphous
transparent condust né€alli MBYHBeeant Al PinBgal Ndb Uph HxEdeapSri £ 51MBJLE conponent
and ni obi um oxi de was deposited on this gate insulating film3 by a
sputteringtagBehothto the fargethdigedni mid hiisbgRubhet bB8YcAEhHAkE MRS an

I Nn2C3- Nb205  sintered body that was adjusted such that [In] / ([In] + [Nb] )
show ng theiafolli phbabherat hrily N dir the d/ariaet decar wdtH5. Here, [In]
represents the nunber of indiumatons per wunit volume and [Nb] represents

the nunberveh uhk@biun &t 085 9 per1 Wnj {p Yol AR dRk18h1 ukh chheo St eri ng,
this 1n203-Nb2(5 sintered body was placed and used as the cathode in a

pl aner magngki@BrhyBe¢ a5dh@ideRraeid e tr anspar @l teadust ik fdd m 9 such
that the firlmthickness was 1000 angstrons. At this tinme, as the
electrode 8. Moreover, dry etching using CHF-based gas and
wet etching using a hydrazine (NH;NH;-H,0)-based aqueous
solution were combined to etch the a-Si:H(i) film 4 and
o-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H(1i) film 4 and a pattern of the a-Si:H(n)
film 6 having the forms shown in Fig. 1.

[0117]

Transparent conductive film containing niobium oxide

An amorphous transparent conductive film 9 containing
indium oxide as its major component and niobium oxide was
depositedonthis gate insulatingfilm3bya sputteringmethod.
The target used in this sputtering method was an In,03-Nb,0s
sintered body that was adjusted such that [In]/([In] + [Nb])
showing the atomic ratio of In to Nb in the target became
0.95. Here, [In] represents the number of indium atoms per
unit volume and [Nb] represents the number of niobium atoms
per unit volume.

[0118]

In the sputtering, this In,03-Nb;0s sintered body was

placed and used as the cathode in a planer magnetron type
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di scharge gas in the sputtering, pure argon gas or argon gas mxed with 02
gas contained in a trace anount of the order of about 1 vol % was used. This
transparent conductive film 9 corresponds to one exanple of the transparent
conductive |layer as described in the claimof the patent application.
[0119] As to the formof the niobiumelenent in the target, it may be
di spersed in the form of niobiumoxide such as Nb20G5 or Nb203. However, the
ni obi um el enent may be dispersed in the formof a conpl ex oxide between
i ndi um oxitdedapds it ofih&im r axxd gher suc lrcasidatb@ fiidnt Besuodi tinroxilde si nt er ed
body. A preferable formof niobiumis as follows: niobiumis substituted
for the iAdimmtaité&nessi rdisumooXi degutteratsy | At thidi spersedsashe solid
solution at an atomc level in the indiumoxide crystals. It is rather
ef fecti vedtibahamgebjaisnin shdi spetsediad, gurat apgonl @yvelod aribe dawli um oxi de
sintered body in this manner to stabilize the discharging in sputtering,
t her eby ohtiakedi ngthhe, iganspatainheebiduat tyecéi dmv@nbavt nthe aoddav
resi stance. [0120] The transparent conductive film9 which was an
| N2C8- Nb266 ahohitnIf eoredwhy ddwed abawe sspubhepepgnweSordatyzed thiylnan X-ray
diffraction nethod, to find that no peak was observed, showing this filmto
be anor phusortéspasdalso draureanpdle bhetspect dnspdbetitsigidanaeiwf the
transparent conductive film9 that was the [1n203-Nb206 fil mwas about
3. 6x10-4 Qagaraand awscthes®fioreh® claim of the patent application.
[0119]
As to the form of the niobium element in the target,
it may be dispersed in the form of niobium oxide such as Nb,0s
or Nb,0O3;. However, the niobium element may be dispersed in
the form of a complex oxide between indium oxide and niobium
oxide such as InNbO; in the indium oxide sintered body. A
preferable form of niobium is as follows: niobium is
substituted for the indium site of indium oxide whereby it
is dispersed as a solid solution at an atomic level in the
indium oxide crystals. It is rather effective that niobium
is dispersed at an atomic level in the indium oxide sintered
body inthismanner to stabilize thedischarging in sputtering,
thereby obtaining the transparent conductive film 9 having
a low resistance.
[0120]
The transparent conductive film 9whichwas an In,03-Nb,05
film formed by the above sputtering was analyzed by an X-ray

diffractionmethod, to find that no peakwas observed, showing

this filmtobe amorphous. Itwasalsofoundthat thespecific
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filmused satisfactorily as an electrode. [0121] This transparent
conductive film9, which was the 1n203-Nb205 film was etched by a
phot oet ching method using an 3.2 w % aqueous oxalic acid solution as an
etchant so as to forma pattern of a transmtting pixel electrode. A pattern
of a transmtting pixel electrode nade of an anorphous electrode of the
transparent conductive film9 shown in Fig. 1 was forned. It is to be noted
that this 3.2 w % aqueous oxalic acid solution corresponds to one exanpl e
of the etchaidtarconicdi bhag xadparacd doasiudesorel bethinthhe wdaiche of the
patent application. [0122] Then, the substrate fornmed with the above

t r anspar em,0;enpgicifiive bkmaBowas3 heat ot'r Qadedchrad w2 €Helte 33 grianut es.
Then, a transparent resin resist 10 is fornmed into a pattern shown in Fig.

1 on the fimeles@ndattndfdatdhel yvi gsnhhyeDécttbgetransmi tting pi xel

el ectrode conprising the transparent conductive film9 such that it
functions as ajdiattening layer for controlling the liquid crystal film
thickness of a layer insulation filmand a reflector electrode 11. Here,

the TFT el enertis st dahdpardnt ménanststorrand Hs epnshi yutkednef the gate
electrode 2, the a-Si:H(i1) film4, the drain electrode 7 and the source

el ect r odeI - 1$b2o® fiiN ki gaslet Sed BL23]phdd et cKodnyate tdRRPELE @G ONn this
transparent resin resist

an 3.2 wt% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixel electrode. Apattern
of a transmitting pixel electrode made of an amorphous
electrode of the transparent conductive film 9 shown in Fig.
1 was formed. It is to be noted that this 3.2 wt% agqueous
oxalicacidsolution corresponds toone example of the etchant
containingoxalicacidasdescribedintheclaimsof thepatent
application.

[0122]

Then, the substrate formed with the above transparent
conductive film 9 was heat-treated at 250°C for 30 minutes.
Then, a transparent resin resist 10 is formed into a pattern
shown in Fig. 1 on the TFT element and in the vicinity of
the transmitting pixel electrode comprising the transparent
conductive £film 9 such that it functions as a flattening layer
for controlling the liquid crystal film thickness of a layer
insulation film and a reflector electrode 11. Here, the TFT
element is a thin film transistor and is constituted of the

gate electrode 2, the a-Si:H(i) film 4, the drain electrode

7 and the source electrode 8 as shown in Fig. 1.
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10 by hi gh-frequency sputtering such that it had an film thickness of 500
angstrons and netal Al was deposited on the netal M such that it had a
filmthi ckness of 2000 angstrons. The reflectance of the [ayer conprising
metal Mo and netal Al was neasured to find that the refl ectance was 80% or
nore. This layer conprising netal Mo and netal Al corresponds to one
exanpl e of the netal |ayer as described in the clains of this patent
application. [0124] The above netal Mo and netal Al were etched by a
phot oet chi ng meoh»a] usi ng a phosphoric acid/acetic acid/nitric acid/ water
(volunetric ratio: 9:6:1:2)-based aqueous solution as an etching solution

to forma pattesbal do aasefdntidteebacthiglerihsparehoWwes in fiegiskt. At this
time, the reflector electrode 11 was patterned such that the pattern of

t he sourcelebpchigdef Bewasnelesputeaklisgi Buehntaat Wkt hadt he gatimern of the
transmtting pixel electrode conprising the transparent conductive film?9

as shown thi€kgesd.ofABOOtdmGst tos dritemdeal mEhect degesTtaddorseece
el ectrode 8 that contained netal Al were not eluted by the etching

sol uti on.med&e Mebhertanee 18fhddiast 1 & @Gt &l LeFrogEy bhgwasomasured to
find that it was 80% or nore. [0125] This reflector electrode 11

corr espontise t e Pecexad®ler t22 obybhecombal si gl et 4 nad a¥Rl masadescribed in
the clains of the patent application and the phosphoric acid/acetic

Al was measured to find that the reflectance was 80% or more.

This layer comprising metal Mo and metal Al corresponds to

one example of the metal layer as described in the claims

of this patent application.

[0124]

The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic
acid/nitric acid/water (volumetric ratio: 9:6:1:2)-based
agqueous solution as an etching solution to form a pattern
of a reflector electrode 11 as shown in Fig. 1. At this time,
thereflectorelectrode 11 was patterned such that thepattern
of the source electrode 8 was electrically in contact with
the pattern of the transmitting pixel electrode comprising
the transparent conductive film 9 as shown in Fig. 1. At
this time, the drain electrode 7 and source electrode 8 that
contained metal Al were not eluted by the etching solution.
The reflectance of this reflector electrode 11 was measured
to find that it was 80% or more.

[0125]

This reflector electrode 11 corresponds to one example
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acid/nitric acid/water (volunetric ratio: 9:6:1:2)-based aqueous sol ution
corresponds to one exanple of the mxture acid constituted of phosphoric
acid/acetic acid/nitric acid as described in the clains of the patent
application. After that, a SiN passivation film (not shown) and a shielding
filmpattern (not shown) were fornmed to produce an a-Si TFT active matrix
substrate 100 as shown in Fig. 1. A liquid crystal |ayer was forned on this
a-Si TFT active matrix substrate 100 to thereby produce a TFT-LCD system

flat di sppayhe mBiks1arSETES L a6l Vo, dRtdd YeSuRSbEat €n 106 cardi@sperds to one
exanple of the sem -transmtting and sem -reflecting electrode substrate as

descri bedtnd et ad b1 DEat en Pah@Nthe 2pRLEERLL PR aptlayBeetlbE- LCD system

flat display corresponds to one exanple of the liquid crystal display

devi ce asacUeaCTd bR ddidngatéAl (Mo DindHei pateploappl Ecat pPnpaBE26]
"Modi fied enbodi rent A-1" In the above enbodinents A-1 to A-3, exanples in

whi ch tr@qd&fd@@&ruiﬁcﬁptdb@@%s%dcﬁs eenshitat aebof o wBtali Mpukayer and a

metal Al |ayer are shown. The reflector electrode 11 of this enbodinent is

pref er abl yc LoBShist Uk ed caf o £ PRI AG c hav8y a8t ptacs Hiniithe sTgEaly Al | ayer.
Specifically, the reflector electrode 11 of this enbodinment is preferably

const i t uted @fsaipdaa M and 81 Alndloc | Pnd hgacase ubet eclbeons9 ref | ector

el ectrode 11 contains the netal Ag |layer in place a netal Al layer in
this manner, the-defdiept or; &i8ftJd8 vation film (not shown) and a

shielding film pattern (not shown) were formed to produce
an o-SiTFT active matrix substrate 100 as shown in Fig. 1.
Aliquidcrystal layerwas formedonthisa-SiTFT activematrix
substrate 100 to therebyproduce a TFT-LCD system flat display.-
This a-SiTFT active matrix substrate 100 corresponds to one
example of the semi-transmitting and semi-reflecting
electrode substrate as described in the claims of the patent
application and the TFT-LCD system flat display corresponds
to one example of the liquid crystal display device as
described in the claims of the patent application.

[0126]

“Modified embodiment A-1"

In the above embodiments A-1 to A-3, examples in which
the reflector electrode 11 is constituted of a metal Mo layer
and a metal Al layer are shown. The reflector electrode 11
of this embodiment is preferably constituted of a metal Ag
layer in place of the metal Al layer. Specifically, the
reflector electrode 11 of this embodiment is preferably

constituted of metal Mo and metal Ag. In the case where the
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11 of this nodified enbodi ment 1 produces the same action effect as the
reflector electrode 11 of the above enbodinents A-1to A-3. [0127] Al so,
in the above enbodinents A-1 to A-3, an exanple is shown in which the netal
Al |l ayer contained in the reflector electrode 11 is constituted of pure Al
(Al': 100%9 . This netal A layer preferably contains |anthanoi d-based
netals such as Nd and heavy netals such as Co, Ni, Pd, Au, Zr, Pt and Cu
besides nmetal Al. The nmetal Ag | ayer also preferably contains the

af or ementiconedtdanthapeirddRas ed-omt 2 1$s amd mBeavyageta)ls: ihnpt hks case, the
reflector electrode 11 of this nodified enbodinent 1 al so produces the sane

action efff achefgsle@ch Rfert he tRiLecd e €] etle odescllodf el B8t r8aBOdI NENtS 1
to 3. [0128] Enbodi nents of a B-group "Enbodinment B-1" [0129] This

enbodi ment1 Bl talisomadartisdt BRbSATRs UChubauass the eakedhisenss of the
A-group nentioned above. Therefore, this enbodinent B-1 will be explai ned

with ref erfenca 49 thiddref lebfok ke A J@BIMNQYT A5 R RXaAPbESnEXPLai ned
above. [0130] 60 Fig. 1 shows a partial sectional view of an a-Si TFT

(amor phoys-1sidd gy thin-fil mtransi stor) active matrix

[0127]

Also, in the above embodiments A-1 to A-3, an example
is showninwhich themetal A1l layer contained inthe reflector
electrode 11 is constitutedof pureAl (Al: 100%). Thismetal
Al layer preferably contains lanthanoid-based metals such
as Nd and heavy metals such as Co, Ni, Pd, Au, Zr, Pt and
Cu besides metal Al. The metal Ag layer also preferably
contains the aforementioned lanthanoid-based metals and
heavy metals. 1In this case, the reflector electrode 11 of
this modified embodiment 1 also produces the same action
effect as each of the reflector electrodes 11 of the
embodiments 1 to 3.

[0128]

Embodiments of a B-group

“Embodiment B-1”"

[0129]

This embodiment B-1 also adopts the same structure as
the embodiments of the A-group mentioned above. Therefore,
this embodiment B-1 will be explained with reference to Fig.

1 in the same manner as the examples explained above.

[(0130]
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substrate 100 in this enbodiment B-1. Metal Al was deposited on a
transmttabl e glass substrate 1 by high-frequency sputtering such that it
had an filmthickness of 1500 angstrons and netal M was deposited on the
metal Al such that it had a filmthickness of 500 angstrons. This gl ass
substrate 1 corresponds to one exanple of the transparent substrate as
described in the clains of this patent application. [0131] Next, the above
deposited netal Al and netal Mo were etched into the formshown in Fig. 1

according to aiRhotioedHNG JEidial Usd g ShPhosWré € aci dlacektc _
acid/nitric acid/water (volunmetric ratio: 12:6:1:1)-based aqueous sol ution

as an etGhidipnzRIsutdian déh falire- Matne ehfed rader 2 A0 we Gl €r £k ect r ode

wiring 12. Thén, a silicon nitride film (hereinafter, referred to as a SiN

filmin somtGases)oo 1w ghs Waodamke tag gat e Mdisul A G dépdMm BeqWas
deposited by a gl ow di scharge CVD nethod on the above gl ass substrate 1,

the aboveal e ehitiiade andddheuatiouedat HEheriodediciag 12 such that

it hada filnthickness of 3 angstrons. |In succession, an a-Si:H(i) film4

was dep%ﬁﬂ'&&%ﬁmgt@@cfg%stiirtsyé@ghmlfﬂ&m(fké@ggom%tad 5“???5?12 film

t hi ckness "of 3500 "angstrons. Mreover, a silicon nitride SN film

whi ch was{Pread AHARRSIGdYN /L W thayREr 21 Was irbedipmihe above
a-Si: H(i) film4 such that 61 it had a filmthickness of 3000 angstrons.
[0132] a film thickness of 500 angstroms. This glass substrate 1
corresponds to one example of the transparent substrate as
described in the claims of this patent application.
[0131]
Next, the above deposited metal Al and metal Mo were
etchedintothe formshowninFig. 1l accordingtoaphotoetching
method using a phosphoricacid/aceticacid/nitricacid/water
(volumetric ratio: 12:6:1:1)-based aqueous solution as an
etchingsolutionto formagateelectrode 2 andagateelectrode
wiring 12.
Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was deposited by a glow discharge CVD method on the
above glass substrate 1, the above gate electrode 2 and the
abovegateelectrodewiringl2suchthatithadafilmthickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
deposited on the gate insulating film 3 such that it had a
film thickness of 3500 angstroms. Moreover, a silicon

nitride film (SiN film) which was to be a channel protective

layer 5 was deposited on the above -Si:H (1) f£ilm 4 such that
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At this time, as the discharge gas, Si H4-NH3-N2-based m xture gas was used
for the gate insulating film3 and channel protective |layer 5 which were
formed of a SiN filmwhereas SiH4-N2-based m xture gas was used for the
a-Si:H(i) film 4. A so, the channel protective |layer 5 made of a SiN film
was etched into the formshown in Fig. 1 by dry etching using CHF-based
gas. [0133] In succession, an a-Si:H(n) film6 was deposited on the above
a-Si: H(i) film4 and the above channel protective |layer 5 by using

Si H4- H2- PiEBrRasad £AlL ¥t Whe e sSUE B3l iadhg@doms.fil m thi ckness of 3000
angstronms. A three-layer filmof nmetal Mo/ metal Al/metal No was further

deposited in this2q9rder on the deposited a-Si: H(n) 6 by a sputtering
met hod such that the filmthickness of the |ower layer netal Mo was 0.05m

the filmthickregs;af tihe, FBlEhe Ai @S Ll And éﬂ}?-m{kle oy Ldess of the
upper layer nmetal M was 0.05m [0134] his net al tal Al/nmetal M

three-1 ayekeliLB0Ras elueheey L Bha ddie. (051 aboug AiMi dnaliihdbiot oet ching

using a phosphoric acid/acetic acid/nitric acid/water (volunetric ratio:

9:8:1:2)¢ Q@%@@t@%e%%@é%ﬂﬂfh a5 @ RLeRiNg £sgl S'iNof‘llrEQﬂrf&réﬁé pattern of
a drain electrode 7 and a pattern of 62 source electrode 8. Mreover, dry

etching usinoy O hased A% and Wls /1< NG USINY @ dwdr ez ne; (AH2NH2. H20)

- based
4. Also, the channel protective layer 5 made of a SiN film

was etched into the form shown in Fig. 1 by dry etching using
CHF-based gas.
- [0133]

In succession, an a-Si:H(n) film 6 was deposited on the
above a-Si:H (i) film 4 and the above channel protective layer
5 by using SiH4-H,-PH3-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2um and the film thickness of the upper layer
metal Mo was 0.05um.

[0134]

This metal Mo/Metal Al/metal Mo three-layer film was
etched into the form shown in Fig. 1 by photoetching using
a phosphoric acid/acetic acid/nitric acid/water (volumetric
ratio: 9:8:1:2)-basedaqueous solutionasanetchingsolution

to form a pattern of a drain electrode 7 and a pattern of
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aqueous solution were conbined to etch the a-Si:H(i) film 4 and a-Si: H(n)
filmo6 formed of ana-Si:Hfilm therebyformng a pattern of a-Si:H(i) film4
and a pattern of the a-Si:H(n) film®6 having the fornms shown in Fig. 1.
Al so, as shown in Fig. 1, a transparent resin resist 10 was used to forma
protective film thereby formng a pattern of a through-hole 10a and the
like. [0135] Transparent conductive filmcontaining dysprosium oxide An
anor phous transparent conductive film9 containing indiumoxide as its
maj or corspurert candtdypspr ®si Mo xpoCer Walky depasnyeds OngtdHB-1gag¢edi nsul ating
film3 by a sputtering method. The target used in this sputtering nethod
was an | y2CBay2e2t sitnihdmed daddyy tahatydves iaty utedHS#eD) thaked
[1n203]/([1n203] + [Dy203]) showing the weight ratio of In203 to Dy203 in
the targetuchecare10t96n Were, cbhB2EBH tepeesentise tdresvei ghf ©f1mi ndi um
oxi de per unit volune in the transparent conductive film9 and [Dy203]
repr esentdsaridie-9et Bht) @fi 1ysps oBedBY @ dlesi PEE i UR tr NEAHWTEE & Fintie
transparent conductive film9. [0136] In the sputtering, this In203-Dy203
si nt er ed abpdyt ges ophaced Hand Bsed Aanthe wadthode oifnt Be PL-ad1esH (gNet ron type
to deposit the transparent conductive film9 such that the 63 film
t hi ckness ivas 6 10001 ApgHtd ErmsAlshins 1hi MBg . as. t e sofi sehahgenagas in the
sputtering, pure argon gas or argon gas

Fig. 1, a transparent resin resist 10 was used to form a

protective film, thereby forming a pattern of a through-hole
10a and the like.
[0135]

Transparent conductive film containing dysprosium

An amorphous transparent conductive film 9 containing
indium oxide as its major component and dysprosium oxide was
depositedonthisgate insulating film3bya sputteringmethod.
The target used in this sputtering method was an In;03-Dy,03
sintered body that was adjusted such that [In;0s3]/([In,03]
+ [Dy,03]) showing the weight ratio of Iny0O; to Dy20s; in the
target became 0.97. Here, [In,03] represents the weight of
indium oxide per unit volume in the transparent conductive
film 9 and [Dy,03] represents the weight of dysprosium oxide
per unit volume in the transparent conductive film 3.

[0136]

In the sputtering, this In,03-Dy;03 sintered body was
placed and used as the cathode in a planer magnetron type

to deposit the transparent conductive film 9 such that the
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mxed with Q2 gas contained in a trace anount of the order of about 1 vol %
was used. This transparent conductive film 9 corresponds to one exanpl e of
the transparent conductive |ayer as described in the claimof the patent
application. [0137] As to the formof dysprosiumin the target, dysprosium
may be dispersed in the form of dysprosium oxi de such as Dy203 or in the
formof a conpl ex oxide between indium oxide and dysprosium oxide such as
DyIn® in the indiumoxide sintered body. A preferable form of dysprosium
is as fol SPprosju m .| substlt f.or .t.he indi site of

i ndi um gl)%ﬁgit alé:rke Sps %as spearn TR a so hslc?l t}tllmc?ri a’° UC:H Sat oni ¢

| evel |ncfQ§ |nd|u aox:d% %lnte gd body 's rather effective that

dyspr03|un1|s sp Fed at can-at 6 PéJ@fEaargoﬁeg?%épﬁﬁfgfpd%ailntered
d ng in Eu%%erlqg t her eby
s ta

in
body in i rol o8 abi lize i arg

obta|nlngnx%dhaﬁansbé%é%t éHﬁﬁhé?%JélflEnl§eh ta® ance.

[0138] T r.ent, nd ve In19 whi ch vas _an I n 2 film

f ormed bQ%-%Egﬂgggé%gputger?%%amaéﬁ%ﬁalr ggpgfen OpguC%aVFDya%?lon nethod
to find that no Vas observed this fil hous.

was al sotgf %unaetsﬁg Os%réeclefxaé“p W%ﬁ%c 5 ? e°t a%%rb@f“g% onductl ve
film9 t at_ was _t 0-4. f2-cm and was

t her ef or e % <™ 3Sf$?ﬁ?ﬁ§§§§sg¥%§F56Fﬁpﬂl9 Oﬁéﬁﬁﬁﬁf PR 110199
[0137]

IOI—'
D S

As to the form of dysprosium in the target, dysprosium
may be dispersed in the form of dysprosium oxide such as Dy,03
or in the form of a complex oxide between indium oxide and
dysprosium oxide such as DyInOs; in the indium oxide sintered
body. A preferable form of dysprosium is as follows: a
dysprosium atom is substituted for the indium site of indium
oxide whereby it is dispersed as a solid solution at an atomic
level in the indium oxide sintered body. It is rather
effective that dysprosium is dispersed at an atomic level
in the indium oxide sintered body in this manner to stabilize
the discharging in sputtering, thereby obtaining the
transparent conductive film 9 having a low resistance.

[0138]

The transparent conductive film9whichwas an In;03-Dy>03
film formed by the above sputtering was analyzed by an X-ray
diffractionmethod, to find that nopeak was observed, showing
this filmtobe amorphous. Itwasalsofoundthat thespecific
resistance of the transparent conductive film 9 that was the

In,03-Dy,03 film was about 5.2x107% Q-cm and was therefore a
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This transparent conductive film9, which was the 1n203-Dy203 film was

et ched by a photoetching nethod using an 3.2 w % aqueous oxalic acid
solution as an etchant so as to fornma pattern of a transmtting pixel

el ectrode. A pattern of a transmtting pixel electrode nade of an anorphous
el ectrode of the transparent conductive film9 shown in Fig. 1 was forned.
It is to be noted that this 3.2 w % aqueous oxalic acid solution
corresponds to one exanple of the etchant containing oxalic acid as

descri bediin tibedckattsfattbhe lgatentan appldteatdean. [0140] Then, the
substrate fornmed with the above transparent conductive film9 was

heat -treated 01350C for 30 mnutes. After that, nmetal Co was deposited on
a transparent resin resist 10 by high-frequency sputtering such that it had
an filmthickhésstehnSp@rangstcoommcandenegtidin Al, whd cepes ttéed on the neta
Mo such that it had a filmthickness of 2000 angstrons. The refl ectance of
t he | ayefn20Bdpbiy8DAQE et alwadvbtahddney a pAbtwascheagunethdéd ddintdy t hat t he
refl ectance was 80% or nore. This |ayer conprising nmetal M and netal Al
corresponds3t® worte agxamulse oah 1t hea gl ado 1 Btyisn ass dasetthedt s& dhe cl ai ns of
this patent application. [0141] The above netal M and netal A were etched

by a 65tphetraat sht bgrvethodr assmyt ai pdpspbBordleAatiddiacehigattaird/ nitric
acid/ water (volunmetric ratio: 9:6:1:2)-based
of a transmitting pixel electrode made of an amorphous
electrode of the transparent conductive film 9 shown in Fig.
1 was formed. It is to be noted that this 3.2 wt$% aqueous
oxalicacidsolution corresponds toone example of the etchant
containingoxalicacidasdescribedinthe claims of thepatent
application.

[0140]

Then, the substrate formed with the above transparent
conductive film 9 was heat-treated at 250°C for 30 minutes.
After that, metal Co was deposited on a transparent resin
resist 10 by high-frequency sputtering such that it had an
film thickness of 500 angstroms and metal Al was deposited
on the metal Mo such that it had a film thickness of 2000
angstroms. The reflectance of the layer comprising metal
Mo and metal Al was measured to find that the reflectance
was 80% or more. This layer comprising metal Mo and metal
Al corresponds to one example of the metal layer as described
in the claims of this patent application.

[0141]

The above metal Mo and metal Al were etched by a
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aqueous solution as an etching solution to forma pattern of a reflector
el ectrode 11 as shown in Fig. 1. At this tinme, the reflector electrode 11
conprising nmetal Mo and netal Al was patterned such that the pattern of the
source electrode 8 was electrically in contact with the pattern of the
transmtting pixel electrode conprising the transparent conductive film?9
as showmn in Fig. 1. At this tine, the drain electrode 7 and source
el ectrode 8 that contained netal Al were not eluted by the etching
sol uti onphPheectehiegt arteodofustihigs ar ghlosphor iel ectidddeetliavas neasured to
find that it was 80%or nore. [0142] The TFT el ement which was a thin film
transi st ecidénitonst eritédasert Hyodame teliectradde :2,9 :tthd. :&-)Sibaded fil m 4,
drain electrode 7, the source electrode 8 and the like in the a-Si TFT
active matipegusubeinatenl1gs as shobwngnselgtidn ¥ soorm ke patefdmct or
el ectrode 11 corresponds to one exanple of the netal reflecting | ayer as
descri bedfianrehéectbai e of rade 1pad 2shoappl i ati.oh. arikt thesphiosphori c
acid/acetic acid/oxalic acid/ water (volumetric ratio: 9:6:1:2)-based
aqueous $okutébDheasoareledirane 441 adbmpnistogrmespphd® bodonetekapl e of the
m xture acid containing phosphoric acid/acetic acid/nitric acid as
descri bedabnpa hieeroe¢dismsclofthisliet patpmit t applofcaheosoubée Aflteert tdw , a Si N
passivation film (not shown) and a shielding filmpattern (not shown) were
formed t8 predad¢ectrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent
conductive £film 9 as shown in Fig. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were not eluted by the etching solution. The reflectance
of this reflector electrode 11 was measured to find that it
was 80% or more.
[0142]
The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4,
drain electrode 7, the source electrode 8 and the like in
the a~SiTFT active matrix substrate 100 as shown in Fig. 1.
Also, this reflector electrode 11 corresponds to one
example of the metal reflecting layer as described in the
claims of the patent application and the phosphoric
acid/acetic acid/oxalic acid/water (volumetric ratio:
9:6:1:2)-based aqueous solution as an etching solution
corresponds to one example of the mixture acid containing

phosphoric acid/acetic acid/nitric acid as described in the

claims of the patent application.
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an a-Si TFT active matri x substrate 100 as shown in Fig. 1. A liquid crystal
| ayer was fornmed on this a-Si TFT active matrix substrate 100 to thereby
produce a TFT-LCD system flat display. This a-Si TFT active matrix substrate
100 corresponds to one exanple of the sem-transmtting and sem -reflecting
el ectrode substrate as described in the clainms of the patent application
and the TFT-LCD system flat display corresponds to one exanple of the
liquid crystal display device as described in the clains of the patent
application. AftEebothaentaBs2N poHd<4B3fat Avn af Sind h@ctshmvmatarick ssubstrat e
100 in this enbodinment B-2 has the same structure as that showmn in Fig. 1
except shigldhay fhemcpaposthi omoofstdient rnesnspaienied awdptddedilm 9 of
the a-Si TFT active matrix substrate 100 in this enbodinment B-2 is different
f rom t haknod-$ herabove: werhodi ments Bskrathenef aseshbhe an ST lactive matri x
substrate 100 of this enbodinent B-2 will be explained also wth reference

to Fig. A.1iqu@¥4HysisashayerivasH drmdd ofthals idts vesT deposkied rak a
transmttable glass substrate 1 by high-frequency sputtering such that it

had an fkLpsthhcknesst ©thd280 yagsiuans Tand Logta) st M rnas ddegasit.ed on the
metal Al such that it had a film thickness of 500 angstrons. It is to be

noted t hahithi-sS gIEB Sl veluhstrakes db£Ord©SpoNdsotkecopenasapdleneof the
transparent substrate as described in the clains of the patent

example of the semi-transmitting and semi-reflecting
electrode substrate as described in the claims of the patent
application and the TFT-LCD system flat display corresponds
to one example of the liquid crystal display device as
described in the claims of the patent application.

“Embodiment B-2"

[0143]

Ano-SiTFTactivematrixsubstratel00inthis embodiment
B-2 has the same structure as that shown in Fig. 1 except
only that the composition of the transparent conductive film
9ofthea-SiTFTactivematrixsubstratel00 inthisembodiment
B-2 is different from that of the above embodiment B-1.
Therefore, the a-SiTFT active matrix substrate 100 of this
embodiment B-2will be explainedalsowithreferencetoFig.1.

(0144]

As shown in Fig. 1, metal Al was deposited on a
transmittable glass substrate lbyhigh-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal

Mo was deposited on the metal Al such that it had a film

thickness of 500 angstroms. It istobe notedthat this glass
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application. [0145] Next, the above deposited netal A and netal M were
etched into the formshow in Fig. 1 according to a photoetching nethod
usi ng a phosphoric acid/acetic acid/nitric acid/water (volunetric ratio:
12:6: 1: 1) - based aqueous solution as an etching solution to fornma gate

el ectrode 2 and a gate electrode wring 12. Then, a silicon nitride film
(hereinafter, referred to as a SINfilmin sone cases) , which was to be a
gate insulating film3, was forned on the above gl ass substrate 1, the

above gatigsekgetr Ddeo2ragfohde EdHVee galaneledf ade Wrdmgpakedhy a glow
di scharge CVD net hod such that it had a fil mthickness of 3000 angstrons.

In succesgh9fra®l asSHekltikibkhl MAcwasc1homneedrorhkhgagahe insulating film3
such that it had a film thickness of 3500 angstronms. Moreover, a silicon

nitride apphmegSidhfilm which was to be a channel protective layer 5 was
formed on the above a-Si:H(i) film4 such that it had a filmthickness of
3000 angstrongp1k9i46] At this tine, as the discharge gas,

Si H4- NH3- N2- based mi xture gas was used for the gate insulating film3 and

channel protgektyethay®bove W Ehs MeEQ hoF B h Dfardy SN £1 IMB wRereas
Si H4- N2- based m xture gas was used for the a-Si:H(i) film68 4. Also, the

channel ptehegtinte drRyesrr shBde i8f F g St N dddrdi nepso gihked ek ighe form
shown in Fig. 1 by dry etching using

methodusing a phosphoricacid/aceticacid/nitricacid/water
(volumetric ratio: 12:6:1:1)-based agueous solution as an
etchingsolutionto formagateelectrode?2andagateelectrode
wiring 12.

Then, a silicon nitride film (hereinafter, referred to
as a SiN filmin some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by
a glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride
film (SiN film) which was to be a channel protective layer
5 was formed on the above a-Si:H(i) film 4 such that it had
a film thickness of 3000 angstroms.

[0146]

At this time, as the discharge gas, SiH;-NH3;-Ny-based
mixture gas was used for the gate insulating film 3 and channel
protective layer 5 which were formed of a SiN film whereas

SiH,-N,-based mixture gas was used for the a-Si:H(i) film
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CHF- based gas. [0147] In succession, an a-Si:H (n) film®6 was deposited on
the above a-Si:H (i) film4 and the above channel protective |ayer 5 by
usi ng Si H4- H2- PH3- based m xture gas such that it had a filmthickness of
3000 angstrons. A three-layer filmof nmetal M/ netal A /netal M was
further deposited in this order on the deposited a-Si:H(n) 6 by a
sputtering nethod such that the filmthickness of the |ower |ayer netal M
was 0.051im the filmthickness of the netal Al was 0.2mand the film

t hi cknesss of atike ,upperchayesl gededctMydas R 08Maff1d8]la st simptal
Mo/ Metal Al/nmetal Mo three-layer filmwas etched into the formshown in

Fig. 1 by pheheet tht &g HEERRM sHSIMG nar PHOSPRYrd £y a&icdiatehkengci d/nitric
acid/ water (volunetric ratio: 9:8:1:2)-based aqueous solution to form a
pattern afgp-pHdd flLctrode 7 and a pattern of source electrode 8.

Mor eover, dry etching using CHF-based gas and wet etching using a hydrazine
( NH2NH2H20) - baged; aqueous  sol ution were conbined to etch the a-Si:H(i) film
4 and a-Si:H(n) film6 formed of an a-Si:H film thereby forming a pattern

of a-Si:H(i) fid Budcasdidnpaih &-3i0f therdimie HeR)depbsMEhaving the forns
shown in Fig. 1. Also, as shown in 69 Fig. 1, a transparent resin resist 10

}Aﬁfoﬂaﬁdh%fbe@&ns@’ HRE OteClH Y& rfd LA fRrehyahRe M1 & RatiLI9,0F a

5 by using SiH4-H,-PH3;-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2um and the film thickness of the upper layer
metal Mo was 0.05um.

[0148]

This metal Mo/Metal Al/metal Mo three-layer film was
etched into the form shown in Fig. 1 by a photoetching method
using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form
a pattern of a drain electrode 7 and a pattern of source
electrode 8. Moreover, dry etching using CHF-based gas and
wet etching using a hydrazine (NH;NH;-H,0)-based aqueous
solution were combined to etch the o-Si:H(i) film 4 and
a-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H(i) film 4 and a pattern of the a-Si:H(n)

film 6 having the forms shown in Fig. 1. Also, as shown in
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10a and the like. [0149] Transparent conductive film containing hol m um

oxi de An anorphous transparent conductive film 9 containing indium oxide as
its maj or conponent and hol m um oxi de was deposited on this gate insulating
film3 by a sputtering method. The target used in this sputtering nethod
was an | n203- Ho203 sintered body that was adjusted such that
[In2C3]/ ([ n20G3] + [Ho203]) showi ng the weight ratio of 1n203 to Ho203 in
the target became 0.97. Here, [1n203] represents the weight of indium

oxi de perridi t1yoh urBahs8pbhentr asspar easisendocih¥euskl mp9 rared (H0203]
represents the weight of hol mum oxide per unit volunme in the transparent
conduct i vierbtést Bve HiQkG0Ehénebhier suitiLhighEtdii & flA2@3odeB0Bcsient ered body
was placed and used as the cathode in a planer nagnetron type to deposit

t he transpes estdconegutikye film9 such that the filmthickness was 1000
angstrons. At this tine, as the discharge gas in the sputtering, pure argon
gas or argon gps14%ixed wth 02 gas contained in a trace anount of the order
of about 1 vol % was used. This transparent conductive film 9 corresponds to
one exanpl e ofTikesps pespatemiucongdicii Me cdrseim iafy drSefiivaedxiidiet he cl aim
of the patent application. T[OI5I] 70 As to the Tormof thé above hol m um

el egent LEZ'ECEGAIE an@@iphoud tiayiske réngpessadct ivehei fwronceh thahAingm oxi de

such as

indium oxide as its major component and holmium oxide was

depositedonthisgate insulating film3byasputteringmethod.
The target used in this sputtering method was an In,03-Ho,03
sintered body that was adjusted such that [In;03]/([In;0s]

+ tHoZO3]) showing the weight ratio of In,0s; to Ho,;03 in the

target became 0.97. Here, [In;03] represents the weight of
indium oxide per unit volume in the transparent conductive

film 9 and [Ho,03] represents the weight of holmium oxide

per unit volume in the transparent conductive film 9.

[0150]

In the sputtering, this Iny03-Ho;03 sintered body was
placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the
film thickness was 1000 angstroms. At this time, as the
discharge gas in the sputtering, pure argon gas or argon gas
mixed with 0, gas contained in a trace amount of the order
of about 1 vol% was used. This transparent conductive film
9 corresponds to one example of the transparent conductive

layer as described in the claim of the patent application.

[0151]
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or in the formof a conplex oxide between indium oxide and hol m um oxide
such as Hol nG3, (Hoc.51n0.5)2@8 or the like in the indium oxide sintered
body. A preferable formof holmum is as follows: a holmumatomis
substituted for the indium site of indiumoxide whereby it is dispersed as
a solid solution at an atomic level in the indiumoxide sintered body. It
is rather effective that holmumis dispersed at an atomc level in the

i ndi um oxi de sintered body in this manner to stabilize the discharging in

sputtering, thesebybEainio0nd BBk eansIRANENE] ERABHYGH Ve kikBe? having a
| ow resi stance. [0152] The transparent conductive film 9 whi chwas an

| N2GB- Ho02(B mafyl band gk &y 1hhen abeve sPHJIIM M oWagcanatly 280H8)0.an X-ray

diffraction rrethod to find that no peak was observed, show ng this filmto

be amor phgsisin ItthéNaf_%raJ 59 éogm;ﬁwﬁtom@e hasidde 1r{d315dn$t<ﬁ<'1% @hdt he
transparent conductive film9 that was the [1n203-Ho2G3 fil mwas about

5. 4x10- 4 Kxrmand wasdd haref o€ w1ddlm Hé?@lﬁ@t' §Cf>33<310rt'h|ey 13%eARnel ectrode.
This transparent conductive film?9, which was the 1n203-Ho2C8 film was

et ched byt ge BRe 08t & 0 sABEBed USI . %%?e?ei“éb/ﬂ@%%f axahigmaci d
solution as an etchant so as to forma pattern of a transmtting pixel

el ectrode; s APFLN RS0k Ko IhARSHdn RE Qhﬁgtlehegarp@@ trrpedgnafluﬁn anor phous
el ectrode of the transparent conductive film9 shown in Fig. was

formed. | éltéorfqnlaelu&péﬁpbé PRLrEBLS 3 @d%p@@ggsggsa sOX 8l ls%m@l@nsol ution
corresponds to one exanple of the etchant

at an atomic level in the indium oxide sintered body. It
is rather effective that holmium is dispersed at an atomic
level in the indium oxide sintered body in this manner to
stabilize the discharging in sputtering, thereby obtaining
the transparent conductive film 9 having a low resistance.

[0152]

The transparent conductive film9whichwas an In,03-Ho,03
film formed by the above sputtering was analyzed by an X-ray
diffractionmethod, to find that nopeakwas observed, showing
this filmtobe amorphous. Itwasalso foundthat thespecific
resistance of the transparent conductive film 9 that was the
In,03-Ho,053 film was about 5.4x107% Q-cm and was therefore a
film used satisfactorily as an electrode.

This transparent conductive film 9, which was the
In203-Ho203 film, was etched by a photoetching method using
an 3.2 wt% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixelelectrode. Apattern
of a transmitting pixel electrode made of an amorphous

electrode of the transparent conductive film 9 shown in Fig.
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containing oxalic acid as described in the clains of the patent
application. [0154] Then, the substrate forned wth the above transparent
conductive film9 was heat-treated at 250C for 30 mnutes. After that,
nmetal Co was deposited on the substrate by high-frequency sputtering such
that it had an filmthickness of 500 angstrons and netal A was deposited
on the nmetal Mo such that it had a filmthickness of 2000 angstrons. The
refl ectance of the layer conprising netal Mo and netal Al was neasured to

find that] thes reefrneet.ance wast80%e aiotdd &hatlThins d @y er weenagusbng netal M
and netal Al corresponds to one exanple of the netal |ayer as described in

t he cl ai rexa0ifc &b 8 A ora@PtFEabbds tbBHbE xaniPee alFovee BeEAbnbDd and met al
Al were etched by a photoetching nmethod using a phosphoric acid/acetic

aci d/ ni t raén @i vpbes 1 (¥eldied s Heskat bed 1% #hd c2xikasadchagaeeds sol ution
as an etching solution to forma pattern of a reflector electrode 11 as
shown in p@hidatMntihis time, the reflector electrode 11 constituted of
nmetal Mo and netal Al was patterned such that the pattern of the source

el ectrode 8 wagisdectrically in contact with the pattern of the
transmtting pixel electrode conprising the transparent 72 conductive film?9

as shown in Fithenl, tNe E0bStibe rbhRedrdh t8leeaborderfanBgaseHECE

el ectrode 8 that contained netal Al
conductive film 9 was heat-treated at 250°C for 30 minutes.
After that, metal Co was deposited on the substrate by
high-frequency sputtering such that it had an film thickness
of 500 angstroms and metal Al was deposited on the metal Mo
such that it had a film thickness of 2000 angstroms. The
reflectance of the layer comprising metal Mo and metal Al
was measured to find that the reflectance was 80% or more.
This layer comprising metal Mo and metal Al corresponds to
one example of the metal layer as described in the claims
of this patent application.

[0155]

The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic
acid/nitric acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution as an etching solution to form a pattern
of a reflector electrode 11 as shown in Fig. 1. At this time,
the reflector electrode 11 constituted of metal Mo and metal
Al was patterned such that the pattern of the source electrode

8 was electrically in contact with the pattern of the

transmitting pixel electrode comprising the transparent
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were not eluted by the etching solution. The reflectance of this reflector
el ectrode 11 was neasured to find that it was 80%or nore. [0156] The TFT
el enent which was a thin filmtransistor is constituted of the gate
electrode 2, the a-Si:H(i) film4, drain electrode 7, the source el ectrode
8 and the like in the a-Si TFT active matrix substrate 100 as shown in Fig.
1. This reflector electrode 11 corresponds to one exanple of the netal
reflecting layer as described in the clainms of the patent application and

t he phosma&c@ﬁglfaqm%s aebdh rpkl 6. aci dhpater, (yglunsliriG ratio:

9:6:1: 2)-based aqueous solution as an”etching So Ution’ corresponds to one

exanpl e of1ddersaatuneAchd ol BIOspROALCs AGl L acall Efne%'n%]t%'lt phc _acid as

described in the clains of the patent application. a SiN

pass val a4 e (el Shan). And 5] &g 1 | minat LeEn Cogh shown) were

formed to produce an a- SlTFT active matrix substrate as shown in Fig.

L b L Gy sbah cbaxercvas. [oraed LS AT SUTFT AGI YR IRLLI X

substrate 100 to thereby produce a en1f

a-Si TFT agtd vepdmatpix, substrate 100 corresponds to one exanple of the

sem -transmtting and sem -reflecting electrode substrate as described in
the cl ai ns of tent 73 application and the TFT-LCD system fl at display
corresponds to one exanple of the liquid crystal display device as

The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4,
drain electrode 7, the source electrode 8 and the like in
the a-SiTFT active matrix substrate 100 as shown in Fig. 1.

This reflector electrode 11 corresponds to one example
of the metal reflecting layer as described in the claims of
the patent application and the phosphoric acid/acetic
acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution as an etching solution corresponds to one
example of the mixture acid of phosphoric acid/acetic
acid/nitric acid as described in the claims of the patent
application.

After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce
an a-SiTFT active matrix substrate 100 as shown in Fig. 1.
Aliquidcrystal layerwas formedonthisa-SiTFT activematrix
substrate 100 to thereby produce a TFT-LCD system flat display.
This aa-SiTFT active matrix substrate 100 corresponds to one
example of the semi-transmitting and semi-reflecting

electrode substrate as described in the claims of the patent
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described in the clains of the patent application. "Enbodinent B-3" [0157]
Ana- Si TFT active matrix substrate 100 in this enbodinent 3 has the sane
structure as that shown in Fig. 1 except only that the conposition of the
transparent conductive film9 of the a-Si TFT active matrix substrate 100 in
this enbodinent B-3 is different fromthat of the above enbodinent 1 or 2.
Therefore, the a-Si TFT active matri x substrate 100 of this enbodi nent 3
will be explained also with reference to Fig.1. [0158] As shown in Fig. 1,

metal Al x@s) deposbh ethObna TiFansSHistsakher 0h 838 SUbs) Fatekpbhds
hi gh-frequency sputtering such that it had an fil mthickness of 1500

angst r omst @néh &ed 2dmp M ¥BStHEPOSEhed ep glaslnaig%l guehckhgt it had a
film thickness of 500 angstrons. This gYass substrate 1 corresponds to one

exampl e afedbpib&@nspar ROt csubgErgtecRs pgessti begdiiRathencl aims of the
patent application. [0159] Next, the above deposited netal Al and netal M

were etched iwtg dhendofrmshewn in Fig. 1 according to a photoetching

met hod using a phosphoric acid/acetic acid/nitric acid/water (volunetric
ratio: 12:6:1: djrbpped aqueous solution as an etching solution to forna
gate electrode 2 and a gate electrode 74 wiring 12. Then, a silicon nitride

film (hereinaffgg. sk eFerf8d Vdnatrix substrate 100 inthis embodiment

3 has the same structure as that shown in Fig. 1 except only
that the composition of the transparent conductive film 9
of the a-SiTFT activematrix substrate 100 in this embodiment
B-3 is different from that of the above embodiment 1 or 2.
Therefore, the a-SiTFT active matrix substrate 100 of this
embodiment 3 will be explained also with reference to Fig.1.

[0158]

As shown in Fig. 1, metal Al was deposited on a
transmittable glass substrate 1 byhigh-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1
corresponds to one example of the transparent substrate as
described in the claims of the patent application.

[0159]

Next, the above deposited metal Al and metal Mo were
etchedintothe formshowninFig. 1l accordingtoaphotoetching
method using a phosphoric acid/aceticacid/nitricacid/water
(volumetric ratio: 12:6:1:1)-based aqueous solution as an

etchingsolutionto formagateelectrode2andagateelectrode
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as a SAINfilmin sone cases) , which was to be a gate insulating film 3,

was fornmed on the above glass substrate 1, the above gate electrode 2 and

t he above gate electrode wiring 12 by a glow discharge CVD nethod such that
it had a filmthickness of 3000 angstroms. In succession, an a-Si:H(i) film
4 was fornmed on the gate insulating film3 such that it had a film

t hi ckness of 3500 angstronms. Moreover, a silicon nitride film(SINfilm
which was to be a channel protective |layer 5 was formed on the above

a- Si : H(i ), ifdilyg 4such that it had a filmthickness of 3000 angstrons.

[0160] At thls time, as the discharge gas, SiH4-NH3-N2-based m xture gas

vas used for bigrgale {1 ALlng it M frapd.channele . proteetbyecbayer S

whi ch were forned of a SIN filmwhereas S|H4 N2-based mi xture gas was used

for the agSi gkl hfrh'lﬁ‘sé]meéla§%’s t%f@@%@'t&h@t&gg%;ﬁmﬂ En orned of a

SINfilm was etched into the forn1shomn In Fi y etc usi ng

CHF- base%l@ﬂ§3 hgég% rme@.?HQ%? e GT nghﬂ%%nnéﬁéhn]@hgaébg§ osited on

the above cc-Si: i) fi the above prlotective layer 5 by

using Si 'd%tié%ﬁfb@t%a@dz%aue iz of #ét ‘%eh@&e Er@@l@ %fﬁ.h?g}é%fk”ess of

3000 angstrons. A three-| ayer neta Mo" was 75

further “deposj; taddy iy év@rﬂfih&i‘ sble deposict ﬁé‘?aat PiindMckfedy 2

sputtering method such that t filmthi ckness o
of 3000 angstroms. In succession, an a-Si:H{i) film 4 was

formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride
film (SiN film) which was to be a channel protective layer
5 was formed on the above a-Si:H (i) film 4 such that it had
a film thickness of 3000 angstroms.

[0160]

At this time, as the discharge gas, SiH;~NH3-N,-based
mixture gas was used for thegate insulating £film 3 and channel
protective layer 5 which were formed of a SiN film whereas
SiH;-N,-based mixture gas was used for the a-Si:H(i) film
4. Also, the channel protective layer 5 formed of a SiN film
was etched into the form shown in Fig. 1 by dry etching using
CHF-based gas.

[0161]

In succession, ana-Si:H(n) film 6 was deposited on the
above a-Si:H(i) £ilm 4 and the above channel protective layer
5 by using SiH4-H,-PH3;-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
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| ower | ayer netal Mo was 0.05m the filmthickness of the netal A was 0.2m
and the filmthickness of the upper layer netal Mo was 0.05m [0162] T
nmetal Mo/ Metal Al/netal Mo three-layer filmwas etched into the form shown

in Fig.

1 by a photoetching nethod using a phosphoric acid/acetic

hi s

acid/nitric acid/water (volumetric ratio: 9:8:1:2)-based aqueous sol ution
to form a pattern of a drain electrode 7 and a pattern of source

8. Moreover,

el ect

dry etching using CHF-based gas and wet etching using a

hydr azi nef ¢ NeR&EZHI0) s based radqidsus rdsol ot i tdre wepe scidrey ned it:dl @tich t he

a-Si:H(i) film4 and the

form ng & lpaeteputbéranGimeti{ed sfudnthabnche fpdit ehhcehesheoa-tdie H( n)
6 having the forns shown in Fig. 1. Also, as showmmn in Fig. 1, a transparent
resin resiswvetOlapsr usetht Md oram &. Opuot echevei Imlthicheseby f e ng a
pattern of a through-hole 10a and the like. [0163] Transparent conductive
filmcontaehahd@gadsl O nPumarokitthe Anlandriphioussd cdnsparneexcdrdgwat i ve film 9
containing indiumoxide as its nmajor conmponent and gadol i ni um oxi
deposi t ednepnat hils gaseli ASuyhating film 3 by a sputtering method.

target used in this sputtering nmethod was an |1 n203- Gd2CG3

was adj usted slbéhotghat [1n2C3]/ ([ 1 n2C8]

This metal Mo/Metal Al/metal Mo three-layer film was
etched into the form shown in Fig. 1 by a photoetching method
using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based aqueous solution to form
a pattern of a drain electrode 7 and a pattern of source
electrode 8. Moreover, dry etching using CHF-based gas and
wet etching using a hydrazine (NH;NH;-H,0)-based aqueous
solution were combined to etch the a-Si:H(i) film 4 and the
o-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H(i) film 4 and a pattern of the a-Si:H(n)
film 6 having the forms shown in Fig. 1. Also, as shown in
Fig. 1, a transparent resin resist 10 was used to form a
protective film, thereby forming a pattern of a through-hole
10a and the like.

[0163]

Transparent conductive film containing gadolinium

oxide
An amorphous transparent conductive film 9 containing

indium oxide as its major component and gadolinium oxide was

depositedonthisgateinsulating film3byasputteringmethod.

16

de was
76 The

rode

a-Si:H(n) film6 forned of an a-Si:H film thereby

film

sintered body that



+ [ Gd203] ) showing the weight ratio of In203 to GJd203 in the target becane
0.97. Here, [I1n203] represents the weight of indiumoxide per unit vol une
in the transparent conductive film9 and [ GJd203] represents the wei ght of
gadol i nium oxi de per unit volume in the transparent conductive film?9.
[0164] In the sputtering, this I1n203- G203 sintered body was placed and
used as the cathode in a planer magnetron type to deposit the transparent
conductive film9 such that the filmthickness was 1000 angstronms. At this

tine, as the tigehalgRl gasthst4eusnst118f iEh UL sBEHO0M @ASGALOAr gon gas
m xed with 02 gas contained in a trace anount of the order of about 1 vol %

was used. sTht 8rbHapsARr enht CRASULE Yo ddt | Shcl? opd ¢ eﬁﬂ@)@@?ﬂ(@lﬁ jexanpl e of
the transparent conductive |ayer as described in the claimof the patent

applicati onjcd]J?3165knbaihg the &@{éﬂ@fraltﬂ% gadalnlol Wy elgaent, idkhd he target,

it my be dispersed in thée form of gadolinium oxide such as Gd203 or in the

form of argpget 8¥e Oxhdl® et wear rbndi UM @Xi depragdngadehd nidimpipxigte such as
GdInG8 in the indium oxide sinteredbody. Apreferable formot gadoliniumis

as fol | owsndi anadohd HaMAeMybs ualbshidnd ed fram 4hg d rdidmiste of indium
oxi de whereby it is dispersed as a solid solution at an atomc level in the

i sper sed Si an atom e T avar e R e e R R s
manner topstabhtiZ€o1ume in the transparent conductive film 9.

[01l64]

In the sputtering, this In;03-Gd;0; sintered body was
placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the
film thickness was 1000 angstroms. At this time, as the
discharge gas in the sputtering, pure argon gas or argon gas
mixed with O, gas contained in a trace amount of the order
of about 1 vol% was used. This transparent conductive film
9 corresponds to one example of the transparent conductive
layer as described in the claim of the patent application.

[0165]

As to the form of the gadolinium element in the target,
it may be dispersed in the form of gadolinium oxide such as
Gd;03 or in the form of a complex oxide between indium oxide
and gadolinium oxide such as GdInO; in the indium oxide
sinteredbody. Apreferableformofgadoliniumisasfollows:
agadoliniumatomis substituted for the indiumsite of indium
oxide whereby it is dispersed as a solid solution at an atomic

level in the indium oxide sintered body. It is rather
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the discharging in sputtering, thereby obtaining the transparent conductive
film9 having a | ow resistance. [0166] The transparent conductive film?9
whi ch was an I n203-Gd2G3 filmformed by the above sputtering was anal yzed
by an X-ray diffraction nethod, to find that no peak was observed, show ng
this filmto be anorphous. It was also found that the specific resistance
of the transparent conductive film9 that was the 1n203-CG2C3 fil m was
about 7.4x10-4 4-cmand was therefore a filmused satisfactorily as an
el ectrodecffoebrye tnps gadebparentlsohidireysed f44 mm ateiich wdslt he
| n203-Gd203 film was etched by a photoetching nmethod using an 3.2 wt%
aqueous okalthe aefgunsiidofiaseandRehain Yol adannerf oe vk dpdtliticgen of a
transmtting pixel electrode. A pattern of a transmtting pixel electrode
made of akhan®ippbasgirpetnrsBELERrinG,t EhASpRYeAbtadndnct the film 9 shown
in Fig. 1 was forned. It is to be noted that this 3.2 wt % aqueous oxalic
aci d sol utrenseereesponddursivaefakanpl bavinghe ébwhamrisistemcai-ni ng oxalic
acid as described in the clains of the patent application. [0168] Next,
the substrate 6Bl@hich the above transparent conductive |ayer 9 was forned
was heat-treated at 250C for 78 30 minutes. Then, netal Co was deposited on
a transparent Thegiranspeirsntl@obyudii gre fiéyPeriticlspaseerim@:sGdiOt hat it
film formed by the above sputtering was analyzed by an X-ray
diffractionmethod, to find that nopeakwas observed, showing
this filmtobe amorphous. Itwasalso foundthat thespecific
resistance of the transparent conductive film 9 that was the
In,05-Gd,05 film was about 7.4x107* Q.cm and was therefore a
film used satisfactorily as an electrode.
[0167]
This transparent conductive film 9, which was the
In203-Gd203 film, was etched by a photoetching method using
an 3.2 wt% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixelelectrode. Apattern
of a transmitting pixel electrode made of an amorphous
electrode of the transparent conductive £ilm 9 shown in Fig.
1 was formed. It is to be noted that this 3.2 wt$% aqueous
oxalicacidsolution corresponds toone example of the etchant
containingoxalicacidasdescribedintheclaimsof thepatent
application.
[0168]

Next, the substrate on which the above transparent

conductive layer 9 was formed was heat-treated at 250°C for
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had an filmthickness of 500 angstrons and netal Al was deposited on the
metal Mo such that it had a fil mthickness of 2000 angstrons. The

refl ectance of the layer conprising netal M and netal Al was neasured to
find that the reflectance was 80% or nore. This |ayer conprising netal M
and netal Al corresponds to one exanple of the |layer as described in the
clains of this patent application. [0169] The above netal M and netal Al
were etched by a photoetching nethod using a phosphoric acid/acetic

aci d/ ni trig maGiud/aat ernenol MaRhIi €o Il d Qlefd Gitk2rbasedanaguears sol ution
as an etching solution to forma pattern of a reflector electrode 11 as

shown in Fdgin ke Alst N Pyl Mgh-ifheqrhleckehteleshiodachltyas patterned
such that the pattern of 'the source electrode 8 was electrically in contact

wWith the,Ratdierei 6f thectidds i isng mg@&r@mg%ﬁ@dﬁewﬁpﬁswg the
transparent conductive film9 as shown in Fig. 1. this tinme, the drain

el ectr odgyeh Mt sPWrcenel fet 5 0de %d&?ﬁ%ha‘ﬁoﬂﬁ%é@% 'ﬁ'&ﬁq' t Ak cweEgsnot el uted
by the etchlng solution. The reflectance of this reflector electrode 11 was

neasur ed ot @ ofiongng et oht . Wash 8%k JRHee bOIAY 1aTRe Igﬁpﬁhgﬂﬁ?t whi ch was
athinfilmtransiStor is constituted of the gate él ectrode 2

a- Si : H(i Jnd'd d 44 and/fe €5 AR @§ﬁé59geea,tothﬁn§eﬂagecrﬁé @@ﬂ@eeaﬁc@nd the Iike
in the a-Si TFT active matrix substrate 100 as shown in 1.

was 80% or more. This layer comprising metal Mo and metal
Al corresponds to one example of the layer as described in
the claims of this patent application.

[0169]

The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic
acid/nitric acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution as an etching solution to form a pattern
of a reflector electrode 11 as shown in Fig. 1. At this time,
thereflectorelectrode 11 was patterned such that the pattern
of the source electrode 8 was electrically in contact with
the pattern of the transmitting pixel electrode comprising
the transparent conductive film 9 as shown in Fig. 1. At
this time, the drain electrode 7 and source electrode 8 that
contained metal Al were not eluted by the etching solution.
The reflectance of this reflector electrode 11 was measured
to find that it was 80% or more.

[0170]

The TFT element which was a thin film transistor is

constituted of the gate electrode 2, the a-Si:H(i) film 4,

79



This reflector electrode 11 corresponds to one exanple of the netal
reflecting | ayer as described in the clains of the patent application and

t he phosphoric acid/acetic acid/oxalic acid/ water (volunetric ratio:

9:6:1: 2)-based aqueous solution corresponds to one exanple of the m xture
acid constituted of phosphoric acid/acetic acid/nitric acid as described in
the clains of the patent application. After that, a SiN passivation film
(not shown) and a shielding filmpattern (not shown) were forned to produce

an a-Si TRrath i yeedtsd& BUbSHE e dd) As shawe i drid).the 1ikd iigui d crystal
| ayer was fornmed on this a-Si TFT active matrix substrate 100 to thereby

produce atH&E oGO By siceiviel abtdi sps@yst rdt &e dhasabpyenerbaiqent.s 1 and 2,
this a-Si TFT active matrix substrate 100 corresponds to one exanple of the

sem -transm t tTigs akd 1sHor el keetkbAg El eolrired@osust balre: casm@escribed in
the clains of the patent application and the TFT-LCD system flat display

correspongls tHe aBe a.exad8pheceingt Neydi @Y destysbald dhsphayxideviseas
described in the clains of the patent application. "Enbodi ment B-4" [0171]

Ana- Si TFTe petpyeerit £HX1 S68H616At 8nd0PheNphbsshepbedhBBAY acBt4chas the same
structure as that shown in Fig. 1 except only that the conposition of the

transparenti @ongaicidvecid)/watr8P veluhberacSkdtToachi ge1mpyrbXssubstrate 100
inthis enbodinent B-4 is different fromthat of the above enbodi nent B-1,
B- 2 aqueous solution corresponds to one example of the mixture
acid constituted of phosphoric acid/acetic acid/nitric acid
as described in the claims of the patent application.
After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce
an o-SiTFT active matrix substrate 100 as shown in Fig. 1.
Aliquidcrystal layerwas formedonthisoa-SiTFT activematrix
substrate 100 to therebyproduce a TFT-LCD system flat display.
Like the above embodiments 1 and 2, thisa-SiTFT activematrix
substrate 100 corresponds to one example of the
semi-transmitting and semi-reflecting electrode substrate
as described in the claims of the patent application and the
TFT-LCD system flat display corresponds to one example of
the liquid crystal display device as described in the claims
of the patent application.
“Embodiment B-4"
[0171]
Ana-SiTFTactivematrix substratel00inthisembodiment
B-4 has the same structure as that shown in Fig. 1 except

only that the composition of the transparent conductive film
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or B-3. Therefore, the a-Si TFT active matrix substrate 100 of this

enbodi nent B-4 will be explained also with reference to Fig.1l. [0172] As
shown in Fig. 1, netal Al was deposited on a transnmttable glass substrate
i by high-frequency sputtering such that it had an filmthickness of 1500
angstronms and netal M was deposited on the netal A such that it had a
film thickness of 500 angstrons. This glass substrate 1 corresponds to one
exanpl e of the transparent substrate as described in the clains of the

patent apphbieald @ns; TP1Z3L i vNedor ithe pbove: depesid €di Mehabadheand metal M
were etched into the formshown in Fig. 1 according to a photoetching

met hod usgng ;& RR@$RRRNKC AGhH 1R S&'?tdfctﬂ%' Sb8L rén%fﬁrﬁéﬁ@taef guol umetric

ratio: 12:6:1:1)-based aqueous ution as an I'ng soluti‘on to form

gate el ectypde 2 @ng?fli‘%e eheeliader %;we Iﬂa?rtrirg%nubsacrsz%tlé ¢@Q nitride

film (hereinafter erred fo as a SiINfilmin sone cases which was to

0e @ gat & ¢ Redlalhigaihh st e WaS10800sL80 AN LG ANAE Bk Bss Bubst Tat e L,

the above gate electrode 2 and e above gate electrode wiring 12 by a

gl ow di schargey GVD nethod such that it had a film thickness of 3000
angstronms. I n Succession, an a-Si:H(i) 81 film4 was deposited on the gate
i nsul ati ng fH{@fﬁ@Pch that it had a filmthickness of 3500 angstrons.

Mor eover, asilicon

As shown in Fig. 1, metal Al was deposited on a
transmittableglass substrate 1 byhigh-frequency sputtering
such that it had an film thickness of 1500 angstroms and metal
Mo was deposited on the metal Al such that it had a film
thickness of 500 angstroms. This glass substrate 1
corresponds to one example of the transparent substrate as
described in the claims of the patent application.

[0173]

Next, the above deposited metal Al and metal Mo were
etchedintothe formshowninFig. 1l accordingtoaphotoetching
methodusing a phosphoricacid/aceticacid/nitricacid/water
(volumetric ratio: 12:6:1:1)-based aqueous solution as an
etchingsolutiontoformagateelectrode 2 andagateelectrode
wiring 12.

Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was deposited on the above glass substrate 1, the
above gate electrode 2 and the above gate electrode wiring
12 by a glow discharge CVD method such that it had a film

thickness of 3000 angstroms. In succession, an a-Si:H(i)

81



nitride film(SINfilm which was to be a channel protective |ayer 5 was
deposited on the above a-Si:H(i) film4 such that it had a filmthickness
of 3000 angstroms. [0174] At this tinme, as the discharge gas,

Si H4- NH3- N2- based mi xture gas was used for the gate insulating film3 and
channel protective |layer 5 which were fornmed of a SiN fil mwhereas

Si H4- N2- based m xture gas was used for the a-Si:H(i) film 4. Also, the
channel protective layer 5 formed of a SINfilm was etched into the form

shown i nfkilg. 4 Wvdyy ddpysetel g tisd aateCrshasedngasi 1 Gl€hth dmwisuccessi on,
an a-Si:H(n) film®6 was deposited on the above a-Si: H (i) film4 and the

above charneld HFotAchiv&edyes £ 3500¥nYsitrgmal. HAmbiZe BB rhaseth ot ure gas
such that it had a filmthickness of 3000 angstronms. A three-layer film of

netal MhaetrabdeAf{ DRt@iNVEiWaS wh 1EH Rels depasiat €dahfet Soddlerven the
deposited a-Si:H(n) 6 by a sputtering nethod such that the filmthickness

of the hayer 5 apxerdepbaitdh oRshl. Ahe bheifiHmt hi cknesscaftide netal A
was 0.2m and the filmthickness of the upper layer netal M was 0.05m

[0176] Thi saeekaleiVe/ MatialknAlssmeiralzody thieedoaser filmwas 82 etched into
the formshown in Fig. 1 by a photoetching nethod using a phosphoric

aci d/ acetic agipdhaitric acid/ water

At this time, as the discharge gas, SiH;-NH3-N,-based
mixture gas was used for thegate insulating film 3 and channel
protective layer 5 which were formed of a SiN film whereas
SiH4-Nj-based mixture gas was used for the o-Si:H(i) film
4. Also, the channel protective layer 5 formed of a SiN film
was etched into the form shown in Fig. 1 by dry etching using
CHF-based gas.

[0175]

In succession, ana-Si:H(n) film 6 was deposited on the
above a-Si:H(1) film 4 and the above channel protective layer
5 by using SiH4-H,-PHj-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a-Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2um and the film thickness of the upper layer
metal Mo was 0.05um.

[0176]

This metal Mo/Metal Al/metal Mo three-layer film was
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(volunetric ratio: 9:8:1:2)-based aqueous solution to form a pattern of a
drain electrode 7 and a pattern of source electrode 8. Mreover, dry

et ching usi ng CHF-based gas and wet etching using a hydrazine
(NH2NH2H20) - based aqueous sol ution were conbined to etch the a-Si:H(i) film
4 and a-Si:H(n) film6 formed of an a-Si:H film thereby formng a pattern
of a-Si:H(i) film4 and a pattern of the a-Si:H(n) film®6. Al so, as shown
in Fig. 1, a transparent resin resist 10 was usedto forma protective film

t her eby LAG: e f : gh- [ 177]

Tr anapar G o st Ve T T RSATT R e er T oy o A ARy Bsts

{ ranspar 68k, GORAYELLY AL LML 60aLakANd chAYLRLAX] de 189,/ T8 o component
and er bi um oxi de was 8ep05|te on this gate insulating fm3 by a

sputteri ggﬁﬂgﬁeegic e b argef. 1432%d—ﬂd}édﬂa§13%gldtst 55%{}?1?&{2}9&%%' 2

| Nn2C8- Er sintered body that was adj ust such tha n2C3] +
[ E1203]) asbapngnt e Yelghl ! 8k 0bgkN30Rr0 JELANT i the schpget. becare

0.97. Here, Q3] represents the weight o i um oxi de per unit vol une

in the {Lansparenty coRyCE Ll O AN 203k EEALEBAN S, Le weil ght _of

erbium oxide per unit volune'in the t pare uctiv m9. [0178]

I h | ' - [ 83 d d d
the cat NG5 CRCAoBaSs “agnal PR 1 Re T8 teed T rre (T ekt ent o

CondUCti¥81£££gh9w398hcggggnggeto etch the a-Si:H(i) film 4 and

o-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
a pattern of a-Si:H(i) film 4 and a pattern of the a-Si:H(n)
film 6. Also, as shown in Fig. 1, a transparent resin resist
l0wasusedtoformaprotective film, thereby formingapattern
of a through-hole 10a and the like.

[0177]

Transparent conductive film containing erbium oxide

An amorphous transparent conductive film 9 containing
indium oxide as its major component and erbium oxide was
depositedonthisgateinsulatingfilm3byasputteringmethod.
The target used in this sputtering method was an In;03-Er;03
sintered body that was adjusted such that [In;03]/([In;03]
+ [Er,03]) showing the weight ratio of In;03 to Er;03 in the
target became 0.97. Here, [In;03;] represents the weight of
indium oxide per unit volume in the transparent conductive
film 9 and [Er,03;] represents the weight of erbium oxide per
unit volume in the transparent conductive film 9.

[0178]

In the sputtering, this In,03-Er,0; sintered body was
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filmthi ckness was 1000 angstronms. At this time, as the discharge gas in
the sputtering, pure argon gas or argon gas mxed with 02 gas contained in
a trace amount of the order of about 1 vol % was used. This transparent
conductive film 9 corresponds to one exanple of the transparent conductive
| ayer as described in the claimof the patent application. [0179] As to the
formof the erbiumelenent contained in the target, it nmay be dispersed in
the form of erbium oxide such as Er203 or in the formof a conpl ex oxide

bet ween gl xd dfs L MarcdR Swch g_iahE_rrOmél;ﬁ@-t@b%%ybe the indium
oxi de sintered body. A preferable formof erbiumis as follows: an erbium

atomis substdddsiad ther tkhasbadiedm sbh8uclivendi um PXde, whgkebyei t i's
di spersed as a solid solution at an atomc level in the indium oxide

sintered hody - tHickisss alder1eff estgyershal erbivymd s dispessechat an atonic
| evel in the indiumoxide sintered body in this manner to stabilize the

di schar gidiksdHh ber iRthd Benehy rabtai phhg ard baNSPaR¥n gaBductive
film9 having a o% resistancg. [018%1 g%e tréﬁgbgrent céﬁgtc?ive film9

whi ch wash@ated RA@8r B,268s &bhiniReaet, by dheabavwrirspult ehengrwas anal yzed
by an X-ray diffraction nethod, to find that no peak was observed, show ng

this filmtapketamyPivuss Lkewas ahse dfunddhait thesprechh ¢i184
resi stance of the transparent conductive fil'm9 that was the [|n203-Er203
filmwas Rty GPatY 40Q 8 &pshpes dhetef e-8ndparent conductive

layer as described in the claim of the patent application.

[0179]

As to the form of the erbium element contained in the
target, it may be dispersed in the form of erbium oxide such
as Er,03 or in the form of a complex oxide between indium
oxide and erbium oxide such as (Erg.sIng.s)»203 in the indium
oxide sintered body. A preferable form of erbium is as
follows: an erbium atom is substituted for the indium site
of indium oxide whereby it is dispersed as a solid solution
at an atomic level in the indium oxide sintered body. It
is rather effective that erbium is dispersed at an atomic
level in the indium oxide sintered body in this manner to
stabilize the discharging in sputtering, thereby obtaining
the transparent conductive film 9 having a low resistance.

[0180]

The transparent conductive film9whichwas an In;03-Er,03
film formed by the above sputtering was analyzed by an X-ray

diffractionmethod, to find that nopeak was observed, showing

this filmtobe amorphous. Itwasalso foundthat the specific
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filmused satisfactorily as an electrode. [0181] This transparent
conductive film9, which was the 1n203-Er203 film was etched by a
phot oet ching method using an 3.2 wt % aqueous oxalic acid solution as an
etchant so as to forma pattern of a transmtting pixel electrode. Apattern
of a transmtting pixel electrode nade of an anorphous electrode of the
transparent conductive film9 shown in Fig. 1 was forned. It is to be noted
that this 3.2 wt % aqueous oxalic acid solution corresponds to one exanple

of the eEéE?E%anE@%@kHb”@r%ﬁ fe@@'dl‘;r%&d%%cef Ebed d ‘Ehtatﬂewgé qigs of the
patent application he substrate on which the above

transpar ep 03—@996%’%11% vJa@,V%O%t\A@SOL%ﬂ% RS Aeatad Al et Ate 250C for 30

m nut es. al Co was deposited on a transparent resin resist 10 by

hi gh- fregy@ﬂcuséaugggﬁsﬁgcgeefﬂlyh@g bh efi@dtaBghl,I m thickness of 500
angstrons and net al was deposited on the metal Mo such that it had a

f|In1th|cknes§01@i 2000 angstrons. The refl ectance of the layer conprising
nmetal Mo and netal " Al was neasured to find that the reflectance was 80% or

more. This 'ayﬁisCegy{lggwgngegahdwet%e rehal o ALnGenr %ggow% to one
a ayer as

exanpl e of the net escribed 1n the clains of this patent

appl i cat § 98538p, 838311, The 2BOUE A8 ¢k MRo20d: BBt AL Al sl @ s8tghed by a

an 3.2 wt% aqueous oxalic acid solution as an etchant so as
toformapatternofatransmittingpixelelectrode. Apattern
of a transmitting pixel electrode made of an amorphous
electrode of the transparent conductive film 9 shown in Fig.
1 was formed. It is to be noted that this 3.2 wt% aqueous
oxalicacidsolution corresponds toone example of the etchant
containingoxalicacidasdescribedintheclaims of thepatent
application.

[0182]

Next, the substrate on which the above transparent
conductive layer 9 was formed was heat-treated at 250°C for
30 minutes. Then, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such that it
had an film thickness of 500 angstroms and metal Al was
deposited on the metal Mo such that it had a film thickness
of 2000 angstroms. The reflectance of the layer comprising
metal Mo andmetal Al wasmeasured to find that thereflectance
was 80% or more. This layer comprising metal Mo and metal
Al corresponds to one example of the metal layer as described

in the claims of this patent application.
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phot oet chi ng met hod using a phosphoric acid/acetic acid/nitric acid/ water
(volunetric ratio: 9:6:1:2)-based aqueous solution as an etching solution
to forma pattern of a reflector electrode 11 as shown in Fig. 1. At this
time, the reflector electrode 11 constituted of netal Mo and netal Al was
patterned such that the pattern of the source electrode 8 was electrically
in contact with the pattern of the transmtting pixel electrode conprising
the transparent conductive film9 as shown in Fig. 1. At this tine, the
drain electrogadasisijand source el ectrode 8 that contained netal Al were not
eluted by the etching solution. The reflectance of this reflector electrode

11 was measur gthet @Hdved ridtat]l iMo s B2 1A MG Ere [Hd8Mdd PJhea TFT el ement
which was a thin filmtransistor is constituted of the gate el ectrode 2,

the a-Si pHothbefddnir meHrRId W86 roGhospHdie S b 8/ £i£€id ode 8 and the
like in the a-Si TFT active matri x substrate 100. This reflector el ectrode

11 corresRarg%itte in@a BRIt r ofvdhgndttdl Fafilectd ng. 1 ayelpasedescribed in
the clains of the patent application and the phosphoric acid/acetic

aci d/ Oxa|ai?¢1e%(ijsd/s‘6@h@io(nV@|sU€%t Bkenfiali 8619t6oh: 2d- Paseda papeops sol ution
corresponds to one exanple of the m xture acid constituted of phosphoric

aci d/ aceljfca aeifd/diddr 6186t Ho86 1@SadasfdiPed piny t he cA@ipg sof jhbe patent
a

application. After that, a SiN passivation fil'm (not shown) and
the reflector electrode 11 constituted of metal Mo and metal

Al was patterned such that the pattern of the source electrode
8 was electrically in contact with the pattern of the
transmitting pixel electrode comprising the transparent
conductive film 9 as shown in Fig. 1. At this time, the drain
electrode 7 and source electrode 8 that contained metal Al
were not eluted by the etching solution. The reflectance
of this reflector electrode 11 was measured to find that it
was 80% or more.

[0184]

The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(1i) film 4,
drain electrode 7, the source electrode 8 and the like in
the a-SiTFT active matrix substrate 100.

This reflector electrode 11 corresponds to one example
of the metal reflecting layer as described in the claims of
the patent application and the phosphoric acid/acetic
acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution corresponds to one example of the mixture

acid constituted of phosphoric acid/acetic acid/nitric acid
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shielding filmpattern (not shown) were forned to produce an a-Si TFT active
matrix substrate 100 as shown in Fig. 1. A liquid crystal |ayer was forned
on this a-Si TFT active matrix substrate 100 to thereby produce a TFT-LCD
system flat display. Like the above enbodinents 1 to 3, this a-Si TFT active
matrix substrate 100 corresponds to one exanple of the sem -transmtting
and sem -reflecting electrode substrate as described in the clains of the
patent application and the TFT-LCD systemflat display device corresponds

to one eé?”ﬁ%@cr?kehhﬁnlk @(éfgﬂﬁggJng%gfkgﬁfggyggiﬁﬁ? gﬁ{ibed in the

cl ai ms the patent application. 1 Ana- Si TFT active
T, e LT AEeghO0ns, LI SRR B B s Al ZaRy gy o tha
et P2 gl B 05 TRRCL B M BB S A (1
S ooor ot BIATIPPACbenR MR BES e, g g SUBRH thep d00 of (s
shoun |l b eky B 0 AEBATHLAG O A, o LERPILLL A0 flge SwoStoLe
?Plg?nt r On%u%gg,rg%tealloo ygt‘ﬁ%?re%%pﬁrsoié@cde g%ﬁu%dﬁeéy?été% fﬁ%%hditshpafayi/.t had a
Like the above embodiments 1 to 3, this a-SiTFT active matrix
substrate 100 corresponds to one example of the
semi-transmitting and semi-reflecting electrode substrate
as described in the claims of the patent application and the
TFT-LCD system flat display device corresponds to one example
of theliquidcrystal displaydeviceasdescribedintheclaims
of the patent application.
“Embodiment B-5”"
[0185]
Ano-SiTFTactivematrixsubstratel00inthisembodiment
B-5 has the same structure as that shown in Fig. 1 except
only that the composition of the transparent conductive film
9ofthea-SiTFTactivematrix substrate 100 inthis embodiment
B-5 is different from that of the above embodiment B-1, B-2,
B-3 or B~4. Therefore, the a-SiTFT active matrix substrate
100 of this embodiment B-5 will be explained also with
reference to Fig.l.
[0186]

As shown in Fig. 1, metal Al was deposited on a

transmittable glass substrate 1l byhigh-frequency sputtering
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t hi ckness of 500 angstrons. This glass substrate 1 corresponds to one
exanpl e of the transparent substrate as described in the clains of the
patent application. [0187] Next, the above deposited netal Al and netal M
were etched into the formshown in Fig. 1 according to a photoetching

met hod using a phosphoric acid/acetic acid/nitric acid/water (volunetric
ratio: 12:6:1:1)-based aqueous solution as an etching solution to forma
gate electrode 2 and a gate electrode wring 12. Then, a silicon nitride

film (hereichaff £F atr}‘f‘é&%eﬂlizﬁ’thé%k%e@s%f 'll‘jﬁb'afhgﬁé)fﬁeorﬁé’%?@)metg\fi ch was to
be a gate insulating film3, was fornmed on the above gl ass substrate 1, the

above Q@ﬂfoew@se@l%l@la%@%t%da% the akawe gat e rheeyde wWydg 12 By a glow
di scharge CVD nethod such that it had a fil mthickness of 3000 angstrons.

I n success$ii@Mnedl %fS'SOU( lah ofdtliBntk Wagh i EoMBdso8ybhe rgake i nsulating film3

such that it had a film thickness of 3500 angstrons. Mreover, a silicon
nitride cB&r%bb%thftbnanéwﬁiéhﬂ¥ﬁ5éﬂDtﬁ% €r§H§5Q§5n9r§@§§££¥€ehﬁyer S was
formed on the above a-Si:H(i) film4 such that 1t had a filmthickness of

3000 ang 0188 , t di r
Si H4- NHSEEZQgE?SE %ﬁlkpgfglgggévggnﬁggg%agg%fhe%gh?égﬁﬁgﬁfating film3 and

channel 88 prqbq@tlve | ayer 5 which were fornmed of a SIN filmwhereas
Si H4- N2- based nlxture gas was used for the a-Si:H(i) film

Next, the above deposited metal Al and metal Mo were
etchedintothe formshowninFig. 1 according toaphotoetching
methodusing aphosphoricacid/aceticacid/nitricacid/water
(volumetric ratio: 12:6:1:1)~based aqueous soclution as an
etchingsolutiontoformagateelectrode?2andagateelectrode
wiring 12.

Then, a silicon nitride film (hereinafter, referred to
as a SiN film in some cases), which was to be a gate insulating
film 3, was formed on the above glass substrate 1, the above
gate electrode 2 and the above gate electrode wiring 12 by
a glow discharge CVD method such that it had a film thickness
of 3000 angstroms. In succession, an a-Si:H(i) film 4 was
formed on the gate insulating film 3 such that it had a film
thickness of 3500 angstroms. Moreover, a silicon nitride
film (SiN film) which was to be a channel protective layer
5 was formed on the above a-Si:H (i) film 4 such that it had
a film thickness of 3000 angstroms.

[0188]

At this time, as the discharge gas, SiH;-NH3;~N,-based

mixture gas was used for the gate insulating film 3 and channel
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4. Al so, the channel protective layer 5 forned of a SINfilm was etched
into the formshown in Fig. 1 by dry etching using CHF-based gas. [0189]
In succession, an a-Si:H (n) film6 was deposited on the above a-Si: H (i)
film4 and the above channel protective layer 5 by using Si H4-H2-PH3-based
m xture gas such that it had a filmthickness of 3000 angstronms. A
three-layer filmof netal Mo/netal Al/netal Mo was further deposited in
this order on the deposited a-Si:H(n) 6 by a sputtering nethod such that

the fil mghicdness qfayéps Lawen {,ayercaehdl M a3 n0£03m whBeehsl m

t hi ckness of the netal Al was 0.2m and the filmthickness of the upper

layer neial,-ND-MRSeQ- APRtuEO1§9k WJQ'§s@§t§$rh@ﬁ@@&aélAﬁ/ﬂgtﬁhlmb

three-layer filmwas etched into the formshown in Fig y a photoet chi ng

net hod usj nﬂl@oph%@%rdrﬁleqcbgéééét;!LGealCd}ﬁﬂrr‘Btféﬁn@&'o@/ wadiqr £ifmol umetric
ratio: 9:8:1:2)- based aqueous solution to form a pattern of a drain

el ectrodg, /s @RehadPal i &ihOkoSAW KA 8hepl §odend. a Mg 8hg d5Yngt chi ng
usi ng CHF-based gas and wet etching using a hydrazl ne (NHfNHZHZ ) - based

aqgueous G%#Jgdéga\gygeconblned to etch the a-Si:H(i) film4 and a-Si:H(n)
film6 fornmed of an a-Si:H film thereby formng 89 a pattern of a-Si: H(i)
filma4 and a pajteypn of the a-Si: H(n) film6. Also, as shown in Fig. 1, a
t ranspar ent re5|n re5|st

In succession, ana~Si:H(n) film 6 was deposited on the
above a-Si:H (1) film 4 and the above channel protective layer
5 by using SiH4-H;~PHs3-based mixture gas such that it had a
film thickness of 3000 angstroms.

A three-layer film of metal Mo/metal Al/metal Mo was
further deposited in this order on the deposited a~Si:H(n)
6 by a sputtering method such that the film thickness of the
lower layer metal Mo was 0.05um, the film thickness of the
metal Al was 0.2um and the film thickness of the upper layer
metal Mo was 0.05um.

[0190]

This metal Mo/Metal Al/metal Mo three-layer film was
etched into the form shown in Fig. 1 by a photoetching method
using a phosphoric acid/acetic acid/nitric acid/water
(volumetric ratio: 9:8:1:2)-based agqueous solution to form
a pattern of a drain electrode 7 and a pattern of source
electrode 8. Moreover, dry etching using CHF-based gas and
wet etching using a hydrazine (NH;NH,-H,0)-based aqueous
solution were combined to etch the a-Si:H(i) film 4 and

o-Si:H(n) film 6 formed of an a-Si:H film, thereby forming
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10 was usedto forma protective film thereby formng a pattern of a

t hrough-hol e 10a and the like. [0191] Transparent conductive film
cont ai ni ng cerium oxi de An anorphous transparent conductive film?9
cont ai ning i ndiumoxide as its major conponent and cerium oxi de was
deposited on this gate insulating film3 by a sputtering nethod. The target
used in this sputtering nethod was an I n203-Ce2 sintered body that was

adj usted such that [In2AB]/([I1n2GB] + [Ce®]) showi ng the weight ratio of

| N2C8 t 0aGe&Ptéin tdfea-Bargat )becane: Gnd7a dgddtar] bE2€8BE d-epr esent s t he

wei ght of indium oxide per unit volune in the transparent conductive film
9 and [ Ce@h 6 eprasent astdroweighti@f 1Ges itanpdemerestini teyidtime in the
transparent conductive film9. [0192] 1In the sputtering, this I n203-CeQ2

si nt er ed 1bedys wesd tplfaceth ppdresedvasitihe wad hesierbpmanglaaneit emgnet ron type
to deposit the transparent conductive film9 such that the filmthickness
was 1000o@&ngsthedtghAhollki 9 0l B@d ahet hd kedi scharge gas in the sputtering,
pure argon gas or argon gas nmxed with 02 gas contained in a trace anount
of the order [ofi9about 1 vol % was used. This transparent conductive film 9
corresponds to one exanple of the transparent conductive |ayer as described
in the claim gkahBpapahentoappidtaate @1.1mQdn@E33)indAsdrd drhefiafan of the
ceriumelenent Tn the target, 1t

An amorphous transparent conductive film 9 containing

indium oxide as its major component and cerium oxide was

depositedonthisgate insulating film3bya sputteringmethod.
The target used in this sputtering method was an In,03-CeO;
sintered body that was adjusted such that [In,03]/ ([In;03]

+ [Ce0;]) showing the weight ratio of In,03 to CeO, in the

target became 0.97. Here, [InyO3] represents the weight of

indium oxide per unit volume in the transparent conductive

film 9 and [CeO;] represents the weight of cerium oxide per

unit volume in the transparent conductive film 9.

[0192]

In the sputtering, this In;0;-Ce0O, sintered body was
placed and used as the cathode in a planer magnetron type
to deposit the transparent conductive film 9 such that the
film thickness was 1000 angstroms. At this time, as the
discharge gas in the sputtering, pure argon gas or argon gas
mixed with O, gas contained in a trace amount of the order
of about 1 vol% was used. This transparent conductive film
9 corresponds to one example of the transparent conductive

layer as described in the claim of the patent application.
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may be dispersed in the formof cerium oxide such as CeQ  Ce@ or Ce203 in
the i ndiumoxide sintered body. A preferable formof ceriumis as follows:
a ceriumatomis substituted for the indiumsite of indium oxide whereby it
is dispersed as a solid solution at an atomc |level in the indium oxide
sintered body. It is rather effective that ceriumis dispersed at an atomc
| evel in the indiumoxide sintered body in this manner to stabilize the

di scharging in sputtering, thereby obtaining the transparent conductive
film9 having[0a%9Bdw resi stance. [0194] The transparent conductive film?9
whi ch was an In203-Ce@®@2 filmforned by the above sputtering was anal yzed by
an X-ray difRsatditdmne fetiodf tbefcedidhatl amepedk was obseevedit show ng
this filmto be anorphous. It was also found that the specific resistance
of the tmagspardhspeonddcinvehéi for@ o¢hatemiasmtdrei dé B GeOX4d] m was about
5.5x10-4 Q,cmand was therefore a filmused satisfactorily as an

el ect r odee0Ofp @k96¢,0,Tin $ hier s pan exti deosithies @ boidym 9A puhe fdr aslse t he

I n203-Ce® film was etched by a photoetching nethod using an 3.2 W%
aqueous @xah cfacédi sl 14 iz fad lawset ehastism asomt Ds fOe: paitei n of a
transmtting pixel electrode. Apattern of a transmtting pixel electrode
made of @praubeplraiisu®kidlccoltr O0ei oh dhieid warspanent condugdéwve=dil m 9 shown

in Fig. 1 was thus forned. It is to be noted that this 3.2 w % aqgueous
as a solid solution at an atomic level in the indium oxide
sintered body. It is rather effective that cerium is
dispersed at an atomic level in the indium oxide sintered
body in thismanner tostabilize thedischarging in sputtering,
thereby obtaining the transparent conductive film 9 having
a low resistance.

[0194]

The transparent conductive film 9 which was an In,03-CeO>
film formed by the above sputtering was analyzed by an X-ray
diffractionmethod, to find that nopeakwas observed, showing
this filmtobe amorphous. Itwasalso foundthat thespecific
resistance of the transparent conductive film 9 that was the
In,03-Ce0, film was about 5.5x107% Q-.cm and was therefore a
film used satisfactorily as an electrode.

[0195]

This transparent conductive film 9, which was the
In203-Ce02 film, was etched by a photoetching method using
an 3.2 wt% aqueous oxalic acid solution as an etchant so as

toformapatternofatransmittingpixelelectrode. Apattern

of a transmitting pixel electrode made of an amorphous
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oxalic acid solution corresponds to one exanple of the etchant containing
oxalic acid as described in the clains of the patent application. [0196]
Next, the substrate on which the above transparent conductive |ayer 9 was
formed was heat-treated at 250C for 30 minutes. Then, netal Co was
deposited on a transparent resin resist 10 by high-frequency sputtering
such that it had an filmthickness of 500 angstrons and netal Al was
deposited on the netal Mo such that it had a filmthickness of 2000

angst r omg 1 ebie df becilanee adlphltentrayendeospié Siingn orsian Vo ring. netal Al
was neasured to find that the reflectance was 80% or nore. This |ayer

conpri si ngwaettalsMbo aneld Met=ad i sAlo BOMARSROONSE ttd iNe. 2xagphguebuthe net al
| ayer as described in the clains of this patent application. [0197] The

above nmetcda Nz 614 BBt ak iAh e Siahedtbyna o pigt DebeRimge tEhARE using a
phosphoric acid/acetic acid/nitric acid/water (volunetric ratio:

9: 6: 1: 2) -deated nialeRabi Sakitidasc Alb &4 ¢ RitHE: SDhths OF i poEEhe pattern
of a reflector electrode 11 as shown in Fig. 1. At this tinme, the reflector

el ectrodeghh icenstdrt.uted of nmetal Mo and netal Al was patterned such that
the pattern of the source electrode 8 was electrically in contact with the
pattern of thg@adjyransmtting pixel electrode conprising the transparent
conductive film9 as showmn in Fig. 1. At this tinme, the drain

Next, the substrate on which the above transparent
conductive layer 9 was formed was heat-treated at 250°C for
30 minutes. Then, metal Co was deposited on a transparent
resin resist 10 by high-frequency sputtering such that it
had an film thickness of 500 angstroms and metal Al was
deposited on the metal Mo such that it had a film thickness
of 2000 angstroms. The reflectance of the layer comprising
metal Mo andmetal Al wasmeasured to find that the reflectance
was 80% or more. This layer comprising metal Mo and metal
Al corresponds to one example of the metal layer as described
in the claims of this patent application.

[0197]

The above metal Mo and metal Al were etched by a
photoetching method using a phosphoric acid/acetic
acid/nitric acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution as an etching solution to form a pattern
of a reflector electrode 11 as shown in Fig. 1. At this time,
the reflector electrode 11 constituted of metal Mo and metal
Al was patterned such that the pattern of the source electrode

8 was electrically in contact with the pattern of the
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el ectrode 7 and source electrode 8 that contained netal Al were not eluted
by the etching solution. The reflectance of this reflector el ectrode 11 was
measured to find that it was 80%or nore. [0198] The TFT el ement which was
athinfilmtransistor is constituted of the gate el ectrode 2, the
a-Si:H(i) film4, drain electrode 7, the source electrode 8 and the like in
the a-SIi TFT active matrix substrate 100. This reflector electrode 11
corresponds to one exanple of the nmetal reflecting |ayer as described in

the clai ¥&a@fsmithe neairKe 12RAIHG3ILN @a@ﬂlﬁr@Q@%faﬁl%%@@etl c
acid/oxalic acid/water (volunetric ratio: 9:6:1:2)-based "aqueous sol ution

correspopR@sdiuetane exarpl £s ehdheiRipiiure. aa dneansind Uted @fs phosphoric
acid/acetic acid/nitric acid as described in the clains of the pat ent

appl i cat ieQrctAbber 7t§ﬁa,s&1§¢é\l assi Mdd @nthhkM-6APh i ABAVWRIt 4N A  shi el ding
filmpattern (not shown) were fornmed to produce an a-Si TFT active matrix

substrat ¢o1@0nas é'l‘ﬁ‘é@d'ﬁ Fifle drcnfnbi g9l deeoyst atnd ayer yas, for med on this
a-Si TFT active matrix strate 100 fo thereby produce a TFT-LCD system

flat di splraynis Lfé‘ﬁé@@o@@\é%m'lqeﬂé§ ré!eé%f‘edtt@ $idaStdkd Active matrix

substrate 100 corresponds to one exanple of the sem-transmtting and
sem -ref lgct ibpg gheglrede substrate 93 as described in the clains of the
pat ent application and the TFT-LCD systemflat display corresponds to one

exanpl e of [0198]

The TFT element which was a thin film transistor is
constituted of the gate electrode 2, the a-Si:H(i) film 4,
drain electrode 7, the source electrode 8 and the like in
the a-SiTFT active matrix substrate 100.

This reflector electrode 11 corresponds to one example
of the metal reflecting layer as described in the claims of
the patent application and the phosphoric acid/acetic
acid/oxalic acid/water (volumetric ratio: 9:6:1:2)-based
aqueous solution corresponds to one example of the mixture
acid constituted of phosphoric acid/acetic acid/nitric acid
as described in the claims of the patent application.

After that, a SiN passivation film (not shown) and a
shielding film pattern (not shown) were formed to produce
an a-SiTFT active matrix substrate 100 as shown in Fig. 1.
Aliquidcrystal layerwas formedonthisa-SiTFT activematrix
substrate 100 to therebyproduce a TFT-LCDsystem flat display.
Like the above embodiments 1 to 4, this a-SiTFT active matrix
substrate 100 corresponds to one example of the

semi-transmitting and semi~reflecting electrode substrate
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the liquid crystal display device as described in the clains of the patent
application. "Enbodi nent B-6" [0199] In the aforenentioned enbodi nents B-1
to B-5, exanples in which the transparent conductive film9 contains indium
oxide as its major component and a | anthanoi d- based netal oxide such as
dysprosi um oxi de, hol m um oxi de, gadolinium oxide, erbium oxide or cerium
oxi de are shown. It is however preferable that the above transparent
conductive film9 contain | anthanum oxi de or samarium oxide in place of the

above 1 anihaqLes Bagew, Ak 9Xhd  Thenph DEnt FANPPALAMN on GoRALAL! Ve 111 9

cont ai ns ant anum oxi de or samari um oxi In thns manner e transparent

duct f ffect
cach Lr onepa ne B ude e TS GBUACSBA TR Che d oéggﬁg%% O menis B
to B0 tHEedhEhlcRday LSk, Jg?fbseaa%oéﬂ?gg??th”%qE%eBaiaE

(S consﬁltuted of a

exanples are s ector e
metal  Myd a ¥g; £ l; A+ igyer. However, the reflector electrode 11
used in this odi nent 'I's preferably constituted of a netal Ag layer in

pl ace of the a ﬁ%ﬁ W delale A-dayer. 94 Specifically, the reflector electrode
11 of this enb ment 1s also preferably constituted of a netal No and a

net al Ag. [0199]

In the aforementioned embodiments B-1 to B-5, examples
in which the transparent conductive film 9 contains indium
oxlde as its major component and a lanthanoid-based metal
oxlde such as dysprosium oxide, holmium oxide, gadolinium
oxide, erbium oxide or ceriumoxide are shown. It is however
preferable that the above transparent conductive film 9
contain lanthanum oxide or samarium oxide in place of the
above lanthanoid-based metal oxide. When the transparent
conductive film 9 contains lanthanum oxide or samarium oxide
in this manner, the transparent conductive film 9 of this
embodiment B-6 produces the same action effect as each
transparent conductive film 9 obtained in the above
empbodiments B~1 to B-5.

“Embodiment B-7"

[0200]

In the above embodiments B-1 to B-5, examples are shown
in which the reflector electrode 11 is constituted of a metal
Mo layer and a metal Al layer. However, the reflector
electrodellusedinthisembodiment ispreferablyconstituted

of a metal Ag layer in place of the above metal Al layer.
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Wien a netal Ag layer is contained in place of a netal Al, the reflector

el ectrode 11 of the enbodi nent B-7 al so produces the sane action effect as
the reflector electrode ii of each of the above enbodi nents B-i to B-5 as
mentioned above. 95 WHAT IS CLAIMED IS: 1. A sem -transmtting and

sem -reflecting electrode substrate conprising: a transparent substrate; a
transparent conductive |ayer which is disposed on said transparent
substrate and contains indiumoxide as its nmajor conponent and further one

or tWo Ol Ja0I;§ ;% 3‘1‘;/5 §§%F§éﬁfde]étr@‘eﬂe'é@%h% 9@@‘3}11%"&(@6’@#&&%9“ de and

n|ob|un1o£ e; ecting layer |ch I's disposed on said

transpar %@tafé‘!?%# t?f;ﬁ BET i@ gﬁ?uén-!et% tMB”éina%l rr%@gﬁleﬁ& ed

el ectricall sal transparent conductive

sem '”am%t L Hgtﬁ eﬂyéff 'fcéﬁﬂlﬂ%&qeéoe%u;g‘i% %UB%t Lahgr 2R ding to

Caim1l ereint Iue that s a conp05|t|on ratio

of Ining h%%&ffg@g@féisgkrgaeqqcsf%ﬁe'eqafo%dﬁ%}{tagnvgqgo L ymoxide as its

I’TB.] or conponent an er one or two or nore oxldes ected from

tungsten oxi dey o ol @‘fﬁ?‘e%'? r@'f??clﬂg]ré) &?rChB@t 9,0, 99. 3. The

sem-transmttlng and sem -ref ectlng ECtI’O e SU ate according Claim1l

or 2, whglcel.n Sl Il o diGHkEE 1Y 1Y Y- DA% G ARSI NG AT OF Ag

as
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conponents. 4. A sem-transmtting and sem -reflecting electrode 96
substrate conprising: a transparent substrate; a transparent conductive

| ayer which is disposed on said transparent substrate and contains indium
oxide as its major conponent and further one or two or nore oxi des sel ected
from tungsten oxide, nolybdenum oxi de and ni obi um oxi de; a TFT el enent

di sposed on said transparent substrate: and a netal |ayer which is disposed
on said transparent substrate and connects said transparent conductive

| ayer electrically with said TFT el enent; wherein: said netal |ayer has a
refl ectance of 80%or nore. 5. The sem-transmtting and sem -reflecting

el ect r odguagbsty ata rageprdi-ng to G aim4, wherein the value of [In]/[Al
netals] that is a conposition ratio of Inin said transparent conductive

| ayer containing indiumoxide as its mjor conponent and further one or two
or nore oxides selected fromtungsten oxi de, nolybdenum oxi de and ni obi um

oxide is 0.85110 §.Q%i & rahiignSEM nd 5%%5%@&%9&%89&8&1 c1&tL £644 g

el ectrode substrate according to aim4 erein“sald netal |ayer

having agpetlkectancerpfri8Q%Qr nore has a layer containing Al or Ag as its
conponents.

a transparent substrate;

a transparent conductive layer which is disposed on said
transparent substrate and contains indium oxide as its major
component and further one or two or more oxides selected from
tungsten oxide, molybdenum oxide and niobium oxide; and

a metal reflecting layer which is disposed on said
transparent substrate, reflects extraneous light and is
connected electrically with said transparent conductive
layer.

2. The semi-transmitting and semi-reflecting
electrode substrate according to Claim 1, wherein the value
of [In]/[All metals] that is a composition ratio of In in
said transparent conductive layer containing indium oxide
as its major component and further one or two or more oxides
selected from tungsten oxide, molybdenum oxide and niobium
oxide is 0.85 to 0.99.

3. The semi-transmitting and semi-reflecting
electrode substrate accordingClaiml or 2, whereinsaidmetal
reflecting layer has a layer containing Al or Ag as its
components.

4. A semi-transmitting and semi-reflecting electrode
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7. A nethod of producing the sem-transmtting and sem -reflecting

el ectrode substrate according to any one of 97 Cainms 1 to 3, the nethod
conprising: a step of etching the above transparent conductive |ayer which
contains indiumoxide as its maj or conponent and further one or two or
nore oxi des sel ected fromtungsten oxide, nolybdenum oxi de and ni obi um
oxide and is disposed on said transparent substrate, by an etchant
containing oxalic acid; and a step of etching the netal |ayer connected

el ectri calibyt raitieh coaipd itsiagpar ent el ectrode | ayer by a mixture acid
cont ai ni ng phosphoric acid, acetic acid and nitric acid to formsaid netal

reflecting | agerraBsph rieitthetheft farteguci ng the sem -transnmtting and
sem -reflecting el ectrode substrate according to any one of Cains 4 to 6,

the method coapiisddigkréntstepdatteieni NgsSahdchriangpapestdeonsiucdi ve | ayer
whi ch contains indiumoxide as its major conponent and further one or two

or nore @tadepasenecieslst r o lAmusbana 0Xkdad iRl ¥hdgawns jexise;end ni obi um
oxi de and is disposed on said transparent substrate, by an etchant

cont ai ni e@mevakin€ @6 Furahd rrost ey eho@SChbihg Saidkdrkakclkayefrahi ch
connects the said transparent conductive |ayer electrically with said TFT

el ement &R ghasna oke e ChRND RN @D Y:AdemR MbBISING & dd xture acid
cont ai ni ng phosphoric acid, oxalic acid and nitric acid. 9. Aliquid
crystal displayreemrémémg disposed on said transparent substrate:
and
a metal layer which is disposed on said transparent
substrate and connects said transparent conductive layer
electrically with said TFT element;
wherein:
said metal layer has a reflectance of 80% or more.
5. The semi~transmitting and semi-reflecting
electrode substrate according to Claim 4, wherein the value
of [In]/[All metals] that is a composition ratio of In in
said transparent conductive layer containing indium oxide
as its major component and further one or two or more oxides
selected from tungsten oxide, molybdenum oxide and niobium
oxide is 0.85 to 0.99.
6. The semi-transmitting and semi-reflecting
electrode substrate according to Claim 4 or 5, wherein said
metal layer having a reflectance of 80% or more has a layer
containing Al or Ag as its components.

7. A method of producing the semi-transmitting and

semi-reflecting electrode substrate according to any one of
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the sem -transmtting and sem -reflecting electrode substrate according to
any one of Clains 1 to 6; and 98 a liquid crystal |ayer driven by said

sem -transmtting and sem -reflecting el ectrode substrate. 10. A

sem -transmtting and sem -reflecting electrode substrate conprising: a
transparent substrate; a transparent conductive |ayer which is di sposed on
said transparent substrate and contains indiumoxide as its major
conponent and further one or two or nore oxides selected from

| ant hanoidzhased wetal, oddestrd @dptialidgeflecting layer which is
di sposed on said transparent substrate and T1s connected electrically with

sai d transpaneiteSeprduct Mey {:ﬁé!%'bovleltrarrlf'%o&?@ﬁt LoASA g, @od

sem -reflecting electrode substrate according to Caim 10, wherein the

value ofypfilpldd¥d i i@t alshntdiatdd $s 3 tSHPRS &bﬁﬁoﬁ@ht%n@‘fd&m@r sai d

transparent conductive |layer containing indiumoxid as I'ts maj or conmponent
and TUrtREk 0Re (gl LU0 dTRLE 2 Ao oAl ihath il d-based netal
oxides is 0.8 to 0.99. 12. The senl-transnlttlng a senl-re ectlng

el ectrodgog atel;a eoaeegrghagnwoﬁalagl Undlls WhepskaySahdsa (gt al
reflecting Fayer has a l'ayer contai ning or Ag as " Its maj or conponents.

tlg aIS%%g Ofsb&%?a?é%é‘@r % $§M 5 EebheH SMohe £ £L1E 08 15WbsL f4f € according
and

a stepof etching themetal layer connectedelectrically
with said transparent electrode layer by a mixture acid
containing phosphoric acid, acetic acid and nitric acid to
form said metal reflecting layer.

8. A method of producing the semi-transmitting and
semi-reflecting electrode substrate according to any one of
Claims 4 to 6, the method comprising:

astepofetchingsaidtransparent conductive layerwhich
contains indium oxide as its major component and further one
or two or more oxides selected fromtungsten oxide, molybdenum
oxide and niobium oxide and is disposed on said transparent
substrate, by an etchant containing oxalic acid; and

a step of etching said metal layer which connects the
said transparent conductive layer electrically with said TET
element andhas areflectance of 80% ormore, byusingamixture
acid containing phosphoricacid, oxalicacidandnitric acid.

9. A liquid crystal display comprising:

the semi-transmitting and semi-reflecting electrode

substrate according to any one of Claims 1 to 6; and
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wherei n said | ant hanoi d- based netal oxide islanthanunoxide, cerium oxide,
samari um oxi de, gadol i ni um oxi de, dysprosi um 99 oxi de, erbium oxi de or

hol mi um oxi de. 14. A semi-transmtting and sem -reflecting el ectrode
substrate conprising: a transparent substrate; a transparent conductive

| ayer which is disposed on said transparent substrate and contains indium
oxide as its major conponent and further one or two or nore oxides selected
from | ant hanoi d-based netal oxides; a TFT el ement di sposed on said

t ransparent sub t rat d a. e yer mhlch |s osed sai d

t ranspar ent % 9Fa§éuah E%%%ﬁ %Fs sal ?Ya g ﬁonau@%?génpayer

el ectrical | MAth_S d TFT eI n |d netal |ayer has a

refl ect ance&losfe%(%e lerr% e(i‘gg&ﬁﬁ rans?‘n tting and sem -reflecting

netals] that is a co t%P%Pn%S%W% %ﬁﬁ%?% %ﬁ%ﬁg?gﬁf Snductlve

ion
| ayer cont%)%lg%e nd| 1&1 as its maj or conponent and further one or two
or more oXi sel é? %f oM | ant hanoi d- based metal oxides is 0.8 to 0.99.

16. The senl-tr snlttln and senl-reflectlng el ectrode substrate according

to daim 14 o SRS ST sugftrﬁﬁ | ayer having a refl ectance of 80% or

more has a la%FEransparentconductivelayervﬂﬁmﬂlisdisposed<n1said

in
e

el ectrode subsltdatca c.o drlaprg oClalm nthe va of [In]/[AI
x

transparent substrate and contains indium oxide as its major
component and further one or two or more oxides selected from
lanthanoid-based metal oxides; and

a metal reflecting layer which is disposed on said
transparent substrateandisconnectedelectricallywithsaid
transparent conductive layer.

11. The semi~transmitting and semi-reflecting
electrode substrate according to Claim 10, wherein the value
of [In]/[All metals] that is a composition ratio of In in
said transparent conductive layer containing indium oxide
as its major component and further one or two or more oxides
selected from lanthanoid~based metal oxides is 0.8 to 0.99.

12. The semi-transmitting and semi-reflecting
electrode substrate according toClaim 10 or 11, wherein said
metal reflecting layer has a layer containing Al or Ag as
its major components.

13. The semi-transmitting and semi-reflecting
electrode substrate according to any one of Claims 10 to 12,
whereinsaidlanthanoid-basedmetal oxide islanthanumoxide,

cerium oxide, samarium oxide, gadolinium oxide, dysprosium
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containing Al or Ag as its mmjor conponents. 17. The sem -transm tting and
sem -reflecting 100 el ectrode substrate according to any one of Clains 14
to 16, wherein said |anthanoi d-based netal oxi dei sl ant hanunoxi de, cerium
oxi de, samarium oxi de, gadolinium oxide, dysprosium oxide, erbium oxide or
hol m um oxi de. 18. A nmethod of producing the sem -transmtting and

sem -reflecting el ectrode substrate according to any one of Cains 10 to
13, the method conprising: a step of etching the above transparent

conduct i il ere ryiing fo:ciod adMshd g win @i gle, as its mj or conponent and
further one or two ornore oxides selected from | ant hanoi d- based net al

oxi des and is 10J SPASRG O S Shitf ah8fensiubstial & i Ry 88t ebabant
containing oxalic acid; and a step of etching the netal | ayer connected

el ectri calupst MM sk tdanpparent el ectrode | ayer by a mixture acid
cont ai ni ng phosphoric acid, acetic acid and nitric acid to formsaid netal

reflecting | ayertralypAdmt Mg HfrProduci ng the semi-transmtting and
sem -reflecting el ectrode substrate according to any one of Cains 14 to

17, the nmethod epEREPSEEFE RhRR iGfe B ¢OF RGBS I8 HARBRALEMN saNduct i ve
| ayerwhi ch contains indiumoxide as its major conponent and further

cont ai ni G LN AHedtVBuBE L FRER Axd €85 t38hacifdh ih @Rilnibanal dahased netal
oxi des and is disposed on said transparent substrate, by an efchant
cont ai ni RGPRIdrt 88H%urther one or two or more oxides selected from
lanthanoid-based metal oxides;
a TFT element disposed on said transparent substrate;
and
a metal layer which is disposed on said transparent
substrate and connects said transparent conductive layer
electrically with said TFT element;
wherein:
said metal layer has a reflectance of 80% or more.
15. The semi-transmitting and semi-reflecting
electrode substrate according to Claim 14, wherein the value
of [In]/[All metals] that is a composition ratio of In in
said transparent conductive layer containing indium oxide
as its major component and further one or two or more oxides
selected from lanthanoid-based metal oxides is 0.8 to 0.99.
16. The semi-transmitting and semi-reflecting
electrode substrate according to Claim 14 or 15, wherein said
metal layer having a reflectance of 80% or more has a layer
containing Al or Ag as its major components.

17. The semi-transmitting and semi-reflecting

100



and a step of etching the netal |ayer having a reflectance 101 of 80% or
nore which connects said transparent electrode |ayer electrically with a
TFT el enment, by a m xture acid containing phosphoric acid, acetic acid and
nitric acid. 20. The nmethod of producing a sem -transmtting and

sem -reflecting el ectrode substrate according to Claim18 or 19, wherein
sai d | ant hanoi d- based netal oxide is |anthanum oxide, cerium oxide,
samari um oxi de, gadol i ni um oxi de, dysprosium oxide, erbium oxide or hol m um

oxi de. 2%]leAtlrodel sssyshak LiSptdyndglew gey cHPbIfSCNgimstieto 16,
sem -transmtting and sem -reflecting electrode substrate according to any

one of Chvaleteih®diad 1dhtAafdoadbased merysteni dayen adithseiunbyxsakd seni
-transmitting and sem -reflecting el ectrode substrate. 102
cerium oxide, samarium oxide, gadolinium oxide, dysprosium
oxide, erbium oxide or holmium oxide.

18. A method of producing the semi-transmitting and
semi-reflecting electrode substrate according to any one of
Claims 10 to 13, the method comprising:

a stepof etching the above transparent conductive layer
which contains indiumoxide as itsmajor component and further
one or twoormore oxides selected from lanthanoid-basedmetal
oxides and is disposed on said transparent substrate, by an
etchant containing oxalic acid; and

a stepof etching themetal layer connectedelectrically
with said transparent electrode layer by a mixture acid
containing phosphoric acid, acetic acid and nitric acid to
form said metal reflecting layer.

19. A method of producing the semi-transmitting and
semi-reflecting electrode substrate according to any one of
Claims 14 to 17, the method comprising:

astepofetchingsaidtransparent conductive layerwhich
contains indium oxide as its major component and further
containing one or two or more oxides selected from
lanthanoid-based metal oxides and is disposed on said
transparent substrate, by an etchant containing oxalic acid;
and

a step of etching the metal layer having a reflectance
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0of 80% ormore which connects said transparent electrode layer
electricallywith a TFT element, by a mixture acid containing
phosphoric acid, acetic acid and nitric acid.

20. The method of producing a semi-transmitting and
semi~reflecting electrode substrate according to Claim 18
or 19, wherein said lanthanoid-basedmetal oxide is lanthanum
oxide, cerium oxide, samarium oxide, gadolinium oxide,
dysprosium oxide, erbium oxide or holmium oxide.

21. A liquid crystal display device comprising:

the semi-transmitting and semi-reflecting electrode
substrate according to any one of Claims 10 to 17; and

a liquid crystal layer driven by said semi-transmitting

and semi-reflecting electrode substrate.
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