; hi e3e"YAV'6T=B# TFT SUBSTRATE, LI QU D CRYSTAL DI SPLAY USI NG THE SAME, AND
.I' TS VANUFACTURI NG METHOD Techni cal Field The present inventyi to a
TFT substrate, a liquid crystal display using the sane andmwmmmmmﬂﬂmmmf
manuf acturing the TFT substrate. Technical Background Flat panel di ays
such as a liquid crystal display (LCD), an organic EL display, '€¢c., have

prevail ed as mai nstream di spl ays for cellul ar phones, PDAmwmﬂmmMmm mm .
personal conputers, |aptop conputers and tel evision recei i 0
their display performances and ener QgssRYPTGON These devi ces ugguo@* TFT

substrate, etc., as a switching device for driving. In the TFT substrate,
it is a mainstream practice to use an alum num alloy as | ow resistance

el ectrode-wiri ' teri o] I ode, an
ndi um g oxi 0BT S TR ndi O e YeRPheDE Pz T EEHNE Ml L) e
However, the follow ng is kaewnT¥eineridBASRR Mvrpepect rode is formed
directly on an el ectrode nade of an alum numalloy via a through hol e
formed through an insulating interlayer, alum num undergoes oxidation to

cause a contact resistance between the el ectrode and the transparent
el ectrode, aRghBiFR{uFtetdystal display conprising a TFT substrate nade of

such materials no | gager QBErA! e8,BEEPSK | Yoy FOls Quercaming Ll apave,
problem it is genera practice 10 enploy a c%ree-layer Structufe in
whi ch the eleghig@deryBeel odi s 8) U itHgntdlel @¥mes anandwnebgdd besmeen | ayers
made of Mo, Ti, O or the like to prevent a direct contact between the

al um num al mapufadtuheny rens Jefermubstadttecode, so that an increase in the
contact resistance is suppressed. However, for formng a three-|ayer
structure of the alumnumalloy with netals such as Mo, Ti, C, etc., it is

required toTEQBH&EQ%e§aék &y such netals, and it is accordingly required
to carry out an etching procedure three tinmes, so that there have been a

probl em that the prceuesspahelndiibptavsi sigela d& & slikgliidaioryvist a¢odpkptayed.

It is an object of the present invention to provide
(LCD), an organic EL display, etc., have prevailed as
mainstream displays for cellular phones, PDAs, portable
personal computers, laptop computers and television
receivers owing to their display performances and energy
saving. These devices use a TFT substrate, etc., as a
switching device for driving. In the TFT substrate, it is a
mainstream practice to use an aluminum alloy as low-
resistance electrode-wiring materials. As a material for a
transparent electrode, an indium-tin oxide (ITO), an indium-
zinc oxide (IZ0), etc., are mainly used.

However, the following is known. When a transparent
electrode is formed directly on an electrode made of an
aluminum alloy via a through hole formed through an
insulating interlayer, aluminum undergoes oxidation to cause
a contact resistance between the electrode and the
transparent electrode, and a liquid crystal display
comprising a TFT substrate made of such materials no longer
operates properly. .

For overcoming the above problem, it is general



a TFT substrate that operates stably, a liquid crystal display and a nethod
for, 'efficiently manufacturing the TFT substrate. The present inventors have
made diligent studies and as a result have found that the above object can
be achieved by forming a netal thin-filmbuffer |ayer between sourcedrain
el ectrodes and a transparent el ectrode, which |ayer prevents the direct
contact. Disclosure of the Invention According to the present invention,
there is provide a TFT substrate conprising: source-drain electrodes, a
transpar ent pehettiredeo ampiogud athrepflidyad ritetpased thewabehweka, and a
through hole formed in the insulating filmfor electrically connecting the
sour ce- dr ai Rleré&pagdeade oof han t ¢ HEsHEHe Rl lslvedisr 6aadwhpbedi hettieen

source-drain_el ectrodes ar e i nl f al .al uni nu and.a netal
TR T | m bAPPErS BOaE PE FiRf bty nek wor e dtu CePAPAFHE 259FRTEr ades
and the trapgpaaeRt hetReEh Otke | M1 ki rOUGR Relee thEhe rAREBhrEREN-film
buffer layer is provided between the source-drain el ectrodées and the

t ranspar ent edeettrrdde, sahehebyamninewerassen theonbatbctesestangecel sieen
the el ectrodes can be prevented, so that the TFT substrate can operate
stably. In SNBPERBSEFAmeENnt of the specific structure of the TFT substrate of

the present inventiqp, Q%2 sf%l}s%??fnr%ngtQe{:_ﬁrgé_el%féc%ﬁgﬁﬁl&q}r% eleeghode

ate wiring), a gate Insul’ating a frrst si ayer, a channel
g

protecti on layeinua agtopdwsthimetal ayaich sEUMS- digi grel eetr pdes, i an
insulating interlayer, the nmetal thin-filmbuffer layer and the transparent
el ectrode. meauhiredcisefornetBoee cblrsiaf elusdt meded sandndhaétt tansparent

el ectrode are electrically connected through a throuygh hole formed through

the i nsul at PRGOFRLBALYy EPIUATIRTCR R TAR o Th ShyaTer BEOGRIRE EhERRel
rotection | 1S, Kk T I

anention, F%%%ﬁér%ot%ggﬁegg%g?h$%Yépﬁﬁ%EJ} er Hﬁ%ﬁ?hgg Eggfg%ggg§gf%$ned

of a materi alanuifattcatinbeaerEhesuét tatdel ssatmpdtichhart.as that used for

etching to formthe transparent el ectrode. Wien the netal thin-filmbuffer
layer is formed of a%heterdralobdiRet ednthe Bremewt wiRFERHON &ife RIGHAR as

can be oI i F1ad EOFEREF, CRRE SBOUE Rora e M RLRG FBFSFager Ts |
preferably faarspedymahal ¥ AEtRodetet éhetcichtB) &a@@Fak¥uring the TFT
substrate.
The present inventors have made diligent studies and
as a result have found that the above object can be achieved
by forming a metal thin-film buffer layer between source-

drain electrodes and a transparent electrode, which layer

prevents the direct contact.

Disclosure of the Invention

According to the present invention, there is provide
a TFT substrate comprising: source-drain electrodes, a
transparent electrode, an insulating film interposed
therebetween, and a through hole formed in the insulating
film for electrically connecting the source-drain electrodes
to the transparent electrode, wherein the source-drain
electrodes are made mainly of metal aluminum, and a metal

thin-film buffer layer is formed between the source-drain



oxi di zabl e than al um num Wen a netal that is nore easily oxidizable than
‘4 alumnumis used, the oxidation of alum numis nore suppressed, and

el ectrical conductivity between the alum num and the transparent el ectrode
is inproved. Further, aluminumoxide fornmed on an al uni num surface after
the sputtering of aluminumis reduced, s@ that the contact resistance may
soneti nes decrease as conpared with a case using a netal that is not easily
oxi di zabl e. Further, the above nmetal is preferably a nmetal that exhibits

el ectrical edrdticodestgnahene oxtah st erene liesctrore pnetkeabhyoagiet al t hat
exhibits transparency. Wen the netal oxide is electrically conductive, the
contact resf§t8nce between the source-drain el ectrodes and the t ranspar ent

el ectrode can be furkher, deqr gasede, EHrLAEE,  WIRKLA b4 J $0JANSRALER] e he

transparency of the entire neta in-frrmbu ayer is inproved, and a
pi xel porti @hel soakse-HARIAVETedrddANHIRT @MY £ rhRspBeent Testibst6@é e of the
present invention, further, the netal thin-filmbuffer layer is preferably
formed of awheseby eneineredserimldmtad] ectsddtibnom Bgtwden the Rh, Pd, Cr,
In, Ga, Zn, Eb, Ti,, Sn and all oys ofcfuch n%%als. The above netals and

al | oys are EXEEFFEHES| ki Pen PEFYRIMISG 1 PO Fhethéhe ThEySaPetexkeIfamt in
stability o ilm In the TFT substrate of the present invention,
further, th%p%é%angﬁ?%g ilmbuffer layer is preferably fornmed of at |east
one netal or alloy Sel esleedrbbdiméht bR, tk@, sgdciMy sirucvurandrakheys of
such netals. That is because oxides forned fromthe above netals or alloys
are excel | eRETi fubpbeptpcal Eomdeeesant yinvegtileas, onnat BebFETatebstrate of
t he present 5 inventiogn, .the metal. thin-filmbuffer.layer_is preferably
forned of thF§Ss?r8nioﬁ@?glaogaEﬁI %ﬁﬁqgéeﬁgagﬁoﬁﬁfﬁ?g ,374%%%n and

all oys of suygRumgtahg. rihal 4 Sepesause idy akQee, Mat 8hanAke BPEELEBSN Y
oxi di zed than al um niim and because oxi des thereof are excellent in

t ranspar encyaged, ehesecondl stbicuctiasdry,. dourtcdeedfRInsebsttabécof ame
present invention, further, the metal thin-filmbuffer |ayer_ preferably has
a t hi ckness 15pu3gtiBI3bDOtErlayeyi diidmated shdnsdtilBnPBfian Lareeadedin t he

comact,rectabasss UElveRD LIS ELol 0P AN e | ApSDLepEteLyf e, ot

thin-filmb is preferre ring the

the above rangetrdaesr dhagche eridifiraitPedlec@irobbeapeeseBtt ik ¥ENL{ oN,
there is provided a liquid crystal display conprising the above T

substrate. Esphegiad thecaphve THIowibdiala €ormieds thicquogd thgstal di spl ay
can operate,mﬁtgout de radaiion of itsﬁperfornances. According to stil

anot her aspelfUSAtLAE PRESEMYShverft iU, SUbstdats pfodi G¥AalhBENBY for
manuf act uri RYea HEILSYUDSLEALE: 1 W L, oMY 1563, thesteps of form ng an

i nsul ating layer on source-drain el ectrodes, formng a through hol e through
the insulating | ayerln ftovenmiTig aubetabtbubfethd ipressrt adventipar,ent
electrically conductive filmon the insulating |ayer and the above through
hol e, and sitMtthgieotiBeymetehi Heln el ietont fieut dayeri im rraferebiy anspar ent

Cr orpny ant fofRadlsE ¥onltefAP RN A B or el Uit BHET Slmeaver and @
etchant as that used for etching to form the transparent
electrode.

When the metal thin-film buffer layer is formed of a
material that can be etched with the same etchant as that
used for etching to form the transparent electrode, the
etching step can be simplified.

Further, the above metal thin-film buffer layer is
preferably formed mainly of a metal that is more easily

oxidizable than aluminum.

When a metal that is more easily oxidizable than



Since the netal buffer filmis forned, the sourcedrain el ectrodes are no
l'onger required to have a nultilayered structure. Further, since the netal
buffer film and 6 the transparent electrically conductive film can be
etched with the sane etchant, it is no | onger necessary to repeat etching,
so that the TFT substrate can be efficiedtly manufactured. Further, the
anount of materials to be used is reduced, so that TFT substrates can be
manuf actured at a |l ower cost. Brief Description of Drawings Fig. 1 is a
Cross-secti ahahiviawi 8f usdd A-Sie Tdx ddisiy affe allhatinu/s 98emepdodi nent of the
TFT substrate of the present invention. Best Mdes for Carrying out the

| nventi on TEEPPFFS8aBst PAY eSlePier 1 Gajui PSR aT Ly bskayenstﬁg & hem imm

substrate and .t f manufacturing a.TET substrate, provided by the
resent | nvanfi She BT opg elb a Al e e PR et rac b and 1 qul d

crystal display (1) rooWhes- deaiRiglRCbL 0eSedRfed B erdralath@inkte
source-drain electrodes is not specially limted so long as it contains
nmet al al um sumfaseaafhen thepsmerter iCgrpdneaeiumiothed st hadutbeé, ned athat

al um num and_anounts thereof are not limted, either. Exanples of the
conponent s &PReFORRAAT L Reshetacami manatidiesdderEears abcRomRared Pt, Pd,

e e

buffer |ayeris e e source-drain e es an e

transparent el ectroderamdyorks tBoPEEMEPAL afls | PiEd RAS 1y LARAAt that
resi stance between these el ectrodes. The netal thin-filmbuffer layer is

el ectrical | pxhibébadaserveicahdcondumti wd veadieny oasiddzedbl endr ismyorot be
ceotly, 06 SLagleapihen hiip sinllgondizable an axde 1o preferably

When the metal oxide is electrically conductive, the
contact resistance between the source-drain electrodes and
the transparent electrode can be further decreased. Further,
when it is transparent, the transparency of the entire metal
thin-film buffer layer is improved, and a pixel portion is
also improved in transparency.

In the TFT substrate of the present invention,
further, the metal thin-film buffer laYer is preferably
formed of at least one metal or alloy selected from Ag, Au,
Pt, Rh, Pd, Cr, In, Ga, Zn, Mo, Ti, Sn and alloys of such
metals.

The above metals and alloys are excellent in film
formability. Further, they are excellent in stability of a
formed film.

In the TEFT substrate of the present invention,
further, the metal thin-film buffer layer is preferably
formed of at least one metal or alloy selected from Cr, In,
Ga, Zn, Mo, Ti, Sn and alloys of such metals.

That is because oxides formed from the above metals
or alloys are excellent in electrical conductivity.

Further, in the TFT substrate of the present



The material for the netal thin-filmbuffer layer is not specially limted
$0 longras it can prevent an increase in contact resistance between the

el ectrodes. Exanples of the above material include Ag, Au, Pt, Rh, Pd, C
and, al |l oys of these, and at |east one nenber selected fromthese netals and
alloys is used. Further, the above netal ® and alloys are preferably those
whi ch can be etched with the sane etchant as that used for the etching to
formthe transparent el ectrode. Further, those which are nore easily

oxi di zabl e tihasnalan} nuhe anet I eftein-etl Inand fifetrallagxirdes phefepsibhye nore
preferably transparent and electrically conductive. Al though not specially
limted, théoam8decétahahtashcPRrIgeetFlororeddplesearchrdl fECHCTE, aﬁ@eous
solution, a,nitgic_agidsacetic.acid-phqasphoric acid-containing agueous

sol ution, azﬂyd$8cﬁP r?%f%¥?d°5dﬂggh§éﬁéxﬁﬁon, a hydrogen bronm de aqueous
solution, an iron chlgri de- RednosBl enECaBeTE RAUEOYS ROIMErOR 231G yaqua
regia. Further, exanples of the materials that can be simultaneously etched
i ncl ude net aksdsmed tdbarAgaldmintt ,arkh beRhuser oxlinesGaheZapfMareTi and Sn
and alloys of these, and at |east one nenmher fromthese netals and all oys
is used. FUPKRELISPRoiB HRRRFPAFGHITK &ETrEiEdasPRFUGki Ui Z¥bl e t han

al um num and whose i f n j,cal uctive

i ncl ude, for exanplg?{gﬁé %ﬁ% é&?gﬁgsE§b§f?Pﬂaﬁgg%%ggﬁgjg%?§§ggﬁf t hese,
and at | eastuenBerpnbre @étdheskimetals riTtea aysri presedaply8ndbea met al
thin-filmbuffer |ayer preferably has a filmthickness of 30 to 300 ~. Wen
the filmthitbkr&asspsofedt t%a%0é0A~, the thickness of the netal thin film
is too small, and the effect of the netal thin-filmbuffer |ayer is

sonetines not exhi bifed oWh&t £hE PEPKERRRknRElnddbaR@ssodi-the s

sonetinmes p Lt Y] @Wégh t al IS S| oxidizable is
used as a n%?éF?gF ?§?§§ﬁé§§%t%$ Y |n?¥g$§?ﬁﬁ%pgpeﬁa§§9,£b%e metal thin
filmmay hateaasbargacyt 8f ckheshesd Nothiid-fi9n mur@deed lbpett anspasency. Wien
a netal that is not easily oxidizable are used, the netal thin filmis to
have a thi cREe$§rsed3pot bring mhe \iryer Hdiflgknesehilakresbei abgve Arange.
smal l er, the thickg§§§1%ﬂ_th%x}hhntgilngis tgo Eng%l, SO t at.alu@.numi n
the sourcedrain el é6t1700e89 s X ¢i-26d, 28RAT h8" cORT AT STEET stAEE 8t ween
the |ayer am@et-Beikr pRepaent ael eoii@de- @t IdIRS169MeSmbeiBengi ghe When

the filmthickness is 100 A or larger, light transmttance sonetines
decreases. EboveelFTwhehshrake¢al Mokwzyiong dde sbovan§pdr enbsandte,
electrically conductive is used as a material for the netal thin-film

buf fer | ayetPifhélfhif EFYAtehi SkFRIRY iG@Tp BRSPS Y13DOHE dearadaien t he

filmthickness.li ess, the filmthickness is too small, and the
net al thin-??lﬁ#%uk%g?ofgﬁgée%bnetines does not produce the effect on the

prevention of an i neRFRIING ¢oNkacl 1r eabshencespernt htnd idraddhicckness is
300 A or larger, the degree of oxidation may be |ow, and the transparency

soneti nes dé&veasasn, (8hereahs parevitded ecmaddedTHeornapapfarthving ha
transparentTghectEoge %nclu es, for exaqglﬁf ozides gu h as indiumtin
oxi de (1 TO TARdSUPECFREF Uttt SXMREE G2 CALPE REr SOFRIPHeRFT

substrate ofinlieaphageNhyERVERt Orcd NEF L S 1RQ tHRGRIsE! fb&ﬂ%?tson to be
i nposed on constituting nmenbers such as a substrate, a gate electrode, and

the |i ke ot hérouganhbhe aboveghretierinswet igendaylelry dseningnstméusl ons and
materials can be enployed. Further, concerning the liquid crystal display,

there i s noPspéerafilmnpRdt  ohr RRSERL§HpHEFteH Cadhyt ConeraglHenbets ot her
i s oRte (BET BURSLERRS 1 206, AN Ald YardRR! FOBRGH' HE18T%a A"
simultaneously etching the metal buffer film and the
transparent electrically conductive film to form a metal
thin-film buffer layer and a transparent electrode.
Since the metal buffer film is formed, the source-

drain electrodes are no longer required to have a multi-

layered structure. Further, since the metal buffer film and



2. Method for manufacture of TFT substrate In the nethod for manufacturing
.a TFT substrate, provided by the present invention, the netal buffer film
and the transparent electrically conductive filmare sinultaneously etched
with one and the sane etchant, to formthe netal thin-filmbuffer |ayer and
the transparent electrode. Since the simbltaneous etching is carried out as
descri bed above, the nunber of steps of etching can be decreased, and the
anount of materials to be used can be suppressed. Further, there is no
critical |imheatransparéet i aposterionl Iheossicepsieok falm agnneabetshed t he
TFT substrate including the nmetal thin-filmbuffer [ayer and the

t r anspar ent WéFBcthgdeanasebachdtthodi ofl S dxnilingaesy 8eseFSRY hEO nEPRRRE, for
exanple, a vapQqr oSl ti sputtering.method, and the
ke can be LebtByEase] shehr M LEE Rkt RBNCPRL PRE IR Ton 1o be

i nposed on hmAaufBthadeand FherREPArEHd iR tCIEr a8 roHl st B8 MaCHyEy vapor
10 deposition and the sputtering. Exanples of the vacuum vapor deposition
met hod i ncl aderapuekdet sonthaanT iethdst mtdasocapl dei ngnpEabbdraddata a

resi stance heati ng nethod. Exanples of the sputtering nethod include a
high-frequeﬁ@Ve§ngFEring met hod, a DC sputtering nmethod, an RF sputtering
nmet hod, a DC magnetron sputtering nethod, an RF nagnetron sputtering

nmet hod, an ECR plasma sputtering nethod and an ion beam sputtering nethod.
Further, thereeifspasceiptisnlof imtdwtrign to be inposed on the neans of
patterning nmetal thin filns formed by these nmethods in the form of intended
el ectrodes and t he rfEans lofisf er girngsthect homalyhviet eof ArgenerialTET

oot o Moy TEL TP G P PR SRR e Pess

herei naf ter orahiche tReepEESENt invention shall not be limted thereto.
Exanple 1 One exanple of the present invention will be explained with
reference to Fig. 1. Fig. 1 is a cross-sectional view of an a-Si TFT
substrate that is one enbodi nent of the TFT substrate of the present
i nvention. REe& Madepr Eors¢aprying putsthayInvemtdioni ng 1 ato of Nd was

e e o et 1 AL ALERE YR AL P, % A ety aptor o
phot o- et chi RgenetioduystBgra Al tKke adthRL I GmadGirdcRN@$AOLI SFT
aci d- cont ai ni ng aqueous solution as an etching solution, to forma gate
el ectrode 4subgtrate, provided by the present invention, will be
explained below.
1. TFT substrate and liquid crystal display
(1) Source-drain electrodes
The material for the source-drain electrodes is not
specially limited so long as it contains metal aluminum as a
main component. Components other than the metal aluminum
and amounts thereof are not limited, either. Examples of
the components other than the metal aluminum include metals
such as Nd, Pt, Pd, Zn, Ni, and the like.
(2) Metal thin-film buffer layer
The metal thin-film buffer layer is formed between
the source-drain electrodes and the transparent electrode
and works to prevent an increase in contact resistance

between these electrodes.

The metal thin-film buffer layer is electrically



and a gate wiring (not shown) having a predeterm ned form each. Then, a
.gate insulating film6 formed of a first silicon nitride (SiNx) filmwas
deposited from Si H4- NH3- NZcont ai ni ng gas as a di scharge gas, so that the
filmhad a thickness of 3,000 A Thereafter, an a-Si:H(i) film(first
silicon layer) 8 was formed from Si H9- Nz7/cont ai ni ng nmi xture gas as a

di scharge gas, so that the filmhad a thickness of 3,500 P.. Further, a
second silicon nitride (SiNx) filmwas deposited thereon from

Si H9- NH3- N2coadtiat bhirag gasd & mayitselhergd yakidieabhat okthrafi hot hised a

thi ckness of 700 A. A predeterm ned channel protection |ayer 10 was fornmed
fromthe ab6REld¥corddSEaRLIe | MIRN dily i @fisdd Yyusragierhlgasan Thekde an
a-Si:H(n) fil ilicon | r 2 .deposi ted. from

S - 1 ProSgoRt SarAg i & £t SRR BT RP R Rae S P ekness of

1, 000 The gPE@fbﬁabL9ttﬁgn§§éﬂ@£t_the a-Si:H(i) filma8, the channe
protection layer 10 and the a-Si:H(n) film 12 were fornmed by a gl ow

di scharge CVD net hodheTherterAdl( fesi shevineyal Sthds2eimlne dntfdfier dgykrati% of
Nd was deposited therfin bY a vacuum vapor deposition nethod or a
sputtering REEhERECEBLtKat 1PhESH M &% HitcKRBs BrEVEnt 32kt #ICTPRSAL

| ayer vas phol augtaRed, Wil b2, 0L 46,6 dageUe RLALBNOSBDORLfos o
acid-containing etching solution, to forma pattern of source-drain

el ectrodes the ibogadmseyt LU BhAL YA izx?s Hujotptshewn) pdfFucthgha 4DEops Si: H
films were etched by a conmbination of dry etching using CF9 gas and wet

et chi ng usi f§ &heydr aahdeat NFENHR M) nelpsgusedelctedofiromothedefyetabs 12
pattern of th% a-?i:H(l% film8 and the a-Si:H(n) film1l2 into a

pr edet er mi 848t L8YR. 1A ¥8%Pce-drain insulating film (insul ating
interlayer) 16 that MaSHed hichd 8bbieOoRefhisi deq (S NYs fdddm %%e%m? ted
thereon by a gl ow di scharge CVD nethod, so that the f|In1hag a thickness of
3,000 A Inthbiss ghseh asnabedi sttiaediavigds,the HamH3+tNRaaankai thay gasd was
used for the third SINx film Further, a lead 24 fromthe gate el ectrode, a
| ead (not sK&ENFDEr BRFERRI sBOr Eerme| e o shideatt BAEGEKCHBE e PRrtha, was
to be an el rically,.c a ol nt. pet ween the source-drain el ectrodes 15
and a transsibeR: Aokt FReaRER AR SRRt s” REPE A gL 6 S5

phot o- et chi E%If@trh@_a,agﬁ@rﬂwglt@xfd@g e R NG rEehbed g§é@gr5359ygas- Then,
as a netal buffer film a filmhaving a thickness of 100 A was formed from
metal | n onttrhesearent sudfatecoficakl soorckradiaien i nsulating film 16 by a

vacuum vapor deposition nethod or a s tering nmethaod. Then, an_anorphous
t ranspar ent electriégﬁquggnEQEtFP@CFgriYCLHBH§§§(ﬁhQrﬁﬁQﬁﬁ(ﬁﬁq@énénd zinc

oxi de_as mai;n GQARANERLS &@émgfgpsﬁ / e %%dbgﬁﬁggﬁg; %g;iﬁgg%gftgod- An

n203-Zn0 sintered body having Its n atomc ra adj ust ed

to 0.83 wasndetriasaaiplaoaticegoid+shodphur icatdiade candatisefdgasqaespsit t eri ng
target, pure argon or argon gas containing oxygen gas in a trace anount of
about 1 voIﬁp%&gl@§edaaBY@r@¢%b¢%#@nﬂ%ﬁﬁLaQﬂﬂ@U@héOtMén@parénhYQreqemicaIIy
conducti ve %i When anal yzed

| m.having a thicgness of _1,.000 A s.%%p si,ted
by an X-ray ngrgc?ﬁgﬁoﬁgtﬁ% ?t+%%'éHbVE“ﬁh6§§%ﬁ6 FB¥9§HSQé8rh8 Pesks and
was amor phouguedle 8BLatibHfi84 §&¢gn dhe thin transparent electrically
conductive filmwere patterned by a photo-etching nethod 13
Further, examples of the materials that can be
simultaneously etched include metals such as Ag, Au, Pt, Rh,
Pd, Cr, In, Ga, Zn, Mo, Ti and Sn and alloys of these, and
at least one member from these metals and alloys is used.
Further, those materials which are more easily
oxidizable than aluminum and whose oxides are transparent
and electrically conductive include, for example, Cr, In, Ga,

Zn, Mo, Ti and Sn and alloys of these, and at least one

member of these metals and alloys is used.



using an aqueous solution containing 3.4 % by weight of oxalic acid, to
forma netal thin-filmbuffer layer 18, a transparent electrode 20 and a

| ead el ectrode. Further, a glare protection pattern was forned, to conplete
an a-Si TFT substrate 1. The above substrate was used to manufacture a
TFTLCD net hod flat display, and the fl at 8di spl ay was eval uated for display
performances by inputting video signals, to show excellent display
performances. Exanple 2 A TFT-LCD nethod flat display was manufactured in
the sane manner as iTheExetplethiax€eph bhifet Neayet Prdfumbillymhbyf ter | ayer
18 in Exanple 1 was changed fromthe 100 A thick nmetal In filmto a 50 ~
thi ck netal fA§mf thickpasshaf 3het@t3Wad:. f dhephshgefalmt hhhckness bis f er

| ayer 18 and _the_tran ent, el ectrode 20 changed _fromthe aqueous

sol ution coggﬁﬁth§n3§Qaé6b@?%wﬁkﬂﬁkQﬁs%D&ﬁﬁﬁ?eagfagﬁotblﬂr%?g@ 3ti PAcet i
aci d- phosphafh¢12ChHCORE ab i &gk AGIQGHS @t ik@An-FRemt BUsrebt ahped {4 quid
crystal display was evaluated for display performances by inputting video
signal s, tosshewimzsehbenéxilsiptey. paifeor raec s lmCohpakatsseckxaapse 1 A

TFT-LCD net had fl at display was nmanufactured in the sane manner as in
Exanpl e 1 ex@8pft hht 18 h2CBeeHRF BRIty HIse SRS Y i n-fi |l m buf fer | ayer

in Exanple 1 was omtted. a en%k.oi put, vi ignals to
t he thus-obtained | iwfqhue?ld ac}ﬁeggél rthlggglq'gy&%%lrl}f es JiCErlngé}btrise |Ssbjl%%§ 2594

performancemanervhllegosi ghal e WET echiiputitiad budtd rt haydirSptRY peefor mance
was defective. 14 Industrial Uility According to the present invention,

t here can b&hprodidmdmay TFave ubstaraer did ckrieisguisdneeystalsdisprayedhat can
operate stably _and a nethod for efficiently manufacturing the TFT
substrate. ‘P15T8PAPRESHICYA TFT substrate conprising: source-drain

el ectrodes, a transpgfednt fl@Qhr @St is not easily oxidizable are used,
the metal thin film is to have a thickness of 30 to 100 A.
When the film thickness is 30 A or smaller, the thickness of
the thin film is too small, so that aluminum in the source-
drain electrodes is oxidized, and the contact resistance
between the layer and the transparent electrode sometimes
comes to be high. When the film thickness is 100 A or
larger, light transmittance sometimes decreases.

Further, when a metal whose oxide is transparent and
electrically conductive is used as a material for the metal
thin-film buffer layer, the thin film thickness is
preferably 30 to 300 A. When the film thickness is less 30
A or less, the film thickness is too small, and the metal
thin-film buffer layer sometimes does not produce the effect
on the prevention of an increase in contact resistance.

When the film thickness is 300 A or larger, the degree of
oxidation may be low, and the transparency sometimes
decreases.

(3) Transparent electrode

The material for the transparent electrode includes,

for example, oxides such as indium-tin oxide (ITO) and



an insulating filminterposed therebetween, and a through hole fornmed in
.the insulating filmfor electrically connecting the source-drain el ectrodes
to the transparent el ectrode, wherein the source-drain electrodes are nmade
mai nly of nmetal alumnum and a netal thin-filmbuffer |ayer is forned

bet ween the source-drain el ectrodes and fhe transparent el ectrode in the
through hole. 2. The TFT substrate of claiml1l, wherein said netal thin-film
buffer layer is formed of a material that can be etched with the sane
etchant as thdtumsefinfosxedehi{I@pto form said transparent el ectrode. 3. The
TFT substrate of claiml1l or 2, wherein said netal thin-filmbuffer layer is
conmposed mainly of d4tefCiherBat is nore liable to be oxidized than

alum num 4. The TF-EnSl{I?l%t &‘%‘E‘esgfsgglfg{:g] f %’Wg[él%ensesaci dl\%rxrfeetn lioins %gg?te?

that exhibits transparency and electrrcal” cond ivity en oxi di

The TFT subskr abespécehai Mii @4t Lon WRER NngisddmehakohBt Mt ht imybuf fer
| ayer is forned of at |east one netal or alloy selected fromAg, Au, Pt,

Rh, Pd, Cr, membeGa, sZah &b,a TSybSiratng & loeys eflechesde, and Bhe ThekdFT
substrate of claim3, mgerein said netal thin-filmbuffer layer is forned
of "at | Least CHECNERAR BRS APPOYS SR AGIIeRe Gk YZHS g and all oys. o
these. 7. Thg EEItﬁEEéB aéﬁdQ%'B% imJl if g& hel,Rgsaid metal thin-film
buffer |ayer Has at |céness ot _%ﬁ%@;:ﬁ%? © .%& quuid crystal display
conprising the TFT suhateat e coaeetatingntiayl daei dfcs)dT8 oﬂist;ﬂa;/-, 9. A
met hod for manufacturing the TFT substrate recited in any one of clainms 1
to 7, whi chtbeiprisesot Apegiapsl phitfasridmgoabe Agwogedngn| agestbhuting
source-drain e ectrog S %orni a thro;%q‘hole t hrough the insulating
Cayer, for miRGPE RebRIbuFPEr T1T ME 4 iy HSRAFGNE: oRBEt FPREFFYLY
conductive skl 0BnkBethPSbhAtARNG hfsdi And Jdhe JehkepygBybgl e, and

si mul taneously etching the netal buffer filmand the transparent

el ectrically conductive filmto forma nmetal thin-filmbuffer |ayer and a
transparent electrode. .A A .AU A AU A{. A AA AU A AAE. A A AY%. A. AU8Ue;
5n$% R 2. Method for manufacture of TFT substrate

In the method for manufacturing a TFT substrate,
provided by the present invention, the metal buffer film and
the transparent electrically conductive film are
simultaneously etched with one and the same etchant, to form
the metal thin-film buffer layer and the transparent
electrode.

Since the simultaneous etching is carried out as
described above, the number of steps of etching can be
decreased, and the amount of materials to be used can be
suppressed.

Further, there is no critical limitation to be
imposed on the steps of forming members of the TFT substrate
including the metal thin-film buffer layer and the
transparent electrode. As a method of forming layers for
the members, for example, a vacuum vapor deposition method,

a sputtering method, and the like can be employed. 1In this

case, there is no critical limitation to be imposed on the

method and the apparatus for carrying out the vacuum vapor
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sputtering method.

Further, there is no critical limitation to be
imposed on the means of patterning metal thin films formed
by these methods in the form of intended electrodes and the
means of forming the through hole. A general

photolithography method or the like may be employed.

Examples
The present invention will be explained in detail
with reference to Examples hereinafter, while the present

invention shall not be limited thereto.

Example 1

One example of the present invention will be
explained with reference to Fig. 1.

Fig. 1 is a cross-sectional view of an oa-Si TFT
substrate that is one embodiment of the TET substrate of the
present invention.

Metal Al (resistivity: 5 pQrcm) containing 1 at% of
Nd was deposited on a transparent glass substrate 2 by a
high-frequency sputtering method, to form a 1,500 A thick
layer. The layer was etched by a photo-etching method using
a nitric acid-acetic acid-phosphoric acid-containing aqueous

solution as an etching solution, to form a gate electrode 4
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silicon nitride (SiNx) film was deposited from SiHs-NH3~-N,o-
containing gas as a discharge gas, so that the film had a
thickness of 3,000 A.

Thereafter, an a-Si:H(i) film (first silicon layer)
8 was formed from SiH4-Ny-containing mixture gas as a
discharge gas, so that the film had a thickness of 3,500 A.

Further, a second silicon nitride (SiNx) film was
deposited thereon from SiH;-NH3~N,-containing gas as a
discharge gas, so that the film had a thickness of 700 A. A
predetermined channel protection layer 10 was formed from
the above second SiNx film by dry etching using CF4; gas.

Then, an o-Si:H(n) film (second silicon layer) 12
was deposited from SiH4-H;-PHs-containing mixture gas, so
that the film had a thickness of 1,000 A.

The gate insulating film 6, the o-Si:H(i) film 8,
the channel protection layer 10 and the a-Si:H(n) film 12
were formed by a glow discharge CVD method.

Then, Al (resistivity: 5 pQ:cm) containing 1 at$% of
Nd was deposited thereon by a vacuum vapor deposition method
or a sputtering method, so that the film had a thickness of
0.3 um. The Al layer was photo-etched with a nitric acid-
acetic acid-phosphoric acid-containing etching solution, to
form a pattern of source-drain electrodes 14, 15 and source-
drain wirings (not shown).

Further, the a-Si:H films were etched by a
combination of dry etching using CF; gas and wet etching

using a hydrazine (NH;NHz'H;O) aqueous solution, to modify the
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was deposited thereon by a glow discharge CVD method, so

that the film had a thickness of 3,000 A. In this case, as
a discharge gas, SiH4~NH3-N,-containing gas was used for the
third SiNx film.

Further, a lead 24 from the gate electrode, a lead
(not shown) from the source electrode and a through hole 22
that was to be an electrically contact point between the
source-drain electrodes 15 and a transparent electrode
(pixel electrode) 20 were formed by a photo-etching method
according to a dry etching method using CF, gas.

Then, as a metal buffer film, a film having a
thickness of 100 A was formed from metal In on the entire
surface of the source-drain insulating film 16 by a vacuum
vapor deposition method or a sputtering method. Then, an
amorphous transparent electrically conductive film composed
of indium oxide and zinc oxide as main components was
deposited thereon by a sputtering method. 2An Iny03;-Zn0O
sintered body having its In/Zn atomic ratio [In/(In+Zn)]
adjusted to 0.83 was set as a planar magnetron type cathode
and used as a sputtering target, pure argon or argon gas
containing oxygen gas in a trace amount of about 1 vol% was
used as a discharge gas, and the transparent electrically
conductive film having a thickness of 1,000 A was deposited.

When analyzed by an X-ray diffraction method, the
above In;03-Zn0 film showed no peaks and was amorphous. The
metal buffer film and the thin transparent electrically

conductive film were patterned by a photo-etching method
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using an aqueous solution containing 3.4 % by weight of
oxalic acid, to form a metal thin-film buffer layer 18, a
transparent electrode 20 and a lead electrode. Further, a
glare protection pattern was formed, to complete an o-Si TFT
substrate 1.

The above substrate was used to manufacture a TEFT-
LCD method flat display, and the flat display was evaluated
for display performances by inputting video signals, to show

excellent display performances.

Example 2

A TFT-LCD method flat display was manufactured in
the same manner as in Example 1 except that the metal thin-
film buffer layer 18 in Example 1 was changed from the 100 A
thick metal In film to a 50 A thick metal Ag film and that
the etchant for the metal thin-film buffer layer 18 and the
transparent electrode 20 was changed from the aqueous
solution containing 3.4 % by weight of oxalic acid to a
nitric acid-acetic acid-phosphoric acid~containing aqueous
solution. The thus-obtained liquid crystal display was
evaluated for display performances by inputting video

signals, to show excellent display performances.

Comparative Example 1

A TFT-LCD method flat display was manufactured in
the same manner as in Example 1 except that the step of
forming the metal thin-film buffer layer in Example 1 was
omitted. When attempts were made to input video signals to
the thus-obtained liquid crystal display for testing its
display performance, no video signals were inputted, and the

display performance was defective.
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Industrial Utility

According to the present invention, there can be
provided a TFT substrate and a liquid crystal display that
can operate stably and a method for efficiently

manufacturing the TFT substrate.
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CLAIMS

1. A TFT substrate comprising:

source~drain electrodes,

a transparent electrode,

an insulating film interposed therebetween, and

a through hole formed in the insulating film for
electrically connecting the source-drain electrodes to the
transparent electrode,

wherein the source-drain electrodes are made mainly
of metal aluminum, and a metal thin-film buffer layer is
formed between the source-drain electrodes and the

transparent electrode in the through hole.

2. The TFT substrate of claim 1, wherein said metal
thin-film buffer layer is formed of a material that can be
etched with the same etchant as that used for etching to

form said transparent electrode.

3. The TFT substrate of claim 1 or 2, wherein said
metal thin-film buffer layer is composed mainly of a metal

that is more liable to be oxidized than aluminum.

4, The TFT substrate of claim 3, wherein said metal is
a metal that exhibits transparency and electrical

conductivity when oxidized.

5. The TFT substrate of claim 1 or 2, wherein said
metal thin-film buffer layer is formed of at least one metal
or alloy selected from Ag, Au, Pt, Rh, Pd, Cr, In, Ga, Zn

14

Mo, Ti, Sn and alloys of these.
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e TEFT substrate of claim 3, wherein said metal
thin-film buffer layer is formed of at least one metal or

alloy selected from In, Ga, Zn, Sn and alloys of these.

7. The TFT substrate of claim 1 or 2, wherein said

metal thin-film buffer layer has a thickness of 30 to 300 A.

8. A liquid crystal display comprising the TFT

substrate recited in any one of claims 1 to 7.

9. A method for manufacturing the TFT substrate recited
in any one of claims 1 to 7, which comprises the steps of

forming an insulating layer on source-drain
electrodes,

forming a through hole through the insulating layer,

forming a metal buffer film and a transparent
electrically conductive film on the insulating layer and the
through hole, and

simultaneously etching the metal buffer film and the
transparent electrically conductive film to form a metal

thin-film buffer layer and a transparent electrode.




