DI SPLAY DEVI CE AND METHOD FOR PRODUCTI ON THEREOF BACKGROUND OF THE

| NVENTION 1. Field of the Invention: The present invention relates to a

di splay device in thin filmformand a nmethod for production thereof. Mre
particularly, the present invention relates to a new dis- play device
including a transparent conductive filmand an alumnumalloy film as
constituents, whkeRagr8pysed hRD mulrbpPabRl pHEBBLAYSN( TuEhREaw |1 quid
crystal display) of active or passive matrix type, reflecting film and
optical parts, and a nethod for production thereof. 2. Description of the
Rel ated Art: Aliquid crystal” display device of active matrix type 1is
conposed of two nutual |y gppoasisiavsubstrat espangdreod 1 g- uid crystal |ayer -
hel d between them It relTes on thin filmtransistors (TFT) as sw tching
devi ces. 1The Hiidlst osuhsd retwed@sore t ransparent conductive filmand an array
of TFTS connected to scanning lines and signal |ines. The second
substrate, whirek p3ecacoer iavendishanesd aaway thr amdtikelafy Hetrienreinhas a
common el ectrode. By contrast, a liquid crystal display device of passive
matri x typen s idins of commaab se thadfhddwve arutpuad due ippo sihgresubst nadres and a
liquid crystal |layer held between them The first substrate for wring-has
scanni ng dameswdrad 1si gridle ldmesntThersedont: rildtasatiey avriah diss-a certain
di stance away fromthe first one, has a conmon el ectrode. The transparent
conduct i ve ay fddvimdss frorlveti rfa emtinsdismandnt exirgbiqiit® Whirelenid damdi um

aluminum alloy film as constituents, which are used for
flat panel displays (such as liquid crystal display} of
active or passive matrix type, reflecting f£film, and optical
parts, and a method for production thexsof.

2. Description cof the Related Art:

A liguid crystal display device of active matrix type
is composed of two mutually opposing substrates and a lig-
uid crystal layer held between them. It relies on thin
film transistors (TFT) as switching devices. The first
substrate has a transparent conductive f£ilm and an array of
TEFTs connected to scanning lines and signal lines. The
second substrate, which is a certain distance away from the
first one, has a common electrode. By contrast, a liquid
crystal display device of passive matrix type 1s also com-
prosed of two mutually opposing substrates and a liguid
crystal layer held between them. The first substrate for
wiring has scanning lines and signal lines. The second
substrate, which is a certain distance away from the first

one, has a common electrode. The transparent conductive



oxi de (1n203) doped with about 10 wt% of tin oxide (SnO). The signal |ines
are formed frompure alum numor alumnumalloy (such as Al -Nd), and they
are electrically connected to the transparent conductive filmyvia

refractory barrier netal such as Mo, Cr, Ti, and W However, om ssion of
barrier nmetal for direct connection of the signal lines to the transparent

conduct i g 1td i ie5 ARV YReer Stdidy, tiln ickishowrdd) Ratient iDocument; 1 that

direct contact between signal lines and transparent conductive filmis

possi bl e gifi dchg 1hableradsed on el fosmt | ZO i ndh £ 0xi gei qdopegdowi th about 10
wt % of zinc oxide). It has been confirnmed that contact resistance between

the signal |ines angnbheltnasspacerbreoadyebnypul-tl AMeannba okept | ow even
t hough t he above-nentioned refractory nmetal is omtted so |long as the drain

el ectr ode Tundergoas 1oy flageh taeativent) bumXkpesiyr erl0 il 11y ion
inplantation (as disclosed in Patent Docunent 2) or the gate, source, and

dr ai n el ecthhedesdhavwve theo-tlrayeed st ueindie,t iwid 1T itlhe viec -+ eand dtayer
containing an inpurity such as N, 0, Si, and C (as disclosed in Patent
Docunent b3y rikat erttaDocunmdnta sl Majaganede , Patrent? .Laitdwepyen ,NomiHeichl- 337976
Pat ent Docunent 2: Japanese Patent Laid-open No. Hei-11-283934 Patent
Docunent ©3: biaparesacPkatle i1l aiid-eopercNoedidion] 284805 1 g2 a0BIECESAND
SUMVARY OF THE | NVENTI ON

to the transparent conductive film is now under study.

It is shown in Patent Dccument 1 that direct contact
between signal lines and transparent conductive film is
possible if the latter is formed form IZ0 (indium oxide
doped with about 10 wt% of zinc coxlde).

It has been confirmed that contact resistance between
the signal lines and the Transparent conductive film can be
kept low even though the above-mentioned refractory metal
is cmitted so long as the drain electrode undergces surface
treatment by expcosure to plasma or by ion implantation (as
disclosed in Patent Decument 2Z) cor the gate, source, and
drain electrodes have two-layvered structure, with the sec-
ond layer containing an impurity such as N, 0, 38i, and C
(as disclosed in Patent Document 3}.

Patent Document 1:
Japanese Patent Laid-open No. Hei-11-337976
Patent Document 2:
Japanese Patent Laid-open No. Hei-11-283934

Patent Document 3:

Japanese Patent Laid-open No. Hei-11-284195



The conventional technol ogy nentioned above necessi- tates the presence of
barrier nmetal in order to avoid di- rect contact between signal |ines
(formed fromalum numor alum numalloy) and the transparent conductive
filmbecause direct contact increases contact resistance and deterio- rates
display quality. This problemarises fromthe fact that alumnumis easily

oxi di zed by oxygen i mghe@tios ciphersr and @l o neegen which is rel eased
or added when the transparent conducive fitm(inm the formof nmetal oxide)

i's forned. _Th'mﬁeozgjbel@bh@mohan.rnﬁe@hﬁuubggemleﬁwbnea Bbghe heskskance alum num
oxi de. The insulation layer thus formed in the interface between the signal

lines and:dthe thapspaeiie eanductiiee hiddal ner eases: the L@ilaeliresis-
tance between them and deteriorates the display quality. Barrier netal is
ori gi nal Ingdtntended tf @feieects ighwm -1 imen alfceymdda dncsuraflaes noxd dat i on and
to achi eve good con- tact between the alumnumalloy filmand the
t ranspar edtumicandadtliowe fanldmt hEhe raorventendnalonshyadtagr e i(lmaviengulsar - ri er
nmetal forned on the contact interface) inevitably needs a barrier netal
form ng stiepctThics tmednd nichrat stelse coprteduc trieen sftacidsl Bydneedsra ochanber to
formthe barrier metal filmin addition to the sputtering apparatus to form
t he gat eradedr ¢ésrany divailntel.ectfhddeorobleh arisgdi thiremaltheadsatat us
i ncreases production cost and _decreases produc- tivity to an unignorable
extent | Fhddks & 1prdauet ilen eef Llowoxgdiiéed idqucd Yerystial thandltsioss For this
reason there has recently arisen a_demand for

phere and also by oxygen which is released or added when

the transparent conducive film (in the form cf metal oxide)

is formed. This oxidation forms a surface layer of high-

resistance aluminum oxide. The iInsulation layer thus

formed in the interface between the signal lines and the

transparent conductive film increases the contact resis-

tance between them and deteriorates the display quality.

Barrier metal is originally intended to protect alumi-

num alloy from surface oxidaticn and to achieve good con-

tact between the aluminum alloy film and the transparent

conductive film. The conventional structure (having bar-

rier metal formed on the contact interface) inevitably

needs a barrier metal forming step. This means that the

production facility needs a chamber To form the barrier

metal £ilm in addition to the sputtering apparatus to form

the gate, source, and drain electrodes. Such an additional

apparatus increases production cost and decreases produc-

tivity to an unignorable extent in mass production of low-

price licuid crystal panels.



a new material and process that permt the om ssion of barrier nmetal. This
demand, however, is not net by the technol ogies disclosed in Patent
Docunents 2 and 3 nen- tioned above. The forner needs an additional step for
surface treatnent and the latter al so needs additional steps although it
can formthe gate, source, and drain electrodes continuously in the sane

chanber. Thi sradvenistagesbs codeel hed bycéhelpegessehyaobiehhpguest
suspensi on for naintenance to clean the chanber after continuous op-
eration konea fertainlpentogrotebtbmehatFpkmmsti ekiengmtiesibhe cifnsi de of the
chanber peels off because it varies in the coefficient of thermal expansion
dependi ngaenithemegnd .t efhief dempudli t heseyeTheikeabnohegy bgi shkosed in

Pat ent Docunent 1 requires the replacenent of ITOfilm (which is nost
common atetheoprgsent dismedsby LEZCPRAEENE Bndutbkings Reads Boman-i ncrease in
material cost. Wth the foregoing in mnd, the present inventors carried
out extehipuedsthdives t Bhesfabheshnaedewanestddoktogpalwhiteb fernmits direct,
secure contact between the alum num alloy filmand the transparent
conduct i gerfarm Wireabuentpandi shempebfernaassi ppedsprddaséoand whi ch al so
provides a materjial having both good el ectrical properties (low resis-
tivity ahBePewaébheueh ibsFabafies) BRE gobl: hEPLEER, apBd @8Rdr esi st ance,
said material being used in commn for the reflecting electrode and TAB
connect i RGSEFEEERBJEORhIRHEUS d¥ spltayRaevile. CARTPRE - r eSEE, 2EHE@pr esent

nventorg de ¢ veloped: a,ngw Leghnology; phi gp peLm L. direct contact be-

for maintenance to clean the chamber after continuous op-
eration for a certain period of time. ({Film sticking to
the inside of the chamber peels off because it varies in
the coefficient of thermal expansion depending con the con-
fent of impurities.) The technology disclosed in Patent
Document 1 requires the replacement cf ITO film (which is
most common at the present time} by IZ0 film, and this
leads to an increase in material cost.

With the foregoing in mind, the present inventors
carried out extensive studies to establish a new technology
which permits direct, secure contact between the aluminum
alloy film and the transparent conductive film without
barrier metal in a simple process and which also provides a
material having boeth good electrical properties {(low resis-
tivity and low contact resistance) and gcod hillock and
vold resistance, sald material being used in common for the
reflecting electrode and TAB connecting electrode in the

display device. As the result, the present inventors de-



tween the wiring and the transparent conductive film with no refractory
metal interposed between them and they had filed it for patent (Japanese
Pat ent Application No. 2002- 368786). The present inventors continued their
investigation for further inprovenent froma different point of view It

is an object of the present invention to provide a technol- ogy for alum num
al | oy wi tbDgpwhi ehnwivl kerRabizgyawtenthagktrmstipenieecikneshabicki by~and
Iong-tern1re?iabi|ity to that of the previously filed technol ogy. The

di spl ay de¥eretnecwiding hadt heepresasparaventoaductiwbkectiivas devel oped to
tackl e the above-nentioned problem is conposed of a substrate, thin film
transi stossrafdaatotyanspai enhteopdaeti zethekm bherh and thepedadn the sub-
strate, and an alumnumalloy filmwhich electrically con- nects the thin
filmtrahsistois fortheténandpfapentseoRdiientt RpplichimoBeNweeAlDBe al unm num
alloy filmand the trans- parent conductive filmis an oxide filmof said

al um nun¥6@F#6y. The oxide filmhas a thickness of 1 to 10 nmand contains
oxygen in an anount no nore than 44 atonfe The above-nenti oned al um num

al loy film shu dpregnt elrraxmlyt@mtcacmthmuqa@a’@hebmel@p@ﬁ?e@abxoral | oy
conponent selected from Au, g Zn, Cu, N, , and Bi in an
anount of°®D. §u¥6h%ra%%ﬁﬁ@vﬁmﬁﬁ hﬁrﬁ@lﬁgdﬁﬁgﬁraéglPabPE ofh#lgBevelfenti oned

alum numalloy film addi ti on- aIIX contain at Ieast one speC|es of all oy
conponents s&2 %bﬂ%EFeﬂ fHom RESSYLCRenVERtigR tqapreyidera SRENREPLTN an

ogy for aluminum alloy wiring which will realize a contact
superior in stability and leong-term relizbility to that of
the previously filed technology.

The display device according to the present invention,
whilch was developed to tackle the above-mentioned problem,
is composed of a substrate, thin film transistors and a
transparent conductive film which are formed on the sub-
strate, and an zluminum alloy film which electrically con=-
nects the thin film transistors to the transparent conduc-
tive film. Between the aluminum alleoy film and the trans-
parent conductive film is an oxide film of said aluminum
alloy. The oxide film has a thickness of 1 to 10 nm and
contains oxygen in an amount nc more than 44 atom%.

The above-menticned aluminum alloy f£ilm should pref-
erably contain at least one species of alloy component
selected from Au, Ag, Zn, Cu, Ni, Sr, Sm, Ge, and Bi in an
amount of 0.1 to ¢ atom%, with Ni being most desirable.

The above-mentioned aluminum alloy film may addition-

ally contain at least one species of alloy component se-



amount of 0.1 to 6 aton® The alumnumalloy filmcontaining NN (as an all oy
conponent) should vary in Ni content across its thickness. in its surface

| ayer (0.5 to 10 nmthick) the Ni content should be higher than tw ce the
average Ni content. The alumnumalloy filmeffectively functions as a
reflecting filmor TAB connecting electrode in the display device. The

transpar get-reenguehi ve,f iyl meghoubd pref exably, be f eppedf remanndi um tin
oxide (ITO or indiumzinc oxide (1ZO. It is another object of the present
i nventi oamb@npr ef vi.deta di spbayg.device of passive matrix type, which is
com posed of a substrate and a transparent conductive film formed thereon.
The transpar enhe conduchiveatibp fslmetentatnisgal Ny casneat edliwiya an al um num
alloy film In the interface between the alum numalloy filmand the

t ranspar coepbneanduehbvédf rkmyi snalioxibdeehitl mcabsthe tal ahiindmealsl.oy, which
has a thickness of 1 to 10 nm and contai ns oxygen in an anount no nore than
44 at onPAnThésdsgplfayedéniyee d0cor dpnd Ot ont dipkeéséhe Naveohitent can be
produced easily by formng an alumnumalloy filmon a substrate and then
form ng ahtradspar baghevndbeni twifel rheoavenadel v wemtantoy filmin two
steps. The first step is carried out in a non-oxidizing atnosphere, with
the sub- straflkekapinbpun &l pvt EhperaffieetiThbyséebadlienapafsa carried out

i n an oxygen-cont ai ni ng atno;ghere. 6 The present invention realizes direct
cont act (ﬁﬁ@ﬁg@@ng film or T connecting electrode in the display

device. The transparent conductive film should preferably
be formed from indium tin oxide (ITO)} or indium zinc oxide
(IZO} .

It is another okject of the present invention toc pro-
vide a display device of passive matrix type, which is com-
posed of a substrate and a transparent conductive film
formed therecn. The transparent conductive film is elec-
trically connected via an aluminum alloy film. In the
interface between the aluminum alloy film and the transpar-
ent conductive film is an oxide film of the aluminum alloy,
which has a thickness of 1 to 10 nm and contains oxygen in
an amount no more than 44 atom?%.

The display device according to the present invention
can be produced easily by forming an aluminum alloy film on
a substrate and then forming a transparent conductive film
on the aluminum alloy film in two steps. The first step is
carried out in a non-oxidizing atmosphere, with the sub-
strate kept at a high temperature. The second step is

carried out in an oxygen-containing atmosphere.



barrier nmetal) between the alumnumalloy filmand the transparent
conductive filmunder stable control. Thus it economcally provides a

di spl ay device excelling in per- formance and long-termreliability. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic enlarged sectional view
illus- trating the structure of the liquid crystal panel used for the
liquid crystaflrhdi spkayrnédevheenacear diedditest RerpreseBhtachvertitpputFig. 2 is
a schematic enlarged sectional viewillus- trating the structure of the
thin-fil matrrdrsi sicanlfjobmedcen e Sulstial @1(scaiditnGidd tnke first

enbodi nent of the present invention). Fig. 3 is a diagramillustrating a
step of predisgizngntt kenatway vef ftinansinsteor $tab licheosidstlr.at €hsfzodnt i n Fi g.
2. Fig. 4is adiagramillustrating a step of producing the array of

transi st ecenomitdad Isupstrdie sslrown sipl ai glevace Eixg.elS ing drdipagram
illustrating a step of producing the array of transistors on the substrate
shown i nfBirguanze RBingl 16nigs terdi agrldmbilllidgst.rating a step of producing the
array of transistors on the substrate shown in Fig. 2. Fig. 7 is a diagram
illustrating a step oBRIESdDESHRIETE Car Oy THE DRAWINGSor s on t he substrate
shown in Fig. 2. Fig. 8 is a diagramillustrating a_step of Eroducing t he
array of tran5igtofsidnat ReheUBSEFatBlaheRA FACFIGNa2. VERY. 161¥8-a di agram

illustrating a step of producin 7 the array of transistors on the
subst r at &L&RdwT ¢ﬁepp§;u§ture oL the liquid crystal panel used for

the liquid crystal display device according to the present
invention.

Fig. 2 is a schematic enlarged sectional view illus-
trating the structure of the thin-film transistor formed on
the substrate (according to the first embodiment of the
present inventiocn).

Fig. 3 is a diagram illustrating a step of precducing
the array of transistors on the substrate shown in Fig. 2.

Fig. 4 is a dliagram illustrating a step of producing
the array of transistors con the substrate shown in Fig. 2.

Fig. 5 is a diagram illustrating a step of producing
the array of trangistors on the substrate shown in Fig. 2.

Fig. 6 is a diagram illustrating a step of producing
the array of transistors on the substrate shown in Fig. 2.

Fig. 7 is a diagram illustrating a step of producing
the array of transistors on the substrate shown in Fig. 2.

Fig. 8 is a diagram illustrating a step cf producing
the array of transistors on the substrate shown in Fig. 2.

Fig. 9 i1s a diagram illustrating a step of producing



Fig. 10 is a diagramillustrating a step of producing the array of
transistors on the substrate shown in Fig. 2. Fig. 11 is a graph in which
the contact resistance and electric resistivity are plotted against the
oxygen content in the oxide filmwhich is fornmed in the interface between
the alumnumalloy filmand the transparent conductive film of ITO Fig. 12

is a grapthshowng dwow tdies oxidles fdd meh Husee ra i ofn atugd num al | oy
containing 2 atonboof N varies in thickness during storage in the

at nosphere. Firg.g.13 0 S sa aTEVaphehodrnaps tShownig at ke cgxicde drayeicingnd t he

Ni -concentrated | ayer which are forned in the in- terface of direct contact
bet ween tties tammsparenir aoniditosrd iore fhid mudfs drER candhdvre ial undgwm al | oy
containing 2 atont of Ni. Fig. 14 is a graph showi ng how t he contact

resi stance anmdgt.hélt Hiscknessrdf inhehoxihdéehizl lconvarcy: depamdiangeomanthe Ni
content in the N -concentrated layer. Fig. 15 is a graph show ng how the
cont act relsicitaine ere srd: itvhies ) eymre rp loorteshta geims ddpendidypon adedkit cont ent
in the Ni-concentrated layer. Fig. 16 is a schematic enl arged secti onal
view ill usy thraatdsigla Hel st rdeitaly e offameed Him-thd mnteufsiat dretfsared on  the
substrate (according to another enbodinment of the pre- sent invention). Fig.

17 is a ditgyrabninugs aldidhd s taap! dhricthiaanrerd tIrartay oft thansi st or s

on the substrate shown in Fig. 16. -
of ITO.

Fig. 12 1s a graph showing how the oxide film on pure
aluminum or aluminum alloy containing 2 atom® of Ni varies
in thickness during storage in the atmosphere.

Fig. 13 is a TEM photograph showing the oxide layer
and the Ni-concentrated layer which are formed in the in-
terface of direct contact between the transparent conduc-
tive film of ITO and the aluminum alloy containing 2 atom?
of Ni.

Fig. 14 is a graph showing how the contact resistance
and the thickness of the oxide film vary depending on the
Ni content in the Ni-concentrated layer.

Fig. 15 is a graph showing how the contact resistance
and the oxygen content wvary depending on the Ni content.in
the Ni-concentrated layer.

Fig. 16 is a schematic enlarged sectional wview illus-
trating the structure of the thin-film transistor formed on
the substrate (according to ancther embodiment of the pre-
sent invention).

Fig. 17 is a diagram illustrating a step of producing



Fig. 18 is a diagramillustrating a step of producing the array of
transistors on the substrate shown in Fig. 16. Fig. 19 is a diagram
illustrating a step of producing the array of transistors on the substrate
shown in Fig. 16. Fig. 20 is a diagramillustrating a step of producing the
array of transistors on the substrate shown in Fig. 16. Fig. 21 is a

di agr am ithleustrt-ati g &rshep saforpr etuchrg sl tatatay Ofowr dnsimsicar 96an the
substrate shown in Fig. 16. Fig. 22 is a diagramillustrating a step of
producing theiarray of ardnsgstarslonsthetsubstr atepshdwproduEigg 16. Fig.
23 is a diagramillustrating a step of producing the array of transistors
on t he stbst patreyshdwirianskisgork6on Ehg. s2ésitsadedisdigmamiinl [EUst.r dt6i.ng t he
Kel vin pattern used to nmeasure contact resistance between the al um num
alloy filmanBighel®ranspadeagreondlttbveatingm a DESPRPPTPONIOEL1THE
PREFERRED EMBCDI MENTS The present invention realizes direct contact between
t he tranépar entavonduEtiens ibitemsand tthe slbmitiarealsheyf ilbmElsy Féduci ng t he
electrical resistivity (or increasing the electrical conductivity) of the
al umi num oxi d&i@ay2? ki @hdipgrepr %guﬁhéﬁt%ﬂéyaaﬁéeﬁr 6hgRECAREB Eont act
with each, other. The reduction of electrical resistivity of the_ _alum num
al | oy oxit8& Payey P& EFRBELPVEry 85c5ﬁﬁl?§ & By < POl AdSi-t € 8-hi ckness

d tent at the inter- f . L dental | th ti I
echnol ogy 1 SFfgsi Jhelr S Lb%BF ol buFat B bt Aum oF Al SRISAPTay Pt o di r ect

contact the array of transistors on the substrate shown in Fig. 16.
Fig. 22 is a diagram illustrating a step of producing
the array of transistors on the substrate shown in Fig. 16.
Fig. 23 is a diagram illustrating a step of producing
the array of transistors on the substrate shown in Fig. 1l¢.
Fig. 24 is a diagram illustrating the Kelvin pattern
used to measure contact resistance between the aluminum
alloy film and the transparent conductive film.

DESCRIPTICN OQF THE PREFERRED EMBCODIMENTS

The present invention realizes direct contact between
the transparent conductive film and the aluminum alloy £ilm
by reducing the electrical resistivity (or increasing the
electrical conductivity) of the aluminum oxide layer which
is formed when they are brought into contact with each
other. The reduction of electrical resistivity of the
aluminum allecy oxide layer is effectively accomplished by
controlling its thickness and oxygen content at the inter-
face.

Incidentally, the conventional technology is designed



wi th the transparent conductive film The result is non- ohm c contact with
a high contact resistance. The reason for this is that an al um num oxi de
film which is formed in the contact interface, is thick and has as high a
resis- tance as al um num oxi de (A1203) of stoichiometric conposi- tion. The
present invention differs fromthe conventional technology nentioned above
in that thebahiug pumcaldlominayebr eoRNaI AS l1aty lieast Jdrecel ewidadas al | oy
conmponent) selected fromthe group consisting of Au, Ag, Zn, Cu, N, Sr,
Sm Ge, wand Bhe pathisgulranity diinduetdweadequat e Taroumrisw 1 These naln-oy
conponents protects alum num from oxi dati on when the trans- parent

conduct i venficl nong atdr medhard hiigparcos taohduetsiivitbypcet.o tThe alegmiomum al | oy
oxi de layer. These alloy conponents should preferably be concentrated at

t he cont dotr ithter fiscéhatThins adominiubuted deo fhilghl whdcablies, fogieablie cont act
charac- teristics (or |low contact resistance) for alloys of differ- ent
conposi t tbR. CPh&acssahteirdagehi ¢i- Ghalckt pridi gaisd aer pdoht al r@issslay devi ce
and a consi derabl e reduction in produc- tion cost and nmanufacturing steps.
The di splFajcgedceliEdordi RF1ES the:Priestnts TnVERIGIET 4G 1RO Hescri bed i n
nor e deta|I with reference to the acconpanying draw ngs, which are not

i nt ended €8nrestr|ct the scope of the invention. The present i nvention may
be changed nDdlfle mnthl t he

S e t?ereo{. The _alum. numalloy film
opeci f16d 1n ThS BTESERt THYSTDLVRnEs of Chay SPOothE GppTPRGLO8=h di opl ay
devi ce Ogegﬁﬁgiogy mentioned above in that the aluminum alloy layer

contains at least one element (as alloy component) selected
from the group consisting of Av, Ag, Zn, Cu, Ni, Sr, Sm, Ge,
and Bi, particularly Ni in an adequate amount. These alloy
components protects aluminum from oxidation when the trans-
parent conductive film is formed and imparts conductivity
to the aluminum alloy oxide layer. These alloy components
should preferably be concentrated at the contact interface.
This contributes to highly stable, reliable contact charac-
teristics (or low contact resistance) for zalloys of differ-
ent composition. The result is a high-quality liquid crys-
tal display device and z considerable reduction in produc-
tion cost and manufacturing steps.

The dispiay device according to the present invention
will be described in more detail with reference to the
accompanying drawings, which are not intended to restrict
the scope of the invention. The present invention may be

changed and modified within the scope thereof.

The aluminum alloy film specified in the present in-
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matri x type (which has no thin filmtransistors), a re- flecting el ectrode
for liquid crystal display device of reflection type, and a TAB connecting

el ectrode for signal input and out put. However, description of their
enbodi - nents is omtted hereinafter. Fig. 1 is a schematic enl arged
sectional view illus- trating the structure of the liquid crystal panel used

for theJddrauicth erastadlsditsplaay desd e acebirgh ngy tdetihe: pregesidanvention.
The liquid crystal panel shown in Fig. 1 is made up of a substrate 1 (with
TFT arrayatranx dappesi (v istbdiasatre Zhioppdsi tterdros isibsts)at ea I)g- and a | i qui d
crystal layer 3 (which is held between the two substrates 1 and 2 and func-
tions as faddtghty rddultatoidey ficay drquithe udistlr atisdl fwiddvicRFbfarray) is
conposed of an insulating glass substrate la, thin filmtransistors (TFT) 4
ar r anged agfdrestd,ora tivens pand: 2e AR grvdustdtiend idlp@E radel omigignglpart 6

i ncluding scan- ning lines and signal |ines. The opposing substrate 2 is
conposed 1Pud e tEudo- Hoptdy ef ( fAsrsred o Athe ferittigler suicsde of t he
substrate 1 with TFT array), a color filter 8 opposite to the transpar- ent
conduct i F&5S s Crartded Hegivl nefiteitdi ng film 9 oppo- site to the TFTs 4 (on

the substrate_]) and,the wirin art _6. t he qutsides of the substrate 1
it e T Al e b EBa e enaeraate SaCATENE Ta60d LhoRar  vor o 10

and 11 10104 18 3L dR 0t NG RSN SHRSLALE 305 202008
the liquid crystal display device according to the present
invention.

The liquid crystal panel shown in Fig. 1 is made up of
a substrate 1 (with TFT array)}, an opposing substrate 2
(opposite to substrate 1), and a ligquid crystal layer 3
{which is held between the two substrates 1 and 2 and func-
tions as a light modulating layer). The substrate 1 (with
TET array) is composed of an insulating . glass substrate la,
thin film transistors (TFT) 4 arranged thereon, a transpar-
ent conductive film 5, and a wiring part 6 including scan-—
ning lines and signal lines.

The opposing substrate 2 is composed cf a common elec-
trode 7 {(formed on the entire surface of the substrate 1
with TFT array), a color filter 8 opposite to the transpar-
ent conductiﬁe film 5, and a light shielding f£ilm % oppo=-
site to the TFTs 4 (on the substrate 1) and the wiring part
6.

On the outsides of the substrate 1 (with TFT array)

and the opposing substrate 2 are arranged polarizers 10 and
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an alignnment |ayer 11 which orients the liquid crystal nolecules in the
liquid crystal layer 3. The liquid crystal panel constructed as nentioned
above works in the follow ng manner. An electric field is fornmed between
t he opposing el ectrode 2 and the transparent conductive filmsS. It controls
the direction of alignnment of the liquid crystal nolecules in the liquid

crystal layer ¢m3,tHhenghydeduliaid ngpddeidd ghibqmassiae tiy cugharidiel | qui d
crystal |ayer 3 between the substrate 1 (wth TFT array) and the opposing

subst r at er?.a [Eheutdiits mpdid atledvH ightor ideved aps: inageisl hestEAT array i s
driven by the driver circuit 13 and control circuit 14 through the TAB tape
12 | ed ouwtcslisdeilesTher echar € ishowh doysiag. lhwerspgacer 15, a sealing nate rial
16, a protecting film17, a diffuser 18, a prismsheet 19, a light guide

pl ate 20, a réhkedtignilcrasihadk vkenght c22stracseppest megtfiramd 23, and a
printed circuit board 24. They will be explained later. Fig. 2 is a

schemat i @b@ileampedk s day itdvalfodilow ind gsnnerat | At the Sinigctiired dfl st he
thin-filmtransistor fornmed on the substrate 1 (according to the first
enbodi nerc@ed hetwaess die omRaRinch )L ead roew? isndritdie ZragwreFéendl ass sub-
strate la is formed scanning lines 25 of alumnumalloy film A portion of

the scanfiFFUTHES 55 Funct i difts LS Jarte CEreGir'ode %6 Ao BBt tol  (or
urn on a0 or ) IS A MOl miransist ie oyl |y nes of el um a1 o

3, thereby modulating the licht passing throuch the ligquid
crystal layer 3 between the substrate 1 (with TFT array)
and the opposing substrate 2. The thus modulated light
develcops imageé.

The TFT array is driven by the driver circuit 13 and
control circuit 14 through the TAB tape 12 led outside.

There are shown in Fig. 1 a spacer 15, a sealing mate-
rial 16, a protecting film 17, a diffuser 18, a prism sheet
19, a light guide plate 20, a reflector 21, a back light 22,
a supporting frame 23, and a priﬁted circuit beard 24.
They will be explained later.

Fig. 2 is a schematic enlarged secticnal view illus-
trating the structure of the thin-film transistor formed on
the substrate 1 (according tc the first embodimeﬁt of the
present invention}. As shown in Fig. 2, on the glass sub-
strate la is formed scanning lines 25 of aluminum alloy
Film. A portion of thé scannhing lines 25 functions as the
gate electrode 26 to control (or turn on and cff) the thin

film transisters. Signal lines of aluminum alloy film are

12



the gate insulating film 27 interposed between them A portion of the
signal lines functions as the source elec- trode 28 of the thin film
transistor. This structure is wusually referred to as bottomgate type. On
the gate insulating film27 is the pixel region, in which is arranged the
transparent conductive film5 formed fromITO (which is In203 doped with

SnQ)  The rdh-aln %h%ﬁ- theed%h% ohtbheckhi Bnkl kEhhhaRY 34Qk sl 9 5f Ok ARE, from
alum - numalloy film and is electrically connected (through di rect

contact) the b@eet&@e@mateﬁ@ gonductyi vatbir-bamsSd thewaahe tekact rade 26 of the
thin filmtransistor is supplied with gate voltage through the scanning

line 25, psetibhabft heet Bignbill Mihegnsustoions terned epurke thies-state, the
drive voltage, which has previously been supplied to the signal line, is
suppl i ed ttredehést panshpar ehtincanductirvesisitbm.5 Thieughrubheudeaiis el ectrode
29. When the transpar- ent conductive film5 is supplied with the drive
vol t age asuadlpr esCerrbed kevek, batpomegtital tdbkf erence occurs between the
opposi ng el ectrodes 2, as explained above with refer- ence to Fig. 1. This
potential dif®ereheesatréentsutabingi fulw 27 yss atheop ecal eseghorheihi qui d
crystal |ayer 3, thereby brlnglng about |ight nodul ation. The substrate 1
(with Tthaﬁhayf showhdeA Fhg. Tzanspirentacespdstiwentihe fi fotmedbodi nent,

is produced in the follow ng nmanner briefly described wth reference to
Figs. 3fremiéTI0 hehdeht aFl ?nz@fhéktgﬁch Wit ansi 6y HEIthe@BF swi t chi ng

device is a rphous silico FT in which the
%roge gg p the thln @1 m transistor i1s formed from alumi-

num alloy film, and it is electrically connected (through
direct contact) to the transparent conductive film 5.

The gate electrode 26 of the thin film transistor is
supplied with gate voltage through the scanning line 25, so
that the thin film transisteor is turned on. In this state,
the drive voltage, which has previously been supplied to
the signal line, is supplied to the transparent conductive
film 5 through the drain elecircde 29. When the transpar-
ent conductive film 5 is supplied with the drive voltage at
a prescribed level, a potential difference occurs between
the opposing electrodes 2, as explained above with refer-
ence to Fig. 1. This potential difference orients the
liquid crystal molecules in the liquid crystal layer 3,
thereby bringing about light mcdulaticon.

The substrate 1 {(with TFT array) shown in Fig. 2,
which accords with the first embodiment, is produced in the
following manner briefly describked with reference to Figs.

3 to 10. Incidentally, the thin film transistor as the
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sem conductor |ayer is fornmed from hydrogenated anorphous silicon. First,
the glass substrate la is coated with an alum - numalloy thin film (about
200 nmthick) by sputtering. The aluminumalloy thin filmis patterned (by
etching) to formthe gate electrode 26 and the scanning line 25, as shown
in Fig. 3. Etching should be carried out so that the gate electrode 26 and
t he scanngwigcdHingy 2have fhein mdgeshodaperkettat =T anglwhiodh 454 o 60
degrees. (This facilitates the coverage of the gate insulating film27 as
ment i oneds enhiedcowd)c thhe Igates s Wl catniandy fridmm 2 {adoidt SDGenomghtwek) is
formed fromsilicon oxide (SiOX) by plasma CVD. On the gate insulating film
27 are foringd:arhe hydrogenated anor- phous silicon film(a-Si:H (about 50
nmthick) and the silicon nitride film(Si Nx) (about 300 nmthick). Next,
the silicon nFtirsde themolSisRxFubstpateerlmed sbycaigck Wékposar @ lidiough t he
gate electrode 26 as the mask, as shown in F'i%é 5. The silicon nitride film
remai ni ngUar tedrl o Ypdttiey fildg bedwids 4k ehdinetkprot elUtHETFiINMm On the
channel protecting film.is formed the n' -type hydrogenat ed . anor phous

si i con fiRSmAFESI® B 1Cab i 50 it tii AT T BT 1t - Phosphor us.
(a5 1) S HE SR 98 Ay b el dhith UG 018 LogtF i mihear S 1), as
SO 1 S Sl R MIE PP TR Y T A o 14

gate electrode 26 and the scanning line 25 have their edges

tapered at an angle of 45 to 60 degrees. (This facilitates

the coverage of the gate insulating film 27 as mentioned

below.) The gate insulating film 27 (abcout 300 nm thick)

is formed from silicon oxide {S5i0x) by plasma CVD. On the

gate insulating film 27 are formed the hydrogenated amor-

phous silicon film (a-Si:H) (about 50 nm thick) and the

silicon nitride film (SiNy) (about 300 nm thick).

Next, the gilicon nitride film (SiNy) is patterned by

back exposure through the gate electrode 26 as the mask, as

shown in Fig. 5. The silicon nitride film remaining after

patterning becomes the channel protecting film. On the

channel protecting film is formed the n'~type hydrogenated

amorphous silicon film (n*a-8i:H) (about 50 nm thick) which

is doped with phosphorus. Patterning is performed on both

the hydrogenated amorphous silicon film {(a-3i:H) and the

n‘~type hydrogenated amorphous silicon film (n*a-Si:H), as

shown in Fig. 6.

On the top of the patterned film 1s formed an aluminum

14



patterned as shown in Fig. 7. In this way the source elec- trode 28
(integral with the signal line) and the drain electrode 29 are forned. (The
drain electrode 29 is to conme into contact with the transparent conducive
film5 Jlater.) The n'-type hydrogenated anorphous silicon film (n+a-Si:H),
which is on the channel protecting film(Si Nx), is renoved by etching

t hr ough tdie souricen el fefutodE P& manthi ddie ditaidh el eciupsleg@éhiasy t he mask. The
silicon nitride film30 (about 30 nmthick) is formed by plasma CVD at
about 26QGttEsrsdbws ighdwirg.18.Fid. flunctironshiss wepriiectowe:d idImc-On this
silicon nitride film30 is formed the photoresist |ayer 31, and patterning
by dry ettohidegy 4% [pertfayrmeld wirtit Héssidigroen niitnd ldearfd [tth&0dradm ough t he

phot oresi st |layer 31, so that the contact hole 32 is fornmed. Sinultaneously
with thi §l§tcetprochm&9nearra:oﬁ@mqtt hiolhe (drstirsdwdtiadd o el dto t hat part of
contact wth the TAB on t ate el ectrode at the panel edge The

phot or esiGg gydro @pnt@qtemﬁgn Hye dSHATHE M S Bt alsht and subsequent
cl eani ng vvlth an am ne ,solu- tion, as shown in Fig. 9. Wthln 8 hour s of

st andi ng,- &% - | TG mn"(:éa%uPY%Oﬁﬁpﬁﬁﬁék?m%phePﬁeél1&@@1?1 £1il& patterned

toformthetran are onduct i m 5, _as _shown.in 10, At t he sane
tine, the FOSEE P | § baﬁtéﬁnea ¥§r~‘ BBRITCI NG LR CERE FABTo Sefe ’gate

ol oct 048 AL LS, PEAS) ldenc LAJIIA B LU Abstratle ad Ul TET arr ) 15
stitutingfhe,transharant, gonactd vg Jijms is formed by

The silicon nitride film 30 (about 30 nm thick) is
formed by plasma CVD at about 260°C, as sHown in Fig. 8.

Tt functions as a protective film. On this silicon nitride
film 30 1s formed the photoresist laver 31, and patterning
by dry etching is performed on the silicon nitride film 30
through the photeoresist layer 31, so tThat the contact hole
32 is formed. Simultaneously with this step, another con-
tact hole (not shown) is formed at that part of contact
with the TAB on the gate electrode at the panel edge.

The photoresist layer 31 is removed by ashing with
oxygen plasma and subsedquent cleaning with an amine solu-
fion, as shown in Fig. 9. Within 8 hours of standing, the
ITO film (about 40 nm thick) is formed, and it is patterned
to form the transparent conductive film 5, as shown in Fig.
10. At the same time, the ITO film is patiterned for bond-
ing with the TAB of the gate elecltrode at the panel edge.

In this way the substrate (with TFT array) 1s completed.

According to the present invention, the ITO film con-
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sputtering on the alumnumalloy filmconstituting the drain electrode 29
etc. in such a way that a conductive oxide filmis forned in the interface
between the alumnum alloy filmand the transparent conductive filmb5. For
this purpose, it is desirable to formthe ITOfilmin two or nore stages
in the followi ng manner. Wth the substrate kept at 100-200C, the ITOfilm

(5 to 20 gindiiGly dHELhe B vebrdndemid hi Ll sonstidhdddbghe
transparent conduc- tive film5 is formed by sputtering in a non-oxidizing

gas at nogphele isHeh asmoxygendfiee: BIgen) i 1 acdhat i fhei sprdiace  of the
alumnumalloy filmis not oxidized. The resulting ITOfilm(with a | ow

oxygen cait:int )elas: rod«or Tanductiv-sudly;a howeveiat id ddhedisatbistd ate i s
heated at an adequate tenperature during the process, the ITO film

i ncreasesvxdinie ciiyist ald ifuirned arcortpensater faore decrease the conduictinvi ty. Wth
t he substrate kept at the above-nentioned tem perature, the filmformng
process iaslloontiidmednich tdre dxypngerraontemingt iges Unkn 15 t hé'dn [Thitshi ckness
reaches about 20 to 200 nm (preferably about 40 nm. The oxygen cont ai ni ng
gas shoulmiymoefeer dbl yi shelesompisled] tof Trgortle UTO tHl Bu ifortywq mref er abl y
about 3 niforr) and oxygen at 10 to 50 Torr (preferably about 20 Torr). It
was conf iMaked staess tife SR §94 Rv g irder  thi s dordi Fusita7ds® t he | ow
est electrical resjistange (about 1 X -cmor less). The sanme effect

as above §%tal%o I bdiitet- ebef when f&ig{ggéQtPs_Zroe&FbE]é‘&)cﬂfy Ry&t6gén. The
g: g;g:s(f ryrrtﬁ%{qug_tn% Ot Ql?n ItL(J).c]kq fclolnns1 tbiy*r.uS iuDth chhl_en rlasnscpaarrrénecd cool’llr}ddcn— two
tive film 5 is formed by sputtering in a non-oxidizing gas
atmosphere (such as cxygen-free argon), so that the surface
of the aluminum zalloy film is not oxidized. The resulting
ITO film (with a low oxygen content) has a low conductiv-
ity; hcwever, if the substrate is heated at an adequate
temperature during the process, the ITO film increases in
crystallinity to compensate for decrease in conductivity.

With the substrate kept at the above-mentioned tem-
perature, the film-forming process is continued in an oxy-
gen-containing gas until the film thickness reaches about
20 ftc 200 nm {(preferably about 40 nm)}. The oxygen-
containing gas should preferably ke composed of argon at 1
to 5 mTorr (preferakly about 3 mTorr) and oxygen at 10 to
50 pTorr (preferably about 20 pTorr). If was confirmed
that the ITO film formed under this condition has the low-
est electrical resistance (about 1 x 107" Q-cm or less).

The same effect as above is alsc produced even when oxygen

ig replaced by hydrogen. The process for forming the ITO
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pl e stages), with the oxygen content varied in the atnos- phere gas. In this
way it is possible to formthe ITOfilm having a sufficiently high
conductivity while preventing the alumnumalloy filmfromoxidation in the
initial stage of ITOfilmformation. Incidentally, the ITOfilmfornmed at a
| ow tenperature is anorphous, but the one forned at a high tenperature is

pol ycrystalhi me, apdithas iaiigh condugt igdt Yin Wieam&iged heor ateri -

filmform ng stage in an oxygen-containing atnosphere gas contributes to
hi gh conguet istalgesl,n Wi, reantdd®ert ke rifegenta dinentrors hamandpund t hat

Al-N alloy and pure alum numare not very different in the oxygen content
and thi ckmess: afast.he Toxitdd o iviay fiar ned deys s imdtaural  fadndatheo T A islhown i n
Fig. 12). Nevertheless, there occurs difference between themafter the ITO
fil m has habeew faorsmeid ierianttdm hlihils cougyestisyitthatwitine fxwsaterdtiatee of
oxidation of the oxide filmon the alumnumalloy filmis determ ned when
t he | TO ftiNema(leovstuint utlilloy thdnt riamgpasdmta t iconductihee it li sHagrared.
Moreover, it seens that the norphology of oxide filmvaries depending on
t he al | oyifng TCelfdmantforggdticas Ni) added to al umi num Therefore, if the
alloying elenent is adequately selected and the ITOfilmis forned under
adequat e condifFéfAsnsalikat thReldRi dérafermeRadtar AQWqGATRCERYEER cont ent
and an adequate thickness, then it will be possible to realize a |ow,
stabl e cdt &EPTPRESSst Ahce. ChE7 OPkc @Rl By, & Ol HESWTF AHEE wifen the | TO
filmis polycrystalline and has a high conductivity. Moreover, the

later film-forming stage in an oxygen-containing atmosphere

gas contributes to high conductiwvity.

In the meantime, the present inventors have found that

Al-Ni alloy and pure aluminum are not very different in the

oxygen content and thickness of the oxide film formed by

natural oxidation (as shown in Fig. 12). Nevertheless,

there occurs difference between them after the ITO f£ilm has

been formed on them. This suggests that the final state of

oxidation of the oxide film on the zaluminum alloy film is

determined when the ITO film (constituting the transparent

conductive f£ilm) is formed. Moreover, 1t seems that the

morphology of oxide film varies depending on the alloying

element (such as Ni) added to aluminum. Therefore, 1f the

alloying element is adequately selected and the ITC film is

formed under adequate conditions so that the oxide layer

has an adegquate oxygen content and an adequate thickness,

then it will be possible to realize a low, stable contact

resistance.
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formed under the above-nentioned condition, the contact resistance between

the ITOfilmand the AI-Ni alloy film (containing 2 atonfoNi) is 2 to 17

12, whereas the contact resistance is higher than 750 12 when the I TO film

is fornmed in one stage without the substrate being heated (in other words,
an oxygen-contai ning atnosphere gas is em ployed fromthe beginning to form

the 1TO film inthigentsuggests that rbhad We=gt agerf ith@ fraormarpriecess
menti oned above is extrenely effective in |owering the contact resis-

tance. Theraheyemmi itnedRffestermprals cdaiipeducathdycontsddly any ot her
alloying elenents than Ni, such as Au, Ag, Zn, Cu, Sr, Sm Ge, and Bi. Mire

t han one specitesif Hdtemenrayhbdg s e, 1ni mrebmdianatli-on willog hei lm
above-nmentioned two- stage process, to significantly | ower the contact

resi s- tancertdindirdent aldom? the iinventicor di3clwisedeasn tUapaneseacPat ent
Application No. 2002-368786 (filed by the present inventors) yields, unlike
t he presemsiisheermtd dry Hilgead tfian M &R 1 wyenoxilhe ITOnfilmthe cont act
interface which has a high oxygen content (equivalent to a stoichionetric
amount  dlormergem ianeAlstER)e andhreric dhivasuHimgt cottiae ressiast alide  because
t he oxygen content in it is not positively con- trolled. The fornmer process,
t her ef or & thegquiaeld ramtaddiv.Ishi-Gralt ssindp Dfa Fasdrafiengadv eretsdhi ng on t he

oxide film renpving the oxide filmby neans of afg_feel ing solution, or 18
causi ng &lreres f&%‘bg@r?d Regizepdtat® FEM Fhthed Thtferfdce This

suggests that the two-stage film-forming process mentioned
above 1s extremely effective in lowering the contact resis-
tance.

The above-mentioned effect may also be produced by
using any other alloying elements than Ni, such as Au, Ag,
Zn, Cu, Sr, Sm, Ge, and Bi. More than one species of them
may be used, in combination with the above-mentioned two-
stage process, to significantly lower the contact resis-
tance.

Incidentally, the invention disclosed in Japanese
Patent Application Nc. 2002-368786 (filed by the present
inventcrs) yields, unlike the present invention, the alumi-
num allecy oxide film in the contact interface which has a
high oxygen content (eguivalent to a stoichiometric amcunt
of oxygen in Al;0s3} and hence has a high contact resistance
because the oxygen content in it is not positively con-
trolled. The former process, therefore, redquired an addi-
ticnal step of performing overetching on the oxide £ilm,

removing the oxide film by means of a peeling solution, or
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in contact with the ITOfilm in order to reduce the con- tact resistance at
the interface. However, the present invention does not need such steps
because it is designed to reduce contact resistance by controlling the
oxygen content in the oxide filmpresent at the interface. The reduction of
contact resistance which is achieved by enploying an oxygen-containing
at nospheegukfnghe waichilakonpbage its erbanced olitt e substihake fagcheat ed
while the ITO filmis being formed. In fact, the contact resistance is
reduced finopprbAc@ (wWirhhoht Sabsttridie Heabirdgy te 2BGuQe (Wet kosubstrate
heating). Although the ITO filmdecreases in contact resistance by about 3
to 33 0 ichcitt resiboened zintae dxygeldakeee dbmasphler ¢hwi plresentthe substrate
heating, it in itself has a high resistivity of about 8 x 10-4 Q cm The
present invention dnpkoystt hestiwsushagéebisl imeckose ng psodessgasdrent i oned
above so as to reduce the contact resistance of the interface between the
aluninuntoarﬁdycéiCﬁnéﬁdttﬁéSﬂ$¢ﬁﬁt€nbﬁ0ﬁ@é@rpﬁéﬂegntaﬁdOKWGE@ep | ow the
resistivity of the ITOfilmitself. There is a con- ceivable nmethod for
i nprovi ngomﬁ@néoﬁauébe\/iawd@f fihe PTOSORtl mtbyhenddiEsLaceng the at nospher e
gas with stean1or hydrogen in place of oxygen. Steam works as an _oxi di zi ng
gas under the %%e%?@?%tﬁé%t?ﬁgc%%ﬁﬂFFlB%Sl§ areByWkiflcist RoRI§VERi di zes the
alunlnungaIIOé filmlike ox nmenti oned above, the Eﬁesen i nvention
e &

apoci 1 obY ERBLERRPetnor AP EBYERG Car BAEH: SEROERBCeE UG REar oy Ll o 10

and Contg%gaetgg Lh ghggénl@g ﬁgndlhlgratgoastgeateg fhlle the ITO

film is being formed. In fact, the contact resistance is
reduced from 750 Q (without substrate heating) to 250 Q
{(with substrate heating). Although the ITO film decreases
in contact resistance by about 3 to 33 Q if it is formed
in an oxygen-free atmosphere without the substrate heating,
it in itself has a high resistivity of about 8 x 107" Q-cm.

The present invention employs the two-stage f£ilm-
forming process as mentioned above so as to reduce the
contact resistance of the interface between the aluminum
alloy film and the ITO film formed thereon and toc keep low
the resistivity of the ITO film itself. There is & con-
ceivable method for improving the conductivity of the ITO
film by incorporating the atmosphere gas with steam or
hydrogen in place of oxygen. Steam works as an oxidizing
gas under the specific heating condition, thereby effec-
tively oxidizes the aluminum alloy film like oxygen.

As mentioned above, the present invention specifies

the species of alloying element in the aluminum alloy film
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to be formed on the alumnumalloy filmin order to inprove the
characteristic properties of the oxide film(at the contact interface) and
the ITOfilm This permts direct contact w thout the necessity of renoving
oxide filmfrom the contact interface. As will be detailed |ater, the
present invention re- quires that the alum numalloy oxide filmat the

contact ahat echaee1sheuled GOt FoRmAXYOBnidl tabrndMEdH i nore fihan 44
aton?gy preferably no nore than 42 aton?y and have a thickness in the range

of 1 to 10 pm rfpreaker abl ¥h2 toudinmm apachi cullar iy, iorddie treiighborfood of 5
nm The thus speci- fied oxygen content and thickness m nimze the contact
resi stantée Ebarthisrieaienproberpriesent. icheeptiialr [flidees at rghert ance on the
proper selection of the alloying elenents constituting the alum num all oy
fi | m andcbhéactntntskerdtcehe anETOhE IHOf dridiong Gbndi tieams.t sThié reglist r at e
(with TFT array) prepared in the forego- ing manner has thereon the drain

el ect r odeocRrgagrdwithaoutr Zhsparertséordodt peaoiilhg Sxikiec i ide fremdi r ect
contact with each other and also has thereon the gate el ectrode 26 and the
| TO fi | mthPoFECTABCEORREEEITERAE -which are in direct contact with each other.
Cont act resistance_between the transparent conductive film5 and the

al umi num al | o§SfY¥HH chrstrtating tRke=Ar aFhe BFREERbIEPTIOREAR DES™

oIl ALY ugeg by adeguatel, ccontrgl 0.l he condiiion ynder which
the interface should contain oxygen in an amcunt no more than
44 atom%, preferably no more ‘than 42 atom%, and have a
thickness in the range of 1 to 19 nm, preferably 2 to 8 nm,
particularly in the neighborhcod of 5 nm. The thus speci-
fied oxygen content and thickness minimize the contact
resistance. For this reason, the present inventicon places
importance on the proper selection of the alloying elements
constituting the aluminum alloy film and the control of the
ITO film forming conditions.

The substrate (with TET array) prepared in the forego-
ing manner has thereon the drain electrode 29 and the
transparent conductive film 5 which are in direct contact
with each other and also has thereon the gate electrode 26
and the ITC film (for TABR connection) which are in direct
contact with each other.

Contact resistance between the transparent conductive
film 5 and the aluminum alloy film constituting the drain

electrode 29 can be significantly reduced by adequately

controlling the condition under which the drain electrode
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drain electrode 29 is forned froman AI-N alloy (nentioned above) or any
ot her alum num alloys containing 0.1 to 6 atonfoof one or nore than one
all oy elenment selected from Au, Ag, Zn, cu, Sr, Sm Ce, and Bi.
I ncidentally, the reduction of contact resistance intended by the present
invention is not achieved if the content of alloying elenment in the
alumnumalloy filmis less than 0.1 aton? in which case the oxygen
content 28 imotfosuktl ciigntthy ladwrimitthe ldxivde illay e rfsorined iing the i n-
terface in contact with the transparent conductive filmsS. Conversely, if
t he anmountragh allkoyirpngeel@mémt ficgmeor & omarn & latantgl liolye (alemimiiowadal | oy
filmin itself increases in resistance, which decreases the response speed
of pi xel gbcveesolct Bhy ihar iEdcéased epdwys condanptiingn Oand te det eri o- rated
di splay quality. An adequate content of alloying elenent for a trade-off
shoul d betas3 edscnRaRrONPrgt A Opreefdrabl pleoehndsselikaired. Zratton?y and no
nore than 6 aton?y preferably no nore than 5 atonfs According to the
present PHveffi 0B/t K8rafFoyiRg &fe- @a@enBlimay al so be sel ected from Nd, Y,
Fe, Co, Ti, Ta, O, Zr, and Hf in addition to the above-nentioned all oying
el ements. TheSeCafitpyrhbyel BRBnf8ISRbLPA BE GeREAFR BASIARBURE of 0.1 to 6
at ontg pteferably 0.% to 2 atontg so that.theytpre ent hill ocks and voi ds,
t her eby P-REFBEEFNGY KBSt PFESFELand SRlp Ofo 18088 0P CRBEVES, 1 &ni ca
strength nd,corrosion.resi stance. .Of hhes al.l oying.el e ts, Nd, 21,
Fe, and EBPRFEUpArt FCUPAIS GRSTTAbi 67 ThEy cuRprits 218y HlE>1s

less than 0.1 atom%, in which case the oxygen content is

not sufficiently low in the oxide layer formed in the in-

terface in contact with the transparent conductive film 5.

Conversely, 1f the amcunt of alloying element is more than

6 atom%, the aluminum alloy film in itself increases in

resistance, which decreases the response speed of pixels,

resulting in an increased power consumption and a deterio-

rated display quality. An adequate content of alloying

element for a trade-off should be no less than 0.1 atom%,

preferably no less than 0.2 atom%, and no more than 6 atom%,

preferably no more than 5 atom%.

According to the present inventicon, the alloying ele-

ment may also be selected from Nd, Y, Fe, Co, Ti, Ta, Cr,

Zzr, and Hf in addition to the ahove-mentioned alloying

elements. These alloying elements should be used in an

amount of 0.1 to € atom%, preferably 0.2 tec 2 atom%, so

that they prevent hillocks and voids, thereby increasing

heat resistance (up to 300°C or above), mechanical strength,

and corrosion resistance. Of these alloying elements, Nd,
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ciently decrease the resistivity of the alumnumalloy wring as the result
of heat treatnent at 300C. The present invention nmay be enbodi ed i n anot her
way to further reduce contact resistance between the alum num alloy film
and the transparent conductive filmsS. Accord- ing to this enbodi nent, the
obj ect of reducing contact resistance is effectively achieved by formng a

Ni - concery, tiregt ethd ayeradan dahrati siide 16f ddie Miieont iy gt M num  al | oy
filmuwhich is adj acent to the transparent conductive film5. The thickness

of the Nciconaentdeaired sayer sheulsdibe nesmald endriamnd.25 1y preferably
no smaller than 1.0 nm and no larger than 10 nm preferably no | arger than
5 nm Theminekels corcertsnatt of iveathe riataemndepttr S0€dCl. ayer shoul d be nore
than twi ce, preferably nore than 2.5 tines, the average nicke
concentrationThe phesahtnminuanaliboymbiyl e ehhotlhedcaseanhéhert Reyal um num
alloy filmcontains any other alloying elenent than Ni (such as Au, Ag, Zn,
Cu, Sr, temfuaidieBi yedute Nontcewdentersdtsédricaybetmeprbdheepllacedupy a |ayer
contalnlgg such an alloying elenent in a high concen- tration as nentioned
above latvurfildomaald epef traneoataim ﬂ@nmuucé;gvan fallmoyi-ng Acglogfent  causes,
upon heat treatnment, Ni to separate out on the grain boundary of the

al uni numiddl &p ithisherhbediReror thie @bJeeds ofha sliuGNdofCosdagsi 1 ity (0. 1%
in the alum num alloy. Part of the nickel which has separated out diffuses
and cond€ﬁ§é§taﬁctehéssl?nfffﬁé’él&e LvhéAEeAuRYalPay Fh N37 CORERBBY f or mi ng

the NI_C%Q%%gtr%%%%rl%%e%h%%eggbg o%nthe Ni-containing aluminum

alloy film which is adjacent to the transparent conductive
film 5. The thickness of the Ni-concentrated layer should
be no smaller than 0.5 nm, preferably no smaller than 1.0
nm, and no larger than 10 nm, preferably no larger than 5
nm. The nickel concentraztion in the Ni-concentrated laver
should be more than twice, preferably more than 2.5 times,
the average nickel ccncentration in the aluminum alloy film.
In the case where the aluminum alloy film contains any
other alloying element than Ni (such as Au, Ag, 2Zn, Cu, Sr,
Sm, and Bi), the Ni-concentrated layer may be replaced by a
layer containing such an alloying element in a high concen-
tration as mentioned above.

The aluminum alloy film containing Ni as an alloying
element causes, upon heat treatment, Ni to separate out on
the grain boundary of the aluminum alloy 1f the amcunt of
Ni exceeds the limit of solubility (0.1%) in the aluminum
alloy. Part of the nickel which has separated out diffuses

and condenses in the surface of the aluminum allioy film,
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addi tion, nickel halides (which have a | ower vapor pressure and hence | ess
vol atile than alum num) renmain on the sur- face of the alumnumalloy film
at the time of etching to nmke contact hol es. Consequently, the
concentration of Ni in the surface |ayer of the alum numalloy film becones
hi gher than that in the alumnumalloy in bulk form Thus it is also

possi bl ertar-eent keknt A eARCEALEALEAALREL tNy A yethenguEfiace hayer and to
control the thickness of the Ni- concentrated Féyer by perform ng etching

under adggdateon¢ondikibonsailhessuhstrat 826w kh1TRErakhay) prepaned as
menti oned above offers its advantage when used for display devices such as

liquid cayst akndespkay ¢devkheese Thenadvamtiage)i sembhat ceomrhacikukesi stance is
m nim zed between the transpar- ent conductive film and the connecting

W ring p&ete Il shel eddsihomi Aplovedidinspkayhgualinky orMeanninke cowhen wiring
of pure alumnumor A -Nd alloy 1is brought into direct contact with the

t ranspar eakecanduectt huweetki | nCaceoendenglityp the conventiranabnpodcEds, an
alum - numoxide filmwith a high resistance is formed (or non- ohmc
contact iis tbenmedyfenct heyeonvécthentaénfdoen bfllpyg fkAaowbetpoesobservati on
of cross-section with TEM and anal y- sis of conposition by EDX that the
oxygen coagear tharhehadl Lhi hom axiwéntinl mlievned brlkhéognnt ahuint erface

is approxinmately identical with that_ of_ al um num oxide (Al 203) having the
st oi chi ofbt APcaEbApBSFFiBAS LA BPREFChOFAS, CPRESRETERY§EnEoHieAR in the

al um num oxi de | ayer _is 60 atont , ,
the surfaCe layer and to control the thickness of the Ni-

concentrated layer by performing etching under adequate
cenditions.

The substrate (with TFT array) prepared as mentioned
above offers its advantage when used for display devices
such as liquid crystal display devices. The advantage is
that contact resistance is minimized between the transpar-
ent conductive film and the connecting wiring part. This
leads tc improved display quality.

Meanwhile, when wiring of pure aluminum or Al-Nd alloy
is brought intoc direct contact with the transparent conduc-
tive film according to the conventional process, an alumi-
num oxide film with a high resistance is formed {or non-
chmic contact is formed) on the contact interface. It is
known from observation of cross-section with TEM and analy-
sis of composition by EDX that the oxygen content in the
aluminum oxide film formed on the contact interface 1is
approximately identical with that of aluminum oxide {(Al,Ci)

having the stcichiometric composition. In other words, the
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(Al : 0=1: 1.5 and the thickness of the alum num oxide |ayer is about
6.5 to 7 nm The contact resistance through an 80 m square contact hol e was
about 150 k(err). This sug- gests that the alum numoxide filmas thin as
6.5 to 7 nm functions as a high-resistance insulating filmin view of the
fact that Al203 with a stoichionmetric conpositionis an insulator with a
resistivity of about 1014 (err) .cm That the present invention differs from
t he abovexymemt icomedndonvernth<oraluntiechnaluge wasyacona udedifordn t he fact
that the alum numalloy oxide filmcontaining 40.2 aton? of oxygen (Al : O
=1 : 0.6AL an® Favi ng la Thieckhdds Giidknas 4. rihgialesriawontsicte
resistance of 12 [2. In other words, an alum num all oy oxide |ayer which is
rich in lavesm Aema&edthds Ja How a8ger heormtcerita ex Higsiitstare grivpatah ti es of
n-type sem conductor and hence exhibits the elec- trical conductivity
simlar £8 BhatTof FEEA 19 AR "agabatiton BF 4 m Thi 2kWess (about
sever al nanometgiai) oes . not great.l fect the contact resistance, but a
smal | er  JERitSkib i ug“to(f‘ t Fesistanée Q'fértéﬁo?rél,m t he

.0

t hi ckness. of ,the alum num allo i de fi.l m shquld .ef- erahly be. small er

{han aboGEREs S B2 TL A 28 S Cshoviy % e Bk yert Ehtent in  the
al um num_al | Xi il rel s_t electri e-_sistjvity and cont act
resi st anggl.e I%%écl%s t%%&a?‘éﬁ@ 5"#%‘#&? g?téqélemf%g {%isgt(lil%m%?(@b%ino%o%? efit in the

al um numal oy 9] de ¢of 1l Bexceeds 40 A ORKALONAL pOCRT) . both the contact

re- 24 sistance and the electric resistivity steeply Increase.
That the present invention differs from the above-

mentioned conventional technclogy was concluded from the
fact that the aluminum allcy oxide film containing 4C.2
atom% of oxygen (Al : O =1 : 0,67} and having a thickness
of 4 to 4.5 nm gives a contact resistance of 12 . 1In
other words, an aluminum alloy oxide layer which is rich in
aluminum and has a low oxygen content exhibits the proper-
ties of n-type semiconductor and hence exhilibits the elec-
trical conductivity similar to that of metallic aluminum.
Variation of film thickness (about several nanometers) dces
not greatly affect the contact resistance, but a smaller
thickness is favorable to contact resistance; therefore,
the thickness of the aluminum alloy oxide film should pref-
erably be smaller than about 10 nm.

Fig. 11 is a graph showing hcew the oxygen content in
the aluminum alloy oxide film relates to the electric re-
sistivity and contact resistance. It is apparent from Fig.
11 that as the oxygen content in the aluminum alloy oxide

film exceeds 40 atom% (O/2Al = 0.67), both the contact re-
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That is, 44 aton (0/Al = 0.79) for 200 O and 49 atonts (O Al = 0.96) for
150 k(err). At 56 atonfo and above (O/Al = 1.27), ohmc contact changes into
non-ohm c contact. Wth a contact resistance higher than 200 0, the display
device wll be poor in quality and yield; therefore, the oxygen content
shoul d preferably be |l ower than 44 aton? Incidentally, the surface of the

al um num sddteyndd |aMd I ShSUW] @etiri® SO ANEOts oxdaaty omekedfg, standing in
the atnosphere, and oxidation advances further while the ITO filmis being
formed, thertehys meki ng-@n® hickabxt de. T8) nfor Theo r@t endt 4phaebmnan al um num
oxide filmgrows due to spon- taneous oxidation was neasured by XPS (X-ray
phot oel ectatrl =specidlostopy)50 THe.restl 66i stshdwaninakbge 12/ALt=is noted
that there is no substantial difference between pure alum num and al um num
al | oy cont & hi ngo2niat onbofciNicasdeh intso capabdleniod dimezttcorfiadt). In

ot her words, both of pure alum num and al um num alloy give an oxide film (3
nm thick) citercstzamisipnae tihegtanodpirera0d d2, 16hhodisplandderhes oxi de
filmcontains about 60 atonte of oxygen, which is equivalent to the

st oi chi oretk] damum aqualpity jand IyB)1d) ntlmeefore i Avestiyeae the factor
that affects the oxygen content, an ITOfilmwas fornmed on the surface of
an al unifiiHh At ST MRHREAN NP2 R BtaNi 44 3L ehe: same  way as

menti oned above (the twg-stage nethod according to,6 the present invention),

and the cross 18RO 2of v hé o FITHEGE Fdr tthfas OB Wed dfderr :d™EM 1t was

I gund t haits tsﬁﬁaj ezcsc tthc! Cskpnoeftsanoefo&sheoygf(c!la eiOfI'Il lcmrlfné Esig)arﬁd;?nc?ni]n IeCh Is 4/3

atmosphere, and oxidation advances further while the ITO
film is being formed, thereby making a thick oxide film.
The rate at which an aluminum oxide film grows due To spon-
tanecus oxidation was measured by XPS (X-ray photoelectron
spectroscopy). The result is shown in Fig. 12. It is
noted that there is no substantizl difference between pure
aluminum and aluminum allcy containing 2 atom% of Ni {which
is capable of direct centact). In other words, both of
pure aluminum and aluminum alloy give an oxide film (3 nm
thick) after standing in the atmosphere for 16 hours, and
the oxide fiim contains about 60 atom$ of‘oxygen, which is
equivalent to the stoichicmetric amount (Al : O =1 : 1.5).
In order to investigate the factor that affects the
oxygen content, an ITO film was formed on the surface of an
aluminum alloy film (containing 2 atom®% of Ni) in the same
way as mentioned above (the two-stage method according to
the present invention), and the cross section of the con-

fact part was observed under a TEM. It was found that the
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4.5/3 times (or 1.3 to 1.5 tines) thicker than that of the naturally forned
oxide film and that the oxygen content in the oxide filmis 40.2 atonth
Since the volune of the oxide filmwas increased by 1.3 to 1.5 tines,

wi t hout oxy- gen being absorbed, after the ITO filmhad been forned, the
foregoi ng result suggests that the oxygen content before I1TOfilmformation
was decreased from about 60 atonfoto about 40 atonto (equal to 60 atonto
divided bynilchlesstofsteonckudedriremshe toregsing, expechnmest 4fBatoin

order to decrease the oxygen content in the alumnumalloy oxide film it
IS inportan$/sotpneyentroXxi datoob. bf t ahes) - tihhiokéhatheccuhstwhil ehéhe 1 TO
filmis being fornmed. To achieve this objective, it is necessary to form
the | TO fatwrahlanfoxygencfigde Nbhmoxawdzingt atmesphegeratoheast im the
early stage. The resulting oxide filmis considered to have a resistivity

- of about PO ¢eidy(Bily tm 4hd2aatontactSiese stheanckunt abotibel2 0, judging
fromFig. 11. It is apparent that controlling the anmount of oxygen absorbed
during | Toxide | @ iorwes i bhckeaesfierYi Vel i ®o reduct et hewebhedet oxgsi s-
tance. A description is given below of the fact that inpuri- ties contained
in al uni n¥ER AP BYY oxp eI Pedm 2f Fett Fhvel JTOj M%v@@dﬁ@l%tf%ﬁﬂ?ﬁif 1§0¢ s known
well that (err)-Al203 becones an ion-conductive materjal (having a

conduct i Vit3eH 1abotes1b2 Te395ehy updh t@%c%ﬁ¥ﬁﬁ%t?%%t%P¥hb%ﬁo%ﬁkaI| met al ,
such as sojum Ande 26, pof assi um ;as an. 1 wuriLy,, Thi scphengnenon i's
about 40 atom% (equal to 60 atom% divided by 1.5).

It is concluded from the foregoing experiment that in
order to decrease the oxygen content in the aluminum alloy
oxide film, it is important to prevent oxidation of alumi-
num that occurs while the ITO film is being formed. To
achieve this obijective, it is necessary to form the ITO
film in an oxygen-free non-oxidizing atmosphere at least in
the early stage. The resulting oxide film is considered to
have a resistivity of about 200 pQ-cm and a contact resis-
tance ¢f about 12 Q, judging from Fig. 11. It is apparent
that controlling the amount of oxygen absorbed during ITO
film formation is effective in reducing the contact resis-
tance.

A description is given below of the fact that impuri-
Ties contained in aluminum alleoy oxide film effectively
improve conductivity.

It is known well that B-Al,0; becomes an ion-conductive

material (having a conductivity of about 10% Q-cm) upon

incorporation with an alkali metal, such as sodium and
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to the fact that alkali netal ions are nuch smaller than crystal lattices
of A1203 and hence are capable of free novenent anong them However, upon
entrance into a sem - conductor material such as TFT, alkali netal ions
cause a trouble as they nove in TFT. Another conceivable way to increase
conductivity is to incorporate the alum numoxide filmwth nickel which is

lless det riaend o o hads al kaldpete) | t opsem ondied @ o] 8- tetisat A sanpl e of
I TOfilmin direct contact with an alumnumalloy filmcontaining 2 atont

of ni ckel taeshdrezcipaned: and.analyzed byokDX tsingcr M céosshsection
sanple. It was found that the content of NN in the N -concentrated |ayer

is 4 to &afomb whereass tdatalio,t bedaheatsusrexcdpabl.ayer rseat |east 2
atonte When an ITOfilmis forned on an AI-Ni alloy film an al um num oxi de
(Al OX) | ayeremntk aarinrg orteant r dededayerupdraboutrdnaen iicky oacir in the
interface between the two filnms, as shown in Fig. 13 which is a TEM
m cr ogr aptorshovieod mog e iad lumnuhm o TET | alera landedNi 2k ahmentazatsd 4 ayer t hat
occur in the interface of direct contact between ITO film and Al-N alloy
film Thitreouggesis thmt mivwariuii ki f fuses toward the oxide filmand Ni
diffuses toward the AlI-Ni  alloy filmand that Ni renmins nore than Al
during dry etfelithgrt ¢omskd vesrcatevhéloedncoses <t fenjuctdivddnt et €@ | ayer
occurs, it prevents diffusion of alumnumfromthe alumnumalloy film
t her eby PrevEHAGRSaliie MM ERtGBHe 22 1| g7 Uy icke lgrrapitisHoivi ng how t he
t hi ckness, (n of

lésgﬁdetrimental than alkali metal to semiconductor ele-

ments. A sample of ITO film in direct contact with an

aluninum alloy film containing 2 atom?% of nickel was pre-

pared and analyzed by EDX using a TEM cross-section sample.

It was found that the content of Ni in the Ni-concentrated

layer is 4 to 8 atom%, whereas that in the aluminum oxide

layer is at least 2 atom%.

When an ITO film is formed on an Al-Ni alloy f£ilm, an

aluminum cxide {AlQOy,) laver and a Ni-concentrated layer

{about 1 nm thick) occur in the interface between the two

films, as shown in Fig. 13 which is a TEM micrograph show-

ing an aluminum oxide layer and Ni-concentrated layver that

occur in the interface of direct contact between ITO film

and Al-Ni alloy film. This suggests that aluminum diffuses

toward the oxide film and Ni diffuses toward the Al-Ni

alloy Ffilm and that Ni remains more than Al during dry

etching to make contact holes. Once the Ni-concentrated

layer occurs, it prevents diffusion c¢f aluminum from the

aluminum alloy film, thereby preventing aluminum oxidation.
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the oxide filmand the contact resistance (0) vary depend- ing on the N
content in the N -concentrated layer. It is apparent fromFig. 14 that as
the Ni content in the Ni- concentrated | ayer increases, the thickness of the
al um num oxide |ayer (which is observed after the I TO fil mhas been

formed) decreases. At the sane tine, the oxygen content decreases and the

contact resi stancorl 39 4e6LeRROsnoRIngSANN kA FldcidBscTbg suggest s that

the N -concentrate ayer ys an inportant role. For the N'-concentrated
layer togproduced irS 16f Lect 2% d&@d&”%ﬁ%ﬁ‘é@mcé L PREFSS&EIndhat the

t hi ckness of the N -concentrated |ayer should be in a range of 1 to 10 nm

and the NinCoRt ente i the thrtcaonceny atiedtdrer: sheld d per nore than tw ce
the Ni content in the AI-Ni alloy layer. Incidentally, in the case where a

pure al urgpaPehay gronoirian Ald- Nhaal lagy drayeri icerfemred rontan NiFO film
(opposite to the structure shown in Fig. 2), ohmc contact may occur, wth
oxi dat i om:csuppressed ilayvele indtrenfsace. tHY shiskiuss of the facmithat no

al umi num oxide filmw th high resistance occurs in the interface. Upon

oxi dat i onxitle 1AlyeM (alhliay fier phsitheeN addreerrhd Maed illay éra sby etetme

foll ow ng nmechani sm Al um num di ffuses through al um num oxi de, reaching the
surface Vilemed)t ceomealsieses Witt Thexypgew thdrsusttaien oxyicdat icombteBy cont r ast,

NN with low solubility in alum num oxide diffuses into the bulk of

al umi numdglclrepses Bocmtiee CNNL@ehc EReigtitéddsapdso 28 CTIgé sNis c@Fcent r at ed

| ayer with a controlled NI content may .
shown in Fig. 15. This suggests that the Ni-concentrated

layer plays an important role.

For the Ni-concentrated layer to produce its effect as
mentioned above, it is necessary that the thickness of the
Ni-concentrated layer should be in a range of 1 to 10 nm
and the Ni content in the Ni-concentrated layer should be
more than twice the Ni content in the Al-Ni alloy layer.

Incidentally, in the case where a pure aluminum layer
or an Al-Ni alloy lavyer is formed on an ITC film {opposite
to the structure shown in Fig. 2}, ohmic contact may occur,
with oxidation suppressed in the interface. This is due to
the fact that no aluminum oxide film with high resistance
occurs in the interface.

Upon oxidation, the AL-Ni allcocy forms the Ni-concen-
trated layer by the fcollowing mechanism. Aluminum diffuses
through aluminum oxide, reaching the surface where it com-
bines with oxygen to sustain oxidation. By contrast, Ni
with low solubility in aluminum oxide diffuses intc the

bulk ¢f aluminum alloy to form the Ni-concentrated layer.
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al so be fornmed by heating or dry etching (which is per- fornmed on the

al um num surface in such a way that nickel remains on the surface). Heating
at 150 to 300C for 1 hour increases the Ni content from3.1 atonto 5.1
aton?g and dry etching increases the NI content to 10.2 atonPt These
results were confirnmed by Auger el ectron spectroscopy to determne the

depth prathidl g -HuSenith-alte POSSIH gitt® LOPrithe IN=C enceratad rlayer
having a desired thickness and a desired NN content by the above-nentioned

net hods, awhicChbel Foltdel pybsidzatiecheat idty te@chiiegm e donsw gdmy, surface
treatment of alumnumwring wth plasma or etching solution (such as acid
and al kalfiokmedand. $hieghtl uetichinn@ueiT at-lee ial wmichum sunf atet mcilddnt al |y,
direct contact between an ITOfilmand a pure alumnumwring give a

cont act resiasthance ahel shréat@®5 . OHeandndi mectl SCortoadto et weenlan | TO fil m
and an Al-Nd alloy wiring (as a typical alumnumalloy) gives a contact
resi st anteuaf i8c4ersiBstQe Nidicoedentodtrast 3(.4f adomeerto ti.dnaltostdr,uct ure)
between and I TOfilmand an Al-Nd alloy wring, with a barrier netal (M)

i nt er poseddbeirweenchiiag ingingeses ¢oet dét coagiestanee 16f. 21 afon®01 Q By
contrast, contact resistance of AI-Ni alloy wiring is 1.2 x 101 0, contact
resi st ané8esF AESNLEIRd W0y ORTATAGT Y1 AHIRT]1G1 S0 L oan FPESTHIASICORdsi st ance
of AI-Ni-Y alloy wiring is 1.3 x 101 Q These values are approxi nately
equal t othE§ESEFITRe tREoRAFENT BARE 1dCruct ure that enploys Mb as a barrier

metal . 29 The followng is 00K the L83 LR, Ofi SXRELLIRILS b0 ayer
having a desired thickness and a desired Ni content by the
above-mentioned methods, which include substrate heating to
form the insulating, surface treatment of aluminum wiring
with plasma or etching solution {such as acid and alkali),
and slight etching on the aluminum surface.

Incidentally, direct contact between an ITO film and a
pure aluminum wiring give a contact resistance of 1.5 x 10°
2, and direct contact between an ITC film and an Al-Nd
alloy wiring (as a typical aluminum alloy} gives a contact
resistance of 8.4 x 10° Q. 1Indirect contact (of conven-—
tional structure] between and ITO film and an AL-Nd alloy
wiring, with a barrier metal {Mo) interposed between them,
gives a contact resistance of 1.0 x 10t Q. By contrast,
contact resistance of Al-Ni alloy wiring is 1.2 x 10" Q,
contact resistance of Al-Ni-Nd alloy wiring is 1.5 x 10" Q,
and contact resistance of Al-Ni-Y alloy wiring is 1.3 x 10'
(2. These values are approximately equal to those cf the

conventional structure that employs Mo as a barrier metal.
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exam ne the device for durability. A sanple representing direct contact
between | TO and al um num al |l oy was kept at 80C and 80% RH in a thernostat
for 120 hours or 240 hours. The sane test as above was perfornmed on a .
conparative sam ple prepared by forming an SiN filmon alum num all oy by
CVD net hod, making contact holes by dry etching, and fi- nally formng an

ITOfilm or gheorpanative sanpleuldr eprr ed s f Mg ean deh@sf itbm directly
on alumnumalloy wiring, wthout heat treatnent (above 150C) or dry
etching aikediigne alnemdquima |y W 11ty Was fouad & hadptdnse isanpl es

whi ch had undergone heat treatnment (above 150C) or dry etching renmained
unchangediiireordcaniadtedisiwvarree 1Ef ared atidmiafureratlhey tesd . kebd sstwas true
for an alum numalloy con- taining 2 aton®% Ni and 0.6 atonfe Nd. The

fol |l owi ng3d°s abduBC&h&lr ésubt shefrmespearti fent §$ 200 hotiest otrhé 4detbaest. or
reliability by observing the change in contact resistance that occurs after
appl i cat ihre ofartd dfes tderssigbpovpulvees queriantndd drhea comyectd igrgparam-f or a | ong
period of tinme. The test sanple is a contact hole (80 m square) consisting
of al unmi murg @depe radd HyTGaaiicly @are SV dilectn contsigtumniallcsadty ot her. The
test consists of con- tinuously applying 5 mA pulse current (wth a constant
pul se wi ¢ meghade PN iGwnREdild@s v siralanfHurg, ddoyito | TO. The
current of 5 mAis a conparatively large value equivalent to 78 AlcnR in
terns of WrltedCTdens & i dudhtt IF Cofie T tdd e FfEREhHERs 4 umi num

al oy 30 bCyO r%toarlmq,lnrég a2n %T%n%oiqlm %gndr eoc'tGl yato%n?gll}lldrdin%n{ Ca lhoayd wlir}%%r ,One

without heat treatment (above 150°C) or dry etching on the
aluminum alleoy wiring. It was found that those samples
which had undergcone heat treatment (above 150°C) or dry
etching remained unchanged Iin contact resistance before and
after the test. This was true for an aluminum alloy con-
taining 2 atom% Ni and 0.6 atom% Nd.

The following is about the results of experiments to
test the device for reliability by observing the change in
contact resistance that occurs after application of high-
density pulse current to the connecting part for a long
pericd of time. The test sample is a contact hole (80 pm
square) consisting of aluminum alloy and ITO which are in
direct contact with each other. The test consists of con-
tinuously applying £ mA pulse current (with a constant
pulse width) to the sample in the direction of aluminum
alloy to ITO. The current of 5 mA is a comparatively large
value equivalent to 78 A/cm® in terms of current density

through the contact area. The sample of aluminum ailcy
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heat treatnment or dry etching, retained its initial contact resistance of
15 Qafter it was tested for 14 hours in the sane way as above. It is known
fromthe foregoing that a sanple consist- ing of I1TO filmand pure al um num
wiring which are in di- rect contact with each other has a contact
resistance of 1.5 x 105 El, whereas a sanple consisting of ITOfilm and

al umi num@dr_cmryyiﬂgihrzg deeondi Nthd @ thesdiesert, ivedd il uddi&bare in
direct contact with each other has a much |ower contact resistance (about

1/ 104 of igaid conaent &r 5 ant@indhe ahovesdqrentd oned: ebodid®t was
applied to a trial product of liquid crystal display device. The trial
prod- uctramissteomngearablies i yfetdsiandasi spdtayd qtieki 1y houthein cewent i onal
device which has an ITO filmconbined with a barrier netal (such as Md). In
ot her worgsge tvhey preeséntve. nvention obvi ates the necessity of barrier netal
to pro- duce display devices conparable to conventional ones. This helps to
si nplify manuflactiar kngwst épsmanttet doreducegptbdica tskowleosbnsThé-al unm num
alloy filmnmentioned above nay be wused for electrodes in place of
convent i dnal qiuriEGalfumimuwmd fauny slumimumeydldiog fWligh erevbaWdi4 m to nake
direct contact with the transparent conductive film This con- tributes to
si npl i fi e®dranemaetal g s s afdaediced gorddidt iz icdsmceTivd f ol | owi ng
is concerned with the display device of 31 passive matrix type to which the
substratéﬂéﬂﬁiHIWFQVaWpﬁﬁﬁaS a sample consisting of ITO film and

aluminum alloy wiring {according to the present invention)
which are in direct contact with each other has a much
lower contact resistance {about 1/10% of said contact re-
sistance).

The above-mentioned embodiment was applied to a trial
product of liquid crystal display device. The trial prod-
uct was comparable in yields and display quality to the
conventional device which has an ITO film combined with a
barrier metal {(such as Mo}. In cther words, the present
invention obviates the necessity of barrier metal to pro-
duce display devices comparable to conventional ones. This
helps to simplify manufacturing steps and to reduce produc-
tion cost. The aluminum alloy film mentioned above may be
used for electrodes in place of conventional pure aluminum
film, aluminum alloy film, or Mo-W film, to make direct
contact with the ftransparent conductive film. This con-—
tributes to simplified manufacturing steps and reduced
production cost.

The following is concerned with the display device of

31



menti oned above is applied. A display device of passive matrix type has
electrode lines running in vertical and horizontal directions, with each
line driving pixels. In such a display device, direct contact with a | ow
contact resistance is possible between the alumnumalloy film(for

el ectrode wiring) and the ITO filmeven in the absence of interlayer

| nsul ati ngy 1048 ot 6 achrodes orciever [Nudie- paseruhat orphe, ol pt r ode

W ring S not un eat treatnment that fornms internetallic “conpound

as descrijed.idhddeabave-srepdoned patent appli- cation filed by the
present inventors). The process in this case does not involve annealing for

al um num al | oy, 4igPNLICHLLERI BF ARG GLChiaRg ian thRR Wl age Bfrdde al um num
al l oy. However, the above-nentioned enbodi ment involves heating (which

resul ts framLvdo dprim SidYOicld sld oftri Rirchi INgliore dthieosyr fviicen of
al umi num all oy (which results fromcontact etching on SiNx). By contrast,
the presesdcH nvied idn spergnidikedig.ectIn candtact diveil dshalghi ddhe dil rginum al | oy
filmdoes not un- dergo heating and etching. Contact resistance of direct
cont act hetnteert IWEQH id rholc aresttigatt imeg tdimriaeansparerdibisd dvade) and
alum num al l oy containing 2 atonoNi is 9 Q A probable reason for this is
t hat t he Hld @liugeirerEntoy (Suah EMINiI9L adoeht mategiat arie dontd
interface by heat- ing and surface etching as well as natural oxidation and
Ni  furtHerlsepmraties et aasapas i houidarlisesatinsdat ing thdmX aut er nost
surface of  alum numalloy filmwhen the substrate o

electrodes (or €ven in the case where the electrode wiring

does not undergo heat treatment that forms intermetallic

compound as described in the above-mentioned patent appli-

cation filed by the present inventors). The prccess in

this case does ncot involve annealing for aluminum alloy,

contact etching, and etching on the surface of the aluminum

alloy. However, the above-mentioned embodiment involves

heating (which results from CVD to form SiN,) and slight

etching on the surface of aluminum alloy {which results

from contact etching on SiNy).

By contrast, the present invention permits direct

contact even though the aluminum alloy film does not un-

dergo heating and etching. Contact resistance of direct

contact between ITO film (constituting the transparent

electrode) and aluminum alloy containing 2 atom® Ni is 9 Q.

A probable reason for this is that the alloying element

(such as Ni) concentrates at the contact interface by heat-

ing and surface etching as well as natural oxidation and Ni

further separates out at grain boundaries at least in the
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is heated or exposed to plasma to formthe ITOfilm The separation of N
is due to the low solubility of NN (less than 0.1 aton? in alum num Even
in this situation, the alum numalloy oxide |ayer keeps the same oxygen
content but increases in thickness (which results in a decrease in oxygen
concentration), and a small amobunt of NI enters the oxide film thereby

I ncreasi RG ddr$ LONAGHHM S Y ¢ Bl Gm ik S 18 Sehemat hihasnlargedasastdnal  view

illus- trating the structure of the thin-filmtransistor forned on the

substrat g f 2EAHH RY SRRl ehodide ©f il henddrero seintn i Nviend i on) . The
thin filmtransistor in this enbodi- nment is of top-gate type. As shown in

Fig. 16, ddierdhiirnd idfmMir ansiciorso WHLh ov Ssdamed won dherigl @sssubstrat e

| a, has scanning lines of alumnumalloy thin film A portion of the

scanni ng ghzpe . If unekixnsms hhe gat.e alvect riadec G thatuaganrt:r,olthdg t urns on
and off) the thin filmtransistor. There are signal lines of alum num all oy
whi ch i nteénsdetuns a&ild csc annideg layvess kamsh then damteerdzayoem icsileati ng fi |l m of
Si Ox interposed between them A portion of the signal |ines functions as
the sourcd érectersds 28 dhitdknass nivihiilanh treansitst om aOdladieaisxaln regi on of
the interlayer insulating film of SiO is placed the transparent conductive
filmb5 ofodypen conrentsatizogd deped anist Idnenourt £ Ailn emitiaas tdsi st or

al so has the drain el ectrode 29 of alum numalloy, which is electrically
connect e@%di9edtl o {HHE 1IN SPETERS I8¢ dict iSRRBET FMimYs,

Fig. 16 i1s a schematic enlarged secticnal view illus-
trating the structure of the thin-film transistor formed on
the substrate (according to ancther embodiment of the pre-
sent invention). The thin film transister in this embodi-
ment is of top-gate type.

As shown in Fig. 16, the thin film transistor, which
is formed on the glass substrate la, has scanning lines of
aluminum alloy thin film. A portion of the scanning lines
functions as the gate electrode 26 that controls (turns on
and off) the thin film transistor. There are signal lines
of aluminum alleoy which intersect said scanning lines, with
an interlaver insulating film of 5i0, interposed between
them. A portion of the signal lines functions as the
source electrode 28 of the thin film transistor.

On the pixel region of the interlayer insulating film
of Si0, is placed the transparent conductive film 5 of ITO.
{ITC is In.0s; doped with Sn0.) This thin film transistor
alsc has the drain electrode 29 of aluminum alloy, which is

electrically connected direct to the transparent conductive
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The thin filmtransistor works in the sanme way as ex- plained above with
reference to Fig. 2. That is, the thin filmtransistor is turned on when
the gate electrode 26 is supplied with gate voltage through the scanning
line, so that the driving voltage (which has previously been sup- plied to
the signal line) is supplied to the transparent conductive film5 fromthe
source elgatyede 28 through the drain electrode 29. In this state, a
potential difference occurs between the opposing el ectrodes 10 (as

explained aboye whih reffrenedstatbi-Owotks LhergRY seausivag theckiquid
crystal nolecules to orient (for light nodulation) in the liquid crystal

| ayer 3. pThe nsdbsidoatee wiht i eFel eideal) $hewn 2in Fingt 16,1 Sheprroduced in the
foll owi ng manner. Incidentally, the thin filmtransistors on the substrate
are thoseigh tepmgalsgort Ype thirnshi e tdmens erieC oaaductdredtayele 2% fier med from
poly- silicon (poly-Si). Figs. 17 to 23 schematically show the fabricating
steps forsupé isdbstirtat eatw tva I TR eathaygac £ heorsdiamg itngr tlhensseeand

enbodi ment of the present invention. The first step starts with coating the
gl ass sulistrtattde Ida isequenbildlalgp WiWbh chi hiacopreivtiougd f idean( Siulds) (about 50
nmthick), silicon oxide film (Si Ox) (about 100 nmthick), and hydrogenated
anor phou ldield ¢on thiel migaadi lhpe)abeutsuspliem the dke By apisasyrenCvD net hod,
with the substrate heated at about 300C. Heat treatnment and |aser annealing
are per ForsEgtigecdivar © themhdcoOnared camsitprsas 28 1Gheen By thiel m

(a-Si:H into palysilicon film The heat treatnment is ,
drain electrode 29. 1In this state, a potential difference

occurs between the opposing electrodes 10 (as explained
above with reference to Fig. 1), thereby causing the liquid
crystal molecules to orient (for light mcdulation} in the
liguid crystal layer 3.

The substrate (with TFT array) shown in Fig. 16 is
produced in the following manner. Incidentally, the thin
film transistors on the substrate are these of top-gate
type in which the semiconductor layer is formed from poly-
silicon (poly-$i}. Figs. 17 to 23 schematically show the
fabricating steps for the substrate (with TFT array) ac-
cording to the second embodiment of the present invention.

The first step starts with coating the glass substrate
la sequentially with silicon nitride film (SiNy) ({(about 50
nm thick), silicon oxide film (Si0O4} (about 100 nm thick),
and hydrogenated amorphous silicon film (a-Si:H) ({(about 50
nm thick) by plasma CVD method, with the substrate heated
at about 300°C. Heat treatment and laser annealing are

performed to convert the hydrogenated amorphous silicon
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carried out at about 470C for about 1 hour in an atnos- phere for

dehydr ogenati on. Then, the hydrogenated anor- phous silicon film(a-Si:H) is
irradiated with an exciner |aser beam (about 230 mJ/cnR) so that it is
converted into a polysilicon film (poly-Si) (about 0.3 mthick), as shown
in Fig. 17. Subsequently, the polysilicon film(poly-Si) is pat- terned by
pl asma etehirnga-8s :ghowAtonpbilgsil8cofhenima Shki dentoxirda thiehm ¢S5 O.)
(about 100 nmthick) is forned, as shown in Fig. 19. This silicon oxide
filmfunetrehsdasutt he gabeti AS0Patfog &bbur 27. hérthe gatetmosul ating film
27 is fornmed by sputtering an alum numalloy film (about 200 nmthick),

whi ch i spsabsefioentEypatyenadédoby plfasme téeechiydgeotyenktoem thergat e

el ectrode 26 integral with the scanning line. A nask of photoresist 31 is
formed ashshewailnchpgfi2e. (abépitHg wist hrphddpheduwithbent excing0l5
atons/cnR) is per- forned at about 50 keV by using an ion inplantation
system lgéerhaeasn ﬁbouyp83§om§épmlboﬁofthﬁi(ht p@|90@wgrt%dfbmm®d in a
portion of the polysilicon film¢( hot o- resist is peeled off
and renn@eHOIKF%éFCPHaﬁllﬁhé§Bﬁ6rgé §b8PFstédHEytﬁé§ﬁ tr 8t FBATat about
500C. A silicon ide film(Si Ox) (about 500 nmthick) is fornmed by using a
pl asma Vb & bBar§§ with the substrate kept at about 300C, as shown in

fiim 35 Dry & S%'%qi@é‘ragf%?ﬁam%l{s%f heS Tt SR ayer LT TEl ats P I
terned by plasma etching, as shown in Fig. 18. Then, a
gilicon oxide film (Si0Ox) (about 100 nm thick) is formed,
as shown in Fig. 19. This silicon oxide film functions as
the gate insulating film 27. Cn the gate insulating film
27 is formed by sputtering an aluminum allof film (about
200 nm thick), which is subsequently patterned by plasma
etching to form the gate electrode 26 integral with the
scanning line.

A mask of photoresist 31 is formed as shown in Fig. 20.
Doping with phosphorus (about 1 x 10*° atoms/cm®) is per-—
formed at about 50 keV by using an lon implantation system,
so that an n'-type polysilicon film (nf-pcly-Si) is formed
in a portion of the polysilicon film (poly-~Si). The photo-
resist 1s peeled cff and remcved. After that, phosphorus
is diffused by heat treatment at about 500°C.

A silicon oxide film (SiO4) (about 500 nm thick} is
formed by using a plasma CVD apparatus, with the subkstrate
kept at about 300°C, as shown in Fig. 21. This silicon

oxide film functions as the interlayer insulating f£ilm.
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of silicon oxide and the gate insulating film27 of silicon oxide through a
patterned photoresist (which is formed in the sane way as nentioned above),
in order to formcontact holes. An alumnumalloy film (about 450 nmt hi ck)
is formed by sputtering, and then it is patterned to formthe source

el ectrode 28 (integral with the signal line) and the drain electrode 29.

Thus, t h%ﬁp%&%ﬁg&%é %@:%M dihendrialdi el K 0de A% @y 111 16PNt act

with the n+-polysilicon™ fi through their respective contact holes. A
silicon i rdide ddd MY autg2Q0 1MBINtGK)y 165 10 ored: by Uiy a
pl asma CVD apparatus, with the substrate kept at about 300C, as shown in

Fig. 22. chige SIHAGQM Nidadiderfdd mHatwatdans agvike 11 erdrageer iimnsul ating
film The silicon nitride film(SiNx) is patterned by dry etching through
a phot or egistsdrayerfa3hd ergmrd drkel e®v o ,t hat diver contfaein keea32 i s fornmed
therein. The photoresist is renoved by ashing with oxygen plasnma and

t r eat menthadidsh amrardneribasecd ljes! ifid.us olditouin 4 58s nverthiiengd iaove, as shown
in Fig. 23. An ITOfilm (about 100 nmthick) is formed in two stages as
ment i onedomalzal éry Hyatt ties;inion telel ibhidn dlt Stsagettdrriesd ftor fedmitile heati ng
in a non-oxidizing atnosphere, and in the second stage, it is formed in an
oxygen- cEWEITS iy cattmesighéife. (iTHedrrd Milth ithepatigereded ime lwemdettélsi ng to
formthe trans- parent conductive filmS. The two-stage process forns an

oxi de fi lHhaln tod er0-neme Hi%ek) T0&Wraitfiengavess eH&s 49 A%t @36 dheoxygen in

the interface between the drain el ectrode 29 N .
drain electrode 29 are in contact with the n'-polysilicon

film through their respective contact holes.

A silicon nitride film {(3SiN,) (about 5C0 nm thick) is
formed by using a plasma CVD apparatus, with the substrate
kept at about 300°C, as shown in Fig. 22. This silicon
nitride film functions as the interlayer insulating film.
The silicon nitride film (SiNy) is patterned by dry etching
through a photoresist layer 31 formed thereon so that the
contact hole 32 is formed therein.

The photoresist is removed by ashing with oxygen
plasma and treatment with an amine-based peeling solution
as mentioned above, as shown in Fig. 23. An ITO £ilm
{about 100 nm thick) is formed in two stages as mentiocned
above. -That is, 1in the initial stage, it is formed with
heating in a non-oxidizing atmosphere, and in the second
stage, it is formed in an oxygen-containing atmcosphere.

The ITO film is patterned by welt etching to form the trans-
parent conductive film 5. The two-stage process forms an

oxide film (1 to 10 nm thick) containing less than 44 atom%
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(which is an alumnumalloy film and the transparent con- ductive film§5,
which are in direct contact wwth each other. This oxide filmreduces
contact resistance between them Finally, annealing is perfornmed at about

350C for about 1 hour to stabilize the characteristic properties of the
transi stor. Thus the substrate (with TFT array) is conpleted. The substrate

(wi th TFL, Atrane AGOTHING 1o SesanierPEBalifint, and fie, il op) ay devi ce

i ncor porate substrate produce the sane effect as at produced

in the fiistrenhodiimentTenti anad akave,) LAG dent aldhsdhe sl W num al | oy
| ayer in both the first and second enbodinents nay be used as the :

reflecti ngcelieet rrade f5or whhendizspl ay devicte hntizeft eqtdrordd@ther.
I ncidentally, the above-nentioned transparent conduc- tive filmb5 should

pr ef er ablTy ike dkardeed if o Madidictmdoint a c@Xirde iGh: ank@ WatZidke aXicde. The
above-nentioned alumnum alloy filmshould be fornmed in such a way that the
al l oyi ng conpanenlydi ssak¥inggi hst herfopmedquitki Abbum sEate partly or
entirely becones included in the concentrated |layer, so that its

resi sti viabyputs Ir éduce d cheltawid iPecmhepréleratiley i shélcowr®rearties- ofi I n
addition, the contact resistance can be significantly reduced if there

exi st s arihexit@denfsidsipogl t dhus0 the shibskr adent(ailtrbng Hless rElyan 144 at ono of
oxygen in the interface between the alum numalloy filmand the transpar-
ent cond§€fiPetid-m 37 The above-nentioned aluminumalloy filmmy be

f or med
The substrate (with TFT array) according to the second

embodiment and the display device incorporated with this
substrate produce the same effect as that produced in the
first embodiment mentioned above. Incidentally, the alumi-
num alloy layer in both the first and second embodiments
may be used as the reflecting electrcde for the display
device of reflection type.

Incidentally, the above-mentioned transparent conduc-
tive film 5 should preferablyrbe formed from indium tin
oxlde or indium zinc oxide. The above-mentioned aluminum
alley film should be formed in such a way that the alloying
component dissolving in the non~egquilibrium state partly or
entirely beccmes included in the concentrated layer, so
that its resistivity is reduced below 8 uQ2-cm, preferably
below 5 uf2-cm. In addition, the contact resistance can be
significantly reduced 1f there exists an oxide film (1 to
10 nm thick} containing less than 44 atom% of cxygen in the
interface between the aluminum allcoy film and the transpar-

ent conductive film.
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by vapor deposition or sputtering, with the latter being preferable. The
substrate (with TFT array) conpleted as nentioned above is incorporated
into the flat display device (liquid crystal display device) as shown in
Fig. 1. The surface of the substrate (with TFT array) is coated with
polyimde. After drying, the polyimde coating is made into an alignnent

Layer by rubbing. a6-0Rasing UBSLEALE2 1S o 91355 rRlALE Ahinch has a

chrom um shielding fil a matrix pattern. between adj acent

Shi el di NGy 138,19 ot J TR 2Pl AN Cor 50} O3 e 8 Al diedho green, or

blue. On the shielding film9 and the color filter is fornmed the comon
el ectrodegreffbhirph is an I TO transparent conductive film In this way the
opposi ng el ectrode is conpleted. The opposing elec- trode is coated with

pol yi mi de. Aftrae duykigatehawpehyimmr ageafi)l dohg1eade bat achie oakiggnment
| ayer 11 by rubbing. The substrate 1 (with TFT array) and the opposing sub-

strate 2 ayereputs tiogeirhermatid hdtheitheal flgmenitsdlayerdevifaci g gach other. A
certain gap is maintai ned between the two substrate by interposing spacers
15 bet weenrydterh dilelagapldwsi sLalaed abdvn arpliast d .seal ant 16, except for an
openi ng through which the liquid crystal is introduced. The resulting enpty
cell is place@hensanfevacodt te cobtsairnce, (with TRE epeniyhgidi pped in liquid
crystal. The pressure in the container is gradually restored to the 38
at mos pherdog tside e pody igtigte + héfdma Wreding i $hfg Hodd imiitde coating
is made into an alignment layer by rubbing.
The opposing substrate 2 is a glass plate, which has a
chromium shielding film 2 with a matrix pattern. In a gap
between adjacent shielding films ¢ is formed a plastic
color filter 8 of red, green, or blue. ©On the shielding
film 9 and the color filter is formed the common electrode
7 which is an ITO transparent conductive film. In this way
the opposing electrode is completed. The opposing elec-
trcde is coated with polyimide. After drying, the polyim-
ide film is made into the alignment layer 11 by rubbing.
The substrate 1 (with TFT array) and the opposing sub-
strate 2 are put together, with their alignment layers
facing each other. A certain gap is maintained between the
two substrate by interposing spacers 15 between them. The
gapr 1s sealed with a plastic sealant 16, except for an
opening through which the liquid crystal is introduced.
The resulting empty cell is placed in an evacuated

container, with the opening dipped in liquid crystal. The

pressure in the container is gradually restored to the
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the liquid crystal, and the opening is sealed. Finally, the polarizers 10
are attached to the both sides of the filled cell. Inthis way the liquid
crystal panel is com pleted. The liquid crystal panel is electrically
connected to the driver circuit to drive the liquid crystal display

device, as shown in Fig. 1. The driver circuit is arranged at the side or
rear of the liquid crystal panel. The liqg- uid crystal panel is fit into the

frame 23 ahicdprHas Apreepenid)g s Hefd ned hendivsplayl arearof 1 dder:ldgui d
crystal panel and which has the back light 22 and the |ight guide plate 20
for the s acepdiighirysewice.anldh e Spmyidde s Idaplie cr ysirad11di,spl ay devi ce
is conpleted. EXAMPLES Table 1 shows the results of neasurenents of contact
resi st ancéebegtodmeri e tlNarspargrtacdeaduct inte fddth Sidis dhelsubstrate with
TFT array) and the alumnumalloy film which are in direct contact with
each ot heTillEie ceifger i fentthifsowanedsur émentisl weryves tedr riaetkli ng hen-f ol | owi ng
manner. (1) Constitution of transparent conductive film Indium tin oxide
(1TO comdesed .of indiumoxide and 10 wt% of tin oxide; or indium zinc

oxi de (1ZO) conposed of indiumoxide and 10 W% of zinc oxide. The film

t hi ckness is 206 haabad bovEtedsesnel2)sCeasciricipen Yoroanamtadnial | oy film

Alumi num alloy = 39 containing 2 atonfoof N ; or alumnumalloy containing 2
the driver circuit to drive the liquid crystal display

device, as shown in Fig. 1. The driver circuit is arranged
at the side or rear of the liquid crystal panel. The lig-
uid crystal panel is fit into the frame 23 which has an
opening to define the display area of the ligquid crystal
panel and which has the back light 22 and the light guide
plate 20 for the surface light source. In this way the
liquid crystal display device is completed.
EX2AMPLES

Table 1 shows the results of measurements cf contact
resistance between the transparent conductive film 5 {(on
the substrate with TFT array} and the aluminum alloy film,
which are in direct contact with each other.

The experiments for measurements were carried in the
following manner.
(1) Constitution of transparent conductive £ilm: Indium
tin oxide (ITO) composed of indium oxide and 10 wt% of tin
oxide; or indium zinc oxide (IZ0) composed of indium oxide
and 10 wt% of zinc oxide. The film thickness 1s 200 nm in
both cases.

(2) Constitution of aluminum alloy film: Aluminum alloy
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atontoof N and 0.6 atontoof Nd. (3) Formation of transparent conductive
film Condition Ain the initial stage of formation. Atnosphere gas

argon Pressure : 3 mlorr Sputter power density : 1.9 Wcn2 Filmthickness
20 nm Condition Bin the later stage of formation: Atnosphere gas

argon/ oxygen m xed gas Pressure : 3 niforr (argon partial pressure : 2.98
nmlrorr; oxygen partial pressure : 0.02 mlorr) Sputter power density : 1.9
Wecen?2 Fil pohbhckness2: at8Rznoxr(¥) ; Heat khgnenadi idey Heatkmging control |l ed
so that the substrate is at roomtenperature or 150C while the ITO filmis
bei ng foraednloafi déentadl §, 6ExpenbrmeAtN8lo. 10 was carried out in such a way
that the ITOfilmwas fornmed directly on the alumnumalloy filmwhich had
been patt éBhedfangathen péttretespedesd thatiuatcwvat atimof 80 pm square was
formed. In this experiment, the SINfilmwas not formed and etching wth
fluori ne ptadhmiwasAinon peef onibdal (SFadkaslr énenetdbnicont act resi stance: By
four-termnal neasurenent with a Kelvin pattern as shown in Fig. 24.
Current | is pHI¥ERPRsFOWERS |1 &f@P™2 (or through 1 TO (or 120 and al uni num
al l oy) and voltage drop V across V1 and 40 V2 (or ITO (or 1ZO and al um num
alloy) is noniRi®EHrThe 3 mlorr

Sputter power density : 1.9 W/cm?

Fiim thickness : 20 nm
Condition B in the later stage of formation:

Atmosphere gas : argon/oxXygen mixed gas

Pressure : 3 mTorr (argon partial pressure : 2.98

mTorr; oxyden partial pressure : 0.02 mTorr)

Sputter power density : 1.9 W/cm®

Film thickness : 180 nm
(4) Heating condition: Heating is controclled so that the
substrate is at room temperature or 150°C while the ITO
film is being formed.

Tncidentally, Experiment No., 10 was carried out in
such a way that the ITO film was formed directly on the
aluminum alloy film which had been patterned and then pat-
terned sc that a contact of 80 um square was formed. In
this experiment, the SiN film was not formed and etching
with fluorine plasma was not performed.

{5) Measurement of contact resistance: By four-terminal
measurement with a Kelvin pattern as shown in Fig. 24.
Current I is passed through I, and I, (or through ITO {or

Iz20) and aluminum alloy) and voltage drop V across V; and
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contact resistance R at the contact Cis calculated from R = (V2 - V1)/1I.
The Kelvin pattern was prepared in the following manner. The Ni content in
the alum num all oy was determ ned by |CP (induction coupled plasna)

em ssion analysis. The thickness of the N -concentrated |ayer and the oxide
film was neasured by observing the cross section under a TEM The N

content ¥n the Nrocopeentopt gddl ayeniand 4hecPxygenmosonbeny . i nThBe oxide
| ayer were determ ned by EDX for the sane sanple as used to observe the

Cross secbneacindesidtahbEM RAasi theoronabenr € Aspladeudfatadglfagsm substrat e)
is coated with a thermal oxide filmof SiQ2 (400 nmthick) for insulation.
On the oRi de (Vi;| m g flor methedKeslpuitrt grd trige ran waed udememed | ay fhid m (300 nm
thick). After patterning, an insulating filmof SiNX (300 nmthick) is
formed tedéowiby m&vWbDemet hod. The coated silicon wafer undergoes heat
treat- nent for 1 hour in a filmform ng vacuum chanber. A pat- tern for
contact hol e 86 Wisquate)rtisnnbde byuphotol athoy grapigteantoataoy hole is
made by etching with fluorine plasnma. On the alumnumalloy filmis forned
by sputtéfFndingickionf chupdedl pOaFimEm EROESARNt BREkYSdccor dhBg to the

t wo- st age_process nentioned above within 8 hours. The ITO, filmor 1ZO film
i s pattefReG ITHE eénthet NiesPBEgRcEabetnearethangl thenarhidrl &y 1/ I m and

the ITOfilm(or 1Z Eil vvas,meazgred by using a 41 four-term nal manual
prober aw&sa @ﬁPES d ¥t8 SEﬁWéﬁ@t @ Cross sectlon under a TEM.

The Ni content in the Ni-concentrated layer and the oxygen
content in the oxide layer were determined by EDX for the
same sample as used to observe the cross section under a
TEM.

A silicon wafer (in place of a glass substrate) is
coated with a thermal oxide film of 310, (400 nm thick) for
insulation. On the oxide film is formed by sputtering an
aluminum alloy film (300 nm thick). After patterning, an
insulating film of SiNy; {300 nm thick) is formed therecn by
CVD method. The coated silicon wafer undergoes heat treat-
ment for 1 hour in a film-forming vacuum chamber. A pat-
tern for contact hole (80 um =square} is made by photolitho-
graphy. A contact hole is made by etching with fluorine
plasma. Cn the aluminum alloy film is formed by sputtering
an ITO film or IZ0 film {200 nm thick) according to the
two-stage process mentioned above within 8 hours. The ITO
film or IZO film is patterned.

The contact resistance between the aluminum alloy film

and the ITO film (or TZ0 film} was measured by using a
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anal yzer "HP4156A" (from Hewl ett Packard). The contact resistance R
nmeasured by this nmethod is represented by R= (V2 - V1)/1. The neasuring

nmet hod gives a value of pure resistance at the contact between I TO (or |1Z0O
and al um num alloy, with the effect of wring resistance elim- nated. 42
>0 E0O'o 00 'CI"" NNrr Nrrrr N .p"-, COOOO0O0OO0OO0O O OO0Op

oU co Jfgucf~l€e(rmﬂ1aqom@n@a|\ﬂ dober %@CJ\IE:NSG@LJ_%JHCNIMM t#;an:a{\rﬂet‘\e CwM
O N MN N co Oo VMV d 00
_Vv) Néﬁalyzer “HP4156A” (from Hewlett Packard). The contact
resistance R measured by this method is represented by
R = (V, - V1}/I. The measuring method gives a value of
pure resistance at the contact between ITO (or I1Z0) and

aluminum alloy, with the effect of wiring resistance elimi~

nated.
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FQ mmO- OQQQ<<<<<<U_ 3 olla 0 o0z2Zz 1LU6G 000 O (
covQ cEzzzZzooOom  EmMOOOOCONNNNOOZZZZzNZC
WOc OOOM NNNNNTfFr- O Z aoEzr NMV v) (Or co ONME b NC
CD In the neantine, resistance of direct contact between [TOfilmand pure
alumnumis 1.5 x 105 U and resistance of direct contact between ITO film
and Al -Nd al loy fhypreahtimduniasnsabhoy ordwmeb0groh8a8tdbstd84nn. By

contrast, resistance of indirect contact between ITOfilmand Al -Nd all oy,
with bar rirer fiethabndf pibei alenposedibetiwsen thénf) bad te@ixtiBieUci n
conventional structure). In the foregoing exanples of the present invention,
t he cont déterésicshance hetwhencodfDadt lhoked( 80-Funaddoar éXypisal. 2 x 101 U
for AL-N alloy wiring, 1.5 x 101 Ufor AI-N-Nd alloy wiring, and 1.3 x
101 U foelaminmmyaalpgyfor wiring) is 8.4 x 10* Q. By contrast,
resistance of indirect contact between ITO film and Al—Nd
alloy, with barrier metal of Mo interposed between them, is
1.0 x 10 @ (in conventional structure).
In the foregoing examples of the present invention,
The contact resistance at the contact hole (80 um sguare)
is 1.2 x 10* Q for Al-Ni alloy wiring, 1.5 x 10' ©Q for
Al-Ni-Nd alloy wiring, and 1.3 x 10* @ for Al-Ni-Y alioy
wiring, each alloy wiring having an oxygen-poor oxide film
formed at the contact interface. These resistance values
are approximately equal to those of conventional structure
having a barrier metal of Mo.
The liquid crystal display device provided with the
substrate according to the embodiment of the present inven-
tion is comparable in yields and display quality to conven-
tional ones in which the ITO film has a barrier metal.
Thus, according to the present invention, 1t is possible to
produce liquilid crystal display devices comparable to con-
ventlional ones, without requiring barrier meital.
Omission of barrier metal simplifies manufacturing
steps and reduces production cost.
According to the present invention, the transistor

electrodes are formed from an aluminum allcoy containing

specific elements in place of pure aluminum or conventional
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wi ring, each alloy wiring having an oxygen-poor oxide film fornmed at the
contact interface. These resistance values are approxinmately equal to those
of conventional structure having a barrier nmetal of Mdb. The liquid crystal
di spl ay device provided with the substrate according to the enbodi nent of
the present inven- tion is conparable in yields and display quality to
conven- tional ones in which the ITOfilmhas a barrier netal. Thus,

accor di ngluoithe présent(cmventd di,lmit, issighogdialll eteore produce dn qui d
crystal display devices conparable to con- ventional ones, w thout requiring
barrier metigle. IOdrssiidh of ldavitiesr oxengan siomplenfti eéd rdrufesgttiading st eps and
reduces production cost. According to the present invention, the transistor
el ect r odéstgrd ater-nedhflsomtan caludis meraraltsoy leestaiosinig cts padilf itd1cel enent s
in place of pure alum num or conventional 44 alumnumalloy (or M-Wfilm,
such t hattFEREPE rERIts CONER Ctowied d Ly mSviiEd 1a Lisisnimedd ‘a6 gen o ittémsS /at t he
contact interface. This structure permts direct contact with the

transpar 8AC SFRAkCE FEHCER PLOMNIGHP8s SRgfuf act uring steps, and greatly
reduces production cost. 45 WHAT IS CLAIMED I'S: 1. A display device which
conprises a substrate, thin filmtransistors and a transparent conductive
filmwhich are fornmed on the substrate, and an alumnumalloy film which
el ectrically connects the thin filmtransistors to
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the transparent conductive film such that there exists an oxide film of
said alumnumalloy at the interface between said alumnumalloy film and
said transparent conductive film said oxide filmhaving a thickness of 1
to 10 nmand containing oxygen in an anount no nore than 44 aton? 2. The
di splay device as defined in Claim1, wherein said alumnumalloy film

cont ai nswWalRTl éastLaaEEppeEci:es of all oy conponent sel ected fromthe group
consisting of Au, Ag, Zn, Cu, N, Sr, Sm Ge, and Bi in an anount of 0.1 to
6 aton 3. The Hispiayadedececaswdethnedmpnifeai n 2ubvhenten thand
alumnumalloy filmcontains at |least Ni. 4. The display device as defined
in dai mf3lmwhersshstoher endxbstsaasNareoncentidatced vieayédmhaviing a t hi ckness
of 0.5 to 10 nmat the interface between said alumnumalloy filmand said
oxi de fi ke dndnsdi anNcheoAsbatrated bagenrn hayranuiveddge Nilgoncentration
which is nore than twice the average NI concentration in said alum num

all oy filmich etfretdisplay gevnectastaefrhéd fAlw siranslskkéeseits said
alumnum all oy filmadditionally contains at_ | east one species of alloy
conponent§elFE8RERZFEBM FABIGFEUFScoAsTst SUFRgTERENGeYe BE1SES, 2%, Ta, Cr,

Zr, and Hfiin an, anp nt_4 g& Orluto ato A)t . Th Qisgla gevice as

defined Ph a?ﬁ%@, ahé?égn sart Prﬁﬁ%ﬁﬁrg%t gSnaHEFFgé Fl%ﬁ]ﬁ?eForned from

ndium tin, oxide. (1701 ot Bdtym.zLng 91 08,130 orT- cThE,dkgpLay device as
film, said oxide film having a thickness of 1 to 10 nm and
containing oxygen in an amount no more than 44 atom%.

2. The display device as defined in Claim 1, wherein
sald aluminum alloy film contains at least one species of
alloy component selected from the group consisting of Au,

Ag, Zn, Cu, Ni, Sr, Sm, Ge, and Bi in an anmount of 0.1 to 6
atom%.

3. The display device as defined in Claim 2, wherein
said aluminum alloy film contains at least Ni.

4. The display device as defined in Claim 3, wherein
there exists a Ni-concentrated layer having a thickness of
0.5 to 10 nm at the interface betwesen said aluminum alloy
film and said oxide film, and said Ni-concentrated layer
has an average Ni concentration which is more than twice
the avefage Ni concéntration in said aluminum allcy film.

5. The display device as defined in Claim 1, wherein
said aluminum alloy film additicnally contains at least one
species of allecy component selected from the group consist-

ing of Nd, Y, Fe, Co, Ti, Ta, Cr, Z2r, and Hf in an amount
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said alumnumalloy filmfunctions as a reflective film 8. The display
device as defined in Caim1, wherein said alumnumalloy filmis coated
with a transparent con- ductive filmso that the resulting | am nate
functions as a tab connecting electrode. 9. A display device of passive
matrix type, which conprises a substrate, a transparent conductive film
and an aluminumalloy filmto electrically connect said trans- parent
conduct i vwg fi.llmccs@chtiohdt. t here exists an oxide filmof said al um num
alloy at the interface between said alumnumalloy filmand said
transparent condu¢hevéisplay dedideorbddefihmdhawni Adaamt hi, ckhessiof 1 to 10
nm and con- taining oxygen in an anobunt no nore than 44 aton?% 10. A nethod
for prodédéildg taagisppiray tdevndeaiiven fidanprs fesmedstigprofinddim g ran
alum num all oy on a sub- strate and subsequently form ng a transparent
conduct | $&E1AE] |(MICH opreliddirddédyCcoR*saied dlafi-num alloy filmin a non-
oxi di zing gas_atnpsphere in the initial stage and in an _oxygen-containing
gas atnospheré-i nTRReds8RbAd SE¥yec 2EherébYSForRi hg2aR oxi eeFElm of said
al um num al,l oy at .t he gqterfa e %et en said alumnumalloy filmand said

trans- pafefit 2¢HRGOET ¢& 1PV Ml lEaitdneHGE S i mPh&Ang 11 Rridss 47 of 1 to

10 nm and confai njng gxygen.i0_g0 ampUnh Bo,mare, Hhan 44, alpnt 48

sald aluminum allcy film is coated with a transparent con-
ductive film so that the resulting laminate functions as a
tab connecting electrode.

9. A display device of passive matrix type, which
comprises a substrate, a transparent conductive £film, and
an aluminum alloy film to electrically connect said trans-
parent conductive film, such that there exists an oxide
film of said aluminum alloy at the interface between said
aluminum alloy film and said transparent conductive film,
said oxide film having a thickness of 1 to 10 nm and con-
taining oxygen in an amount no more than 44 atom%.

10. A method for producing a display device which
comprises a step of forming an aiuminum alloy on a sub-
strate and subsequently forming az transparent conductive
film (for electrodes) on said aluminum alloy film in a non-
oxidizing gas atmosphere in the initial stage and in an
oxygen-~containing gas atmosphere in the second stage,
thereby forming an oxide film of said aluminum alloy ét the
interface between saild aluminum alloy film and said trans-

parent conductive film, said oxide film having a thickness
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of 1 to 10 nm and containing oxygen in an amount no more

than 44 atom%.
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