; JKe3eFt 6 Tt/3 1 LI QU D CRYSTAL DI SPLAY UNIT ~ ~ ~~N 2002 The
‘i nvention Wﬁﬂmmﬂa liquid crystal display unit having a |iqui &%mzw
| ayer bet of substrates, pixel electrodes and el enents for
driving the piesé- el ectrodes arranged in a matri x on one of the pair of
substrates, and inter-pixel connecti ons- f or applying signals to the driving

el ementﬂ’m" iamal 1y, the elenents for driving the pixels of a display
unit ar Wmmmwrm emﬁt JoMter MNal Sy ' al |y being non-Ilinear
el ements enjdogypkNg 1 Norg -6+ Hya—HEtal i nsul at or - et al
(MM, netal-sem-insulator (MSI), ring diode, back to back di ode, varistor
and the |like structure, or non-linear elenents enploying organic film such
as polyimde and the like. A first conventional |liquid cr:g/ tal di%fl ay unit
usi ng net al - i nsul 36 PRESENY Adpventdaly disldted tYierdiPid SEYSk

el enents) adispdewynunitohadring 20 IHigwalds cfydtl dispmybetwden sashown in
Figures 3 and.4. Lh l.low ng expl.antiaqn i.s based o ing tantalum (Ta) /
tant al um oxggé'%( ‘?gc%‘fb tfﬁ‘rtc?rﬁg'um J'Efr% Ieg‘fecrtsr 5% i%i+m%é§/%r£§¥ructure
for each M MrdvimgntheCpixedl leleaftiredes eparanyed imra aakrixyen orzel ayer

of tantal um,gxi [ [ ‘&i% . the.t n r M xi dati on
or thermal m(‘)’)%i lc‘.i'gt%i g%i I tol%g%ou r%\é-’%r?dt e%,noﬁor}'v\trgévégrn,ﬂﬁe?[ %hl S a ‘g%gknovm to
use al uni ni @r( APPlY4oHd siamals ¢ thet idrioMing: (@IRDENYS O + Au, I TO + O
and the like for tcoaveRkalonadnes,s Tt'ﬁbq%%eqitsﬁr@%ﬁviﬁl%mat it is

known to use Si ?( %I NX,. .S ';P/ aNx and ZnQx for ‘the insul ator |ayer

i nstead of PA#RIS| REFRgALSPlaYaNRiLt afe ARiLifRaRy eianmenss #ith |~ jun
2002 2 tant glvomteapdhals,a t3pidlalbyovedtid aistl- e masl emerite tantal um
| ayer 1, angm Sg;iggj &FQO 8 r&té, f rrgs dn I\{IJM Igegg*ﬁtgaf_or driving a
pi xel by way gfl prxeé elge?:ﬁ'ro l§'%§| gr?%“%p irﬁﬁ} r aJterm' nal area 6
provi ded byinsuleserametrailayfMIM) ar eetpdi-isemi-dnsvd gtiow| (MRt r ode 5

t hrough an i r 9Rb¥al ¢ i i is i t t | um

ug raher dRbue!, %@&C%_ooga]ék \d&oga,an ﬁ@g% ée%(d £lfe LAk

| ayer 1 and to"the tantal um oxi de |ayer 3, ] ement 9. All the
| ayers are FEFHEGUSR:a SEHIONFUANLAY |od ementdH G laing wxgaidie nunber of

phot oet chi ngishepacheaes palyimidehandr @by atiixen of an el enent substrate is:
one for the formahi %n of the tantal um |l ayer, one f.or thelformalion of the

chrom um el enent AR8 toFOPVER TR A, LG ish SRYSHRd FisRlay ditibde s,
that is, thneéngt mpsaﬂﬁihehahmltoﬁsmeal_ alel,laq&rﬁlQ}Meﬂeirﬁmxe Zferred A
necessary tgr t um_oxi.de er Q. t area

and, therefg e,ggng\?bedr ?ﬁse}‘n%%ft% )ag](ﬁ ;éllgﬁ'gln%%h(;to%- ér&&#gqesqlg%,q%]ﬁéaﬁ does not
require pretheeddspdrycynituss shownbdnefugures Aanmgyd val ent circuit

di agramis shown 'rBeFES!iﬁ.%wé.nﬁJa\'/éix?ﬂWﬂoﬁ il rdrPUid Qfy resi stance of

the inter-pixel connection g a value R1s represented b¥ )?
esi st ance

resi stance ¥2DARGURS (BRdy/dE&@nsadala oxide (( TaP%)he ERTGRINR |
of the tantabysrkager althpdaage 1bhe rt attralotirexifdy leaeai MM S an insul ator.

e S BheRe gRrap il PR e ae A A Fafoa £
layer of tantalum oxide is formed all over the tantalum
layer by anodic oxidation or thermal oxidation. It
should be noted, however, that it is also known to use
aluminium (Al), gold (Au), indium tin oxide (ITO),
NiCr + Au, ITO + Cr and the like for the metal layers
instead of Ta and Cr, and that it is known to use SiOx,
SiNx, SiOxNy, TaNx and 2nOx for the insulator layer
instead of TaOx.

In Figures 3 and 4, an overlapping part of a

ae Wava



the'resistance |i and MMelenent 9 are connected in series with a liquid
crystal layer 8. Since the resistance of the inter-pixel connectiqp 7 UN 2002
reduces the signal voltage applied fromthe termnal area 6, a vol Jgé

di fference ari ses between signals appL%ed to those pixel electrodes 5 near
the termnal area 6 and signals appli to those pixel electrodes 5 07
JUN 2002 3 renote fromthe termnal area 6. The di splay condition of the

Fauid orySi alegi Gl Ayulni 1, NGAT 4E 15 T RPde AL 8700 §NESLHLAT BRS 7o Lhe

di spl ay conditron T entt erm na presented as

unevenness the dentabum l#ﬁ!@? der tand r@r@&@mh@npﬁ?%@’ﬂ?étqﬁal i £9TBF t he

I CIUI d CrY%xﬁ'Mﬁ! S@ié&hfewlé fdu'.E dﬁxvixﬁ*@régpifeldﬁflwaw efta peddte the
connection Cas of t structure of

t th t -
Irzlezljfeag,ceﬁ%ee s é?nair pl(# ignpls moput &E‘Pmc%nﬁ%ﬂ‘?'%?l 72E5% ge reduced by
tenI ?Lgi _ngt tproviadddrisy Wit lok ftarftalmﬁr.'tbapértheatanappﬁnedayertnecor][etsEondi ng
o} ein e S S40 e
tant atum | BERL 41NN | PkHeotin dn NELERSLIML] \EobRbCkIgAST D

qual ity i rrpw‘lblﬁehretﬂ poeided hmy thastantaluwnlayer he @Féet@ t‘Fﬁe | atter
met hod has @dh@dMes sSkfdd edydPtd, Orhril?téﬁ»‘é v Cel @ran €Uyl Noapat tREN

formation of the tantalun1|a er 1"and on ste coverage of the chrom um

el ement 4 XX ARR fﬂr@% it FURFEER%R H2: Therefore, it is ext remel y
difficult to redunt t#thetdhdxesd |mu@@§épnc@@fnﬁ:ﬁbern:bﬁrphoxel- connection

the i nter- HSRTLAG MRS JIHoR SRR SR THe Argtratislon ool R SapheiEce” '
pr oposed. ldB.lth.Itdttms‘.EErE odnarﬁmﬁlwefommmg cbfletherbannaiemenent 4, a
chrom um coy ion I bet ween
portions of tfent a‘+ um oxi ?ﬂ‘?ayer h&E h&tq ﬁﬂ{-&hn?gp-éliglg?&%onnect I on
7 has a twdi ayQéTd ne cier cthe cﬁ@@@f-iﬁnt% t%thl%ﬁil%%@?tqoﬁﬂd the

chroni um caipctiPn it edeiders M LD, thehé@@éﬁjrw tasoéhbbﬁ gant al um
Iayer 1 is approximately 220 m cro-ohmcm that o omum , 0 7 JUN

2002 4 confSdYgh B enntlD BeCEFHATK Rt EFTORD Tﬂli‘%rﬁa%ﬁ?ri‘&% O%}@fef or e,
the above tmdmx@rfﬁdm UgHalr e rmdinel Yadd e6tan®, | nthiedetong, t ha resi stance

of the 'r“(vef¥)%inﬁﬁ?nn%£§itlonal photo~-etching step, that does not

require precise accuracy, must also be executed.

An equivalent circuit diagram is shown in Figure
7. In Figure 7, the distribution resistance of the
inter-pixel connection 7 having a value R is repre-
sented by a resistance 11 and is provided substantially
by the distribution resistance of the tantalum layer 1
because the tantalum oxide layer 3 is an insulator. The
MIM element 9 has a structure represented by a capacitor
Cm and a resistance Rm connected in parallel. As shown,
the resistance 11 and MIM element 9 are connected in
series with a liquid crystal layer 8.

Since the resistance of the inter-pixel connection
7 reduces the signal voltage applied from the terminal
area 6, a voltage difference arises between signals
applied to those pixel electrodes 5 near the terminal
area 6 and signals applied to those pixel electrodes 5



By increasing the'thickness of the chromumlayer as the need arises, a
sufficiently | ow resi stance can basically be obtained for the inth pipﬂlﬂmz
connection 7. However, in this structure, the nunber of photoetchi a g eps
necessary to prepare an el enent substr%te is : one for the formati on of the
tantalum |l ayer 1, one for the renpoval ©f the tantalum oxide |ayer 3 at the
termnal area 6 and along the inter-pixel connection 7, one for the

formation i ﬁqﬁm the ¢ } n j .elenent 2,
and one fo%fe% e fg%}.'rrégtm&oﬁna?f the a?x%]éjaelgbtr'g%gnﬁgg%%g? ?gﬁ?gg%sét eps in
total . Con&fqddift IMAWA (BeREay dieptrytepblt Rearr eBestarBénsd t he

i nter - pi xelarEanree ) diEfdis feom tHE &PSH1y eordieing teRotequi d _
crystal di ?ol %"é l.hnl tt i S q{?glstl cally increased and, noreover, the production
yield is rddffedieareiminal ARk £ urRFe7eRER 2B nHReYSPISF8ddBt s, such as
| Cs, the cexintufagir.odudmemidr qip dimpycveal thie spieyureai gquadpepdefon the

nunber of - 1 4 ss. Jherefo roducti on
costs for ﬁ{eg?Ii%@u;%ﬁ&%sg%%eé%z%&%pbro&gn'g%él y£ﬁ?§E?|8FnQaé the costs
for the stdeSiFadle tg gigduce the resiskanes of otkesinberrpéxeiructure in

Figure 5 | soheeddied elow with reference to Figures 9 (a) to 9 (e).
First, athin fil f tantalumis forned on the_ substrate 12, and patterned
FF s A% 9

into a desired c 3% 5 the s IcHre f Fig9Feaydr 888s shown in
Figure 9 (aesistantel df AH¥ . irftwanixbl tdenmett b6 Pfcahebgat t er ned

Fraure s (BFachel b Srilind o B o dth of & HasE) B2 Fhec: [ on 7
i s renoved tantalgwsilage pdr [daxrregpdrading s shewnterfpixer 9 (c). Then,
chrom um i $nldid 3N pat&ﬁ%?’#%ﬁ#@# f%gﬁﬂém& | 9F £ReProduce the

chronmi um connecti on el €nent connecti on and t he
chrom um et@Rsaiun d@yas tlut | ndlerevdier theciewmrr grethed M%/ el enent 9 as

shown in Ficoutealy do aFigldture apddBNSPaimstoranehet byeainéan by formed and
S

atterned i,n_a.desired confiquratlion to provide the el electrode 5 a
Phown 1 - FRaAR4 S Ao, ok rhe e P Fhe, LALERY RACRETHRAT HBR | i ne d -
d i nI Fi guréversien efifgote Ebtir)or _rpatﬁ’li\ﬁ]nbca/@%wmmriﬂn? pattere Sf Lhe
t ant al um oxi r it r.egi.on ere e tantalu nd the
chrom um effg%@r?llﬁﬁﬁoygr Itg"ba, rﬁ%rg&a%l? t]T‘FéY E'rreg%t oéH“é o&}n'a%%% h@%’ﬁ#%?errent , IS
to be exposddthe wchaopticm-edienenty Hradcdsre adge afDriche byantmdemi son with

the procesgakh@hr AANUfacturing the structure shown in Figure 3, defects are
increased at "the tantalumoxide inter-face of the MMelenent, and this

results in a reddET&FOEe i« hdorict pttramsi el difbiculle 1o gipduesystal
di splay unidistAdbuitdiond ralzdetardie SORMAN NSt - S KTt db@Fed©ion | Owi d
crystal displ gﬁu%l t% ei t her hav th% roblemthat [t is difficult to
reduce t he2dP&r-PHFEEGT Y BGTOSHA Jf i THRPHT3R4S connecti on, or the

probl em t hat redaan ”gd tdirstative istrucird afore tleeishsterdgpisel c i ncrease in
product i OncBﬁﬁ%c@ﬂ%na 7 Pa%“cstﬂ%% | Wl?#_lngraes-rr? tfsé.rﬁa- né’fQé!t?@eEEEKS. to
provi de an elenent substrate tor a Ii'quid crystal display unit, 1n which
proposed.
Using the same chromium layer forming the chromium
element 4, a chromium connection element 2 is arranged
on the tantalum layer 1 between portions of the tantalum
oxide layer 3 such that the inter-pixel connection 7 has
a two layer structure provided by the tantalum layer 1
and the chromium connection element 2.
Although the resistivity of the tantalum layer 1

is approximately 220 micro-ohm-cm, that of the chromium



6 0+~ ~~N 2002 an.inter-pixel connection may have a | ow resi stance w t hout

I ncreasing costs. According to the present invention, there is prﬁvigﬁﬂqqmn
liquid crystal display having a liquid crystal |ayer between a paPr
substrates, pixel electrodes and non-linear elenents for driving the pixel
el ectrodes arranged in a matrix on one &f the pair of substrates, at |est
one input termnal portion for receiving driving signals, and correspondi ng
i nter pixel connections coupled to said input term nal portion for enabling
t he respect icannestidmediendndhehtis Epreskeataky d30 vinhgrerghatsm.

characteri zegdpAdiQd, trghérgggvéeﬁgg r%é¥)%| COPPrisegegymul ti-layer
sa

structure haV|ng an 1'nsul ating | ayer etmeen t he or song of the
ot her | ayer SEfARELYiReddh trqqﬂﬁﬂﬂg(ﬁhﬂmqqsiﬁﬁﬁﬁﬁ%r¢%éﬁh?u%@ﬁﬁF Ph¥ehay . of
exanpl e, W tdpnmfctyiycey 1o t he acconpanyi ng drawi ngs, in mhlch . Figure 1

s a plan view of _an elenent su f aliquid crystal.dis uni t
according to the ﬁf lﬁﬁ?ékﬁ inﬁlékif %c%ﬁﬁﬁﬂfu9| QY¥5ken on
the |line a asa'then tiaegnrae:i:lsedzl g esuFfiiciempt by lowwesistartenean

bstrat td ' ' | | 4
soctional v AR SALY BO MRl (b W AR Blnd T bonhbBhiE Y7L D 2
vi ew of an el enentlos@Y&% at é-fbftlﬁ-%(ﬁﬁﬁ‘émfrw ItbﬁuW?gt@f Hh@E‘Pay unit;

Figure 6 |Sé%dh¥ﬁ§‘§ﬁﬂ 9”ﬁ§%é§§§¥y(ﬁbt dféféh eIéméﬂtFﬁﬂbéeréteFlgufe 7
s an eqU|v31ent C|r§y|tdg#%q%?n1of a p K; gvenilonal I|quhd
crystal di spidy & mmatip \Eﬂ%ﬁﬁ Qﬁ Wehrim 0P8 pi xe
of a |liquidforythel réimMady dﬁlﬁha)ftdd&mmEMde nieyér ob; aanthéi gures 9
(a) to 9 (eke?&ﬁn%ﬁngﬁkﬂs AEM%léRBMéﬁL iﬂ% 3%{*g?qgonnectlon 7,
one for the formation of the chromium element 4 and the
chromium connection element 2, and one for the
formation of the pixel electrode 5, that is four steps
in total.
Consequently, by reducing the distribution
resistance of the inter-pixel connection in this way,
the cost of producing the liquid crystal display unit is
drastically increased and, moreover, the production
vield is reduced.
As in the manufacture of semi-conductor products,
such as ICs, the cost of producing a liquid crystal
display unit depends on the number of photo-etching
steps in the process. Therefore, the production costs
for the structure in Figure 5 are approximately 4/3
times the costs for the structure in Figure 4.
The production process for the structure in Figure
5 is described below with reference to Figures 9 (a) to
9 (e).
First, a thin film of tantalum is formed on the
substrate 12, and patterned into a desired configuration
to provide the tantalum layer 1 as shown in Figure 9

{a).



stages in the production process for the el enent substrate of the

‘conventional liquid crystal display unit of Figures 5 and 6. Referring to
Figures 1 and 2, an elenment substrate of a liquid crystal displayﬁuhibe 2002,
according to the invention is illustrated. Like parts are indicated by the

sane reference nunerals as in Figures to 6. In this instance, a chrom um
connection elenent 2 is fornmed along an inter-pixel connection 7 and over a

termnal area 6 WE%QBH& re@BgiQQ ?a&é“&?'%ﬂboﬁéﬁ% LRLEN tAnthQn he
i nter-pixel_connection 7 or the FePmnar areats. §|gnals I nput _fromthe
ternminal ardaYer hndst@kidiapdt teogeRerakeotPentadiaddl OFideeddyeT2 are

applied to @& psxel reyesgérodepy)t hrough the tantal um oxide [ayer 3 of the

i nter-pixel connegtion 7. and an M.M el enent 9. e tantal um oxide |ayer 3

is naturally an iﬁgﬁlQ?BFaEF?anéﬂﬁniP¥e§uépPFegﬁFoipﬁgrbﬁﬁ§%ﬁun1connection

el ement 2 acenheetsont?eflst bemogbdt hhsai desliaedr pbirtiono by bextialgum | ayer 1

of the inter;plLxel conn j nd thence to the MMelenent 9. Now, the
b6 G o EERaEe. S, 19

i nsul ator f1 €& insulation resistance. Therefore, the
si gnal s cannot beTkempl i eliromiumeis! forimedeandopattesnethdp pass through
this high r&?é§£@@C§oﬂfigh9QtF¥ﬁ”F&hgﬁohgﬁerEﬁhSEﬁQBﬁiﬁE BfinelktaBhum
connecti on el enent iI's af a low I'evel_ The inter-pixel connection 7
conposed ofeifmert dnefinteenteEeroRizpdnepnnectind 7aAPs &f€oxi de | ayer 3

and the tanthtomitmyeledehts4t Bens8NBusihyChnr appert bdebltiiodecmint 9.

Mor eover, i ef& tixel go riseﬁ an glwkgortgog nging a larger area than
the MM el elght 1B ?%én oﬁgﬁgeﬁ 8¥n, 9e 98¢ Ant'§1’um  tant al um oxi de and
chromi um Nanel y, Fihallygnahstrapppardntocohductivei dilooisedormedel enent 2
are transm 2 e OkthlON i Nto
the M NIeIé%%%gpééfgggggu%ga%eéég%?gguF?nggga%gkgﬁé g%o%ﬁgh%h%ighke 8. In
Figure 8, Pixelrebectopdecdiasapbewn1innEiongeadr 48i)st abdcRal ue R

represents éberéssbhdaduiien ée§é§€@BﬁeaQBnthhbnEQhePEXe!dcoﬂhePtion 7in
Figure 1, and is substantially provided by“the distribution resistance of

the chroni UM $¥F®etion el enent 2. A connection area MM portion 10
represents the | argeragese MM aorihoghewabbhel proeesssedthel sur€acent al um

of the | nt oFF pf R6) CEBRALER: BRLYS HRECRUA AhafRre BRRBET FRRT hESer [ oo of
the liquid caysabimdlspeayluand the bbrempluai edeémentt Keovesilapyhat these
Paer o"areblak s A PRELLER H0rpig, VO, BERTBR e d Lol st
exposed to the photo-etching process. Therefore, by
comparison with the process for manufacturing the
structure shown in Figure 3, defects are increased at
the tantalum oxide inter-face of the MIM element, and
this results in a reduction in the production yield for
the liquid crystal display unit.
As stated above, the conventional structures for
liquid crystal display units either have the problem
that it is difficult to reduce the distribution
resistance of an inter-pixel connection, or the problem
that reducing distribution resistance causes a drastic
increase in production cost and a reduction in yield.
The present invention seeks to provide an element
substrate for a liguid crystal display unit, in which



mL mL MMelenent 9 and the connection area MM portion 10 are connect ?Zﬂ
in series: Co- 1~ ~1~Cm+ 1~CL - Gm(1 + CmCL - CmR - r +r @ Tn JUN p
1 +rLarm-r mwhere Cis the conposite capacitance of the two MMO

portions, and Ris the conposite resistance. As can 0 be seen,

fromthe

point of view of the electrical properties, the connection area M M portion

10 can be ignored as against the MMelenent 9. Therefore,

i n accordan

with the present invention, a lLiquid crystal display uynit having an
JUN 2002 9 9tht sptesrpigel ceomrestion Wman Ravewd e %ta?ﬂétaagqengwt%@%ro

connecti on iﬁE?é@é?hg%oE@s.Obt ai ned.

According to the present invention, there is provided a liquid

crystal display having a liquid crystal layer between a pair of

substrates, pixel electrodes and non-linear elements for driving the

pixel electrodes arranged in a matrix on one of the pair of substrates,

at lest one input terminal portion for receiving driving signals, and

corresponding inter pixel connections coupled to said input terminal

portion for enabling the respective non linear element to receive the

driving signals, characterized in that the input terminal portion

comprises a multi-layer structure having an insulating layer

sandwiched between the or some of the other layers.

The present invention will be described further, by way of

example, with reference to the accompanying drawings, in which :-

Figure 1 is a plan view of an element substrate of a liquid

crystal display unit according to the present invention;

Figure 2 is a sectional view taken on the line a — a’ in Figure 1;

Figure 3 is a plan view of an element substrate of a

conventional liquid crystal display unit;

Figure 4 is a sectional view taken on the line b - b’ in Figure 3;

Figure 5 is a plan view of an element substrate of a

conventional liquid crystal display unit;

Figure 6 is a sectional view taken on the line ¢ - ¢’ in Figure 5;

Figure 7 is an equivalent circuit diagram of a pixel of a

conventional liquid crystal display unit;

Figure 8 is an equivalent circuit diagram of a pixel of a liquid

crystal display unit of the present invention; and

Figures 9 (a) to 9 (e) are sectional views showing

ce

p 7
m um



In the structure of the present invention, the nunmber of photo-etching
steps necessary to prepare an el enent substrate is: one for the fo;gp?igUN 2002
of the tantalumlayer 1, one for the formation of the chrom um el enen

and the chrom um connection el enment 2, and one for the formation of the
pi xel electrode 5, that is only three s?eps intotal. In other words, a
fewer nunber of photo-etching steps is necessary than to prepare the

conventional _g nt_substrate shp in Figur i hi gh

di stributi ons‘?g%tlalhc%h? oﬁsg?cﬁ%c’fh%rgﬁ?'i%gs cgﬂﬁegsl o%geégﬁrﬁar ed with the
nunber of prenbstrate nof stkesconvessioyal ol pyepdr erydvadodderir¥nal el enent
substrate shoy ide Rp fe2's 4ng. the low distribution resistance as a
result of the nodified inter-pixel connection 7, which is four steps i-n
total, the productRefeEHing thFkﬁpéﬁ%n%n@néu%st?%t%leﬁﬁnEeSPéEGEQ € o0 3/4.

Moreover, dejecd sypduidectpatal Udioxiske hnierdaesr@ingheoMhkel enent can
al so be reduced dr Sthﬁ$gi¥ becaus

the surface of t ant al oxi de
layer 3 is mMAVEX Istorrted et kg 5?6E§32F9A§P5a8P§e§r§¥ta
di spl ay uni tthevsage et eferénce vimet£bs ass dins cFigedeabdveoi f.accor dance
wth the present |fyeliion posmdes af LARERYSH BLAhUCLEiBHALIENAR 3 Mesul!
of low distribution resrstance of the interprxel connec%lons, and,
mor eover, pekdifermedrkengraniutateor-pixel. coureationt heaBduBVerseructure
of the intereinPhaLONPEL!6 APELEHL! Pomdy ThGShi EaneayGhi 8Ribe dafeet s

resulting fromdis-connections i n_the inter=-pixel connections. o |
700z i 0 O aidstram Hheyi intex-Rikel ccormertiphg’ 205 ubRer feERLIBa]; 2Ep2
el ectrode arganged on the substrate, a non-linear elenment coupled to the
pi xel el ectrode, input ferminal for. receiving,driving si I nd an
i nt er - pi xel connegg*gﬁgi%néﬁQRFtf%?%et$ﬁpﬁ?rTé?%%n Fefo 'enggﬁigau?he
non-linear elrgmentts cthecehvemilre connveéogiongahémenthay acarei apgliedt hat
the input t i . i tip u V] Nyl | ati ng
| aver eandw Shcl BEFEEoH SFFEdS tntBUGh Ehi EptR AR L0008 1bpRY CL
substrate, & prkethe|intevupixel rconrecohonhe andsanatlEM gleBanti fear

el ement for drivingnd heapiXBlm ©bLLdé OPEye N3 | DRUAaEREALDGl ahOr receiving
driving signals,. and ap Inter-_pixel connectigns coaglggFto,the i nput
%

termnal foriRSRRE i non-$19RatS cPRRRALEE ot Pt RBL8%i vi ng
signal s, ct;ﬁ@ﬁﬁgﬁti@m ?I?Péﬁ& 2h@réntﬁansmiteﬁdCpnneughonh;a forms )
capaci tor s, cou in series.between t pui _t al. . t he
non- | i near e#égk$ﬁ?°5n€lﬁﬂaE°t$e %%%%g?Tgﬁé%erfthg ﬁ%ﬁ- #g%grbégggent is
smal | er tharcedmécbion e amd ethencel teobhecI¥netenphtddt heNeveo. ghea _

di spl ay devi fgaga Cop! Pty Gl 2l 112 nkd WNi ghLhenLRigEsBhxel connect i on

conprises a i ayer structure ving an 1nsSulating [ayer sandw_ched
bet ween ot heFesigeancef tPeerefere) ayehessignalpecannon BRsPPRPL4ES ce as

claimed in ct@i#hd WiM3elémendi Shuhlessuthby! BY8E BhEUGEHN €hE8MRiGRES a | ow
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chromium connection element 2, the tantalum oxide layer
3 and the tantalum layer 1 has the same structure as the
MIM element 9. Moreover, it effectively comprises an
MIM portion having a larger area than the MIM element 9,

being composed of layers of tantalum, tantalum oxide

~uN

and chromium. Namely, the signals supplied to the
chromium connection element 2 are transmitted through
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as claimed in any one of clainms 4 to 7, in which the conductive |ayer

i ncludes tantalum and the insulating Ilg@yer includes tantalum oxide. 9. A

met hod of manufacturing a display device as clainmed in any one of the

clainms 1, or 3 to 8, the nmethod conprising: providing a substrate;

deposi ti ng taed lelrgfimGired IMIM dovelofidde tRe tird ayBsmehitugt ure, the
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i nternmedi atte | ayer of the nulti-layer structure; and depositing and etching

the last layer of; rﬂ#ﬂ.get :E,Lﬁ?[c}]ﬁifﬁfcﬁﬁfo@nfeéf@tm&lif,ear el enent to

conplete the input termna e 1nter prxel connections. .AU3
_AS. A, ,. AABRVing a resistance value R, represents the distribution

resistance of the inter-pixel connection 7 in Figure 1,
and is substantially provided by the distribution resis-
tance of the chromium connection element 2. A connection
area MIM portion 10 represents the large area MIM
portion, which is composed of the tantalum layer 1,
the tantalum oxide layer 3 and the chromium connection
element 2 of the inter-pixel connection 7. The quali-
tative electrical properties of the liquid crystal
display unit can be explained on the basis that these
parts, namely the MIM portion 10, the MIM element 9,
and a liquid crystal layer 8 are connected in series.

In this state, Cm << CL and r >> r . Since the
MIM element 9 and the connection area MIM portion 10 are
connected in series:

c° = 1/(1/Cm + 1/CL)
= Cc /(1 + ¢C /C)
m m L
= C
m
R = r + r
o m L
= rm(l + rL/rm)
= r

m

where C° is the composite capacitance of the two MIM
portions, and R° is the composite resistance. As can
be seen, from the point of view of the electrical
properties, the connection area MIM portion 10 can be
ignored as against the MIM element 9.

Therefore, in accordance with the present
invention, a liquid crystal display unit having an
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In other words, a fewer number of photo-etchlng
steps is necessary than to prepare the conventional
element substrate shown in Figure 3 having the high
distribution resistance for the inter-pixel connection.
Compared with the number of photo-etching steps
_necessary to prepare the conventional element substrate
shown in Figure 5, having the low distribution resis-
tance as a result of the modified inter-pixel connection
7, which is four steps in total, the production costs
for an element substrate can be reduced to 3/4.
Moreover, defects at the tantalum oxide inter-
face of the MIM element can also be reduced drastically,
because the surface of the tantalum oxide layer 3 is not
exposed to the photo-etching process.
A liquid crystal display unit having element

substrates as described above in accordance with the
present invention provides an improved picture quality
as a result of low distribution resistance of the inter-
pixel connections, and, moreover, permits reduced
production costs.

Further, the double structure of the inter-pixel
connections enables a drastic reduction in defects
resulting from dis-connections in the inter-pixel
connéctions.
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Y" 10%rP&' ()ndn-linear element coupled to the pixel electrode, an input terminal for receiving driving
signals, and an inter-pixel connection coupled to the input terminal for enabling the
non-linear element to receive the driving signals, characterized in that the input terminal
comprises a multi-layer structure having an insulating layer sandwiched between other

layers.

2. A display device comprising a substrate, a pixel electrodes arranged on the substrate, a
non-linear element for driving the pixel electrode, an input terminal for receiving
driving signals, and an inter- pixel connections coupled to the input terminal for
enabling the non-linear element to receive the driving signals, characterized in that the
inter- pixel connections a forms capacitor which is coupled in series between the input
terminal and the non-linear element, and that the capacitance of the non-linear element

is smaller than that of the inter-pixel connection coupled thereto.

3. A display device as claimed in claim 2, in which the inter-pixel connection comprises a
multi layer structure having an insulating layer sandwiched between other layers of the

multi-layer structure.

4, A display device as claimed in claim 1 or 3, in which the multi-layer structure
comprises a low resistance layer, the insulating layer and a conductive layer which has a

higher resistance than the low resistance layer.

5. A display device as claimed in claim 4, in which the low resistance layer covers at least

part of the surface area of the insulating layer.

6. A display device as claimed in claim 4 or 5, in which the multi-layer structure forms a

MIM structure.
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9. A method of manufacturing a display device as claimed in any one of the claims 1, or 3

to 8, the method comprising:

providing a substrate;

depositing and etching a first layer of the multi-layer structure, the non-linear element to
form the pixel electrode, part of the input terminal, and the inter pixel connections on
the substrate;

depositing, an intermediate layer of the multi-layer structure; and

depositing and etching the last layer of the multi-layer structure and the non-linear

element to complete the input terminal and the inter pixel connections.



