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Field of the Invention The present invention rel | i near
_resistance element 5 (in particular, to an MM el enenkgisst hat i s suitable
“for use as a pixel-switching element of-j@ liquid crystal display device of
a | aptop conputer, engineering workstation (EW5)) or liquid crystal TV, and

a nmethod o gﬁgﬁt ' h m@tlmm@mm Cpﬁgﬂm ﬂ[ﬁﬂ?
BackgroundiRr“?‘Ii ecently) t ereEQave een rrar‘ily at %g@rrpts 0 reg}qace De pri or
art CRTs used in | apTHEREOFPUAND 9)IQBNBS CRYSTAL DASFLAY DBVICEKke with |iquid
crystal display devices, to reduce the dinensions, weight, ower
consunptions of such equi pment. 15 Various types of el emnﬂ@%ﬂﬂmmﬂmmff

pi xel -switching elenents in these liquid crystal display d " as a
three-terminal thin filmtransistor (TFT) using polysilicon or*swmrphous
silicon, -gp; -t ) onlinear resistance el enent of a

nmet al i nsuIFa%%Irq fr%fta e( ?/P%Hg%?ﬂlucture. Since the manufacture of TFT and 20

ot her simiThe plresentt dmviendlos! eabdtes nes es Adrtie@arhees epeaicd l@nsati on
of thin films on the structure, these manufacturing processes are
conpl i cat etiimmBriisul psasbasan WM &dempat pr thathds suiitabbe stat iuses aseneen

signal lines th ubstrate, el ement, def.ects can,easily ocgcur,) cauysi ng
Lhe. pr obl oRi L cRiGeRORg: alementiah' @ 14, crasEal AT sRiavedaviae Qfeftent
such as an I a SRR RE WEFEE 3G 3Rl 0 ;
three-tern%%%%lglcgﬁgit??ézeﬁ@te%?g?d I'S |tra1a§rlggsg g)é’n?}%sz}ﬁ@g&t‘ﬂrgrsgaére no
intersecti s badwaemethgdalof! magafattutrtngt §teict angonl ivedr oredienanee it
can 2 8 MAY 2002 -2 be nmade | ess expensively with a | arger area, and so
it is currehem§ntpeing i nproved on and devel oped. An M M el ement has a
structure of two electrically conductive thin filnms sandw ching an
insulator thin film and the voltages current characteristic between the

el eciyi Calng#wm m thin films is nonlinear. A typical MM elenent has
a tantalu a) tantalum oxide(TazZzGs) - chrome(Cr) structure and is usually
manuf act ur Relcdryt Iyhe tietrboHavessgerbarnyeatvempts sig refpllaceathdiprilr fartm has

been formed by sputtering on a glass substrate) it is 10 etched to |eave
timng si goRTS |usRd idnhd amtopecenputepor tBWSss. mini-TVs and the like with

liquid crystal display devices, to reduce the dimensions, weight,

and power consumptions of such equipment.

15 Various types of element are used as pixel-switching elements
in these liquid crystal display devices, such as a three-terminal
thin film transistor (TFT) using polysilicon or amorphous silicon,
or a two-terminal nonlinear resistance element of a metal-
insulator-metal (MIM) structure. Since the manufacture of TFT and

20 other similar three-terminal elements necessitates the repeated
formation of thin films on the structure, these manufacturing
processes are complicated and, for reasons such as the presence
of intersections between signal lines on the substrate, €lement
defects can easily occur, causing the problem of deteriorated

25 yield. In contrast, a two-terminal element such as an MIM element
has a simpler manufacturing process than a three-terminal element,
so that yield is increased, and, since there are no intersections

between signal lines, it is attracting attention because it can



Next, a Ta205 insulating layer is fornmed on the surface of the th?mT \flhﬂ?
by an anodi zati on nmet hod. Anodization is a favorable nmethod in fo n@arg.
insulating layer that is finer than sputtering or chem cal vapor deposition
,(GD), with few pinholes. 1~ Next, a C thin filmis formed by sputtering
and is then patterned, and then an el ectyde pattern for driving the liquid
crystal is forned of a transparent conductive filmof indiumtin oxide

I TO . | [ i.gh.l | ., Of i ity i 20 1j qui.d
crystal pantd PRAS DEe" FRBRyRRIYT T chonrEet] e1ee oot afhy 10paRt an
to ensure thairdnigyf BELAM NEprv@daehehhdt §6ve Rigegsat i sfied: (1) the

capacity of the elenent nust be sufficiently less than that of the liquid
crystal, 25 (2) AmMIMotlempnichasentstrhatare eofi $wocelofctirtieatl ¢ neordusttsvehave
a large degree of, nonlinearity) such that the ratio of "the ON current to

the OFF curtbit fidms,sandwiching af gayswadorathinpbilni vand dtheagiwldage—and
i i . | t - t. ch I St f, the, .
ol oot st cHaBBeBbr 1 U AR, KRB RRL S &Y | Sindurting "hin
g AR e i
Aol oot | ont T I Srol19p€at? 83TpACALT MM CER, RAPHCRmEhElEe) - 4

t ranspar ent tantredunt | oxide (Ta,00r med olirdmed0ry ustruaturmn apferi¢l egua0de.

Form ng the ul%er el e&téode of a transparent conductive filmin this manner
ensur es t hdl2RWACHHFeY BY eERe Jrethag, desordpaddbal ownd keste tafiteras 4hsn

| ] , h f. .form
and ot ohi ngrd fa 1mhAaF SERiEirodhel, BY RurPREbEn0E 2 B L P REE S Lrtnds T
decregpe i nefdiRduderedife St BTy HOMBMAr )1 1RE RO MNP é/}_%n&e%ge P

. . § oftgd
negati ve vol tage side of the voltagecurrent characteristic of an M I?/Flg
el enent t halexdtas arlappeindll elingt rlagerf dsnddrmed! 50 dthef eurdaeat by) thed
thus it is difficult tgo obtain a good current characteristic. This

asymet ry ofhihdaySiimdy Al peadi 2aklkon metned AR 28d 981§ i & £ ayiegable

negative appl4 Vol t igS a,cau f_.f.lick int screen,of the liquid
crystal di 2@4%‘5"%@3%%29%&’8“}] sgﬁde ri%‘ﬁo%é%ﬂ%n%@’f hetl?ﬁtquilﬁ lgl%sggfm
material. VemitdeTih@CHPI CHERE A2V aPELHdY0RRVSEH (Y r,de:ritho)f@ﬂ?ﬁtnh%mem'\/'
el enent that uses an | TO upper electrode to a liquid crystal display

devi c&) sucfexts aabdik- thibadkilast r ist droemed iy clsphtterimgrenand aie then
connected in series but f acing in opposite 20 directions,, so that a |,
symmet ri calpﬁfr@r&?a’cﬁaﬁia@%gi «gqi%lqé)t}[)l}pd_e_ Paﬁégﬁécgo’{"o bbsing (deaddquid
negative appl vaql.t § S t al o) | 0 drg vi and
Such that LR Rdnicuadined Ok J5aEShattnt PAdlcRE ERfbL LAt i
wavef or ns theirel(Mge)are adj usted asymmetrically to match polarity
differences (Katsum 25 Aota) et al., SID 91 DI GEST, p. 219, 1991).
However, the forhberoréenntquachiekediay higlr caved tdfe tmage ofuahity in a

T e OSSR, e theh Rl B0 A ' LRt crgese
getting largefed] 15 4mp8Ftdde ¥ 'et@urkCthat the following characteristics
are satisfied:
(1) the capacity of the element must be sufficiently less than
that of the liquid crystal,
25 (2) the voltage-current characteristic of the element must have
a large degree of nonlinearity, such that the ratio of ‘the ON
current to the OFF current is sufficiently large, and
(3) a positive voltage side and a negative voltage side of the
voltage~-current characteristic of the element must be symmetrical.
30 One technique used to simplify the manufacturing process is

disclosed in, for example, Japanese Patent Application Laid-Open



30 The present inventors have confirnmed that there i s another probéllmwzhﬁz
the prior art -in that currént injection causes the 2 8 MAY 2002

vol t age-current characteristic of the elenent to change with tine. If the
liquid crystal display device is driven by an active matrix nethod) for
exanpl e) this change with tinme of the voltage-current characteristic

mani fests itself as after-inages or unevenness in 5 the display. An

geheral " chiPactri 48 “&m@d Badap M 61 ERBRPETSR o COPRUEL R Rt I Moar
Vol 1 age cuf PERRE 17 ALY ol f ofFeF, 28 BAPHEFRE %@%@%E{M#{E PhenhsE | <

suitabl e f@neysfods oF %.V\ﬂt&ﬁﬁsm&ite@%ﬁﬁhcﬁﬁvd\@1|1nﬁ§natHF§ hﬁim‘éfr ensures
manuf acturi ng such a nonlinear resistance el ement. Another objective of

this inventhet ithet appedviedecsrodeucancbgstfarmedspitajthdedame ddmei qus eal
using, the above nonlinear 15 reilstan el enent, which is capabl e of

mai nt lél ni n¢TREBREED lc&ﬁaii?t aY‘?lrht 3 Higed ePheCERRARN ]}ﬁh&ﬁ the $teR%ti on
A 1
ol | ne2bry BRI A8 e EHBlIng thkM uppb BV ENELONGE AAGC ISl Bpftgbd © 1 o

a nonlinear résis ce el enent conprising -

conducti veehaping ad fursheat degréay®rin ahd aumbesnds COtEHECt HowelaYErthe
stacked in sequence on a substrate, wherein: the first conductive layer is
a metal fiposihbye mltraga)rqadmemmdu pegativel veltage «tides odddbe sotbagecal

el enent havingsa val ence or .2 gr ater E@n that of the nain netal, in the

concent r at CYRTEBRL O C?afﬁcﬁ‘érbs%ﬂt%n@ iStEmeRt| nglq'taygﬁ-sl SN URRRTI zed
| ayer, of t%ﬁetc't{r d o‘fel‘réy&{ffézn Lﬁtx?a;twonkia&'e@ﬂ &y %Fs%??{?{:&ff”t
a netal such~as anta um or “al Um num co € lsé e Mai n e

tantal um i nopabitattl ar goddpicelreenbl ehafadididstial Maast a@?ﬂné‘@ﬂ‘}ecéf:‘dtﬁé om
30 the group of tungsten, chrone. nolybdenum and rheni um could be 8

MAY 2002 wodugeaea@unmmhehacmt@maﬁm dueecta opplsetiVestand)naegatvee

| ayer, in par ar) tungsten is abl.e. The tungsten d be added
07 The 1 or APB 1 & cBTieeRs Lhch cabsBL fh A Brn fE pwdrrern  thdme Prathi d
be used as trggtﬁr?t%r 'sgtlagordgdl%et c?e%.?EB' ALY Eioh ! %%ferttféJC'P%@&id
chrone, nol'ybdenum 't ium “or a um num or a fransparent conductrve
filmispref erglltylchiesmEi£r, a transparent conductive filnm and particularly)

a transparent C%%ﬂfgﬁévfegﬂéfgégé'ﬁgee'%egﬁeéﬁgﬁggéﬁ in order to adapt an
MIM element that uses an ITO upper electrode to a liquid crystal
display device, such as a back-to-back structure in which MIM
elements are connected in series but facing in opposite
20 directions, so that a symmetrical current characteristic with
— respect to positive and negative applied voltages is obtained, or
controlling the driving method such that the magnitudes of
voltages applied from the outside and the waveforms themselves are
adjusted asymmetrically to match polarity differences (Katsumi
25 Aota, et al., SID 91 DIGEST, p. 219, 1991). However, the former
technique markedly increases the cost of the manufacturing process
of the MIM element, and the latter tends to increase costs because
of increasing the number of external power supplies and getting
larger in size of the driver IC.
30 The present inventors have confirmed that there is another

problem with the prior art in that current injection causes the



Next) the results of experiments performed to determ ne 10 whet her? §h@Ay 2002
-chem cal el enent added to the first conductive |ayer has any effect on the
current characteristic of the nonlinear resistance element of this

invention will be discussed below. More specifically, these experinents
were designed to investigate how the currgent flow ng through the MM

el enment is affected by changes 15 in the tungsten concentration, when

tantalumis a i rgt e ng. en is
used as ¢ he SR INTEnE Ciilrat et 16t 1¢ o, 68 W Glentoep Wbl b HES

el ement in phithe ¢haEI® & taledi 5l dyhaeveeonid @duatby el A¥eE vé maligwn i n
Fig. 1, and the current characteristic of an elenent in which I TO 20 was
used as t hemg@ushd foonexanyle, Ithyerchangshowidhi bime of ZheSanptageTdurrent

el enments used as sanples in these experinments, were configured as descri bed
bel ow. Fi r sERAEAGHTESELF @Rl St%erltﬁsiufa%nar%q%'ﬁé“’éﬁefsa FalB@yepness2an
added § ungsfen lq§posited to a filmthickness of approxi mtely 3500
angstrom by Spu ring on a glass substrate, to formthe first conductive
layer. The el ememy y@fedtiae afodihied inveAdidn CPOSt Mt ad@l £ BRE 1Y WRIT et
to 30 Vin a 0.01% by wei ght aqueous solution of citric acid for 2 hours,
to form t hethesabeitd mentomed3@eneral t hhekaetaristigspmequiaed! pf5a8 MIM
angstrom Next, the el enent, -s 2.8 MAY 20Q2 was anpealed in a nit en
at mospher e G CTERforid: ATGNAdET 24BOREL IRAAL, TSI LRREEI 5L SneRr thatk (5t abRR .
chronme or | it he .j:nsul at | ayer sp 1 rm

t he second g%%ﬁ%@??529$ayg§@agﬁgthng?asg§h?%e ?ﬁickﬁé@s gkﬁﬁéégg3%23525
condutt i ve ¢tmaedctmad stibO0fuangsthedt ber cabrome iarjebdi0nangadr e SWirtable.
The el ement was again annealed in a nitrogen atnosphere at a tenperature of
250C for 1 fiolr uss f Reredt IWiISHiDE ot lamant,wi 88 veéelloudsdi Bf emethod uedst en

trati d | es. The di i f th |
were 4 dun WAHAAGFITARE PHEN 14 NORLINEAT L TER! S TPk CUFBEPEent s descr bed
bel ow were obt ai &?@tl@%t £Lheve HFtﬂf’fisediH%nct‘ibhe'i‘EstB' g}%@ﬂdé H%Qfﬁi hise

sanpl es when a voltage o was appli to them and when a voltage o 5
V was appliegydtnll hdispbiy idevesei ainddgureda dsiaig dtke y dbalvedi son liynedevi ce
that 15 uses M Melenents) the voltages applied to an MMelenment_are 10 to
20 V When thesidtanset eilemgat ecilich dsdcareble of miedmtiainisgnat geed doage.
That is why this_invention specifies that voltages at substantially the
centers of %Hh& Em?dﬁbg eaagngef%g?ed, so that the ON voltage is 15 V and
the OFF voltage is 4 V) and the 20 currents flowi ng at such tines are
designated the ON current and - OFF current) respectively. In each of Figs.
1 and 2, thgummame oferthieednbgnfichows the results when a voltage of 4 V was
applied, and the curve denoted by B shows the results when a voltage of 15
V was appl i Adnonhingseh resigtapee alengatent cbhbeninvantden aspFBeeiad ddar |y

al ong the X-axis .,and current densit.y..(L.N i o) l.qgar i thm.cal |y’
2 ong the veLRIT e dipriabehs Winyss phile S oM, Wl e iensd Ehug TN GE
resul bg whep &iRQsl téa/rﬁad@tqsevqlatg@% Vs 2RALIAANE0 [dfed | I 8hd C@NdiEddnde
| ayer) and the curves A2 and B2 drawn with broken 1ines .
conductive layer stacked in sequence on a substrate, wherein: the
first conductive layer is a metal film whose main component is a
metal to which is added a chemical element having a valence 1 or
2 greater than that of the main metal, in the concentration of 0.2
25 to 6 atom%; and the insulating layer is an anodized layer ‘of the
first conductive layer.
In this nonlinear resistance element, a metal such as
tantalum or aluminum could be used as the main metal, but tantalum
in particular is preferable. Further, at least one selected from

30 the group of tungsten, chrome, molybdenum, and rhenium could be



30 show the results when a negative bias voltage was applied to thE Miﬁgs@uz
.conductive | ayer. ..or 228 MAY 2002 FromFig. 1, it is clear that t
the ON current and the OFF current drop with the addition of tungsten,
within a specific concentration range, and this drop is ' - particularly
‘mar ked when the tungsen concentration +5-Iow. The tungsen concentration
range that reduces these currents is both with an applied voltage of 4 V

and W th aReappsiark ¢akh288]l Hlchent addedofdotde te8st ddRIRitAve fa

particular area to note is the drop in the OFF current. Lowering t¥&ft¥¥
current inarpasecullae,coumgsten iatprefdratie.| Theitingsyshadoulid peayddedrge,
since it becone difficult for the charge to escape during the nonsel ection
period. Fdpt hBe Tofmiof A soMPouBd Fuekn &5 gtungsiteat oxigen(Waa - t Eugther,

concent 1 atttoncRifs BR: ugBRC RS, BRe i Or fa L A0nle Tl HRRORd  SORICLNG age
pol agitiegagee SubRt agt icﬁrbﬁe?xﬁ@‘lwdéﬁ@n,Saf'?tarﬁ(ix_mt,heozxs}’ﬂ"(ﬁx{ir of &

current characteristics is extremely good. From Fig. it 1s clear that
bot h t he ©Nanspaeernt aohduedi@FFfEimy eprefiergbly tdhrome addiat iteanspatemgst en
in a simlar manper within a specific concentration range when | TO s used

as the se€SRAUEbhRIdLNe RRJePATHIGWIAKLY i @ SEARSPIRGIH Wondughive ehigl® when
t ant al um wjet t. ungsten is used as the first conductive |ayer
o3t 48 Mt ’

and chro i $7Us ¢ond conductive layer, it can be seen that the

current densit Wegt, t RAeON¢&18Ntofdr @RBe A mAHY Ogiéﬂadrﬁie\d 4@t @Bt Ahiness,
and that of the OFF current drops at approximately 4.5 atonfoor |ess, and,

i n darti cwhathertthe aflepdrcal hal eméret raatiiedt itonthéf Birst comducitéueatdyer ar ge
at | ow concentrations of 2 atontoor |ess. However, jt shou]/d be noted that,

when | TO hésyfdy &ITERE SBcINE OHFRNL \RhaTAGERTIStf o0F fDQ PPREERRET | n

resistance element of this invention will be discussed below. More
specifically, these experiments were designed to investigate how
the current flowing through the MIM element is affected by changes
15 in the tungsten concentration, when tantalum is used as the metal
of the first conductive layer and tungsten is used as the added
chemical element. The current characteristic of an element in
which chrome was used as the second conductive layer is shown in
Fig. 1, and the current characteristic of an element in which ITO

20 was used as the second conductive layer is shown in Fig. 2.

Samples
The elements used as samples in these experiments were configured
as described below.
First, a thin film of either tantalum alone or tantalum with
25 added tungsten was deposited to a film thickness of approximately
3500 angstrom by sputtering on a glass substrate, to form the
first conductive layer. The element was then anodized using a
constant-voltage process set to 30 V in a 0.01% by weight aqueous
solution of citric acid for 2 hours, to form the insulating layer

30 to a thickness of approximately 530 angstrom. Next, the element



current densities can be seen at | ow tungsen concentrations betmequmqu 2002
-positive bias voltage is applied and when a negative bias voltage Ts
applied, in conparison with when chronme is used, and thus it is clear that
the symmetry of voltage polarity is r g 2 8 MAY 2002 slightly inferior.
“This symmetry is particularly bad for the-OFF current when the tungsten
concentration is |less than approximately 0.5 aton® From the above it can

be seen thghsanadbziéw ﬁltd"iﬂﬁﬂog@hohtﬁla%ﬁéwnéto avy e&'ﬁ'ﬁﬁ?@_nof‘afo n.
added causes the OFF current to drop in the thus-fornmed insulting layer, in

conpari son fwirt approximartedy 1 nhour.cAftengsikat i chromei orl Ifk:dvasFdepdeited hi s
reduction effect can be seen en apgroxinately 3 atontg of tungsen is added
t

at a maxi mih aﬁﬁecﬁr‘@h’gaiténés VAT t R¥ SERMHETAa8dute i vioTmy dhe w$rGoNd
appr oxi mat el .at o t yng [ de t . a.nmpxioum and,l TO i s used
as the secgﬁédégﬁbﬁ:t ?g%gfaygﬁ tsﬁggef(g?’_gedsg ﬂ%% ttﬁrlgE?%p%ctO?ogt_qen YOG F
currept inepaaaesivdiel HA rast 10500henks tidr! Loy drdomdi B! 2¥0b ”Eﬂ@siif&m
hel ps to inprove the inage quality. The nonlinear resistance el enen

speci fi ed iforcl@0mbhd =lemeot| vasazgaigsiamneated eienemi (rdgene bemesvhere

conprising a first conductive yer, ar_insulating |layer, and a second
conduct i ve tafetCRRPERALATE Hfs@éaeﬁcﬁp¥niabqgﬁbs igékfeﬁﬂuﬁﬁﬁeﬁ phee kement

Condlc eIt e LAk 2 EkBleh, LIBAMALTROD SR BFnieh oo
conducti ve shapees. tThe denensi @ @FCthese |AvPlesSwere 4 um x 4 pm. All the
10 samples used in the experiments described below were obtained by

the above method.

The currents flowing through these samples when a voltage of
4 V was applied to them and when a voltage of 15 V was applied to
them were investigated. In a liquid crystal display device that

13 uses MIM elements, the voltages applied to an MIM element are 10
to 20 V when the element is selected, and 2 to 6 V when it is not
selected. That is why this invention specifies that voltages at
substantially the centers of these ranges are selected, so that
the ON voltage is 15 V and the OFF voltage is 4 V, and the

20 currents flowing at such times are designated the ON current and

- OFF current, respectively.

In each of Figs. 1 and 2, the curve denoted by A shows the
results when a voltage of 4 V was applied, and the curve denoted
by B shows the results when a voltage of 15 V was applied. In each

25 graph, tungsten concentration is plotted linearly along the X-axis
and current density (in A/cm®) is plotted logarithmically along
the Y-axis. The curves Al and Bl drawn with solid lines show the
results when a positive bias voltage was applied to the first
conductive layer, and the curves A2 and B2 drawn with broken lines

30 show the results when a negative bias voltage was applied to the

first conductive layer.




at least-on& of a chrone filmand a transparent conductive film znﬂeﬁ&e 2002
current density (J) of the current flow ng through the el enent ca

approxi mated by Equation 1 below, provided the activation energy (Ea) in
Equation 1 is no nore than 0.534 eV: Equation 1: J = A exp (-Ea/kT) where:
‘Ais a constant, k is Boltzmann's constant, and T is absol ute tenperature.
2 8 MAY 2002 _9_ An M Melenent is usuahly sensitive to tenperature
changes, to such a degree that factors such as heating due to backlighting
of a liquid crystal display device or use in a hot |ocation could cause the
characteristics to chan(I:;e_, leading to a drop in contrast_5 of the display

i mage. This is HremJds) Las iscelearthatshathy ther Qhh qugigat anchthe ORH,eurgent deopywithhe
current in the elenment is dependent on tenperature. Further) current
density i s the fadditionoof dfingsteni weithinna especifjy oBedntration mahgs amch thiatdrop Bner gy
beconmes nore dependent on tenperature as the activation energy increases)

but 10 | essaeResHaRhrked WIRARES fingbdh cohcéhifutiaflis 1631 The an@sd@ycoheeitRapas. | f
the current-voltage characteristics of M Melenents are neasured at

di fferent rhs [ [ 4 far any
desi 1 ed voltiRe ot 1BEReh e e Moo iRy IpIRINBEe B3 Pk oty
activation engr Ea) e 15 obtai ned fromthe.slope of this . straight
e, - ResodPBIERIRRBR REAS )  HEma 86 Bt Tiorht BraRicBiart s sS i i
within a practicable tenperature range from room@;{grrperature_ ( t_{2rﬁxi,rrately
22C) to 80an the OFR cugaptu Nrowaringthe Q¥ Hosurrent incrrases the qapiEast Vtwﬁif ¢ Hquid
particular that for the OFF current, is 20 within 1.5 orders of nagnitude,
t he above mrydtdledisplay himppe sineepitdyecome diffteultafor dhé sharge tofescdpe during the
crystal display device does not occur, but if the anbunt of change exceeds
1.5 orders mhséledivnt petod. t IRarthes pit dy aldvacieat €iohs Figs) that, meiehi thel thgsenhe
contrast, are likely to deteriorate. 25 Further) the present inventors have

di scover ed &H@éﬁra{i&n a&&&ﬁgﬁt&m&a@/ Q.2 iaforRH] ah& Gendi¥n AR NEIaNEn RuirbhtSt

conductive layer that 1Is d of tantalumw th added tungsten,
r

t he
Tayer to withRomg BbrE Ry BRBEH AR kel OB et et mbstabilly SGRAY B V€
investigate the rel ati onshi p between activat.ion ener ang t ungst en
concentratiséﬁlemﬁﬂ'gﬁ SW&H@E@%CW]:%‘PWCWF%ﬁ %gﬁﬁg]é od2 8 MAY 2002

From Fig. 2 it is clear that both the ON current and the OFF current drop with

the addition of tungsten in a similar manner within a specific concentration range when
ITO is used as the second conductive layer. Further, in comparison with an element
when tantalum without any added tungsten is used as the first conductive layer and
chrome is used as the second conductive layer, it can be seen that the current density of
the ON current drops at approximately 4 atom% or less, and that of the OFF current
drops at approximately 4.5 atom% or less, and, in particular, it is clear that the reduction
effect is particularly large at low concentrations of 2 atom% or less. However, it should
be noted that, when ITO is used as the second conductive layer, a greater difference in
current densities can be seen at low tungsen concentrations between when a positive
bias voltage is applied and when a negative bias voltage is applied, in comparison with

when chrome is used, and thus it is clear that the symmetry of voltage polarity is



-l o obtai ned by the same nethod as that descri bed above. The resulz% M 2002
-shown in Fig. 3 and Fig. 4. Fig. 3 shows the relationship between
activation energy and tungsten concentration when chrone is used as the
second conductive layer and Fig. 4 shows that when 5 ITOis used as the
'second conductive layer. In each of Fig. 3 and Fig. 4, E4 shows the val ues
obt ai ned when a voltage of 4 V (OFF volgage) was applied and E15 shows the
val ues obtai ned when a voltage of 15 V (ON voltage) was applied. FromFig.
3 and Fig. 4, it is clear that the activation 10 energy decreases as the
appl i ed voltage i ncreases, and the curve at each voltage has a single peak
at the endslightighingeriarne Thisnsyommaeiry. é aviicalerly obadi for| e, OFIh cnerent when [the
activation energy gradually decreases. To ensure an activation energy of no
nore than €GungsStén edhdentratimt s lesa tiem appraxivaately UHhtoae. (15 V) and t he OFF
voltage (4 15 V), it is necessary to nake the tungsten concentration at

| east approxi mately @r&n&ﬁ@ﬂ%d@ﬁl@@a&ﬁé Q¢8R that mmga&mﬁ fARcoMEn@RRCYSt | ve

| ayer, and at | east approximtely 1.2 atonPowhen |TO is used. By

control i ng, }ﬁ&euﬁlggr% ?5'3”?8%188 r QS“tHe”o‘E?' éurfgﬁ rdéé;gﬁ%{/‘ﬂﬁﬁ fofified

activati on energy quation 1'to no nore t he "anount

of change in F current I hat st ffects the.dis chara tics
can’be hel HRPEmEe e i Eotarises LRy Senst f ?“%r RS 88t Mg e
tenperature range.in which the liquid crystal displa devrce |s used in 25

practice. THeherf Brigreduction pHeatiqsn derssen rle@groalﬁyata t%ﬁroar at9f gungsen is
contrast in a liquid crystal display device that uses' this elenent, within
a practi cabddedt etvpemaxiomen randgehrofigeisnusedi axdhe sewindt conductizee tayet, wheni fied
inclaiml1l2 is a nonlinear resistance elenment (MMelenent) conprising a
first 30 ceapstogimately 45 etomarofitasgste isn@ddedyes maxivud dciDOliscesed ugtthy e

| ayer stacked in sequence on a substrate, wherein the first Z 8 MAY 2002

-11 conductdcygd |c81¥cﬁfct1'v§ 183eE{tREFS). YSicdRlidtedhiétidn RS @FFBduPreﬁPiEE&BEé%tﬂué S
tantalumto which is addéd tungsten, the insulating layer is an anodi zed

| ¥et one AP ??ﬁ%%@aﬁ*.dfc%r“%%*@’ i %E?t BAER LGRS il S %1 (e

t densit th I Ita f
10 VTS appli ot TF Mot s ince LR qpeicd g cafn doRon Reminian tedsianch

density of 1 A/lcn2) and Jl _when a bias voltage of 10 V. is applied after no
current i selerjeat(MEYl eleraent) comprising first ?Qﬂﬁl“gl‘fesla&?fp AL iasHatiag Jaye, and a
satisfied) provided the constants B and n in Equation 2 satisfy the

r el at i onshsgeend cBnductive layer stacked ix seqiendéoprad substrate, Whereiniz¢ fitst ponduBtixe t | ~
where: t is the elapsed tine (in seconds) since the bias voltage was

appl i ed. 1hyBesepefdfatlp af metaefliny ywHose nie s6mbponeny éfadtaturh a6 whiehMs dddad) by
ensuring that Equation 2 is approximately satisfied under the above

condi ti ons}yRach e XGARSE I%géleofttﬂéﬁrét @gn(ﬁféﬁ% Wyer, Yid éé@oﬂf condfctiRaléts B in

Equation 2 is no nore than 2 and that of n 15 0 or less) the difference
in lum nan s | i i to
arey and- cRsRE st E Rl sk 4B o ispile S BRAR IR BAF BB Mlhh

| evel such this djfference in |l.um nance cannot be v h

Vi shon as @D tfugeat oping daan S E ORI ERL DT APPBOVBRES Iy EAWEIOn | nay
have confirmed that, in case of a noving display that changes rapidly such
as below, provuied the activation energy (Ea) in Equation 1 is no more than 0.534 eV:

Equation 1: J= A exp (-Ea/kT)
where: A is a constant,

k is Boltzmann’s constant, and

T is absolute temperature.



25 within a few mcroseconds to a fewm|lliseconds) if the absol uéze Vﬁl e
-.of the constant B is no nore than 0.1, the difference in |um nanc ga Agtmﬂz
be perceived as after-imges. One big problemthat occurs with a liquid
crystal display device that uses prior art MMelenents is the way in which
“there 30 is a difference in |unminance bé&ween a pixel that has changed from
di splaying white to grey and a pi xel that has changed from MH iuuc -12

di spl ayi ng bl ackn tMIMJed¢ghentdi$ hisualilyf eeasteive tourtempoeeterd diringessei ved
as after-imges on the screen. This phenonenon is due to the fact that the

current flbnisush ardegrea Hhaw fretensriuckhes hesting duestehkarjdd shtdne

di spl ayi ite t i s diff 5, f t hat, wh i xel. h h d

AR AR R LRI SRR RS P R S e R
attribut abfg,dd 188 SfdSfIteMs@icsUEd %ﬁfapglat,sgic%drﬁgg“%”@?&r%g iﬁyceorntfr%%g for

exanple, a ?%w m cr osecongs to a fewm causi ng a chargé be

injecged iofothet rddppilayt HaagesulMtiisngi s apecausnd gharanncthd hged® from
current-vol tage characteristic. The results of experinents perforned to
i nvest i gat BatatiisnpAenthenvalud 10f ribe purserkritbdde pilgmest showiependent

| ati hi p bet it d ti wh i | t f 10 V
< appl | eORorkATNRBALIYE of (UETECTs, LHTRRRT NAEOBLRR i) cdt oAMELPI eRD for

10 secondsaéﬁmoﬁt em}-gﬁn@%%h\e/ aid aEﬂj]%”' ItR vRES ¥ €En Bl RS mbyeand

time when a bias vol tage of I's applied continuously after no current
has been i éd¢meridetit( shovempératjureFrasmtRegacbivations enkegy ibheteddesr,ebus a
difference_in current flow ng through the el enment when current 20 injection
was Berf or heSs slePenAent i an (EEPRERLYES A HBE) aahivatiion engregy «jagreases.
particul ar vious in the.initial ages..of .t he vol appl icatiqn

hel pi ng ttho t FBRTERt tWét§§8vecﬁié%%%é§téF§erqfng@glg ?P%Eeé‘tcﬁ f]aé‘%ence
bet ween t hgo 4 Woredll R8N i99BSbAE ©nddsRGed5 felflelhtures, Fidhd Schsraiot t8d
agai nst ti rr% % Fig. 6. 1From Fig. 6) I te is e(]:’r&{ear tﬁat t he di ?iflelr‘éeﬁnce

bet ween t hpletyederigadnssi 1 YT vivan anyr desi redj wxlitage , wahe perdph dd 1( begal2)

and the current density when current injection was not perfornmed (log 31)
decr eases @Rbstantiallyhstraighdt ldnenipd Hde Bethveblan enedeyo(Bd)l £amodeonl y

' M 30 {s i ch_tantalumi, _as, the first ductive |
and thr oneoPE e £20m; hpS Cal R R B MBS B el Sl soin M 2
MAY 2002 -13 el pagsdrch heMFozhel THy! $husS9tedént henvartird apidusddMemedyer

and those in which tantalumw th tgﬁe addition of tungsten is used as the
first condtbat vevithyerra practicable temperature range from room temperature

(approximately 22°C) to 80°C, if the amount of change of the
current density (J), in particular that for the OFF current, is

20 within 1.5 orders of magnitude, the above problem with the display
characteristics of the liquid crystal display device does not
occur, but if the amount of change exceeds 1.5 orders of
magnitude, the display characteristics, in particular, the
contrast, are likely to deteriorate.

25 Further, the present inventors have discovered that, if an
insulating layer is obtained by anodizing a first conductive’layer
that is formed of tantalum with added tungsten, the activation
energy drops appreciably in comparison with a first conductive
layer to which no tungsten is added. They performed experiments

30 to investigate the relationship between activation energy and

tungsten concentration which is added to tantalum, using samples



Taking the | ogarithmof Equation 2 gives the follow ng two equati @ng:MAY 2002
-Equation 5: when JZ > J, log {log (JZ/Jt)} =log B+ 1/nlog t Equation 6:
10 when Jt > Jz: log [-Iog (J2/J1)} =1log (-B) + 1/n log t Various sanpl es
in which the relationship J1 > JZ is satisfied are plotted in Fig. 7) on
‘the basis of Equation 6. In Fig. 7, loglf-(seconds) is plotted along the
X-axis and log(-log (JZ/J1)} is 15 plotted along the Y-axis, so that the

intercept obtdiredYbyxithegburs methdd Bs ahdttdesctitied abovbe B¢ aledill tki ne
gives 1/n. Fig. 7 shows exanples in which the first conductive |ayer and

t he secondat}@mah@m vi | Bl@r &rand aRial uby aRiégch3 oﬁho‘(s:uth@ pelatiomshlipm and

| TO (curve_b and tant%lum with 0.4 atonfo of 20 tun n_an ITO curve
c). The vaPREesi a6tiKATHOR henEY &&gggﬁw%ogwg af Lo hen-cgrone

Next,  or aph idl A" che 415 Sonds | Ve VELRCERRNSH | 4 KRKASIHAA! Grble

r el at| onshi p tween the const ant uat| on e tungs

concefntr at [DO.isTheed asesthd $e@roﬁdsbowu¢1m\% dayeb. 81rﬁmic?ﬁl gf Biglmn &ha 8
and Fig. 9%' tungsten concentration (atonb~) is plotted along the X-axis and
the const ahi&B @i dngshaes Y valygy otdainedswher ua t o bines wdd 4wived OFRr one

was used as econd cO d tive I er_,and 9.shows,those. when | TO was
useduas thgoﬁgﬁfﬁd YhdtRR S Ve J :a:%fier 1>;3(§hl9?"8mtbggvaéue?t iﬁlﬁﬁds ﬁntﬁat)

in order tgoi@gﬁ tdre 18bgol ol evypt fwalsh@pppped ant B in Equation 2 no nore
than 0.2 Y 200z -14 when ﬁ:eepsecondﬁconductl ve layer is chrone) the

t ungst en concenFrami Big co8l dnieFag.| dastit0. s ad ket et | sheoaet ivagfienabl y
at least 0.3 atonfo Simlarly, from Fi i it can be seen that, when the
secohd conﬁ%YEX/éielCéfﬁéﬁeF 8§ Téhe iaPhldedovalitags iNETRARES: hand Lﬁi’tfstcélﬁ‘ve

concentr at at o [ referab 6 . at onto
ot ner vl datn oBTEhed b b RRT LG HeaRC R P B 0s Yerleny ES g aBhr Ve
layer to WebhédntragidRoYS U&sCrirerkdfaRge tRESKE€5vaAtidh teasrggsg&lé&ﬁlw ue
of the constant B in Equation 2 is no nore than 0.2, prefera no nore
than 0.1, décreddest.h&or easliret bat acbiwition iemegey bﬂanommlred ‘ammeﬁ)r 534

vi sual ef ectéwgn the liquid crystal displ ay devi ce occur. _The nonli near

reS| st ance®¥| EMeOtipeases af ithecONi nohtage (4 5n¥hi anddhe; QEFSY%\H&EeeI énent
(MMel emegi) eompliRlddadrll 5! niRBOYAL ¥End el coRBehRR A 14 hB4RE: and

nd cond
approximately 0.8 atom% when chrome is used as the second

conductive layer, and at least approximately 1.2 atom% when ITO
is used.
By controlling the tungsten concentration in this manner to
20 keep the activation energy (Ea) of Equation 1 to no more than
0.534 eV, the amount of change in the OFF current that most
affects the display characteristics can be held to be within
approximately 1.5 orders of magnitude, within the temperature
range in which the liquid crystal display device is used in
25 practice. Therefore it is possible to suppress any deterioration
in contrast in a liquid crystal display device that uses this
element, within a practicable temperature range.
The nonlinear resistance element specified in claim 12 is a
nonlinear resistance element (MIM element) comprising a first
30 conductive layer, an insulating layer, and a second conductive

layer stacked in sequence on a substrate, wherein the first



1~ layer stacked in sequence on a substrate) wherein: the first c P@W 2@2
-layer is preferably a netal filmwhose main conponent is tantal unmkt i

i s added tungsten, the insulating |layer is an anodi zed | ayer of the first
conductive |layer) the second conductive layer is at |east one of a chrone
filmand a 20 transparent conductive fiilm- and the follow ng Equation 3 is
--- approximately satisfied when a voltage within a predeterm ned range is

TP 50 SedBudtidehvebr ¥ A¥heriBIS 08! npfaP 1 i WhoSAURAL Rl dindheld® 0" €
el apsed ti i@ {amtalemondswhéthcést hdded | mengwtenst ahkednsdl atingd ayerr q&t

density (A/cn2) at elapsed tine t, Jo is the current density (A/ cnR) when
the el apsednt jagnedized iagerond, Bhel 2orst <onduptiéver dBYy¢r n-3heRezasandh

performed b he .present inventors has _.confirng 2 8 MAY 7002 -15 that)
when Equat F%‘ﬁ&%"etllgeapg?'%% matel 9£sa]tqa§ft1 ean?orofhé I\E}Rﬁ"@?eenéﬁgmar&}"dt hé
coeffgd cien at| i : T han £3 X aamt L i e in
char ascteri g%iﬁé&?a I gg %Eﬁgg%i?esnﬁolrﬁpﬁoﬁ'ght’hgrf g%ﬁrgé?ﬁ%?%@@rbﬂ# g\r?er%'%nen
the el emenglémerty iiveas$wmied toobg J, wham, awidshablthge dbHRIAY is applied

characteristics can be mai ntained over at least 10,000 hours with a
st andar d t §peenfa diynrenteifodnieetedst ah Hrtgegondat atxadeupeentetdensityor e

apor oxd mat 8yt O7RHE Al ol e R BRRE el B B ¥ s ebfufl e mdeges)

that can 1Qupeai Mefh Ak tie@BI] heS fJ128RINnENESRAEESh fOr ig hgggoﬂ e 1SUCh

as for several tens of mnutes. This sticking'imge occurs ause) since
t he ¢lrrensavidfizge olavadéertlse i conftantseBeahddnMiM Bheativn i3 sdtdsded by
continuous driving, if such an elenent then attenpts to display any
gradat i on, theerelationshipswl ng t rs dich e Deeflent 1~ when a pi xel  was

selected woul d differ fr,omthat wh i X smhot selected, wll cause

the vol tages apgwae'?jl% zt'he_se 59\5 E‘ﬂ%@!g _tgd Béeivacdinf ferent and, as a result,
a difference inghsyd nancesWd liaCe¥hpsdXdime ¥3H! §8cd )_”‘éfiﬁgégﬁié Qﬂ%ﬁ' nto
the introduction of 20 Equation 3, as well as rel ationshi ps between the

coefficienvslbtdge wasEgpplied. 3 and the tungsten concentration) will be
di scussed. The rel ationship between difference in current density and tine

”

is shbwn in Fi gReagrral PRTEeFmed dhwtihed PARSART t Heventarss haRdsham (Wyato)
reasur emenbl ghe ilee ihat: Rlyatidh Y Rbefti bt Bet S i U
and chronepepe Usaliid3 ohBS 8R8EORY RATHEtdurR |thYer thandbss Ve ralMewe st he
results in which first conductive layer was tantalumw th the addition of
0.7 at onto thegsirestaatdBeim digatdonuedls aso tores éhandd chradcthae dfiyeris Fi g.
' 0 or less, the difference in luminance between a pixel that has
20 changed from displaying white to grey and changed from displaying
—— black to grey can be reduced to a level such that this difference
in luminance cannot be perceived by human vision as after-images,
or it causes no practical problems. Further, they have confirmed
that, in case of a moving display that changes rapidly such as
25 within a few microseconds to a few milliseconds, if the absolute
value of the constant B is no more than 0.1, the differehce in
luminance cannot be perceived as after—-images.
One big problem that occurs with a liquid crystal display
device that uses prior art MIM elements is the way in which there
30 is a difference in luminance between a pixel that has changed from

displaying white to grey and a pixel that has changed from



L 0 PMAT Luve

30 investigates the curves a and b of Fig. 10) replotting themwth t1/5
-along the X-axis and log (J/Jo) along the Y-axis. From Fig. L ~ MAr LUUL
-16 11) it was confirned that t1/5 and log (J/Jo) are in a substantially
conpletely straight line relationship) and Equation 3 is satisfied.
*Further, it has been confirned that addildg tungsten to the first conductive
| ayer markedly reduces difference 5 in current density with tinme (Il og

(J/J0))) sdibpléwing bilacHi £6 esryce and €hid lilf ferariost B i 19imiaanbe COIE e
extremely small. The predeterm ned range of voltages that is a precondition

of Equatl o@legceae\gads atm@f\t@u‘raglége&ng@ the wingena nSepheumar?/ lasufd‘ur?m ent
1
éf’ff;'rllfwattﬂ' it e Shit the Rl teny hEGeine HRcOupR T the i el efent whan | <
0 0 '
Jol tage 1 angBiReE hds, (RS it AERHIAYIRE WSS %ekﬁgf?i?r“%%#é’re% °

consi ger at ifeos thatpoiven &omisieiptiagnchangéd e roint B$sphaly Mg mg@k%otit%sd“ ver
IC, it is 15 preferably about 1 mA cnR. The rel ati onship between the val ue

of S, equi Vaiendif{enensesiigpeusrente 3 rehqyight] itoebenakitgibutiablencat ham
concentrati.on of. the t

t dded ,to .t he-f t duct |
Correr Sdeftian s PRERERE DRES e ASBIEHISE ST T oo ph e e B 20
S and the GoRggAfaliisRRoflis! HHOE! & mqqqsaeoﬁ&se hlipgOROURLHER co hver
u ty Jo of Equa

was i nvestigate nder con itrons of the current densi ion 3

being 1 A/daficted Atora trdpl N ctite amhlAt@Ai Adge¥, dhé¢ clemping ahe
shown in Fig. 12 and Fig. 13) where Fig. 12 shows the results obtai ned when

chrod® was cussentrvaliageechatroeRiGtdGet i ve | ayer and Fig. 13 shoms the
results obtalne mhen I was u cond uctlve

clear fromFig. § 5&8@% .?LS etxﬁ’glnﬁﬁ% %oB??f%?‘Ef@? g’ dée‘(%sol %gs ttlhlé
tungsten c?ﬁgﬁaﬁéﬁgd(wllqnﬁbgaggsdeggyggyy' it is c 1l ear that the
coefficien depends on the current density , or 30 rather) on the
magni t ude of th&igppbi sHowsl thgeresmtimmhlmt bé¢weensearasnt hdermgitly exhd

vol t age decreases. Taking the exanple o 2 0 MAY 2002 -17 the case in
whi ch the ddmeewhen & Digsy vartegerek 1) V iis pBPhied canddnupenaly aftedbtdain a

vaIu of the _coeffici nt S. 1 hat ess sten
concditr at CORTEREIEE BECRbhO th ity Toke0m, 308 b0 FiandindHPHE €6 e
conduct i ve ghayefe 'fel%kweﬁsmﬁ%évete'hecwm ensIRG Cakd AN vABAU by
approximately 0.7 atonto or nore when the second conductive layer 1s |ITO
Maki ng t he vodetge coferi0 8 D§ dppldtedocoft i mudies biyo affber ndaourdentxhdd tﬁeen
ensures that when {or exanpl? a liquid crystal, display device is driven
under condiifiiBAEES Sde?@t i & oFBPm1¥ 290 %0 iffo iy 23é99raﬁaah theRRe 4014 age

o e b B2etiehdE A SRR Y AR Spi5ed’ shEphbAhS, R Phefhiel Y,
of SQbCkiHQnUGaﬁﬁo@yw&éﬂﬁbﬁﬁ%&ﬂbdlaﬁﬁawhen it was not performed, and this
~ difference is particularly obvious in the initial stages of the
voltage application, helping the formation of the above described
after-images.
The difference between the two current densities (log
25 (J,/J,)) of Fig. 5 is plotted against time in Fig. 6. From Fig. 6,
it is clear that the difference between the current density when
current injection was performed (log J,) and the current density
when current injection was not performed (log J,) decreases with
time. This relationship has been confirmed to hold not only in MIM
30 elements in which tantalum is used as the first conductive layer

and chrome is used as the second conductive layer, but also in MIM



In the nonlinear resistance el enent specified in claim?21, 15 \Ahenzt%eMAY 2002
-value of min Equation 3 is 5 and the value of the coefficient S exceeds

3.1 x 10-3, it is necessary to performaging for at least atinme t (second)
such that Equation 4 belowis satisfied. In this case, aging neans that a
"voltage within a predetermned range isldmpplied for a certain time to all
the MM 20 el enents arranged over the entire surface of the substrate. ---
Equati on %lemegtESih)whid/I90 liggused as.theTlsiesohduadnduc ti vies 1dger vasd f rom
Equation 3 as foll ows: = S x t13 dl og (J/Jo)/dt = (S/5) t-45

/

lo0 J/Jo
25 Equat i dmoge LBgwhighgtan a&é‘?‘/ Uti??\:th%gﬁd(d@/tépn- off/ sungsfen isauged s cal

t i .of . E i i i Fig. 14. That i i Fig. 14) |
P prou s 38Ry PR BaRRT00 (Gl 0g%(3/ 70y /dt) 15 plotted alohg the
Y-axis. The intgfqept tﬁbogoggrft m Of ‘E&uta@??x\{' ?X%fvé;g Bﬁlieg;(foﬁpﬂ_iﬂfst\k&g

(S/5). Therefore, 1 n order make the coerficle

~~n~scuv4 eql@tliogs{S/5) - log ((3.1 x 10-')/5) - -3.2 Thus the tine t
necessary for %r;rgt_that satisfies Equation 4 can be obtained fromFig. 14.
For exanple, | doBt Sthe straight line d (1 m¥cnR) in Fig. 14, it can
be seen that, at t -,1 5 (seconds)) the value derived from Equation 7 is
approximately -3.0 mnEd‘(aafi‘g‘n 4 is not satisfied. However, at t = 2

(seconds), this val uggd s[l@gpr(g%qm}eiyldg’s.gz pq/bhqbga@ aging tinme of at
| east approxinmately 2 seconds T's necessary. Pertormng aging for a tine t

such that EquatBquatdonsésatisfied in this nmanner ensures that 10 Equation 3
can be satisfied subsequently, and so sticking i mage does not occur, even
if tHe sanme pi xel s éﬂkﬁ@léxd?sﬁllay the sane pattern for a long tine) and

favorabl e di splay characteristic n i_ntai ned. Research perforned by
the present invent o@ﬁsi8§n3ﬁ@e§?mgﬁgﬁh§)cﬁ_aﬁg& §?§s€i cs obtai ned by
perform ng agi nNerliBusnsimb FedTBANK i GRRhBCr&Bd filohished I N> teid QRYisF{ed

Further, it has been confirnmed that, if tungsten 1s no added to the first

conduct i veateapéottéecdain iy g.h&, MM Blebast sadf rEmnattienpér almrRigwi 7, ITegurn
the characteristics to their pre-agi n% values, and thus it is_difficult to

mai ntain thel SEC0BEE ) adhi BYRELAS ae@fnrgg. hQOXTr‘]ﬁxb‘ir:]c%ﬁQja]rﬂfe{_‘\MOSh(fiﬁJs)} is
(Tsa | o gl a bk, ey dF RO s dpky EpbofnERkefbt SRR CEhELXTRELE™

layer) is preienabl y-Bpsnd hae §1dpeVr ARE st i ghtClank ¥AfdON /ANEFDY. i S
even nore preferably 0.3 eV or less. In order to achieve such a 25
configurat7 oshows examplefseriabl whidtat theindsret ceonduceive ol dyer fandt the
conductive layer in ro orii on of 0.1 to 6 aton The reaspn why tze
addi ti on 0YQ0RdysEeRAYGdYEes | &VRT T8ECactantaluBn &Rdr GhICBehy( G Vieeads:

o o el e L) 204 gl bTRTLED . Bl e
by tie meagieetent and 21T NRGr2€08). The values of B and n for the various
L samples are shown in Fig. 7.
Next, grapps similar to those of Fig. 7 were created to
investigate the relationship between the constant B of Equation
2 and the tungsten concentration. These results are shown in Fig.
25 8 and Fig. 9. In Fig. 8 and Fig. 9, tungsten concentration (atom%)
is plotted along the X-axis and the constant B along the Y-axis.
Fig. 8 shows results obtained when chrome was used as the second
conductive layer and Fig. 9 shows those when ITO was used as the
second conductive layer.
30 From Fig. 8, it can be seen that, in order to keep the

absolute value of the constant B in Equation 2 no more than 0.2



-19 nethods and approxi mations given in a paper in the J. |EE Japa)g \\pAy- 2002
-108) No. 8, 1988, pp. 787-792. The neasurenent points on the lines ain

Fig. 15 are those for an anodi zed | ayer formed froman insulating | ayer of
tantal um 5~ al one, and the nmeasurenment points on the lines b are those for
‘an anodi zed | ayer formed fromtantal umityqwhich is added 2 atonts of
tungsten. FromFig. 15, it is clear that the TSC activation energy is

hi s act i vAEBn Bty AR, ¢ BBntREELys,dcphlstont Sor chaly crfber aFRESERY | <

substant i alcoyicERPE4 Filtn co@IB! b&% § N@a58C0 28 d L1, 0BNENES thor"éab?ﬁfbfagly

possible to reduce the value of the constant B in Equation 2. "This I

t hought to atelbestuke tatem¥%al SémolaBly n ffpmafign 2, dipesais bensebr that ge
trapped in the insulating 15 | ayer, and the addition of tungsten enabl es
the for mat W98Nothe r$gLane, condugtive hawar 1i6wdtOs hbh ihaecassarsote ungke en

i s added. refo h injected int he i nRsul aking | ayer, i

ar cat Py 1 edibe iR oG OB BRI Ry “fradl Bop FiarbEonBl At Bl Eberduly
lovered. 2QtA meidod 00 MREHHBC Ul NGtRe RONkdRRAr é@%tfﬁ??‘cﬁleel %ﬁﬁg& en
specified in claim30 conprises the steps of: (a) depositing on a Substrate
a netal filconokntea timnn oforhendritrsits candet ti ve d ageircttoi swiatidrdthe chpove al

el enent having a valence 1 or 2 greater_ than that of the main netal) in a
proporti on 466CP1beq rangy ARRESS 2bhabr Eher absqliute yalmecwdedheoronsbant o

5400 angst ron r LT d RY a ; of m an., Lnsal ating
| ayer) preche)?%b’?‘g‘a[@%’] ?hﬁ%kﬁés’g 0 % ?bé7é%re§ﬁé\g%’%%n%ipoﬁr;bqiehghg‘ﬁr¢a e of
the figrst cQrHuehé veedidMertht a6 aneer-ziidgeR rmabodaupdlchﬁgﬁ)arf a5 Deu Ll
second conductive layer) preferably to a thickness of 30 300 to 2,000
angstrom defehés sen fidee ldfquikde cirmstid htdigpllayydevice eeewr.dance with this
manuf act uri ng hod he netal  of 2 $ MAY 2002 -20 the first conductive
| ayer is pref erg‘&iﬁyn%% DRafmresis tanee chemendi sBPEhéh?é vifb S adly iﬁcbs i%
greater th uml r n n de [ I um
%%ntl?ﬁée?{ ag%bfs%féee ?Pér?{%tfﬂgj ﬁﬁﬁ? %léﬂi’ rﬁt&rtﬁfgﬁgr@n%ma EDE

or tungsten 0X nofe prefera ngsten. e -second
conducti ve dopd@btive PI&fEF abdy {REWRL i9fs Alaye®aShn@ne decdn@hiconBuétlve and
a transparent conductive film nore preferably a transparent conductive
fil ml3l n adayedarstackedh imhi sequenceacitur & nguhethaty, awliérein:anthenl fhpst
process at a tenperature of 300C_to 400C is preferably 10 perfornmed after
the insul atGoRUEEIYE Jayeroife@TEEEFRRLY )2 ime taf; glL‘&n Q%8 JalRg CREPARRRY o
second anneg] i .8t ur 0 : ad i ;
atormspherg%cg%gﬁ%%gégt@le%%t%dgﬁ itgn%’é%‘g’r gffﬁé; 1%1%81&8.?2@5 a??é;rr ﬁ]e
second condictindiilzaderldyerf obfedthel6f i dndustiost Idyepgrtiieal secofdt he
resultant M M el ement depends on the processing tenperature in the first
anneal i ng Poddustivao liayers isport adeasd e t Aé temsdramar ef Ylahgend a

suitaphly. Performng therpal, processing a te r.at ure about 450C
afterlt he dTGasPAFTEh ABATHC LRI £) be aBfe hEq 1y LOVARE (HuBiRth g Ts
anodi zed | ayphoxbiiitely bht]iSridd oeey L0 vodddge W%P?HS%, Yrddefermined
manuf act uri ng process by using an 1 nexpensive soda gl ass instead of the .
convent i onatangen-ial lkpbligiiass &het biemetts) rptoyvidedr theartpledficienbu$ dibe

necessary to reduce_ the processing tenperature. However, if the processing
t enper at ur E¥RLEAR D5l MR MGE thadr 8dlicEdl0the OFF current of the el ement

w Il increase, I@g@k@gnt . det erllr?% a(tj/?gho; d I](etﬁmnt rast of the liquid
i'ce. €,

crystal display or exa _ ucing the usual annealing
tempegsat ure of 4h@eet 0 300C) satha 1aipskliet enadr(@nf syecsivEnkedcef fircdzisech

as expansi on and contraction or cracking of the
was started,
J is the current density (A/cm?) at elapsed time t,
J, is the current density (A/cm’) when the elapsed time
t is 1 second, and
30 m 2 1, preferably m=5.

Research performed by the present inventors has confirmed



30 glass, a rise of approximately two orders of magnitude in the O2Ff MAY 2002
-current would be seen in an MM elenent that uses tantal um 2 8 MAY 2002
-21 Research perforned by the present inventors has) however, confirnmed

that addi ng tungsten to the tantal um suppresses this rise in the OFF
‘current, so that the difference in OFF_qgLrent can be held to be within
approximately 1.5 orders of magni tude, even 5 when the processing

t t . _ . _ . 0
ey b1 11 o Deby S BobafIbAPR] 48 bRkl kO ARTSIXCAT B BIMIL |
intended t@lbhéntdral ecHehicoeddibient |$ MOVEQRRtIOACE B8dnoTHESE gerd nents

investigated the current density of 10 a plurality of sanple elenents
obt ai ned by ¥8Fyi bhe tdief fanepseenncoharae texntiisdicandlose(d Ahpéer as une mdre he

first annealing Ig)rocess. E)ata obt ai ne Whe?l chronme was used as the second
conduct i ve tha}eAPRIOXARMARALY [0 i gever &Fﬁil ftng. € hemendd sqaF bvesbdarnadl angen

| TO was us S c i - LS: sho i i.9..18 and 19. 15
| TOves Ustdngs Lhcunioul SRBdVE) BB ki UM IR Rkl bty 19
and currenitdesgstyid,)om houwrlsondthhe Ytaxdsrd SypPe ¥t WrivB Féshod Sl
Fig. 19, annealing tenperature is plotted al ong the X-axis and current

density (|l eg 3 adtivg mhérimxdrive2mefhodh Mare seeabflicilly,18editing tHeear

t hat addi ng.tuyngsten to the tantalumfilm | owers the OFF current (bias
Vort age. 4OUEORRAGH Hrh ARATESTAr SEHEEht oAt JdRnaAPDF A R Gt

change in t L i eG |l i

t enper at ur tggﬁsﬁég n‘{aﬁ%lq t%@%oﬁt%ieﬁfpé@#ﬁ?@% ﬁ{%égsr g‘%?‘ﬁ?gl h?eﬁﬁg@a% )s @@?%acra.n[ hat
if atygl eastoclur whe4rofimag8ost efrdfernoddedorbbe BOPUNtl oz ¢hABYesud ddhe
current density J is held to be about 1.5 orders of nagnitude (whereas)

when tungstfen sevemsl deasdpfi ningtebodthis. Stocking Mageageicundehesduse t he

processing tenperature is reduced from450'.C 30 tp 300! C, . and _the anount of
change in SABCE e AT RERETY]A ages phdraiedd stac L?IS?LI%?B%‘FM(;& okRmEntude

when the prqQc ' 2.5 0R,; 22 1 enpe r.e i f

appr oxi mat é?yaZ%?)%gjt Bya%%rgéc\)@:ﬁr?étg e §1§%& r{Er %@n&ﬁiagl. b?%@?’g’%ﬁ%n&gﬁmq%sat
the dependepcei®pldhanPFEredatiot, ahet berramedilondngetiperuhutBe Célenkht

reduced. More 5 specifi callyi when tungsten is not added (curve a), the

sl opddof twbepuaveiied wasgeglegied mouldhditfien dxomdehat twhen egrixekasyes
t ith.ch int t | trast, .the sl f ) b t

P when t ungOteRS e thlticH1AD SRR AhearARFASSS [BRL LG oS Pot VO R L o
] . . he. sl . oot e

doncent r at ionpeod fherbrle an. 0RE EPFORATES Ak PeePed FATRIMAMEONEN

t enper at ur @ccur.

Next, results of investigations into the introduction of

20 Equation 3, as well as relationships between the coefficients of
- Equation 3 and the tungsten concentration, will be discussed. The
relationship between difference in current density and time is

shown in Fig. 10, with log t plotted along the X-axis and log

(J/J,) plotted along the Y-axis. In this figure, curve & shows the

25 results of measurements on elements in which the first conductive
layer was tantalum and chrome was used as the second conductive
layer, and curve b shows the results in which first conductiQe

layer was tantalum with the addition of 0.7 atom% tungsten and
chrome was used as the second conductive layer. Fig. 11

30 investigates the curves a and b of Fig. 10, replotting them with

t"® along the X-axis and log (J/J,) along the Y-axis. From Fig.
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The above results show that adding tungsten to the tantalumin a proportion
‘of approximately 0.2 atontoto 6 atonfo enables a reduction of the annealing
tenperature of the first annealing 15 process to about 300C. However, it
shoul d be noted that, if the annealing tenperature is bel ow 300C, asynmetry

W |l be seen in the voltage-current characteristic when bias voltages of
changing polarities are applied to the ﬁ el enent, so that the annealing
process shquld ef er abl t _be perfor , at t er | ower 20 than
this. On tﬁg'otﬁgr Yﬁﬁu08§4¥%qmﬁﬁ egéﬁgle danaP exgg siCéHggdaare Hask is

used as th%uﬁHP§ﬁ§f§ 'y EBBBH§98P§qﬁﬁ%ﬁgg@gﬁ%ﬁfz%ﬁﬁﬁiSﬁ%%%%égugﬁﬁgugfion

t hermal expansion) the annealing proce be per

t enper at ur @ ofs neatpseiédan F4T8Rer pr dfter pdd y beenmyonflirmed40Hat 2kdding her)
when I TOis used as the second conductive |ayer) a tendency simlar to that
when chr omgungster doashe hil e eauduohing tliayer irankedd anreducasediffsrameawn in

Fig. 18 d Fig. 19. F Fig. 1 if.th i is 0,2
o 38 a4 e M ELS. B, 1T te fungeley soreenition To 07
30 approxi matPbyerdee 4 dRirtelt BﬁgPé.éHéjreigtE%t Bgéomé{ gﬂy@eﬂglégﬁ}h@fzs cl ear

that, if the anneallng tenperature exceeds approxi na 002 -23

350C, the slopeTot tpredetermibedormsgay@ft bol taguk t hBagnbyind g@%c@ﬁ@ﬂﬂﬁoﬂ n
the OFF current becones snaller. Therefore) when 1TOis used as the second

conduct i ve ofafigration I aes@satheeveltagre Hangst innveieh iy grseatsdensitxl be
t |east 300C,.preferably .at least 5. 350C,. but,. t.han .450C, .

or ef o abl y SHGTABHE 1 i, erdiandh el BASRHR e vighiscattainsh
tung%ge“ C%ﬁ?“&![ﬁgb@éh %@@i‘%f@%@fﬁia?'Mxé)g;lugire&fgﬁ%w%{eeaéh%@%%téwﬁ’% 1

shoul d be noted that,” as can be seen from tungsten

concentr at iofn tile tMIM o6 betientt,hei OFEscgenenslly | LOr itee 2000 n, Tls® &Qriént S
preferable that the tungsten concentration does not exceed) for exanple, 3

atom Duri fignshéyse®her MiMr ¢d ementhaidbépnthborvdldeBe erangeeris( genpra)ly n

t he manuf acturing nmethod of this,invention, .the second conductive |layer is
br of or bl y 6o AT ik 111 BBR Tt antrdS CARSITH 4¢ Ohemas POVer
pref er abl y JoAeiRgl: by B 86 N LR BN FORRIRGY off Nethi et 1Rl ofs
oxygen to argon (oxygen/argon) has a volunetric ratio between x 10-5 and
1.2 x1510- 2.préferably habbutTQ fmAl/emf s used as the second conductive |ayer,

the quality of that filmhas a profound effect on the elenment s 20
characteri sti cs.Theh&edahi prshigg hetween whaepehr oh Shewdnalenbnso ubr

eharact ery g il it LS d (B Thed b
WTch 15 1ol oL sperL Ll i 63,1 LR oSBT o
sputteri ng-thesﬁﬁ{g“s)fteBerafdare'aEdtd)Ytﬁ@efﬁ)ggge%nwgﬁr\;@r Pafis 4981 FupeRes hat )

of these conditions) the gas 25 conposition used in the sputtering has the
great est efifrvestopatée. MMl enenthe Melatipaship clé twdensdihiel ropetfliécienty
rati o of ogygen and argon to withipn the above rapge enpsures that the

%

absol ¢t e #adothe HRONCEHRITAREOB ¢h RESLeBnaddetht opdnfntibrilo WBdNE i e
Lran 0% Ry RaS SRR RIS AUGTErSE RS M cERE ety g0e
of Equation 3 being 1 A/cm?, 0.1 A/cm?, 0.01 A/cm?*, and 0.001
A/cm?. The results are shown in Fig. 12 and Fig. 13, where Fig. 12
shows the results obtained when chrome was used as the second
25 conductive layer and Fig. 13 shows the results obtained when ITO
was used as the second conductive layer.

It is clear from Fig. 12 and Fig. 13 that the coefficient S
decreases as the tungsten concentration increases. Further, it is
clear that the coefficient S depends on the current density, or

30 rather, on the magnitude of the applied voltage, so that it

decreases as the applied voltage decreases. Taking the example of



-24 plotted along the X-axis and the constant B of Equation 2 is pl 3t§ AY 2002
"along the Y-axis. Note that, in these experinents) the sputtering

conditions were: power, 1.7 kW tenperature) 200C, pressure) 5 x 10-1 Pa;

gas flow of argon, 100 sccm and gas flow 5 of oxygen, O to 10 sccm From
Fig. 20, it can be seen that the value_gf_the constant B varies

di scontinuously with gas flowratio. It can also be seen that it is

necessary make the fl.ow ratio of oxygen, and, angon to be w.thi.n the above
range in o% % eﬁ%mcﬁ\{ha@et ﬁBrggﬁlﬁe?%fl I':mg/scnﬁo?%rr'%e t%)a'n ¢ 345 AhSPner,
10 setting f r g i 1 0 i i 4 r

pr ef er abl e°§@€%c§%\§é E%tﬁegsg?hge%}@h%g ggn)sﬁ%lén?é%faf(}%o%ggtg g}?aigolrélsggs%
Further re$edroh pessprtiesl tyngsdtenpreneshtrayion @whoulds bdehpproieth tielst |

the flow ratio of oxygen and argon has an effect 15 on the crystal
structure Bf3|atomAavieremgpecitiarnc aheyse¢ond pondusiii venkayeredst ekromevhamd: he

fl ti f d i i t,hi i tabl e, , 1 | TO f
bol ygbnal _§hanERiFStary diontet Rt fort SiRdlsl o |k oXkREEES dhof e tamts 3 ong
axi s/shortm@.{é Z%hﬁ t%eSis_'é%ﬁdCEdﬂtﬁ!tiiv% lﬁge?"?% agfy. appr oximately 3 to 1.

In this case, ng axis refers to the ngest axi s passing through the

center .- of grMaking ofhe heoefifiictishtsBr oft Bgeatich shotd WXio mRfrer THa@ t he
shortest axis passjng throm&glh this center of 1gravity. Scanni ng el ectron

nm cr oscope3( 5BML OphensurepHads wher 1 fagesxampieroaf 1 1asidhcayshalvdisplaygs.
37 to 40. Eig. 37.is.an SEM 2 hot ogr,aph of jan 1 TO fil m.surf, 3c bt ai ned
when the f BBULFEL 1 BF LYY uiTah o It Ohse Of & Ut £ bipg 0f2d7200010
obt aiyped e oW, I' i Qe Of v PPOLIRN d gon Soh. Gr X o )i av39 1S
one é tai \r/]\/gg@%gn aInEe I?VI\:lr gti‘{) of %%xyggn 123;]d9ar%83n2§a§/,1_ 8ﬁ?< 1dOL§£§1a3ﬁd
Fig. 40 ischaracotsristddswheh the flliqwidatdrysifaloxdisplagndiéd oz gean Wae 4. 0
x 10"Z. In Figs. 37 and 38, the flow ratio of oxygen and argon was w thin
t he prefer abietainafe)sadigl arbevilyolfpgod I, 000 chaunawizponro- genegpatiigngof
crystal can,be seen thergin In_tcontr st,.in Fig. 39, the flowratio of
oxygen andsa}élﬁj_rpg TGS DYt AOPE LRI, 51"}3'3}“ the rage specified by this
nvention, and ih €48 ASnPARAI Hakithentd G idhddt Speeseider {F diofie 21NN

; , n
granular crystals with a large ratio 5 of Tong axis to short axis. In Fig.

40, tihe fl ehenathe ehlazyoénmanih aEqgoation § ebs ef Bhdnthbe vaduge off the s
invention, and it can be seen that the ITOin this case forns long, thin
granul ar ce9efficient B axeeedd ofl KohY axit konepessarkil® PREfOT® aging arly

| arge. 10 l.n_order, to,satisf |1, of t exper i t eqguatign nd .
manuf acturifﬂﬁ 8gnc}ietais5n§' ri e‘js_ea%%@) SH%%[ htgFage?’lt%‘h?q&%dgc%e@@wl d}?er is
formed froghehspi®). the aencedtdeat | Qpiak t HBgRS ehaAddedvindde Wilthsh a
conductive |l ayer should be 0.2 to 6 atom preferably 0.3 to 3 aton?gy and

nore pref epabligt®rmined Faagenis|dppliedsdoornd ¢értairdudmeveol al/kbrthes MIdt ned
of ITO the_concentration of tungsten added tggt he first conductive |ayer

shoull be @lements aRISAEEdHPEEE, Eif eIt 1Te SUITECE;: O then FURSEERER ef er abl y
0.5to 4.5 ato .1 nyentio I kes;J te\p ible t educe the
dependency of Fﬁglgﬁf?ﬂen " char ggge?!géﬂic o(f‘i}'éar)efi%%Mlee?engh on 20

di mensi ons. Thi ghik! Eqbgt dasar iisederiveé®@r EréieiRyuathehod as -fol 1Aw@AgSt the
desire to nmake liquid crystal display devices nore tightly integrated and
with greater capaci tileg) (J1J4)s =d8nEndi¥d to make the MM el enments used for
?Lle\r“en?se\a/len smal | er dll(—)lgw?\\f%é)/th=pE§?§pttJ4;gvent ors have determ ned that

25 Equation 7:
log {dlog (J/J,)/dt} = log (S/5) - 4/5 log t
A graphical representation of Equation 7 is shown in Fig.
14. That is, in Fig. 14, log t is plotted along the X-axis and log
{dlog (J/J,)/dt} is plotted along the Y-axis. The intercept (log
30 t = 0) on the Y-axis of Fig. 14 gives log (S/5). Therefore, in

order to make the coefficient S 3.1 x 107%:
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25 | arge dependence on el enment dinmensions in a prior art MM elenent (an
-elenment in which a tantalumfilmw thout any added tungsten is used as the
first conductive layer). In other words) for exanple, if an el enent of the
di rensions of the previously described sanples (4 umx 4 dun) and an

“el enment of dinmension 2 um 30 x 2 un1aredﬁ9npared the latter one will have
a current denS|ty of apprOX|nater 1 order of nagnitude smal | er than that

of the 2 8 20 LLespo ngly | arger resistance.
The reason for 1 Féqgésihou ﬂ% g3ﬁ% é@éﬁ?é tﬁg Se |gtgnce gf a flat
por tion of aysMAk ef fEen! n@'cEE?élsy ffrocima‘g*ﬂﬁg s%.t% suEf Ont 1%8an

thereof) it 1s nore difficult for a curren OM/t rough™a SI e 5 surf

ace porti omet hitainédatrpmr Fign) 14 heFor o@m:ﬂpltm dFookitg adr theespoalglons
becones relatlvely greater, as t he di nensions of an el enent decrease, and
thus the cudnentd delcroker’)adn Hi gl elréentltoewhebesﬁaenertharheaéf ¢re= 1f

he di f
Some. fioans (SHEARS 1 dRe VRLUS AT IR0 G o) AURLaBe! e ERBTOR IIASEIAT Yob t age
of the driveh kiu @ﬂ% tghij§ iﬁét %%ttle??é&r%Hv%v%&onhiht?:%‘“%e&og{&t%ﬂgp%ﬁé‘ and

cost V|emp0|nts mever e present 1 nventors have confirne

above descriabead dsnmp@mmamadenend&rmys@aﬂhbe gneaging r etheeslf | gt t beadd
el ement in accordance with this invention by adding tungsten to the first
conducti ve apay@xlma%lsf a @@ﬁ@ﬁ@ﬁn s pecrssarrurfenfioradng: agingiflor anhbimn

| d h
fTourer tne dbeb: ehRE & & & TR Faidstine " Hiofkhe Tristy FOSHoRR ERH Ervene
of dllraensu(zgﬁa&ymg éaﬂ”b@osb.€1§ﬁke‘ﬁ” stbseqhesel § Neand@ngd téﬁcﬁ%f&ég%ﬁe

densities .r elements are conpared therew th

el ement s vvndtolesnnoaddedur ungvserernf( cihevgamp dige ks esheovlsd vl itspldyf the egdme
tungsten concentrations_(curves b to e) are shown. Fromthis figure) it is
cl ear that Pakierntfer @ ABRSi bime .orndrf aionabie dmladosaaﬁ@ct@a e

tungst en are reduced fro 2 dun). the curr nt densi
irose' by o malntaineh { kAstih elidhed T "hiie (Bisente (BHERESES af%n%
of tunQSte'&o&ﬁ‘l?ﬂQ dthéﬂe ﬁ{eDF?:Ha'i‘a Béf?é‘%léie'b%'tunbé W'#ezofo%uﬂgd&é??
magni t ude, even un er the sane con |t|ons is also char fromtThis figure

that she drimpthibs Ifarmenr eah blemmiingtadned oim tthat lomg htedwcr Emstkm;' diitenss on
is reduced_as the tungsten concentration is increased. MVAY 200Z -27

In this wapeeRddtnf itmedst e t.o iﬁetﬂpg§ﬁe%oﬁ§ud@QWeaﬂQ9@rt@ahughp IBSt the

0r o L1 ST AE0R! LR Bt T i e TR e AP erdh oW £

return the characteristics to their pre-aging values, and thus it
is difficult to maintain the effect achieved by aging.
20 In accordance with this invention, the activation energy of
—_ the thermal stimulation current (TSC) in the insulating layer
(anodized layer of the first conductive layer) is preferably less
than 0.7 eV, and this TSC activation energy 1is even more
preferably 0.3 eV or less. In order to achieve such a
25 configuration, it is preferable that tungsten is added to the
first conductive layer in a proportion of 0.1 to 6 atom%. The
reason why the addition of tungsten reduces the TSC activation
energy is by no means clear, but it is considered that the
addition of tungsten lowers the levels of traps in the insulating
30 layer.

The TSC activation energy is obtained by the measurement



a first substrate provided with a transparent substrate, signal elékprgées

-arranged i

el ements as laid out
el ectrodes at a predeterm ned pitch) and pixel

Y 2002

n a predeterm ned pattern on the substrate, nonlinear resistance

in any one of clains 1 to 29 connected to the signal
el ectrodes connected to the

"second conductive layers of 10 the nonLijgear resistance el enents; a second

substrate
opposite t
the first

Fig. 2is

provi ded with opposi ng signal el ectrodes positioned to be

0 e.pixel electrodes: and_a li.quid_crystal .layer | ed bet ween
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DESCRI PTI O, OF 16t DRAWSNGT93B, Fhg: 787-S7gp.graph of current density in MM
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tantalumfilm GThenmeasurementf pbints owsethasl ines sedanfigontficire ethageer ;

a graph of current densit
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tungsten addrgstenthe tantalumfilm when an ITOfilmis used as the second
conductive layer; Fig, 5.is a graph of current density in the MM el enent
'Preﬁ,l%i

pl otted agai nst Frp

was perfor

10

15

20

25

Hfggkga'fly Wf&gexc urifme%ei ’Hn%‘atiiz% Vﬁ%er}mwhen tungsten is added.

Further, this activation energy is virtually independent of bias
temperature and 1is substantially constant. Lowering the TSC
activation energy makes it possible to reduce the value of the
constant B in Equation 2. This is thought to be because the value
of B in Equation 2 depends on the charge trapped in the insulating
layer, and the addition of tungsten enables the formation of trap
level that is much lower than that when no tungsten is added.
Therefore the charge injected into the insulating layer is greatly
reduced and, as a result, the value of the constant B is also
lowered.

A method of manufacturing a nonlinear resistance element
specified in claim 30 comprises the steps of: (a) depositing on
a substrate a metal film whose main component is a metal to which
is added a chemical element having a valence 1 or 2 greater than
that of the main metal, in a proportion of 0.2 to 6 atom% and
preferably to a thickness of 1500 to 5000 angstrom, to form a
first conductive layer; (b) forming an insulating layer,
preferably to a thickness of 300 to 750 angstrom, on the surface

of the first conductive layer by an anodization method, and (c)

'forming a second conductive layer, preferably to a thickness of

30

300 to 2,000 angstrom, on the surface of the insulating layer.

In accordance with this manufacturing method, the metal of

urlidhg i1dohst aleax dihadgdher TSe adidivadipneerersy d& i on



2 b MAY 200Z -28 perforned; Fig. 6 is a graph of difference in CurZEB”ItMAY 2002
-density plotted against tine, obtained fromFig. 5 Fig. 7 is a graph of
difference in current density plotted 5 against tinme) for obtaining the

val ues of constants B and n in Equation 2; Fig. 8 is a graph of the
‘constant B of Equation 2 plotted agai nsipot-he concentration of tungsten
added to the tantalumfiln) when chrone is used as the second conductive

| ayer; 10 Ejg. IS a t n n ati | o d i nst
t he concemltfbgtip(;inﬂs(s)tf fgfﬁgg?teﬁjead gbégftaositsﬁebfgtr‘lﬁaftg%f }tfg‘ﬂrr?a en %'{}% itgﬂ:'ﬁsed
as the secohdmiealueiliewenktawioseFi galdritd Sig Ogrgdtedd then dithheatase i
current density in the MMelenent plotted against tine) for introducing
Equati on 3Ppreteyakly 1iungstenyr apol Brdenna, di giromenc erhenivmsr ot thamgsten i n

the MM el t plotted inst i tl bt ai f th
Fig. 10, FRgraa,) 4 pd BeskERBLL| { FIRGTREIS off CEABars onhe pl G
. 10 F . o pl
Chrom i s GOARRCEN] TayRT T SRTPTyorPald B BT FRas TR U b ol e

coefficientifmofaddiual i eraBspdrited cagdudsive he idmnceandrat ippafetabpdsd en
added to the tantalumfilm when ITOis used as the second conductive
| ayer; Fi gtragsparentyrepiiustiveef sitpe of the difference in current 25 in

the MM el t .plotted i nst. t.i -wh 0. t onto of t t i S. added
Lo the tanta R | HpCorqRe"du it "Thil e A RubBE” e R oy o1 kRl
agai nst_bi aant£IDRE PreebsOpt A REfobYatIRRSUE 960 (0120TEGY 1 iihBrb oty ng

| ayer; 30 Fig. 16 1s a graph of the current density in the ment
pl ot tléd agaepfbrmdd: afterertheatinsuwl afinguiayeeniadfiermddy tFluethe?, SidVFohiX)02
-29 tantalumfil when the tenperature of the first annealing process is

vari ed andMepHbARLUBINg B¢thed: He se6eBAdarRRRIINE PEOra§Rrat B §emperatune
graph of th Jent shty din _the M el ement pl ot.ted agai.nst anneal i ng

t enper at ur 8? g%tﬁ a(ﬁ#é’dgsﬁo#:n %ﬁelaa?% agqomgspﬁax_‘e 1('6“?“ ilé.migLB% sleésﬁr%% t he
current densgi typd ¢yM rgg,g%pt t agsd t t nakis@n

t ungst en agge tég%trtﬁg %’ar?tgal Em Il %)Pk%e;ﬂﬁ%a%dﬁgseéﬁgﬁ?ﬁgesé?gﬁg i
conductivefozyed;, Fig. 19 is a graph of current density in the MM el enent

10 plotted against annealing tenperature, obtained fromthe data of Fig.
18; HPg. 20 is angr QPR BHIFERL donPedisi cplar Eﬁu’@m hemlipptt MEM gbemanRt ¢ he

fllow rati o gheRAYOSH Ak hA0kssthe” tdiberSaRd S8 ' ¥ErdeY Shnddl f M0

of
process, so it is important to set the temperature range suitably.

Performing thermal processing at a temperature of about 450°C

after the anodization would usually be expected to stabilize the

20 anodized layer, but, if it is intended to reduce the cost of the
— manufacturing process by using an inexpensive soda glass instead
of the conventional non-alkali glass as the substrate, for
example, it would be necessary to reduce the processing
temperature. However, if the processing temperature of the

25 annealing is reduced, the OFF current of the element will
increase, leading to deterioration of the contrast of the liquid
crystal display device. For example, reducing the usual annealing
temperature of 450°C to 300°C, at which there are few unwanted
effects such as expansion and contraction or cracking of the

30 glass, a rise of approximately two orders of magnitude in the OFF

current would be seen in an MIM element that uses tantalum.



15 Fig. 21 and Fig. 22 are cross sectional views sinply show ng the

‘manuf acturing process of the MMelenent of a first enbodi nent of taiBs MAY 2002
invention; Fig. 23 is a cross sectional view sinply showing the MM el enent
of the first enbodiment (a cross section taken along the 20 line A-Ain

Fig. 24); . Fig. 24 is a plane view of il_unit el ectrode that forns an

active matrix type of el ectrode substra?e to which the M Melenent of the

first enbogli t i lied; Fig. 25 i h, of densi t | ot t ed

agai st 2RSHRATAN nBOFf AEICHNAY t (0% oRBESIR br oL ¥eNHES S chaR AHEHETng
_ gEFTAE ! sebhd SfEASn,

i o oo i oo R A R CERRSER BUCHaR] RenEFlY Slineshet oy s

current) whide tihethy @FPcugeentsagd ithathehatdifFepeace 30 OFF tHErac @as
anneal ing process is varied; Fig. 27 is a graph of current density plotted

agai nst e celly te0pe wabhim|apnyoximasalyhk. podrdansy off magmi tude,agoen

applied to the Melenment. of the first enpodinent js varied; Fig. 28 is a
gr aph? of c‘m%n%%leﬂgp?flsﬂllﬁt SRR oF t BEAUCEEhehT O caRRTOFimatedy ¢ he

| . . M e Lod FLg. .
\é?a:)ﬁggf ag‘gédrﬁtéoge gﬁ&?ﬁ ﬁ%e%k%emwe'l eér%réerﬁ{m gf‘%ﬁs gg?g%gﬂ stdogieré,%céaroﬁng

const ant - velld atiepdalyVvehahett erirgtdris.i nj ection was perforned and when
current injection was not performed; 10 Fig. 30 is a graph of current
density in a cotfRenimepdsMiptendeento pli dlustratfai Hyits moint widingow be

tant-volt i wh , t injectj f d d
Corrent i et Hiadl “Bofelineles' TSSO 80 BB cRrTERY HnatiSt of e
I 1 hj o t t f
odilors s PpRELaaRy b3 Wanba0ce Bt | GiYaindlehy VErFLEF! (R Mnasaen T Of
sol uti on oforegentratiioh umed tiiee tempgrafiraand Ehe. f Bistaratineh dise IAGcesdal

views sinply show ng the process of manufacturing the elenent of a third
enbodi mentDafa abtehnedi wiehidhgame was pigpd 24 the asegangls condacbing layew

SHTBLY, Shoud g & Mo TSR o881 F, SRR B RIS ) S, e
M P B A B e ROntysr A sl ot Mt 10 10
typelpf driweFigrcle tandsiFig.t 18, Mtithes terend orferitirias i onvestplotted Rlong 37
to 40 are scanning electron m croscope photographs, 30 of the surfaces of
| TO fil ns bR ai¥rédiBy &pfit taMregt whensitie c(gﬁgi tJ bnalonst hehe | Kvaxisio of
oxygen andsianqlgloar}‘liys, Vf‘x{i?(fé.arlc} and Fig. 19, annealing temperature is
plotted along the X-axis and current density (log J) along the Y-
axis.

20 From Fig. 16 and Fig. 18, it is clear that adding tungsten

_ to the tantalum film lowers the OFF current (bias voltage: 4 V),
within a certain concentration range, and the amount of change in
the current density with respect to change 1in annealing
temperature is small.

25 More specifically, from Fig. 16, it is clear that if at
least 0.2 atom% of tungsten is added, the amount of change in the
current density J is held to be about 1.5 orders of magnitude
(whereas, when tungsten is not added, it is about 2.5 orders of
magnitude) when the processing temperature is reduced from 450°C

30 to 300°C, and the amount of change in the current density is

suppressed to about 1 order of magnitude when the processing



z b Mar zuuz -31 Fig. 41 is a graph of difference in current densd 8yMA¥i2082
"the ON voltage is applied plotted against the el enent area. DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Preferred enbodi nents will be described below, to
specify the 5 present invention in detail. First enbodi nent A cross
‘sectional view sinply showing an MM el_epent 100 of a first enbodi nent of
the invention is shown in Fig. 23) and a plan view of a unit liquid crystal

drive el ectr ses. thi 10 .$.S i Fl 24. Fig. 23
s a sect i SRIpErANTS O3 tetdoR ntihn ertr i oa]y SR ) @pBrakng
conprises apgepstrate 10 forned of a material that is insulating as well as
transparent, such as glass or plastic; a first conductive |ayer 12 forned
on the surf aceFobmlEighi 47subst iat elé@rofthadntheudependdnaeh ofs tkdeGFF
tungsten in a proportion of 0.2 to 6 aton (in this enbodi nent:

appr oxi mat SMFTeNht AMY tARd ARREAHGNE f LEMPeTdWGfes$aBf hgodedycedoo More

onaubti ve SPapLTiGET “Whas kBXELrer! 1R 480eh" FodiVe %6, Rhe, Sots il of
20 300 to 76@ afswd rMlaapd,2afgcomes cadusirréat! éidﬁéit]sﬁ (fl‘é"gnﬁﬁogﬂ%%%é;st 300

surface of the insulating |layer 14 and having a filmthickness
to 2000 angseabby Whtls thatgd eirenterrataried, Ihorcoataast e, the skopdsacifir ed

by the processing, descfi bed below. 25 (A) First, a filmof tantal um
cont ai ni ng CTEEEIRT né WgéncB%ﬂ%tlﬁoﬁ&@?é tihddeehanta il 33et daWorpithe

b ' hi . i 1. d
To be ourt MrgbPet Uiibsetafe ot iebAKPES Hrdlnt B SANGEbHE ddorBsk B STLAF " ©F
8 MAY (2002 in3dZeadfng Sungdtlehycabeuitrh?@0nt 0os&0fHh tARASt OFFN durtehli $s not

enbodi nent: 3000 angstrom. The nethod of depositing a tantalumfilmthat
i ncl udes t wegyt dependent b anpeahang ubampesatureri ng froma nmixed target or

si mul t aneous spygterjng, the forner bein ticularly 5 preferable. The

m xing ratio of * ﬁea{’%%? AR IS S Bﬂg@%ﬁ qu?qflﬂge%ﬁpgégeq aql%gé}‘ei tangalym
correspond ;to .t j nat i [ enfgr UGt i a t,is
to be forrrelél. %?20%8%%&?%%&#?85?3%%;%%’ré eiéaorr"g/‘iog#) Cﬁoﬁég‘r‘% %ﬁ&ﬁ# ra%fi ne
particles gledhabiehusrantet Wmiehedng otkmbeoraxedPbL, thO0ft 8sf0QRRe@NIIBE r OM

preferably

15 process to about 300°C. However, it should be noted that, if the
annealing temperature is below 300°C, asymmetry will be seen in
the voltage-current characteristic when bias voltages of changing
polarities are applied to the MIM element, so that the annealing
process should preferably not be performed at a temperature lower

20 than this. On the other hand, if, for example, an inexpensive soda

- glass is wused as the substrate, from consideration of
characteristics such as thermal expansion, the annealing process
should be performed at a temperature of no more than 450°C,
preferably no more than 400°C.

25 Further, when ITO is used as the second conductive layer, a
tendency similar to that when chrome is used as the 5econd
conductive layer can be seen, as shown in Fig. 18 and Fig. 19.
From Fig. 18, if the tungsten concentration is 0.2 atom% or more,
the amount of change in the OFF current can be suppressed to

30 approximately 1.5 orders of magnitude. Further, from Fig. 19 it

is clear that, if the annealing temperature exceeds approximately



10 1000 to 3000 angstrom and in this enbodi ment: about 2000 angs@r®ryAY 12082
. two powders being m xed and then sintered at 300C or nore, or an alloy
formed by nelting tantal um and tungsten together. Using a mxed target in
this way as the target for sputtering, instead of perform ng sinultaneous
“~sputtering using 15 separate targets, Ir;gsures t he honogeneity of the first
conductive |l ayer) specifically, it ensdi’es that the tungsten does not form

I I t ant I fil tt - d
pﬁé?m.tEBSQ by s SR Bt thBC RHF §h cBe EBHa 5 SREABL ARQ: b0 KRAIIo(Re

| t t I 2 Fig.
Z?y::td Fi gﬂ bg Iq%rﬁggpgﬁsecﬁﬁfﬁﬁgqggéﬁgmée ac |l|evegg%§f%e eygﬁrﬁl fﬁ (S:Igsgtl Ing

the entiresedirdnaheoketbrd sedimiucatieellayet h ﬁtﬁswempefdtmreew%hé'gfiﬁstby
using a nmask) and developing it to forma resist (gattern which is used for

et chi ng 2BREGIDIRE (HROCESshis guh‘étb@d@ttmstoiﬂfﬂ eprefdrably daty kadt ng

f, CEA_and t t chj I d
Uhat?i o ok Sk umtoPor MRGF: HRaL P61 BRPECRER LY Thuiougy EhoantORHer Tor i on
f the f I d t
19or m teheI F?\%?J atnlg{r%gﬁ: \aégler alllll&gngp%ég%lgufﬂ%(l ng 35)? I ontoéggn{r% fqgle °

timng signatld i puef2trabige bei @t A2asmnd 0Fidg.atddd. Hmévexnsumtsmﬁnldaw 14
is also of a 2 8 MAY ~UU2 -33 filmthickness suitable for application of
the M M ehebedht thafe iaS usatl 188 oseapouir@ooFis. 7d8,anyft rthe tungstien

nmbodi | [ h f hi_ck f 530
oot o ban@h R R0 £oBY Eheth | Dufl OpE i %n%“i‘?vit,t FER8 R el o
sol ygion of Pétﬂﬂe?e?'ﬁb@eafh@t QPRS tARks Yok t&ﬁﬁeatrgelaﬁ esPRBE Ot dBEE! Y 2

hours. (C) Next, a first annealing process Is pertorne at a tenperature of
appr oxi rrafei*ye;&ﬁiblteq 40@€of%n this enbodi nent: 400C) for 0.5 to 2 hours (in
this enbodinent: 1 hour). This 10 annealing process is usually perforned in

an inert gas aP%lsfpﬁtetrh@ StieR ofs formisgebhersenogensoriug i ven layensisi@re o

ntures. 1 At P hen it R {n g e B8, of") Rl AN s oA s

| ayer) caeomcl@tv%t abylrzed: pidbd bl v TBRREATH! o WHInAGd OF Pho 2 gpeci ) C

concentration of tungsten to t first conductive |ayer ensures that the

t emper at utkioftiin £i dmniesnipredepabhesormed by smrtderonerin hanathesplrare
tenperature (approxi matelg 450C). As a result, the substrate is hardly
af f ect ed 59 &ndshsi g ara b@npifacqundutwt@rggnhe(&txygevéhrsqnt thag dade of

soda gl as anpl -8 e _noted that reducing the
anneal i ng§ lé‘f{?)etrrgit&u t(?8 F‘g\é@é’ﬁa% %OWC \%}ﬁq 2\/\% ?bhe symmet ry of the
current-vol t agrhéna¥ahah the MIM alsedBas - ad Rhe B’@L‘énd @hdut®i{é! Pa

t hi ckness of about 300 to 2000 25 angstrom (in this enbodi nent:

angst ron) the geplbistit exf W\astpuftlﬂmr hag annroﬁommiaref;f@tcttelonedihasehgnent S
h lith h d . et h d it
Poyal | 6 SHer o tariaitiEp oot quads by ook 180,71 b8 dEngngs) o ke GOMM HICHS of
th tter) k 0 10" 1
e spu 480 fhEch PP¥CForded M%rée%%ﬂ)‘(wl%)],y_z glo %) e& ﬁnln%dxﬁp

Pa- and flow ratio of oxygen ahd ar go rm ng Secon
conducti veattyss Sectofad TEhé npdwers, nedEef 1 sveadisanitiay ,t Remperature, and

pressure during the sputtering. Research performed by the present

inventors has confirmed that, of these conditions, the gas
25 composition used in the sputtering has the greatest effect on the
MIM element. More specifically, setting the flow ratio of oxygen
and argon to within the above range ensures that the absolute
value of the constant B in Equation 2 can be made to be no more
than 0.2.
30 Data on experiments designed to confirm this point is shown

in Fig. 20. In Fig. 20, the flow ratio of oxygen and argon is



2 8 MAY ZUU2 -34 second conductive layer 16 and the pixel el ectrodé BZ(MAJaZDUZ
be formed in the sane step) sinplifying the manufacturing process. (E)

After that, a second annealing process is perfornmed at a tenperature of

230C to 260C (in this enbodinent: 250C) for 5 0.5 to 4 hours (in this

“enbodi ment: 2 hours). The annealing is preferably perforned in an

at nosphere that includes oxygen in a pr 66rti on of 5 to 100% or even nore

preferably 50 to 100% O her than oxygen) a gas such_as nitrogen or argon
coul d be uPdattegpalpnrénthe Keoaxis sapéd| shengonstant BeodndEamatéani gg is

rocess 10_w o] di,scussed. The .rel.ationshi bet ween_anneal i n
!toerrper at ur g\fnghte@i %g@ ttﬁeeuiwd rjl"éalt‘i ! §'pr‘6‘c2@§5§n8@ﬁ§1@}$%m t of
the thus-f apieeMid oGN] oREC WBRAWN polieF] 01 .25 kTN ehPEPhEFrals Cshd
t hese experinments were manufactured by the process of these enbodi nment,

under the pzsesupadii ixnO eXRaepigatoflds bdheasgsond e ngnd eggmerBiow e,
and the second annealing process was perfornmed in a nitrogen atnosphere
that Pncl u@édozygenxygeho 14 sgap. Fromelfige 20shdliscenebehsaegpsthat drire

current when,the anngali rocess was. performed wth an anneal i ng

t enper at ur gaJ)PeZ@gC)ﬁ%urg‘%l%aé’%oﬁ Y%ﬁ%éos_r oft %ﬁ&l%&siﬁr \Vétﬁ &aSwst 1qtat
for 20 300@atker PXadHH @lsHi b8 §eerdrIRR! R0 ikeHBEE A dte tof mZQ?Cup]é hey gw OFF
current decreases as annealing time increases, and the rate of this

decr ease getsisnafl exygend andniargorsto obe haijeimstite mbovas sange Wrenorder
anneal ing tenperature is 300C) the OFF current falls initially w thin about
20 to 30 mitRutedSULe: dhathether raluss ofs Bndgamongnonsut thafen0 3 seBurther,

when Phe " atlink oM. qlob, FRHE T, BBREE T e ig el & 30465, Baitre”
during appreskaRilly, IbdtaseOtht NPT @ ORRS IRt BSHPSSSIUENTY ) Tgaches

a substantially stable value. This trend has been 30 confirned to exist
over the rdege.of 230C to 260C. Experinments into the atnosphere of the
second anneal i n Z 8 MAY Zuul -35 grocess w || now be described. The

rel ati onship be%MéHeVolrﬁéﬁér%dpéﬁf BPRd ab¥ erthennRERS8Ry pEvestoEd ihas

di fferent .S S in Eigs.2 I.J...26 a_sh e
results m?tﬁ%gg’%gﬁ??&egﬁaﬁg @\gé%ple_r hie ?‘f%a)g%uér@eé:é@ saﬁémérgﬁ{e%sgsaﬁtés)%ﬁéﬂ
annealsi ng pnwapePpeiristaEdstuckupbt bOIETO At MPEPNEFDi faRA1EY! VEL Cheh Mysert he
resul ts when anneal i ng was performed in an oxygen atnosphere. From Fig. 26,
it can be confirmed theit, whenHie dlowenatdd ahexyigeneand i argoassswbthin

annealing is perforned than whe nneal ing | s not perforned, and {hat,. when
anneal i ng i SEEABI AoaPDEsncls g0l i ARS 1 BOLYGHRA. ETANAS, TV StRED Rithe

OFF current a lL.Lag | ifdr n 59%1% i iHn in
OFF currentthlrérg ?ﬁ%ﬁ;ﬂ{ %e%lgkégeté"o&})%y%g%qgt (S%H?n fsglr?}lterg}r{]{n% ;J&fbg)ng
di ffused byinigeet beystal pEoCas vegass, fApraxinatcel psdiitat L0did anés ease Al so
the insulating |ayer-netal boundari;, where they are enbedded in traps 15 in
t hese2lr egi dPRE THeSdi NefRISOA® Shet hengash @xdsepessbesi thupugh dbeceenter

artet i on. ot EEREL & 03 b Rty ahbls ars 355" St At hascbntne or
this embodi e$00axi §164HdTR 't.I(";lﬁéugcﬁL &% S2ntBribg. g4 are both 4 um -

- Results of experinents on the aracteristics of the MMelenent 100 will
now be descri be®canhingysitettsonviEt roscbpge$SEY) dplid Evgraphgolodr stirfaces e
appl i ed The vol t age-current characferistics nmeasured for the MMele t 25
of this entffdi MEhtfinsnang shewn gin oBiggn &7 gtoo#P.cfige 27pIis tay h

sol i dycircl t ol-t-ager cur ensi ) r :

posi t 5ve bipgiot\?%?ggge@ﬁaa\é ggénﬁa%gléugg)&lcgngﬁ%%%\l/% 8&8 OF ggdfv 1\?3%3&(1)?' %gv .

circles shaypggehabndhgPgén Magall, gexbi@s, vbig a@® has cheesbditiddeshehr ene Fi g.

27) it was confirmed that )
flow ratio of oxygen and argon was 5.0 x 10, Fig. 39 is one
obtained when the flow ratio of oxygen and argon was 1.0 x 107,
and Fig. 40 is one obtained when the flow ratio of oxygen and

30 argon was 4.0 x 107, In Figs. 37 and 38, the flow ratio of oxygen

and argon was within the preferable range, and clear polygonal



30 vol tage-current curves obtained fromthe MM elenent of this 283MRAY2002
-2002 -36 enbodi nent when voltages of different polarities were applied are
substantially conpletely identical, showing an extrenely high | evel of
symmetry. The reason why such results were obtained is thought to be
"because the formation of an insulati ng_bayer by 5 anodizing a netal filmto
whi ch a specific concentration of tungsten is added creates substantially
equal barrier i S t he baundary .bet ween:the first conducti | ayer
o the | netHS BrEsBhl S BRLOEN aTRIRC b dfprttre St oo il YF ayHE
the secondseqpdigtiy ot 88fgenl @nb Mrgbﬁl $GERY oMES tFREKE ﬁg&giae&ya%fa the
conparative sanple by the sane nethod as that of this enbodi nent, except
that no tungse espesds iaddby this Haveaoieh prard li) candbé leeenolthagetlvairiTent
characteristic of this, elenent was investigated in the sane manner. These
resul ts ar &R sHbvincRfeH Im 8 ongy obh il grappjartcrgsdals wbil iar heoge eationhen
tungsten is,npt added tqo the fant.al umfil.m e moltage-current, curves

obt ai $1ed whEn P& FHLS \FR SF‘%% vﬁ’tsagg]r\/vgégap%bi’ etig o TAF1Q R (grEen

obt ai ned w i ' t Vs I ( : :

consi der ab y@sﬁ%zfﬁgg;s ggefpﬁg t\é%gld%ggrrrret ri%?oﬁﬁgsngw(ﬁglo t’\é\t?é\(gdl.t-c% (2)
Not es on sher tseerr hhattanges ITO char ght gr icatsiec Sf oAmd alpragm cehrirespendilay t o
Fig. 5, which investigated the relationship between current and tjne when
Equat i on 2CTistalHmMiél &oratdovpi E@thsogotﬁh@te%bﬁim Jysi $imHAH Y n
Fig. 29. I p Fég 29, line a shows the change in current with tine when a
vol tage 25 8¥890 vV is held after current has been injected to the MM

el emgpt at appr oxi gedetytd Aheigsy Oilll%fseaw%%eaﬁﬂxehw? Bo st g
change in current with tine when a voltage of 10 Vis held after the above
descri bed manufantuningccondi tiasnsndesdridred abbue neid the ssedénd. c@®Judtti weas

confirnmed that the tinme-current. curves when 30 current in jection was
performed ap¥ETinkh foTmeRad TABt Chirameyr (¢ Repeentrationyof) tungsten added

substantially,,co e ' j.C t:0QL I f thi,s _experl t. &l
results shlg\évegfet %g% g%héeg%%lg@{lyﬁt ?%yeoé %ééﬁlép i @é\ (grbl §°06 C?Atog%d ﬁ%%ﬁ&.
For conpar ps9ngo an alvolss! en@nioreapebastat Be (08 the3saremb Mot brd ascdddat of
this enbodi ment, except that no tungsten was added to the tantalumfilm

was feasur ednductive dayermaanformed ddsdMObedhaboomcenitatienubf stwigstiemse
nmeasur errenta are sho S

in Fig. ol ig. ;i h h |
after ther 83983 Eﬁ.r?:_ﬁgt If:SHFFIEngg u%TIrfS’eIF: lr%é'eg'ossﬁﬂ}dgl %t &’@Srog\éﬁltiose@\,{ﬂitrs’r’u ter e
was no 10 égéf@fﬁm{ﬂoeﬁt‘Emt.SV\Q@Mhean@OﬁﬁEggfeéﬁ%qynO% t%qﬁ%ﬁbéﬁ%gere

i nvesti gat fomthese tine-current charac ISt1cs, "B was foun
0.55 and n was TBigS. iM@ititohe abse! uiskesrl e oposdibleongoantreBuexcegis 0. 2
in this manner, the display of a noving image in an active matrix type of

liquid crydependengy 81 deleé ceurm®enyti Icharesterishi aif eker therddBé, e kgmemrie on

di Splzﬁly W ldlimle)r?spgnnsu.m holrsmwill be described in more detail below.

. Amongst the desire to make liquid crystal display devices
more tightly integrated and with greater capacities, it 1is
demanded to make the MIM elements used for driving even smaller.
However, the present inventors have determined that there is a

25 large dependence on element dimensions in a prior art MIM element
(an element in which a tantalum film without any added tuhgsten
is used as the first conductive layer). In other words, for
example, if an element of the dimensions of the previously
described samples (4 pym x 4 um) and an element of dimension 2 um

30 X 2 pm are compared, the latter one will have a current density

of approximately 1 order of magnitude smaller than that of the



(3) Notes on long-termchanges in characteristics Wien the coeffi cz (gnNAé 2002
-was obtained fromEquation 3 for the MMelenent of this enbodinent, it was
found to be 5.01 x 10-4. Therefore) the anobunt of change (log (J/Ja)) in
the 20 characteristics of the MMelenent of this enbodi nent stops at
“approximately 1.63 x 10'Z, even if the-a@gnent is driven for 10,000 hours,
and thus the sticking i mage does not occur when this elenent is used in a

liquid cry i j il oS ; r I i Use
of "thi's M APEPehenr! B E3dri8oah I\ dreets rREI SEMCE The POBsOR [For
crystal di splisyislesicagghtevenbaiimstausel shelrresistianceadsf | #a8tatlPoPPlomBF S
under conditions of, for exanple) a duty ratio of 1/200 to 1/2000 and a
drive vol t &ge MM 1element 2differsr frempdhiadongf waersidee sweffadeci port®mwf an

MM el f 30 thi nmbodi h dded, h
tantal um | tB95eRkw Boos DS (dtmiult Ela FREra 10 TTal Witheie Side 41
10-2. W j | , 0 b Vi t t
of chinge PTEREroR T ehar adtaP ot i LV B8Rt el M cpor et B0 SR

this el enersurfacesesriions bequiels crodtdlvediys preyteievis ehel diflehsidhgirdfve
woul d | ead to sticking inmage. (4) Notes on aging Even with the MM el enent
of this engddéhemantordeckeasew aidi bhys i the gurrent decreases af thddebementyst en

is low (for_exanple at,on? the val yue of. S in Equation 3,cannot be
sati sfi ed) 5’5?%8“‘? i§’}‘igl?£/l‘al 33‘%‘%}8?96215 }queél“‘ﬁd’érlé’f‘grB ) &t €1 MRl ATE
to age thi geaheg®Nt iftOrpéednd® hEddsSaly 5?66% 48t | et higgcha
Equation 4 gei Ves: Ilog (5.62 x 10- 35/ 5) yl 4/ 5)@08 t@eﬁlfé&f%gbtﬁc@ (%3135
15 t 1% 2. 0Gntheasimg kthesdr2ve6vséctagels oof thg ngithstaadessdtige Aoifngthehe

el ement by just this short length of tinme ensures that sticking i mage does
not occur dFi¥eBsEEuetnd |1dig- i8r Ao tirpRRL TR ec AEPMCERS iRAWed's CORSUMRY kai ned
unchanged aft.er i ev.en when - 20 the elenent is left unused, within a
practi cabl @npeﬁﬂgga?g?‘g’orlgﬁje. On the other hand) if the conparative

exanpl e were tOH*éﬁewP% e PreQerdi iyent orBCh SR oRRAPRE] AhadCERE | dShe
above) at |east 506.7 (seconds) would be required. Further) sticking i mge

did not ocdescribbédi §imemgicunatli depehderoy, can beagreabtlbn reduweed dm vdre 25
directly after the aging. (5) Notes on activation energy Wen the

acti Vit i on EdRBEBY ER AECOTARNPEMWALENERLS ol RYSR Kl ahilydiadEAnE nRENEBIED N
[hom EURU18R. Loy MR AOAYe O\ SBE b0 LR debiae ol

density while the ON voltage (15 V) is applied and element area

is shown in Fig. 41. In this figure, the density (J(..) of the

current flowing through an MIM element of dimensions 4 um x 4 um

20 is taken as a baseline, and the current densities (J;) of other

_— elements are compared therewith. In Fig. 41 elements with no added

tungsten (curve a) and elements with different tungsten

concentrations (curves b to ¢) are shown. From this figure, it is

clear that, when the dimensions of an element that does not

25 contain tungsten are reduced from 4 ym x 4 ym to 2 ym x 2 um, the

current density drops by approximately 1 order of magnitude, but

if, for example, 2 atom% of tungsten is added, the drop in current

density is only 0.05 orders of magnitude, even under the same

conditions. It is also clear from this figure that the drop in

30 current density concomitant with decreasing dimension is reduced

as the tungsten concentration is increased.



the thermal stimulation current (TSC) of this MM elenment was obt aj e®AYi 9002
was found to be approximately 0.2 eV. By having an activation energy from
Equation 1 that is no nore than 0.534 eV, the tenperature dependency of the
M M el enent 5 can be reduced, so that a liquid crystal display device using
"this elenent can maintain stable displag7characteristics over a wide
tenperature range such as a practicable tenperature range (roomtenperature
to 80C). Furthen : [@als) fyation I Y/ t he
absol ute val ue %P ?ﬁéggg%gtéﬁgﬁggfggﬁg%BgﬁqﬁgtP%%q§g§F ?ﬁédkpﬁpggé' n¥)can
be nade tochff BappPesstBhe Qrep $A tlatembedendi ty o Bys mfidhg nthe
liquid crystal display device, a noving display causes no particul ar

probl ens asdementrsmalges.can be avoi ded. As described above, the MM

el enent of this epbodj pent no 5 qnly has basjc. characteristics such as a
voItage-currentAcﬂ?ﬁ%&dfgqy§ﬁﬁi &iﬁﬂ:aWZdﬁBHF?dﬁ%ﬁhéﬁdl%Xﬁﬁﬁ%PPi§9mpflﬁﬁ§1 al so
mai ntai n t Qe a 1St Iy | h r.m_\\ bei n
af fected b@ Egg?go?aﬁﬁfféﬁﬁ éﬁ%vgggﬁoﬁ}tgu%tﬁgéﬁgééﬁéég Fﬁ%ggggéiﬁ ¥ ctive

| ayer of thigchhdlded erfninged 8T aesredfeteTRinad 2Papiesd] odl e6kT 8ass GRlt e
formed at the sane tine as the second - conductive layer, which can
sinplify thenkimednctagiisignpe oekenentSeasnd aédbout nemtanphen® Of et baderst 1of

7o SnmodpEhEuRRE e o eh Sr S0 SEk R el A g
first e”bo‘lhgegfxéln etllé%ttrggéé i) fe%tEH”‘c'{: o d!deRBnl" OGARt Ve S EFL I4Y vt e
used in the tformation of the insulating layer I's not an agueous 'sol ution of

citril¢ aci ¢hbuhoalingueousssoiadncieors leneaBpniauselcandsisabstrite opF@rided ds)
the electrolyte used in the anodization is 0.001 to 0.059 by weight 30 (in

this enmbodwitht OPPODUED Signadi ghegtrdesn pagisbored dtuthieovppbsite ® Mke 2002
e., The ot.her ,conditi ons, of the anod

L0 amoni upLingriet gy The suber cendl Lone, o e anodzation ate the
constant - V?'i%ﬁﬂ%ﬂ@ﬂ%{ﬁi’i@%u_%@&f@tﬁoan\é (thd %@bﬁn&”@ﬁ%ﬁe&? tsﬁg§§’%ar1tf,é).r 0.5 to

4 hours (inthis e t: ours). 1t was co e sl ope of
the voltage-current characteristic of the MMelenent of this enbodinent is
steeper than that of the first enbodiment. The two voltage-current curves
are shown in Fig. 31. |n PREEF DESCRIPTLON, OffJHE DRAWINGBacteristic 10 of
this enbodi ment and curve b shows that of an MMelenent in which citric
acid was used as the electrolyte for anodi zation. FromFig. 31, it was

confijsned whgl il an AdgpablR 80! LhiPenO! dEHEPY UM MRGSERbRedS USRI the
anodi zation, the slope 0 e voltage-current curve of the resultant

el ement i s aghénpertidaonceatidt for ofhitahgsternqddedstsothe itantatumifilnc, acid
is used, and the characteristic of witing to the liquid crystal layer is
al so bett ewhepypt peromg tfiday igeufed ons i e FaceRd carrdwREl v laveRgueous

sol uti on of phogghoryc; a6] drlfnt e AAPLHEARLRL &Y O AR Sefleh?t plotted
—_— against the concentration of tungsten added to the tantalum film,
20 when an ITO film is used as the second conductive layer;

Fig. 3 is a graph of activation energy plotted against the
concentration of tungsten added to the tantalum film, when chrome
is used as the second conductive layer;

Fig. 4 is a graph of activation energy plotted against the

25 concentration of tungsten added to the tantalum film, when an ITO
film is used as the second conductive layer;

Fig. 5 is a graph of current density in the MIM element
plotted against time, during constant-voltage drive when current

injection was performed and when current injection was not



20 Third enbodi ment The M M el enent 400 of this third enbodi ment pgeMay 2002
“filmof a nmetal such as chrone, alum num titanium or nolybdenum (in thrs
enbodi ment: a chrome film in place of the second conductive |ayer of the

MMelenent of the first enbodi nent. The manufacturing 25 nethod and
structure of the first conductive |ayergg2 and insulating |ayer 14 of the
M M el enent 400 (see Figs. 32 and 33) are the sane as those of the first
enbodinentp §?oﬁm%§tailed description thereof is omtted. A second

conducti ve Fayer 'is fornmed of a chrone filmby) for exanple, sputtering
to a film30 thirgknessisfaSPPaptp o0 fFRFehEOMA | fufttiny AReHtFEpt ot teO

2 8 MAY 2002 -41 angstrom, then conventional photolithography and etching
t echni ques agatnsketinen phtaénedt firem [Biyper 5;see Fig. 34). An ITOfilmis

t hen deposited %y a pethod such as, sputtering to a filmthickness of 300 to
2000 angstrom ( A8t hf sl&nbosk R0t 58 fGrﬁﬁﬁgt%%n‘i‘%rrm B8BEHEY t bR Rshy

and etchin i . o] a t ] ter nd f.orma
pixelgelecggéggggog sebaéﬁbgﬁﬂ%ﬁhgﬁg 3@?.Vﬁaﬁgﬁegﬁfkﬁgﬁéﬁgﬁt%436%06&dfhed

in this mpggatidémez second conductive layer 18 and the pixel electrode 20

are connected in a superinposed state. 10 Good results were obtained for

t he various chaFagteBi $8i esgodph hi§ they edrstamt BOOf EquahiomsaZrephattedt as
inthe first enbodinent. That is, with this ele t tégavalue of const ant
B in Equat R8ALBS} SLhe COpgentrat kdn,ofotungsten @ddeggto trgatalum £ iy

cont i rred Yigh LDFHE U3 Glee5cCOREILELAN ONeEIE AR 19 15, 2.24 x

10-3$. It was al SO confirne h 1 On energy o at'ion 1 for the

OFF qorrent is @ig0 eVisandgtish TSC fied | y@id tamteBeiody Eqlaeper oXi prstedad 0. 2
eV. A preferred enbodi ment of the present invention was described above,
but it shoagdinst othd coscentrabian ofi tusasten taddedr totthe t2otabum finmntion

[ t limted t d b dified in. [ ithin th
ange. of SHBERT FAGH Frhasd B, EheneeAtAbrE RS YAnbFEAT & ni same phenonena

as those descri ?gg.a?@v?s"‘é’ zda[ﬁh‘%co‘fr thid 4l eﬁ%%@%r&ﬁn{: h&erﬂ@.gitt%f |13

added to the fi conducti v ayer were noly ni obrum “rheni"fum WO, ,

or the 25 lthkeMIM nslepratoplbttablagaindt eime valoeninerédut ingoEqast bed idvke
matrix type of 'liquid crystal display device using the MM type of
nonl ilpear resi sFagceldl esremt8uagph wifs thevdiaffenence siowuriranti densigky 1im t hi s

i val ent _ci ' M M el t 100 (40 sy 1quid. t al l.I 200
30 ar o conriber 81 1p 8BeRts B TERRN 2FATRY BeltPon bat eIl Hgom i
line (scan gl g%ap@kgiquta signal line Y) in a pixel 2 8 MAY Z002

Fig. 12 is a graph of the coefficient S of Equation 3

plotted against the concentration of tungsten added to the
20 tantalum film, when chrome is used as the second conductive layer;

Fig. 13 is a graph of the coefficient S of Equation 3
plotted against the concentration of tungsten added to the
tantalum film, when ITO is used as the second conductive layer;

Fig. 14 is a graph of the slope of the difference in current

25 in the MIM element plotted against time, when 0.4 atom% of
tungsten is added to the tantalum film; '

Fig. 15 is a graph of activation energy plotted against bias
temperature, obtained by measuring the TSC in the insulating
layer;

30 Fig. 16 is a graph of the current density in the MIM element
plotted against the concentration of tungsten added to the



-42 5 10 15 20 region 300. The display operation is controlled by 2sgvi Méﬁ.zﬁﬁz
“the liquid crystal cell 200 between a display status) a non-di splay status)
and an internedi ate status therebetween, on the basis of signals applied to
‘the timng signal line X and data signal line Y. The MMtype of nonlinear
resistance el enment of this invention is.quarticularly useful in an active
matrix type of liquid crystal display device. The structure of the active

rasi st ance eRERbA AinC VEE ) RRRRY ST e Bhd i’ RRnEte FRpgss

particul ar jgaRaesddbakd | dhioREPT igeasal A§athe @cfoinﬁskoﬁélééﬁf\?elt 9 ayeyi ded

with a transparent substrate) signal electrodes (timng signal |Iines and
data signal |inddg.at7aigyed graph of efhet eurrentl daigidyninnthdiMIMsgbememt e,
nonl i near resistance elements of this invention connected to these signal

el ect r odes PAOthed, agrinsthianagapingntemprrasiure, ebbeinesidsogothecdatataef t he
secon congﬂ tixg,layers of these nonlinear resistance el enents; a second
subst rate vi ded wi th opposi ng signal el ectrodes positioned to correspond

with the pixel ¢ligctigdes;a arapgubstl Hey Shdkeh8YRinsS89y! FH H?émxﬁﬁﬂelgﬁeﬁf rst
d to Ich'is

substrate and the second substrate; and a display pane
connect ed @lottpdneagaisngth tlse a cpncantranipmpl afe tungstewr #&dddder toThthe

liquid crystal disp aﬁﬂde%%fe of this invention can he 25 applied to all
types of |itghtalepySidm. ahemy d40e48i pratitas e weeand: corduptdyei Aageni spl ay

devi ces such as | i qi 4 Cr.ys TV or i.de s chi.ne) it bl es
good di spl ay cagggi'l fitlél gss aaynoérgllpgo\égﬁsc&ﬁg\séhghgfeggggi ﬂ@v?hg i’imgggg@%t be
di spligyed Wibhtee agi@idiasmeal FHEt baipe MiiRiret NEbtA Md Gorstab dasp! oo
device of this 30 invention is used in a display neans such as a personal
conput er) Wagksfl8tion, or automated of fice equipnent) it enables good 2 8

MAY 2002 -43 di%play éafabilituﬁg d.also ensures that a fixed pattern can
be displ ayed wi tH8no28t FEkRngT3 g§?1th3209nﬁ§@n90@29f Equation 2 plotted

against the flow ratio of oxygen and argon, when the second
conductive layer is formed of ITO;

15 Fig. 21 and Fig. 22 are cross sectional views simply showing
the manufacturing process of the MIM element of a first embodiment
of this invention;

Fig. 23 is a cross sectional view simply showing the MIM
element of the first embodiment (a cross section taken along the

20 line A-A in Fig. 24);

—_— Fig. 24 is a plane view of a unit electrode that forms an
active matrix type of electrode substrate to which the MIM element
of the first embodiment is applied;

Fig. 25 is a graph of current density plotted against

25 annealing time, when the temperature of the second annealing
process in the manufacturing process of the first embodimént is
varied;

Fig. 26 is a graph illustrating the relationship between
voltage and current, when the type of gas used in the atomosphere

30 of the second annealing process is varied;

Fig. 27 1is a graph of current density plotted against



-44 CLAIM5S 1. A nonlinear resistance elenment conprising a first conaJcmAW%UZ
“layer, an insulating |layer, and a second conductive |ayer stacked in
sequence on a substrate, wherein: 5 said first conductive layer is a netal
filmwhose main conponent is a nmetal to which is added a chemical el enent
having a valence 1 or 2 greater than thago-of said netal, in the
concentration of 0.2 to 6 aton?g and said insulating |ayer is an anodi zed

| ayer of saj kRSt c U hayere. N reg n nt
accordi ng ?)é’qéfag?fn Y?l@a/hg?igi ;édl\ég‘iltri?ng{falﬁ%ehg{%g’tehgﬁr‘?a]ﬁ %%czﬁgoﬁgenteho

said first elemdntt bf etheryfirsts embotdsmemt 35 vArniedli near resistance el enent
according to claim1, wherein: 15 said chem cal elenent added to said first

conductive | ayefiigs 248 | é8sta ofBaBk| &ft eurrent adepsily opletitrdt egainst one)
nol ybdenum) d rheni resi.st ance nt accordin

claim 3, m"é’ﬁgiaﬁ?' s‘%?%lméhgh?%]ﬁgyiaag%h? svotlﬁlﬁﬁgt@?.elli%ge KO %WB’PPFﬁgé{’g

resi st;ance m?@@qgﬁle&gcg‘ difigelgo claiml, wherein: said second conductive
| ayer is at [east one of a chrone filmand a transparent conductive film

6. A nonlinear rRg.sdnde a eqmarh adfcaubimentt deakdtyn in wher MIM: elemest MY
2002 -45 sai d second conductive layer is fornmed of chrone) said chemi cal
el enent addd@ttedsagaingt simgondUEingeconstant-yol tage tdnveamtienheurrent
concentratign thereof is 0.3.t0 6 atonPe .7. A nonlinear .resistance el epent

accor di ng t'SYECAT RN 1 WashePRITOTMED 2R STy EURERRG | ¢BIPSHEQN | ¥a§ NO

transpar ent,gppepeqi ve film said chemcal elenent added to said first
conductive layer 1s tungsten, and the concentration thereof is 0.3 to 4.5
atom108. A nonl ifigar 30e$ssaagreplel ehendrremtpdens ity aif ia dompardud e VMIM

| ayer, an insulating |ayer, and a second conductive | ayer stacked 10 in
sequence orﬁlérf@%s??%'@f@,d agaiash: timed dwRingciongtaalevoltaegn dzayei vien

layer of Ségd}f%kEsfnjection was performed and when current injection was not
performed;
Fig. 31 is a graph illustrating the relationship between
15 voltage and current, when the electrolyte used for anodization in
a second embodiment of this embodiment was an aqueous solution of
ammonium tungstate;
Fig. 32 and Fig. 33 are cross sectional views simply showing
the process of manufacturing the element of a third embodiment of
20 this invention;
— Fig. 34 is a cross sectional view simply showing an MIM
element of a third embodiment of this invention (a cross section
taken along the line B-B in Fig. 35);
Fig. 35 is a plane view simply showing a unit electrode that
25 forms an electrode substrate using the MIM element shown in Fig.
34;
Fig. 36 is a view of an active matrix type of drive circuit
using the MIM element of this invention; ‘
Figs. 37 to 40 are scanning electron microscope photographs
30 of the surfaces of ITO films obtained by sputtering, when the

conditions of the flow ratio of oxygen and argon is varied; and



conductive |layer, said second conductive |ayer is at |east one of2§ @HWbZ@M
“filmand a transparent conductive film and 15 the current density (J) of
the current flowi ng through said el ement can be approxi mated by Equation 1
_bel ow, provided the activation energy (Ea) in said Equation 1 is no nore
than 0.534 eV: Equation 1. J = A exp (-FafkT) 20 where: Ais a constant, k
Is Boltzmann's constant, and T is absolute tenperature. 9. A nonlinear

resi stance el emgnd aqcqisdiaNgriaphChi MiSreMbRES 1 Gftrbnft rd%hs&'%?dﬁﬁilé(e

| ayer is a netal filmwhose main 25 conponent is tantalumto which 1s added
tungsten. the ON wobtageais rappliednpiottedreagaimstotengl émerct adrm@al, wherei n:
sai d second conductive layer is forned fromchronme, and the 2 8 MAY 2002
-46 concentration of tungsten added to said first conductive layer is 0.8

to 6 aton®% 11. A nonly | A i o claims8,
wherein: said second bgﬁgg@ﬁ@ f‘&?gﬁﬁ% ?@y.‘{%mm%ﬁduct ive 5 film
and the concentration of tungsten added to said first conductive |layer is
1.2 to 6 atom 12. A nonlinear resistance elenment conprising a first
conduct i vlPrefeeredaemboditherisngwl bBlyebe dedcrilset obell @mondtict kpeci By ethe
stacked in sequence on a substrate, wherein: 10 said insulating layer is an
anodi‘zed IRRRSENSF 1BYERLFQN 4 d8haitti ve | ayer) _

First embodiment

A cross sectional view simply showing an MIM element 100 of a

first embodiment of the invention is shown in Fig. 23, and a plan

view of a unit liquid crystal drive electrode that uses this MIM
10 element is shown in Fig. 24. Fig. 23 is a section taken along the

line A-A in Fig. 24.

The MIM element 100 comprises a substrate 10 formed of a
material that is insulating as well as transparent, such as glass
or plastic; a first conductive layer 12 formed on the surface of

15 this substrate 10 of tantalum to which is added tungsten in a
proportion of 0.2 to 6 atom% (in this embodiment: approximately
2 atom%) and having a film thickness of 1500 to 5000 angstrom; an
- insulating layer 14 formed on the surface of the first conductive
layer 12 by an anodization method and having a film thickness of
20 300 to 700 angstrom; and a second conductive layer 16 formed on
the surface of the insulating layer 14 and having a film thickness
of about 300 to 2000 angstrom.

This MIM element 100 could, for example, be manufactured by
the processing described below.

25 (A) First, a film of tantalum containing a predetermined
concentration of tungsten is deposited on the substrate 10. In
this case, the thickness of the tantalum film is selected to be

suitable for application in which the MIM element is to be used,



said second conductive layer is at |east one of a chrone film and2af MAY 2002
“transparent conductive film and if the current density in the elenent is
J2 when a bias 15 voltage of 10 Vis applied after a current is injected
for 10 seconds at a current density of 1 A/cnR) and J1 when a bias vol tage
of 10 Vis applied after no current is-i3@ected, the follow ng Equation 2

I s approxi mately satisfied) where the constants B and n in said Equation 2
satisfy thendelsitususliypab20tB150& t6. 206ddamgstrom: (Equahisnedbodimgentlz/ J1

) =B x tl/nwheret is the elapsed ti (in seconds) since the bias
vol t age wagog(bpﬁné%l‘émﬂé: rhg thog (Pg‘s?ﬁi%?%ﬁﬂldénél ameipntad ey dildg ttdadl ai m

component TR T thaklEEh, COUH B the THEL hoed dFiliRegthr GRS i%ed,
nonl i near ggprst ajic ﬁahw&ﬂéo@%@ﬁ&ﬁm@,cm&r@olr%xer%@'iﬁgnp & 15899nd

; i Npa$f§
conductive layer is formed fromchrone, and the concentra |on§%}f tungSten

addedd t o sprefdratdte.cfhdumiximg | matdro iof $hé. Rantmlamatadttuddsteh nenlthaear
resi stance el ement according to claim 12, wherein: said second conductive
layer is ami¥efhstadigeht 18ovRIudiol ¢OTTRSRONG P the eomiidetiani batbs afuidet en

ool ot ancel b ahuhPati RIS Fnad! s 1 .k AR The, Tiveld Hatisgt™™
layer, andcgyReNdrEedehil¥e ﬂ)@xb’cférssb@CKPtjrcdel?iﬁ@Wecl%g gfswi&%g%e,

wherein: said insulating layer 1s an anodi ze ayer of sai I rst

conduct i veahdytungstand ( sé¢ofalr cexrainpdtei,vé00ayer106)0atangsasdm pneraferabdlyr one
filmand a_transparent conductive film and the follow ng Equation 3 is
appr ki mat P00 sdt0i sPOQY WREstHEOM. \aNd adR wikis nembodimentar npbeut r 2998 i s

2911 20 ¢ 0uFRLEGS"3M o8P ATl RE R b Dl giBRlg, LR
the el apsedrt mg®e(i Brs@eONdSoys| frddCofr n¥ Pt MRS SirtallOR) ahd JounzsitBs
current density (A/cnR) at elapsed tinme t) Jo is the current density
(A cn2) wheogetherl disied tda meixed stdrgetoin) thiwl way as the target for
sputtering, instead of performing simultaneous sputtering using
15 separate targets, ensures the homogeneity of the first conductive
layer, specifically, it ensures that the tungsten does not form
local lumps.
Next, the tantalum film is patterned by generally-used
photolithography and etching techniques to form the first
20 conductive layer 12 and a conductive portion 22a for a timing
- signal line 22 (see Fig. 21 and Fig. 24). The patterning could be
achieved by, for example, coating the entire surface of the
substrate 10 with resist, then exposing it by using a mask, and
developing it to form a resist pattern which is used for etching.
25 Among the etching methods that could be used are dry etching using
a mixture of CF, and O, gases or wet etching using an etching
liquid that is a mixture of fluorine and sulfuric acid.
(B) Next, an upper portion of the first conductive layer 12
is oxidized by an anodization method to form the insulating layer
30 14 and an 'insula.ting portion 22b for the timing signal line 22
(see Fig. 22 and Fig. 24). This insulating layer 14 is also of a



m_ > 1. 2 8 MAY 2002 -48 17. A nonlinear resistance el enent acqudvﬂg 2082
“claim 16) wherein: the value of min said Equation 3 is 5. 18. A nonli near
resi stance el ement according to claim16 or claimb5 17) wherein: said first
_conductive layer is a netal filmwhose main conponent is tantalumto which
i s added tungsten. 19. A nonlinear resrdBance el ement according to claim 16
or claim17, wherein: 10 said second conductive layer is fornmed from
chrone, anfli Innethktimknessr suivabbé fomgapreicadden ob $he dMIM relememwtduandve

layer is O0,. 3 to 6 atonf . 20. A noplinear resistance elenent according to
claim 16 ofS cHEianly7 ofwRdolEtn 300518 7 B0 sergiidoBonddcthis emRedimenta an

o d Fir ot REPOUATE el tiger i B0 & 4B  SRBHERAS " A SptRR AR EEY crahce
el ement cogmrdtrdid dulld’ Pe GDRYYALEVBy! a%8A) 2z on S %imﬁbﬂ%aw ’we?gﬂﬁ?

second conductive | ayer stacked 20 i n sequence on a substrate) “wher
sai d j nsul aqueond spéutienaof aviddizedcidystr aotosatant ivedttagendfico we foayer)

sai d second conductive layer is at |east one of a chronme filmand a
t r anspar en?PRIHHMLRVE £i Rrsind
(C) Next, a first annealing process is performed at a
temperature of approximately 300 to 400°C (in this embodiment:
400°C) for 0.5 to 2 hours (in this embodiment: 1 hour). This
10 annealing process is usually performed in an inert gas atmosphere
such as nitrogen or argon, or in an atmosphere of oxygen or
mixture of argon and hydrogen.
Performing this annealing process ensures that the chemical
structure of the insulating layer (anodized layer) can be
15 stabilized. In this embodiment, the addition of a specific
concentration of tungsten to the first conductive layer 12 ensures
that the temperature of this annealing process can be made lower
than the usual temperature (approximately 450°C). As a result, the
substrate is hardly affected by expansion and contraction due to
20 heat, even if it is made of soda glass, for example. However, it
should be noted that reducing the annealing temperature to less
than 300°C will lower the symmetry of the current-voltage curve
of the MIM element.
(D) Next, an ITO film of a thickness of about 300 to 2000
25 angstrom (in this embodiment: 1000 angstrom) is deposited by
sputtering and is then patterned using photolithography and
etching techniques, to form the second conductive layer 16 and a
pixel electrode 20 (see Fig. 23 and 24). The conditions of the
sputtering are: power, 1.7 kW; temperature, 200°C; pressure, 5 X
30 10 Pa; and flow ratio of oxygen and argon, 5 x 10™°. Forming the

second conductive layer 16 of ITO in this manner means that the
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“is applied to said elenent) the value of min said Equation 3 is 5) and the
val ue of coefficient S exceeds 2 8 MAY 2002 -49 3.1 x 10-3) aging for at

least atimet is performed such that the foll ow ng Equation 4 is

satisfied: Equation 4: log (S/5) - (4JED3$bg t <-3.2. 522. A nonlinear
resi stance el ement according to claim2l) wherein: said first conductive
| ayer is asS@soad fcondighbse haver cdfpsemdntthes nixetlalakaatsodri A9 icamderd

t ten. A | ] ISt Nt | Si f.irst duct i
LngSten, 2Rl e eS| R SUIPLARLES, BT onduct 1 ve
sequence on a sulpyt neker ’K\Rﬂ?'e{“sé&hﬁ o Hh@ihé‘gpﬁ@&é?s i3 g‘%F?BPﬂé&e&

| ayer of said first conductive layer, sald secohd conductiv ayer 1s at

| east one of temperaverdSof i230°@ndoa 26040sfanethi s oambodimentti Re0°@noféhe
activation energy of the thernal stinulation current (TSC) in said
i nsul ati ng 0-&yéo i4s houss {Aantbig ewbodiment:A Zhdwunsdar Thesiasneating! ksrent

i1 m whose AREEREEBHpoHRAH etk dft APUALIBSHRFE T tadded CRRRgerEhen 21
ot vat i on ngreerrs G SR LRARCLE! 5hh RTelbER RS0 ) JYRKE Ot et
accordi ng tihanl axpeed, avmHseisuch as nitrogen or argon could be used.
Experimental results relating to the second annealing process
10 will now Dbe discussed. The relationships between annealing
temperature and time of the second annealing process and the OFF
current of the thus-formed MIM element are shown in Fig. 25. The
samples used for these experiments were manufactured by the
process of these embodiment, under the same conditions except for
13 the second annealing temperature, and the second annealing process
was performed in a nitrogen atmosphere that included 50% oxygen.
In Fig. 25, curve a shows the changes in OFF current when the
annealing process was performed with an annealing temperature of
200°C, curve b shows that for 250°C, and curve c¢ shows that for
20 300°C. For example, with an annealing temperature of 200°C, the
- OFF current decreases as annealing time increases, and the rate
of this decrease gets smaller and continues to change as time
passes. When the annealing temperature is 300°C, the OFF current
falls initially within about 20 to 30 minutes after the start of
25 annealing, but then rises continuously so that this current
characteristic is not stable. Finally, when the annealing
temperature is 250°C, the OFF current drops greatly during
approximately 1 hour of thermal processing, but subsequently
reaches a substantially stable value. This trend has been
30 confirmed to exist over the range of 230°C to 260°C.

Experiments into the atmosphere of the second annealing
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"the concentration of tungsten added to said first conductive layer is 0.2
to 6 atom 27. A nonlinear resistance el enent according to claim23, 5
.wherein: said second conductive layer is_a transparent conductive film and
the concentration of tungsten added to~8afd first conductive layer is 0.2
to 6 atom 28. A nonlinear resistance elenent conprising a first conductive
10 | ayer, proc¢essulwdtlilnguowayer deactibedechim reoiahionishépl beewesi ackadgen
sequence on a substrate, wherein: said insulating |ayer is an anodized

| ayer of s@&f@ quITentcahbiertanpealingrpertommedednndi Eianant 2kempsphare 4sa

t ransparen luctd.ve fi.l my.and,sai d. transparent conductive filmhas a
gr anul ar c%’@‘g‘%gldﬂétﬁrlﬁﬁ é?é \;\Hrer}'?é?h ?ﬁe (F%évieo aofS%IoB"ﬁg tgﬁi §e§%igsnd?hcena§’i°s
(long axi shehed1tindXivay Sértditmedr tastel H'dRoRE Bnél FEMA 1 YBbA! adrfea1QRe -
average , 3 to 1. 20 29. A nonlinear resistance el enent accordlngiﬁo glalm
28, wher eiwas sperfdrmest ironalunityegdmystmdsphareet ahdf idurvehaes ehsisn the

conponent is tantalumto which is added tungsten in a proportion of 0 . 2
to 6 atonpgesyitssphen spnaddd ngr waRMETIOTHLd ndh ADnoKkYEeR Atmogpherandaom

| IS h N iti b |
Fi | mwhbsel NRi 2+ 3t CRaypS bR e iR me |0, Waleht, B\ ARS Fieieadued a
chem cal efgnmegés Wérﬂ%:ﬁxé’ﬂ'i%@g%sl ﬁé&f@rﬂ?@aﬁﬁén tJAadh tMedafl}f

: nSals al
\ ! ingiid mRkal,
in the concentration of 0.2 to atom to forma first con ct?ve | ayer;

(b) form nperformesiyl ahd nphd oy eheanahhea Sing dsepoff smeatl f iahsea b dmglLict iane
| ayer by an anodi zati on nethod, and (c) form ng a second conductive | ayer
on t h& surexvgenfatagsphereureducas IthpePFF3qurrenfemmede dhannanmesking iy a
nonlinear fegi SLANGE aindWelbr8C oLl N%di2 130 ThBrr REEELE: is thought
to be due to oxygen atoms in the environment being diffused by the
thermal processing as far as the insulating layer and also the
insulating layer-metal boundary, where they are embedded in traps
15 in these regions.
The dimensions of the MIM element obtained as described above
are selected from the viewpoints of factors such as application
and function, but one side is usually about 1 to 10 pm. In the MIM
element of this embodiment 100, the dimensions S1 and S2 in Fig.
20 24 are both 4 um.
- Results of experiments on the characteristics of the MIM

element 100 will now be described.

(1) Symmetry when voltages of different polarities are applied
The voltage-current characteristics measured for the MIM element
25 of this embodiment is shown in Fig. 27. In Fig. 27, curve a
plotted with solid circles shows the voltage-current density (log
J) curve when a positive bias voltage has been applied, and curve
b plotted with hollow circles shows that when a negative bias
voltage has been applied. From Fig. 27, it was confirmed that

30 voltage-current curves obtained from the MIM element of this
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“elenment is tungsten. 32. A nethod of manufacturing a nonlinear resistance

el enent according to claim30 or claim31l, said second conductive |ayer is
,at least one of a chrone 15 filmand a tyansparent conductive film 33. A
met hod of manufacturing a nonlinear resi¥tance el enent accor di ng to claim
30, wherein: after the formation of said insulating |layer in said step (b))
a first anemhpdigent sdeds vpitaged orfmdd fderent aipdaraties wereappdded taret00C,
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(b)) a first annealing process is per erature

450C) thenthaughsecontec dedduasé vehbayermasibwr s£danf iashtatimnsngieantby
conductive filmin said step 1(3 2 8 MAY ~uu~ -52 35. A nethod of
manuf act ur iaRgdaz heg| Andeatalesi simante athdebnta aspeciffiny concentination of

wherein: after the for i.on of said second nductive layer [n._said ste
(c), a secSHBBSHARAS ceeetes f)‘ébﬂ?r‘ﬁ’é@rig? eay L tlﬁlrehglgftszﬁc Fo

260C [ an HL"BSRIGLS ORMEL? I 21 rkeATnadY 968 1 Hor AERIYnSliating

manuf act uri ng a noniinear resi stance el enent accordin O Clalm
wher ei n: i nagardasd ebe(Bdunddiydbbitweén csidiasu Vet iy eayes 4d the $dcond

sputtering using as a target a sintered body or fused body of 10 tantal um
and tungst éanductive layer.

10 A MIM element was manufactured as a comparative sample by
the same method as that of this embodiment, except that no
tungsten was added to the tantalum film, and the voltage-current
characteristic of this. element was investigated in the same
manner. These results are shown in Fig. 28. From Fig. 28, it was

15 confirmed that, when tungsten is not added to the tantalum film,
the voltage-current curves obtained when a positive bias voltage
was applied (curve a) and that obtained when a negative bias
voltage was applied (curve b) were considerably shifted, so that

good symmetry could not be obtained.

- 20 (2) Notes on short-term changes in characteristics
A diagram corresponding to Fig. 5, which investigated the
relationship between current and time when Equation 2 was applied
to an MIM element of this embodiment, is shown in Fig. 29. In Fig.
29, line a shows the change in current with time when a voltage
25 of 10 V is held after current has been injected to the MIM element
at approximately 1 A/cm®* for 10 seconds, and line b shows the
change in current with time when a voltage of 10 V is held after
the above described current injection has not been performed. From
Fig. 29, it was confirmed that the time-current curves when

30 current injection was performed and when it was not performed were
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|
9. AF. AHF. '%o%’s%m;m% exceeds 0.2 in this manner, the display of a moving

image in an active matrix type of liquid crystal display device

15 will result in after-images, or the display will be nonuniform.

(3) Notes on long-term changes in characteristics
When the coefficient S was obtained from Equation 3 for the MIM
element of this embodiment, it was found to be 5.01 x 107.
Therefore, the amount of change (log (J/J,)) in the
- 20 characteristics of the MIM element of this embodiment stops at
approximately 1.63 x 107%, even if the element is driven for 10,000
hours, and thus the sticking image does not occur when this
element is used in a liquid crystal display device, even when it
is driven for a long time. Use of this MIM element guarantees the
25 display characteristics of a liquid crystal display device, even
when it is driven for at least 10,000 hours under conditions of,
for example, a duty ratio of 1/200 to 1/2000 and a drive voltage

of 10 V to 20 V.

For comparison, when the coefficient S of an MIM element of

30 this embodiment, except that no tungsten was added to the tantalum
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element can maintain stable display characteristics over a wide

temperature range such as a practicable temperature range (room

temperature to 80°C). Further, by making the TSC activation energy

less than 0.7 eV, the absolute value of the constant B from

10 Equation 2 of the MIM element can be made to be no more than 0.2,

so that when this element is used in a liquid crystal display

device, a moving display causes no particular problems and after-

images can be avoided.

As described above, the MIM element of this embodiment not

15 only has basic characteristics such as a voltage-current

characteristic that is nonlinear and symmetric, it can also

maintain these characteristics stably in the long term without

being affected by heat or current injection. Further, since the

second conductive layer of this MIM element is formed of ITO, a

20 pixel electrode can be formed at the same time as the second

- conductive layer, which can simplify the manufacturing process.

Second embodiment
The MIM element of this second embodiment has the same basic
configuration as that of the first embodiment. The MIM element of
25 this embodiment differs from the first embodiment in that, ‘during
its manufacturing process, the electrolyte used in the formation
of the insulating layer is not an aqueous solution of citric acid
but an aqueous solution of ammonium tungstate. In other words, the
electrolyte used in the anodization is 0.001 to 0.05% by weight

30 (in this embodiment: 0.005% by weight) of an aqueous solution of
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characteristic of the MIM element of this embodlment is steeper
than that of the first embodiment. The two voltage-current curves
are shown in Fig. 31. In Fig. 31, curve a shows the characteristic

10 of this embodiment and curve b shows that of an MIM element in
which citric acid was used as the electrolyte for anodization.
From Fig. 31, it was confirmed that if an aqueous solution of
ammonium tungstate is used for the anodization, the slope of the
voltage-current curve of the resultant element is steeper than one
15 for which an aqueous solution of citric acid is used, and the
characteristic of writing to the liquid crystal layer is also
better. Further, it has been confirmed that the use of an aqueous
solution of phosphoric acid in the anodization provides similar

characteristics.

20 Third embodiment
The MIM element 400 of this third embodiment uses a film of a
metal such as chrome, aluminum, titanium, or molybdenum (in this
embodiment: a chrome film) in place of the second conductive layer
of the MIM element of the first embodiment. The manufacturing

25 method and structure of the first conductive layer 12 and
insulating layer 14 of the MIM element 400 (see Figs. 32 and 33)
are the same as those of the first embodiment, so a detailed
description thereof is omitted. A second conductive layer 18 is
formed of a chrome film by, for example, sputtering to a film

30 thickness of 500 to 3000 angstrom (in this embodiment: 1500
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Figs. 34 and 35). In the MIM element 400 obtained in this manner,
the second conductive layer 18 and the pixel electrode 20 are
connected in a superimposed state.

10 Good results were obtained for the various characteristics
of this MIM element 400, in the same manner as in the first
embodiment. That is, with this element, the value of constant B
in Equation 2 is 0.001 and that of n is -0.78. Further, it was
confirmed that the value of the coefficient S in Equation 3 is

15 2.24 x 10°. It was also confirmed that activation energy of
Equation 1 for the OFF current is 0.40 eV, and the TSC activation
energy is approximately 0.2 eV.

A preferred embodiment of the present invention was described
above, but it should be obvious to those skilled in the art that

20 this invention is not limited thereto, and can be modified in

- various ways within the range of specification of this invention.
For example, the same phenomena as those described above would
occur in this embodiment if the material added to the first
conductive layer were molybdenum, niobium, rhenium, WOy, or the

25 like, instead of tungsten.

An equivalent circuit of an active matrix type of 'liquid
crystal display device using the MIM type of nonlinear resistance
element of this invention is shown in Fig. 36. In this equivalent
circuit, an MIM element 100 (400) and a liquid crystal cell 200

30 are connected in series at each intersection between a timing

signal line (scan line) X and a data signal line Y, in a pixel
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}{\:!1!!yS—10%&&%%—;t%%%%h$%-0%04he active matrix type of liquid crystal
10 display device to which the nonlinear resistance element of this
invention is applied is not limited in any particular manner, but
it comprises at least: a first substrate provided with a
transparent substrate, signal electrodes (timing signal lines and
data signal lines) arranged in a predetermined pattern on this
15 substrate, nonlinear resistance elements of this invention
connected to these signal electrodes at a predetermined pitch, and
pixel electrodes connected to the second conductive layers of
these nonlinear resistance elements; a second substrate provided
with opposing signal electrodes positioned to correspond with the
20 pixel electrodes; a liquid crystal layer sealed between the first
substrate and the second substrate; and a display panel to which
is connected a component such as a polarizing plate or color
filter.
The liquid crystal display device of this invention can be
25 applied to all types of liquid crystal display equipment, and when
it is used in a display devices such as a liquid crystal TV or a
video games machine, it enables good display capabilities and also
ensures that even moving images can be displayed with no after-
images. Further, when the liquid crystal display device of this
30 invention is used in a display means such as a personal computer,

workstation, or automated office equipment, it enables good
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in sequence on a substrate, wherein:

(S 1)

said first conductive layer is a metal film whose main
component is a metal to which is added a chemical element having
a valence 1 or 2 greater than that of said metal, in the
concentration of 0.2 to 6 atom%, and

said insulating layer is an anodized layer of said first

10 conductive layer.

2. A nonlinear resistance element according to claim 1, wherein:
said metal that is the main component of said first

conductive layer is tantalum.

3. A nonlinear resistance element according to claim 1, wherein:
15 said chemical element added to said first conductive layer
is at least one selected from a group of tungsten, chrome,

molybdenum, and rhenium.

4, A nonlinear resistance element according to claim 3, wherein:

said chemical element is tungsten.
20 5. A nonlinear resistance element according to claim 1, wherein:
said second conductive layer is at least one of a chrome

film and a transparent conductive film.

6. A nonlinear resistance element according to claim 1, wherein:



%0%& ()-!5Y$10% [ & ()-!Y$10%j & ()-S, @O0% ()-&0% ()-1 10DDRU 3N &002
"9 10 10! Ny' ' 109& ()-! @' ' 109& ()-!y' " 10%& ()-!,y' " 10%& ()-!(y' "' 10%& ¥)

[uV73! LY&F 109%& ()- S109%& ()-!10%& ()-Y Y 10%&' ()-S@ 10%&' ()- &10%& () -
10" . p/ aB73! LY&F 10%& ()-S! 10%&' ()-!10%& ()-Y
Y40%& ()-!10%& ()-!S$10%& () -/ QKAE73! L S) &10%& ()-Y (
109&' () -f&LOYR ()-$! 10%& ()-Y" %d0%& (2-y10%&' ()-JrdE73! LY&F | 4 9%40%& ()-I
S2109%& () - 0g10%Rid) -seq ' epndugtive layer is formed of chrome, said

chemical element added to said first conductive layer is tungsten,

and the concentration thereof is 0.3 to 6 atom%.

7. A nonlinear resistance element according to claim 1, wherein:

[S4]

said second conductive layer is a transparent conductive
film, said chemical element added to said first conductive layer

is tungsten, and the concentration thereof is 0.3 to 4.5 atom%.

8. A nonlinear resistance element comprising a first conductive
layer, an insulating layer, and a second conductive layer stacked
10 in sequence on a substrate, wherein:
said insulating layer is an anodized layer of said first
conductive layer,
said second conductive layer is at least one of a chrome
film and a transparent conductive film, and
15 the current density (J) of the current flowing through said
element can be approximated by Equation 1 below, provided the

activation energy (Ea) in said Equation 1 is no more than 0.534

eVv:
- Equation 1: J = A exp (-Ea/kT)
20 where: A is a constant,
k is Boltzmann’'s constant, and
T is absolute temperature.
9. A nonlinear resistance element according to claim 8, wherein:
said first conductive layer is a metal film whose main
25 component is tantalum to which is added tungsten.

10. A nonlinear resistance element according to claim 8, wherein:

said second conductive layer is formed from chrome, and the
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5 film, and the concentration of tungsten added to said first

conductive layer is 1.2 to 6 atom%.

12. A nonlinear resistance element comprising a first conductive
layer, an insulating layer, and a second conductive layer stacked
in sequence on a substrate, wherein:
10 said insulating layer is an anodized layer of said first
conductive layer,
said second conductive layer is at least one of a chrome
film and a transparent conductive film, and
if the current density in the element is J, when a bias
15 voltage of 10 V is applied after a current is injected for 10
seconds at a current density of 1 A/cm?, and J, when a bias
voltage of 10 V is applied after no current is injected, the
following Equation 2 is approximately satisfied, where the
- constants B and n in said Equation 2 satisfy the relationships |
20 B| £0.2 and n £ 0:
Equation 2: log (J,/J,) = B x tV°
where t is the elapsed time (in seconds) since the

bias voltage was applied.

13. A nonlinear resistance element according to claim 12,
25 wherein:
said first conductive layer is a metal film whose main

component is tantalum to which is added tungsten.



s109%4| & ()-!3F! 109%4| 4] & () -, - 10%4]| & () - S&10%}| & () - OUj ' }[ 9K=/ MAY. 2002
10115 109% | 1] & ()-1y$ 10% | & ()-13! 10%[ 4] & () - 31 1094& ()- vaove| & §)MAL
040% | r| & ()-ugrst}oPl S-10% & ()-y&L0% & ()- 10|| 10| |

J10]|1$ 10% | & ()-1$' 10% | & ()-!$ 10% | & ()- EzX60P1 ! L$&10%\ & ()-!n
040%\ & ()-!V %0%\j\& ()-1Q 940%\ ed&—()-!&$10%\ & ()-1!10% & ()-J

Wi [ML !L$&10% 10\\ 10\\

10\\ ! L$&10%4)\ & A) -Adr0lliBehd) rés i% tanckL $&1OMN T @ecbrdRdH%to& ¢)ainy ( 1PIML
|| P@LOYPHPHE ()- % "@L109%H'H& ()- % c! @10%HCH ()- 9% ~@L10%HH&' () -
% - 10%4&' (yh&m_n%& ()- Pdi xVAML | QF- 3%4.0%QHQH&' () - f ! &F- 3%4.0%H&' () - f

o ey %) Yo q esagond, condtietve! FEyer? 1 Fothed Proft chroms, ‘and the
&10%\& ( \Aﬁgd'q%‘&]&’@l\oﬁ bF- gtfﬁ’gs]t%ﬁ‘\ §38da B TAE Ehest gﬁ@dc%?%yer is

ll&lO%\&O)zYﬂé&&O&{;&’gm Y4! &10% \ & () - Y4! &10%\ & () - Y4! &10%\ & () - Y4!
&10%\ & ()-Y4& ()6;?2uS4 !'13 9%0% h& ()-!!:3
15. A nonlinear resistance element according to claim 12,
wherein:
said second conductive layer is a transparent conductive
film, and the concentration of tungsten added to said first

10 conductive layer is 0.3 to 6 atom%.

16. A nonlinear resistance element comprising a first conductive
layer, an insulating layer, and a second conductive layer stacked
in sequence on a substrate, wherein:
said insulating layer is an anodized layer of said first
15 conductive layer,
said second conductive layer is at least one of a chrome
film and a transparent conductive film, and
the following Equation 3 is approximately satisfied when a
- voltage within a predetermined range is applied to said element,
20 provided the coefficient S in said Equation 3 is no more than 3.1
x 107%:
Equation 3: log (J/J,) = S x ti/»
where: t is the elapsed time (in seconds) since the drive
was Started,
25 J is the current density (A/cm®) at elapsed time t,
J, is the current density (A/cm?) when the elapsed time
t is 1 second, and

m21.
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component is tantalum to which is added tungsten.

19. A nonlinear resistance element according to claim 16 or claim
17, wherein:

10 said second conductive layer is formed from chrome, and the
concentration of tungsten added to said first conductive layer is
0.3 to 6 atomi.

20. A nonlinear resistance element according to claim 16 or claim
17, wherein:

15 said second conductive layer is a transparent conductive
film, and the concentration of tungsten added to said first

conductive layer is 0.7 to 6 atom%.

21. A nonlinear resistance element comprising a first conductive
layer, an insulating layer, and a second conductive layer stacked
20 in sequence on a substrate, wherein:
said insulating layer is an anodized layer of said first
conductive layer,
said second conductive layer is at least one of a chrome
film and a transparent conductive film, and
25 said Equation 3 is approximately satisfied when a
predetermined voltage is applied to said element, the value of m

in said Equation 3 is 5, and the value of coefficient S exceeds
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5 22. A nonlinear resistance element according to claim 21,
wherein:

said first conductive layer is a metal film whose main

component is tantalum to which is added tungsten.

23. A nonlinear resistance element comprising a first conductive
10 layer, an insulating layer, and a second conductive layer stacked
in sequence on a substrate, wherein:
said insulating layer is an anodized layer of said first
conductive layer,
said second conductive layer is at least one of a chrome
15 film and a transparent conductive film, and
the activation energy of the thermal stimulation current

(TSC) in said insulating layer is less than 0.7 eV.

e 24. A nonlinear resistance element according to claim 23,
wherein:
20 said first conductive layer is a metal film whose main

component is tantalum to which is added tungsten.

25. A nonlinear resistance element according to claim 23,
wherein:

said activation energy is 0.3 eV or less.

25 26. A nonlinear resistance element according to claim 23,

wherein:
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27. A nonlinear resistance element according to claim 23,

5 wherein:
said second conductive layer is a transparent conductive
film, and the concentration of tungsten added to said first

conductive layer is 0.2 to 6 atom%.

28. A nonlinear resistance element comprising a first conductive
10 layer, an insulating layer, and a second conductive layer stacked
in sequence on a substrate, wherein:
said insulating layer is an anodized layer of said first
conductive layer,
said second conductive layer is a transparent conductive
15 film, and
said transparent conductive film has a granular crystal
structure wherein the ratio of long axis to short axis (long
axis/short axis) of the surface form of a single crystal is, on

a— average, 3 to 1.

20 29. A nonlinear resistance element according to claim 28,
wherein:
said first conductive layer is a metal film whose main
component is tantalum to which is added tungsten in a proportion
of 0.2 to 6 atom%.

25 30. A method of manufacturing a nonlinear resistance element,
comprising the steps of:

(a) depositing on a substrate a metal film whose main
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insulating layer.

31. A method of manufacturing a nonlinear resistance element
according to claim 30, wherein:
10 the metal of said first conductive layer is tantalum and

said chemical element is tungsten.

32. A method of manufacturing a nonlinear resistance element
according to claim 30 or claim 31,
said second conductive layer is at least one of a chrome

15 film and a transparent conductive film.

33. A method of manufacturing a nonlinear resistance element
according to claim 30, wherein:

after the formation of said insulating layer in said step

(b), a first annealing process is performed at a temperature of

20 300°C to 400°C, then second conductive layer is formed of chrome

in said step (c).

34. A method of manufacturing a nonlinear resistance element
according to claim 30, wherein:

after the formation of said insulating layer in said step

25 (b), a first annealing process is performed at a temperature of

350°C to 450°C, then said second conductive layer is formed of

said transparent conductive film in said step (c).
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tterlng using as a target a sintered body or fused body of

10 tantalum and tungsten.

37. A method of manufacturing a nonlinear resistance element,
comprising the steps of:
(a) depositing a metal film on a substrate to form a first
conductive layer,
15 (b) forming an insulating layer on the surface of said first
conductive layer by an anodization method, and
(c) depositing a transparent conductive film on the surface
of said insulating layer by sputtering in an atmosphere where the
- volumetric ratio of oxygen and argon (oxygen/argon) is between 5

20 x 107% and 1.2 x 107%, to form a second conductive layer.

38. A method of manufacturing a nonlinear resistance element
according to claim 37, wherein:
said first conductive layer is a metal film whosé main
component is a metal to which is added a chemicalelement having
25 a valence 1 or 2 greater than that of said metal, in a proportion
of 0.2 to 6 atom%.

39. A method of manufacturing a nonlinear resistance element
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signal electrodes arranged in a predetermined pattern on said
substrate, nonlinear resistance elements as laid out in any one
of claims 1 to 29 connected to said signal electrodes at a
predetermined pitch, and pixel electrodes connected to the second

10 conductive layers of said nonlinear resistance elements;
a second substrate provided with opposing signal electrodes

positioned to correspond with said pixel electrodes; and
a liquid crystal layer sealed between said first substrate

and said second substrate.



