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20 respectively until the desired aspect ratio for all electrodes is obtained in a

final process step after performing n sequences of the successive process

steps c)-e), a final process step comprising applying electrode material to

obtain electrodes with approximately equal height and then removing excess

electrode material in a planarizing process.

25 The present invention is related to a method for manufacturing an electrode
means as disclosed in the co-pending international patent application No.
PCT/NO02/00414 and belonging to the same applicant. This patent
application teaches a method for making an electrode means comprising
parallel strip-like electrodes in a first and second electrode layers

30 respectively, and contacting a global layer of a functional medium provided
therebetween. The electrodes of the second layer are oriented orthogonally to
the electrodes of the first layer, forming a matrix of electrodes that is capable
of addressing functional elements in the functional medium, said elements
being defined as volume element thereof between the respective crossing

35 electrodes of the first and second layer. The parallel strip-like electrodes in
each layer are provided in a very dense arrangement, allowing a very high fill
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will be the case with the ferroelectric memory material sandwiched between
20 electrode means, but also in lateral directions such that multidirectionally
switchable ferroelectric memory cells are obtained. Similar electrode means
with the electrodes in a dense arrangement are also discussed in the
co-pending international patent application PCT/NO02/00397 belonging to
the same applicant and disclosing a field-effect transistor structure with
25 extremely short channel length.

A method for fabricating dense electrodes are generally disclosed in US
patent No. 5 017 515 (Gill, assigned to Texas Instruments Inc.). This
publication discloses how a dense electrode pattern can be formed as an
electrode layer with parallel strip-like electrodes having a width

30 corresponding to a minimum definable feature obtainable in a
photolithographic process. Adjacent parallel strip-like electrodes are
insulated by barrier of mutually insulated by a barrier of thin barrier of
insulating material, and the thickness of this barrier is not constrained by
design rules as applicable to photomicrolithographic and etching processes.

35 Every second strip-like electrode is formed in a photolithographic process
while the traditional electrodes provided between these by providing



el ectrode layer with parallel strip-like electrodes having a width 30
corresponding to a mninum definable feature obtainable in a

phot ol i t WQroajpphiss1 pr ocess. Adj acent parallel strip-Ilike elertNondess2ar e

i nsul ated by barrier of nutually insulated by a barrier of thin barrier of
insul ating material, and the thickness 6% this barrier is not constrained
by design rules as applicable to photoinicrolithographic and etching

Phot of 1 ¢ noSEapRE MrBEEae<fshy BaidisT G C ek TR Rule® ssady dp
bet ween t hpkeelandofiblin gl i ngra©s O (hsPEELWRET/ mﬁeﬁaﬁmmaSpIemaeizet:mncﬁﬂ@p
mat eri al 0¥eea1rveg gemﬁgfeaéllegj[roﬁre rlhfﬁ'dfﬁgm% 1%?5&%3\%1{%@1?%&889?\7@%}{ gagy In

pl ace and I"i'n € recesses I'anari zati on
step | eavaspea:tgahgla@dammaclbdrsollayérbyoﬁ tlpar‘t&rrl@r 0§t1$¢lpt1nglma@lﬂéﬂlt rodes
with a low aspect ratio and nutually isolated by a thin barrier of

i sol atg ng [ﬂihﬁrdp%ihca@loh@ a%'dls@ﬂ@@éd @?tth@mﬁw%salﬁbv%chféﬁ@l@nw dohpeﬁdlh e

above- nent [ oned enln we %\ H?ﬁﬁ Ilcatlo1 1 t\/\{11 &’a

Gooi rabl o NoTBiesten Delcst PBUES T HL v 110 L9y lpCigdeg vl

rati oblbet weérigh ragpeélta@hro@dEe heviidhd rath@hétvtlékﬁl tie) elettrode hwiglitth wndshéar gef as
ossi bl e erroel ectric .meno tlons aspect fratio js o

gr eat i npo?f&ﬁr@élevbﬁbcﬁﬁt‘ﬁé‘%@rﬁﬁ ?Fye%#jslpg fﬁ?r89%(‘fgdc %E)elpﬂ yg%‘?rlé‘feft 2

confi gur at higlsadpeat ratialis odligreay 1tri1£mtardxefwhem itle memoty eslls ahen[mms/udmt and
erm i, not. onI a . vertic tchin t switchin

BT eld onsi PRomdeCU iR RANEER TG BaiCALOR Tne e iERn BUBFEL . 10

equal to tHdembesighs anfl pdrmitddt esbi nyeried tswatasng Idirdatiomg bait etso lateral

t ransi st or h

ferroel ect é%@%ﬁ{%?ﬁéﬁ 5 eﬁl g/ﬂrcté)ﬂlvcati!;g rt%éep v&réé%ﬁhﬁéwgoﬁlﬁgg 1’faltir]\lélé %ﬁual o

el ect r odesalhost dquail do ¢hé éctghtm‘fathslaslﬁmssm@@l@é@d@ﬁ b integragedi con

substrate i, hg'ls?ﬁplgl%ﬁ{dr?fts‘ﬂlyctg%ge\g th lﬁﬂ"&l%’t Cﬁgﬁnéjﬁfe@%% i ér?oél@ {y

mat eri al now provi swtc e in latera
di rectd onsnmwma\hismmm@bbewwns@efww end dasiraelegtiodes o @l faeldrefiast i ¢

will not Oﬂjaﬁlglilg?o W@%d Qﬁté"geé'sﬂft%nsﬁ}ﬁs%t@ﬁqtlgé p%patéﬂye&é}f&ﬂes but

al so covers t sur faces .t her eof ensures t t he gat L&E%rode
i's properl ngﬁaﬁlﬁ e derrpalpctie mepasr matgreal %P‘ﬁ‘d?ﬁPV aﬁm@ﬁmfi’hfrei

of fers thejpasatRhblctiv 1afera] ieeGo hn@rwiithRhErdBREP RS CRINctioRS ddsd ng t he
el ectrodes of the transistors

r essi n the ferroel ectri
material n&aesHARlatar. asvt vpdl %%Qr&@fieopretsﬁn e%ﬁér%ewr%ap@sdggm e bits

20 electrodes, but also covers the top surfaces thereof and ensures that the gate
electrode is properly insulated from the former. Such a configuration
moreover offers the possibility of a three-bit or triple memory cell, as using
the electrodes of the transistors for addressing the ferroelectric memory
material now shall allow the storage of three separately addressable bits

25 therein, or, as given by a protocol, a three-bit word.

If a switchable or addressable functional material is provided so as to be
switched between electrodes in a dense electrode arrangement, the height
dimension of the cell is of course important and will be equal to the electrode
height. Unfortunately the electrode height does not scale with the electrode
30 density, but as it will be important to improve the signal noise ratio and
signal strength in general by increasing the electrode height and thus also the
height of a cell of a functional material contacting the electrode at sides
thereof, it is desirable to have electrodes with very high aspect ratios.

However, building electrodes with very large aspect ratio, i.e. a high value of
35 h/w is a challenging task in a present-day silicon technology relying on
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el ectrodes aspeat ﬁaerQ/eldetrsdeatfa)lang;eHESIWltchmg and memory circuits wherein the
high aspect ratio is desirable, it is thus a major object of the present invention
20 to provide a method for fabricating electrodes with high aspect ratio for
electrode means with parallel electrodes in a very dense arrangement.

A second object of the present invention is to simplify any masking and
planarization step involved in the fabrication of electrodes with high aspect
ratio in electrode means of the above kind.

25 A third object of the present invention is to fabricate electrode means with
high aspect ratio without the application of, e.g. a barrier and memory
material between the electrodes creating problems, when considering that the
electrodes in dense electrode arrangements in separated by a very small
distance, thus forming recesses therebetween which when the aspect ratio is

30 high, causes problems of obtaining the desired filling of any material therein.

The above-mentioned objects as well as additional features and advantages
are obtained with a method according to the invention characterized by
comprising successive further process steps for ¢) covering the first
electrodes with a barrier layer of thickness 8, 6 being a fraction of the width
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In a preferred embodiment of the invention the substrate is a semiconducting
20 material, e.g. silicon, which is processed to form an insulating layer against
material or covered by an insulating thin film applied to the surface thereof.

In the method according to the invention the barrier material can
advantageously be selected as an insulating inorganic or organic material,
and the barrier material can then preferably be selected as a polarizable

25 dielectric material capable of exhibiting hysteresis, e.g. a ferroelectric or
electret material, and in case it is a ferroelectric or electret material, this can
even more preferably is selected as a polymer or copolymer material.

Preferably the patterning of the electrode material to form electrodes takes
place respectively by microlithography and etching, and it is then considered

30 advantageous to use one and the same photomask for the patterning step, said
photomask being displaced back and forth in translation over the same
distance w+9 in the alternating process step sequences when patterning the
electrodes and electrodes respectively.
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fig. 2 a cross section of a first set of parallel electrodes patterned in the layer
of electrode material in fig. 1,

fig. 3a a cross section of the electrodes in fig. 2 provided with a barrier layer,

20 fig. 3b a cross section of the embodiment in fig. 3a now covered with the
global layer of electrode material,

fig. 3¢ the patterning of the global layer of electrode material shown in fig.
3b to form second electrodes between the first electrodes,

figs. 4a-c in cross section how the process steps shown in figs. 3a-3c are
25 repeated for increasing the height of the first electrodes,

figs. 5a-5c¢ in cross section of how a second repetition of the process steps
shown in figs. 3a-c are repeated for increasing the height of the second
electrodes of the electrode means,

figs. 6a-6¢ in cross section how of the process steps shown in figs. 3a-c are
30 repeated for increasing the height of the first electrodes of the electrode
means,



fig. 3a a cross section of the electrodes in fig. 2 provided with a barrier
| ayer, 20 fig. 3b a cross section of the enbodinent in fig. 3a now covered
wi t h t he woloalosds3li ayer of el ectrode material, fig. 3c thePpaiNaii42g of the
gl obal | ayer of electrode materi al shovvl:} infig. 3b to formsecond

el ectrodes between the first electrodes, figs. 4a-c in cross section how
the process steps shown in figs. 3a-3c are 25 repeated for increasing the

hei ght of t.he.f.irst el ectrodes, (figs. 5a-5¢ ] i W a
second repH8i {iBifEs %??310&%&@% pgg%eﬁg S%ghﬁ%&?t%hgi%%s{fs %gl-ag%%r%peat ed
for increasieags,the height of the second electrodes of the el ectrode neans,
figs. 6a-6¢c in cross section how of the process steps shown in figs. 3a-c

are 30 repea ia] ' horeftirQf ethBBdfhest oftirctopodesacd the
el ectrode ﬂﬁégﬁg,ﬁa\?\%a%%ggégﬁ%g%%?ﬁm 2/ 00r425e 7 fig. 70i n cross section a

final procesthestiaphedrelepftad®Me@ng. pl anar el ectrode neans, fig. 8 in
partial cross section a first preferred enbodi ment of the top surface of
t he fisi shég. eliagtartidbcrmsansctibnf a gecdnd prefaredaimicodissergarftthoion second

preferred enbodi f. [ of the finished el ectrode neans,
fig. 10 ins%g??ei gfﬁier§§§§}%§C%I?§tﬁogy%%e%%§’ preferred enbodi nent of the top
surface of the finished el ectrqde ans, fig. 11 a j.n full fr?ss section
the fini sh88 éPdpinastal peasssegdon depredpided enetiment 9fthg 1080, and fi g.

11 b a pl agypthenopthd hiRigledcdleogedomadimsin fig. 11 a. Now follows a _
st ep- by-step description of the nethod according to the present invention

di scussi ngepr r. e I . i : er f or med
thorei n, 154 {17 THH X8R bR U bR LS Feafl AS i SUER BRC! 10
wi t h B hei giewh inrfig 1Guindabl e substrate 1, which for instance could be a

sem conducting material |ike silicon and appropriately surface-treated to

provi de i ngyl atbenpraaliest of i elebeetc askanEhefigal14. Then a
phot om crol it hographic process with etching is applied to the |ayer of

el ectrode N%W%ﬁ&é«s taost%pn\ﬁj-gt%pp@etstcﬁbﬁgﬂ Jf thetmethod according to the

present invention discussing preferred embodiments of the successive
process steps performed therein.

15 In fig. 1 a global layer of electrode material € is provided with a height h on a
suitable substrate 1, which for instance could be a semiconducting material
like silicon and appropriately surface-treated to provide insulation against the
electrode material €. Then a photomicrolithographic process with etching is
applied to the layer of electrode material € to provide patterned first

20 electrodes g as shown in fig. 2. This leaves, as shown in cross section, the
electrodes g; approximately as rectangular or square ridges on the substrate
1, the electrodes g; having of course the height h and the width w
corresponding to a mask width. Recesses 2 are formed between the electrodes
g1 and with a width not smaller than a minimum process-constrained feature

25 obtainable in the photomicrolithographic process as given by the design rule
thereof. If this minimum process-constrained feature is equal to the electrode
width w, the width of the recess 2 could be also equal to w. The patterned
electrodes €; are now covered by an extremely thin barrier layer 3 with e.g.
dielectric or insulating properties as shown in fig. 3a. This barrier layer 2

30 could e.g. be made of a ferroelectric or electret material, i.e. material which
is polarizable and capable of exhibiting hysteresis when subjected to an
applied electric field. As the barrier layer 3 is provided with a thickness of
e.g. 0, the mask width could now be selected such as to leave the recesses 2!



20 el ectrodes E1 as shown in fig. 2. This | eaves, as shown in cross
section, the electrodes E1 approximately as rectangul ar or square ridges
on the suwetisasms3l 1, the el ectrodes sl having of course tireThaoglots2h and
the wwdth w corresponding to a mask wi df h. Recesses 2 are forned between
the electrodes E1 and with a wdth not Smaller than a m ni num
process-constrained feature 25 obtainable in the photom crolithographic

process as ven t he. d n thi s i nimum .
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sl i.n the process, st i n S now hifted
aterki y, Bttt s OV B EdR LSBTy 48 reuliy el GBnIOFIRE or | gi nal
recess 2 ptm@e@ doven € ﬁfﬁf@ﬁﬁ&f@de begse tlRetrbdes egrerehtih lseeeﬁdS The
el ectrode er| | s.of the Iob Epl ied |ayer \/\g as,.15 the
barrier |af&ctdessain e Wl“ee éfet g figgy 42 raé‘r%%té& tendingteHi ng
plr oc essddoml g dﬂseytwezls ubbae eh@fsﬁtﬂaee elfelliie soH&satei 1, dWhﬂafal ﬂ&@e@ez'ond
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2" 20 electrodes 1. Simultaneously the barrier layer 3 is left providing insulation

between the electrodes g, and electrodes €,.

Now follows a process step similar to that in fig. 3a and as depicted in fig.
4a, wherein the exposed or raised portion of the electrodes g, is covered with
barrier material to form the barrier layer 3 with the same properties as before,

25 thus leaving the recess 2" with its width reduced by twice the thickness 6 of
the barrier layer 3 between the raised portion of electrodes &, and above the
electrodes g;. Fig. 4b renders a process step similar to that in fig. 3b, i.e.
another global layer of electrode material € is applied above the already
formed electrodes €1, €, and filling the recesses 2" between the latter, this

30 layer of electrode material € preferably being applied with the same height as
shown in fig. 3b, i.e. 2h. Fig. 4c corresponds to the process step depicted in
fig. 3c and differs only by shifting the same photomask as before by the
distance w+& and then removing the electrode material € above the electrodes
g, as well as the barrier layer 3 down to the top surface thereof, thus creating

35 a recess 2" between the raised portions of the electrodes g;. As will be seen



with a wwdth w26 is now forned between the el ectrodes 62 and above the 20
el ectrodes FI. Sinultaneously the barrier layer 3 is |eft providing

i nsul ati owo obes2seen t he el ectrodes sl and el ectrodes s2. RoWwNGRIoows a
process step simlar to that in fig. Ba@nd as depicted in fig. A4a,
wherein the exposed or raised portion ofthe electrodes s2 is covered with
barrier material to formthe barrier layer 3 wth the sane properties as

before, 25 thus le he recess 2 wi dt h reduced tvvl ce the
Chi cknese. Bigiory adhARplHEF HOEHER =’ nfretlnttRe & ol TReEE e

el ectrodesaE%ecartduapayeldalﬂl@/ seehneigt figdés. El . Fig. 4b renders a process step
simlar tot in fig. 3b, i.e. another global |ayer of electrode

[T ng. « nth DeBBRtd SAGRIANErdRe iy BSREN raliO/ (PR CYRRROAEEE: Thop r%‘lﬂs
mat erial ccprigspording thesngdenissed éal cithenfighe3aamer ﬁgsg‘xq caye g RaPHAdf i g.
.2 2B sﬁw%ﬁ%g?rfa?épg@%o% hhﬁﬁprsﬁ‘%ﬁé?aﬁ%&@o@'ﬁ@h‘ﬂfqﬁe' n fig. 3c

and differs on fting the same phofonask fore by the distance
w+8 and th@}ﬁqt@dwmgsmmeem@@tw@éedr@w batrier lapew s, andtherbes pbews ing2 as

wel | as th?1gl2)%rbrébgfoﬂﬁﬁgi%r‘?‘oid&‘é@trgaetntﬂﬁehﬁp8%?' Eyﬁﬁ@dtd%ﬁ ¢RL elécrﬂi‘b?leiﬁat' ng

35 a recess e ral se | ectrodes si

be seen Wnéﬁbéb@mePUVﬁN@DﬁﬂbogZBeQCCQSﬁﬁ%Q'"dW%ﬁh%WQ%tdI@é?YH BotRa 8P FI ' to
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fig. 4c. In order to er ircrease aspect ratio o ectrodes
62, ptbces m@@@@sfted an rtb@ p@c@isngy dirdarcadend élnfeqlenctmélﬁtm@ﬁerrall §sabayg-theor

figs. 4a-c ?erc"-cl dh qaérﬁ? 1@?&9‘@;}s' Rhdet c?@at?n AStRR é§'s dn Sa

t he raised pOI‘ IOI’I electro IS oncé nore overe arrier
| ayer 3, amlcrcbﬂ@rseaﬁoghnvﬁnguip TheyasBist aaigo eddhe legrarodsss @Ilécm%de mat eri al

s is appli ?ﬁcrt%é%d Eggdaer%cg{e &Stloﬁ'{%?e é{eb?%nﬁ%évﬁ Ije?%e e?QW filling the

recesses 2 ere surface "'ect rodes E2 as
al ready f otlmzdbetfhecpiowartaskeitep rsuvxfa@nccé the alweadyghiovided ¢lectrhdemecessary
di stance and the electrode material s above the electrodes sl and the

barri gy | ayefaid cag th@rﬁ@;@@b,s sté@R4d BigoRn . & UGt aiyeofshesfigwres 3.4 @hasss sect i on
in fig. 5c., The as rati f.th etrode 62,i.S now reas
addi ng. t heABBYE FORY B8 eRPEoR G0 & PAY FoRueEads ARoVIdeKh i Bhetecn down
to the toprsiged aad @Jpotsbde p@kﬂi@ﬁsiysfmwleéqd)deb%gtmﬁ&&rﬁénothér Agasrofcan the
process Steps tr%sdesmatemeﬁ €18 appher;liyover tthgeehfeé gcrleessand fﬁhng(%he recesses 2",
as shown in fig. 6b. The photomask is then again shifted as before and the
20 excess electrode material ¢ etched away above the electrodes €,, leaving the
barrier layer between the electrodes g4, €, and forming a recess 2" between
the electrodes €, as shown in fig. 6¢ and extending to the height of the
electrodes €1 being increased by an amount corresponding to the height of the
portion €', thus also increasing the aspect ratio of the electrodes €;. All the
25 time the barrier material 3 remains providing insulation between the
electrodes €, €, and as shown in fig. 6¢. The process steps depicted in either
of the figs. 3,4,5 or 6 can then be repeated in succession as many times as
wished for in order to obtain the required aspect ratio of the electrodes g1, €.
If it is now considered that the height of the electrodes € as provided after
30 the step in fig. 6¢ is sufficient, a final and concluding process step is
performed as shown in fig. 7 whereby the barrier layer 3 is applied covering
the raised portion of the electrodes €; and then a global layer of electrode
material € is applied over the electrodes €1, g, and filling the recesses 2"
between the electrodes €, and above the electrodes g,. This electrode material
35 ¢ is deposited with an excess thickness of about Ae which now is removed in



above now be repeated. In fig. 6a the barrier layer 3 is provided above the
rai sed and exposed portions of the el ectrodes 62, and then another |ayer of
el ectrodewoaB®sisal s i s applied over the el ectrodes and fi IPCITMPRI0e26ecesses
2iv, as shown in fig. 6b. The photonmask,is then again shifted as before
and the 20 excess electrode materials etched away above the el ectrodes 62,

| eaving the barrier |ayer between the electrodes sl, s2 and formng a
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partial crosH besnpidheriinsiflagngatesiapl anari zati on step is carried out so as
to renove the barrier layer 3 covering the top surface of the el ectrodes

Ell anié dt ha thefd eebodimentes theeligiheddgedrad & htdank 08 shbentiapfigf 10he
el ectrodes

Teans. it WO BEHE Y gRRC RS et Totl BB Rporne pRts SeSirdier 3.
Now t he t omeatsfHeestinf cleberodls e} ectiwedties eFdnd sRe andublie ibsulatiep Uaayiers 3
whi oh can BESnS (baDehEEer har Bbek Rl SR E Rt Bubf Rleb g Rnag g T
di fferent emtaoidek ., Bay, wieh efayleicigdhtcand exgoséd sothieeerior in their top
20 surfaces. This shall result in an electrode means of the kind shown in cross
section in fig. 11a and in plan view in fig. 11b, and it will be seen that the
electrodes g, g, are obtained with a very high aspect ratio and in very dense
arrangement, which by using a thickness & for the barrier layer 3 being only
is a tiny fraction of the say the electrode width w, shall ensure a fill factor of
25 the electrode material in the electrode means approaching unity.

The method of building electrodes with a high aspect ratio according to the
present invention removes all disadvantages and weaknesses inherent in prior
art technology. The barrier layer material 3 is provided in situ after each
sequence of process steps and thus the problem of having to fill a very

30 narrow and deep recess in a final process step is completely eliminated.
Simultaneously only the final process step involves planarization and only a
single photomask will be needed as it can be used by simply shifting its
position the appropriate distance in every repeated sequence of the process
steps. By advantageously selecting the value h not larger than that factors

35 effecting the quality of the removal or etching process can be controlled to
produce uniform and smooth side edges of the electrodes €1, €, in the



ferroelectric or electret material or e.g. a ferroelectric polyner, but
could as well be another insulating material. 15 A third enbodi nent of the
fini shed wbasissade neans are shown in fig. 10, which agaiPeTovOog/00L28der s
the cross section of the top portion of,the electrode neans. Here the

el ectrodes E1 as well as E2 and the nutually insulating barrier |ayers 3
t her ebet ween have been planarized in a final step to provide the

el ectrodes E1, s2,.with equal height.and expose their
top 20 surlfeé’%‘é‘é"“sl Ofrfceshg Ct]ﬁ%&lﬂf"g%}fﬂ&n déqa@&apga(gg r?é%@%ﬁs h]e&’k*vﬂél shown
in cross bedilhedni m flicgusd of a sangleietchihgtep,dve.idecpi gching to, olstath highwi | |
be seen that t ro obt ined with a very high aspect
rati o and #PS rgt)iuagﬁesci (%ls ﬁ e‘ﬁgﬁpee ?eb(g using a thickness 6 for the
barrier layer 3 being only is atiny fractjon of the say the el ectrode
width w, shhps Hevallbe seenithat Fueomeihodk aosreng @t PISERNHHIERTAR 10§ t he

el ect rpde NenfRRIsORe rBEléi‘ﬁé H%ergﬂﬁnnﬁhbpﬁrt%h@ﬂhbéd Y f@lbﬁ@été(tﬁ@s with a

hi gh aspect_  rati o accor the _present invent r] m)ves %
di sadvant aglé §t18ﬁl3\}6€§lkﬁ§§ aFI?ﬁFérfé‘HP as lespiedy bubaksolgp The barrier

| ayer mat efdd%'ceé do%tsprag\(hﬂ?@ Jif &'ﬂhbt@fria@k is@asdd aﬁaq;;ﬂwaeﬂﬁm process steps
and thus the obl.em of havi ngy%(f fill a very 30 narrow and deep recess in
Y

a final prB]@é‘éElZ%FQB SteP Lo elimnated. Sinultaneously only the
final process step involves planarization and only a_ single photoinask
will be netledlegrode pwanbavitl pdraiel sileirgdeshinfa very derse yoangament el

appr FU' at éqll ?s?%@??atﬁ&' cgﬂ%rey%;gﬁfé%al%xeﬂl %%Hﬁﬁ?@n&f WwhEeRiREeS8ctr88&PS- By

adva ageous I'ecting the not | arger than that factors 35
ef fecting Vil aswcbratnmrq deaived, lxsrltéwﬁpﬁgdﬁw@@é% trans it d8ViCes| | ed

to producg, Hﬁ(% 24183 3G s SABO e nSh rgledéiqg&swﬁ%ré @oﬂe?&ésr setemvblvedEhadtn the
WO 03/ 052831 PCT/

NQO2/ 00425 1 noval ,of ex rod erial s,

di sadvant agka! heaefhinons suph Eglwaspect patip ﬁllﬁrt@ffesrﬁ rlﬁfs%wgﬁ’ﬁ singl e

et chi ng st gpderstdd ﬁﬁ@ﬁh@&@iﬁlﬂﬁgte@e&%& fhehghe. aaspﬁ@f:)ld’t@d 19 g, dqarades,
nmet hod acc rding to

al so m nat ed. Thus .i th

t he plrvgasenggr E\I/Eni;"iﬂbher?é’ﬁnblﬂ?egﬁpf(’lﬂ@rﬁ)%gﬁPﬁé’ OBV Fréﬁgev}ﬁ?éraé‘ﬁt HBi or

grt vvhgn gﬂ%delbetrbdbﬁn@ﬁis@uﬁr ecehedt thadelse widckrodles hih @it caspieg ere&tndnleas
esire ut als

e used antheBiF yraofiAs it Feronon anaoiselt uh St aRaRRhOTRSE

functional material provided and made addressable as given by any geometry
obtainable with electrode means of this kind. It is, however, understood that

20 specific geometrical configurations considered advantageous for use with
high aspect ratio electrode in various memory and switching devices can be
obtained in various post-processing operations and hence are not made a
subject of the present application.

25



The el ectrode nmeans with parallel electrodes in a very dense arrangenent
and 10 high aspect ratio can be applied in all circunstances where such
el ect r odewO 0afo5383hi gh aspect ratio are desired, be it mempcy/NOioc2s or
transi stor devices or integrated transj.stor/nenory devices where
geonetries are involved that shall bent?it from such hi gh aspect ratio
el ectrodes. Further it shall be wunderstood that the resulting el ectrode
nmeans, e.g. as depicted in fig. 1la and 15 fig. 1 Ib, can be conbined to
forma stack of volunetric devices and with e.g. the el ectrode neans
arranged sGeWIMi@t the el ectrodes in alternating el ectrode neans are
oriented crosswi se, preferably orthogonally to each other and with

functional | mat esi @btRydofordadi@ag HipHaspedasdadlteradegln en ebacteaie geonmet ry
obtai nable with el ectrode nea s, however, understood

n f this kind. Jt i
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can be obtained, in various past-progcessing oper S a e are no
made @ sub| SEROSSHNE RIS elebl 1ApPI L alrbRUeIBaAD a4 bYSHSHOBET Prh3/ 00425
12 CLAI MSulbstiAt %‘uod for building high aspect ratio electrodes in an
el ectrode A neans
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on a subsira . attérnin el ec eri al. o) rmfirs
par al | el elltléé‘fiﬁ%?é’éé 5?@1‘%@# gy@h‘”@%?%@@r@ﬁ‘é’“ﬁééﬁ?@?%ﬁ?éﬁ% in?%qwglléct rodes
(E1) Tavi n@ha&a&&ie(ﬂiz!&d\/b}a@@inbeiisq’? sudteasitretfoihgr pepagsatseepdfora recess (2) of
wi dth d, and whetei tge mitho i S 19 cﬁgr cterlfed b onpri si,n
successi vets tPYHES ﬂ}fb s eleetzpdes @) o5t 6@@?”51?1”9 B #itﬁ%‘:ﬁg)ngﬁseét sodes (E1)
wi th a barbéigg d Bverionfofthidtkveswhérety theevitghal 6f dat teorso{2 mbetidmes
wher eby t he Wigt d %) the recess (2) becones equal to 2w+26, d)

Satidbontied

deposi ting obal | ayer of electrode material (E) over the first
15 el ectr odpdefddilingdad dedohd dabal Riyel ay elect@deamdtdridll (eh@vehehe ficsisses (2)

ocont ba; eleflplss (€ Wil e BERIG11ay &Y ) Sia FARKE R TelBEE ) bRl T O
e) patterning a second layer of electrode material (€) to form second parallel
electrodes (g,) of the electrode means (E) in the recesses (2°) between the
electrodes (g;) and the barrier layer (3) covering the latter, said second
electrodes (g,) extending above the first electrodes (1) to a height H-h and

20 being insulated therefrom by means of the barrier layer (3), whereafter the
sequence of process steps ¢)-e) are alternatingly applied as required to the
first and second electrodes (g1,€,) respectively until the desired aspect ratio
(n+1)(H-h)/w for all electrodes is obtained in a final process step after
performing n sequences of the successive process steps c)-e), a final process

25 step comprising applying electrode material to obtain electrodes (g;,€;) with
approximately equal height (n+1)(H~h) and then removing excess electrode

material (g) in a planarizing process.

2. A method according to claim 1,
characterized by the electrode material (g) being selected as an inorganic
30 conducting material, e.g. a metal.

3. A method according to claim 1,
characterized by the electrode material () being selected as an organic
conducting material, e.g. a conducting polymer.



el ectrodes (E2) of the electrode nmeans (E) in the recesses (2') between the
el ectrodes (E1) and the barrier |layer (3) covering the latter, said second
el ect r odewo(0B@¥28eKt endi ng above the first el ectrodes (E1l) pca/NO@®IgRt H-h
and 20 being insulated therefromby nea § of the barrier layer (3),
whereafter the sequence of process steg c)-e) are alternatingly applied
as required to the first and second el ectrodes (sl, E2) respectively until
t he desi reql asp el ectrodes is obtained in a

te&t rﬁti Occé : é(t C%llwlfor al |
final process s [5“63 ?gr‘a ’eq*fl Ai Ny sequences of the successive process
steps c) - exhasadtenatd pydhesab@Fatet Bingenpmisionduelipg ymaigriel ecgr sdeomat er i al

L0,0DL a1 ShRGK S yLinke Gl e RARGHTNEL R uala ACka ofn*D) (1)

and then renovin excess e ectr a planarl Zl ng process.
2. A net hodnadabngllaugext agaihsti melqlecmademeécmledl pyverked bl ectinodetingt eri al

(E) bekng zﬁ eﬁhﬁgapﬁﬁleﬂnto QArHAR & 1@9 §onducting material, e.g. a netal.
ho g

A net accor to claim1l, ar acterized by the el ectrode mat eri al
(E) bei ng | ect ed ni ¢ ond cting material, e.g. a conducting
pol yrer . V\%eOBI 0%?8‘%503 R’% d@tfg%lm 8 4. A nmethod according to claimi1,
characteri mdremtemb@i byl batdebaiatgrial bengceiuied ap@nnabelatialg, indrganic
silicon, where the serp conducting material has been processed to form an
i nsul ati ng qreﬂyg? g‘HPFFﬂ the el ectrode material or covered by an insulating

5thin filmapplied to the surface thereof. 5. A nethod according to claim
1, charact & i zed\ Bicthad asgerdisg tawdeim & bei ng sel ected as an insul ating

I nor gagi ¢ cﬁﬁré&t%ﬁé&b%ﬁ@%‘aﬁher ﬁxatélﬂe@eﬂﬁg S%Yéb%djhé‘g aﬁcﬂaﬁ&ﬁbf@ Pieldlric

characterized by the barrjer el ng cted ol ari zabl e
dielectric mfﬁﬁf‘é} capablgpfgdi tlfk&h}’ﬁfiquhﬁ; hg-sd gﬂé@‘?@cuéc gt eleqtestr oel ectric
or electretmategiberial. 7. A nethod according to claim®6, characterized by
the ferroelectric or electret material being selected as a 15 pol yner or

copol ymer mat eriglyethod according to claim 6,
characterized by the ferroelectric or electret material being selected as a
15 polymer or copolymer material.

8. A method according to claim 1,
characterized by the patterning of the electrode material (g) to form
electrodes (g,,&;) respectively by photomicrolithography and etching.

0. A method according to claim 8,

20 characterized by using one and the same photomask for the patterning step,
said photomask being displaced back and forth in translation over the same
distance w9 in the alternating process step sequences when patterning the
electrodes (g1) and electrodes (g;) respectively.

10. A method according to claim 1,
25 characterized by the final process step comprising covering the top surface of
the electrodes (g1,€2) with a global barrier layer (4).

11. A method according to claim 1,
characterized by the final process step leaving the barrier layer (3) covering
the top of every second electrode (g;;¢,) in the electrode means (E) as

30 applicable.

12. A method according to claim 1,
characterized by the final process step leaving the electrodes (g;;g;) as well



8. A nmethod according to claim1, characterized by the patterning of the

el ectrode material (6) to form electrodes (61, 62) respectively by

phot om crwbioshsgsaphy and etching. 9. A nmethod accordi ngPCcao/NOoaiom28, 20
characterized by using one and the sanelghotonask for the patterning step,
sai d phot omask being di spl aced back and"forth in translation over the sane
di stance w+6 in the alternating process step sequences when patterning the
el ectrodes 1) ,and e ectr eding to
claim 1, 28t ShbpARerlSEh (B PR Sl APRRRE UL LS Lon S Tal BRUIOEIAEERI 09 he
t op surfacenezhns (e el ectrodes (61, 62) mnth a gIobaI barrler | ayer (4). 11.
A nethod according to claim1, characterized by the final process step

| eavi ng thQ3barQl%&ﬁh@&%hcéﬁﬁngQMQﬂmﬂgl the top of every second el ectrode

61; 62) in he el ect ans d accordin
go cl al) m1° é%%?@i g‘z’é& Fji0en ef}?eﬁ&ht %r@@’fségF@Bd? i%rﬁfeﬂgﬁgl ectr odesg
(61; 625 as suednd YWRBPIRERF3L oRGIE NS, @425 14 as the barrier |ayer (3)

flush and exposed in the top surface of the electrode neans (B). 13. A

met hod accqrdin ijzed by selecting the height H of the
el ectrode ﬁgyergxb%ﬂﬁbgﬁ%h&ghﬁgq6qﬁéﬁ¢eétrode | ayer on inclusive, as 2h.

14. A net heHazstoridedbytibe cledtrods widthradiedng selechyd @h@l%m}&m‘é@e width w
bei ng sel egl6ckasad ifalile et sRbREESS HELLARR! @1¢ 8RN BppHbl patichiinhe

desi gn rul the appli patter g process.
process.
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