8 JUNE 2006 1 A nethod for fabricating high aspect ratio el ect r odeB/NIh2006
present invention concerns a nethod for building high aspect ratio

el ectrodes in an el ectrode neans conprising parallel electrodes in a dense
arrangenent, wherein the nethod conprised successive process steps for a) 5
depositing a first global |layer of electrode material with height h on a
substrate, b) patterning the electrode material to formfirst parall el

el ectrodes Aahethmd &efabudatimganigh aspedt friatiot elecbmdesdes having a width w
and height It and being separated by a recess of width d. The present
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el ements baidbeitgf sapadated byoh weeesslofmeidth tdher eof bet ween the respective
crossing electrodes of the first and second | ayer. The parallel strip-Ilike
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el ectrodes {fe 30
all owi ng a ver f actor of electrode material 1 n~a given device
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strip-like gt?%l 604 14 anpaée%régvtnggtg thg sHer“@ﬁ;%lYg/a%ﬁP%h%ﬁéieHV very thin

insul ating barrier layer only an barrier layer has a wdth that is
only a fracanmicasfon igachgsiannethoder mealdngan gschpde pueansecUNBEsingdes.
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devices, for instance a nenory. device wth a functi onal %”Ed' umin the form

of a ferroelespestivelpad Poptacding glohidnraredf »éegeiaonalimedinaprovided| ayer s,
such tikat tierélReleRdThe Mledtheddd 65theedcREhEAbPer ACHriEMEd Jr%(%d’iﬁfl@ o nes
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being defined as volume element thereof between the respective crossing
electrodes of the first and second layer. The parallel strip-like electrodes in
20 each layer are provided in a very dense arrangement, allowing a very high fill
factor of electrode material in a given device area. Actually this fill factor
can be made close to unity as the parallel strip-like electrodes in a layer will
be mutually separated by very thin insulating barrier layer only and this
barrier layer has a width that is only a fraction of the width of the parallel
25 strip-like electrodes. Electrode means of this kind are suited for use in
matrix-addressable devices, for instance a memory device with a functional
medium in the form of a ferroelectric memory material sandwiched between
two electrode layers, such that the electrodes of the first electrode layer may
form word lines and the electrodes in the second electrode layer bit lines in
30 the electrode means, such that a memory cell can be defined and addressed at
the crossing between an electrode of respectively the first and the second
electrode layers.

The dense electrode arrangement in electrode means of this kind can e.g. be
applied to a memory device of the kind disclosed in the co-pending
35 international patent application PCT/NO02/00390, wherein memory material



el ectrode | ayers. The dense el ectrode arrangenent in el ectrode nesJisNDROG6GNI S
kind can e.g. be applied to a nenory device of the kind disclosed in the
co-pendi ng 35 international patent application PCT/NO02/ 00390, wherein
menory material 8 JUNE 2006 2 is not only provided in sandw ch, but also
additionally applied over the side edges of the addressing electrodes or in
recesses provided therein, thus allowing the swtching of nmenory cells not
only in theisviesttérdglproivideat insandwsichyblit abe aduetionsldy wpphiethever éhe sileect ri c
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t hi ckness arrier 1s not constrained by design rules as applicable
to photomgrolithpgraphi c and etchi rocesses. Every,.second. strjp-like 20
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mutually insulated by a thin barrier of insulating material, and the thickness
of this barrier is not constrained by design rules as applicable to
photomicrolithographic and etching processes. Every second strip-like
20 electrode is formed in a photolithographic process while the additional
electrodes provided between these by providing electrode material over the
parallel strip-like electrode structures already in place and filling the recesses
therebetween, whereafter a planarization step leaves a single electrode layer
of parallel strip-like elekirodes with a low aspect ratio and mutually isolated
25 by a thin barrier of insulating material.

In all applications as disclosed by the three above-mentioned co-pending
Norwegian patent applications, it will be desirable to employ electrodes with
a high aspect ratios, i.e. with a ratio between the electrode height h and the
electrode width w as large as possible. In ferroelectric memory applications a

30 high aspect ratio is of great importance when the memory cells are provided
in geometrical configurations that shall allow their definition in three
dimensions and permit not only a vertical switching direction, but also lateral
switching directions. In such cases the memory cell height will be equal or
almost equal to the height of the addressing electrodes. In integrated

35 transistor/memory structures with ultrashort channel length the ferroelectric
material is provided between the source and drain electrodes of a field-effect



a high aspect ratios, i.e. with a ratio between the el ectrode hei gRUNE 200d
the electrode width was |arge as possible. In ferroelectric nenory
applications a 30 high aspect ratio is of great inportance when the nenory
cells are provided in geonetrical configdrations that shall allow their
definition in three dinensions and permit not only a vertical swtching
direction, but also lateral switching directions. In such cases the nenory
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However, building electrodes with very large aspect ratio, i.e. a high value of

20 h/w is a challenging task in a present-day silicon technology relying on
photomicrolithographic processes and etching. If the etching is to take place
over an extended area, it will be very difficult to obtain uniform and even
side edges, i.¢. the side walls of the electrodes formed in the etching process,
and there is an inherent danger of undercutting the side edges in the etching

25 process. Generally there will be a problem obtaining the desired uniformity
of the structures thus realized and there will always be present a risk of e.g.
ending up with defects that may be susceptible to electrical faults etc. Within
the scope of present-day technology it is moreover difficult to envisage how
electrodes with a large aspect ratio can be built without involving a large

30 number of repeatedly performed process steps including planarization and the
use of different photomasks.

Particularly for silicon-based circuitry in general and particularly for
silicon-based memory devices, e.g. of the DRAM and SRAM types, high
aspect rations of the electrodes is important for instance with the view to



side edges, i.e. the side walls of the electrodes forned in the eBdRiNig2006
process, and there is an inherent danger of undercutting the side edges in
the etching 25 process. Cenerally there will be a problem obtaining the
desired uniformty of the structures thud realized and there will always be
present a risk of e.g. ending up with defects that may be susceptible to
electrical faults etc. Wthin the scope of present-day technology it is
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maski ng and p anar| zat i tep i.nvolved in fabrication of electrodes
with hildh aspaia imelectods maary @ﬁffkeo@i@‘fﬁelélﬂéi of the above kind. Athird
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covering the

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

20 electrodes with an electrically insulating barrier layer of thickness 3, d being
a fraction of the width w, whereby the width d of the recess is reduced by
20, d) depositing a second global layer of electrode material extending to a
height H over the substrate and covering the first electrodes with the barrier
layer and filling the recesses therewith, e) patterning the second global layer

25 of electrode material and removing the barrier layer from the top of the
electrodes to form second parallel electrodes of the electrode means in the
recesses between the electrodes and the barrier layer covering the latter, said
second electrodes extending above the first electrodes to a height H-h and
being insulated therefrom by means of the barrier layer; whereafter the

30 sequence of process steps ¢)-¢) are alternatingly applied as required to the
first and second electrodes 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 ¢)-¢), a final process
step comprising applying electrode material to obtain electrodes with



20 electrodes with an electrically insulating barrier |ayer of t 8 JKVESE6S,
S being a fraction of the wwdth w, whereby the wwdth d of the recess is
reduced by 25, d) depositing a second global |ayer of electrode materi al
extending to a height H over the substrd e and covering the first

el ectrodes wth the barrier layer and filling the recesses therewith, e)
patterning the second global |ayer 25 of electrode material and renoving the
barrier | ayeppifoximatdie doopl bbighidn+é)@tthnoated than fonovingcammtspataitiale

el ect rodes ﬁaé%r@ﬁ 1’?1' ?eﬁarn%%ziﬂg%?ﬁceéﬁg. the recesses between the el ectrodes

and the bar ayer ‘coveri atter, said second el ectrodes extending

above the first electrodes to a height Hh and,k6 being insul ated therefrom by
means of t hEl B Micéhod agedrding &9 dag frarentipa ¢ eéeat@@%@wrlaf%%?g st eps
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el ectrodes respecti velly unt j | tge dFSI red aspect ratio, (n* 1%1](51H h)/w for all
el ect rodes Matepelsapalipmagivelyae sglested as ap oxganicgtondigting Makg 14 S€quences

of the succg§§aly@irpg'9§g§ﬁels_teps c)-e), a final process step conprising
applying electrode material to obtain electrodes with 8 JUNE 2006 5
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insulating thin film lie o.the surface thereof. In the.nethod according
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Preferably the patterning of the electrode material to form electrodes takes
place respectively by microlithography and etching, and it is then considered
advantageous to use one and the same photomask for the patterning step, said
20 photomask being displaced back and forth in translation over the same
distance w+d in the alternating process step sequences when patterning the
electrodes respectively.

In a first preferred embodiment of the method according to the invention the
final process step comprises covering the top surface of the electrodes with a

25 global barrier layer, while in a second preferred embodiment the final process
step leaves the barrier layer covering the top of every second electrode in the
electrode means. Alternatively, in a third preferred embodiment the final
process step leaves the electrodes as well as the barrier layers flush and
exposed in the top surface of the electrode means.

30 In the method according to the invention the height H of the electrode layers
can be selected from the second electrode layer on inclusive, as 2h. In the
method according to the invention the electrode width can be selected as the
minimum process-definable feature subject to the design rule of the applied
patterning process. Also the recess width can be selected such that d = w+28.



Preferably the patterning of the electrode material to form el ect ISGABNE 21Mi6es
pl ace respectively by mcrolithography and etching, and it is then

consi dered advantageous to use one and the same photomask for the
patterning step, said 20 photonmask bei ng @i spl aced back and forth in

transl ation over the sanme distance w+S in the alternating process step
sequences when patterning the electrodes respectively. In a first preferred
enbodi ment ot h¢ ipee yomt hm‘deramshlallﬂ\glombc leaplainedin one foldowingdesqupices of st ep

compr i Ses_ COUPELARIIS AP ULRAS ol LTSHESHEROM 1 i bORRL 10

barrier |ayer eco erre odi nen process
step | eaves tthlf;eam:ndcérdraweg f@VéthgWhWél top of every second el ectrode in
the electrode neans. Alternatively, in a third preferred enbodi nent the

final procefig. stspwseavRsstdeetiohantglodgkelastrode/laps ddposhrdraet subyeat,
flush and exposed in the top surface of the electrode neans. 30 In the

met hod accor orsQ%e&tn%r?%F get Pfkj)gmlle'ﬁe?éct &?es a@é&egqn (¥ Pher 2N

be sel ected ﬁ? secon er on 1 ncl usi ve,
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m ni nrum process-defi nable feature subject to the design rule of the applied
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w+26. 8 JUNE 2006 6 The present invention shall now be explained in the
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fig. 2 a cross section of a first set of parallel electrodes patterned in

the laygr ofj eBe%é Qdﬂeﬂﬁhgfdf&helg]oﬁalglayér oflegactt?eﬁieam@t&iizﬂ steetd pnfigf the
el ectrodes | rowdd%\n#habarrl r Javer, fi 3b a cross section

of the enbod ?.t%m sepgnd glecipp s RatVEaD eﬁlrfshglecbqog Y | ayer of el ectrode

material, 10 fig. 3c the patterning of the global layer of el ectrode
mat eri al shofigsi4r-iig.crospsedidrohowsibeqrdcessesepodhewnenween Jdrdcfare st

el ectrodes, {RcdfySpbRAlasHOReRPRrINiCREASaRS Stens shown 1 figs.

3a-3c are |ncr sin i'rst el ectrodes,

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

20 fig. 7 in cross section a final process step for obtaining a planar electrode
means,

fig. 8 in partial cross section a first preferred embodiment of the top surface
of the finished electrode means,

fig. 9 in partial cross section a second preferred embodiment of the top
25 surface of the finished electrode means,

fig. 10 in partial cross section a third preferred embodiment of the top
surface of the finished electrode means,

fig. 11a in full cross section the finished electrode means as embodied and
shown in fig. 10, and

30 fig. 11b a plan view of the electrode means in fig. 11a.



figs. 5a-5c in cross section of how a second repetition of the pr@JENE 2106ps
15 shown in figs. 3a-c are repeated for increasing the height of the second
el ectrodes of the electrode neans, figs. 6a-6c¢ in cross section how of the
process steps shown in figs. 3a-c are reffleated for increasing the height of
the first electrodes of the electrode neans, 20 fig. 7 in cross section a
final process step for obtaining a planar eIectrode means, fig. 8 in
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sem conduct i figh et &Y ! [alek8f Slddtfnte ﬁﬁ%r?&&rﬂpﬁﬂcﬂhééba&@fﬁtﬂpﬁritr eated to
provi de insul ation against the el ect rode mat eri al  s.

phot oni cr ol | ¢I§6EPERHE c apsbewdsinign? et blsilgaves asa%})"ﬁl"flbtﬂ FEPStSW@CPQ?theof
el ectroge naél%&ﬂr@he@s ng{]omhgi?el@aéstl%% flénr&t sqﬁr@“ﬁdé&e& fhe ﬁ?os'iﬂﬁ’@“ in

fig. 2. This leaves, I nN"Cross ction, | ect rodes

appr oxi mat el |, the erle@trrarh@mrahaﬂmgs@fMLeW thigy bei g htﬁed thowiddew |, t he
el ectrodes S%cgrj? iR t&% 36 W8 &lssdy ?'ﬁge Betw¥en ﬂ%éﬁ%&gﬂgé ng a

to a mask w eces are formed etween t e el ectrodes
wi dt h not snal dret withaa vadrqh noohamaples tears 2 comdmua peecdsssganseraingd &atats e i n

the photom cyol.i {84 ARRE hBIRRRTSiRoFAYRR SO EReadeN &b Yhe design rule
15 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
could e.g. be made of a ferroelectric or electret material, i.e. material which
20 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. O, the mask width could now be selected such as to leave the recesses 2'
with a width w similar to that of the electrodes &, and similarly it will be
evident that a distance d between an electrode €, and the following parallel
25 electrode €, will be w+29, the resulting so-called pitch then obtaining the
value 2w+20, as this pitch corresponds to the repetition distance of the
electrode pattern as shown in fig. 3a, where all the relevant dimensions have
been depicted. [t is, of course, to be understood that the values of these
dimensions, i.e. w, 5 and h may be freely selected but subject to constraint by
30 any applicable design rule. The electrodes €, covered with barrier layer 3 are
now covered by applying another global layer of electrode material ¢,
preferably to a height H=2h and above the substrate as shown in fig. 3b. The
same photomask as used for patterning the electrodes €; in the process step
shown in fig. 2 is now shifted laterally, with a distance w+3 corresponding to
35 the width of the original recess 2 between the electrodes €, less the barrier
thickness 8. The electrode material € of the globally applied layer as well as



15 thereof. If this mninmum process-constrained feature is equal 8dUNE2006
electrode width w, the wwdth of the recess 2 could be also equal to w. The
patterned electrodes s, are now covered by an extrenely thin barrier |ayer
3 with e.g. dielectric or insulating progerties as showmn in fig. 3a. This
barrier layer 2 could e.g. be nmade of a ferroelectric or electret material,
i.e. material which 20 is pol arizabl e and capabl e of exhibiting hysteresis
when subj ect #@ barrien lapgp cedehgthe ebechiogled. €| Ase remolvadrd. grin elgbmg i s

provided with a thickness,of, e. 8, the sk width could now be sel ected
such as to |BEFESE ARV etgpzslgf%et#tgevﬁqg?tﬁoé:ffssf"m'ﬁr %jn?%sfg%%qaeof t he

el ectrodes sc‘:leanddsm@flina:tﬂle/rédesmd 12'|§|mwrem ﬂigt%hgti%bdhs}elamgmidgbetam? an
el ectrode s1, and. the 1.ow ra 25 ectr . W e w28, the
Fesul {1 ng sohEant ah Spy et ABRVE B ShTag? BRI SUpRER s, s a BePE S o
corresponds {witht hevidgpeti2d smav $oaneé betwedie thekbketrodds spamndesbovasthshown i n
fig. 3a, where all the rel evant di nensjons have . be depicted. It is, of
course, to beCGHAEFSEo r@tﬁi@ne{%ﬁx, eué%rrﬁ:lrt]?}ﬁeers%m g‘%ﬁ@ﬁ&”&ﬁ%g ipsylatigh g ang
h may be fregéiwsal thetddctolesuphedtldcorodesstr ai nt by 30 any applicable
design rule. The electrodes 61 covered with barrier layer 3 are now covered

by appl ying 1 b f: rogde: exl . rabky to a
nei gne. trzn o ERo@ Affogk Y ReplinTla? 3 i6RSTRL 4 g s EANY | Onmsi
as used for patwherdinght¢ kspesator oalesd aortion phé¢hpebtsslestaaps comorad withf i g.

2 IS now shi I rakly,e w.t i Lr i :
i gt o ¢ nePFftn AARERL st Bedathist PREF SNURAAAGLERROPRIRGER o Db,
t hi ckness 8. thilsdeaVimgt thedeceasst 2' ivath its efidtthecdylceldadyt ywimppthieatidkangss dasf wel |

as 8 JUNE 20Q6 8 the barrier. |ayer, 3 GOveri th | ecty odes s, _.are renoved
e.g. in etch gbarﬁ‘)]l,e(gé%%%r %E\%W?%n Etheer%l%epaegﬂﬁgoa&8F8Fecgﬁ0é{e§Igécatr\do%beosveat{',%
creating secekdtrodkeet riogedbs2nidord herossssgssiiilahathait in figgSBb, 3&. and 3b
and extending to a . height of.s H=2h above t.he surface of the substrate 1,
Wi 1o o recedaotbef gl foenptEfitiess T EERA -0 Andlich e i flrdidet  odes
62 and gpovefdringed eleetiodeses, & dnd Hilinig tieneaiestes Dhbehaddr e ladteerthdsis |eft
provi di ng inggll at i o§§1 b(gween the el ectraqdes. si ang gl ectrodes 6§1. .gg)w
fol lows a prBeesef stegiradamassriale preieratiy dieine 8aPURE vidh fapsepedcightay,
4a, hvvher ei N {RevEIRTREB M. J. BhS ¢dg PO LoaBsPInd® Blegsrokeskestepdpictegvar ed
Wit fig. 3¢ and differs only by shifting the same photomask as before by the

distance w+d and then removing the electrode material € above the electrodes

20 g, as well as the barrier layer 3 down to the top surface thereof, thus creating

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

this now adds another portion €' to the electrodes €, and increases their

aspect ratio, as clearly seen in fig. 4c.

In order to further increase the aspect ratio of the electrodes ¢€,, process steps

25 corresponding those depicted in either figs. 3a-c or figs. 4a-c are now applied
as shown in figs. Sa-c. As shown in fig. Sa the raised portion of the
electrodes €, is once more covered by a barrier layer 3, and then as shown in
fig. Sb a global layer of electrode material € is applied over the electrodes g,
and the barrier layer 3, filling the recesses 2" therebetween down to the top

30 surface of the electrodes ¢, as already formed. The photomask is now once
more shifted in the necessary distance and the electrode material £ above the
electrodes € and the barrier layer 3 is removed, creating a structure as shown
in cross section in fig. Sc. The aspect ratio of the electrodes €, is now
increased by adding the portion €,' thereof and leaving recesses 2"

35 therebetween down to the top surface of the already provided electrodes «;.



10 barrier material to formthe barrier layer 3 with the sanme prosertUNER08S
before, thus leaving the recess 2" with its wdth reduced by tw ce the
thickness 6 of the barrier |ayer 3 between the raised portion of el ectrodes
62 and above the electrodes El. Fig. 4b Penders a process step simlar to
that in fig. 3b, i.e. another global |ayer of electrode material s is
appl i ed above the already 15 forned el ectrodes si, s2 and filling the
recesses 2" Bepireean the preddaserstepshdssshdvay erg.dh aslyect thedBgnetset,idbhnd 5

preferably bgi | 4 j tihee; i L0 f +hk- €. 2h.
Fig. 4c cor r&%nggat%ee e a%%clgggggﬁf)ﬂkg!é%iqs:etrggy?ﬁ@q%&é%ghgar%)%@itP ? ers
only by shiftdised ahé exaosephotivonsil te tdetupdeby, tansl theinsarntber lay®r afid t hen
renovi ng the_gl r ri - ab 0 . i$ the
barrier | aye?l%g?r&gﬁnqg%g%g ltsgd:g P 21uerﬁf(§;\>éeg tbggrleg%f(,%e[sh%{gﬂgf@rég ﬁlﬁ%‘?e%é%%éesc%s’s 2"
bet ween & he asmslesnpgorfig.ons Dlie phetaehask isdties again skifidd as befareemd thiki s now
adds anot her i 7. 10 l.egt ro | RCr thel ¢ ect
ratio, as cl S)gc?{sis, egé;cetﬁécll%fr}eﬁtéﬁghg N ?ﬁ%r? doasg@ EP%%]&}% Efe%rc %:%?1%? &35 at(/ H}egaggepect
rati o of thebatrextinpeebet®®enprhecedsstretdeps,;, £2anddiores pgradiecgss Aobetvaami ct ed

i ith fi . 3a- fi 4a-. | i ed h i fi . ba-c.
AS shoun in FIClReGORRY et A7 Sha™ho fanoGand nateidine (f b8 Melthictthed” ore
c?velred bydaeteatxfo'ki_es Isll dyéig ﬁqcrle.mciltmanas?]@mr@r%@pohidm ﬁbtl@edbfi%ﬂmlgflthger
(0] el ec ode nateri S 1 a | e over the e Clr es e n rrier
Cayer 510 £i1 pPRiet her tisalsd MeredSing e pspeuant Gurh s ErwoiEs eugtUdRe hea of

t he el ect r odemestheadsaraier eatgriad3neehainh erehdirgimasilattombdetweaethgrore shifted
in the necess%rc?/ ai stance apd the eI.ecft rode material s abo%ee t hZi . el.ﬁ?t rodes
si and the bSIFHOACE Syef2 ANG &S PRAWDLY N Q%1 HyPEEP SETRT P RIS BV NG
cross secti oof tlte figg. 3,365 of ecastirst be adpeataf irt hec@kswin ademnkdimss aow
i ncreased by addi t.he portion s2' K thereof and | eavi ng.recesses,21 35
{ her cbet vieon g 15 irerdes bo SRaiadhe dFaFied Brpeeidqtisravaadcar BLEs bads: £ 1.
8 JUNE PDO6 £f fdgindwcedndiberdd ®aesite Btiphs ofshé RRWIrRled- ¢, 1 4% prowi@dd hher _
figures 3, 4 and 5. a%bO\S/édnow .e.repegirgag. In fi g 6a the barrier layer 3 is
provi ded abol¥ $1RB In/ig. ISME@MSé g8 A ChidingeProcess 5 G8es E2, and
then anot her pt@yahe@fas sooat (g, MalRededly the ibarappldyed oMedppihel edvgingpdes
and filling the recesses 2' .5 as shmgn in flq 5b. Be Photorifa?k i s . then
agai n shi £t elneraisrsk perioghaf fiseclectrodes €, andthen a'global layer of electrode
material € is applied over the electrodes €, €, and filling the recesses 2"
20 between the electrodes €, and above the electrodes €,. This electrode material
¢ is deposited with an excess thickness of about Ae which now is removed in
a planarization step as e.g. depicted in the embodiment shown in partial cross
section in fig. 8. Herein the electrodes €, are still covered with a planarized
top surface of the barrier layer 3, while the top surfaces of the electrode ¢, is
25 exposed therebetween. However, in another preferred embodiment shown in
partial cross section in fig. 9 the planarization step is carried out so as to
remove the barrier layer 3 covering the top surface of the electrodes €, and
the portion of excess electrode material € on the top of the electrodes g,, thus
obtaining all the electrodes €, €, in the electrode means with the same height
30 and mutually isolated by the barrier layer 3. Now the top surfaces of the
clectrodes €, €; and the barrier layers 3 between the electrodes g, €; may be
covered by another barrier layer 4 which can be the same material as that of
the barrier layers 3 or a different material. Barrier layer 4 can e.g. also be a
ferroelectric or electret material or e.g. a ferroelectric polymer, but could as
35 well be another insulating material.



excess el ectrode material a etched away above the el ectrodes 62, |SsBUINE1Z006he
barrier |layer between the electrodes s,, E2 and form ng a recess 2" between
the electrodes s i as shown in fig. 6¢c and extending to the height of the

el ectrodes u 1 being increased by an anmbuh® corresponding to the hei ght of
the 10 portion ei', thus also increasing the aspect ratio of the el ectrodes
s,. All the tinme the barrier material 3 remains providing insulation

bet ween t he Aethent emdediment &P than finashedhadeetrode higanseue shevpimotigsd0st eps
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el ectrodes ssecmh abﬁgeltlhemdl incplaodaewsin. fighl kb,edrskitredebaseenitihat the i s

deposited w es

pl anari zat i o%ﬁc{m&%% 2 égﬁ%ﬂﬁﬁd&gtha‘i)ﬁg}ye%wﬁég P@%&%dllﬁ%\lf&eg%cross
section in fagangemkat, ewhldhhley ebimgt a ddekness @fer Hte bdrrcoeyed3 \!metr’rg anly

pl anari zed op..Sur r s . of
the ele rodéS g?%& ffr%@uﬁex ggggsgﬁgéegl%tcm@% 'I%;oh% Ah,%lf %?S&rgpdh@# %?gof?eorfo
enbodi ment st’rmmle'r:t‘rodpanaueallaltm okes ekwttadermeany approaching phepari zati on step
is carried out so as to renove the barrier layer 3 covering the top surface

of the elect 'I‘B@Qﬁet%'odadldbuﬂl@@gpéléélr@ﬂeé)(m@%&(ﬁ$ abFedtradle dmRbedingltoshen the
top of the electrodes 62, thus mll ni ngﬁw% he el ectrodes s,, E2 in the
t

el ectr ode meRFESCHF HAOTSERROYE A4 Veakaesgs dPeIgnt HePBAFri er
| ayer 3. NOWaﬁt"t@clﬁl%logFJr fFﬂ@QﬁarﬂferM}Q:r rBh R €ial gcteqar@mdesﬁmaﬂm bher Rach i er

| ayers bet ween the el ectrodes El cov apat her barrier
o orS AT e B e cEanona aafithns BB proRler of PRGingo HDra Tapors 5 or a
d: ff 1g'erept n’?h@fer an®deep Qécés@ylﬁra ﬁn@ﬁﬁr@egs swpslcs dampletélgrermﬁirmédl c or

el ecire m rra

erroe ectric ou 5 wel | be
Shether i mouSimiliaRtaruf ioafy W6 FORESoS s PRI er BlasoRiianen i oAl 3
finished el e@h@MthﬁﬂﬂSslﬁMllﬂﬁwmdeld 49 @.caf®e used by simply shifting its

position the appropriate distance in every repeated sequence of the process
20 steps. By advantageously selecting the value h not larger than that factors

effecting the quality of the removal or etching process can be controlled to

produce uniform and smooth side edges of the electrodes €, €; in the

removal of excess electrode material €, disadvantages and faults which will

be inherent in the use of a single etching step, i.e. deep etching to obtain high
25 aspect ratio electrodes, also will be eliminated.

Thus it will be seen that the method according to the present invention not
only removes the problems inherent in prior art when used to fabricate the
electrodes with as high aspect ratio as desired, but also leads to much
reduced costs, as only a single photomask is used and only a final

30 planarization step is involved.

The electrode means with parallel electrodes in a very dense arrangement and

high aspect ratio can be applied in all circumstances where such electrodes

with high aspect ratio are desired, be it memory devices or transistor devices

or integrated transistor/memory devices where geometries are involved that
35 shall benefit from such high aspect ratio electrodes. Further it shall be



whi ch again only renders the cross section of the top portion of t$&UNE 2006
el ectrode neans. Here the electrodes e, as well as 62 and the nutual ly
insulating barrier |ayers 3 therebetween have been planarized in a final
step to provide the 5 electrodes s 1, S2, lith equal height and exposed to
the exterior in their top surfaces. This shall result in an el ectrode neans
of the kind shown in cross sectionin fig. 11 aandin plan viewin fig. 1
| b, and it wiundepdogéématt thatreshkingetlectroddescans, eaR asrdepibted inefdgwl thandvery
hi gh aspect [ [ e ness
S Por the bar P% l%a%gn HE cgrgl}ﬁnrﬂ:‘%i% forﬁ%%%‘k@ﬂ'%l yﬁuatgﬁal (‘ge%hg?é Qﬂcé%yslgﬁ‘bféé

el ectrode wi d %ewctWWe@lﬁ%mr@naed |su1:h ﬁla%,tttbre eé¢ctr@¢ﬁes @ @e‘é@rrn@&@grﬂ?@ﬁfi)@ﬂﬁ in
the el ectrode,dBantcaRRIMEE faw@wieetp(peféfﬂa%wshmgo%ug%qubﬁq)tﬁéxegﬂd PITES
with a high aspect ratio accord e present 1 nvention renoves al

di sadvanéagefuaw(HOWamﬁ@wé@rpﬁw@%eaﬂ d madgrgdgressapie e ERRA BYRIY BEOIHAFY i er

llayer materi @btAnhblPwohl d@@trbﬂe %édhsaﬁfttﬁ'is RAfh 1%, Weuﬁﬂem&ﬁ?ﬁﬁaﬁt eps
and thus the probl em of having ow an eep recess In a

i . a very na
final proces$§Pgeidis g%oreémﬂaétc@mﬁlgéqraﬁm%@%ﬁl ergd mﬂ\ta@rﬁ@&ww ariisg WHB fi nal

progezs StePhh@lY@bIY&Et rahartaém@aé anvafdu9memary shdeherddhies deRidesWahl hde
needed as |1

use sinply shiftin |Is tion tThe a proprlate
di stance in EPVCSéﬁé@f%ﬂ%éﬁﬁﬁéﬁeéﬁ%ﬂn%HEg5¥B%@§§“§ GeeHE Nghihade 2
advantag@ousgubﬁﬁk@@&h@@r&nmxw@bueahoﬂot | arger than that factors effecting
the quality of the renoval or etching process can be controlled to produce
uni form and snooth side edges of the electrodes 61, 62 in the renoval of
excess el ectrode material e, disadvantages and faults which will be
inherent in the use of a single etching step, i.e. deep etching to obtain
hi gh 25 aspect ratio el ectrodes, also will be elimnated. Thus it wll be
seen that the nethod according to the present invention not only renoves
the problens inherent in prior art when used to fabricate the el ectrodes
with as high aspect ratio as desired, but also |leads to nuch reduced costs,
as only a single photomask is used and only a final 30 planarization step is
i nvol ved. The el ectrode neans with parallel electrodes in a very dense
arrangenent and high aspect ratio can be applied in all circunstances where
such electrodes wth high aspect ratio are desired, be it nenory devices or
transi stor devices or integrated transistor/nmenory devices where geonetries
are invol ved that



35 shall benefit from such high aspect ratio el ectrodes. Further i8tJU8¥a2006be
8 JUNE 2006 11 understood that the resulting el ectrode neans, e.g. as
depicted in fig. I la and fig. 1 |Ib, can be conbined to forma stack of
volumetric devices and with e.g. the el et2rode neans arranged such that the
el ectrodes in alternating electrode neans are oriented crossw se,
preferably orthogonally to each other and with 5 functional materi al

provi ded and nmade addressable as given by any geonetry obtainable with

el ectrode negﬂﬁﬁﬁmsthis kind. It is, however, understood that specific
geonetrical configurations considered advantageous for use with high aspect

ti | ect d rio nd, sw tchin S n ained in
Vari ous post pr ocBsBRMefur B oie ek erE e Rt iR it Antec i Ser o
the present aRaht¢BY b@ﬂ}prgslﬂgjlﬁﬁrﬂm@lé@tr@éyd‘ﬁdg) ifardimRedirforgebverdtdi ng hi gh

aspect ratio el ectrodes iin an el ectrode i si ng paral el
el gct rodes (BDCEIN ! Bﬁ néettljlg,%@rgppa%%ﬁ'gswemg %%Srﬁt’?ﬁg f¥et hod conpri ses

successiye pgpgesssithgRsfifArglobal lageposildot@ddr mhtialgePhath hajit obn a
el ectrode nat rlal f with height h on a substrate (1) b) patterning the

el ectrode mat¥RstEdte to formfirst parallel electrodes (61) of the

el ect rode mepnpafi&iningahé elddifddeemaedriades td iﬁéﬁm Hreret pgraﬁleMe(ﬂéd'trdﬂe%f‘(@ h@f ght

h and bei ng separated by a recess, (2) of wd nd. wherei.n the dis
10 char act ert%@eﬁvoéérﬁ%‘ﬁ@l@ éé%le\]/%‘:t’f"?ﬁ t{én)E%@&%W&gﬂ’p ?1

covering t hehfa'n'dsdmﬁg%@bﬁﬁﬁ@& b@aalbec\ensi 2 et @’ll@@lt(ﬂ | grd k«memwlhetmegmtaalrsr i er
| ayer of thickness bei ng fraction, of width w, whereb the width d of

the reckss (¢haragt erré?&@c@acwpwlngﬁuwﬁéyetﬁ%ﬂ% RQEBHSIEPHBEA | ayer of
el ectrode m&ﬁ&b@érlﬁ@h@ﬁm@leeﬁoa@s ?e,%@vlh@‘bﬁ@edﬂr@éﬁ? 1h§1@1a$1wg5t§errﬁree (1) and

coverlngthe |rst ectrodes arrier [ayer df||||ng

t he recessesldyey of Bickaesho. é)beplagtaefr@ﬁtr@ pﬁé%@btyndm@ﬁr@bwtl(mavéﬁ h grof
el ectrode majiRricak 5(?20) @r}gdﬁ@é@%k% the barrier layer (3) fromthe top of

t he el ectrodes (a form seco

d) depositing a second global layer of electrode material (¢) extending to a

15 height H over the substrate (1) and covering the first electrodes (g,) with the
barrier layer (3) and filling the recesses (2) therewith,
e) patterning the second global layer of electrode material (¢) and removing
the barrier layer (3) from the top of the electrodes (g;) to form second
parallel electrodes (g,) of the electrode means (£) in the recesses (2°)

20 between the electrodes (€,) and the barrier layer (3) covering the latter, said
second electrodes (g;) extending above the first electrodes (g;) to a height
H-h and being insulated therefrom by means of the barrier layer (3),
whereafter the sequence of process steps c¢)-¢) are alternatingly applied as
required to the first and second electrodes (g},&;) respectively until the

25 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 step comprising applying electrode material to obtain
electrodes (g,,&;) with approximately equal height (n+1)(H-h) and then
removing excess electrode material (€) in a planarizing process.

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



parall el electrodes (a2) of the electrode neans (E) in the recessaJUNE 30080
between the el ectrodes (al) and the barrier layer (3) covering the latter,
said second el ectrodes (a2) extending above the first electrodes (61) to a
hei ght Hh and being insulated therefromby neans of the barrier |ayer (3),
whereafter the sequence of process steps c)-e) are alternatingly applied as
required to the first and second el ectrodes (61,62) respectively until the
25 desired a3pect Armetlod asdorfirg)o wlafiwrl.al | el ectrodes is obtained in a

final - process, ShRRANR iRELLO UG ARIENGERaal iEq AWSSaRIANE, Pr ocess

steps c)-e) process ste risi I'yi hg el éctr material to

obtai n el ectondiegingmab@ialwietdy apprduating polymegrual hei ght (n+l) (Hh) and
then renoving excess electrode naterial (a) in a planarizing process. 30 2.

A nethod accgrdi ng fetifdRhfeckdid @l aRli@ri,zed by the electrode material (a)
bei ng sel ected as an inorgani ¢ conducti n%Emat eria . a nmetal . JUNE

|, e .8
2006 13 3. AChaRREAIZEADY e hssrale Aema a Semds %rtlfké’:@gﬂﬁ?ﬁ%lh&%lséki?%de

material (e)wherdty) 8RR QG RGndAScENg M ARRIC ha OBENProOEsaalefoah, are. §. a
conducting p met hod, ac ordld;g to claiml, aracterized by the

ol r. 4. A d I 5.ch
Subst rat e bel Ty alrigs FiveEAGALTS MaE Riresradsmaterial QsiGqvessd BYyaeshladine
senm conduct i nﬁnrfﬂheabplie@mtb@gnrfac@m@ﬁeﬂ to forman insulating | ayer
agai nst the electrode material or covered by an insulating thin film

applied to the supf fi t hod according to claim1, 10
characteri zeg' by @h@ggja&rc{r]?éecre&%ém Q‘aﬁ*@er’ng selected as an insulating
i norganl®@ ochanagtemizednieyt grd barrieg. matemed heth g edlecdidnas aw irdudating inorganic

characterize p.er material being selected as a pol ari zabl e
dielectric %P@%‘Qﬁ@%ﬁg‘hﬂ of exhibiting hysteresis, e.g. a ferroelectric

or electret 15 material. 7. A method according to claim®6, characterized by
the ferroel eBtri cAomegl%??‘i-ﬁrdh%é‘?Fg'ﬂmbii ng sel ected as a

characterized by the barrier material being selected as a polarizable dielectric
material capable of exhibiting hysteresis, e.g. a ferroelectric or electret

15 material.

7. A method according to claim 6,
characterized by the ferroelectric or electret material being selected as a
polymer or copolymer material.

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

9. A method according to claim &,

characterized by using one and the same photomask for the patterning step,

said photomask being displaced back and forth in translation over the same
25 distance w+9 in the alternating process step sequences when patterning the

electrodes (g;) and electrodes (g;) respectively.

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

30 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).



pol ymer or copolyner material. 8. A nethod according to claim1, 20JUNE 2006
characterized by the patterning of the electrode material (E) to form

el ectrodes (si,e2) respectively by photom crolithography and etching. 9. A
met hod according to claim8, characterized4by using one and the sane

phot omask for the patterning step, said photomask being di splaced back and
forth in translation over the sane 25 distance w3 in the alternating
process steplgequénsethovhencoukingitaickegnt he el ectrodes (E) and el ectrodes
(e2) respecti i cl ai [ eri t he
final pr ocesg}{glltaéter(}:%rgp‘rg}' g}? éng‘?‘%é@g‘?‘?éﬁg Sptﬁae}et%c‘)%llg 'ttjfpgf é’&%ﬁg’ egg%l?%é)lz%gwggdes
(si,e2) withaatlg gbalielblaycr €3) flagkeand£xposed i1l theAtapes iiddc@of thelelegtodec] ai m
1, characterh;etg‘qlstag the final process step leaving the barrier |ayer (3)
covering the top o?'every second el ectrode (si;c2) in the el ectrode nmeans
(E). 8 JUNE i 06 14 12, A nethod accor.di gg to claim1, characterized by the
final process step MeAlPdgoersding d2€laiged: (ei:82) as well as the barrier
llayer (3) fl dhhraaneifedosdldctinghdethepgistulf@odeaflcéthedel s gean theans (E) .
13. A nethod accoyding to.claim1, .characterized by selecting the height H
of the el ect Fod¥! gk?gggd?rlaﬁ‘?rt%m%‘@é’é’ﬁda%ﬁbctrode | ayer on inclusive, as
2h. 14. A nethod according to claim1l, characterized by the el ectrode wdth
w bei ng sel edtted Asmehlodrraéondmg to stadoess- defi nabl e feature subject to the
design rule ﬁ%gi' i.NG: 1A : ding to
claiml, cha?g%%ag?el Ze( %gq%eé?fe%:cﬁorr?gen?hdéﬂv&?&%ﬁ%Séig?t%%héegewekggs@ such that
d- 25 betmes peepssb-dedinabde éeatore sdlejont th the dessgn rutenephie applied patterning

process.

15. A method according to claim 1, characterized by selecting the width d
of the recess (2) such that d-28 becomes equal to the electrode width, i.e.
d = w+23.





