e3eL(t46j TsyJd 1n1237DE Description *159159* Nonvol atile nenory el enent and
associ at ed producti on nethods and nenory el enent arrangenents 5 The present
invention relates to a nonvolatile nmenory el enent and to associ at ed

producti on %%%ﬁ’e?d menory el ement arrangenents and, i “"ﬂmwmmmmu to a

nonvol ati |l e fenory el enent havi ng a changeover material 1 et e f t er

a formng Steﬂésc@tiﬂtﬁaﬁ two different conductivity states aressieal i zed and
e co

changeover between 't nductivity states can be effected once or a nunber
of times by the application of predeterm ned progranmm ng voltages. 15

Figures 1A tqudksShow e Siddldrh ed1spehi-onghqg Vi Ly sdith ddPldfd R dddn
characteristic curves of a nonvolatile nmenory el enent of the generic type,

as i s di scl oSFHNS YIS YSBEBFOPNIFH Bkanpl e. 20 In accor dance

wi th Figuse 1A, such a nonvolatile nmenory elenent has a first electrode 1,

a changeover it epial oA, quird diher eoms apd. a secondo gl ssLEME Srerldls
el ectrodes 1 ‘and erng correspondi ngl'y connected Up or 'the
application cflenerd! ta@ tddagseciatedenepductnonf methedsciamicc nfeémsiny E. The

changeover NRiRiMH: 2. GMHARdL! SKATD eind Ygrogefant uraled g
anor phous silicon senjconductor nateri al (hyér ogenat ed anor phous sil1 con)
whi ch has a pranysel afot e demyriagl emerkahprengls shagoeovaic MAKLTEGduct i ve

mat eri al joandirpreheeRpPl rEer bs el dPrsdd, fat Stegbecitwodeil @bl e
selection for_the second el ectrode resEIts in either an anal Oﬁ ct%{lgeover
I n

3 .
behavi or for FHEEHENGEN 7 ERBESr 75F 5C8F1afgi ead € EQV&ET
accordance wtthe Figuurdnc35tiAy by taesof caxnanpee, efifieanadl ogordangeover

behavior is qﬂ}.ﬁj d wth. V, N T i Qi I
changeover be awé(}re S\gn Eéﬁggaﬁ?}ge oraﬁ%l%?ggﬂal(ﬁf O\ﬁy‘{ﬁe%ﬂ,&%égz
second el ect rROAMMING -VQHIPBFE - 2 What is characteristic of such

nonvol atike nmenory elements is, in particular, a necessary formng step
which is carried out at the outset and enahles the actual nonvyol atile
menory properiiBESF the tRendr ySBOY| 8nditR it kYRS rFPSELIPRAte VIPH &br dance
w th Figure IHBmglifiad ol-exathdacttetidtgiad bukvebaract ar irfrivd lativiee
initially present_is conve teg into a nenory characteristi.c ﬁurv range in

10 accor dancé* S FFyTlre™1c”6nl ebf%lé'pp':r%%‘ti%ﬁ of 91158 e \7151tage
FA. Such for iy datuneres A 2y A8 vidy exagmplel t ages and usually lie
in arangg of 5to 30 volts, in accordance with Figure 1B a form ng step
being carried out at a formng voltage FA = -20 V. 15 Accordingly, it is
only after this 3FPFHRPCE el RasTheeRecaPri E¥CHUR SOTFIHET itife MEHHALEat i on

of this formemgenalt aggs FA ifirdte Chwitgenuerl msechangdotat ratfamdly KA of
characteristig curves |5Fgenerat ed ich 20 has noniglf: tile nory,

properties arfd, by UEY of"&X&RBI e 2he & wo° RO dct £ r2d5t e ror the
characteri st ielaurnaids ahcleesl N dbednGFFcordtemporaliathin Epbgueet&d. Um t he

case of bBe A | yndUh gl FOREAGH CHEShT GoRUALES ahld Y3l bR ddhdiguigh 16 &
was used as el ectrode mat erial —and _hydrogen-sat urat ed aror phous silicon
with a p-typeeHopithg ed@stoded &dedlanfeovERemstleanggoper material 2

comprises, for example, a hydrogen-saturated amorphous
silicon semiconductor material (hydrogenated amorphous
silicon) which has a p-type doping. By way of example,

30 an electrically conductive material, and preferably Cr,
is used for the first electrode 1. Suitable selection
for the second electrode 3 results in either an analog
changeover behavior for the changeover material 2 or
digital changeover behavior. In accordance with Figure

35 1A, by way of example, an analog changeover behavior is
obtained with the use of VvV, Co, Ni and Tb, while a
digital changeover behavior can be realized for the
materials Cr, W, or Ag as second electrode 3.
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On the basis of this conplex famly KA of characteristic curves obtained
after the formng step in accordance 30 with Figure 1C, it is then possible
to realize an actual nonvol atile nmenory behavior, the conductivity states
©N and OFF bejjwpismwersed in the arrow dicection by the application of
correspondi ng operating voltages. 35 Mire precisely, by way of exanple, a

changeover mafieyd alig haMhPactBeiseNEUCHEVI bicht AR 16a1 1R mRRigF anmred
by application of a prqogranm ng voltage Verase of approximately 2.5 volts,

Y

as a result GRS 15/ n1P37BRILiSUIATe cBAndRASSHRYY sfareipy step
characteri stivhidh vasbr agehi €l soitd caes thet hwddsd hahdcosdalbl éyi thhest at e
or characteristic curve br ne OFE. In the sanme V\B.%/ the cqnductivity state
ON can be geri.’é?%lf Jb%ﬁ‘ﬁojiaahjt e é“%%e%?p%tﬁe%alo b qhé“%lcati on
of a further e@ragmmimghol faget \p¥ace. of -3 V, for exanple. In this way,
it is possible to swwtch back and forth between the two conductivity states
ON and OFF in the famly KA of characteristic curves or to effect
programi ng, D PESPEEENFE r wAEhy A1 VBeaabVeiwRy befoveXaBP L ogréammi ng
vol tages and,1ideReCO-dangBavhtPerigdie ldurv@viing tiadakt . pP¥s¥gy ofs

KA of charac%ﬁrl stic curves or the conductivity

exanpl e. Since the fam|
states ON anocQﬁjf—e]b'?ﬁg b%ﬁ&r SmBENADY nGREERGTGE ST 1SuchiTHang8ader s

mat eri al 302, scommianiad | Wethemgyrel acenrinliys bhushebapbhedavibh efalaiati on

of an associ r ead . Eigur S .a sinplified sectiaonal view
of a further a%&;%\lller?n?i o‘?l(gt#%%%voﬁéti I gu%m:%&%gﬁen%]itﬁ% V\/nehf“ch acrgese,
however, the xdlaitfecsiey higer val tegepr iegds wualllv | bier isequercge N e

precisely, bysway afp examrl e.; 2 Re d N-S; t O&Pﬁg
silicon 2A i 35 fornmed on a fi rlst ﬁfgg‘??%%gﬂ?’q?ﬁe F:lﬁgi%%efgf gggir siqlﬁ‘j{ con

bei ng adj oi neFHY R R P R Byt 2B EXTIRE P BFRIPIuUS sid0d don | ayer
2B. Towand the second el ectrode 3, the changeover material 2 furthernore
has an undop once ai n.hydr ogen-saturated amorphous .silicon S a
Fosult of whir SRSl o4O 0GRl HERE! (O RERERITR  Rodgn s
nonvol atil e rewany G3rmiehenus obrt hagteypethaveaphbi calyaon agef t hatig he
electroce MUglifls 61888 §1 1hethe LRHddSHAI 0L PafloRednae o

sem conduct or _materl al s, e vbl tages for € necessafy Tormng step are
nevert hel ess &l hi Bhepft ehrracterishke 6RTVRE difangepesatadt eviiighin 35
accordange WHdk Figeki®oldy i Wi ChehSrhyptBB¥rhaus nghgbeemyt akgr, i 4o
consi deration heretofore for mass production of nonvolatile nenories. -

| n1237DE - 4 e’f_‘“i"?f:'reev 2BNEhGWS LUV HY MR F§S KRT o FCRATAESS SIS ¢
curves once agaive dbtanches oONi agdstoRF hikl e ted r iedrogtrer egul timng in
an i nproved ramng en o] t hi gher, di st.ance between the

di fferent coﬁ%ﬁ%ti Vity ggs't g]tq%s.u%@lgir% @F.Ogheﬁ% roa}%at,elfhsétji vention is
based on t he iobjustirafedr dvi dFaguaenoh@ol £1 | @asenvsgdel asrerdl enidrode
associ at 0d prpduction gRENeLSARYGITRERY R RITeho AFRANYEEERG 8,10 Jiich can

be used to realize an integration into conventional sem conductor circuits.
In particul ar® RHERHRRITh W3S 2 % THPIPFERE BAteptdhiZing t he
form ng step necessary for formng the nonvolatile nmenmory behavior. 15

On the basis of this complex family K, of characteristic
curves obtained after the forming step in accordance
30 with Figure 1C, it is then possible to realize an
actual nonvolatile memory behavior, the conductivity
states ON and OFF being traversed in the arrow
direction by the application of corresponding operating
voltages.
35
More precisely, by way of example, a changeover
material 2 having the conductivity state ON can be
reprogrammed by application of a programming voltage
Verase Of approximately 2.5 volts, as a result of which



According to the invention, this object is achieved by nmeans of the
features of patent claiml1l with regard to the nonvolatile nenory el enent.
This object is achieved by neans of the nmeasures of patent claim8 wth
regard 20 to f%fbéggﬁod, and this objectsis achieved by means of the
freatures of patent clains 22 to 24 with regard to the nenory el enent
arrangement s. (o e%hueb&li%ritw@e@@etp% La?a{gc@ér%se@ﬁ; agvh! i e
amplifier structure at at |east one of the electrodes for anplifying a
field strengt®Nofsvheckeect EPc £hel d fuFthes clanGe@ksvifat ersta@te t e

vol t ages whi céh@F £cPEEESERE Y chiokret M- OBF St €R -cHWt s¥ECliagr e sty high
- canh be si gnlflgantl‘}/jrreduced, as_a resuLt of 30 which these r_rem)r%%
al

el ements can FPMAL TSt SHARE bBN| i9REdYEr FTRBT HED wWiddR IdonvBnt§

sem condu6Gt orcltanigenter smaheasat. @ KMOBhel rappiscathen foel & afpttidaer
structure preferably consti 35 projection.of the electrodes which
projects int opf%%P% an o‘\’/gégﬁéer@w&ﬁ %ﬁchgag’ e?é? éex?fnﬁ),lea clgnr ﬁtz}lsor
edge, an anglweyr efisr ald ypbeshhle t@0 gegreksback tand waythr deptivaahfiel d

peaks or fielgyd ng&gaéSﬁdﬁéEi{i)?tY stétls-,%l%?ﬂ d OFF fiq{’@?eif‘?lﬁily Ka

particularly sinple manner in 1 ntegrated nonvolatile nenory elenents. The
changeover meREri ARTRGERXFEDFIC cABFTREs A 5 1Yy drfgedr s atRFQEEHRF phous

sem condyuct orr¢g@pEEt Bbe | trad@d0 RRIIGiJeassi W, g4t 0 WEEnGUl thé BRI the
structures, and the el ectroges gref e(riabl.é conprise metalLi cF.mat erllacl s. Wth
regard to t hePTRYTIIHRY BPOHATTR g2B9nonPoPEERFERTE Sty TR e tC i n
particul ar a llepimssl ovolss, floy nealy | of aexampxléi asintayeheafidmily K def to
formthe firs . saj r essi i i ML fi

electrically %%%d%%%%ggg%?e!r:?a ,ggag‘%ahggsﬁ Fh(k)llplt\%gil\gﬁ/ %ﬁ%tfe:srel%éq aarppqi fier
structure carPBe PocredTogramBedadei cwtar chasoeplin nanabr ¢hanrggpseiuent

steps. |nsthiga€aseald hey gl gt raGald Va CONIUGHdNVSPatEldrdnd S ¥ ef@napl y
deposited in such, a way, that an ada(g%ed depression i s_produced in the

regi on of theeptRedi Bhth 2evahea bl ¥t P calt| 35 2omtRiEed vESRGL EFF 5P bei ng
etched back conformally at least as far as the surface of the auxiliary

| ayer by neans, of_an i sat ropi c_etching nethod and. the auxiliary.|ayer

bei ng etchednhts)%%lkr%ss%gti%?? asafaﬁl%rgtﬂjge%oﬁ% Jr%béfejon of Y he(y%d ted 25
depr essi on byfwetiner of cenvemt sonabpi morteha nyl eretriehry n ¢lememay, igharp
tips areppor mpdh &t LhEe! | iRfweRlBC! rasle, cWALGhOL 82 R G 1d65IM5d dd £l d

i ncrease and thus to, the reduction of tﬁe form ng vol tage. 30 an

al ternative, howBVEFilayers &P9YePR6Ssi bMeTor PERE ISRt ri & | yWadbndict i ve

material to bexamybed &0praepea adrégeh-aatudttas iR rPHARC e Ofidde
fo be. ot shed Tachoby e Laehe i fedSnotHio a5 hearor sareassedtont
sel ective et csrig metliown abedangesadjonfiedhilph wer ynsapededgedragercor ner s
o 292 A e ot bRl e ol ol d N SRt 1l o
electrode 3, the changeover material 2 furthermore has
an undoped, once again hydrogen-saturated amorphous
silicon, as a result of which a so-called p-n-i
structure is obtained. Although nonvolatile memory
30 elements of this type have the advantage that the
electrode materials are less critical in particular for
p-doped semiconductor materials, the voltages for the
necessary forming step are nevertheless even higher
than in the case of the changeover material in
35 accordance with Figure 1A, which is why they have not
been taken into consideration heretofore for mass
production of nonvolatile memories.



. In1237DE - 6 1In accordance with a further alternative, at |east a
predeterm ned anmount of the electrically conductive material nay be renoved
in the depression by nmeans of an etching nethod, a thin confornal
electrically ﬁqdf%;%ti ve layer may subsgquently be forned in such a way
that an adapte epression is produced in the region of the depression and,

finally, the relge@»_téIz:s?tléryo‘ﬁ@rw@imryflffa@rfaﬁlwCﬂe%éﬂ%ﬁcd@ﬂ%uaé far
as the surface of the auxiliary |ayer nmeans of ani sotropi c etching

met hod or by FHERS JPRGE sPIR LR %Fﬁﬁda ,&pir@,lng ﬁGﬁPh@IaSethﬁﬁ%dlad%%@I@%tep by
rrea][ls of anhacnt@otf@mx;tmghi?gaﬁemp@loeégt geog&&mhﬂlﬁ@y oA YRIcRERE rHﬂf al :é
as far as the_bot regiaqn of t t ed_depr.essi on, once i.n.gfie
anplifier strif§ uﬁ‘ér% T 8ipENSS eﬁ%esﬁ'f‘?ro Eléﬁsg&%aﬁ TERS sci%{bcg'% Yt ure is
obt ai ned bn tdeatetedN iand i@FE. of the changeover material, as a result of
which the required form ng voltages can be significantly reduced. 20 Wth

regard to the nmenory el ement arrangenent, the nonvolatile nmenory el ements
are arranged TRETREGTS f GhA aRBVEAdiensetSvikased |dmesher ralbie@ti wiol um

formand wor Cb:}cb\l“ﬂu@érﬁn%\}@lé@ﬂé OfBinolry VIl iflerfaS8nd TRARRGH e fi r st
el ectrode of the_ nenpr Ierrenéﬁl s 25 electrically connected di recttn% vi a
d

an ohmi ¢ j un@F YY1 di BEERPDRct B tB‘eﬁlOFé{sp@éﬁ“\%‘tV\oratquwr‘f%} in a
senmi condmotorwls:uhst redre dpsl augedpend i weemmdaa{eqmt;z@ramrorf orifitg a .
respective bléon tterned in he _surf.ac of tt}le 30

Cont conduot or RtreT s T ST Een o RaF | BAFCRTLE, (AR REAY, Mo
arrangenent, Imeeretrrmy s f based fon eduh djesitat pEe opinomnyz shenegite a

sel ection transisl,al Wi, a WULIANE 3B, Serpdng A5 Gl r olod AViglrand a bit

line serving as fi rst source/drain region in the sem conductor substrate,
in which casd"¥BePRP&GEPEe/ drain regi on of the selection transistor is
el ectri cgll_-',ly connected to a respective first electrode of the nmenory

el ement . n1237DE - 7 navel and highly integrated nonvol atjl.e nmenory
el enent ar r afgerent 73 F?k&% s & TS g@‘%’s r‘g}%g?t Etir & eX(?\#a f¥ageous
refinenents aledane ofHvehei deatneres difarnsatent zelaim 1hwithr tdegrarsubod ai ns.
The inventio n d el Si erml . i ments
W th referen(rzltel!l?g Sﬁ&é%&@glé mg@ég}’ Sﬁ.%fnler u’tﬂeqé}g Ig%al?(rac)e&sq%Aa%o li%%s%ﬂow a
sinplified sdeYimaans vPéwtélﬁd mjagynes ef fmtﬁﬂil"escbﬂll@- B atidhacteganiic

curves obpa ngivehat MEéhﬁam%ﬁ&'t@ﬁ%‘“obj’é&PC% daeﬁﬁe%ahb&h%\eia%sord@r art;
Fi gures 2A and 2B_show a sinplified sectjonal view and a sinplified famly

of U1 charact®i gF?EuEGFvé’; HALRur EHRIMRoATOITR 4T WRRBr F SEPERRMO i n
accor dance wi tle Aemdwey pslatierdt tarfaggeeenSd. to 3C show a sinplified
sectional view and sinplified famlies of Ul characteristic curves of a
nonvol atile nenory el enent in accordance with a first 25 exenplary
enbodi nent ; Figupestisudnd 4ehsoesha tdienphsei ef satt ilessdt voaw dickld

sinplified fagmdyiofelr Et?ﬂé&é‘f%erd@tét? ?EHEE%S d%fe aoPO'Elﬁ@' 1idc BBy Y
el enent in accordance wth a second exeg‘g nbodi nment; Figures 5A to

5E show si npl $9% e@MBAE £V ARG 5\/| %%\%1¢o§tFFF by zﬁﬁ n‘@h%sfi—éﬁﬁ:ﬁllcrreﬁllﬁﬂdi st eps
in the producinontd ahaeedvalr | aaferdey el erent voéDrageor daien Wdde a 35

T S
high - can be significantly reduced, as a result of
30 which these memory elements can for the first time be
linked or combined with conventional semiconductor
circuits such as e.g. CMOS circuits.

The field amplifier structure preferably constitutes a
35 projection of the electrodes which projects into the
changeover material, such as e.g. a tip, a corner or
edge, an angle preferably being £ 90 degrees. In this
way, required field peaks or field increases can be



« | N1237DE - 8 of a nonvolatile nmenory elenent in accordance with a fourth
exenpl ary enbodi nent; Figures 7A to 7D show sinplified sectional views for

5 illustrating essential nethod steps in the production of a nonvolatile
renory el ement {4y ordance with a fifth exenplary enbodi nment; Figures 8A
and 8B show a sinpli1Tied equivalent 10 circuit diagramof a menory el enent

arrangenment afd-g. 51 ARl i §1 ¢f 28188k, Vi ok BR0CH At &4, QY ile
menory el ement I n acc.ordang)gl wth a siyxt]%”lﬂgf))(enp?t%ry enb%gi tr:;ilcehnt; 1%% gures
9A and 9B showrveldiptleiReMeEi SHFReRESircuit diagram of a menory el enent
arrangenment and a sinplified sectional view of an associ ated nonvol atile

menory el enent. in agccordance with a seventh ex |.ary enbodi nent; and 20
Fi gures 10A afif 10EARAEX ST npIT3F ¥t Ehui \Pd‘l’%‘fﬁ@%li”a]ﬂéui tCURIGY R of &
rrermr?/ el lerrerttycanrdsmgeﬁmml rateld aasoaphotis edemecbhdnaﬁo\ﬁi awu@‘rliaa,asismci ated
nonvol atil e nenory, gl enent | n.accordance w t ei ghth_ex ary 25

enbodi nment . e ?n9§ﬁ PorPolssSlcPleecr?%e&sﬁel%%fﬁg%e% gitrlf'bllci%n}%gﬁ’noarﬁ%l atile
menory el emrenthereléctbhedés pfeterably ycohpnbse hatattbe daacerihls. Figure
1A, identical 30 reference synbols designating identical or corresponding

| ayers or elenents and a repeated description being, di spensed w th bel ow
In particul arWiHpwEeERTrd ttShble dMeERREi fidd BEPALRERTt Re NIRRT cke

materi al 13 nayemdry hel smskt Waynapsethavtas BUldeph¥eh ofd iGOdrimead ign, in
particul ar anmor phous Sem cogduct or terials th different ﬂoplﬁ% bei ng
taken into ac@duftX1lIaT¥o37BEST AN 0 oREAGF aryP efO30 nERE 1HHEST

accordance weledtigede, 3f5aidie depwedsion e nenofyl eddnent tISE d n faiaenr dance
with a first exeoplaty & eubadlAeL.onee Adahn MLl ses, 3 changgoy

material 2 an . i ca 'gmcon uctive "el'éctrodes present at
t he changeovethemtEied 22mpbilwerh strectrodes canelket riermedt age can be

appl i ed aBd afnet £&ET4F1Y 1 &1 b Fe CREnDEr 0BRCE @b EEhEnt her ghgngeover 10
material 2. I'n this case, the changeover material 2 once ‘again has the
special properties wherein at |least two different conductivity states

prevai | afterim thisi ngasd eprhéetelrent nikiallychengboveiveanahertiapeatsedl y

Fydr ogon- sat (S8 S0P b pifBRe € onror P4 Bord cdBShar R mute! AT g

construction deppess ombly pseduasdchangbeveegiwnenifalti®y ddreresmirghous

S s o2 IR0 BIBCEESCRL) SRRLING TAlp 0l e.30. AR

el ectrode 3 cepfrsrahlguiatableasitecefi cBrTy Fondlhet | suraceriaf, e ch

preferably haguai1®ia). 2ZBer by means of an anisotropic etching
method and the auxiliary layer being etched back
essentially as far as the bottom region of the adapted

25 depression by means of an anisotropic etching method.

In this way, sharp tips are formed at the first
electrode, which lead to the desired field increase and
thus to the reduction of the forming voltage.

30 As an alternative, however, it is also possible for the
electrically conductive material to be caused to recede
at least as far as the surface of the auxiliary layer
by means of a polishing method and for the auxiliary
layer to be etched back by a predetermined amount by

35 means of a subsequent selective etching method, as a
result of which very sharp edges or corners are again
obtained at the £first electrode, which 1lead to the
desired field amplification or field increase.



30 An exenplary list of possible materials for the first and second

el ectrodes 1 and 3 and for the changeover material 2 is specified bel ow,
other materials also being conceivable, in principle: First

el ectrodeChan ?ﬁ:ﬁ gaterial Second el ect rodeSt ai nl ess st eel p-n-i -doped
a-Si:HAu or A aln ess steel p-n-i-doped a-Si:HAu or Al or

Ni Cr Crp-n- "dﬁﬁe%éﬂ:o@ e %1gioran Pui*thQPe% ﬁna‘iklrv% I -Dedapedt 4
Si : HCr p-doped a-Si: HY | 1nl2 Al, Cr, M, Fe

W V. Ni, Co, RbeC depgeninefc mp@r(lg gpﬁq H:]aan, eb@ctrlcally conductive

Mba- Si C: HAlTelha@eﬁiaal mAYaIBY Phersvear anﬂr@:ta@ﬁh@é%f@qh Chgl Gﬁmﬂs def
gl assOxi di zabl e A%I nﬁét cat hode th up nod )I n um Ti N

oxi deConj ugat 20 p PIAl MRS aI c%geﬁ??laél a|"~1° Th% ?ﬁ%’éje%§]ejsy
occurringsn tbﬂdﬁhafngeoaeryeratmy aisuBsbquennfby foee nf examgedi eti el yswedtarafi ed

her et of or e, t as | rIy e i a ph
silicon, that 52 t ea%:haénrgeovdza% ertal tLje%lg"eg)t ri é\gﬁg §§Hgggt :Tgé ot?l&l%et al
filaments fornregiohi naft hbeadepyiessd omateard alf g heclppeleatybrabliya

predet er m nedcyphtageve iaGBANG C@c’%ﬂé&’%’aé@o&tt N8a8PPhLisC 3OOt Re

reversed voltage _and/or a reversed current. V~hat is essentl aI to the
present inven®PbhaCeheRL | sththat 28KIL8EY oH@Y(ﬁr t HeY el BERPEdePLTL 0?3 has

a:] Ie?st 1ane ?nﬁbdtﬁﬁpibf L@Eclﬁirﬁ@lCﬁﬂé’t&dﬁSf ot app! :xﬁelarﬁgA B Idal dspacengt h of
the electric fi the ¢ ver mat er.i_a ceor di

accor dance vvi’t“ﬁ aur §Er at ?Hgg?“fefst SPERT GRS %t?‘i"p A e%f%d‘rn%ﬁ as
field anplifian stmridtraniahiecbhirgdametthaed snognl ttlneeaawcaricplalrm chayen of
the electric ééEEHt%@i?V%' g 1L thee C BE'QSHV he“fa'tr?e J({i'é}?té el d

anplification gives ise to fie dpeasmt angeover
whi ch have a feRbPasienef @SS i FOPHR ¢ ﬁcmleﬁl%namﬁélféﬁm 90 TSXCE Life e ¥ oned

in the intyodeckian. efe¢aE 86! &ausedacsyrd@ﬂée é!!pé@ei;' géltffi‘uéﬁarén ide case
25 of anonvolgtlle m)ryeeme&;L SE with c{ Qﬁdarﬁj% ier structure 4
illustrated if F?b’a? AN t k& 9 rrlé:qwf{lé‘;i | t RRPEROVBRT
approxi nmat el ymateriabhl23FEEa- AdsuPP bfi swhbcht ethd O,ref;ﬁlire)ﬂanf)d)ﬁniﬂg
reduced formgg ¥gééggga1§58§fs%gnlflgﬁp]:fg;aggliec:e hu; passing into a

r

vol tage range as s aval gfin conventional CMOS
sem conductor circuits. Mdxre 5 precisely, the field anplifier structure 4

formed i pd heypenvolalile MESORLEL! ‘ﬁ\'@ﬁ\%tryenémaﬁ’éntth' areaApaRent t o g

integrated for the fiTst time wth conventional sem conduct or conponent s
whi ch oper at eRPRVALEBL L §gBeaRYe S3LMEBLEWALES \PHITENTth di Thed &7 bl JOHR| ow 5

volts. 10 Drisfdchdauekbsefokibh®itequne’d apeimfddy ddngrs £armtimg be
sinplified and_a poyer _consu tion can there be si, gnl fhéa tléar educed. In

accordance w‘f'ﬂr?—'l gurrée§C e honvottat in¥ ﬂ/ 157 & F the
changeover nmarespett2vehefioodt had extmodief | edl fme | ynekid mof eﬂaamantteristi c

curves abler Lig EPi%ﬂﬂySt%arﬁ’%PeC&‘ &9 £0as,a S ONLAT GaRkly #1 rm ng

voltage FB. In this case of ¢ arac eristic curves i accor ance
with the prioPraft diode junction to a respective word line formed in

a semiconductor substrate and a respective second
electrode for forming a respective bit 1line is
patterned in strip form at the surface of the

30 semiconductor substrate.

As an alternative, however, in a memory element
arrangement, there may be formed for each nonvolatile
memory element a selection transistor with a word line
35 serving as control layer and a bit 1line serving as
first source/drain region in the semiconductor
substrate, in which case a second source/drain region
of the selection transistor is electrically connected
to a respective first electrode of the memory element.



20 is likew se represented by KA Accordingly, with the field anplifier
structure 4 fornmed on the first electrode 1, not only is a formng voltage
reduced, but also a fam |y of characteristic curves of the changeover
material 2 orypfod nonvol atile menmory SE_25 is altered. Mre precisely,
on account of the singlesided field anplification, the famly of

characteristix choyes | sn@OMiRaned T{0fkdhht0q KBrbhybigcae@al inghaig) ! age
range, while it is extended in the positive voltage range on account of the

opposi t e si grEl RPN S TTARIRRBHc - DI LHFRWISS ehained 30§ €e¥1ihe fornming

vol t age be reduced, but also the progranm ng voltages Verase and Vwite can

be adapted taq.r ective_boundary conditions. 35_Second, exenplary

enbodi hent Fitgth die % ASGRATEBOSRYR, & S MTTITTE SEctihal TYFBR:aRd 2He
associ at el f ashdnaaferided hiar acierfwttltexwwieslaims. - | n1237DE - 12
accordance wth a second exenpl ary enbodi nent, identical reference synbols
designating identical or corresponding elenents or |layers and a repeated
descri pti on B&iérginvepehsad 1w t&wm@d 5inn megeorderreel woehori gwiadA now
not only is thed® ity Rertfodaidmds afidherdf&sdn&l el rogle drabitigal so a
corresponding tip 4B opposite the tip 4Ais forned as field arrp?lfler
structure at the second electrode 3, as 10 a result of which a field
anplificadi ommrarthdef ppmessai ed in both directions, i.e. positive and
negative voltage. A reduction of the form ng voltage is once again produced
by virtue of this field anplifier structure 4A and 4B in the nonvolatile
menory el emerfiohBre3E, 12 wonl essi emoef thesimpdifiedofsedmi@tdier ivsitawe
curves Tr0m Kind O St 1IOM &4 SPaliPl 10s P62 0YCRd ch LRE ROSEE LY 21QlAgs T ange
in accordance Wt Igure 4B. Accordingly, it Is possible to reduce not
only the progt affiVeleSLl&geBeNNEYt e kIRenk | igaBForeaneRarnidt Hy Xdever
the condusti #ijostate; from OFF to ON, but al so the progranm ng vol tages
Verase for erasing the nonvolatile nenory el enent SE or fbr changi ng over
fromthe ON conductivity state to the OFF conductivity state. In addition
to the signi fEigantéy IxdmddBE or misigpw25av os tragel FHed ors g taidera g wilesy
nonvolatiler@{[gr i kN hapgeover ial _2.ar vol atd | e
menory el ement Eé/ %%n%%%g{%?i g%%%ﬁ ﬁg ﬁar%i Icgllgg%%(%ﬁ%rl (Elc’(%:tl gr icght(}?’(?%cﬁorfves
and, in partiduf@erther reenvelahlibe mABOrEqelerEnNtr ine agedrdlease wilthages
are obtabped 3 yridsF taye. of the field anplifier structure. In this way, it
is possible, therefore, to realize totally novel nonvolatile nenories with
significantly reduced operating voltages and a greatly inproved current or
power consuniigureSSBA tacxordangtion th tHembltsiea@nd secsitth EXTRWAr Y
enbodi nent s, I p. . fo t.-the first. electrode_1 and/or _the second
el ectrode 3 aagl#i eﬁﬁ%ﬁ?ﬁgﬁéﬁﬁgtﬂtea— \f/gl\&/lgf’l?%ieﬁlf’%écsg#éw\ﬁgy,oefgt her
proj ections a-nepveB¥pHEe mgmory ehementcinodesordandel3wdybh aasig st
corners of edgesnidAphmuuahed Pe used as field anplifier structures
provi ded that they project into the changeover material 2 and at |east
locally anplify a field strength of the

Figures 4A and 4B show a simplified sectional view

and a simplified family of U-I characteristic curves of

a nonvolatile memory element in accordance with a
30 second exemplary embodiment;

Figures 5A to 5E show simplified sectional views for
illustrating essential method steps in the production
of a nonvolatile memory element in accordance with a

35 third exemplary embodiment;

Figures 6A to 6C show simplified sectional views for
illustrating essential method steps in the production



2 electric field E therein. An angle of the tips, corners or edges in the
el ectrodes 1 and 3 preferably has an acute angle, i.e. an angle < 90
degrees, as a result of which local field peaks can be realized in a
particularly fhf’é’ﬁ’? ganner. However, thegnethods 10 described below, in
particular, arée appropriate for part| cularly sinple and cost-effective
realization. Jhirgd e t ur; h inplified
sectional vi evvg forﬁéﬁ?ﬁg?{ri%%léng esi%tlea?mﬁ%tgho stepép?%%%ewgrtgldg%tl on
of a nonvol at fPerFBnB¥§RI8FENENPAIABEBFHance with a third exenplary

enbodi nent, identical reference synbols desi gnatl ng identical or

correspondl ng_el ement or 2 Iaye and a re d description bei

di spensed wi tht %%FG% #nt8c Brdan M R Jee KeFridgy %G%XEC%{ ary
layer | i$ foiflkdsonatingr ldsventrtar i métHodnd t2pa5 ﬂxepltesaprbdbd:elcm oduced
in said |layer at er abl d I

sem conductorCJg\lj\gistrrlbivg{éE ié‘ “y\ﬁﬁn%s'c& %‘fexﬁ&ﬁ{ ﬁegégﬁgrgan%?lvé%rheg?ons
have al ready Beéphf exﬁmnlbyynemhgdomestrr met hods (Shal l ow Trench | sol ation)
and 30 doping wells and/or corrpl ete or partly finished sem conduct or
conponents al ready exi st. course other carrier materials such as SO or
silicon oxidef 1§PF?€oﬁAoﬂn§a§Ehl reShH ¢ . 2can SH®d ifd Sfsed $EERE RN to
the]c preLﬁ.rcr edﬁsrdlzuf;@n_dielr@re@nctmtar m%:ﬂhﬁ:tyraéiﬁeméﬁt; Aartbﬁgeméhtl and layer |,
preferably a die | ayer. or .insul ator lLayer | ver

Phol o area on® HRELE PlerehitoPel Viahoh, 68! @araict ahe doprFesH b

| n1237DE - 1l4meiorputelidmerst aliso possrBerceo wisth alat eshathveexatelaays and
even electric gdﬁﬁgggctl ve materials. During the formation of the
depression V, constitutes for exanple a trench or a hole in the
auxiliary layer 1, by way of exanple, a resist layer (not illustrated) is
fornmed and supsgquest by Rajt ggned é}YoWreané of sqg@\i%&tﬂe@a' equivalent

photollthogra hi ¢ et hq Aft war d, at art of the auxiliary |ayer
| is 10 renov Hrﬁ‘é?'ﬁg%r‘ﬁé’rﬁﬁ‘tt n@d“?eé‘éﬁré’t a]a% n% nBFTRPPERERSt &9 #n

whi ch case, |gsimptbdfiladceewitilonailgurievwAoft A alpdddiated a:ymvélaelle
conpletely re a S e r r.al n onse

deep trench oﬁgéggee%leﬁ{en% S}'Jf;rggggé glsg?tﬁ'glé&jepressgv%r?t\?? %gﬁ f%/y, t he
resist |ayer eebo@meed addda cleaning step (post cleaning) is possibly
carried g in order to rempve contaninants that have been possibly

produced. Preferably, the depression is forned by carryl ng out anl sotropic
et chi ng such B398r§5 30202RdatPBveShih eteh (RAEPLIfded r estiALIQMmE ch

essential ly peipendtcdiagrea |c$f Of &r@cﬁ@pr@ﬁ@héﬁt Va@f:engahéhee%nd Na
accordance wth Fg?gre 5B, in iubs uen{; step, 21:5 dde ressjon, Vi
filled with a°tiP ngclsFCEélolns? e H‘ataeﬁﬁoé:llaf o1 f ?W%Jgatél]f?rst

el ectrode 1, memohycleleasmt bynm;zcoﬁ:denaﬁplve],tra ahemlmnltTﬁe@o@nplm met hod
(CVD, Cheyg calNaRPhefeposition) of a netal such as e.g, tungsten is
carried out on the surtace of the 30 auxiliary layer | in such a way that,
in the region of the depression V, an adapted depression Wis then produced

in the depositrd Matwsn@dord. iAS aegcahbeadyb@m RSGd bgd ahRyeirasathe 35

electrically conduitlv? mat eri al f#r thgflrst el ectrode a material may
al so be sel ecE®YVProhttfie eBRBE (9bI N5 BRSESr Pn BOHEEBt her
way. element in accordance with Figure 1A, identical

30 reference symbols designating identical or

corresponding layers or elements and a repeated
description being dispensed with below. In particular,
however, it should be pointed out that the changeover
material 2 may in the same way also have a multilayer

35 construction, in particular amorphous semiconductor
materials with different doping being taken into
account.



= In1237DE - 15 |In accordance with Figure 5C, in a subsequent nethod step,
the electrically conductive material 1 is caused to recede at |east as far
as the surface of the auxiliary layer | conformally, i.e. to the sane
extent 5 withypgsReef to the starting surdace, an anisotropic etching

met hod, in particular, being carried out as etching-back step and the
structure il ggtiat @etahp 1B UGG ldeng resulting for the first el ectrode
1. Accordingly, the adapted depression W is taken over 10 unchanged or
transforned into the depression V. In accordance with Figure 5D, the

auxiliary |ayeh latSotdenceandet tpigecedss,n sHeh o) dtiate t hembips 4A
are produced as field g%pvjl ifier strufclture in .ﬁ:tk])'e fi rs%. 15 el ectroge 1 and
proj ect suffi ErENERY above 1he BGKPFPARGSI aydrt . arhetLEsF 1 i SEF™PAGEY i s
p;efﬁrabgySetembddﬁmeh;eanauiagdhnenwmpnisgseaIemmmge@véhe?hoéfmalrEQLonh
of the adapte ep Si re n _op r ion,of the
tips or corne(raggorEgggegf%#f%é?g% céa(?éé%?ﬂz}fgr eeglc%%&g% sqpp%%léiss%f
causi ng the a@¥eseaty |afyerthet o dhanagovier priedeenbdy oRce armi nwhihch

ani sotropi ¢ ekghicRgoback £ierisekecti WRdycahd hchaspact abpithe merbgl of
the first electrode 1. itnally, in accordance with Figure 5E, a

25 F
changeover mafefCAFis i S1f6fndd BATt HRE f OPELTEEEE: r Hle ton FRANEEOVREI d
anplifierl®trmateréadA 2ormed theseidase N whiechelkasgedtier matydalas op

mul tilayer str ures .us | n_ihe v ntioned.tabl e can once again be
used as 30 naf)é%%ala?.salxl Erg%%sf' ?oﬁggglﬁg'é?g&gﬁ-rgéteﬁr é’f%%%%r%ﬁoggai‘gl i con
or of a corre$pondidid frerlent ayemduwtgreifter atdtates ripdecatli nafhes case. In
order to compkgifibe nepu) atlhecfBORrY FRMPN! cHangkd/dinal knd sggond

el ectrically conductive electrode 3 1s forned the surface o .
changeover maf&Prafredlvt i fpgtad s Hheprbicahiemeohbpyefenervhagdt abl e
once agairs bepprggauaniabl €olitagRel. nci pl e. Dependi ng on a respective
application, a planarization and/or - 1n1237DE - 16 patterning of the
second el ectrically conductive el ectrode 3 nay subsequently be carried out.
By way of exaHpdepgehesstoratded emorpieus issifimoredbya Scdepaspobhaingf a
nmet al - cont ai nj . Fo | ary odi .gures 6 0 6C show
sinplified se@pggag%9éfem%%%@f%ﬁ§@gn i aleirgjnet f%%é]é?{%kgﬂf nlt'ﬁé\e%r od%ﬁti on
of a nonvol at Fhangesyey ematemiailn dccokbencamarphousf oatihcerenpeang
embodi merto i geBbhedl reSLT RBGMOANTOBYS GHIONBLE Nghé ALY $401 & €GRBYS

e
identical to those in Figures 1 to 4 and a repeated description béing 15
di spensed wi t F1EERGRICTHESHPE St FHF HRATMATF ot die | Fl B2 0P HARBECYR
Fi gures 5A andnBB afhd hesébbnd examdtaiodeenbddi Gepprage once ggataptarried
out in accord L, his fourth 20 exenplary enbodi nent. faqr. whjch
reason ref ere%gggit\gltggéﬁgssﬁofldr:%atel‘feo T%tégg%)?; és&%?%&g‘né’ra%fs%ﬁa%lﬁ ohaﬁt this
point. In accérwahed.-with Figure 6A, in the present fourth 25 exenplary
enbodi ments after the depression V has been filled with a first
electrically conductive material for formng a first_electrode 1 (see
Figure 5B), fPPstSXFRIA%hat1sht Pén RRSHRLS sMRERFi@4S odPLi Ehy dEETEE cause

the el ectricabhy conbicd | ¥eefBte8E8! 11 484 3 and for the changeover
material 2 1is specified below, other materials also

being conceivable, in principle:

30
First electrode Changeover material | Second electrode
Stainless steel p-n-i-doped a-Si:H Au or Al
Stainless steel p-n-i-doped a-Si:H Au or Al or NiCr
Cr p-n-i-doped a-Si:H Al or Cr
or

n-p-i-doped a-Si:H
or

p-i-n-doped Si:H

Cr p-doped a-Si:H v
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bei ng 25 di spgased W th bel ow Icﬁagggg)éﬂ@écgl%‘ph Fugese 7A, after
preparatory STeEps as are ifrusirated exanpre i n Figures S5A and 5B or

6A, firstly a predeterm ned anount (d2) of the 30 electrically conductive
materi al 1 of Thke ;fﬂcrcsés@sacbboderiiagr eimvetiel nchdggeepees siaveriall n2t hi s
case, use is efera I e, of nventi %g% t od hlng
back the el ec %Ycappg &6n éfﬁll téi %} ﬁ?éggar dﬂgég ?%Q%QS e 7B,
a thin conforitl élsectassaned, codeCLcuéaréyerWh@nsubsﬂqukntaWOtth@d in
such a way t he&meoﬁdap&?& depr gsd OEtha{;éH%PS rdartetﬂ%lr eaiéetpicabfy

depression V. The layer fornmed confornal the sanme thj ckhess

with respect COnfHESIYRECF F@taﬁoﬂﬂ%ﬁm%ﬂQ§wﬁﬂﬁ?sﬂﬂ?@&ﬁat@% PREFREGHT y

conposed of tRheteamglmtu@onal meth@pﬁuéat@bﬂct oifcald y g@@d@@émme@t erial
1, but other eligtrical [ onducté mat e n?% al so .h %pplled and a
mul tilayer stYBCFaPE: ¢ i STV euPP? 5l@9§%ﬁﬁ? H9R Fof dance
wi th Figure 7€eveheedl eollthgal hpd¢ondactreverkagecutraemed confornmally or the
under | yi el ectrically conductive |layer is subsequently caused to 10
recede or etched back at |east _as far as the surface of the auxiliary |ayer
| by neans of WaAtanissoeFepREiatcHingthet muesent alresnrionf whisth the tips

4A are obtai ngdatCahveehis@nahes RACHhdRIIQAS R Pr eferabhys carriggdseut in

Fi gur 7B and 7 rder formth
gures a d Cflel%(g%pff%lé} sér&%ture 4 for amplifying a field
strength of the electric

field E in the changeover

15 material 2. Accordingly, in accordance with Figure 34,
at the first electrode 1 a tip 4 is formed as field
to

amplification of the electric field E prevailing in the

amplifier structure, which leads a significant

changeover material 2. This field amplification gives
20 rise to field peaks in the changeover material 2 which
have a favorable effect in particular on the forming

step mentioned in the introduction.

in the case
field
the

usually required forming voltage Fp, of approximately -

Accordingly, in accordance with Figure 3B,

25 o0f a nonvolatile memory element SE with the

amplifier structure 4 illustrated in Figure 3A,



15 tips 4Ain the first electrode 1. The nmethod sequence described in
Fi gures 6B and 6C once again takes place in accordance with Figure 7D, in
whi ch case, by way of exanple, the auxiliary layer | is 20 etched back
essentially agpharsag the bottomregi on 9f the adapted depression W by
means of an anisotropic etching nethod and the changeover material |ayer 2

and the secongpekectsodmBrod® psequent b¥ah18ed 5 | B oh 08N t @odMPhE
repetition, ref %rence IS once a%al n_nede 25 to the respective descriptions

of the previ od81ERERPIEr yOBNdVment X afXBHPL Spoi HIUS | RAFFRBIWAPtS a
nonvol ati |l e meBltugel eneahgSE wdd h fiisel dataplabler storict wxesmpaan benmade

using very sinple 30.producti teps, as a.result of mhich so-called

"form ng vo|t§§8¥39%ﬁ§nsgrtiéﬁﬁ%?, cSﬁmﬁgoggﬁﬁ?PFcamﬁ%f?%ih&ed. #95?ca
menory el emenpracisedenentlse wiietl dcaampei f bermed B3hauude t e fahonesd déacri bed
nonvol atil e r ‘Q§E§¢ o] real i i 0 nqnv.ql at. ry are
present ed bynﬁg% %Fﬁéxanp %l e g%pﬁy Inf%%%ﬁ% 9?§Elg§jx Jg%xéh%ﬁgggﬂg
enmbodi ment Fi §@r £BAIBREUEaEEE| FoI il Egusbaltdime ovitdui convegtaamal a

nenory el enenkedhtandeeRbl UsbRBoAeABEVOLRIthe HdEid Y i@l eBeNY ol Rage
accordance with a S|§iq@§fenplsré nbodlgﬁpt as_ is_ illustrated in_a
sinplified seCBPGRalCl/iRe-IW EPgliPetsB. aPf REEFFARIY WRHOE guvelss: in
the carrik¥s nerévealcikruitavfeh bhe @egeitiredndusdret itel evobBtagéor cananpl e,
word |ines W f £ y i.ng, regqi . Whi ch a insul at ed
or isolated fr g{rﬁgork\% ;g?\%?%%rf]bé;@nngéﬁsgoip%g%gl ﬁ:oov{/l%{lrmggr]%'norll soTat F%ﬁrgﬁ’. The
further menorpeeségpaficonstvueeidosedor responds to that of the 15 nenory

el enent in accordance with the third exenplary enbodi nent, the nmaterial of
the first electrode 1 being chosen in such a way that it forns a diode
junction or aIBcHRTERGASRIe WHth Fheur®r 34 i nehey nenuHatdd ngemegyon. 20

Fi gure 8AshowscachRMEY 6FcRBBl cHIrRRERENtndeyd 1] a2 MEHdHJFCi ks Of
nonvol atil e ne r.é.el enent s, SE_and assé)ci ated diodes DI arranged in matrix

form which cEIRIBEI&dr via Bft FIHACHLISHS CHEYeS, 5 dtPf 25
colum form afidrmind | snep, W¥hidh?2, newc. hasr aagedignifbopaholyn Lbweti r st

el ectrode 1 bej .electrl cgnnected \i r ctiye digqde .junckion or
a di ode DI to%ggglégl ect_\i;dvl(e?@évé)%d Ff ne #gr ne\eéé'lsﬁ tﬁéegg’em' \éoniuagﬁglrﬁ suérgt rate
T and a respefbp¥acsezardicl caxivitfe B barAgréanpat wathedtien mrier &stform a

respectivep bi gl i DEkBhidd &Ierﬂr{ésfé?ft_@datbﬂ/h%ﬁur]ﬁé‘@@r@{n?ﬂ? ayxidy atpel ayer
. A nmenory elferrﬁ t arrangenent havi ne\pan extraordi nari hi gh integration
density whi chté¢& beaﬁFg‘d%S&fwi?W‘F% ¥or nfng LPsMeSge Pt s Wi ai H285Fn this
way. 35 Seveneheexespearly emodinigntisiguferiihehesbtagsi mpdutéed but
ﬁgﬁbgﬁgf?feC'gﬁgbt %Lag%%%HRE'a anD%%d%égygyis H%anggg?gésus%ﬂg athe
changeover material 2 or of the nonvolatile memory SE
25 1is altered. More precisely, on account of the single-
sided field amplification, the family of characteristic
curves 1is compressed from K, to Kz in the negative
voltage range, while it 1is extended in the positive

voltage range on account of the opposite sign.

30
The consequence of this 1s that not only can the
forming voltage be reduced, but also the programming
voltages Verase and Vyrite Can be adapted to respective
boundary conditions.

35

Second exemplary embodiment

Figures 4A and 4B show a simplified sectional view and
an associated family of U-I characteristic curves in



.Ln1237DE - 20 nenory elenment in accordance with a seventh exenpl ary

enbodi nent as is illustrated in a sinplified sectional viewin Figure 9B,

i dentical reference synbols designating elenents identical or correspondi ng
yo 5 t hose iﬂIﬁiQ?fﬁE8 and a repeated deggription being dispensed with. In
accordance wth Figure 9B, a respective nonvol atile nenory el enent

conprises a figsbr8hRebr 0dgidn Which dscdfgnovedmeidival | ymsopnipeied via
an ohmc junctlon or a nonreactlive resi stor dl[eCt Y to a respectlve

el ectrical |y tORREEERYe XRIFFRFR WYTIRHE aCrsippating sedenbiepéct?Hde 3,
whi ch i s oncecggaesppaiiiggnedlicheditder &9 f Qamdride bidgl i ge Btepdasédip

f t the 1 f f.th N I .- Ei ghth I
eﬁ%gh?nenteFi ﬁ$§£i§§§8ﬁ09§l§gg ﬁ%?%%%ég &égﬁvgﬁéﬂ%gcircﬁ??ngoagyagraWIfor

illustratisng a nmenory el enent arrangenment using a nonvolatile nenory

el ement in acegr danceqity af i OB R, P CHR) At LTRA0 BR0L a8 Tihdd ustr at ed
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nonvolatile memory element SE or for changing over from
the ON conductivity state to the OFF conductivity
state. In addition to the significantly reduced forming

25 voltage Fg for producing the nonvolatile memory behavior
in the changeover material 2 or nonvolatile memory
element SE, an adaptation of the family of
characteristic curves and, in particular, a reduction
of the required write and erase voltages are obtained

30 by virtue of the field amplifier structure. In this
way, 1t 1is possible, therefore, to realize totally
novel nonvolatile memories with significantly reduced
operating voltages and a greatly improved current or
power consumption.

35
In accordance with the first and second exemplary
embodiments, a tip was formed at the first electrode 1
and/or the second electrode 3 as field amplifier
structure. However, in the same way, other projections



- 1nl1237DE - 22 Patent clainms 1. A nonvolatile nenory el ement having a
changeover material (2) and two electrically conductive 5 electrodes (1, 3)
present at the changeover material (2) and serving for the application of a
vol t age and 9?8?53“75%” of an electric fi f?d_(E) in the changeover nmateri al
(2), after a formng step at |least two different conductivity states (ON,

10 OFF) prevapki Rgel 1@ yoRRRIQOVEIg MAtSKIdR 5 ]?ébg( bel yegdr whi£hoghangeover

can be repeatedly effected by the application_o edet er m ned progranmmi ng
VO tageS ( VIPrTed- ogat a3ks§ Dbecrmgadtafi £4€10n ammil ey efE¥uUSRBIBF t he

15 Ie! ]gzc:_t rodespgrélvia)etdh@haﬁ] th‘%@tshpﬁﬁ{%cfﬂ;[ (E:'L!rotc?_rm:l% f%ﬁénéééfﬁf Uﬁlﬁtéﬂiaior
anplifying a field str 0 el ectri, ie i n the chapgepver
material (2) ¢ 2§ .atTﬁg‘%ﬁ) vi)‘l)%‘—f‘ﬁ% ﬁ@ﬁﬁ)?‘%yelaerférﬁl@ass%q%ﬁ% ‘?ﬁ Eg?ent
claiml, chareteetriedfiielth& tHexrdirel dmmplglie esf stheictime, coostetst es a

projection of _th trod ( ! rojects | h oyer
material (2). O%S@%eiﬁo%\%o zlﬁll??eetf[n@n%r]yge%éﬁfen? ggteg %?%%% ?f%’g%a%{lgnt
clai m 2, characuéfi 2adlien tth&. e ghdject iTh d|grRges Utas & Tepuleopher or

edg_e of _the ebvﬁ%h()d%cﬁall 3¥ie3Q 4-pérah€s _”%MH' atid e pRADE Y8l engnt as
clainmed in patent claim3, characterized in that an angle_of the tla,§
as

corner or edgR3F&§1€ulgglyeqrediRl8s BANTRE -nonOYEYEF e néfsry BEERR
cl ai med 10 on@egtrpabantbelown® int @kticdhidiact erirgedappropetatee for

changeover material (2)-has.a hydrogen-saturated.anor phous _sem conduct or
mreri ol RESssEet Ak e L R e e R e i e i
one of patent clains 1 to 5, characterized in that the changeover materi al

(2) 5 has a n@h&'kga_ggémggg% r%%%ﬁ@m(eﬁ%z 2B, 2C). 7. The nonvol atile nmenory

el enent as clainmed in one of patent clains 1 to 5, characterized in that
the electrodes (1, 3) have a 10 netal. 8. A nmethod for producing a

nonvol atil® nmeAghyeel S@Ntohass ngnbhte Field10v i sEeBsioAal PraRAlAt Egp of a
carrier materl.zilhi Té; 15 b) formation of aa aUXI|Ia[X | ayer glgi; c%
formation of 4 UPFEELTEN (HETH 1T BEKPPRarS I ol IS dBTPRRFFAGR0f t he
depressi on (Vpfwida hnantbilatitdkeeaienaayt | glenaductiveagabedaatef aritorai ng a
20 first eIeCEhggg %gghplary embodiment, identical reference symbols
designating identical or corresponding elements or
20 layers and a repeated description being dispensed with

below.

In accordance with Figure 5A, firstly an auxiliary
layer I is formed on a carrier material T and a

25 depression V is produced in said layer. What is
preferably used as carrier material T is a
semiconductor substrate (Si) in which, by way of
example, active regions have already been formed by
means of STI methods (Shallow Trench Isolation) and

30 doping wells and/or complete or ©partly finished
semiconductor components already exist. Of course,
other carrier materials such as SOI or silicon oxide,
silicon on sapphire, etc. can also be used in addition
to the preferred silicon semiconductor substrate.

35
As the auxiliary layer I, preferably a dielectric layer
or insulator layer is deposited over the whole area on

the carrier material T and provided with the depression



e) formation of at |east one field anplifier structure (4A) at the first

el ectrode (1); f) formation of a changeover material (2) on the first

el ectrode (1) with the field anplifier 25 structure (4A), after a form ng
step at Ieastﬂm-ﬂ_i) ferent conductivity,gtates (ON, OFF) prevailing in the
changeover nateria 2), between which c]hangeover can be repeatedly

effected by t{e gppl 1€ai50R18b PLREEHEEMREG s QINAHATVN G M L21Res (
V4, rite ~ Verase ) ~ arjid g),formation_of a second electrically conductive

el ectrode (3)2Rfh ¢YRM chbRgebyerl hat 6PRArCEDYe BAteRE2 kBt hod as claimed in
patent claim8, 35 characterized in that, in step a), a sem conduct or

substrate is prepared_as carrier .material (I). 10. The.neth as.claimed in
patent cl ai m@u]{) g, che I %fﬁ?ﬁéop thachglf’%\ct é‘FPESESi‘*ﬁnt ha?{s, ivfpjsﬁép a),
a word |iBe (Mnststlivesredim tehampder i er naerchaloX Th | hoflke fegite of the
depression ( r i.ne { Wy hayjng régtta&j i L 'ifag?e n
ohmc or dio emé{?ﬁarl]c igﬁv(egl )fvm %JK t épn%?erl a 3?%%% ?:%rssltg%el e r%de
(1). 11. The Mm@hodlaysEratedd iis pheEred crAimsgbsementiar RAEFRA | n

that, in steppyR) méars®! ast | Workfed ¢ 2% Bt BFhd D1 FHYEFUDISRYT GRdHadd,
regions (S/D)_1s forngd in the carrier materjal (T), .the source/drajn
regions (S/ D)ATHEEERFcads (kA% REFE K Fb‘ﬁeaé"B)Ll)h%é’ a-#¥PHi fall¥ egi on

for the flior streheeédodardinig 15hk?. Pheterhledd aseslistnedlayepne qiotpat ent

claims 8 to 11,.characterized in.that, in step n_insul.ator_layer (1)
is deposited %vle?sgﬂ%t%ﬁg)i Q.lﬁr (‘a"gllcc):rrl1 t%aesezo %:lgr ??é?rﬁﬁﬁg?i éﬁl% )F.l < The
met hod as cl abkedthe euxidfiagat d@tver ol nbs scowpletedaranoredzed ifex hat,

in step c), Zasadifsi shrka¥er dacdordedranghpat tedaicieash raddp of the
auxiliary | ayer (I% is renpved using the patterned resist l'ayer; the resist

layer is renYERFCRNATaqcI96SR MPLR ef i BT edrFPedaBuit-Re3sieRE eSO ME hod as
claimed 5 pagemélTypi vhe3, rebasactriyerediisn f&advedn ssi®pac)clédhing
ani sotropi c et chi nq LS. carrl ed, 0L5t for_the %rl | east .paétl aI: rrenoval of the
auxiliary 35 ?E&%r pst cleaning) 1s possibly carried out in order
' to remove contaminants that have been possibly
produced. Preferably, the depression 1is formed by
carrying out anisotropic etching such as e.g. a
20 reactive ion etch (RIE), as a result of which
essentially perpendicular walls of the depression V are

obtained.

In accordance with Figure 5B, 1in a subsequent step, the

25 depression V is filled with a first electrically
conductive material for forming a first electrode 1, in
which case, by way of example, a chemical deposition
method (CVD, Chemical Vapor Deposition) of a metal such
as e.g. tungsten is carried out on the surface of the

30 auxiliary layer I in such a way that, in the region of
the depression V, an adapted depression VV 1is then
produced in the deposited material 1.

As has already been described above, as the
35 electrically conductive material for the first
electrode 1, a material may also be selected from the

abovementioned table or be formed in some other way.



15. The nethod as clained in one of patent clains 8 to 14, characterized in

t hat, In1237DE - 25 in step c), atrench or a hole is fornmed as
depression (V). 16. The method as cIained in one of patent clains 8 to 5
15, charact ergE %13 fgthat, in step d),_ electrically conductive materi al
(1) is deposi I n such a way that an a apt ed depression (W is produced

0 the Lol onrl ot rifirdeprpes ORicMe e, The ! BadeanuEhdl Hskin patent
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conducti ve ne$eeRal the) elecsrirad Lyatondiforml ngtariabadt 18 Gaised the
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nmet hod; and el2). 1t he au iliar aye éﬁ# I's etched bacﬁ 20 essentlally as
far as the boft +%’@Yo ayrrt e%fé%éﬁ Mepr e5sF ontPWFEy SATG S5
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C e B L0 e fun S PHAGSL! 28 1 BabDBLuILP SUARE . 83H: dhCogLecdd i cal |y

conductive matéeria cCaused To rec e at S e surface
of 30 the aux¢t¢bxwg+b§@k ($%epy ampAnsthg eﬁ?ﬁ%ﬁﬁﬂ#@aiik#ﬂ$ﬁﬁ¢ﬁﬁﬂ a e2?2)

the auxiliaryp{ gyt 9 tauSt e, b¥ o3 pegdetmridned)appuple(dl) by
neans of a sel ective etchln net hod. 19. The nmethod as claimed in one of

patent cl ai neABCPEAIBIL ¥ harth& effi3RECHN G9PRESTIPTRt ¥Y &S Cakpm % - 26

10 unchanged or transformed into the depression V.

In accordance with Figure 5D, the auxiliary layer I is
then caused to recede in such a way that the tips 4A
are produced as field amplifier structure in the first

15 electrode 1 and project sufficiently above the
auxiliary layer I. The auxiliary layer 1is preferably
etched back essentially as far as a level of the bottom
region of the adapted depression VV, which results in
an optimized formation of the tips or corners or edges

20 (in the case of a trench). This process of causing the
auxiliary layer I to recede is preferably once again an
anisotropic etching-back step selectively with respect
to the material of the first electrode 1.

25 Finally, in accordance with Figure 5E, a changeover
material 2 is formed on the first electrode 1 with its
field amplifier structure 4A formed therein, in which
case the materials or multilayer structures used in the
abovementioned table <can once again be used as

30 materials. A deposition of hydrogen-saturated amorphous
silicon or of a corresponding multilayer is preferably
carried out in this case.

In order to complete the nonvolatile memory element SE,
35 finally a second electrically conductive electrode 3 is
formed at the surface of the changeover material 2, the
materials presented in the abovementioned table once
again being available, in principle. Depending on a
respective application, a planarization and/or



e31) at |east a predetermned anmount (d2) of the electrically conductive
material (1) is renoved in the depression (V) by neans of an etching

nmet hod; e32) a formation of a thin conformal electrically 5 conductive
Layer is carrjgd-piipin such a way that adapted depression (W) renains
in the region of the depression (V); e33) the electrically conductive |ayer

(1) is etched, Aind €28k asth@r ascbhe suﬁé@@r%%%fg?t 1Q adddidfy | ayer

(1) by means “of an anisotropic etching nmethod;, and e he auxiliary | ayer
(1) is etchePIRRICE chtfay | SuRsequenBLY thR GRTEIRA r&4t on of the adapted
depression (VW) by neans of an anisotropic 15 etching nethod. 20. The

met hod as clainmed in gne of patent clains to 19, hagacterized in that,
20 in step f)BY V&Y ngf e SFARufri HE RRF rﬁ%ﬁ?ﬁ%ﬁé&L amdr pr&Ied by

sem condust orddpyeiticn deposineth Dicdiaininsgd rdwetrode (1) with the field
anplifier structure (4; 4A, 4B). 25 21. The nethod as clained in one of
patent clainms 8 to 20, characterized in that, in step g), a C, Au, Al, Cu,
Ni Cr, Ag, N ,Fouxtly exmplery \Rpoddmenityer is deposited as second 30

el ectrode (3). 22. A menory el enment arrangenent having a multiplicity of

nonvol atile nmenory el enments as clained jn one of patent clains 1 to 7 which
are arranged §¥EEEHatA xtPodh afBoVars Y bddred sSECHIR Gt YiREE (3
arrangedipn csdsemcifor m aedhedrd staes (W) athangedddudwdwr or8f  a

o o £t [ P BEREEY LS chph3) LR (5e8 BIAREMY o
line (W) foremeshplany semmbomdneanar, subdenatiealT) , raferencespeptribod ssecond
el ectrode (3 ] [ [ i t s stri

S Formar {nESTIERTIaRYERTR | M epiched TRabllcad RE) EROE] 1P
arrangenent HEAGWES nbl tEQli i t fn8f AonvepgRitied melesoy i@tdmint PENE| ai med

in one ofispat@dp&hSddBwilch Obd1dl ch are arranged in 10 matrix form and can
be addressed via bit lines (BL) arranged in colum formand word |ines (W)

arranged in row form characterized in that a respective first el ectrode
(1) is el ectrrital pyesansestedmegthRodnsebpkC ihb ajcetidanret ovixlhr asiprntas/e wor d

line (W) forgpd i3 apefECuci Ol URSLIANE(Demiiment are once
again carried out in accordance with this fourth
20 exemplary embodiment, for which reason reference is
expressly made to the corresponding description at this

point.

In accordance with Figure 6A, in the present fourth

25 exemplary embodiment, after the depression V has been
filled with a first electrically conductive material
for forming a first electrode 1 (see Figure 5B),
firstly a planarization method is carried out in order
to cause the electrically conductive material 1 to

30 recede at least as far as the surface of the auxiliary
layer I. Chemical mechanical polishing (CMP) of the
tungsten layer 1 is preferably carried out, as a result
of which the sectional view illustrated in Figure 6A is
obtained.

35
In accordance with Figure 6B, the auxiliary layer I is
subsequently caused to recede by a predetermined amount
dl, a selective etching-back step, for example, being
effected in order to uncover the first electrode 1 and



a respective second electrode (3) for formng the respective bit line (BL)
is patterned in strip format the surface of the auxiliary layer (1). 20
24. A nenory el enent arrangenent having a nmultiplicity of nonvolatile
nenory el enenfglzaﬁlﬁéai med in one of patppt_clainms 1 to 7 which are
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in colum formandewged | igres E¥Enedr r angediinn roy f erey gchargoteriged in
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with a word |$HEU¢S#eserving as control | ayer and a bit 30 line (BL)
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T d / S/ D) .aof the.select t t AT
bel ho el octri FAI G CEHMRE ol L0 RiPRFEL SBr cBtr o (0F) ‘GF Ahe I Ll ehent

(SE) and 35 eemlespecenve secoad @i r e ¢IBnd=over atmatewiabn Dotienti al .

iy AR AN A BB BNt BAR Ao end BukD AR 1806807 A A A7

A’7 AR. AFr
#&hyt CLNh} xsnf#r gy calearrafieal capda) dapedjlya] ddjec sjasdrsh] el et keg il ca] cal
ca] ca] ca] caj C@&ﬁd@&@ﬁéah‘ié]:%%b@@] cg] £&] ¢akrmed thereon, as a result

"X$N& &p&*C, - - 4 5@ C6+7789(0
h=} xsni 8 7] ca‘]’(%:a] ] c"a] E‘ﬁ’}"é’é’ﬁ@é—]léz?] cRPRRF¥a] %a?’BﬁTEa] %Ja‘]]Ea]E%ﬂ‘c%ﬁ%a] ca] c
g]Tca] mgi@ahmd; cajy6ntagesal ¢8! hskeain2a?E? @R, BRI

A sni

calca] calca a] ca a] ] ca] calc a] ca] ca
] ca] ca] ca] ca] ]‘E’a%%a] E] 2§ cd ca} | c’é’}%c‘i’% A%ﬁ%& ngacsCf %%. 2# o

| A kslzoooC}fISQtl\glectrode 1 in this case. With regard to the

vivEW (1) xspi gl ealsl eals ]ga]ﬁal etpekeokeatealaalaaealealcalig) cal ca

] ca] ca] ca] ca]ca caj ca caljcalcal||}>zl ~gt4 xsnid_Z] calJca]ca]c
a] ca] ca] ca] cafed] §8F@§]ic§]1@a?]téf ] a]’é%t]%%?%%? cafcé]"é’a]eéé]lé’a edita] calc
aJ ca] ca] a&] cathe third exemplary embodiment at this point.

Q-twL| | F} xsn} xsni d_Z] ca] caI])ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ~R@~\=s, 10% h& ()-! "~
110%h& () -! ‘Fiﬂﬂl%lda:&ér(\plafﬁ%ﬂrb&ddxﬁént 0" 109%&' ()-s10%

h& ()- G9! """10%h& ()-!x """10%h& ()-!s """10%h& ()-! ""10%h& ()-
10% h& ()-10% h& ()- _=!'1s!10%JU& ()- ! s!10% U U& ()-10% U& ()-s10%

Ug ()-L 10 h Boohra9 RAE3-10%/RS ghow sigd ified "seoaimg) - views = for

X" 51 10%dU& {118t 8t 10908 okl 0! TR (brebR% M Ehe! pAddQUIL () -

of a nonvolatile memory element in accordance with a

fifth exemplary embodiment, identical reference symbols

designating layers or elements identical to those in

Figures 1 to 6 and a repeated description being
25 dispensed with below.

In accordance with Figure 7A, after preparatory steps
as are illustrated for example in Figures 5A and 5B or
6A, firstly a ©predetermined amount (d2) cf the
30 electrically conductive material 1 of the first
electrode is removed in the depression V. In this case,
use is preferably made of a conventional etching method

for etching back the electrically conductive layer 1.

35 In accordance with Figure 7B, a thin conformal
electrically conductive layer is subsequently formed in
such a way that an adapted depression VV remains in the
region of the depression V. The layer formed
conformally, i.e. with the same thickness with respect
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may also be applied and a multilayer structure thus

5 results for the first electrode.

In accordance with Figure 7C, the electrically
conductive layer formed conformally or the underlying
electrically conductive layer is subsequently caused to
10 recede or etched back at least as far as the surface of
the auxiliary layer I by means of an anisotropic
etching method, as a result of which the tips 4A are
obtained. Conventional spacer methods are preferably
carried out in Figures 7B and 7C in order to form the
15 tips 4A in the first electrode 1.

The method sequence described in Figures 6B and 6C once
again takes place in accordance with Figure 7D, in
which case, by way of example, the auxiliary layer I is

20 etched back essentially as far as the bottom region of
the adapted depression VV by means of an anisotropic
etching method and the changeover material layer 2 and
the second electrode 3 are subsequently formed. In
order to avoid repetition, reference is once again made

25 to the respective descriptions of the previous
exemplary embodiments at this point.

In this way, a nonvolatile memory element SE with field
amplifier structures can be made using very simple

30 production steps, as a result of which so-called
"forming voltages", in particular, can be significantly
reduced.

Typical memory element arrangements which can be formed

35 with the above-described nonvolatile memory elements
for the realization of a nonvolatile memory are
presented by way of example below.
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of a memory element arrangement using a nonvolatile
5 memory element in accordance with a sixth exemplary
embodiment as is illustrated in a simplified sectional

view in Figure 8B.

In accordance with Figure 8B, in the carrier material

10 T, which has a semiconductor material, for example,
word lines WL are formed for example by doping regions
which are insulated or isolated from one another by
means of shallow trench isolation STI. The further
memory element construction corresponds to that of the

15 memory element in accordance with the third exemplary
embodiment, the material of the first electrode 1 being
chosen in such a way that it forms a diode junction or
a Schottky diode with the word line WL or the doping
region.

20
Figure 8A shows a memory element arrangement having a
multiplicity of nonvolatile memory elements SE and
associated diodes DI arranged in matrix form, which can
be addressed via bit lines BL1l, BL2, etc. arranged in

25 column form and word lines WL1l, WL2, etc. arranged in
row form, the first electrode 1 being electrically
connected via a respective diode junction or a diode DI
to a respective word line formed in the semiconductor
substrate T and a respective second electrode 3 being

30 patterned in order to form a respective bit line BL in
strip form at the surface of the auxiliary layer I. A
memory element arrangement having an extraordinarily
high integration density which can be prepared with low
forming voltages is obtained in this way.

35

Seventh exemplary embodiment

Figure 9A shows a simplified equivalent circuit diagram
of a memory element arrangement using a nonvolatile
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memory element in accordance with a seventh exemplary
embodiment as 1is illustrated in a simplified sectional
view in Figure 9B, identical reference symbols
designating elements identical or corresponding to
5 those in Figure 8 and a repeated description being

dispensed with.

In accordance with Figure 9B, a respective nonvolatile

memory element comprises a first electrode 1, which is
10 now electrically connected via an ohmic junction or a

nonreactive resistor directly to a respective

electrically conductive word line WL, and a respective

second electrode 3, which is once again patterned in

order to form the bit line BL in strip form at the
15 surface of the auxiliary layer I.

Eighth exemplary embodiment

Figure 10A shows a simplified equivalent circuit

20 diagram for illustrating a memory element arrangement
using a nonvolatile memory element in accordance with
an eighth exemplary embodiment as is illustrated in a
simplified sectional view in Figure 10B, identical
reference symbols designating elements identical or

25 corresponding to those in Figures 8 and 9 and a
repeated description being dispensed with.

In accordance with the sectional view illustrated in
Figure 10B, in the case of a memory element arrangement
30 of this type, there 1s formed for each nonvolatile
memory element SE an associated selection transistor AT
with a word line WL serving as control layer and a bit
line BL serving as first source/drain region S/D in the
semiconductor substrate T, a second source/drain region
35 S/D of the selection transistor AT being connected to a
respective first electrode 1 of the nonvolatile memory
element SE and a respective second electrode 3 being at
a common reference potential (e.g. common source).
Memory element arrangements that can be realized in a
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particularly simple manner for a specific area of
application, with minimal area requirement and
significantly reduced forming voltages, once again

result. As is known, a significantly improved signal-
5 to-noise ratio 1is obtained if a serial selection

transistor 1is added. This makes it ©possible to

configure significantly larger cell arrays or sectors.

The invention has been described above on the basis of
10 selected materials, and in particular on the basis of

hydrogen-saturated amorphous silicon as changeover

material. However, it 1is not restricted thereto and

encompasses in the same way alternative materials for

realizing a nonvolatile memory element with at least
15 two different conductivity states.
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Patent claims

1. A nonvolatile memory element having a changeover

material (2) and two electrically conductive

electrodes (1, 3) ©present at the changeover

material (2) and serving for the application of a

voltage and generation of an electric field (E) in

the
at

changeover material (2), after a forming step

least two different conductivity states (ON,

OFF) prevailing in the changeover material (2),

between which changeover can be repeatedly

effected by the application of predetermined

programming voltages (Vyriter Verase) r

characterized in that at 1least one of the

electrodes (1, 3) has at least one field amplifier

structure (4) for amplifying a field strength of

the
(2)

2. The

electric field (E) in the changeover material

nonvolatile memory element as claimed in

patent claim 1, characterized in that the field
amplifier structure constitutes a projection of

the

electrodes (1, 3) which projects into the

changeover material (2).

3. The

nonvolatile memory element as claimed in

patent claim 2, characterized in that the

projection constitutes a tip, corner or edge of

the

4, The

electrodes (1, 3).

nonvolatile memory element as claimed in

patent claim 3, characterized in that an angle of

the

5. The

tip, corner or edge is £ 90 degrees.

nonvolatile memory element as claimed in one

of patent claims 1 to 4,

characterized in that the changeover material (2)

has

a hydrogen-saturated amorphous semiconductor

material.
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6. The nonvolatile memory element as claimed in one
of patent claims 1 to 5,
characterized in that the changeover material (2)
5 has a multilayer construction (2A, 2B, 2C).

7. The nonvolatile memory element as claimed in one
of patent claims 1 to 5,
characterized in that the electrodes (1, 3) have a
10 metal.

8. A method for producing a nonvolatile memory
element having the following steps:
a) preparation of a carrier material (T);
15 b) formation of an auxiliary layer (I);
c) formation of a depression (V) in the auxiliary
laver (I);
d) filling of the depression (V) with a first
electrically conductive material for forming a
20 first electrode (1);
e) formation of at 1least one field amplifier
structure (4A) at the first electrode (1);
f) formation of a changeover material (2) on the
first electrode (1) with the field amplifier
25 structure (4A), after a forming step at least
two different conductivity states (ON, OFF)
prevailing in the changeover material (2),
between which changeover can be repeatedly
effected Dby the application of predetermined
30 programming voltages (Vuyrite: Verase): and
g) formation of a second electrically conductive
electrode (3) on the changeover material (2).

9. The method as claimed in patent claim 8,
35 characterized in that, in step a), a semiconductor

substrate 1s prepared as carrier material (T).

10. The method as claimed in patent claim 8 or 9,
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characterized 1n in step a), a selection
10 transistor (AT) having source/drain regions (S/D)
is formed in the carrier material (T), the

source/drain regions (S/D) in each case realizing
a bit line (BL) and a terminal region for the
first electrode (1).

15
12. The method as claimed in one of patent claims 8 to
11,
characterized in that, in step b), an insulator
layer (I) 1is deposited over the whole. area on the
20 carrier material (T).
13. The method as claimed in one of patent claims 8 to
12,
characterized in that, in step c),
25 a resist layer is formed and patterned;
at least part of the auxiliary layer (I) 1is
removed using the patterned resist layer;
the resist layer is removed; and
a cleaning step is carried out.
30
14. The method as claimed in patent claim 13,
characterized in that,
in step c¢), an anisotropic etching is carried out
for the at least partial removal of the auxiliary
35 layer (I).

15. The method as claimed in one of patent claims 8 to
14,

characterized in that,
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characterized in that,
in step d), the electrically conductive material
(1) is deposited in such a way that an adapted
depression (VV) 1is produced in the region of the
10 depression (V).

17. The method as claimed in patent claim 16,
characterized in that,
in step e),

15 ell) the electrically conductive material (1) is
etched back conformally at least as far as the
surface of the auxiliary layer (I) by means of an
anisotropic etching method; and
el2) the auxiliary layer (I) is etched back

20 essentially as far as the bottom region of the
adapted depression (VV) by means of an anisotropic
etching method.

18. The method as claimed in one of patent claims 8 to
25 16,
characterized in that,
in step e),
e2l) the electrically conductive material (1) is
caused to recede at least as far as the surface of
30 the auxiliary layer (I) by means of a
planarization method; and
e22) the auxiliary layer (I) is etched back by a
predetermined amount (dl) by means of a selective
etching method.
35
19. The method as claimed in one of patent claims 8 to
16,
characterized in that,

in step e),
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essentially as far as the bottom region of the
adapted depression (VV) by means of an anisotropic
15 etching method.

20. The method as claimed in one of patent claims 8 to
19,
characterized in that,

20 in step f), a single or multiple hydrogen-
saturated, amorphous semiconductor layer is
deposited on the first electrode (1) with the
field amplifier structure (4; 4A, 4B).

25 21. The method as claimed in one of patent claims 8 to
20,
characterized in that,
in step g), a Cr, Au, Al, Cu, NiCr, Ag, Ni, Mo, V,
Co, Fe, W or Mn layer 1is deposited as second
30 electrode (3).

22. A memory element arrangement having a multiplicity
of nonvolatile memory elements as c¢laimed in one
of patent claims 1 to 7 which are arranged in

35 matrix form and can be addressed via bit lines
(BL) arranged in column form and word lines (WL)
arranged in row form,
characterized in that a respective first electrode
(1) is electrically connected via a diode junction
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form at the surface of the auxiliary layer (I).
20
24. A memory element arrangement having a multiplicity
of nonvolatile memory elements as claimed in one
of patent claims 1 to 7 which are arranged in
matrix form and can be addressed via bit lines
25 (BL) arranged in column form and word lines (WL)
arranged in row form,
characterized in that there is formed, each memory
element (SE), a selection transistor (AT) with a
word line (WL) serving as control layer and a bit
30 line (BL) serving as first source/drain region
(S/D) in the semiconductor substrate (T), a second
source/drain region (S/D) of the selection
transistor (AT) being electrically connected to a
first electrode (1) of the memory element (SE) and
35 a respective second electrode (3) being at a

common potential.



