24 JAN 2007 Description Nonvolatile nmenory el enent and associ at ed
production neth m m y el enent arrangenents 5 The prese | tion
relates to a non&‘ Iﬂum mmm)ry el'enent and to associ at ed prodgétlér‘gzﬁﬁ

met hods and nmenory el¢gpent arrangenents and, in particular, to a

nonvol atil e nenory el ement having a changeover material 10 in which, after
a.formng step, at least two different conductivity states are realized
and changeover BR&SFEERPLIFe conductivity states can be effected once or a
nunber of tinmes by the application of predeterm ned programm ng voltages.
15 Figures 1At hqQw.a sinplified,sectional view and sinplified Ul
char agt eristic éﬁgﬂn&gglao 118 BRSPSt i| PLSPRBRoIIRG| @RERCist acthePERABETRE OBy pe,
as i s di scl osedmeathadse adist memurS 1Em86, irarfgemesycanpl e. 20 In :
accordance wsth Figure 1A, such a nonvolatile nenory elenent has a first-

el ectrode 1, a changeover material A 2 fornmed thereon and a second el ectrode

.3, the electrddss RISFRPS BEVEGLLON: sphRteR gty @onmervelh bl @5memprhe
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The changeover erl] rises, for_exanple, a rogen-sat urate
amor phous  sili %gtr?%;elé—% qoﬁﬁ%%?’%remr?&% ri aP™Ehydrtyend Fhous i | Bcon)
whi ch has a p-t Peavedgitid.e Biemeasy oflemempl kavBfgaa ehanpeovel| yacerdudt i ve
meterial, apel puef enathy, QGreet Sautednitly Whed il plecirogds by (SuLLaR e
selection for thgltds.e qQnd el ectrode 3 results”i'n either an anal 09 _
changeover behaTPOAYG Vit StatFsoRre netetiapdoand chrgpeavechbegweesr
behavi or. In actbedaroeducthviEitgur etdtedA chy By ff @B €.oie arad og
changeover behay i bt.ay iyh.the use of V, Co, Ni _and Th, while a
di git al changeovlle@&)gia\e_?orﬂc@%gb\eﬁ}{ ex ?ze%p?]ojrc?'ﬁjeon of! p28delrmifed
pProgramming voltages. o

15
Figures 1A to 1C show a simplified sectional view and
simplified U-I characteristic curves of a nonvolatile
memory element of the generic type, as is disclosed in
the document US 5,360,981, for example.

20 |

In accordance with Figure 1A, such a nonvolatile memory
element has a first electrode l,-a changeover material
2 formed thereon and a second electrode .3, the
electrodes 1 and 3 being correspondingly connected up

25 for the application of a vbltage and for the generation
of an electric field E. The changeover 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 V, 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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rifals Cr or Ag as second el ectrode 3. _
Imiltlilllll 1! 11\1/\{Lll 1! IgI I111111111111111F *@00002* 2 4 JAN 2007, 2 Zﬁﬁat i's
characteristic of such nonvolatile nmenory elenments is, in part icul
necessary formng step which is carried out at the outset and enables the
actual nonvol atile nmenory properties of th& menory 5 elenent in the first

I, o Wi th ure 1B, by way of exanple, a linear U
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vol tage FA 5 - Xl ementd SiMcelpe diNgsy, places only after this formng step has
been carried out or after the application of this formng voltage FA in
the changeover material 2 that a famly KA of characteristic curves is
gener at ed whi ch20 deponiemas awikb nghoeye pridher biyeswand ofoyewaypdt, a
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of characteristic curves o after
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Accordingly, it is only after this forming step has
been carried out or after the application of this
forming voltage Fa in the changeover material 2 that a .
family Ka of characterlstlc curves 1is generated which

20 Thas nonvolatlle memory properties and, by - way of
example, the two conductivity states or characteristic
curve branches ON and OFF illustrated in Figure 1C. In
the case of the family K, of characteristic curves -
illustrated in Figure 1C, Cr was used as electrode

25 material and hydrogen-saturated amorphous silicon with
a p-type doping was used as changeover material 2. |

On the basis of this complex family K, of characteristic
curves obtained after the forming step i1_1 accordance
30 with Figure 1C, it is then possible to realize an
actual nonvolaf_:.ile memory Dbehavior, 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
materia_l 2 having the conductivity state ON can be
reprogrammed by application of a programming voltage
Verase OFf approximately 2.5 volts, as a result of which



35 More precisely, by way of exanple, a changeover material 2 having the
conductivity state ON can be reprogramed by application of aj q@grﬁzrm ng
vol'tage Verase of approximately 2.5 volts, as a result of whic Zf AN
2007 3 the conductivity state or characteristic curve branch ON swtches
to the further conductivity state or characteristic curve branch OFF. In
the sanme way, .t cti.vi.ty state ON can be generated again in. the 5
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ormed on a fir e t he surf.ace of said silicon being adjol ne

by an n- doped Igltd?%%%ﬁéﬁéjs‘é?m%gﬁﬁ 2HEr pABUSCSOHAEECe Midh FH.9 @t he

second el ect r RV 39 thevehandewvery naf eekahplef usiheenvhe basilgnkunseped,
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|l ess critidal imatparialal &, fad nonvolatile memory element is thus
obtained with evaluation of an associated read current.

Figure 2A shows a simplified sectional view of a
further conventional nonvolatile memory element, in
20 which case, however, the changeover material comprises
a. multilayer sequence. More precisely, by way of
example, a_p—doped hydrogen-saturated amorphous silicon
2A is formed on a first electrode 1, the surface of
said silicon being adjoined by ‘an n-doped hydrogen-
25 saturated amorphous silicon layer 2B. Toward the second
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.



p+ doped sem conductor materials, the voltages for the necessary formng
step are neverthel ess even higher than in the case of the cha@gqgwﬁﬁm
material in 35 accordance with Figure 1A, which is why they have ™no been
taken into consideration heretofore for mass production of nonvolatile
menories. 2 4 JAN 2007 4 Figure 2B shows 4 i nplified famly K" of
characteristic S,Qn aLn ter. .a _f.ormng step has been carried
out, resulting ?%ggﬁgi %r%@gggp%oagg g S5 fﬁ@&gMnFAo?f Eharaf yprelstic

di st ance bet weeRU¥HeSdPRFer egalgordier v tiormimy attas MeAnskdlFearried
Therefore, the pu¥entesdltsnbased 20N i ' Qv di nonvolatile
menory el enment and ss%ci at e roduc%ﬁf%rﬁ?ﬁg{lmrgg%&eo&éﬁ of
arrangenments . 10°%hi ¢HE3n tBeFBaen 2 &bgn dififapent otenduetivity
conventi onal> sestabegdu@Noandi OERiL.ts. In particular, the invention is.
based on the object of optimzing the formng step necessary for formng
the nonvol atile nenory behavior. 15 According to the invention, this

obj ect is achi eVREFBfOrfrarthef imverttdmmnur és obapadendn clthiem dbyieth regar d
to the nonvol aptdei@EN®r v eheresiar iDéS ' ' | e means of
the measures of P%Aentt:. claim8 wi.th re arn%mf%g{ oé?%@gﬁrr%t %glg %glnsao(flhall%eg
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changeover mat eyt IEIPR VA t R§SeAhpoh thhe oleegsanf foptimezingni tige st ep
- but which arefomiivng highep GCadcdesSEONi fhLa uc, as resul 1 of
30 which these nenory .el ema%ts can forlgt hfeéfi Pﬁs(%%{dl:r?w(g b%gel inn%gvao%tlfe

conbi ned with COAVEN iRTEAVERNi conduct or
15 .

According to the invention, this object is achieved by
means of the features of patent claim 1 with regard to
the nonvolatile memory element. This object is achieved
by means of the measures of Patent claim 8 with regérd

20 to the method, and this object is 'achieved by means of
the features of patent claims 22 to 24 with regard to
the memory element arrangements.

In particular through the use of at least ‘one field

25 amplifier structure at at least one of the electrodes
for amplifying a field strength of the electric field
in the changeover material, the voltages which are
necessary for the forming step - but which are very
high - can be significantly reduced, as a result of

30 which these mémqry elements can for the first time be
linked or combined with conventional sefniconductor
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



circui'ts such as e.g. CMOS circuits. The field anplifier structure
preferably constitutes a 35 projection of the el ectrodes whi cm %ﬁ)j ﬁ[ﬁt S
into the changeover material, such as e.g. atip, a corner or € gg, an
angl-e preferably being < 90 degrees. In this way, required field peaks or
field increases can be 2 4 JAN 2007 5 forimed in a particularly sinple
manner in integrated_ nonvolatile nenory el enents. The changeover materi al
preferably conptPEBeda 15 Ay ddideirwanhat sdmaker phanrses edinc ondtsgrat ed
material, it ahcovbEangleosemnbly &DeMsfr8YItilayer structures, and the

el ectrodes preferably conprise netallic materials. Wth regard to the

nmet hod for producing a nonvolatile 10 nenory elenent, in particular a
depression is fBreed fhangeoveri | imayerbgkr aprefénablver ¢ompeiseshe §irst
el ectrode, sai chy@ps L ' Lk ‘W first ectrically .canductive
material, as a resulgélgfQﬂ%\?ﬁ?\é#?hgﬁt??’g?\gugngﬁnﬁcgp sc(r;cl?éft d‘}aet%af‘r? e ¥orned
in a 15 parti citS?| PedPgpIReSHIRES R AR euibhilayeps stimathirescasandt he

el ectrical ly cotiteicéleet rodes ipteféraplf e6a stQeﬂeﬁéifgciHagHEQafsTay
that an adapted depression is produced in the region of the depression, 20

the electrically conductive material being etched back conformally at
| east as far adVitHe seghade tof the matrhiod afor | pyedubyngeansnéivéiutile

ani sot r opi goet Gdnitskv NEi nd; th LlL,haty .l I i.ng et ched back,
essentially as far A | h%ﬁél;%?'t o%nﬁrga?g'xﬁbggg%hg %g)ﬁete% 1531 d‘ée’ptkgos’g?%?cw by
means of an ani®bdt PYPTC *Eehi hgYREL IRRA, 1iM t RrdeRayto sfamm t the afersor ned

at the first ellesttroode, Weald | ebsbieséhendessregi fi@hd yngt ease gnds t hus

to the reductiqqy he { ' tage. 30 As . an alternative, however, it

is also possible %ﬁfﬁ%lﬂé%@ﬁ??{g i ﬁﬁ&ﬁlve FatdrFEFULS 19 @ to
recede at |easth@s Fialds anml slidmces ofueherauxcan arlye | afermedy. ineags of
a pol i shi ngsnetgzact iafidh 00y P hdidr in subsequent steps.

In this case, the electrically conductive material is
preferably deposited in such a way that an adapted
depression is produced in the region of the depression,

20 the electrically conductive material being etched'back'
-cdnformally ‘at least as far as the surface of the
auxiliary layer by means of an anisotropic etching
method and the auxiliary layer being etched back
essentially.as far as the bottbm: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 lead to the
desired field amplification or field increase.



| ayer “'to be etched back by a predeterm ned anount by 35 neans of a
subsequent sel ective etching method, as a result of which ver?/ z@a?@ﬁdges
or corners are again. obtained at the first el ectrode, which lb t he
desired field anplification or field increase. 2 4 JAN 2007 6 In
accordance with a further alternative, at-lfast a predeternm ned anount of

the electricall y coancduct've mateF‘i al Eﬂ\é be renoved in the depression by
means of an et Chi g %%&Ee YifiPn ZohPOFREF &ld@mmatdivey satoddast va
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ani sotropi c et caggg gﬁ%@od%gf atcpe 2l iiaésar%%f‘l ayer .essentially as far as
the bottom region”of the adaptedry aee%r SR S St e 18gaPROGUFRE| diBnptRei er
structure or 15TegePd efevdte dercassddrbiandhe Sjpackly Stthet el €ctBic@biwi ned

in the el ectriccbh@hr@bet hayehangeqvary et oLk al 38ade! %%“' LOf which the
required form gg ¥o| tagezmiarhbe Si grji ficantly reduced. h reg%ll?% to
the nenory el enBit “affanfenent?® t h@UXAdifVat ilayermnory emeapats off e an.
arranged i A.Omatanksébropiandetchiiegsakoticd bick | bpesmeddanggd AN §QALER
formand word }Li arr, [ for I.Nn I ch case a, respective
mePRSAAr AEed 41 ByLQ er; e 1é}ge\i\%qqntca$t|:?p cB¥ndgaRs of

first electrode of the menory el ement.

directly via an®Bh@AE§ARNich ebFhang cuethedcoifonthe auxddpectyi veayer d

line formed i n essestisdhguakorrasubsd rehe BBLL8m $SBSOH W& Séhce?“&'da ted
el ectrode for fc?%%}g%aa respective bjt line is. patterned in strip R5F at

the surface of 2R COTFURFF B uBstiifE aRPALEArT e m¥aICkAIrehoRRVEr

in a nennr}5eleﬁ%ﬁld elevation caused by the spacer structure is
obtained in the electric field of the changeover
material, as a result of which the required forming
voltages can be significantly reduced.

20 With- regard to the memory element arrangemént, the
nonvolatile memory elements are arranged in matrix form
and addressed via bit lines arranged in column form énd
word lines arranged . in row form, in which case a
respective first electrode of the membry element  is

25 electrically connected directly via an ohmic-junctioh
or a diode junction to a respective word line formed in

a semiconductor substrate and a respective second
electrode for forming a respective bit line 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 .line serving as
first source/drain region in the seﬁiconductor 
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.



arrangenent, there nmay be forned for each nonvolatile nenory elenent a
selection transistor wwth a word line 35 serving as control {zgyﬁﬂszﬁ@d a bit
line serving as first source/drain region in the sem conductor strate,
in which case a second source/drain region of the selection transistor is
electrically connected to a respective fyrst electrode of the nenory

element. 2 4 JAN A .novel and highly, integrated nonvolatile :
nenory el ema?ll‘t elfgo Sganlgerrae%(i1 ig"‘l??’; Wi slen({o I%D:r‘?yedd e%o‘%'c?];%tiﬂ ¢ BelBFding to
a specific explessnsnagrangememterits dikewilser obtaipedviaged aesodvol atil e

menory el enment having a changeover material and two electrically

conductive electrodes present at the changeover material and serving for
the applicati 8f°6Fdangol tAge af@eGeitdCat PERTEBFLIAR dfectthiec iM¥PAELANt he

changeovers matieiral isafprervillzd 4 Aidhwngl & £ aheth&BpteIdmerl fheveng A eh
conductivity tates prevailing_in the changeoyer materjal, between whic
changeover caﬁﬁgggr%gb’ggt e%’ﬁ%egg]agct 888byp?'ﬁe egﬁﬁFﬂﬁ?ﬁlﬁH O?O’Bi&‘é‘d'éf‘é?n‘i ned
progranmmi ng veleageode€har apreséned atn ttw athangestveanematettelel endr odes
15 has at lea ficeld | fd+er ruct ure f | L fyi i
§ter9@?xg f%lr t@i’gl)éiéﬂnIQCﬁldé’ﬁaw a \951t§$£ éﬁ%&%réé‘r%%g

strength of the eleCtric fileld, t ngeover naterial.~According to
anot her speci Pfc 3 i oir ofiehd 1po they shiangeqiry endtepiali defitarmet hod

for producd ngaa foenyAgatstep MIOI L alAnerivdadi Rget-Batl obboahpgistieps: a)
preparation ofta carrier na]:%erial.' 3% forpati on of an auxiliar Iager; c)
formation of 5 355PedIVR I he Ui affardgaveromahenial n%e'b‘f’ the
depressi on wi whighfichangéeveri cahhy beontipedtesilyat efifelctiedr bgrnthg a
first el ectrodg; ic0 i hfier structure at
the first el egﬁ%g)e:?t:?)?)ﬁ?glfn&fggﬁ@%ﬁgﬁ%ﬁa%gggvygﬁhgrﬁ%gﬁoéﬁ:a Rothe first 30
el ectrode wit RheKactpefidednpin f tBatstatuclgrét anerof the electrodes

15 has at 1least one field amplifier structure for
amplifying a field strength of the electric field in
the changeover material.

According to another specific expressidn of the
20 invention there is provided a method for producing a
nonvolatile memory element having the following steps:
a) preparation of a carrier material;
b) formation of an auxiliary layer;
c) formation of a depression in the auxiliary layer;
25 d) filling of the depression with a first electrically
conductive material for forming a first electrode;
e) formation of at least one field amplifier.structure
at the first electrode;
f) formation of a changeover material on the first
30 electrode with the field amplifier étructure, after
a forming step at least two different conductivity
states prevailing in the changeover material,
between which changeover can be repeatedly éffected
by the application of predetermined programming
35 voltages; and
g) formation of a second electrically conductive

electrode on the changeover material.



a' forrming step at least two different conductivity states prevailing in

t he changeover material, between which changeover can be repea edI y
effected by the application of predeterm ned programm ng 3B [ngs and
gF formation of a second electrically conductive el ectrode on t he
changeover material . 2 4 JAN 2007 .7a 7§urther advant ageous refinenents of
trgeinventiop are acterized in hefur h alm; ‘Ehelnventlonls
described in %F%e’ae PSS s F@ 1B°g%e od'lnﬁl?ﬁ]t W tH*

reference tocharadtaningd in the fugthes: sEbgﬂlaesxslA to 1C show a
sinplified sectional view 10 and sinplified famlies of U I characteristic
curves of a nonvolatile nenory elenent in accordance with the prior art;
Fi gures 2A afde2Bnyeowignsiipl depeyibedt ilondnoye edetas lahelowsi wpingi ed

fam |y ofg Uéx&hﬁmfyeéanﬁéaﬁmeﬂﬁgeﬁleﬁ rasbuehber cgoeual atblvengenory
el ement in accordance with the prior art; Figures 3A to 3C show a

sinplified sectional view 20 and si rrpllfl ed famlies of U | characteristic
curves of arnosonel aigheesenory el ement in accordance with a first

exenpl ary enbodi nent; Figures 4A and 4B show a sinplified sectional view
25 and a sinplified famly of Ul characteristic curves of a nonvolatile
menory el emeRigiitneactdrtdant€ wi t hslow secosdmplddplesr ysenbodhnadnt vi®vgures

5A to 5B Shoyg§i Hﬁinbi&@ eae%hq'i%sv'o% forcha3hddd M5l e At | Dgr-essepti al

met hod steps I n uction a_nonvol atile menory elenent in
accor dance wet H‘-C&”Wct]kﬁqﬂdl%xé‘r‘?ﬁloaﬁyy EABBENFEND AHAREBR t Y168 shbw
sinplified sggibgngftw ews for 35 illustrating essential nethod steps in
the production 2 4 JAN 2001
Figures 2A and 2B show a simplified sectional view
15 and a simplified family of U-I characteristic curves of
a further nonvolatile memory element in accordance with

the prior art;

Figures 3A to 3C show a simplified sectional view
20 and simplified families of U-I characteristic curves of
a nonvolatile memory element in accordance with a first

exemplary embodiment;

Figures 4A and 4B show a simplified sectional view
25 and a simplified family of U-I characteristic curves of
a nonvolatile memory element in accordance with a

second exemplary embodiment;

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

third exemplary embodiment;

Figures 6A to 6C show simplified sectional views for

35 illustrating essential method steps in the production



8 of "a nonvolatile nmenory elenent in accordance with a fourth exenplary
enbodi nent; Figures 7A to 7D show sinplified sectional views for 5
illustrating essential nethod steps in the production of a ndividNatlli e
ménory el ement in accordance with a fifth exenplary enbodi nent; Figures 8A
and 8B show a sinplified equivalent 10 cirfuit di agram of a nenory el enent
arrangenent and,a _sinpl] fied%\fecti onal view of an associated nonvol atile
menory el enent in dccOrdEn BENLEh MEMATH heeREAPEardy anbodiarent ; wiShFigur es
9A and 9B show &cvihhl ekemdlagui eabedtimenticuit di agram of a nenory. el enent
arrangenment and a sinplified sectional view of an associ ated nonvol atile
menory el ement in accordance with a seventh exenplary enbodi nent; and 20
Fi gures 10A and™1€&-€Rho0atsi APl i fi ethewjus Vepkifiediseut tortagrisawsoffar

menory el emént ﬁll@@gﬁﬂﬁiﬁga%s@ntsliarlp'ﬁléﬁﬁgds%gﬁéeir?%gaiv\?;’iﬁﬁgn%eziogcﬁ%%tion

associ at ed nonv(r%a ilr(;:o \r;rei;%r%/ el ement in accor
exenpl ary 25 enbodi MemtYOrhe tavENMOSY i elemerti Bed arseondanceigwath a
sinplified nonfbbftei¢remphary ehlboditiens;the basis of a menory elenent in
accordance with Figure 1A, identical 30 reference synbols designating '
identical or <corresponding |layers or elenents and a repeated description
bei ng di spensed 3§4FFHAbvANG néBar t ishsivar, ahowevep] iift eshouledntiergiaind ed
out that the changaoMer diAgtehi If 2a MR¥mbRFut e.a.
mul tilayer 35 cscdquﬁlrij 1 ] ﬁg iﬁ.,gar icyl ar gnnrk?ﬁlp ous \é\%iri{%%i%rﬂ%?%r and a
materials with di T erente ddpFhiCBet ng Yok A | ARo assecsaned nonvpARLdey 9
Fi rst exenpl ar ynemydi eB@ment in accordance with a sixth exemplary
embodiment ; o

15 Figures 9A and 9B show a simplified equivalent
circuit diagram of  a memory element arrangement Iand a
simplified sectional view of an associated nonvolatile
memory element in accordance with a seventh exemplary
embodiment; and

20
Figures 10A and 10B show a simplified .- equivalent
circuit diagram of a memory element arrangement and a
simplified sectional view of an associated nonvolatile

- memory element in accordance with an eighth exemplary
25 embodiment. '

The invention is described below using a simplified
nonvolatile memory element on the basis of a memory
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 comnstruction, in particular amorphous semiconductor
materj_als with different doping being tlaken into
account.



I n accordance with Figure 3A, the nonvolatile nenory elenent SE in

accordance with a first exenplary 5 enbodi nent once again conprises a
changeover material 2.and two electrically conductive el ect rogl's“@e@ﬂ% 3
present at the changeover material 2, to which electrodes an electric

vol tage can be applied and an electric ft+e3d-E can be generated in the
changeover 10 t.erial 2. In this case, the changeover material 2 once

agai n has the spe&tal SFEOPIAEYe TR dantat | east two different
conductivity states prevail after a formng step, between which changeover

can be repeategly i y i |ication of predeterm ned 15

progr amm ng vol tqggeggé(fe—\ﬁ%%gﬁgnw gﬁhfgggﬁrﬁm}r‘“pho[&%esif}qrb’(ﬁa&ﬂ@ memory
correspondi ng RuPRERSyerSEonstr usttondancpr efvatabl ya usedr@s ERERFEINET
material 2, g hecaBbBRRAUE PrldeC ] repared for exanpl e by neans of
the so-called gl og di schgiéle tg&a% qtr}%&%ulg%%rarmd%?n?%%v?’f r’g‘i’t%’?’eﬂ rode 1
and the second 8P€ctF¥e ohptFaelY seenduteivel extadtmaldes candandi ve

material, whi chppeetatablat hashea fadlgecdrAn xﬁé@é%’:lé‘iy hi.st «f PYSELR! €
3. and for the

materials for the fiL and s nd_electrodes 1 an i

changeover mater?atz SEFE gag'écgﬁlgggr%gl O‘W,ltcﬁ%.r CAEt &1 afBPALSE aFEl ngn

c;)ncei vgbl e%a i peE?FHEFEI %ﬁl%lﬂ F_Er;caelfmersgéaefhaﬁgeoi&er tgi&t gé%gﬂlgggg@ﬁﬁ

el ectrode 1%t aimhessisieel. ph-i cHpRed ArSi ¢ u. ,or ~Stainless ste

p-n-i-doped a-Si:HAu or Al or NG O p-n- F%lﬁop%%a%q%?‘.{?—f Af“a(’irer(‘:f"‘iorE

n-p-i-doped a- S F BT hasydiel speriel prepvpsdissSwheneéid 4t ANROO7
two different conductivity states prevail after a
forming step, between which changeover can be
repeatedly effected by the application of predetermined

15 programming voltages. _ '

Hydrogen-saturated amorphous silicon Oor a corresponding
multilayer construction is preferably used as
changeover material 2,  the amorphous silicon being
20 prepared for example by means of the so-called glow
discharge technique. Furthermore, the first electrode 1
and the second electrode 3 comprise a suitable
electrically conductive material, which preferably has

a metal.

25
An exemplary list of possible materials for the firSt
and second electrodes 1 and 3 and for the changeover
material 2 is 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—nFi—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

4 Cr _ . p-doped a-Si:H v




: - . i, Mo, Pd O
-+10 O p-doped a-Si:H Ag, A, G, My, Fe, W V, N, Co, ,
a-SICHN O a-SiNHor NN or Mo a-SiCH AI.Tetrahedra!- A&Aéggﬁéﬁhous ]
carbon El ectrocheni cal Chal cogeni de gl ass oxidi zable Ag iner F W t
up to 30% Ag (anode) IndiumTiN oxide- 1 Conjugated polynmers Al Meta ol
Chal cogeni de al |l oy Metal The processes occuoring in the changeover materia
2 have not been bUHpICLCIy etarifed-heretofore _although it is assuned,
part|cularly WhER usi ng anorphou<ﬂSdspbdcawsluhat i n| e ﬁh@ﬁ%@OMﬁ[
material electrically conductive or net al filanments u,fl"%‘r' ”eéé"'\} ' |lrt'§§' whi ch
anor phous material upon the appljiication of a predete¢ n v age;
are destroyed tign of a reversed volmeaePQnd/pr a_reversed
current. 10 whpCris essential to|thgipegsent inventiol; then, is that |at
| east one of the electrodes 1 or |3 has at Teast one[fietdanptifier
structure 4 fOI’EaITpryI ng a field géfquén%ﬁh of the ¢MécPFi¥ofield E |[ t he
changeover 15 terial 2. Accordi raeleC Hn accordance vmth Figure 3A = at
the first electspde 1 atip 4is i1 eld anpl fl_er structure,
which | eads to| a significant am)ll |cat|on of the el tric field E
prevailing in ey 8MPEPhous Tgrbohj el djanpl i fication gives 20
rise to field pnbéaxiomhteiﬂeca:hangeemanca@érelrdeatblgsgw;| Bmﬁ?ﬁ%nl%rf) \Jg: :a(t;lre
[ [ n ste i one .
i];];gfél hglsar}tlmﬁ @hggg form Wath up 1 m% sdanodelnf 5 nonvol atil e
menory el ement | BELNM-FiNhexide d Canphidtet elpmetsr fag i|lustrated in
Figure 3A, the metal Chalcogenide alloy | Metal
The processes occurring ;in the changeover material 2
have not been éompletely clarified heretofore, although
it 1is assumed, particularly when using amorphous
5 silicon, that in the changeover material electrically
conductive or metal filaments form within the amorphous
material wupon the application of a predetermlned
voltage, which are destroyed upon the application of a
reversed voltage and/or a reversed current.
10
What is essential to the present invention, then, is
that ‘at least one of the electrodes 1 or 3 has at least
one field amplifier structure 4 for amplifying a field
‘ strength of the electric field E in the changeover
15 material .2. Accordingly, in accordance with Figure 3A,
at the first electrode 1 a tip 4 is formed as field
amplifier structure, which 1leads to a significant
amplification of the electric field E prevailing in the
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.
Accordingly, in accordance with Figure 3B, in the case
25 of a nonvolatile memory element SE with. the

amplifier structure 4

illustrated in Figure 3A,

field
the

usually required forming voltage F, of approximately -



usual f'y required form ng voltage FA of approximately 2 4 JAN 2007 - 11 =
20 Vis shifted to, for exanple, a reduced formng voltage FB, of -?(UQV, for
exanpl e, thus passing into a voltage range, as is avail abl e* 1'0|JAN3 }rpl e
in conventional CMOS sem conductor circuits. More 5 precisely, the field
anplifier structure 4 forned in the nonvolatile nenory el enent enabl es

thi s conponent -0 be.int%}{gte% for the first tine with conventi onal
seni conduct or cohpgneh?s POpdrat e IPR a¥drPlge & amgduskedbefowning

volts, and prefwpdbhgebeiows v6l 5. f6r Deikeeplel,r citids Haksihg remy red

operating voltaggstegd thysqhe sidmlified ower_ consunpti qn can
t hereby be’ si gnificgnt,l y reduce .Wnlgcco?ggg%gbgfth @uré‘g@,p he 1o

nonvol atile menbPYVeR518Padent BfO%r t REméRandecter matanialita t hermotehas
a nodified ¥ anprgckBedls, chei@ctfeeilst | SmeUi ¥E8r a8t dhiGe f 27 MG €PH
whi ch now has a.§L9niJ '&o%_rgé%/lé ower formng voltage FB. In this case, a
fam |y of characteristic curves Fﬂ‘oggcof?%eég?ébt wPRRPLRE fhisr gemponenst

| i kewi se represEft & bintegracedr diomglghe Wiihsthe imki abitangbhéegEional

structure 4 forgeslies 'S d ot_only is.a form ng voltage
R AR i T i T e R it

reduced, but also a fgm\plj%/ of
material 2 or of °BAE REnRFLAY | €0 nEadE§ . SEnds Drefsrnadleay. bédovwe Hreclssly,

on account 1¥ theiséngliecuditdedEds etHe arphifiireat io%&ratt[lﬁxegf ?]Je%lgt%’al,é\iées Caf't age

characteristic % i essed fromKA to KB in

range, while i ttllqllsfé egger%éngﬁiq%rjt%dz PO3i Bi PEWESToICHFIMPHIGE FfRhcEbaRePyf

t he opposite si}@%.SB@nIﬁéCénhéEqnedueedf, this is that not only can the
form ng voltage be reduced, but also the programm ng voltages Verase and

VWwrite can be ajc_iapt ed to respective boundary conditions. 35
_ n' accordance with Figure 3C, the nonvolatile memory

15 element SE or the changeover material 2 thereof has a
" modified family Xz of characteristic curves after the
forming step, which now has a significantly lower
forming voltage Fg. In this case, a family of
characteristic curves in accordance with the prior art
20 is 'likewise represented by K. Accordingl.y, with the
field amplifier structure 4 formed on the first
electrode 1, not only is a forming voltage reduced, but
also a family of characteristic curves. of the
changeover material 2 or of the nonvolé.tile memory SE
25 is altered. More precisely, on account of the single-
sided field amplification, the>fami1y of characteristic
curves is compressed from X, to Kg in the negative
‘voltage range, while it is extended in the positive
voltage range on account of the opposite sign.

30 _
The consequence of this is 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



Second exenpl ary enbodi ment -Fi gures 4A and 4B show a sinplified sectional
view and an associated famly of U characteristic curves i anLZ @é}ﬂ 2007
12 accordance with a second exenplary enbodi nent, identical ° e# e
synbol s designating identical or corresponding elenents or |ayers and a
repeated description being dispensed withlBetow. 5 In accordance with
Figure 4A, now not only is there a tip 4A fornmed at the first el ectrode 1,
but also a cor?‘égﬁﬁa?#ﬁ@ ti 8B opPposi $eEN@ tigxamplary or rewbadindnte] d

anpl i fier struct@eetatal hersfeont-el egmnasie 3aeas ghd 1a nbeSihbn P cuhi chy a
field anplificatj gensrat In both_ directions, i.e. positive and
negati ve voItaS%éPgsr%gpgf?%n 0 %ﬁé?%%wn?ﬁg V6VEEFe 1@ onBe ARRFACED
produced by vi ré@ecChiPthen Pbeihd dipbehsed withubelipe.4A and 4B in' the
nonvol ati |l esnmenory el ement 15 SE, a conpression of the famlies of
characteristic _curves fromKA to KB now al so being produced in the

posi tive voItag%nr3ﬁ§8r9ﬁn58c8963h¢%1ﬁﬁ¥% ERguie@wiBlot AeRby dilfiglthera as
possible to redute Hot DHotmefiheat prhgr afiisy \QldagrsaWLi t g ftor st i g or
for changing 2 ductivijty state fr OFF to, ON, but also the
progr anm ng vo?ctigylgéssé%?da%ggf grgberlla%io ?%Jeteng%oltd‘ﬁ | ¥ oy 8isshedt SE
or for changi ngf ¥t amRkifiee eNrvehdyet ati tthestsaomnd dle-tddde 3, as
conductvity s alfeshicadditi amiln the sEgRLAI capbhy ¢ieduqed f orl ng, 25
voltage FB for producing the nqnvgl atile nenory behavior Tn the changeover
material 2 or r%%aatt‘? e ABoRPtR| efEXECEEONSn adhp® at | OASstiviee famd |y
of characteri stegattive/esohtrdige | nApaetiueylian, oF t@UHIMnPlvdNeadea red

Structure. In R BREEn PR Ry Vilkap af othis diane colHSE
novel nonvol at it YREHHS edAwianid s¢Bnihi ddre | gonedlaeille memory element

15 SE, a compression of the families of characteristic
curves from K, to Kz now also being produced in the
positive voltage range in accordance with Figure 4B.
Accordingly, it is possible to reduce not only the
programming voltages Vyrite for writing or for changing

20 over the conductivity state from OFF to ON, but also
the programming voltages Verase for erasing the
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 Fp 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, it 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



operating voltages and a greatly inproved current or power consunption. 35
In accordance with the first and second exenplary enbodi nents j éi&hmas
formed at the first electrode 1 and/or the second el ectrode 325 AN 2607
amplifier structure. However, in the sane way, other projections 2 4 JAN
2007 - 13 of the electrodes 1 and 3 suehias-e.g. corners or edges forned
can al so be used as field anplifier structures provided that they project
into the changeB¥eFhfarérrarodesand amd I3easich amald yy ampbidera §i eddges

o adges in he. ol eenrdts 1 and s pratoran SRaRoaReli A pERCEREE S
angl e <_ 90 degfed¥?! 3§ gﬁ?ESEF’FYOPr%CGh Jrgcal the eﬂuarpfé%meercanaé@eial

realized in a pappfcaltarleassi npbeabnnanpl Hopeuerk ehbe sBiRAs Kk the
described bel owsy Lo pagt k¢ r rogriate for _particularly sinple
and cost-effective regfi ggg#gnE %%F%ggéxgﬁplaéﬂ}ee%ﬁ?%nﬁla% FEQRR @SS 5A
to 5E show si npP¥ f f8ge§ecin ohbe \Hleesmastes | 1| astr & | pgefesablyahasetdod

steps in the pracuesiangief a.eonual akigdie ey Yieehenent In Accordance: with
a third exerrplvgl,rl% enmbqdi mint, | dentical reference synol's “designating '
i dentical or colteSPondP§lel efbRtS oPSHrS ayedd ake a Fepbbzed déscriation

bei ng di spensedeaw thcubatbw. Isimadeor daangew. t h fivagirer 5A, thiel Sthyc@dds

auxiliary ibayefedcifnd®r n a.carcier .material T and a 25 depression V .
is produced in sai d Tayer .rs‘%hc&t" islq'gr éfaertéﬁl A<ed®hE cAPTRRPTHAERIiEPTT i s

a sem conduct dasibetiak ey (Sivpla ahdchesbyefiigcbive exaapleat fchi ve
regi ons have already been formed by neans of STl nethods (Shallow Trench

seni condubtor e Srafard SRORERE couree, P Y M S
15 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

third exemplary embodiment, identical reference s.ymbols

designating identical or corresponding elements or

.20 layers and a repeated description being dispensed with
below. '

In accordance with Figure B5a, 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 lpartly -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 dieleétric layer
or insulator layer is deposited over the whole area on
the carrier material T and provided with the depression



other"carrier materials such as SO or silicon oxide, silicon on sapphire,
etc. can also be used in addition to the preferred silicon s ?fl@ﬂ ct or
substrate. 35 As the auxiliary layer |, preferably a dielectri % or
insul ator layer is deposited over the whole area on the carrier material T
and provided with the depression 2 4 JAN-207- 14 'V, but it is also
possible to use alternative materials and even electrically conductive
materials. DuriYig PRE £B6r Afit PEFO0PASTE bdeptas sisen al t eriaohi ves neanatiidls es

for exanpl e a taedcéver @l@@tﬁld:éll199coﬁéﬁbki@EYm£@%§£ais by way. of
exanple, a resist layer (not illustrated) is fornmed and Subsequently

patterned by neans of conventi onal photol i t hographi c nmethods. Afterward,
at |east part oPuximrgaughei afprimaydon isf 10thenpvegrusknent he patfgraed

resist |ayes (nainstdbbedsales)  ddnphiEhacaseenin aosordanse Wth Rgur e
.5A, the auxiliary Jayer [ is corrpee removed-as Tar %as"PhE ¢

material T and,® "t%’r#e%@é tRyera TeepY t"YaézhcﬁforeX@Wrné@p heol e'ersssprdch}(md as
t he depression Mot 151Funakhyed) hdg esmgﬁedaaﬁa |s§1brsfé@\éelql§,n$aact(grepéa ng
step (post cle n passi b rie r to renove

cont am nant s tzrjlkgal'tL %%véeésbeeénépoés%rf‘g% Pitdu C(F);r %Ié?ga'{ﬂ%hlq hé§fRdsssi on
is forned by crgawaRFdUt aénllsﬁﬁslbpp@retciﬁ ngheucajmxaale.rgf Pay’dr I gacitd ve

ion etch (RbE) re?tﬁ)\aed esuldigyf Wh paseathall y p Qggdl g;é;}aé wal | s of
t he depression \{L obt i ned, g]ﬁ%%cor dance, W|th g
subsequent step epr £Rs i@ | ¥y AFEAT aflpfﬁswlélheétugm ly

conducti ve mat. é5rA.aI tlﬁ@raﬁmnﬂmagyalfalyre&t lecteofipldteld rehbeBacase tdyy way

of exanple, a ghenmgal deppsiti t_hod (C,\/D Chem cal Vapor Dep05|t|on)
of a netal such _as e.g. tu?légstgt{r%tlésﬁca[e}rrfpe Gt 5@“?@@“%@'3% ?f 49%P 30.

auxiliary | ayert9e09P sRich2adfey twde i phedveegfoasothe depression V.
y y
15 Finally, the resist layer is removed and a Ccleaning

step (pcst cleaning) is possibly carried out in order
to remove contaminants that have ©been possibly

produced. Preferably, the depression is formed by
carrylng 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 SB, in 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 is then
produced in the deposited material 1. '

As has already been described above, as the
35 electrically conductive material for the first

electrode l, a material may also be selected from the

abovementloned table or be formed in some other way.



the depression V, an adapted depression W is then produced in the
deposited nmaterial 1. As has already been described above, as Mﬁlms%n

el ectrically conductive material for the first electrode 1, a 2004l may
alFso be selected fromthe aboverentioned table or be formed in some other
way. 2 4 JAN 2007 15 |In accordance with fsgure 5C, in a subsequent nethod
step, the electrically conductive material 1 is caused to recede at |east
‘as far as the siitf&E€oFAance wikh| iFdigpdeayse, | imond osmbskypuente. mdéthéde

i i ' .Qpi hi ng
sane extent 5 wstép) especlelled tdrlie a3t t¢&gd§é1tg{ €ma AR ALY S tl‘%Dlé; éé:
method, in partigcular, being carri ed%gut %s et‘zﬁlrﬂa-%gcg s?epl anaalf%e
structure illustfated Th MQurdIRs t s féul 8Sngther shefacestod| ehe ode
1. Accordi ngl yauxhbiamapl ededepr essifornALl s, t hken everhel @ aaic hangsc or

f dsi ntys ¢he Si n - danc ith Figure 5D, the ,
;Liinlsi g;;rel glyer@llélihs rg?%%%%cagge;éﬁéo ?g%gg%ggn Sg}hrc e 'vvagnt HHINF WIS 4A

‘are produced asS¥FRRIRP aMAtA%r 4Py BREEECRAAThe Heina thretiedt rode lasnd

proj ect sufficienthingevekt hete@uXahd aryhé ayfrderdhe %]lhdétzlra/%é@yeirm S
preferably et eéhlb@cgces nglarlel LBS far as atlevel_rof t ee ottaom O]:]egl on
of the adapted depression W-°whiEH Tedtd t £9Fn tBe ddmsh zed FEFABLI oh- of
the tips or corferdmadges the (adaphedcabprefss dr euvh)is Thagef! asgss Of

causi ng theo auxidiaided aerttalPrdArE8€14coP ﬁéeé |y _once again an
ani sot ?opi c etching- b%éck step a'lsel ectivel§/ WIO'[% resy ](F:?Xsé%%nt & material of
the first electrode 1. 25 Finally, in accordance with Figure 5E, a

changeover matler iﬁc&dmé@rw?dgog.iﬁlm%el;]iﬁ,}t Cﬁh@gggggfi%rwﬁ%tagh&zllsfii)sf' d’
TP o " 5P SRR LIBE U0 T 5 L B e
used as 30 nat &HSlREoFueRposst fdelet amplriolien: sat bietede anAr RARUSE i sdt | con
or of a corsespardtiddal tilaygrai s gyref&L@bl ¥ufficiently above the
' auxiliary layer I. The aukiliary layer is 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 b5E, a changeover
material 2 is formed on the first electrode 1 with its
field amplifier structure 4A formed tﬁerein, in which
case the materials or multilayer structures used in the
abovementioned table can once again be wused 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/ox



carried out in this case. In order to conplete the nonvolatile nmenory
element SE, 35 finally a second electrically conductive elect?gq@ 31is
formed at the surface of the changeover material 2, the nmaterial N"2007
presented in the abovenentioned table once again being available, in
principle. Depending on a respective appliéation, a planarization and/or 2
4 JAN 1007 16 Eterning of the_second electrically conductive electrode
3 may subsequen]f’$€ BERLAPr | &f outheBy sREowd erdmsteicahaéysecommthetente ode
3 is forned by eEedEpodétBomapfsabQQQanemgtggngggrh?aegutFourth exenpl ary
enbodi ment Figures 6A to 6C show sinplified sectional views of 10
essential nethod steps in the production of a nonvolatile nenory el enent
in accordance WY hWaYf &dr t9xampdenpl iy setoudnebectideat Bedls rifeianasy

synbol s deSi gnaépogit ayer§£0 0 i tjcal _to those in Figures 1
to. 4 and a-re_pea%ed descri ptiaoﬁéggiﬁnsén‘ig%#slge%% “With bel ow. The
preparatory nethod steps in accordance with Figures 5A and 5B of the third
exenpl ary enbodfeenth aexeloptaryagabodemaented out in accordance with this
fourth 20 exenpl ary enbodi ment, for which reason reference is ‘expressly
made to the corresponding description at this point. In accordance wth
Figure 6A, in tTEpFeSed® fbartéf 2howexesphpl yf badodigmrilonadf t €k elvBe of

depressi on1¥ hassdeeriafil hedndd h acbihLsst ;g ectyicall onductive_materi al
for forming a fir st%][el eJ;r:i rode 1 (see Filjgur & 5B) F:mafi rpsl%l?&ucg:lp?%naf’ifzat‘qi‘ on -
method is carri®F BT Or BEFOTY o edsmeat: Her ehecerdanteywithdectfaerth
material 1 to 3%xemmlede atenbesbiimeas: far i@entheasur f Aceeplntbe b ALY
l ayer 1. Chem ¢qd *Eﬁ§@ﬂi a lishing (CMP) of the tungsten |ayer 1 1s
preferably carried oyt agg lella&%sfjgl térofe]\ﬁ‘ﬂ § hedgREL FBhalt i Efese in
illustrated in g 6Alisto 4 and a repeated description being

15 dispensed with below.

The preparatory method steps in accorda'nce with Figures
SA and 5B of the third exemplary embodiment'are once
again-lcarried out in accordance with this foufth
20 exemplary embodiment, for which reason référenéé 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 materiai
for forming a first electrode 1 (see Figure SB),
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 Figufe 6A is
obtained.

35

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



obtained. 35 In accordance with Figure 6B, the auxiliary layer | is
subsequently caused to recede by a predeterm ned amount dl, a gjé ctive
et chi ng-back step, for exanple, being effected in order to un% 10ie
fi'rst -electrode 1 and 2 4 JAN 2007 17 the edges 4A formed therein as
field anplifier structure. In accordance W/th Figure 6C, as in the third
exenplary 5 e i me once_agai n a changeover material 2 is formed at
t he surface of ﬁg atf{atqqsar yg?‘ay Prmeshd tRerein s@sel ebtelotle amphilfier
finally, the seebndcelheetrically conductive electrode 3 is forned thereon,
as a result of which a nonvolatile nenory elenent with reduced 10 form ng
voltages. is obtained.- The field anplifier structures lie in the
ri ght -angl ed edfBs@4R°5fapRe wWiithsFigusea riste ds i in the sthhseé. edéhplaegar d
to the processembodinentng dheechaggeaven n@hgﬁégbvggye@ageggg th issecond
el ectrode 3, re 8{-3886#5 tEllxpress made to 15 tThe thir exerrpiLary
embodi ment at thrs poi At. AT Dl af y "BRbaUFAeARTF d@ver 7A ard 7thehow
sinplified sectfonat elewmsrbde 12@nd,| Usinalliyvg 1S eHbbdhd ngi@@gr;}&gpﬁ{i n

i ifth

the production -&fiagcPPpyolkatid y.el nt jn_accordance with a
exenpl ary embodi frent ., i denti tf:aaclt‘%roe er enég ?&%ﬁt‘cﬂds CRBEPQRat Pig @ afesel br

el enent s i denti®al W5 ¢hose menvoil@iids 1 megogvane lemeepeawédhdesedipéd on
being 25 dibspefisemingt hvbetoges! niaccyutancedm t hnyfd gug e, 74 %I\%ﬂf'
preparatory steps. &s are il ustrat gfor,exarrple In Figures 5 nd 58 or
6A, firstly a pfede SFhEhed HhodR (Q' 8) ptbheanglefecedyesl 14A cofidutheve
material 1 of thierdtrstleddimcia ode is  rdmnyedaise .t hgiggpr 7 Yo lgndhis
case, use is pefesabl yopudg, At VEeRLi | etching method for etching
back the el ectgi;cal [y co%ductfven?aggr% %.%m%%ver macerial layer 2 and

the sécond electrode 3, reference is expressly made to

15 the third exemplary embodiment at this point.

Fifth exemplary embodiment

Figures 7A to 7D show simplified sectional views for
20 illustrating essential method steps in the pfodﬁbtion-
of a nonyolatile 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 @ 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) of 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'subsequentlj 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



35 In‘accordance with Figure 7B, a thin conformal electrically conductive
| ayer is subsequently fornmed in such a way that an adapted dsgresm on W
remains in the region of the depression V. The | ayer forned o NdﬂWally,
ice. with the sanme thickness with respect 2 4 JAN 2007 18 to the
reference surface, is preferably conposed pd the sane material as the
first electrically conductive material 1, but other electrically

conducti ve mat €f® afke m@eaﬁélsoebeuaﬁpbeed1an@rafwhbu&a)é©h\p%%éacblfr eHhus

5 results for tdndi mdestact rode. ¥ acfnfﬂfscpncﬁ%evgérr%q% rg 7%%1.1&5:1ve
n

electrically co ductive layer fornmed ¢ or mal
electrically cd¥ i3 }ayRRt QtE‘EBs@&G@ﬁtrlly“aéébfs@@nﬁacxdveem(t@mlalst ched

back at |east asaf arlas the sprildesi oandt e auiichnal¥r! ayefudedye Malg of
an ani sotrogic ré‘é&l@{'%&?té}%’ f%s] s éfscgé%? f which the tips 4A are

obt ai ned. Convention Spacer ods ferably carried out in
Figures 7B and 7C in order -to formthe 15 tips 4A in the first el ectrode

1. The method serueaeeog@saEebedyifn Fi @liva‘:&ceﬁBcggg GQﬁgceeI%%%lrr}_caﬁhes he

| th F

guilclel Iapyafg;(re%%}l | s\,gzldl gégba{%f%eﬁ?PgPFWaééyf &7 a§h¢ hem@@trtlofmmgegl on
of the adapt e@l(ﬁﬂctrrég@lldnf \sorguatens biyan #8i 8abseglent &l Chhlg cpetiod
Subseauent 1y f ooy e\ | o Madke SR 1 8 R B o EbR 8ot ¥R o tagai

subsequent |y formed. In. order to avoid Tepetitron Tr 8fe

made 25 to the P@sp@é’t’ﬁ’\}éaﬁéfscrlla&eiron§ ofoxt hagemesyi ofs a@xeaqmllarqtroplc

enbodi ment s at. ettiihs ngoiméthdd, t biss avay¥eduDeN\wH afhi &y ”EFEQW: gise ge W th
i 31 gtl on

field anplifief tur de_using very si

steps, as a resutl?:l tl?# %MI gﬁngéﬂgéﬁpg " FB?ﬁ?fg'ug %W%%‘és'arq npﬁgrfﬁr@énlm
can be signifi €aAERPd @Huctd. Figpreal 7R nong ed:e|§te.nto]:a.1@_rran@@rrgat_qsl \WhieC h
can be form&d tips 4A in the first electrode 1.

The method sequence described in Figures 6B and 6C once
again takes place in accordance with Flgure 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. 1In
order to avoid repetition, reference ié 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 mémory are
presented by way of example below.



35 with the above-described nonvol atile nmenory elenents for the

realization of a nonvolatile nenory are presented by way of gf@pﬁﬁe bel ow.

2 4 JAN 2007 19 Sixth exenplary enbodi nent Fi gure 8A shows 0071 ed

equivalent circuit diagram of a nmenory el ement arrangenent using a

nonvol atile 5 nmenory element in accordance with a sixth exenplary

enbodi ment as is illustrated in a sinplified sectional viewin Figure 8B.

I'n accordance\ﬁ%ﬁﬁhﬁ%ﬁﬁ@?kﬁiy|¢mb¢ﬂﬂmﬁm¢|er material 10 T, which has a

sem conductor material, for exanple, word Illnes \OII\Lf are forned I(r)]r eﬁarrpl e
ing regiqns re insul ate i_sol ate rom one anot her by

ggaggpofgshaglomﬁ¥+ éﬁblg%W%ﬁlﬁnSSTpglfﬁé df gEuA¥Rleptneiyculismdnagram

construction cof egponesoty tdilameit t lae rbmgsarERLy ﬁb?ﬁﬂfgﬂta:‘&r(ﬁ?%g:égggr%gde .

hgrd a od teri. o] e firs
\ll)melt Egt hghgsgn |ngéﬁ§t;£§}h %iem%m ?LHEn‘%(f%CI;r}rr](%argfr:e1 Sfl'ﬁ uRctSofftor SX§TBIREM ky
di ode with the?ﬁQQFHWQR¥\ﬂ?oistﬁélmﬂﬁn%}ed%gpcw1s2mpEngmed 8Acthonala

nmenory el ement valgwWangemEfufagmg a nultiplicity of nonvol atile nenory
el ements SE and .associated diodes D arranged in matrix form which can
be addressed via bit lines BL1, BL2, etc. arranged in 25 colum form and

word |ines W.1 ITA/\LEECC@I@ancaerwmgbd R:rgure)mBBpr in tdiee ftaﬁflgfeﬁhlt@%ai
being electgicdl ywhgeﬁnqqégd Vi @eﬁ:.%%ﬁﬁﬁ%tt' ve ‘g%g?ﬁ}éfncbéé)n or i ode DI

a?p fd a
to a respective ward Iine forne f'he sem con T af&
respect i \F;e sec ¥R e g i 3a5§I QrB@dpaﬁqrerWDke ob:dedoprbngormgaons

respective bit whie® Bhrén irgulidxdor @ratlégfa§é'éf {_‘Qe %&B%]Aélar% | ayer
nar|

. A t arran nt havi ng an extrao
|t egration’ delePry wAEchERARTBY pFEPAFRA WHEHAESRR ST nhel Eugsbers

obtained in thmgmwgy element construction corresponds to that of the
' 15 memory element in .accordance with the third exemplary
embodiment, the material of the first.eiectrode 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 wvia bit lines BLl, 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 auxlllary 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



35 Seventh exenpl ary enbodi nent Figure 9A shows a sinplified eqw val ent
circuit diagram of a menmory el enment arrangenent using a nonv2 %I le 2 4
JAN 2007 - 20 nenory elenment in accordance with a seventh e &
embodiment as is illustrated in a sinplified sectional viewin Fi gure 9B,
identical reference synbols designating eceenents identical or
corresponding to 5 those in Figure 8 and a repeated description being

di spensed wi t heMeryccolemgre Wit it oudan oS, w&the@e@évmno&mh@qbkg

menory el enent a@¥Aineet aad i 18t 18heckhadesl, c ow el ectrically
conne)ct ed via an ohr; c junction or a nonreactll%rgéﬁné%%r%lﬁargc?t It Opg1a

respective el & catPy JorfitiS i véBror difPRELIRRL arceferersrect lsvmb0§econd
el ectrode 3, wdieshonaitdmge ajamerpa t el @edtidal or der tggrf:gg?bhﬁgn it ¢l ne

fagce ftheaUX|I|ay r. 1.
E!Zelrrgl zﬁ;l gsnLg ?H]r?%%t Eﬁgureg‘i’gé\ owgl a Sinp ‘F???té%é d{ﬁs)\/Fﬁ’é’rﬁl‘?ﬂrPﬁ’lng 20
diagram for il @&§Pﬁ&tsleﬁgwé%rmry el enent arrangenent using a nonvol atile

nmenory el ement in accordance with an eighth exenplary enbodinent as is
ed sectional viewin Figure 10B, identical

| lustrated in_a |
Iref gfence synmbdf's a}f ?éf%qengwﬁ%n@ﬁggrﬁdé’rﬁu @l Tespeckiver nesyoddicidet o
those i n Fi gur aemdrgnce:leramt acommp;&aégdaders_cjsltptélc&gejdgg i spapsgd ;\w th.

I d e h | l.ust.rated i ure 10B, i n the
cgsgcg?raqnmem%%eléel%ntt%%gérar%&ae }"ﬁgcgﬁdof lta‘m%nt?B’@lct NS G10% oPFed f or

each nonvol ati P@nﬁﬁﬁfﬁﬁy"él emieSisStoan asdooécitld setectian t FaBpestareAT

with a word |iaee¥brsentipy RnaHAl LEyer 13Rd it dige BL serving as
first source/dra?n fe onQ%/D in thle sem conguctor su nc!r%t Ees?ecgtlggcond

source/ drain regrgRds ]S?‘ﬁ{ﬂdef he ' sefREER of St remee seeriAT nat trrwednéat ed
to a 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 is 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



respective first electrode.1 of the nonvolatile nenory elenent SE and a
respective second el ectrode 3 being at a common reference potential l];(;(
conmon source). Menory el enent arrangenents that can be real i ZedAN A0

JAN 2007 21 particularly sinple manner for a specific area of
application, with mninmal area requirenment2hnd significantly reduced

form ng vol tages, once again result. As is known, a significantly inproved
signal 5 to-noiR¥FRERERTLY obt HPLE | MABNesr | 80T sed ecinedi £iq armsies orof s

added. This mak&splicposshpl e vt,pthconﬁilguﬁgl si odd cantd y 4 Adng&ie celdna
arrays or secto nt| ha en _describ d above on the basjs of
10 sel ect ed mtéef%}gbgaﬁgtf %&t‘ll §| a%omlflﬁe FRsitedss. once again
hydr ogen- sat uraﬁ%ﬂdhﬁoraﬁouss sknmmn &s @Mgéwmtlyraﬁ.mprak/edchmgmﬂ— it
s not restei ctedlideset orany encompazaeackn e Same Ay al tanaliy

materials for realizing a nonvolatile nenory el enent
di fferent condUctdRFISER at 8. Zadfﬁ‘?ﬁlcN 2Bb¥s” 2makest enltclﬁpﬁ'ﬁl.bleA to .

nonvol ati| e menedyf Bnerens i dvevf Ngadt CHaNGEQUL! ce Rt £F+ &) s a9 §¥Brors.
el ectrically conductive 5 electrodes present at the changeover nateri al

and serving for the application of a voltage and generation of an electric
field in the fegeoventhenehasl besht etescHidved rmpmeponathleeamtsﬂmf

di fferent @Qndl)é‘élé/ééé’dsﬁ@%€§1&9spr%‘fﬁi|iﬁ'9 53};:%@%59@39&8&& %gtsﬁ“

bet ween whi ch changeover can be repeat edl e app PCat | on of
predet ernmi ned i W?%‘&es)”‘mOEEQPé}ét er§iZekCom t Bt Ahangeaverie of |
the 15 el ectroteseshiasl at Hosgsterqneiti eld arql i fegkrictedCt Uheré@6 and

anplifying a f'&&)rﬁ;i§&9§ h;8f the same way alternative materials for
realizing a nonvolatile memory element with at least
15 two different conductivity states. '



the efectric field in the changeover material. 20 2. The nonvolatile nmenory
elenment as clained in patent claim1, characterized in that tezge field
anplifier structure constitutes a projection of the electrod i 267
projects into the changeover material. 25 3. The nonvol atil e nenory
element as clained in patent claim?2, chafacterized in that the

pr.oj ection conrs]%i t ut esﬁﬁ tip, corner or edge of the electrodes. 30 4. The
nonvol atil e meno? VRt ere?tMSs clained in patent claim3, characterized in

that an angle of the tip, corner or edge is < 90 degrees. 35 5. The

nonvol atile nmenpry el e lal LN on of patent clainms 1 to 4,
characteri zed P% t hal%‘ f g}@ﬁ?ﬁ%&%veﬁg“ﬁ%f%r ieile“}?é’st Q‘%W%gén-%l'éﬁrtﬁ%ﬁ‘é%r
anmor phous semi conducdtdteridterial . 2o JANMG00RLlect23 callyThecorohwet aé | e
menory el emgnt as cla&lé@grodds one of pat L s t C erized
in that the changeover, mat egi al 5 has a %%?%%eraéon%thr%qctél}génﬁ#veﬁe
nonvol atil e menory lEment®as cla 9o §9f pahenepplicasiont @f5 a

characterized in thatoltegel audrgdeerhatenaofl@nmeilalct8.c Aimatdhod forp
produciing a nonvol atél & RBORLY e %1 ing the | ] owi st.eps: a%%
preparation of a carrier rrat%r?\a’t% g%?eb %}iorrratio#g?raﬁ‘ 3%)5"\’1 v iRer;

c) formation of a dépr ed§RSt | Fwehedbhferent y candpetiivd)tyf i stahgsof t he
depressionl@dith a first prevailing in the changeover material,

between which changeover can be repeatedly
effected by the application of predetermined
programming voltages, .

characterized in that at least one of thé

15 electrodes has at least one field amplifier
structure for amplifying a field strength of
the electric field in the changeover material,

20 2. The nonvolatile memory element as claimed in

patent claim 1, characterized in that the field
amplifier structure constitutes a projection of
the electrodes which projects into the
changeover material.

25
3. The nonvolatile memory element as claimed in
patent claim 2, characterized in that the
projection constitutes a tip, corner or edge of
_ the electrodes,
30 |
4, The nonvolatile memory element as claiméd ih
patent claim 3, characterized in that an angle of
the tip, corner or edge is £ 90 degrees.
35 5. The nonvolatile memory element as claimed in one

of patent claims 1 to 4,
characterized in that the changeoVer material

has a hydrogen-saturated amorphous semiconductor
material. '



el ectrically conductive material for formng a 20 first electrode; e)
formation of at |east one field anplifier structure at the fi gﬂflectrode
f) formation of a changeover material on the first electrode {08
fireld. anplifier 25 structures after a formrg step at |east two different
conductivity states prevailing in the changgover material, between which
changeover can be repeatedly effected by the application of predeterm ned
30 programmi ng vol tages; and g) formation of a second electrically
conductive el e€trodehen noheolhaigeovténdB) ekl dhen?: se-1BI NS 35 qh?;ned
ctor

in patent claim8, 35¢cC Lerized i hat, in step a), a sem condu
substrate is preparegfa g%%ﬁ%ié%aﬁ%feiigP,gio. The nmethod as clained in

patent claim8 or 9 charaghppriped ip4 thetartioe echaedebmerhaiatdriagtep a), a
word line iss fornmedhad éh@up@iigﬁérnggﬁégﬁhakgo he region of the
depression, the word |line having a materi a ich’realizes an ohnmic or
diode 5..., junction with the material of the first electrode, 11. The
method as cl ai réd i rfipat eohvollaitdil® Qherfory CBaEABHE! iZE0c] M hdAL 4n NheSd €P

a), a selection 10 t¢ i r Ving, spurce/drain regions is fornmed 1n the
carrier material the g%%#%%?d?%?ﬁm?e%i ﬁsgin each case realizing a bit

line and a terninal ?Q&ﬁ%ﬁﬁ¢%¢ZQ®einfthgt thecelederpdks 12. The Hmidha as
cl ai med i nlone of pakerdlclains-8 to 11, characterized in that, in step
b), an insul ator '

- 8. A method for producing a nonvolatile memory
element having the following steps:

a) preparation of a carrier material-
7

15.. b) formation of an auxiliary layeg
c) formation of a depression in the auxiliary
layer; _
d) filling of the depression with a first
| electrically conductive material for forming a
20 ' first e1ectrode; '

e) formation of at least one field amplifier

;tructure at the first electrode;
f) formation of a changeover material on . the
first electrode with the field amplifier
25 structure, after a forming Step at least

two different conductivity states

prevailing in the changeover material,
between ' which changeover can be repéatedly
effected by the application of predetermined

30 ' programming-voltages;' _and
g) formation of a second electrically conductive
electr@de on the changeover material.
9. The method as claimed in patent claim 8,
35 characterized in that, in step a), a semiconductor

substrate is prepared as carrier material,

10. The method as claimed in patent claim 8 or 9,



| ayer "i s deposited over the whole. area on the 20 carrier material. 13.
The nmethod as clainmed in one of patent clains 8 to 12, characterized in
that, in step c), 25 a resist layer is formed and patterned; &t IAaz] part
of the auxiliary layer is renoved using the patterned resist |ayer; the
resist layer is renoved; and a cleaning-s2gp-is carried out. 30 14. The
met hod as clainmed in patent claim13, characterized in that, in step c),
an ani sotropic etchi Fg2Facearized dut thaet,thenastepass) part i ebraemmval  of
the auxiliary 35 layer. 18. rohae®etiip | ' ne_of patent clains
8 to 14, characterized. in t?at112 4 Jiﬁﬁgogéﬁfggp #%tgfg%9c),.alpre % or
a hole is formed as “oebRs8forf € 69eRRESALPROd as dihe nedrdnléne of pat ent
claims 8 to 5 15, ciaymeyeaimeternalhahichn rebenzds, anhemlieclyd caldde
conductive material s sited i h a way that. adapted depression
is produced in the rje%fén of the 18'\7%%&6%%?0&@1-1@];1%6 ‘?gtﬁg‘@ a5 ned
in patent claim 16, € ¥ZR4d®rized in that, in step e), 15 ell) the

el ectrically conductive material is etched back conformally at |east as

far as the surf.ace gf the auxiliary |ayer by nmeans of an anisotropic
et chi ng néthod}ézniéhe methoé as claimed in'patent claim 8 or 9,

| characterized in that, in step a), a selection
10 - transistor having source/drain regions
is formed in the carrier material, the
source/drain regions in each case realizing
a bit 1line and a terminal region for the
first electrode,
15
12. The method as claimed in one of patent claims 8 to
11, '
characterized in that, in step b), ‘an insulator
layer - is_deposited over the whole. area on the
20 carrier material, - ' '
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 is
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,
charactérized in that,
in step c), an anisotropic etching is carried out
for the at least partial removal of the auxiliary
35 layer,

'15. The method as claimed in one of pateht claims 8 to
14,
characterized in that,



el2) the auxiliary layer is etched back -20 essentially as far as the
bottomregion of the adapted depression by neans of an ani sotropic

etching nethod. 18. The nethod as clainmed in one of patent clalhsAB 68 25
16, characterized in that, in step e), e2l) the electrically conductive
material is caused to recede at | east as fgr-as the surface of 30 the
~auxiliary layer by neans of a planarization nethod; and e22) the auxiliary
| ayer is etched backiBy stfemr edet emni nednahoust by mRARS 9 arsehegtiye
etching method. 35 18pJdéss{®hhod as clainmed in one of patent clains 8 to
16, characterized in that, 1in step e), 2 4 JAN 2001 26 e31l) at least a
predeterm ned anount of the electrically conductive. material is renoved
In the depressi®n byheemsshod as, etahed Bt RO o3 d WINBLILOR of 2
thin conforgal electyically 5 conductive layer is carried out 1n such a way
that .an adapted depression renmins in the region of the depression.,
e33) the el ectrical IShaomeierized| iyethat, etched back at |east as far as

the surface of the 440 auwshl i@y Laker«p, n_ani sotropic etching
net hod; and e34) the auxi,l Par )'I>/ayer iS éelctgcﬁig%ﬁb%%k °8§§‘8§H’&| IRAERE 3 as
t he bottom region.of thelsao%%?%l%@%r édsi 8uchy aewaxy dfhatn ani sotamped 15
et chi ng net hod. depression is produced in the region of the

10 depression,

17. The method as claimed in patent claim 16,

characterized in that,
in step e),

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

20 . essentially as far as the 'bottom region of the
-adapted depression by means of'an-anisdtrdpic

etching method.

18. The method'as claimed in one of patent claims 8 to
25 16, |

characterized in that,
in step e),

e21l) the electrically conductive matefial is

_ caused to recede at least as far as the surface of

30 the . auxiliary layer by means of a
planarization method; and

e22) the auxiliary layer is etched back by a

predetermined amount by means of a selective

'etching method.
35
19. The method as claimed in one of patent ciaims 8 to
16,
characterized in that,
in step e),



20. The nethod as clained in one of patent clains 8 to 19, characterized
in that, 20 in step f), a single or nultiple hydrogen- saturatiﬂ, ﬁnnrphous
sem conductor |layer is deposited on the first electrode with AN g
anplifier structure. 25 21. The nethod as clained in one of patent clains 8
to 20, characterized in that, in step g), 28 C, Au, Al, Cu, NCr, Ag, N,
M, V, Co, Fe, Wor M layer is deposited as second 30 electrode. 22. A
menory el ement arr an§édenBthaldanfr aa mpirdddtenintiyiedfamomnve! ati | e JEenpRy

el ements as cl ai med eneefeicah 1pat-gp B 7 which are_arranged in -
35 matrix form and c§ bg addregged auagt%iﬂgln?an%%la&rrangelas i ey Tt For m
and word lines arra §8d PRIPSRAPBr m chir BeP8si #6darnethhing mespedti ve

first electrode is eBdttai dminmatdemest ed Hhdm EHoS aiNCei 90 21 dad
1007 27 tg a respegbhMe-weLd hi fqrymed i sem conduct or substrate,
and a respective second eFectrogégggrqurmﬁﬁ}é? q ;ﬁﬂn%?é;tﬁtW?YnEh?E
patterned in strip.-gnfﬁﬂﬁHEEQrﬁ@EE?$§é@nof t he Temainar ynl ayer . r3ioR
menory el ement arrangénehe Bapiregs@ofultiplicity of nonvolatile menory
el ements as clained | ne, .of tent. 'clgimse 1 to 7 which are arranged in
10 matrix form and cgg3gega drgggg r&FglthIqQHgch%W%nmkRYQFIcolunnl$orm
and word |ines arraf§elednbagk fdr rheadtarast Barzed ithet hair fadespecthye
first el ectivode is gheetihed! |Vaponect edyy N ohnd 15 junction to a
respective word |ine_formed ?n_ bY' méEhSMBE an” davSotripid

_ ~etching method; and

e34) the. auxiliary layer is etched back

essentially as far as the bottom region of the

adapted depression 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 with the

field amplifier structure,

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 is deposited as second
30 electrode. ' o ‘

22. 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
35 matrix form and can be addressed via bit lines
arranged in column form and word iines
arranged in row form, |
characterized in that a respective first electrode

is electrically connected via a diode junction



' seni conductor substrate) and a respective second el ectrode for formng
?hz respective bit line is patterned in strip format the Su%&ﬁ@fﬂﬁ% the
auxiliary layer. 20 24. A menory elenent arrangement having a C|;y
of nonvolatile menory elenents as clained in one of patent clains 1 to
which are arranged in matrix formand can2be-addressed via. bit lines 23
arranged in colum formand word |lines arranged in row form characterize
in that there is forned, é&bﬁinEEEPFCtéVémMﬂr@.éenectlontfewmeﬁtﬁh\mth a
word |ine serving assemitomduteyersabdtaabet 30 | jpg serving as first

source/drain region 4i Qe%?’%&q—%coggﬁérﬁﬁg %ﬁeg%ﬁﬁqai?i a second t‘:_source/drai n

: | miBJa 2
ion of the selection Transistor De ‘ IIy.cdﬁﬁéc ed
;??st el ectrode of tFRSREMEIYEeldientiard 35 a risspeetivesnsacond e weip ode

being at a Scommon ppéemta@lthe surface of the auxiliary layer.

23. A memory element arrangement having a multipiicity
of nonvolatile memory elements as claimed in one
of patent claims 1 to 7 which are arranged .in

10 matrix form and can be addressed via bit lines
arranged in column form and word lines
arranged in row form, '
characterized in that a respective first electrode
is electrically connected via an ohmic
15 junction to a respective word line formed in
a semiconductor substrate and
a respective second electrode for forming the
respective bit line is patterned in strip

‘form at the surface of the auxiliary layer

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 arranged in column form and word lines

arranged in row form,

characterized in that there is formed, each memory

element, a selection transistor with a

word line serving as control layer and a bit

30 line serving as first source/drain fégion

' in the semiconductor substrate, a second
source/drain region of the selection
transistor being electrically connected to a

first electrode of the memory element and

35 ' a respective second electrode being at a

common potential.



