; e3en<j >6Tnv_WD 00/ 49659 M CROELECTRONI C DEVI CE FOR STORI NG | NFORNVATI ON
AND METHOD THEREOF 5 1. BACKGROUND OF THE I NVENTION J .1 FIELD g: _@HEZP

| NVENTI ON  The present invention rej ) ctroni.c and m crdI &t tgni c
devi ces. @RS cul ar, 10 the pr esmm“mm“@mmlmn rel ates ﬁé’m@o@@H&a' ity of
materi al s show r?g a sw tching phenonenop,apd a built-in menory by the aid
of which a new principle of storing and reading information in nmenory cells
of sem conductor chips and a plurality of fundanental inprovenents on

el ectronic or mcroel ectronic devices can be achieved. 15 1.2 DESCRI PTI ON
AND DI SADVANTAGES OF PRI OR ART Although the present invention is applicable
|n @ broad vari ghbRTEe PRORICIOEVECEIFGR SAGRING IRPORMATIONS 1L will be
described with the focus put on an application to nenory cells as RAM
(Random Access Menory), for exXd¥MPIMETHOINHHEBEO®OR o remain cost and
performance conpetitive in the production of sem conductor devices has
caused continually increasing device density in integrated circuits. To

facilitatse it Ba dKisk &/ OF HigN Q¥ &N Y, new technol ogies are constantly
needed to allow the feature size of these sem conductor Ummlummmr
reduced. 25 Conventional DRAM cells, whereby DRAM stand Random
Access Memr.y. i istor and a capaci'tor nostl. de from
Silicon drgfl%lgi@;é%HIg#ﬂg;&m@ the transistor to control ﬁlgai nfl ow and
outflow of charge stored in the capacitor as the physical quantity
exploitable for storing information. Said 30 transistor also decouples the
capaci t or s The g¥gsericinventiparrelamsdp elRuppic @pf gnigeaglectromic devicesviarnagdmlart hat

i nf or matjin0Of,.S . L0 olatj| ] inci pal e | ost
on each ]80\[}5 tpgédg’& ?/gk%%?{)ﬁr}g&l%umiderp&% t% ? n@h&%e}aejggsﬁo‘?{?gr gf g’g}gﬁy’}gge

i nf or mat i ophenogiendn Bhd a BODEBinImerBor@Bly4ABE5id of Avhi@CT he viBEGMcf)e 483staitmg sidned i n
DRAM cell's delimts the read and wrte perf.ormance of such cells. th nal |y,
Che struct (FRESF NGERAUG DRARICIIRY CeLS | FEUEURBREK Bl 6 3 REPH A od
transi st or furdarhBas) ingprsmmes o el 6B B iV e 2615 86 R@Y chifeoRHietaIvent i onal
DRAM t echnol ogy woul d be desirable. The use of ferroelectric non-volatile
RAM (NVRAM) cells would already be a great step forward as information

woul d nqts P'%%%?édmrygléﬂyAR%{sé{gbmﬁé ?ggﬁﬁ%ﬁg}@o structure of the

menory cel mai n conp t oo. roel ectric RAMS t he
pol ari zation of the bit storing layer is exploited instead of a capacitor's

capacity i ells for definingt different states.whi.ch can be
associ at ed‘QuW’t i?‘l’"ﬁ%% p&fﬁgf“elrngﬁﬁmlndéiag ll'cvav\ggl 10 brogd IV(a)J?‘l%y P grr"fﬁr?eé?)cérf’f’fci e

swi t chi ng &etwaed appratoist £eilit bes Hedceibed Ivitheirarioais juolodranzaipliediionhovever ,
fatigues the ferroelectric properties of the material, 15 as e.g. |ead

zi r coni um PERRRAER's @pRAM (RapdemAtcess MsmRDy): [PreXAMpR®s page 24 a furt her
hi gh perpgittivity material and a respective sem conductor fabricating
technol ogy is proposed which allows the conputer industry to use the

equi prent ‘bhe inesd ctonvemeinonast BRANe@Oincet aeWpgitye il shet praducthutofhavi ng

E 20Eﬁg}° gggle%z?&n%u&% QRYitA%has! uded doifinsifly GALkS5he beite AR Gif iME Sk PRAM
circuits. To facilitate the increase in device density, new technologies are constantly

needed to allow the feature size of these semiconductor devices to be reduced.

Conventional DRAM cells, whereby DRAM stand for Dynamic Random Access
Memory, consist of a transistor and a capacitor mostly made from Silicon dioxide
(Si0,). They need the transistor to control the inflow and outflow of charge stored in
the capacitor as the physical quantity exploitable for storing information. Said
30 transistor also decouples the capacitors from each other. Such DRAM cells have the
disadvantage, that information stored therein is volatile and as such can principally be

lost on each power supply failure. Funther, the time needed to refresh the information



Herein, the charge of a capacitor can be used to store information as it is
done in conventional DRAM technol ogy as the polarization of a igﬂl
perniittivity |layer 25 depends linearly on the applied voltage; 1 Lr@@i‘ui red
for chargj, t DRAM capacitors. A high permttivity materl . 0.
barium stgur(?)ﬁ?/f%g% titanate (BST) having g per muivity i:= gggﬁt’m@g%ﬁi nst ead
of ~= about 4 for silicon dioxide would~“allow to reduce the space needed
for the capacitor as its capacitance is proportional to its area and the

magni tude of its permttivity value. This in tumwould allow higher
i nt egr at i onceARiPeSy 1 LT seltsd delgnicoHiseried Rl wRtel PtimaReedel serhesallsl s used

i n DRAM cel ¢: ktarLy i %y Ak pared to
that of the nanp s FPERRSr sptn @ SRR EONIHERL S8l Bhel T RAmRR
PCT/ 1 BOO/ O0®Ai3isBut , neverthel ess, as a di sadvantage remai ns that the

| eakage current is still significant. Thus, refreshing is a nust.

I nvestigations in the sixties at oxide diodes and thin oxide filnms reveal ed

several 55PRANOIENG G RBRA orts in’
their artiscl e "Sw t§ﬁ|5:’(’r)né°r§ ng}é?mgcgﬁi%%b??%o??%%%aﬁgol [ diyéﬁnac{l%?,

El ect r oni cswoiRébgdewrabRr ess 1964, Vol . 7, pp. 785-797, about a two-term nal
solid-state swwtch nmade froma thin film of nickel oxide. After about 100 -
| 000 switching cycles, the device could not be switched out of an ON

condi tion V?"HehudEforf@iHoéthGfhioﬂglofaii&n_ﬁhh@mkhuge&]]sQ?chﬁdl alr@Rly bel0grefi OXi de
di odes were perfornmed whereby switchi ng{) was i nduced by appl ying hl&sh
vol t ages. TePs forwprgdes infpoRratiaiowaulgdf nasroealoflean @pl | Rodves rfailve cltheuginthsabl e.

T.W Hic j pl.i € r u?) , page
| 06 and m@%g{ugﬁ}ilﬁ?gIrﬁéo}?égaégﬂSgno@yc%a%gcggﬁngggééﬁn%@gﬁg?e 0 C.CtrgRﬂgl.s 5 on
page 828 ahbtipolafisdiiahlcf thavbi cluring layer iNieaploited instedé oflb @dpacitotiecapadiiyded t hat

t he net al ctro | ays_an 15 inpgportant role. To sum up,. the fested

devi ces an§$]§ﬁ%tcglgﬁ gors ARIBE (RSt g?’ﬁ@?‘ Nates Whieh &an e Pfsg’ﬁ‘la‘(egt‘ﬁ“}édﬁf’r ol or
unr el i abl e.diffeyeMIofiebioviuNOA ¥nd &rm réfehitide BRABiNg B¥IWeEN W8 dHRS&GH sked t hat
bases on netal oxide thin filnms. The nenory switch is irreversible and

t her ef or e ®firgmangnt pelagzasigpehoweves 4#1igper the feresipcHic propsEes Plohe glatemght in
ci rcui tslsar;ig_e%r_ rcgg?irmﬁg?xﬂ(?it(anfa&r(?% ring of changing . information. Finally)
g

Wi th increasi I nt'egration near and beyond the 1 Ghit chip due to smaller
capacitor size the area consunption of the transistor of a nmenory cell is

't egr ot o (R TG oy TR rRe Pl RS b BB HEREr §Ock | as
much as pose&dpbtie semditodddctatQpbricaing WhASEHP is dproposed which allows the
computer industry to use the equipment of its conventional DRAM manufacturing
20 plants without having to perform basic retooling. It is the so-called high permittivity
DRAM technology.

Herein, the charge of a capacitor can be used to store information as it is done in
conventional DRAM technology as the polarization of a high permittivity layer
25 depends linearly on the applied voltage, as required for charging the DRAM capacitors.
A high permittivity material as e.g. barium strontium titanate (BST) having a
permittivity €, about 500 instead of g, about 4 for silicon dioxide would allow to
reduce the space needed for the capacitor as its capacitance is proportional to jts area
and the magnitude of its permittivity value. This in tum would allow higher integration
30 levels compared to conventional silicon oxide materials used in DRAM celis as the

capacitor's area consumption 1s Jarge as compared to that of the coupled transistor.



1.3 OBJECTS OF THE | NVENTI ON PCT/ 11300100043 Therefore, an object of the
present invention is to provide a robust sinply structured, rgﬂusbﬂﬁﬁand
non-vol atile nenory cell. 5 It is another object of the present invention
to provi new sinpl er nmethod for stable storage of infg i into such
a nennryggﬁﬁﬁggﬁd a reproduci bl e erasing and readi ng frodgﬁﬁg&%ﬁ&?t IS

anot her object of the present invention-®to provide a sinply structured and
non-vol atile nenory cell which is able to store nore than only two distinct
values, i.e., which is usable for nultilevel storage. 31 J Ul 2003 1VO
00149G59 . $But2neS8MIERY2 sAND sAdVNREAGESI IGRhATHEE lepRAERFPON! PO 9000043
These objecfs of tﬂ? Invention are achieved by the features stated in

encl osed i ndBBeTgEHP & AiTRES: Furt her advant ageous arrangements and

enbodi nents of the S invention are set forth in the respective subcl ai ns.
The basic discovery underlying the present invention concerns a plurality
of doped oXnvestigainss dncbs smwwuiq%gﬁpélpé@ﬁsm Hin pxéfer Blmg syedeshpoerds, . e.
materi al s far e i _mcrogl ectroni I, GES ' oni.c cj.Leuits
and part S argnoER, O BERRR, 37k SRR 0B el RR5L LEleE SUGEL 12
swi t chi ng pisenehBgoptopdtiéL st SHiAN® @ilels’q JalidiSrate rElea@rmicg, Péghined Pedsect roni c
devi ce can be designed such that it conprises a region between el ectrodes
with sw t cH&BfeVehn &Py B &7h RbatyihBYGieANRLSidgitash svichmede omaa didst ance
1 S conpri s SaA. A RUES; Lt in the
region is ?25%?@@@@@B?@%téﬁ%ﬁﬁ%*%g$aegﬁmgﬁ??gﬁéﬁ}ag%ate§£%§Q§B§ﬂ??ﬁg

di fferent welitchgkopudfeN Theditgor vih @ntmal chitaljeg pighslesnplBadest Qthertests

respecti di ff.erent states. AAn gppropriate anount .of dopant i,n the
ot ancll i s i peripd Ry S SR a sbioetd BS phbtre Pk
becomes coRbhagdsaltheseadifddsebrord U6wn 2fiet B BONGcRls AACbeeBnBGiniabE. WWh t he
wordi ng of the clains substances are neant conprising conponents Ar, BY,

and oxygen Hiekmpth repeiris in Applied Kbysiealeiteso nfIneniio.A0 @ pageeti9einddp Uag kal i ne
nmetals (gr i Wolell e r I rth
metal s (gr ggngmlkf%?a%?ﬁ&?%dc&%ﬁﬁé@éﬁ&,ﬂ?l. é,rel(f%gﬁaﬁ%%a m82§|ra%$l%ttb?5?at} 25

sai d conponswitchiBgiis Miobiuamsixideotiodast de baticag thantbermehl electrade plys g oups | B

to VI, or_a nenbe f one of ,the agroups |1 LA 1VA. VA t he subst ance
oo a o) ool 7ele, do SRE vScih M GVies s Shmerdh sHANGfhaf gy R
cor r espondieiferd BificuRk €o &inkrel bidireelBEPr i ses a cel |

In US Patent No. 4,931,763 a memory switch is described that bases on metal oxide
thin fiims. The memory switch is irreversible and therefore only switches once. It can
20 be used as connection element in circuits and arrays but not for storing of changing

information.

Finally, with increasing integration near and beyond the 1 Gbit chip due to smaller
capacitor size the area consumption of the transistor of a memory cell is not negligible
25 anymore. Thus, a great step forward to Ultra Large Scale Integration (ULSI) would be

to simplify the structure of a memory cell as much as possible.



30 center nolecule which is surrounded by a plurality of oxygen-nol ecul es
each having in turn a center nolecule. Both types of said center Ioca) []gm§
can principally be taken by either of the conmponent A or B, respective

In other words, there are a plurality of 31 J UL 2003 WD 00/49659 -6
PCT/ | BOOMRD##5%ubst ances, i.e., where chenical |y appropr?ﬁf@ﬁmmwmﬁhlch A
and B can change their Iocations In vi-dw of the large plurality of the

di fferent usabl e substances this understanding of the basic formula given
above shoul d be stressed in order to assure the intended scope and to
conserve clhBiGBIEATS CHAtIERNMISISTIEINt he appended cl ains, 5 concurrently.
Sai d substances conprise sone specific range of anount of a dopant of one
of or a conbination of Chrom um Vanadium or Manganese, or further
transition FRE&bS, a&%bjea faht E%Lﬁrmvé?ﬂﬁn JURShASSR acwmfus%ag stagpagent s A -
" By, and oxygen substance sai d conponent AISs er of

Al kal i ne nethitde {irgirrmmvdlaﬁ)k mmoﬁvk&il ine Earth netals (group | I A), or Rare
Earth el epents, or Scandium or Yttrium and said conponent Bis a '
transiti netal bei ng nmenber of one of the groups 1B to VIII) or a nenber
of one of tihR MbMePsbjectlofiheNeseNAindéRichUBANEES nwscrhplefrﬁema& ?orts%b§0| ve
the 15 problemunderlying to the present invention, when doped with a
dopant of ¢Hsagsf ofgnfoametganbinteatuichia rogmeny el i2pd arreprsdadible erqumnmrcasilirgr but
not exclu5|v¢?¥ wi th Chrom um Vanadi um or Manganese, the total dopant
anmount belng afger than 0% and smaller than 5 % and preferably about 0.2%
when (BaSr)Ti03 is doped with Chromumonly. OQther preferred anounts of

dopantskﬁi? ecific for each dopant el ement used and 20 substance to be
doped "ngsp PBRIRer PhieCtaphifpPreasd BYBRHAP B PIBYEH A E1Phy suvetpied apdi t chi ng
behavi o 1 a8hivbeHid AeMBS! Bl Svificls GbRAbSREE %y&uﬂ%&%o%@mc@m&s IRJTOr Y
cell, can be provi wite, read and erase processes, simlar to

ti me scal ewhidiails usatde foeawﬂiédvewsmmgconventl onal dynam c nenories) are

achi evabl e. 25 Sone additional specific requirenents should be net by the
conbi nation of indices x, y) z in order to find the substances adapted to
the present concept. Each of the following itens define a subcl ass of
substances whi ch show the desired switching effect: 30 The conbinations of
indices x) y and z being defined by x =n + 2, y =n-:-1, z = 3n + 4,
withn =20, 1, 2, 3 reveal the so-called Ruddl esden 31 Ju 2003 WO

00/ 49659 _7 PCT/1B00/ 00043 Popper phases like e.g., SrzRu04 (xyz-index
sequence 214) or SraRu~O- (xyz = 327) and others. The conbi nations of

i ndi ces as defined above with n = 0 contain anong others a 5 separate cl ass
of substances which adopt a spinell structure as it is e.g., MzTi O (214),
Cr2My0<, A12Mg0O, with A and B positions reversed, i.e. the B canons
originally indexed by y are |located on the position indexed by x and the A
canons on the position indexed by y, or substances with x and y indexing B
canons only (BzB 04), exanples are Fe2Co0,)



10 FezFeO< (Fe304). The conbinations of indices x) y and z being ge_m n@ﬁ by
X=n+1l y=n+1 z=3n+5 withn=1 2, 3, 4 reveal aséa&t

cl ass of substances which partly provide substances havi ng an oxygen
intercalgtjion, 15 The conbi nations of indices x, y and z i i ned by
ei t her (L)f.boz“éPs,‘"y:I ,z=1) and one of the indices x or y berﬁgﬁrg),gm@g:{/eal

exenpl ary substances |ike BeO MO, Ba®~ CaO, ... NNO, MO CoO CuO ZnO
or 20 x=n,y=n,z=n+1 withn=1 or2 and one of the indices x or y being 0, for
reveal substances Jike TiQz, VO-_ MiO-, 02, CeO~, PrOz, SnQz, 25 for
2, reve8UMMIAR ¥rHeHR AL YaNAALES OFLIdE INNENJIONT| s03, Sc-03, La~03 or
y=n, z=2n+1 withn=2 and one of the indices x or y being 0, reveal

npl ary substances |i ke Nb205, Taz05 and others. JO The conbi nati ons of
di ces X, Th¢sanrtjetts beithg ifedntiogdaByachieved, by e Mgaures sgitad) inviehdlosed= 1, er
2, or 3 reveal a separate c|ass_of substances for n =1 31 J UL 20b3
~'1' O 00149¢pendsat/ciEme1 HB0RS advanigeQis- aApesHepsr s kinpedimepts kK WBe T 03)
BaTi 03, ) t : .= 2 SrzFeMb06 and sim | ar
substanc%smb‘%ilemllﬁ%ﬁggggﬂﬁgbﬁr{g%é?‘é%%h?%ﬁéx " sequence. 5 The conbi nations
of indices x, y and z being defined by x =n + 1, y =n, z =4n + 1, withn
=1, or 2 _reveal a separate c]Jass of substances. For n = 1 substances

havi ng an J5dR&RICsPEIRYAREINIEIEIE| TR PrefeDtTiNyEN R ARSE ™S AdPIBRHEY Qfs‘i‘l?c‘ére

provi ded, Anfd sabfhfcbe AR atherdvikii @ adE e cOMpEGHls i nidienak; foFaehn of the
cl asses nentioned above can be nodified by varying the conposition of 15

t he subst aniceelentronidedevicesaetd eve etehweniat ciruiist awhepapicuiadlyd fgongonent s A,

O oY P SRRRERNEY, o RIPELAE e Bbinta SOMBLAZbAGRRhorehh IR AR 3 0 OF ON®

n=l,
n =
X=n,
exe
in

built-in memory.

A microelectronic device can be designed such that it comprises a region between
electrodes with switchable ohmic resistance wherein the region is made of a substance

15 comprising components A,, B,, and oxygen O,. The ohmic resistance in the region is
reversibly switchable between different states by applying different voltage puises. The
different voltage pulses lead 10 the respective different states. An appropriate amount
of dopant(s) in the substance improves the switching, whereby the microelectronic
device becomes controllable and reliable.

20
In general and coinciding with the wording of the claims substances are meant
comprising components A,, B,, and oxygen O,, in which substance said component A
is a member of Alkaline metals (group 1A in the periodic system of elements), or
Alkaline Earth metals (group l1A), or Rare Earth elements, or Scandium, or Yitrium,

25 said component B is a transition metal being member of one of the groups IB to VI,
or a member of one of the groups IIIA, IVA, VA and the substance has a crystalline

structure.

Generally, an elememary cell of the corresponding lattice structure comprises a cell
30 center molecule which is surrounded by a plurahty of oxygen-molecules each having in
tumn a center molecule. Both types of said center jocations can principally be taken by

esther of the component A, or B, respectively. In other words, there are a plurality of



several of the corresponding groups of A and B, respectively. A further
nmodi fication is provided by providing a superlattice made by a cgnbjifalilion
20 of structural unit cells and/or sub-unit cells as it is published in 'E
Kal dis et al. geds. ), Hi gh-Tc Superconductivity 1996: Ten Years After
Di scover YO ¥#9695- 108" , having each a different n, and i n"GHIRO®H uct ur al
unit cells and/or sub-unit cells are eadir a menber of a corresponding
honol ogous series obtai ned by oxygen intercalation. A further nodification
is provided by providing a superlattice made by a conbi nati on of 25
structural ubstences| i.s., avidfochenisalineppropiaies infwhibie ARadd | sate phdrgp pieeir t ype
structures havin ach a different n, and | ich said,stryctural unit
cell's and/ olpcaél%‘g'ui'i“ tVIg¥| Pl thg émﬁﬁcﬂq“rﬁﬁ%ﬂ%g}ﬁ%fﬁﬁc%o}l?g pé"ﬁ’dlaﬂﬁfsh@ﬁol ogous
series. |In gakfidndidd GenBRALLI 68h1I2 RS ch abdVeCRosIarbiCits QR iARder 6 BRMrel N :
which single or multiple transition netal oxygen octahedra |ayers are
separ at ed Ithe dmtendnd srope abl dokeohseyer dadiyrepid oneigensss ob thporrpanded cBimand
oxygen. 31 J U L 2003 WO 00/49G59 -9 PCT/1B00/ 00043 One preferred nenber
of that p? JPEFTTSPISf substances is BaxSr~.aTi03 with 0 <= x <= 0.7 and
havi ng a dopant amount of Chrom um between 0% and 5% preferably between O
and 1 % even nore preferably about 0.2% 5 Qthers nerbers of that
plurality 2 sehstanced sormplisr HimyspeeiliBgame of amayyt @f @rdopamt-of,one of @r 2 and
having a d L Of ' 09 9 eferred
dopant, to%!%g’%g’]rz}?ﬁoghé?g:r%? é/&hﬂl&%%@gﬁnt ﬂ’&ﬁ%aﬁ#%ﬁﬁ%ﬁnﬁggﬁx%ﬁg ‘um 10
Further nmenbers of that plurality are perovskite rel ated conpounds wth
other transition netal cations such, as Nb. Furtggé dopants can_ be

Yy

transi ti th FrefRICUEreMunesiants (RIS A1 LIRS P e depxyee S 8ichavi ng
their val e@G@stﬁJc@%f@Mp&ﬁn@ Reis &-19ERbdr ) Alkalfe meldhl (SdupAR), H siehRket al . 15
Wen such a material is used for exanple as a dielectric layer in a

capaci t or - [Bakb metalsolgraug Ie).fasdiare Eertvelemerts.cont $aandiv nd ey i deium, tang szig s

swi tched i ither a.high or a | LVidy s i n
vol t age pu{agépéré?nﬁf éspap P ’%nomf‘tgyvacﬁl?? ﬁ}élg'%’&iésf %ﬁ#?&%é’% ﬁﬁfgﬂoﬂgmgtoﬁgr state
by appl yi ngnemnbeswf vot bAge goolsdIATIVS, VA aresubapeaes wdiicH ark abls td sultehe 20

havi ng such conpl.ex dielectric naterjal has a resjistance ich_can be
vari ed b&cgﬁgﬂ’?}ﬁ\’@d?ﬁﬂ?% % ctpébsémo‘f’)’e"éc‘f’f‘*e‘?’}??étqq?é‘iqVﬁ“hs%g%"aeh‘}q?‘@ﬁt"f BUfses to

t he enbeddicp@bRlaB6h [BAEMsidR Hb@IsITRS bardeQiShit erck| eefukiveR! with @eShnQf such
a mcroelectronic device is the change in resistance dependi ng on a

defined, apphtdidmy er Mapsapesestheyetaldensnt feounhbeing langanihan H% ard smaler

m cr oel ect | £ dEV] I j ¢ - bd : .

regar ded agﬂg %wgydcﬁrggﬁrxem§§§@gt%?%%%gﬁg%sé\nﬁp ?:Lsi %@egg\lﬁFgO%@%Hym to be
ef f ect uat e@tiey prefealet cogmounts ofidppants are i spenifid jort eachk siopaitetiemerorusedard t o sai d

property, it i ossi ble to store digital. information by different val ues
of 30 red §‘ibéff‘5’g,°‘q 04doPefly associating a high resistance state with a | ogic

‘0" and a Hawngefdumbaiee asprap@at®i dufbudt lop Giopant(s), a sthisle agitthlngSbagioand t hus
the stored information can _be ' read out by a current readcut or neasuring
the | eakag&awiiee éhoryateia migogleqtiopicydeyipe) yeh gpa memory cell, can be provided.

Fast write, read and erase processes, similar 1o time scales that are reached with
conventional dynamic memories, are achievable.

25
Some additional specific requirements should be met by the combination of indices x,
y, 2 in order to find the substances adapted to the present concept. Each of the
following items define a subclass of substances which show the desired switching

effect:

The combinations of indices x, y and z being defined by

X=n+2,y=n+1,2=3n+4,withn=0,1,2, 3 reveal the so-called Ruddlesden



31 JUL 2D3 ~~~0 00/49G59 PCT/11300J00043 - 10 with | ow resi stargrc] mf'lﬁﬂhe
dielectric layer and vice versa. Thus, the | eakage current which 1| npedes
the performance of prior art DRAMtechnol ogy can be usefully taken for

r eadi ng | Be) ]aél ed value. According to the invention nei &E?ﬁn&o%ﬁoﬁtat' C
chargeo 6;??citor nor the polarlzat./lon of any ferroeléctric nmaterial is
needed to be used for 5 storing information but, instead, its resistance.
Thus, a sinple way to store |nfornat|on can be fol | owned by realizing the
above rrentl oned once t The ter usabl e in co on wlth t he
resent 1 SRR aoN a5 aSFEROR Y2 gk EENTSE 4D PhenBiRs T s S57h
relation t@n@binefs. art menory cells, that new cells can be constructed just
conprising a single capacitor-like structure device with only one pair of

el ectrode termnals for operating it, i.e. to read from to wite into or
to erase hout .a trans stor arr t bej essarl coupled with a
capaci tormﬁi’gcf'omli” ipps oL fpdiges, ais‘?gg?gg‘?ﬁetwegg‘per CPHH s %”tﬁ BRESHA a
prior art %Mz@alaés of QBstdrRESW AR 28§ Lﬁuamem&@zﬁmlamqp@g Mg@@h 2gnound and
the other is used for witing, erasi ng or just reading. M cel l's can
be construbr2g@e AlddzQomsihddr aisl B Iboessmspawesednl - thm@) candnscongmder abl e

| ess manuf actur urt her a remarkabl e
hi gh ret ent'l oﬁ#l?}rgr%arc?f g%ﬁed Oé’ag %%\Pé’r’aﬁse"r‘%%ﬁ’%/ Iz.(San t %v%’aiﬁ%B?ﬁluéod’t ed and
can thus bmdesarbyag, a non-vol atile nenory. Thus a doubl e advant age can be
achieved: first) the full time is available for the read and wite
processes Becab¥ancehwithes andsy, indexing S eatigns Rely dPeB @)t mpdasrase eaiofeui t ry
are not lgSFgeggl (F%doznym)re and) secondly, a data storage security is

i ncreased as a |0s3 oOf power supply does not inply a |loss of stored data.
Basically, the rrermry cell can be operated in ether a voltage controlled or

in a curre trol regine, i.e. inf on can be stored by applying

vol t age pulllléee ‘“%%P’%Bfﬁ'g%rﬂw r’?’ga"&}rq’:g‘rﬁd%gﬂfifé’é In both cases the

i nf or mat i o =GaR lb?—frﬂaqi DY 35615 With Ol | BB 4 Géveald sephrate dTaE oPWIHRASES Of

inmproved clarity of this disclosure) however, onlly t he vol t age regime IS
10

descri bed VRChmanlygrayifesrbawates bayingen erNgsn Buersaiation. 31 JUL 2003 ~~' O

00/ 49G595- 11 PCT/ 1 BOO/ 00043 Finally, for exanple in the voltage controlled
node the current flow ng when reading a ' 1' conpared to that one when
readi ng a The Cm'abim;idns ohipdiges R andrdsingalefjeed bjucithepofhe di fference in

resi stance, Thks gatyre can advant ageously be used for storing nore than 5
only one bl e "sdme cell. Thus, a plurality of two, three) or nore
bits can bmdsbmadtheﬁndxmeldy lbymgﬁplrQMcEﬂgcﬁh"fp‘iﬁy eubstanotd HkreBpO| M®, Singl e
pul ses or gse nces_1 ferent shape, level, or duration or
bei ng di ffé?(gncs Hhﬁth—f’ t8° (gzgﬁ)d Otrase. A sufficiently large distance
bet weengghe di fferent | evel s can her eby be mai nt ai ned. 31 J UL 2003 WO
00/149659 - 12 1' CT/ 1n00/ 00043 3. BRI EF DESCRI PTI ON OF THE DRAW NGS The
present i rveEm:yem.esn ] thmard@rBy way of exanple and is not limted by

the shape gy Joae (I.HERS Lf 16 A GHRANNDS b ANBORd ROPVENMROFT 0 1 15

a schematic draw ng perovs oxi e capacitor e structure of a
m cr oel ectGeDy, Ce@e\HrOe Su@abl e as nenory cell,

25 for n = 2, reveal substances like Al,Os, Ce;0s, Nd,O4, Ti;,0;, Sc;,0;, La,0O5 or
X=n,y=nz=2n+l withn=2

and one of the indices x or y being 0, reveal exemplary substances like Nb,Os, Ta,Os

and others.

The combinations of indices X, y and z being defined by

X=n,y=n,z=3nwithn=1,0r 2, or 3 reveal a separate class of substances forn = 1



Fig. 2 shows current-voltage characteristics of a 300 nmthick C doped

oxi de 10 capacitor-like structure, Fig. 3a to 3c show the pri3r11ciUiI2ﬂ of
operation of the capacitor-like structure analyzed in Fig. 2 as a nmenory
device, 15 Fig. 4a to 4c show the operation of a further ni | .ect ronic
devi ce a§‘80%§’ﬂ6é% | evel menory device, Fig. 5a to 5b show ng}éﬁ(ﬁgﬁ%%
measurenents over an extended time peri-dd, and 20 Fig. 6 shows a schematic
circuit diagramrepresenting the arrangenent of a 4-bit-nenory circuit.

WD 00/ 49659 -13 4. DESCRI PTI ON OF THE PREFERRED EMBCDI MENT PCT/ |1 BOO/ 00043
W t h gener athersefceledprzovskitesh bké Sju@s B ag i, WiNUO:shdhl andeftkarsnce to Fig. 1
the essential structure of a mcroelectronic device 10 having a
capacitor-like structure is described 5 in nore detail. Such a

m croel ectr it £ 2dQVEEReME0] Sndl SEAPAresiStaAceTBAR! Prodidkl -haVin@ aM(grgeingef ronic
device 10 conprising an oxi de base el ectrode 12 nade from SrRu03 and a

regi on 14 wagHer#h. oxi de i nsul ator |ayer made from {BaSr) Ti 03 slightly doped
with Chrogium (Cr) for the insulating material and a netallic (Au) top '
el ectrode™10 16 on a SrTi 03 substrate 18 was fabricated with pul sed | aser
deposi ti on. THheombisdtoak 6Linaiess £, yaidizaringiefiasd 8yt hin film capacitor-1ike
structure. One termnal 20 is connected to said top electrode 16, the other
ternminal 22XFd tohEsted4ed kayih adeored B¥eal gdeprarate clpss ofsubsianseper i ment al
arrangenent setup for testing the basic sw tching behavior and further
physi cal properties of the mcroel ectronic device 10 the insulator |ayer

t hi ckness vEw 1390 snbstanoes leavéng @linddxesegneek 6216 likaydiTiof, Y:MoQsagd othetsd was
doped V\ntlg Chr omi aé}‘%r) at an amount of 0.2% The | eakage current was
neasur ed ' asF P9 GeBi%t ed in the drawing as a function of the bias voltage
generated by a DC vol tage source 24 between said termnals 20, 22. 25 Wth
respect to Fig. 2a to 2c the | eakage current voltage characteristic is

i |1 ustrat edSBrTr?@e anggimilaseaielpyovided fIorg=2b with a | ogarithnic | eakage
current scale of its absolute amount and in Fig. 2c with both [ogarithmc
scales. 30 For small applied bias voltages |like several 10 nmV a |inear
current volEagefachaclastenehiicnel2b6ye canbdmodiiedrhyevhryifg Queachmapasitiodegfendence
of the cy%rgnt fromt.he plied.voltage %an be sgen for m)dera};tle aBpI i ed
vol t ages’ ad % SYRYAICE 1HPTHRY. 10 aBiEVs A 3L 58% AP CloSEE 1OAPERES Apgor By

PCT/ | BOO/ 0Q@4pactively, is comprised of a combination of elements out of one group or out of

several of the corresponding groups of A, and B, respectively.

A further modification is provided by providing a superlattice made by a combination
20 of structural unit cells and/or sub-unit cells as it is published in ‘E. Kaldis et al. (eds.),
High-Tc Superconductivity 1996: Ten Years After Discovery, pp. 95-108’, having each
a different n, and in which structural unit cells and/or sub-unit cells are each a member
of a comresponding homologous series obtained by oxygen intercalation. A further
modification is provided by provid‘in.g a superlattice made by a combination of
25 structural unit cells and/or sub-unit cells of the Ruddlesden-Popper type structures
having each a different n, and in which said structural unit cells and/or sub-unit cells
are each a member of a corresponding homologous series. In said lattice modifications
lattice structures are formed in which single or multiple transition metal oxygen
octzhedra layers are separated by one or more block layers consisting of component A

30 and oxygen.



Thi s NC shape and behavi or can be descri bed as space charge limted
current. Larger applied voltages result in an exponential |ike riLs 0 f the
| eakage current with increasing applied voltages. 5 The capa hl)\rl[m:ﬁe
structure of the mcroelectronic device 10 shows a repro i bl i t ching
behavi o™ @403y a hysteresis 1 oop in the current vol taggai@@@?gri stic,
descri bed next below. JO A large negat?ve bi as voltage -negative with
respect to the SrRu0O3 el ectrode- |eads to a sudden increase of the |eakage
current, depicted at about - 0.8 Volt. Sweeping back to |arge positive bias
vol t age t Henel wefearge meavberaf thelr  pralitysaf subsganged b%av%rl-JeOa‘gldi d<depid.éd at +

0.7 Volt. Said sudden increase d _sai udd dr bac f,. | eaka current
are essent® IhaY’tEﬁtath)é’émfad’?oué’\l/\no{ g:ﬁfoﬁ]@mgg’&?wee@ﬁ%f H&SEZ‘% \Récgeﬁgbdﬁ’?lé”rcgﬁ st at es.
15 Accor dizRg 198 ebéembRvSEferBIY dout §.20ssi bl e to operate the mcroel ectronic
device 10 as a very sinple device or nenory device) i.e. nenory cell in a

RAM due to and with the described underlying switching behavior. This wll
be illusirated in.conj tihon. Wt [ . C C

Basi cal ISS;,&EVS gbcﬁrl’%/efsnédqgﬁ\ﬂlw &Y v%??glﬁga%ﬁf%é&ﬁ%%%%gﬂi”@?)égﬂg/cbﬁ'fn?'c devi ce
10 the sy®iZand iavapidddpesk df apadivhbswesi0sh ands%st at e whi ch can be regarded
as storing information. An erase voltage pul se recovers the resistance
state of the microelectronic device 10 and (, the information is renoved,
i.e. eras | (o W Sell : Ly ofi fferent
vol t age pg\?gsnééﬁégf g{i;gﬂpxggég%n%ﬂgg sw\%e?ag% 13;%%39%%%?ﬁeﬁgloectr8ges

(12, 16) ofvanhdium.croel ectronic device 10. A wite pulse, also called second
vol tage, pulse 6. |, that here is a negative pulse is used 30 to wite

i nforme¥ on which after a certain del ay is renoved by an erase pul se, also
cal I ed fi FahhdOkieatRrsPYk SBatS piiralitiadre HREGskite delaREi édnyfoupdd SABth bthegener al ,
each first voltage pulse 5.1 leads_to a first state | ) a high ohmc state)
and on t h&r2Byitiet Metph gauensugieep Aty Further gopants oggobe T4sitHY MY ygements;

PCT/ | BOO/ QR4 HANAREE (BUESE i8: ek fiBfls Hadirk BRACUMeRkALEafon( bR iheNM C
state, as can be seen from Fig. %a In conjunction wth Fig. 3c. Between the
r epeat i ngdveobitadgee. Bd, 4&orSdiorbBall a snal|l negative read voltage 9 is

switch %on and off periodically to read the infornmation and to sinulate a
real i sti"c readout process. |20 reading cycles each having a duration of 1 5
sec are pavhenr sl Ahla@hiabas hsedr fdrexapler 8S€ dpiddchise lalbi tn b eagaitbr-pkeocedur e
is schematically depicted in a better tine resolution by the Zooned portion
in Fig. 38Uuchere 1P deraolie MIFERICERRPifPeie Ilestays SHiteheddh iether adupl O iothr med by
measuri ng ; ' @Rl it 8&ti t - 0.2V
as it is ééﬁéi’gy?ﬁ‘@ﬁ’?gﬁdg%t%% ?ﬁhd%g pgthsg\%rgﬁ]gﬁﬂlrp ?]én_t ll%s]:[oi ﬁggpgcﬁﬁﬁg during
write andinge theeothes|staseeyiapplyinge newamgliege puse: dHusAiStA cepaciemiike swetutsr der  of

magni t %ehgﬂ}{frsudﬂa %bm%?cxi §ic@cth%%ﬁ9§ﬂ%§rae&%is§%@é @hich can be varied by

applying short voltage or, alternatively, shor curmrent pulses to the embedding

electrodes.

As the most decisive electrical property of such a microelectronic device is the change

in resistance depending on a defined, applied voltage pulse between the two terminals
25 of the microelectronic device, whereby said capacitor-like structure can be regarded as

a switchable resistor’. Said switching behavior is known to be effectuated by a volage

or current driven hysteresis behavior.

Due to said property it is possible to store digital information by different values of }
30 resistance, i.e., by associating a high resistance state with a logic ‘0’ and a low
resistance state with a logic '1’. The actual stale and thus the stored information can be !

read out by a current readoul or measuring the leakage current as it is relatively large



enl argement of Fig. 3b and clearly shows the above-nentioned first state |
and second state 2. | S Two different resistance states can be cl earlré
separated: The first state 1 around 30 nano Anperes yi el di ng ajfegl 9fknce

of R = §,, Chm and the second state 2 having a | eakagg siob&at of 650
nano Arrgﬁgéﬁ%?%l ding a resistance of = 300 kilo Chm ?hg ﬂbr st state 1
w Il now be associated with a logic sfd?e *0' and the second state 2 with a

logic state "1'. 20 The ' 7' resistance value is 20 times snaller than the
0" value. A clear separation of the two logic states ' .1' and '0" is thus
achi eved. XY8i'prorsisiapce Phi‘hs? digleatrig Apyes aa%ﬁg‘ﬁd‘@l‘r‘@etrgf’svtlﬂ% ]‘?“g%ﬁes‘i”éfﬁé'e on the
applied vo i J Vi or

250 ol onerra S e de Totmer X PRSFIUPRAM (CHEOBEUXH! BE SRR )0 and
to read thfmreadingnihtlstared ivalgeeAproedisp éxibk iimdntieradeither theodtaiigehargehif :

so-called nulti-level] switching phenpnenon .is discuyssed later in nore
Gotarl SOPBRFITGY e BRI EL I EACRET HG TR b PEried (B RgsrS 1o

| nf oy mat k 0foMRSinYEriatiBh b8 shsRfa@SiRdeslithideg 300 ms - the duration of the
sharp peaks - 7and stored for 240 s. The nne to wite and erase information

was a specifically selected experinental paranmeter but ~s 31 J U1l 20D3
~'1'"0 00149GH9 - .16, PCT/ 17300100043 not |imt by, t.he nory, devi'ce

i tsel f. ThESt & ¥MPIG Y 1 WRHS LYDRLOP 570 {H%e%\ﬂ/?\fvg%/bé'r Lading 3 d%s much
hi gher, asméhmed vbidept.ef erence to Fig. 5. The tine over which information
can be stored is nmuch | onger than those 240 s 5 neasured experinentally, as
further neasurenents confirnmed that are shown in Fig. 5. |If one anal yzes

the sw Ethﬂlgmgz%nQVJs%]cQB c?%éq?ti?ﬂ&ﬂﬁ itﬂé)ér’ﬁgckkﬁwgﬁ%{oﬂ%ﬁﬁeﬁe%&r}. YRMNg O

doping it can be observe e sw tcthing behavior 1s nore Ppronounced
for slightdeyls Gas tepadlantape,Cinuesion ito @riot fre nipasdry celdyltha remecaldtcan med Wit h
Cr-doping around 0.2% For.10 these capacitor-like swctures l{he di fference
bet weon  FOnSIAtFIed JuSt,Eamprsint SR TR e s B e DR PP CPYPRe e | 21 ng
the main a&l@%trsdafenmms%eg@am@ iS1.6.U6 tddB Erondl b WHetintd o8 Sia8¢ WHik&n changi ng
sensitively wth the applied voltage pul ses and consj sti gq? of oxi des doped

15 can be iRISHIBATABEMIRL OIS naesssaEdy eaupled| Wit eapackier ysedl InoRAgItitat r i gui ng
erory KL e e O B o R e e P it
only two tieroringeled tongrolndasd thgloghet Brusedir wiiong reezsihg awjisteeading. er ase. Thus,
they are best adapted for LTLS1 20 Lechnol ogy.

Thus, RAM cells can be constructed to use considerably less space on a chip and

considerable less manufacturing steps.

20

Further, the usable material has a remarkable high retention time of at Jeast several

months with no power connected and can thus be used as a non-volatile memory. Thus

a double advantage can be achieved: first, the full time is available for the read and

write processes because the refresh cycles and therefore the refresh circuitry are not

25 required anymore and, secondly, a data storage security is increased as a loss of power

supply does not imply a loss of stored data.

Basically, the memory cell can be operated in either a voliage controlled or in a cumrent

<] controlled regime, i.e. information can be stored by applying voltage pulses or by
30 applying current pulses. In both cases the information can be read by sensing voltage or
current. For purposes of improved clarity of this disclosure, however, only the vohage

regime 1s described in the detailed description down bejow.



Further, the difference in resistance between the '0' value and "1' val ue
is at | east one order of nmagnitude as con be seen fromFig. %q JSiBan be
seen further fromthe NC depicted in Fig. 2a) a |large resistance range can
t hus be ex I0|ted to store a plurality of 25 different Iues
SRR

i.e., ¢2%31 1 ed nul til evel smntchlng can be achieve
pIurallty of write pul ses different inlstz etc., as nentioned earller can
be applied to wite specific |ogical values into the nenory cell, in order

to realize not a binary systembut> e.g., a digital decinmal system based on
10 different |ogical values being able to be witten into and to be read

fromsaid cel b n

, ~~t~ ~n~ Wm@’f@%@@e mﬁ% §°§ggenléné%g%?)§4a°§§%e C%ﬁ?h)%&ﬁe in XF&%dna fon is
stored over’ t&hgartd f&ﬁ)al\/\dihdl\hhd:rﬁreadnhgl”ﬁamk&bﬂue ipsbean2@gmes tagadeclid e
conventional DRAMcells. Fig. 4a to 4c show the operation of a further

n cr oel ectdﬁfmécedé\iii%%anca E@éé@‘?@”ﬁﬁ%??v@wdéﬂ’}lsb’ebe yserhfor simnp @osEAN as a
mul til ev. r 0, ch

ot her, t &?El %bgjetmi gar de Pﬁ‘;}?u%oﬁ%lﬁa? Y é)‘fqu“xr?dlelf&(sét gﬁl’ﬁo{eﬁjle@tg%gtr’%s??rg&; of the
second rremarrymdead Byzapﬂ]bﬂng differend voledger pulstevsisge prlSest hEses;akxe;cs)fhemorrpl icity
is not depicted but is structured as shown. in Flg . The second nenory

devi ce cofpYPgiHyesnt shapeclenels8r APREPR RIPeins HHEENT Mo RPaR 10 IV iH dPG regl on
14 made fEpm S/, Qﬁicmnl?' la.%& stéi’x@@%’et%éd" B A¥ecdt ORI dafy PerdT bd he
|nsulat|ng material and’a (Pt/Ti) top electrode 16 on SrTi 03
subst r at e niz8ntamed.f abri cat ed mnth pulsed Iaser deposition again. As can be
seen in Fig. 4a a series of different voltage pul ses depicted as sharp
peaks 15 were applied to the second nenory device. In particular, erase
voltage pulses 5, lowwite pulses 6, nediumwite pulses ?, and high wite
pul ses 8 were applied in a defined repeating sequence in order to sinulate
realistic erase and wite processes. Each peak of the erase voltage pul ses
5 indicates 30 pulses with a duration of 1 ns. A small read voltage 9 were
applied appropriately in intervals of 10 s in order to read 20 information.
This read voltage 9 is smaller in magnitude than the different voltage

pul ses 5) 6, 7, 8 applied for switching to different states 1, 2, 3, 4.
Fig. 4b shows the current generated by the different voltage pul ses 5, 6,
7, 8 and Fig. 4c the current readout enlargenent of Fig. 4b. Different
states 1, 2, 3, 4 corresponding to 25 different ohm c resistances can be
clearly derived fromFig. 4c. The ohmi c resistance of the region |4 of the
second nmenory device can be regarded as " high' after one erase pulse 5 has
been applied, that neans that the second nenory device then stores a high
ohmc state, also referred to as first state 1. Conversely, each low wite
pul se 6 leads to a second state 2, each nediumwite pulse 7 leads to a
third state 3, and each high wite 30 pulse 8 leads to a fourth state 4
whereby this fourth state 4 is the | owest ohmc state. The second state 2
and the third state 3 are in-between the hi gh ohmc and the | owest ohmc
state. As can be seen in Fig. 4a erase pulses 5 were applied between the
wite 31 JU 2003



1V0 00/49G59 PCT/ 1800/ 00043 - 18 31 JUL Z003 pulses 6) 7, 8 to switch
respectively fromthe second state 2, the third state 3, or trﬁpgpzmp
state 4 to the first state 1. Wth each of the different states |, 2,
a corresglondi ng | ogi cal val ue can be associated) e.g., the first state 1
cor r espoh@I%4855%gi cal *00') the second %t ate 2 5 corresgdidS¥%dgi cal
"Ol', the third state 3 corresponds to f gical ' 10" and the fourth state 4
corresponds to logical "I 1', representing a 2 bit nmenory cell. In general,
nore states are possible than the depicted four different states 1, 2, 3,

4. The eras® FAgBSERRBONOFIATHBRA B i ve vol tage pul ses whereas the
wite pulses 6, 10 7, 8 are positive pulses. Basically, .before a nenory
device is used the ,first time ,an init~g_.~oltage should be applied to

pol ari ze . tTiesprdsanit Geventibepailditngddy whi o qxahpid adtis oo lithiedelhyade swapd age

pul ses mi ght either be positive and the wite pul ses negative or the erase
vol t age pulddke Hewenehieiageomniay padrarrssed Jhdes are positive. 15 It shows
advant agegusly) if each of the erase pulses 5 has an equal or smaller '
magni tude of the anplitude of the wite pulses 6, 7, 8. Contrary to the
exanpl e) tHéger ase pukassshematadrawangeoftt pdrevsgine oxidp taprcittedike strusture aflzi ng
directly fromthe fourth state 4 to thg different states 3, 2, 1 having

hi gher ohmic 20 resi STESFREECURIGAeYieaebleas memary 64l ar, for switching froma
| ow ohm c state, that here is the fourth state 4) to a higher ohmc state,
e.g. the third state 3) the second state 2, or even the first state |, the
erase pul sd38g3 have ahows aprentveliage-chaneteiisiics ©f 8 360 ampthick (eredopad ©3idsossi bl e
in such way is a switchin e fourth state 4 directly to the second
state 2. 25 The swi téﬁ?aﬁgoﬁgﬁ%éﬁ"g}r&%f the nultilevel nenory device was
investigated and tested at 77 K, whilst the sane sw tching behavior can be
realized at_roomtenperature. Fig. Sa taog Sh_show results of neasurenents
over an exteRd@dotf méh‘b‘ér”i’eoB”‘lﬁ‘P]%ert%’éP“%Om%’(?rcﬁ%ﬂcéert‘ Ksrivocyes peadyzed ¢ hir d
nenory device. This thifdsaeahoteddg&, has the same structure as the
second nmenory device as described above with the exception that the top

el ectrode 12 conprises Au. 31 J UL 2003 \1'O 00149359 - 19 rcTn

Booi aoo ; ral . w thi uppe : i s, t | i, ed

Vol t ages af 2 SEIFAF e gt Bodfon BPE PSS bl B ionlc By LeBRBYA T
current readouts arensnmmdeditg. Sa i ndicates two erase pulses 5 and three
wite pulses 6, each of a duration of 1 Jts and applied in 5 intervals of 1
mn. The current readout with the corresponding states 1, 2 are depicted in
Fig. Sb. Apridishqo BRSkhidw feslid 48ndabihreREntd ot ahfeRiedGddinddpdrRadam to a switch
fromthe first state 1 to the second state 2, as can be seen fromthe
figures. After that, the third nenory device was stored w thout any power
connect i not u for Pef i j

i ndi cat eﬁurllzgée]?i odi ca?ﬁdriryesagtj?%rrrﬁéﬁte g:%\%\nmlti) %i]drﬁn ? igpétééegg’?‘% giégaﬂ)agg?rﬂ?&oédn%nt h,
wher eby the neasur 7ng-hitanesoryrarchit.sted in Fig. Sd. Mre particular) Fig. Sc
i ndi cates the read voltage pulses 9 whereas Fig. Sd depicts the current
readout result. The result shows that the second state 2 was stored over a
| onger period of tinme and thus the third nenory device can be regarded as
non-vol atile for this time period. Fig. Se shows further wite and erase
pul ses, respectively, and Fig. Sf the resulting 15 states. Finally) Fig. Sg
and Sh indicates further unperiodical neasurenents within a

3) 4



time period of three nonth, whereby the neasuring dates are nanmed in Fig.
Sh. On one hand Fig. Sg depicts the read vol tage pul ses 9 agai n whereas on
the other hand Fig. Sh shows the resulting current readout. The

measur emei goflgw agai n that the last information stored ﬂ&ntnt}@o&)himb 00
menory device was stored over a Ionge[]gqriod of time 20 w thout any decay.
Vi'ith reference to Fig. 6 a schematic Circuit diagramrepresenting the
arrangenent of a 4-bit-nenory circuit is shown. 25 Four nucroel ectronic
devi ces 10, re arranged linearly in
order to rébiﬁéﬁ%ﬁﬁ%ﬁéﬁzﬂﬁfﬁgﬁiﬁgﬁﬁaéﬁ?Eﬁb%igégﬁggsed via an address line
28 by a decoder 30 the outputs.of which are connected to a respective top

el ectrode 16, as shown in Fig. 1. The base el ectrodes 22 thereof are each
connect ed tWYithrzenand. refkremce tethedigams and wvithespdciglokefeaeree puFie Iahnedsentappl i ed
to a selected ne cell 10 throu bi as 30 l.ine.32. The different
rermor v cel FEUSNEDT BUPPUFTonLs S0P dhec ik e P G pare PR a1
JU Q003 3 WOrfdé Q4 Such 2 ehicrBEIEAAchRORIRE043s dRatde 56 Hindedforyveet).@ matr7x |ike
arrangenment can be achi eved by connecting the base el ectrodes 22 of a tow
of the menory cells 10 with a further decoder. It is obvious that the
arrangenen f i Chll . 6 8 .of . the.5

capact tor - TR Rchictile SETBARTINE af hidbactletedtoal; 17 184 fomy1 ea 1o
the requi r Srkwol,;sand mpeegid by withensxéds inbiaton e Mbde frohe{BASTyI0,Glights

i nt ended tg be achieved with the chip. A broad spectrum of different

architectu 81%5‘1.0‘%}’ Chirgup@ (Fehfor e dnsuisbiag geterbadepympiallicipud orefrstrefsnor y
cel I's 100ggchh Qe%rmgvs%b&puétl@r Sab VROS IR Qi bulséd %%epg&gbmi&.tﬂwuse B

system conpri sing an doped capacitor-like structure as an active sw tching
el ement i nmegrecieetraniodevidedthes nitlin £im cepacior-like stiocwirar ea of interest a
switching operation is not restricted to a specific resistance val ue.

Devi ces having a resistance of sone Mega Chns can be operated at a voltage

15 bet weenOhe Metthinaindo Ss \lohihecidar tonedid itog edettods as| Mige aihdr aérmdna A2t Rge
bet ween 0. 05 VO|% and. 0.5 Volt for reading. Devices having a smaller
resi st anceWHGCEP Lsabbpelestedt I2however at different vol tages. Further,

the preggnt concept is suitable for an application of the substance for 20
constructing EEPROVME (El ectrically Easabl e Progranmmabl e Read Only

Menor i es) , In agieapytpenal ssrasgemen\NElug doe sestitRibrabesic swilehihg debapaaindor s and
further co ] i I rid . inl [ con | r__ot her
sem conducitq;gdrh gks(tﬂl)]g%%t g}gbgjrdgg tScj afk@)ﬁ %1&8&%{5'& ?to%{]gt e %’ rsrlwgt ieh(r%i éqsg{%k%tlg%% of

st ront i um thidkanstveast306 nenomeers. pri or art sem conductor naterials can be
grown on the substrate thus providing the ability to join conventional

sem conduct or technology with the nmenory cells or switching el enents,

respect puetlye imdblaion@ayer 65@Bre£i6/ G2 PIaS doped with Chromium (Cr) at an amount of
0.2%.

The Jeakage current was measured as it is depicted in the drawing as a function of the
bias voltage generated by a DC voltage source 24 beiween said terminals 20, 22.

25
With respect 1o Fig. 2a to 2c the leakage current voliage characteristic is illustrated in
Fig. 2a linearly, in Fig. 2b with a logarithmic leakage current scale of its absolute

amount and in Fig. 2¢ with both loganthmic scales.

30 For small applied bias voltages like several 10 mV a linear cumrent voliage
charactenstic (TVC) can be cbserved. A quadratic dependence of the current from the

applied voltage can be seen for moderate applied voltages as several 100 mV.



30 In the foregoing specification the invention has been described with
reference to a specific exenplary enbodi nent thereof. It will) qo V@Q} be
evi dent that various nodifications particularly relativetothéa | T'Cat i on

of a large variety of different 31 JU 2003 ~"~' 0O 00142%,2 déé‘“
PCTI | 138PAWH5%3 subst ances as they are nentioned in the WAL ai s may

be nade thereto without departing from4he broader spirit and scope of the
i nvention as set forth in the appended clains. 5 The specification and
drawi ngs are accordingly to be regarded as illustrative rather than an a
restncttve sense. In particular the thickness of the region 14 as well as

the lateral .dipensions of  a.nenor el l th Li Il as_vol t ages or

bi as curr leﬁfssw 8@?5@?93’5@ 1Ol %e&\si%{}qegggi}ff cggﬁig'i%e ihzlglrcléqcﬁwrggf’zﬁ any

speci fic pUpIRISRI R8O MYanddkpoRdntial Jltelrisalof the 1edkaga e ety vaiiiRcrglRFigINS.
Al'so the material selection for the bottom el ectrode can be varied as well.
A sinpl e @Bplad yaltkgespl ati num (Pt) is suited as well. 15 Also for the top

el ectro the material can be varied as well. Au, Pt are suited materials,
but principally, all nmetals and conducting oxides are suited materials for
bot h, top TaBctapaditopiike!sg@tfdes the microelectronic; devide, 10-sh6kd @—fRFodSibl@- 98- 0a9
Repl acenent sheet 31 JU 2003 _22 CLAIMS 1. A mcroelectronic device for
storing dYiehine ihshavipnceresne enayskessisc oo they Rt Volads ehagmsienstic,

resi stancgehet e eLRGLrodes (12, 16), which ohmc resistance is 5
rever si bl ycswitcﬁéalgle between different states (1, 2, 3, 4) in response to

application
10 A large negative bias voltage -negative with respect to the StRu0s; electrode- leads 1o a
sudden increase of the jeakage current, depicted at about - 0.8 Volt. Sweeping back to
Jarge positive bias voltage the leakage current drops back to a lJow value again depicted
at + 0.7 Volt. Said sudden increase and said sudden drop back of leakage current are
essential features for switching and deciding between different states.
15
According to the invention it is possible to operate the microelectronic device 10 as a
very simple device or memory device, i.e. memory cell in a RAM due to and with the
described underlying switching behavior. This will be illustrated in conjunction with
Figs. 32 to 3c and 4a 1o 4c.
20
Basically, by applying a write voltage pulse to the microelectronic device 10 the system
} is switched into a Jow resistance state which can be regarded as storing infonmation. An
erase voltage pulse recovers the resistance state of the microelectronic device 10 and
(  the information is removed, i.e. erased.
25

As can be seen in Fig. 3a a series of 300 ms long different voltage pulses depicted as

sharp peaks were applied 1o the electrodes (12,16) of the microelectronic device 10.

A write pulse, also called second voltage pulse 6.1, that here 1s a negative pulse is used
30 to write information which after a cenain delay is removed by an erase pulse, also
called first voltage pulse 5.1, that here is a positive pulse. In general, each first voltage

pulse 5.1 leads 10 a first state 1, 2 high ohmic state, and on the other hand each second



of different voltage pulses (5, 5.1, 6, 6.1, 7, 8) to the el egtirihe<803( 12, 1
b), each different state (1, 2, 3, 4) corresponding to a different val ue of
stored information; wherein the ohm c resistance is forned froma substance
conpri sin con})onents A, B,,; and oxygen QZ, in which substance 10 said
conponemO ¥/4%39 nenber of Alkaline netals (group |A), of MRS Earth
metals (group I1A), or Rare Earth el em®mts, or Scandium or Yttrium said
conponent B is a transition netal being nmenber of one of the groups IBto
VI, or a menber of one of the gr oups II1'A 1VA VA said substance

conpri si ngyoHagiopaset 6.0fleadnito dpecond stateohisilnwt dharic ofated pf faprberseert SomFamsi ti on

netals, the .total dopant t .being.larger.than 0% and s er _than 5%
> The' m CRBIBREPET i e BE SR Mo S hrie oeee RRS X ha Sl c

r esi st anceepsiveWedd ke hetwrerd ah ahe @t pediddidaBy 105fedd e (iAform&fontdne
different states and a second state 20 (2) of the different states by

appl yi ng o sihdatejageslistd eepdputiprocess) 129 reaging cyQes eagle hping e dpmtion obl t he
differe I e_pu s .f.or i i m said c t at 2) to said
first s[st atseé)(atr%gger%f'ln ggsagggn%fwlmo‘}"tq%gggp%%%e p?]ge '1)ﬁgsf 9{Lacé§td%f(§8(§ué%tlsvol t age
pul ses f orsclsentdiichilyngepidi€ncbettef s resshuibe by the icvnraiponida ORI, sd.ate (2). 25
3. The mcroelectronic device according to claim2, wherein the ohmc
resistance in the first state (1) is higher than in the second state (2)
and wher eirike ol froh kOISR GelRe do)is Blridrlia B Hesgu%g iPlehiage pul ses
for switching to sal Irst state ( | ) has"an opposite sign to the second
pul se (6. thrraift fidwenglaf 4 snadhappliet tvabagepefl-s@3 ¥ oy it ssMidpidnidnig Hig. 3bawhiclsecond
state (2)., AVMENDED SHEE i .-C.d f. JC |~ J0002é~ S% 9- gs-0~9 Regl(i\cemant
sheet -23 SBAVSEYTeDh SRR OCFWEIng; VPBR MEHE ABR iCEesa &P &I 2y dBS HiaAdP Rs 8f ai m 1)
wher ei n eagh ehndlie ik fdr@dredt ndgafi@se (dwerl Fig, 3d)is iaSleakdgel AaRhe sBife an erase
pul se (5) for switching the ohmc resistance in the region (14) to a high

ohni ¢ st afBlaggement oftFig. i mocieanly sBpws s abRye-wienteneddugitsiash & ang pecenul se (6,
7, 8) forgswi4ching fromsaid high ohrnic state (1) to a 5 lower ohnic
state (2, 3, 4) of the different states . 5. The m croel ectronic device
according to claim4, wherein the erase pulse (5) has different anplitudes
" for switching.to one of the |ower .ghnpic, states ( 4). 10 6. T

i cr o6l Bot P oniTReBl Fesi gt Sl P 8 S orcrrSkchas Ty Hete Jrapindi i e
di f f er ent nadcai@spefeslyielding 3 redjstante of RacafibeMbya Dhieadd el dedgrl (B snal | er
in magnitgde than the different voltage pulses {5 5.1, 6, 6.1, 7, 8)
appl i ed f BRVIBGA EHARG CEEEnt RE O PR AFPELS Afiglding  Tegistance of)R = H)07kilorp e
m croel ecohgNiThe #i8disae PHAPLAEW B adsBeigled Wilhla REIGdI AR E1RSefond state
capacitor-like structure, wherein the ohm c resistance represents a
di el ectri @ With alphie stterloel ect roni ¢ device according to claim1) whereby a
speci fisg ohm c resistance related to one of the different states (1, 2, 3)
4) remains after one of the 20 different voltage pulses (5, 5.1, 6, 6.1, 7,
8) that | @hds!'tresisaice vajpe s 20 tmedhsmaller émnshaiiCealitas dezneppplaned theo t he

el ectrodes 2, 16).,.9. The.mcroelectronic device according to one of the
pr ecedi ngt%ééﬁgfﬁ;“%%sl ﬂga’};iibpe’st1 "Ssatcg‘F%e igital information that is
representabl e by different values in ohmc resistance 25 of a region ( 14),

t hereby preferably storing two or nore bits as digital information.
Additionally, this remarkable dependence of the resistance on the applied voltage pulse

25 5.1, 6.1 together with the hysteretic behavior also allows to write different values to the
microelecironic device 10 and to read them out with a single pre-specified read-out
voltage. This so-called multi-level switching phenomenon is discussed later in more

detail.

30 During the experimental measuring runs in this example information was written and
erased during 300 ms - the duration of the sharp peaks - and stored for 240 s. The ume

10 write and erase information was a specifically selecied experimental parameter but 1s



| O. The m croel ectronic device according to claiml, in which tEfEJ 200
conbi nations of indices x, y and z of the substance are defina lHy
Xx=n+2,y=n+1l, z=3n+4,withn=0,1,2,3; or 30 x=n+l,y=n+l, z=3n+S,withn=1,2, 3,4
AVENDED SHEET 31 JUL 2003 V1' O 00149659 -24 1'CT/1 B00/ 00043 |I|. The

m cr oel ¥ PUHY devi ce according to claiml, in which t heCEHB0H42i ons of
indices x, y and z of the substance ardbeefinable by either of: x = 1) y

=1, z =1, and one of the indices x or y being O; or X =n, y =n, z =n +
1, with n =1 or 2 and one of the indices x or y being O; or 5 x =n, y =
n) z = 2n ndotl limed hbyn e Znanchyodeviaf ittdie Thedéfoes the ontinpatbesipaed Gor hik The

m croel ectranic device according to clai méqu, i n whi t he conbi nati ons of

i ndi ces x, VylehmerePrages Heniiiyelicas SAPYN sefaEPEr t@iﬁg- >

x=n, y=n, z=3n,wi thn=l,or2,or3;or -10 x=n+l,y=n, z=4n+l ,wi thn=l,or2. |3. The

m croel ectronic device according to claim11, conprising a dopant of

Chr omi um ofheVamadovem whicknnfommatdn kar hersiarédams @%chridngemahdnethosh 240 5%
preferab%y about, 0.2.% ?1)1? | 4. 'I;{}g m cr oel ect roBi C dgvi ce accor%l ng to claim
|, wher ef TPES VI8 £SPEIIREN Y- 3n STEGHBGHEFTETRCOBR TR Bt AHPOVALR Fitnce
conprises a conbination of elenents out of one group or out of several of
the correspondi ng groups of A and B, respectively. 20 I S. The

m croel ectlf on¢ enadires te sadicbingibehavior aflsughngapacitopthike sryeturerewB by mgss i s

present in,the formof.a superlatt] . b nhi ion of tural
unit cell sdoghntfl HFL U%-OBWC%C%FH @? SYE&%Q&%‘%{ gse’% %tgro%ﬁjg&c?e@f 8ngv@é'cor di ng
to clai m 1€ &uped ZructbrE Sie tHdBestrbstsaine bthined With G <doPingiafound ®.1% Forof a
superlattice made by a conbination of structural unit cells and/or sub-unit
cel 3s hbVithepecrparitprdike rsapgtpresnthe differenger Rrewesnalo’ @Af 1wy de heqt ¥ithsub- uni t
cel | s bei ng.gaedredrdfabRflyof a corresponding honol ogous series. 17. A
menory cell rrangenent conprising a rrvcroel ectroni c device according to

one 30 of the preceding clains | to 16.

Summarizing the main aspects of the presented structure having a DC-resistance
changing sensitively with the applied voltage pulses and consisting of oxides doped

15 can be operated as a memory device or cell with the following intriguing propenties:

First they have a very simple structure because the whole memory cell is a
capacitor-like structure. Thus they can be operated with only two terminals with a
single terminal for read, write and erase. Thus, they are best adapted for ULSI

20 technology.

Further, the difference in resistance between the ‘0’ value and ‘I’ value is at least one
order of magnitude as can be seen from Fig. 3c. As can be seen further from the JVC
depicted in Fig. 2a, a large resistance range can thus be exploited 1o store a plurality of
25 different logical values, i.e., the so-called multilevel switching can be achieved. For
this, a plurality of write pulses different in size, etc., as mentioned earlier can be
applied to write specific logical values into the memory cell, in order to realize not a
binary system but, e.g., a digital decima! sysiem based on 10 different logical values
being able to be written into and to be read from said memory cell in subsequent write/

30 read/erase cycles.



| ~ OOUUOOC~~ S2 9-9i;-Ua9 31 JUt 2003 Repl acenent sheet - 25 18. A
sem conduct or device conprising a mcroelectronic device accordi Fg 1o 1Mie
of the preceding clainms 1 to 16. 19. A nethod for witing infor ion into a

menory q@bloogg&?ngerrent according to S claim 17 conprisi pgrhifResdsp of :
appl yi ng one vol tage pulse of the diffgrent voltage pulses (5 6, 7, 8) to

the el ectrodes (12, 16) of said nenory cell arrangenent for witing
information into it. 20.The method according to claim19, wherein the ohmc

(1) o e ey BecRRRubLd shire Sl AhaRER REITE™, PR bkt Lo e

by appl yi ngorhparkBe edreehi@dEBRAM cells6) a first voltage pulse (5.1) of the
di fferent voltage pulses for switching fromsaid second state (2) to said

first state ( 1) or a second voltage pulse (6.1 ) of the different voltage

pul ses O ERit S0 0G Lt HDABLoL of SufkPhEaddlebicaldbeoreants sLaLS (2). 19

2l . The rret accor esistance 1°n t he

first stat ee\(xcel t)laxlc&nhjegfheﬂ ak hamultievehRemeyadedice! Sinee (186 Fandawhec aien t he
first voltaegq{ (E)ul se for switching to said first state (1) has an

opposite s tp%aﬁhog@bcs Wﬂtcag&arwu%oncwie uRgsystang e RPN d
second sta each of
t he di ffe%%négﬁcng&g%%wighguggé&ﬁ? n%?@%%%vg%nfgg t%y%%%éns]wgﬁ%gm( 5) for
swi t chi ng ddrpectehrbumsrmcmteaimsahbwnan ﬂﬁ@h ‘Bimrsecosd a’temC(ry Jie\)icez)éommmr@ fferent
states and/ or | eas ite 7,,8) f.o0 h| n sai d

hi gh ohmi ca’htoéfdté bas§ CCfTBS%W? }é g%a?r@ fichgn s {rﬁ& %@?@'} ff er ent
states qor£1BHPQYUHped vith 6@'%10Mdﬁxﬁmp(-d'r§5ﬂ)r(lﬁa irsulaBhg raﬁenﬂr@dmem@ﬂ;c
according to clfaim 22, wherein the erase pul se (5) has di fferent anplitudes

for switchiR¥Fi} eoroplscterdet He ononsFTiBh bsirae dBeway fabrigated Wil \REISEERSSHEET |
. -C2-2C—~ épo%ogagampaQ RepJacernent sheet -26 |~ UUJCO0~4: 31 JUL 208

As can be seen in Fig. 4a a series of different voltage pulses depicted as sharp peaks
15 were applied to the second memory device. In particular, erase voltage pulses 5, Jow
write pulses 6, medivm write pulses 7, and high write pulses 8 were applied in a
defined repeating sequence in order to simulate realistic erase and write processes.
Each peak of the erase voltage pulses 5 indicates 30 pulses with a duration of 1 ms. A
small read voltage 9 were applied appropriately in intervals of 10 s in order to read
20 information. This read voltage 9 is smaller in magnitude than the different voltage

pulses 5, 6, 7, 8 applied for switching to different states 1, 2, 3, 4.

Fig. 4b shows the current generated by the different voliage pulses 5, 6, 7, 8 and Fig. 4c
the current readout enlargement of Fig. 4b. Different states 1, 2, 3, 4 corresponding 10
25 different ohmic resistances can be clearly derived from Fig. 4c. The ohmic resistance of
the region 14 of the second memory device can be regarded as ‘high’ after one erase
pulse 5 has been applied, that means that the second memory device then stores a high
ohmic state, also referred 10 as first state 1. Conversely, each low wrnite pulse 6 leads to
a second state 2, each medium write pulse 7 leads to a third state 3, and each high write
30 pulse 8 leads 10 a fourth state 4 whereby this fourth state 4 is the lowest chmic state.
The second siate 2 and the third state 3 are in-between the high ohmic and the lowest

ohmic state. As can be seen in Fig. 4a erase pulses 5 were applied between the write



24. A nethod for reading information out of a nenory cell arrangérlrélm 00
according to claim 17 conprising the steps of: applying a read voltage (9)
to said nenory cell arrangenent and associating with this information a
val ue of \Gyrhgskke f| oW ng through said nmenory 5 cell arrang@qBpieoosss
applying a current pulse to said nenory,;gell arrangenment and g? ﬂg @ﬁi ng
with this information a val ue of voItage appeari ng between th d 3 odes
(12, 16) of said nmenory cell arrangenent. 10 25. Use of a substance for
storing di gil, , ri 0,,.Cc0 By,
S o gonCebks 719 PP R8P SRR 0TI 008 URENRR 5,
capaci tor-| fdﬁﬁ[hss&gxucwn,e ﬁrg,;ma\mh] ch substance said conponent Ais a rrenber
of Alkaline_netals rgrou or Alkaline Earth netals (group |I1A),

Rare Earth & i#msehsof ge é?é@m‘ SHesol, Yt Br FLAnCOTeSPepding degiGanaiie mn be a
t t Bt b
e on getalhe, 0 FRVREL e AL E B 1 0r g0 g et

one of or SaceessporBiib oogied ‘O’ f thenisird sthie@ncortespohds®s Rigical t e ahd il fosiapant
anmount being larger than 0% and smaller than 5% 20 26. Use of a substance
accor di ng t D2terbCHTERs 49 IogicRl M1 wisereaHYing fe? EBﬁ’Eﬁ"?P&Y F&Irlrslncae“?’ﬁldm?& X, y

and z are dgfj + =he n or x=n+l,y=n+1,

z=3n+S, Wlth% cE‘%@ ys,lg(lerh%el?‘%g% ?fﬁgga{}ff%enﬁghtgglo 25 x =1,y =, z 1)

andoneofthelndlcesxorybelngo or Xx =n, vy z=n+1, W|thn:
= + ]_

1 or 2 and e of the indice n
wiih n 25 ShGetitdlbet RS ot b teaRs ‘%’éa%wsesa'fheb%f o¢ Wk wésasﬁ
X=n, y=n, 21637',, ik Jdvc?’ e@rﬁaswauy%obefmeﬂ m¥mBry? déhice! is Wséd1 el ir8f Bme AMEl
SHEET . A A& A ALS& 9. A AZ A

,+. AF % AH, Ritializing. vo\ragpsshowld. w [apn:ilfﬁl K@OhnAg tpis MexicaR DgppRidings on thif f

}is ni d_Z] calfccl(?lx]l ané’ 'éé %S]“‘é%]vc‘”%]gc?a‘]"c‘%ﬁsc’é‘]gé‘é]“““]’c%‘] ga mv ca‘]l a’]‘%g]ﬂ(s:as] cal ca]
ca] ca] ca] cajapalieadrabd cajecaliegd maieS mreMdgative and the write pulses are posilivc.

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] ca] cal] cal] ca] ca] ca] ca] ca] ca! w koE| (w

Q] #sm%mmﬂﬁbﬁe@ailyalfcadcﬁa&mieca]aga RE€ 3| Ba eal &@]ﬂca] Gahpa] ca] ca]
ca] ca] ca] ca] cal.ca] calca ca]u a] ca] ca] ca] ca] ca] ca! ###3J%RAR"
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agg] ca] tza]:ea];mﬁdeca]ma];«aa.] dm]:ma]:maﬂ ca]leaaﬂ;hﬁ:E}cfaima]émb?a]ma}zeahﬁ! Herd i;s] el

I KKKKK RS- XSni ca calJcal]calca]ca
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cal SS/ T2TUwWn, the first state 1, the erase puises 5 have an adapted step-like mcreascd amplitude.

W( V. VEVWWWWBWANKE Yi YZZ1] 5[ <[ [[[\m\\!]{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] c"a]

ca] ca] ca] ca‘}léap@a]béa]ncsarlca}\@a}squam]hm] fecrp ehe] fouitl stefledadives}ly 49 bajsecopéa) ca! ! |

111111 state 2.

25
The switching behavior of the multilevel memory device was investigaied and tested at

77 K, whilst the same switching behavior can be realized at room temperature.

Fig. 5a to Sh show results of measurements over an extended time period on another
30 microelectronic device, a third memory device. This third memory device has the same
structure as the second memory device as described above with the exception that the

lop electrode 12 comprises Au.
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shows the resulting cumrent readout. The measurements show again that the last

information stored in the third memory device was stored over a longer period of time

20 without any decay.

With reference 10 Fig. 6 a schematic circuit diagram representing the arrangement of a

4-bit-memory circuit is shown.

25 Four microelectronic devices 10, also referred to as memory cells 10, are arranged
linearly in order to represent the 4-bit-memory circuit addressed via an address line 28
by a decoder 30 the outputs of which are connected to a respective top electrode 16, as
shown in Fig. 1. The base electrodes 22 thereof are each connected to ground. A write,
erase, or read voltage pulse can be applied 10 a selected memory cell 10 through a bias

30 line 32. The different memory cells output current is evaluated through the output line

34.
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10 possible to use a system comprising an doped capacitor-like structure as an active

switching element in electric or electronic circuits.

In this area of interest a switching operation is not restricted to a specific resistance
value. Devices having a resistance of some Mega Ohms can be operated at a voltage
15 between 1 Volt and 5 VoIt for writing and erasing and at a voltage between 0.05 Volt

and 0.5 Volt for reading. Devices having a smaller resistance can also be operated,

however at different voltages.

Further, the present concept is suitable for an application of the substance for
20 constructing EEPROMSs (Electrically Easable Programmable Read Only Memories),
logic gates as e.g. AND gates, OR-gates, tunable capacitors and further complex logic

circuits.

Particularly, when silicon (Si) or other semiconductor substrates are taken as substrate
25 material instead of strontium titanate the current prior art semiconductor materials can
be grown on the substrate thus providing the ability to join conventional semiconductor
technology with the memory cells or switching elements, respectively, of the present

concepts.

30 In the foregoing specification the inventiocn has been described with reference to a
specific exemplary embodiment thereof. It will, however, be evident that various

modificalions panicularly relative 10 the application of a large variety of different
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in a restrictive sense.

In particular the thickness of the region 14 as well as the lateral dimensions of a
memory cell and the applied bias voltages or bias currents, respectively, can be varied
10 as it is required by any specific purpose imposed by any of a plurality of varying chip

designs.

Also the material selection for the bottom electrode can be varied as well. A simple
meta] like platinum (Pt) is suited as well.

15
Also for the top electrode the material can be varied as well. Au, Pt are suited
matenals, but principally, all metals and conducting oxides are suited materials for

both, top and bottom electrodes.
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wherein the ohmic resistance is formed from a substance comprising components
A,, B,; and oxygen O,, in which substance
10 said component A is a member of Alkaline metals (group IA), or Alkaline Earth
metals (group IIA), or Rare Earth elements, or Scandium, or Yitrium,
said component B is a transition metal being member of one of the groups 1B to
VII1, or a member of one of the groups II1A, IVA, VA,
said substance comprising a dopant of one of or a combination of different
15 transition metals, the total dopant amount being larger than 0% and smaller

than 5%.

2. The microelectronic device according to claim 1, wherein the ohmic resistance is
switchable between at least a first state (1) of the different states and a second state

20 (2) of the different states by applying to the electrodes (12, 16) a first voltage pulse

(5.1) of the different voltage pulses for switching from said second state (2) to said

first state (1) or a second voltage pulse (6.1) of the different voltage pulses for

switching from said first state (1) to said second state (2).

25 3. The microelectronic device according to claim 2, wherein the ohmic resistance in
the first state (1) is higher than in the second state (2) and wherein the first voltage
pulse (5.1) of the different voltage pulses for switching 1o said first state (1) has an
opposite sign to the second pulse (6.1) of the different voltage pulses for switching

1o said second state (2).
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different amplitudes for switching to one of the lower chmic states (2, 3, 4).

10 6. The microelectronic device according to one of claims 1 to 4, wherein the different
states (1, 2, 3, 4) are readable by a read voltage (9) smaller in magnitude than the
different voltage pulses (5, 5.1, 6, 6.1, 7, 8) applied for switching to the different
states (1, 2, 3, 4).

15 7. The microelectronic device according to claim 1 being usable as a capacitor-like

structure, wherein the ohmic resistance represents a dielectric.

8. The microelectronic device according to claim 1, whereby a specific ohmic
resistance related to one of the different states (1, 2, 3, 4) remains after one of the
20 different voltage pulses (5, 5.1, 6, 6.1, 7, 8) that leads to said specific ohmic

resistance has been applied to the electrodes (12, 16).

9. The microelectronic device according to one of the preceding claims being able to
store digital information that is representable by different values in ohmic resistance

25 of a region (14), thereby preferably storing two or more bits as digital information.

10.The microelectronic device according to claim 1, in which the combinations of
indices x, y and z of the substance are definable by
x=n+2,y=n+1,2=3n+4,withn=0,1,2, 3;0r

30 x=n+l,y=n+1, z=3n+5withn=1,2,3,4.
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X=n,y=n,z=3n,withn=1,0r2,or3; or

10 X=n+1l,y=n,z=4n+1,withn=1,o0r2,

13.The microelectronic device according to claim 1, comprising a dopant of Chromium
or Vanadium at an amount larger than 0% and smaller than 5%, preferably about
0.2%.
15
14.The microelectronic device according 10 claim 1, wherein at least one of the
components A, or By of the substance comprises a combination of elements out of

one grouﬁ or out of severa] of the corresponding groups of A, and B, respectively.

20 15.The microelectronic device according to claim 11, wherein the substance is present
in the form of a superlattice made by a combination of structural unit cells and/or

sub-unit cells.

16. The microelectronic device according to claim 10 or 12, wherein the substance is
25 present in the form of a superlattice made by a combination of structural unit cells
and/or sub-unit celis having each a different n, said structural unit cells and/or

sub-unit cells being each 2 member of a corresponding homologous series.

17.A memory cell arrangement comprising a mucroelectronic device according to one

30 of the preceding claims 1 1o 16.
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electrodes (12, 16) of said memory cell arrangement for writing information into it.

20.The method according to claim 19, wherein the ohmic resistance in the region (14)

10 is switched between at least a first state (1) of the different states and a second state
(2) of the different states by applying to the electrodes (12, 16) a first voltage pulse

(5.1) of the different voltage pulses for switching from said second state (2) to said

first state (1) or a second voltage pulse (6.1) of the different voltage pulses for

switching from said first state (1) to said second state (2).

15
21.The method according to claim 20, wherein the ohmic resistance in the first state
(1) is higher than in the second state (2) and wherein the first voltage pulse (5.1) for
switching to said first state (1) has an opposite sign to the second voltage pulse (6.1)
for switching to said second state (2).
20

22.The method according to claim 19, wherein each of the different states (1, 2, 3, 4)
are obtained by an erase pulse (5) for switching the ohmic resistance to a high
ohmic state (1) of the different states and/or at least one write pulse (6, 7, 8) for
switching from said high ohmic state (1) to a lower ohmic state (2, 3, 4) of the

25 different states corresponding to said write pulse (6, 7, 8).

23.The method according to claim 22, wherein the erase pulse (5) has different

amplitudes for switching to one of the lower ohmic states (2, 3, 4).
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associating with this information a value of current flowing through said memory
5 cell arrangement; or
applying a current pulse to said memory cell arrangement and
associating with this information a value of voltage appearing between the

electrodes (12, 16) of said memory cell arrangement.

10 25.Use of a substance for storing digital information, the substance comprising

components A,, B,, and oxygen O, for making a switchable ohpﬁc resistance
" within a capacitor-like structure, in which substance

said component A is a member of Alkaline metals (group IA), or Alkaline Earth
metals (group I1A), or Rare Earth elements, or Scandium, or Yttrium,

15 said component B is a transition metal being member of one of the groups 1B to
V111, or a member of one of the grouﬁs IOA,IVA, VA,
said substance comprises a dopant of one of or a combination of different transition

metals, the total dopant amount being larger than 0% and smaller than 5%.

20 26.Use of a substance according to the preceding claim, whereby the combinations of
indices X, y and z are defined by
x=n+2,y=n+1, 2z=3n+4,withn=0,1,2,3;0r
x=n+1l,y=n+1, z=3n+5,withn=1,2,3,4; or
being defined by either of:
25 x =1,y =1, z=1, and one of the indices x or y being 0, or
x=n,y=n,z=n-+ 1, withn=1 or 2 and one of the indices x or y being 0, or
x=n,y=n,z=2n+ ], withn =2 and one of the indices x or y being 0; or
being defined by
Xx=n,y=n,z=3n,withn=1,0r2, or 3; or

30 x=n+l,y=n,z=4n+ 1, withn=1,0r2.
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