;e3e*(6T*U $ The Engineering Field *cooool* The invention is in the field
of Conputer Engi neering and can be used in nenory devices for various
conputers, in devel opi ng associ ative nmenory systens, in creating synapses
(electric circuit elements with progranmable el ectric resistance) for
neuronal nets, in devel oping data banks with direct access, and in
devel opi ng a new generation of video and audi o equi pnent. The Exi sting
Technol ogy The nodern conputers use nmenory devices of vario Wi t h
different characteristicds-of witing speed, storage tine, awwﬂmfl@]]’zﬂglmm
readi ng speed. This substantially conplicates conputer systens 989 ,
i ncreases conputer start up time and conplicates the data storagl $nct i on.
One of the priority tasks in the ,ghﬁ,f(ﬁgylﬁﬁg onics field is 't reate a
uni versal nenory systemthat woul'd hav wite and read Egﬁﬁﬂ’ﬁ@m@’mm
with long storage tinme and high data density. In addition t at
need in creating a sinple and lve synapse el enent for neurownak
conputers. The lack of such anefe}{emlﬁfem5¥‘lf§ioback creation of true neural
conputers. At the same tine) the potential capabilities of the physical
princi pl es on wihemvéntien FOFBE Re) i¢ equipnent is based are
practi cal | yjepxhaysted. = Under mgkﬁg"\tfv‘{"?{é”?'}ﬂ farad paade aseghin meandeyai ned  at
finding new princi pi &4 Fyppulerse &t fegeippingegyric RN ne sty Gl d N ch?{gd
nmanuf act ur isheppirageecuimeitchie eicHORS wiif ,r;g?,la,gg,gtl,,gr el ecfronics wth fse of !,
mol ecul ar e §higdVefopR0Y tS§F>r ono| e,cuPa enaanBidEC resistance) das nedrpnaiind (2]
contain anal ysis of PpBS&r ']kFf"’i“%é‘fﬂlcchcqasian@intdb&ldﬁn%rﬂ{wﬂe, fongfect ronic
struct ural V}%%G.mﬂibtguimﬂensnal | conducting systens as the physics principle
on the basis of which it is possible, in particular) to devel op nenory
devi ces of a new generation. The work di scusses the theoretical
fundamental s of this phenonenmlﬂemnéﬁédhxaﬁfy the conditions and parameters
defining its characteristics. It also contalrns data 1 on one-di nmensi onal
nol ecul ar stru thg:?%s& as well as discusses the features of the structural
instability an 8 €8mpiers ludsi thantore Bevicey ofS¥aabi Lo a0d, dynami c control of
one- di rrensdhanaabdgwﬁbﬁmdﬁﬁ)@g&g&isyoirat Yo The aboyagB‘li'Tse ut??o(%er?e Bbﬁff%’f"&fal principle
opens prospect s Eor desi ghi ng nenérﬁ"}fe\aﬁcésés“%s@é readingespedde Chgni sns  of
data storing KAt Gompleatss campuses SEPIADPératis, iAbte 8! QfiuAP s REW gat erials. It
seens qui ta8d agipyelicent thd dutd stdrkpe rRegNt i @l possibilities of “rrof 8% ar
el ectronics w i, Qlethdi scovered on a greater scale with devel opnent of
neuronal nets consi stiPRGTST eI Gasicesreeatiadidny isel@Gdat.0, ggig%rgla? synapses.
Usi ng t he "iBioacustam tiet wodld bave Gigh WRleDRE 4 . 9L YE OF" artificial ‘neurons and .
vari ous tyﬂeﬁgpga@ggaﬁgf £ a%gljgne%t ed in a conmon “Retithiang stopsentirae way t o
realize all potential "possipit'fF &S §ephdedin drentinpe sinplragaRyler | deol ogy)
wil | al | off"f&ecHenmne faameemsa ebiplidry  MRW|dY RE QF: jhformati on processing and
conput er  eyfio B i Hu G SR pGk9Se t0 resolving the b GBFR Mok beskeating
artificial intglligence. Fhete is a known device contai ni ng nmenory cells
that can be uﬁdh"fsgﬁ“e Ume therpgtentinl capatalitie O tlﬁeéﬁgsiéﬁ?ﬁé?_p%’}rg 68\53I 80,
| nt er nat i woaddm Eleafsicl dqGphbMns @]‘mlé:ar%“?’b’ 2000}, e TRiCR “ica f¥v ant age of
the knowydeyice is thal it allows WHACHsally exhbgedraUndm vyl noworzce. Mor eover )
the informat] on Pesdi WG @merh gl finding pev péihcipieyd RRdSece Uk nﬁ%u.\%glti cal devices
makes nenfBrefiowigg eptmniuiddiug basé g}, tﬂp[dgascoggﬂ ex and al so OREFY readi ng
reliabiligy clagpgﬁéga it is difficult top YA estronied witlayse of di f f er ent
writing rret%oa S 9 §URromqleshlar ensembles. uses the thermal breakdown ef f ect
caused by apphstickg [Hiagh [2)@bitag &na) ' vantage of this witing method is
that it %lcét?orﬁé JWe) rak o record infygk?rq}{alfb?sgbﬁﬁ{fﬁ?‘gUE}H%@eahR!omeqmiofes usi ng hi gh
vol tages of the el ectit ¢ f¥&f gmall conducting systems as the physics principle on
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There is a known nenory cell wth a three-layer structure consisting of two
el ectrodes with a high tenperature nol ecul ar conpound pl aced between them
(see Patent JP 62-260401, International Cassification HOLC 7110,
C23Cl 4108, HO1B 1112, 1990, and article [4]). The known nenory cell uses
the principle based on changing electric resistance of the nol ecul ar
conpound by applying an external electric field. The nol ecul ar substance
conductivity can be at two very different levels, which allows it to store
one bit of information. 2° The main shortcom ngs . .of the known nmenory cel
are the | ow operation speed caused by long tine needed to switch the
resi stance and the high voltage (about 60 v). These shortcom ngs
si gni fi cant | gn dnkwintentidi] his ce|ll in nodern electronic devices
There is al Sigst%' known rreﬁr@?%ﬁég Cajﬁﬁsta%wél Bidiseussqs dhefeatgey af tteumenggnsi st i ng
of two el ect'PHirdly mst analyses whsstbHitieh e staiis art dyauinit RERKY 3F WSy mDl ecul ar
conpound ( segstéSediaicaity. 465894) I nternational CIaSS|gica?f6ﬂ”§EEﬂ 291 28)
1987, and articlf [$%£ﬁ This menory cell operation is also based on
switching el ectr he Bendiared pbpsicah primiplespeha ropr&pEd-mﬂ ignYn ﬁrgéal ing an
external el eletices adeti @h ChewHRWRY S §Nis, devi ce? unl i ke ,t% & cri bed
above,.sholeqﬁaracterislicalIy shor T B¥1ngt anfl censfoimation as well aneh | oW
operating vo?%a&%§9”TW@“ﬁﬁinkd¥@mﬂmamtagasm0$mtmé§o%ﬂgmgm&%aniC?I sol ution
are as fol | mnaecumieres&qniclswise&iQB&%el%ileaergao copbine the existing®
sem conduct gf ngm.uf act.uring technol ogy fehsq é"‘%‘d’ﬁb“é@mdmmm cel |

. ts congist [s) ury
manuf act uri ng t &chiEl b JS BRceanagsted th dlagim BEIVP8Yibits CUARY GE WoRLy SoMpounds
used in t heelawonicymetalds t@deRelE SHAGY SRl b %{;gé what is mbre Important,
thermal |y, f@of cdfsinSl0L,; enough and are apt & 1°8° WPetRdsensers cesnpendat ur es onl y
up to 150C. This NaKes " OPeRh¥ay I9 malize allgmtentie rpowsitiktiek REpIRR e
seniconduct%W“Wﬁmmﬁa@kubgﬁgwﬂemB@QbQQ&@%mWQ&B%MFenﬁﬁratUres up to 400C are
used. Seco &ﬁﬁh&hﬁdgﬁﬁwgrg%ﬂPry cel| can store’d ywﬂhéfﬁﬂmﬂﬁmn
i nformation) whi Ch proft bi FE TP samg plosedlg edsolping ghedgbles S Wedlag i gh
i nf or mat i orf"¥iHSintelfigenics addi tion, the physical characteristics 8f the
materials used PRkeists ability of the wite-read-erase cycle
unsat i sf aCt'OtIXri Al mhﬁg&ﬁ%%@ﬁ csomaingéd‘é"é’é’dy gl vieat amn beelided a6 stofigy MENDI Y
celI's of tAFS AP HSEAT ﬁ%m&tlmﬁatmm@lﬁﬁﬁca@igm& ?Qfg g(f?gm ng: they
can store only THeanaw disa@VantaBl 8f HBkAQ - o dnE; Lnvention DI scT'o b The
. . . s t ll L .
i nvention bmygggpﬂbon the problemo 'cregiﬁﬂﬁ'éﬁ @@%@WvgaMbmmﬁQM/type of
menory cel | whi ch WOt Bieintogpaion ecading stdoné ByJopieM SelodD i, g;t-cla]nf or mat i on)
woul d hav e detings makeesﬁwtoqne@ipsm[tgggc;iamsmgr@dcol OEI OE‘? ating o fages and at ,
t he sane tirclmimp%lecqusgl il ?swd.%fo l(:orrbl ne its manﬁf" £ iaH@lCtV@fﬁhmﬂirmgy wi th that
of the nodern_sem conduct of§™" 3° Posifinsopgiead lshe mAi differemol g Agndyol | ows. The
nenory cel estiibed an thisr peent ayes rtheS thedfal erﬂd%%%}fg&icg%ﬁgf_ t wo el ectrodes with a
functional vaiege DeudeeMhdlelp 4JIhis. is achieved by %Y MgPl¥iAg highect r odes out
of a netall %c and/ or semtcondtlist BRtingnmeded doHdudt ave al@bsy B fecggd/ Or
opti cal |y T1°4R¥igaPrnence sidtequires ®itigiph 61taER F e 3led IR NY the functi onal
zone out of org&mggﬁ,gﬁﬁglg&ﬂﬁy%& aqg n%n-organlc naf8T|als) with different
t ypes of q&£l%§ e| enent s bul iRl &1 He!PFFEt 4T drusturerpingiating ast capd/ or
crystal | i ne StPh¥ihs gh 'aglp'wemnemspgecmg{rcmmminai,,r,;gadtbgg;vc,,[;:qa[thﬁnr1 \al s, th each
ot her and/JBr62vli60401 Chisfiaara @BMat?d?] ﬁ&%ﬁ&at change theit stdfe or
posi tion l&ﬁ@ﬁ]&c]i E‘”ﬁﬁgﬁ% of an externhal P98, dadBalnky, 0890, | ght
radiation. The destr °W%ﬁﬁmwvcemnmsunqmmumebakaew@mﬁ%ﬁ?Eéqﬁ a menory
el ement  wirshtagienofl the thdlecandl cMfduna by t%pi %Or mation writlng; ¢t% i ng and
readi ng nﬁ{mg@suéﬁm&hce@%m time infornat Shertema gecsdr Aeldt Mee f unct i onal
zone resistance val Ue. PO EYTERBS ¢t twelverywiifferensiengd, Gytiintay afing made the
r esi st anc&ogRne kit dfadortmaor), evel s: high (e.g. representing §3L and | ow (e.qg,
representing 1), while for a nenory cell wth nufti-bit storing node the
resi stance val ue has several |levels corresponding to specific bits of
information. For exanple, for a two-bit cell there are four levels of its
resistance, for a four-bit cell sixteen levels, and so forth. The nmenory
cell is advantageously distinctive of the currently used elenents in that
it does not require non-ipterrupted power supply while storing informtion.
The information storage time depends on the nenmory cell structure, on
material used for the functional zone, and on recording node. The tinme can
vary from several seconds (can be used for dynam c nenory) to several years
(can be used for long termnenory, such as Flash nenory). It is beneficial
to inplenent the nenory cell functional zone consisting of an active |ayer
based on organi c and netal organi c conjugate polynmers with active el enents

built int_o th_e main circuit and/or_connected to the cir_cuit or to the pl ane
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4 under light radiation, and/or w th non-organic and/or netal organic
and/ or organic salts andlor nolecules with variable valency of netals or
atom c groups they contain. The described inplenentation of the functional
zone allows to create a structure capable of changing the active |ayer
resi stance and/or form ng high conductivity areas or lines in the active
| ayer under external electric andlor light radiation effect on the nenory
cell and retaining this state for a long tine w thout applying external
electric fields. Far one of the active elenents of the nmenory cell active
zone it is quite effective to use nolecules and/or ions with electric
di pole elenent andlor with instilled clusters based on solid polyner and
non- or gani ¢ f er r o &'y shescomtings efi sari@op efediblyaddll Afe HDeENDYY cel | with |ow
appl i ed vol t ageed Bhhbg e ,ggggedtt? e Eact. t hat presence off faﬁé" fRE7% oel ecric
¢ ; SWLICh the resistan i

el enents increases the internal electtid *W@Pﬁymﬁméﬁ§mﬂ%wammuo®maequentIy
requi res app }?eé%%?'i"ﬁ“r?mb‘fgs FighiEpantlireit thalusagt 80hiE tal iY Aoh@ 81t Qi Wi LL O
i nformation. TheﬂeaakqthQ§5@§gkmg_Q& sRect s i n inplementing tHESf uncti onal
zone as a nuhg%l$ Er structure pongis ngagFag%w%pgpny%gmﬁgmmbtm@various
| evel s of activl % CUVFRB IR ey 2 foor tempampie @noleauthr RhpAindqdk fs pEL 2l or gani ¢
and non-orgat66894n&ncﬁﬁaii6:{ascwﬁk@f‘%§tidﬁg%l@ﬁ%ﬁ8 ?&f/ or crystalline s Flicture will
have instillgd active el ements andl or clUste s axtde 61)- t Henmembrych wi | |
change their sCAFERAR tsadem syitchidgeeleatriccrediitakel o Othe Hoﬂ:@&larrc%% fion
i nfluence) Wbiapplymk laowsethal G Fieldhepdal ethzlam%ﬁﬂuaniii ty of electric
resistance Lgyels therefore increasing the el Wakeathgone dasyribedt i s
advi sabl e to 1 npl enent T HEIAN Sortsepistanoromatciaimentdtio apeRdiing Ldllagdsure with
al ternating act iV mypetisiivaagnds Barknbeh chaygl Slsiher e 1 he passive |ayers
are be nmadejgpf L C) I i d non-org ?rﬁaﬁw{i{k@’fs'r Hirss iihi ch

i (mgag@phﬁglﬂ@%gborganlc_an non-or gal ich are
donor andl or acceptor éhar e o8y ﬁé?§wﬂﬁhﬂﬂb@a@§smnmguﬁmmhgp“@mq&;ron
conduct i vi t?{gBWIH@HlOW@cbamndf&rudhg;éemnoiog g&qlgc%wgeeri al with high ‘
el ectron Coaﬂﬂﬁmhghgyiﬁmgcgg%%;oplconduc{iyity, ! CRPSRMEROcHas or ove ' t he
mermory cel | stability over ti St ¥ &echarisallyi #rd, wharieasiragngdata, densi ty
due to i ncrBEZIaHY rohEsigg ardugly amifard die ohateehddhiesue] o4 Eﬁﬁl Ly cell
el ectric reBiishaR&S!: indossibld & &gqﬁ&r QVBLehto i mpl ement i Ae” A E@ cell's
el ectrode “&ﬁ%orn1of several separate éﬁ%ﬁ@$ﬁ%f”@%wd%%nmpMeh@mﬂ@or t hree
el ements pl'Se S OBIFORME e iHBPeFAliHes P eMEI0CIasneed. which wi || permit nore preci se
control the val Secoadly,ttheknaeh Imeglo iG, Lesi stance, therefore inproving the
quantity of,hifproption recordi .ng’p%p Ct?'r’wé‘ %Oﬁ%rvcg)éthf infprnatien, whichsi st ance 5
anal og val Ues pinem Si'on) © RN RYicesggthdighdnomatodenaypl e t he i nfor mation
witing and reabli nddigneabd iphysedal GHdrkSerishids | dvant.ageous to inplenent the
menory Ce|hqﬁh§ﬁﬁ§gﬂﬁe&9wkgﬁ f or m of twgkeFiﬁﬁnggﬁgggawﬁféHanmgpace by a
seni conduct or aRg or or%gnlC{F¥ﬁﬂ?h€ﬁﬁﬁﬁWW§MnateriaI and formng, for
exanpl e) ei t her Aamgmerg eclistdisaesbadraBove @k wall RNAE RehES e or .a photo sensor
el enent) Wi ra@kd aVWSonk Qmﬂﬁﬁosﬂg)&g t he infor rratriﬁgr?l cﬁsiaogﬁ’hsgty‘&ﬂ‘ﬂo‘?'éadi ng
electric circuits electrically or B8t eafapytoreoplyjoge bit efonfashsdat ageous t o
i npl enent the nenory cell electrode in the formof three parallel elenents
separated in space by a sem conductor and/or organic light emtting
material and formng) for exanple, a light emtting structure and a photo
resi stance or a photo sensor Blednwention Distledur@l | ows t o decoupl e the
information wzting and reading electric circuits optically. An Qutline
Descri ption ofqggamjngs,Figures 1 through 20 show options of inplenmenting
the clai med nerory" CBPP 1S baseq gy the probletn gemestal 28 Whdeh iy O LR cffl ai med
menory celemery welt which wbdldibd ¥¥RabFOdH el ectrodes and an active
functi onalshgg%gi.staﬁccls:»iv.?c re 2: The glsgo?ﬁgge%ﬁ%}n%trsff@ Frmaddn Wowldaveont i nuous
el ectrodes and a i ngre T5ya7 oy pReretingrvaliagzome at the Bin@Uing wRuid 4 ow 1he cl ai med

menory cel'P cqiphite itsmnmmﬂn@lmmﬁ)lcgy%;,r[,gplfﬁhaanrl\(gdfa mul tilayer tunctional
I 1'np

zone. - Figures 9: The clainmed nenory ce CnERCEduGPEn a single | ayer
functi onal zone, one continuous el ectrode and one el ectrode consisting of
two elenents. - Figures 10 - 11: The clainmed nenory cell inplemented with a

mul tilayer functional zone, one continuous el ectrode and one el ectrode

consisting of two el enents. ;



- Figure 12: The clained nenory cell inplemented with a single |ayer
functional zone and two el ectrodes, each consisting of two elenents. -

Figure 13 - 14: The clained nmenory cell inplenmented with a nultilayer
functional zone and two el ectrodes, each consisting of two elenents. 6 -
Figures 15: The clained nenory cell inplemented with a single |ayer
functional zone, one continuous el ectrode and one el ectrode consi sting of
three elements. Figure 16 - 17: The claimed nenory cell inplenented with a
mul tilayer functional zone and two el ectrodes) each consisting of two

el ements. Figure 18 - 20: The clained nenory cell inplenented with a

mul tilayer .. fu i .Zon ith elenents of electric or optical
decoupling. - Flgﬁgr grgg%n 'SACS(?fvﬁéAf‘%fml%%splTé‘P mmemgrytchkk hgara teé-ply&Su@d s nf or mati on
wite, eraséECHHHNG efduo eloetrodtd witsa ﬁﬂg:ﬁnﬂgztoig% ﬁgt%ﬁl {“g?"%% Sig E%Cq} ggh gure 22:

Vol t age and pfaldink @ate for of I ,
operations for ghe lc? a:{iﬁseo tgpéan@?@h%é‘}d(‘?”Wéoanr a@gérd condiiciv@rpol yie} €ment i ng

the I nvent i 8M/oreticellniramemiraneonddeyor ebtlide it SSkil. AFOUgh 8) “contai ns two
cont i nuous a,lgm'%;g,&éaﬁﬁtamgeng 1 an!c)j 12, be[t \!\,ég'%b&%p’gﬁunf'ﬂoé‘ﬂez}w%otéogi ngl e
| ayer functjonal zone consi Sti NG "5t M¥FEIsawith didfetentyrgpes whidtibe Gafedae doped by

ions 3 or ePHEiHehyiesterily'sh@ecsaB andidricgyst fina stAkufr active doped | ayers
otating o 1%(’:?%%&/%%’33’0“?0@{”@}83 3d and 3e

3b and 3c (fak ehateddls Vin & ti Layers with e
(Fig. 4) se arat ed b)t/ a %t?‘%iag‘%\?gﬁ“é{@y usigrs bayed qp them Shat FaogegheiGsth@w t he

mul ti | ayer HHIHER PROFERIuERGed pn exomsi sibdngriedd anfRen AE LG, aver 3 and one

passive |ayer 5Th&Edgerbed n; active |layer 3, one barrier layer 4 and
one passive,l ayer 5 (nFi_ gF _ %n)o o?é?lg?m W& %’(@W vENg e mematy aerknBajithone barri er
I

>
| ayer 4 and &0 bﬂ‘gﬁu\yé glioBavriting, Bhring Rh@ b @nBhethods. At the same

time information is stored as the functional zone resistance value. For a memory cell with
single bit storing mode the resistance value has two levels: high (e.g. representing 0) and
low (e.g. representing 1), while for a memory cell with multj-bit storing mode the
resistance value has several levels corresponding to specific bits of information. For
example, for a two-bit cell there are four levels of its resistance, for a four-bit ;:ell -
sixteen levels, and so forth. The memory cell is advantageously distinctive of the
currently used elements in that it does not require non-interrupted power supply while
storing information. The information Storage time depends on the memory cell structure
on material used for the functional zone, and on recording mode. The time can vary fron:
several seconds (can be used for dynamic memory) to several years (can be used for lon
term memory, such as Flash memory). :
It is beneficial to implement the memory cell functional zone consisting of an
active layer based on organic and metalorganic conjugate polymers with active elements
built into the main circuit and/or connected to the circuit or to the plane and/or built into
the structure, with the elements forming or not forming a light emitting structure, or of an
active layer based on organic, metalorganic and non-organic materials with,instilled
positive or negative jons, including molecular ions, and/or with instilled clusters based on
solid electrolytes or with molecules and/or ions with an electric dipole element, and/or
with clusters based on solid polymer and non-organic ferroelectrics, and/or wit;1 donor
and acceptor molecules, and/or with organic and/or non-organic salts and/or acids and/or

wate i i
ter molecules, and/or with molecules which can dissaciate in an electric field and/or



In Figures 9 through 11 the clainmed nenory cell contains alum num

el ectrodes 1 and 2 where the top electrode | consists of two elenents |a
and | b. Between the electrodes there is a single |ayer functional zone,
consisting of one active layer 3 (Figure 9) or a nmultilayer functional zone
consi sting of one active |ayer 3 and one passive layer 5 (Figure 10) or a
mul tilayer functional zone consisting of one active |layer 3, one barrier

| ayer 4 and one passive Layer 5 (Figure I1). Figures 12 through 14 show t he
claimed nenory cell that has al umi numel ectrodes 1 and 2, each consisting
of two elenents, la and I b and 2a and 2b, respectively. Between the

el ectrodes there is a single |ayer functional zone, consisting of 7 one

active | ayandd l{gEtl gdiﬁtﬂ)nla?r)d/darwnﬁ BRLbioh f Lonal zone consi sting of
one active I si've lltgaig%{ﬁgor zﬁ&r Pt °1§'fvz"6f°rgé“'ﬁ1§‘f“ts| | ayer

as
functi onal 28R, m8‘8?+@3§’f1f nb‘“g’l’ ¢ Yigacy ek mv‘e’sloay@nn@gromehebabﬁﬂaﬁr thayer 4 and

one passi v@edcayeelrmﬁlcﬁﬁtgumebf ie)funchbBHEGR abw 17 .show 1 he clai med
menory cel |, that has. al um el ect rodes 1 SIIH getdg m%“’?ﬁé“%’@p’ fel ectrode 1

consi sts ofh"{“ﬁ‘r”ééheeaf"é"r?é%%’eﬁ‘séa“"? PdonPrning high condatiivitheremloetindsoris there is a
single | ayecmvk lha')et urmaadxtmnacctmabﬁngﬂ?gad@ino?@f?ecﬁ&li lh\é?nel a yer S iFigure 15
or a multil S %1 |fon zone .consi stin one active aifgra and one
passi ve | ayer gg re" 88 BTF“%{‘hmawlwa&@@emWeqm@hm zone consi sting of
(ig)e a_(I:_th ive | ayel?or Bpe ainiee dodvercle@enth ay/BE ném%g@telﬁﬁk%vpﬁo%g Svﬁi{"t%% W‘Ef"g%( fl gure

: e Clg ures ro nti nuous
el ect rodes ET‘?%, %ﬁ{)‘? ’\}//id/éoéﬁowng ﬁﬁf%érdé"’iesc ean%md?or aijtarinstiliectloeanal zone 6
whi ch can b?éed Prpiobidrpeiyredt asd minlogganit ﬁ:rﬁobl@ctﬂcf&&o%héﬁ%pbﬂandﬁ'ogwfsgxf J hrough $

e

and equi pp&gt wiif r eqgupling e nts: an electro Yand a | ayer
8 nmade of a sem g,gﬁg g%do‘toqt gl(ralsésnl {‘ g‘; Hhatipgrsericn gf the derengleerit 1 uct ur e

(Fig. 1%),clejrensy tnerassss | @almtdledodpdtmmgncml en@isitys anditoR@sliehiP e ;&) ectrode 9
made of analiagbk or 150R ke YR A0 bigRl ko) t'.é fhanaparent material tand a
layer 10 made of a sem conduct or Ol'§dNPET et erial fornming a photo
resi stance or dNfRot'® 8EkEBE IE‘PSem'ﬁnun (uﬁplgmenlxag the Ifunbtidal @B4d G@la decoupling
el ement s: ramuﬁb&CEth{aﬁﬁk Col¥RER Of ARf {1 @nconduct i ve mater al and two

| ayers 10 .an dgﬁ e of ng%] conduict gkﬁgna"l%rvagﬁ)&ah‘?v&snﬁq &%{V8y:s) separat ed
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Current 22c corresponds to value (10); - Current 22d corresponds to val ue
(11). The information storage duration as well as the quantity of the
correspondi ng nenory cell electric resistance val ues depends on the

sel ected functional zone structure and materials used. Erasing of the
information is done by the generator 12 by sending a negative voltage pul se
17. The erase operation is considered conpleted if the controlled erasing
current value 20 reaches the preset |evel and then the applied electric
voltage is switched off. After the erase operation the nenory cell returns
tothe initial state with very high resistance of the functional zone 6.
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Figure 3 - 8: The claimed memory cell with two continuous electrodes
and a multilayer functional zone.

Figures 9: The claimed memory cell implemented with a single layer
functional zone, one continuous electrode and one electrode consisting
of two elements.

Figures 10 - 11: The claimed memory cell implemented with a
multilayer functional zone, one continuous electrode and one electrode
consisting of two elements.

Figure 12: The claimed memory cell implemented with a single layer
functional zone and two electrodes, each consisting of two elements.
Figure 13 - 14: The claimed memory cell implemented with a multilayer

functional zone and two electrodes, each consisting of two elements.



Il (Figure S) has a three-layer structure, consisting of two
lrﬁmnﬁmé ggt rO((:Iesgl and) 2, between which there is a layer of silicon
oxide or silicon nitride or polystirole 3 and a passive layer 5 of copper
or silver hal cogenide. The nenory cell information programm ng) reading and
erasing are done using the nethod described in Option 1. This cell is
capabl e of storing information for long tine periods. Option 4. The nenory
cell (Figure 1) has a three-layer structure) lconsy_sgl n]g of two al um num
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layer 4 and one passive layer 5 (Figure 11), '

Figures 12 through 14 show the claimed memory cell that has aluminum
electrodes 1 and 2, each consisting of two elements, la and 1b and 2a and 2b,

respectively. Between the electrodes there is a single layer functional zone, consisting of



conductive and transparent indium oxide. The nenory cell information
programm ng and erasing is done using the nmethod described in Option 1) by
appl ying voltage to electrodes 1 and 7. Reading is done by applying a
vol tage pul se, which is lower than the threshold value to electrodes 1 and
2, with sinmultaneous control of resistance or voltage between el ectrodes 2
and 9. This cell has a greater information density due to opti cal
decoupling of the wite and read circuits, which provides for a nore
precise control of the progranmmed nenory cell electric resistance val ue.
Techni cal Usability Prototypes of the clainmed nenory cell were built and
tested wwth a special test rig using a test generator. Options with
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4. A nenory cell as in 1, distinctive in that the funccional zone is

i npl enmented as an active | ayer based on organic, netal organic and
non-organic materials with instilled positive or negative ions, including
nol ecular ions. 5. A nenory cell as in 1, distinctive in that the
functional zone is inplenented as an active |ayer based on conposites of
organi c, netal organic and non-organic materials with instilled clusters
based on solid electrolytes. 6. A nenory cell as in 1) distinctive in that
the functional zone is inplenented as an active | ayer based on organic,

met al organi ¢ and non-organic materials with instilled nol ecul es and/ or ions
with electric dipole nonent. 7. A nenory cell as in 1, distinctive in that

of “or gani ¢, apLal or aant & na poh o cn Rarert 4t BHp o RSRE iR B Cl vt or s

of organic, 0 ni ¢ and non-organic
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based on or%gé}ia&mc&@ge Iaaﬁ[rlgwni c,_and non-organi c material's WIS s ti 1| ed
organi ¢ andJof non- org' Froviucly thesapgling|vgltags o syitched @ff o Bassdl b alwizggul es. 10, A
menory cel | dad therputidnt diogtrigniabighend balish akistht® 1BURCHARNR kA0S S P! enent ed

as an activgg n, .orqgani c, netal organi c and non-or éya?ﬁlc
materi al s, V\,isl%tﬂxlg?fgﬁ% I%?tgn&a?er(rjo %g'ﬁﬁeég“séf’ﬁfee“f”ﬁs tAnds serragpandedhoanpeifiect ric fiel d
and/ or undehit ¢fjinfprmationa Foatxiample, farla twdbiveiemby ceiel | as in 1) distinctive in

that the functi OﬁéxqunZ%%gﬁé, &quoevglgg@gd as an active layer based on _
organic, metal organic an non- of gani )mat erials wwth instilled non-organic

and/ or met al or gakPreenagd/corespndanivelus@iy, s and/ or nol ecul es with variable

val ency of net al gu@h B QBIr&pdl tained in them 12. A nenory cell as
in 1l distinctive irrll t hat t%e ?{‘dﬁ%ﬁ@ al zone is inplenmented as an active

| ayer based on ofYEil Ldspeeserednioorlgaiiie conj ugate pol ymers with active

el ements built TR BfdmigioNBtdtagt IdhGHdn asANE( QF nnect to the circuit or to
t he pl ane and/orcctﬁuillt into tgﬁe st rnu%:sture?S t\&'mg%ﬁa"?ﬁ’e&gtf"’éw*émﬁ‘%m ng or not

formng a lni'neérH){y electric resistance values depends on the selected functional zone structure
and materials used. Erasing of the information is done by the generator 12 by sending a
negative voltage pulse 17. The erase operation is considered completed if the controlled
erasing current value 20 reaches the preset level and then the applied electric voltage is
switched off. After the erase operation the memory cell retums to the initial state with
very high resistance of the functional zone 6. For the memory cell structure shown in
Fig. 2, before each write operation it is necessary to turn the cell into its initial state, that
is erase the recorded information,

A number of options for implementing the claimed memory cell follow below.

Option 1.

The memory cell (Figures 1 and 2) has a three-layer structure, consisting of two
aluminum electrodes 1 and 2, between which there is polyphenil acetylene 3 or
polydiphenil acetylen doped with lithium ions 3a. The memory cell programming is done
by applying an electric field pulse greater than the threshold value with simultaneous
control of the current flowing through the cell (or the resistance value or the duration and
value of the of the applied voltage pulse). A write operation is considered completed if

the controlled values (current or resistance) reach the preset level, after which the applied



emtting structure 13. A nenory cell as in 1) distinctive in that the
functional zone is inplenmented as a nmultilayer structure consisting of
several different active |ayers nade of organic, netal organic and
non-organi c materials) where into the nol ecul ar and/or crystalline
structure instilled are active elenents andl or clusters based on them

whi ch change their states andl or positions under influence of an external
electric field and/or a light radiation. 14. A nenory cell as in 13,
distinctive in that for the functional zone a nultilayer structure is used
consi sting of several active, passive, barrier, light emtting and |ight
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A nmenory cell a@ption214, distinctive in that the barrier layer is nmade of
materials with Hi | ect.,roni c conductivity and | ow ion conductivity. 18. A
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two- | ayer 8umirgmelestrodss Useld, bawstsivgich MgrOfe @D I%E;sio‘t’ﬁolfﬁ%!rﬁf-m{; R@na passi ve
at for

| ayer. 19. 38 hE90DLY in14) distinctive’int F uncti onal
zone a two-| aayer [s)rt tr“ﬁg%){ﬁs?dl as"gu’%e ,polMH‘@Peé‘”cﬁ‘i‘éylF‘W@ed ivdthtisldem dénsret al or gani ¢

and non- or &Aied hnlibiumatisidafdTeaserirg bellehRerh#toR ipfogARthid L Wahiff agonduct i vi ty)
whil e the éﬁuﬁ@ arb @%@rusihgthgmmoggéscﬁbed in Option 1. Thi

information for long time periods.

§ cell is capable of storing

Option 3.

The memory cell (Figure 5) has a three-layer structure, consisting of two
aluminum electrodes | and 2, between which there is a layer of silicon oxide or silicon
nitride or polystirole 3 and a passive layer 5 of copper or silver halcogenide. The memory
cell information programming, reading and erasing are done using the method described
in Option 1. This cell is capable of storing information for long time periods.

Option 4.

The memory cell (Figure 1) has a three-layer structure, consisting of two
aluminum electrodes 1 and 2, between which there is-a layer 3 of polyphenil-acetylene or
of polydiphenil acetylene doped with molecules of chioranil or tetracyano-quino-
dimethane. The memory cell information programming, reading and erasing are done
using the method described in Option 1. Fast switching is a characteristic of this cell.

Option S.

The memory cell (Figure 5) has a three-layer structure, consisting of two
aluminum electrodes 1 and 2, between which there are a polyanyline layer 3 and a

passive palladium hydride layer 5. The memory cell information programming, reading

10



20. A nenory cell as in 14, distinctive in that for the functional zone a
three-layer structure is used, with outer active layers and a barrier |ayer
pl aced between them 21. A nenory cell as in 14, distinctive in that for
the functional zone a four-layer stzucture is used, with two active | ayers)
separated by the third, barrier |layer) where the fourth | ayer is passive.
22. A nmenory cell as in .14) distinctive in that for the functional zone a
five-layer structure is used) with two outer passive |layers and two active
| ayers placed between the passive ones and separated by the fifth, barrier
layer. 23. A nenory cell as in 15) distinctive in that the electric
decoupling elenent is inplenented as an additional el ectrode nmade of an

ol ect o condaating stk aluand ravkayelcoily SEBLEATCMELOL. AUALSL organ ©

mat eri al fogmcn‘%f %I qQde structure.
in that th& &feerys lHw‘:\‘iﬁl.}upl ing el errents are i npl enented as an addi ti onal
el ectrode nade Ofticams. el ect ro conductive and optically transparent materi al

and a | ayer of enm _conduc and/or organic material formng either a photo
resi stance or hB’F'Bor%e‘i‘? igdree Ha rtas a2tyree dpyam Mproyure slohsigisg iof 115,

di stincti velunﬂhuﬁrhﬂéctrbdlbe wkRGhé bICthélQIERMBMs| (RY) i‘é"n‘raH?Q% zh}e§ efe”Q'cseﬁgé ed as an
d at | ayers of

addi ti onal x?d ?cCtTéc?ge ma j of _an el ectro conduct

seni conducf® “P“{S’Pg HieE3 fryeist |°5P‘§Y@é‘ﬁh?caﬁy@dﬁ blyPOéYdaJdacmlmdctaldﬂl tional 15

el ectrode amtiepasfivedayeeb mﬁédrﬁ@nﬁuﬁaﬂdogﬁucﬁﬂﬂpé&%lh%ﬂ LY, 18 %p&pcgr ent materi al
{ emitting structure and a photo ,

and fornm ng, i.ode or i gh
resi st ance o?ogg'n%ﬁoﬁ‘e TEERS ceﬁl %'ﬁ’é‘r‘ﬂ“ Pr%mmnws/sz@e % aPAI?fngAh/clcctnc
. AYS. AS. Af figlgrpulserfo. tg TDQWQm electrode 2 and to the middle element of the top electrode Ic.

The pulse value exceeds the threshold level 23. At the same time the electric resistance

between the end elements la and 1b of the top electrode is controlled. The write
operatjon is considered completed if the controlled electric resistance values reach the
preset level and then the applied electric voltage is switched off. Reading the information
from the cell is done by measuring electric resistance between the end elements 1a and 1b
of the top electrode using low voltage pulses. Erasing the memory cell is done by
applying a reverse (negative) electric field pulse to the bottom electrode 2 and the middle
element of the top electrode Ic with simultaneously controlling the resistance between
the end elements la and 1b of the fop electrode. The Erase operation is considered
completed when the controlled values (current or resistance) reach the preset level and
then the applied negative voltage is switched off. This cell has a greater information
density due to decoupling of the write and read circuits, and consequently - a more

precise control of the programmed memory cell electric resistance value.

Option 7.

The memory cell (Figure 20) has a multilayer structure, consisting of four
electrodes 1, 2 (made of aluminum), 7 (made of magnesiumy), and 9 (made of conductive
transparent indium oxide). The functional zone 6 corresponds to the functional zone .in
Fig.16 and consists of polyphenil-acetylene or polydiphenil acetylen and a passive layer
made of niobium halcogenide doped with lithium ions or of copper halcogenide. Layer
11 is made of polyphenil vinylene and forms a light emitting structure. Layer 10 is made

of a semiconductor or an organic material and is a light sensor structure. The light

11
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Technical Usability

Prototypes of the claimed memory cell were built and tested with a special test rig
using a test generator. Options with continuous aluminum electrodes were built as well
as the options using two or three aluminum electrodes with poly-conjugate polymer
polydiphenil acetylen doped with lithium ions placed between the electrodes. The
bottom aluminum layer was sprayed on a glass substrate while the top electrode was
sprayéd on the poly-conjugate polymer layer. The poly-conjugate polymer used
withstands heating to 400C, which allows manufacturing the claimed memory cells
together with manufacturing semiconductor devices. The tests proved the possibility of
creating a memory cell capable of storing multi-bit digital information as well as of
forming analog values of its electric resistance levels, thus also permitting its usage for
active synapses in neuronal nets. Therefore the claimed memory cell can be considered

an essentially new device for storing information in either di gital or analog form.
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SUMMARY OF INVENTION

1. A memory cell with a three-layer structure consisting of two electrodes with a
functional zone between them, distinctive in that the electrodes 2 made of meta}
and/or semiconductor and/or conductive polymer and optically conductive oxides or
sulphides, while the functional zone is made of organic, metalorganic and non-
organic materials, and in the functional Zzone molecular and/or crystalline structure
instilled are various types of active elements as well ag their combinations with each
other and/or clusters based on the elements, which change their state or position.
under influence of external electric field and/or light radiation,

2. A memory cell as in 1, distinctive in that the electrode is implemented as severa]
elements, separated from each other in space and electrically.

3. A memory cell as in 1 and 2, distinctive in that the electrode consists of two or three
separate elements placed on top of the functional zone.,

4. A memory cell as in 1, distinctive in that the functional z.onc is implemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
positive or negative ions, including molecular ions.

5. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on composites of organic, metalorganic and non-organic materials
with instilled clusters based on solid electrolytes.

6. A memory cell as in 1, distinctive in that the functional zone is imp-lemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
molecules and/or ions with electric dipole moment.

7. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on composites of organic, metalorganic and non-organic materials

with instilled clusters based on solid polymer and non-organic ferroelectrics,
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8. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
donor and acceptor molecules.

9. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
organic and/or non-organic salts and/or acids and/or water molecules.

10. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
molecules able to dissociate in an electric field and/or under light radiation.

11. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on organic, metalorganic and non-organic materials with instilled
non-organic and/or metalorganic and/or organic salts and/or molecules with variable
valency of metals or atomic groups contained in them.

12. A memory cell as in 1, distinctive in that the functional zone is implemented as an
active layer based on organic and metalorganic conjugate polymers with active
elements built into the main circuit and/or connected to the circuit or to the plane
and/or built into the structure, with the elements forming or not forming a light
emitting structure '

13. A mcrﬁory cell as in 1, distinctive in that the functional zone is implemented as a
multilayer structure consisting of several different active layers made of organic,
metalorganic and non-organic materials, where into the molecular and/or crystalline
structure instilled are active elements and/or clusters based on them, which change
their states and/or positions under influence of an external electric field and/or a light
radiation,

14. A memory cell as in 13, distinctive in that for the funcfional zone a multilayer
structure is used consisting of several active, passive, barrier, light emitting and light
sensing layers separated between each other by electrodes of different active layers
made of organic, metalorganic and non-organic maten‘éls where into the molecular
and/or crystalline structure instilled are active element and/or clusters based on them,
changing their states and/or positions under influence of an external electric field

and/or a light radiation,
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10( 10( mory cc! s in 14, dlstmcuve in that the passive layers are made of organic,
( metalorganic and non-organic materials, which are donors and/or acceptors of charge
carriers and are ion and/or electronic conductors.

17. A memory cell as in 14, distinctive in that the barrier layer is made of materials with
high electronic conductivity and low ion conductivity,

18. A memory cell as in 14, distinctive in that for the functional zone a two-layer
structure is used, consisting of an active layer and a passive layer.

19. A memory cell as in 14, distinctive in that for the functional zone a two-layer
structure is used, where one layér is made of metalorganic and non-organic materials
and has high electronic and low ion conductivity, while the other layer is passive.

20. A memory cell as in 14, distinctive in that for the functional zone a three- -layer
structure is used, with outer active layers and a barrier layer placed between them.

21. A memory cell as in 14, distinctive in that for the functional zone a four-layer
structure is used, with two active layers, separated by the third, barrier layer, where
the fourth layer is passive. .

22. A memory cell as in.14, distinctive in that for the functional zone a five-layer
structure is used, with two outer passive layers and two active layers placed between
the passive ones and separated by the fifth, barrier layer.

23. A memory cell as in 15, distinctive in that the electric decoupling element is
implemented as an additional electrode made of an electro conductive material and a
layer of semiconductor and/or organic material forming a diode structure.

24. A memory cell as in 15, distinctive in that the electric decoupling elements are
implemented as -an additional electrode made of an electro conductive and optically
transparent material and a layer of semiconductor and/or organic material forming
either a photo resistance or a photo sensor element.

25 A memory cell as in 15, distinctive in that the electric decoupling element is
implemented as an additional electrode made of an electro conductive material two

layers of semiconductor and/or organic materials separated by a second additional
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