1 MEMORY SW TCH Rel ated Applications - 5 OCT 2005 This application contains
subject matter related to the subject matter disclosed in copending U S. -
Provi si onal Patent Application Serial No. 60/289,057, filed on My 7,
2001, entitled "Electrically Addressable Menory . 5 Switch". Field of the
I nvention The invention relates to a switching device, and nore
particularly, to a swtching device having a nmenory function, wherein the:
nmenory/ switching device can be addressegd and the switching state reversed
by externally applying 10 an electric field. Background of-§ pgf jppvention -
Various types of electrically addressable menmory devices for conputer data _
storage are known in the art. ces store a data bit as a
charge in a capacitor. The char %Eﬁ%#ge@&ﬁig read out and the out put
signal used to control 15 processes in a conputer processor. Mst of these
devices require conplex silicon processing steps and a dedi cated device
architecture which depends on nenory type. Menory devices are
di stingui shed by their speed and data retention characteristic. Dynamc
random access_ nenpry (DRAM is a volatile nmenory 20 characterized by a
destructive Relafed Applicatienss that it is necessary to supply voltage to the
menory bits at all tines, or the information will disappear. Furthernore,
each nenory el eneffhihapphstioni @neinsVsibjedt t matide ' RINE tQthe SuBbétCmatter 5 OCT
2005 random %ccess rrermég/ (inRAMU stores data in a bistable flip-flop,
comonl y isclosed m copen ng U.S. Provisional Patent Application Serial No.
60/289,057, filed on May 7, 2001, -entitled "Electrically Addressable Memory

5 Switch".

Field of the Invention

- The invention relates to a switching device, and more particularly, to a

switching device having a memory function, wherein the memory/switching

devicc can be addressed and the switching state reversed by externally applying
10 an electric field. '

- Background of the Invention
. Various types of electrically addressable memory devices for computer data

storage are known in the art. Most of these devices store a data bit as achargeina

capacitor. The charge state can be read out and the output signal used to control
15 processes in a computer processor. Most of these devices require complex silicon
processing steps and a dedicated device architecture which depends on memory
type. '

Memory devices are distinguished by their speed and data retention
characteristic. Dynamic random access nmemory (DRAM) is a volatile memory
20  characterized by a destructive read. This means that it is necessary to supply
voltage to the memory bits at all times, or the information will disappear.

Furthermore, each memory element has associated with it a transistor. Static




consi sting of cross-coupled inverters. It is called "static" because it
will retain a value as long as power is supplied. It is still volatile,
i.e. it wll lose its contents when the power is switched off, in contrast
to ROM SRAMis usually faster than 5 DRAM but each bit requires several
transi stors (about six), so that a |lesser nunber of bits of SRAMfit in
the sane area as conpared to DRAM Erasabl e programrabl e_r % nly menory
(EPROM) is a type of storage device in waich the data is‘ééﬁirﬁﬁned by

el ectrical charge stored in an isolated ("floating") MOS transistor gate.
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first andyge r.odes, active region provided between the first
and secon é)s ei ec% ' g{ﬁ%@%‘%& ?Pﬁ{éﬁa’@a‘? ?‘F& yg&"ﬁi}?‘%\g@!‘é’ﬂ exiesral ppwahwpRlyc She r ol
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active regi on. l.oni ¢ conpl exes” may be  distributed I'nthe’nol®cul ar system
echnique based on the tunnel effect. This requires higher voltage than in normal
operation (usually 12V - 25V). The floating gate can be discharged through UV-
illumination or electrically (EEPROM). Usually bytes or words can be erased and
15  reprogrammed individually during System operation. EEPROM is more expensive
and less dense than RAM. It is appropriate for storing small amounts of data
which is changed infrequently. Another known non-volatile memory device is a
ferromagnetic RAM (Fe-RAM), wherein the individual storage cells do not
require a dedicated transistor.

20 . Itwould therefore be desirable to provide a device for data storage and data

manipulation that is easy and inexpensive to manufacture and has a predictable
memory and/or switching effect.

Summary of the Invention

The present invention provides a novel switching device that comprises
25 first and second electrodes, an active region provided between the first and second

electrodes and including a molecular system, and a control electrode for



In accordance with an enbodi nent of the present invention, the electric
field is controlled for swtching the active regi on between a

hi gh-i npedance state 5 or off state and a | owinpedance state or on state.
. The reproduci ble switching between the off state and the on state nay be
achi eved by applying an electrical field with a predeterm ned polarity and
magni tude for a predetermned tinme. In particular, the active region nay be
switched fromthe off state into the on3state when a VOlta%e[]lng[l first
polarity is applied between the control electrode 10 and the'tirst and
second el ect raaésllingancels@sy ificld ' G i s

provi ded between the first and s?g)é%gQﬁf@cﬁﬁ%?&?@ﬁ%%@?&@%@%&&# may be
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substrate. 4yit respect to the first polarity is applied between the control electrode and the
first and second electrodes.
15 The jonic complexes dissociate under the influence of an external applied

electric field, thereby changing the electrical conductivity of the device. The
molecular matrix can be polyconjugated compounds, aromatic and beterocyclic
molecules, quasi-one-dimensional complexes, such as phthalocyanines and
porphyrins, and anisotropic inorganic materials, such as NbSes. Each of the ionic
20 complexes may include, for example, ions of Na and Cl or ions of Cs and CL
The active region in accordance with an embodiment of the present
invention may provide stable and metastable modes of operation. Intensity of an
electric field required to switch the switching device between the on and off states
in the stable mode is higher than in the metastable mode. The on-state impedance
25  of the active region in the stable mode is lower than in the metastable mode,
whereas the switching time as well as data storage time in the stable mode is
longer than in the metastable mode,
In accordance with an embodiment of the invention, the first and second

electrodes of the switching device may be provided on an insulating substrate,



- 5 OCT 2005 The active region also may be provided on the substrate so as
to have an electrical contact wwth the first and second el ectrodes. The
control electrode may be formed on an insulating |ayer covering the active
region. In accordance with another enbodi nent of the invention, no
insulating 5 substrate is required. The active region may be sandw ched
between the first electrode and the second el ectrode. The control

el ectrode may be provided on the. insulating |ayer coveringh BHelllsrst

el ectrode. I n accordance with another aspect of the invention, a nenory
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active element electrically connected between the signal terminals is responsive to
a signal applied to the gate terminal for switching between an on state and an off

state.

The foregoing and other features, aspects and advantages of the present
15 invention will become more apparent from the following detailed description of

the present invention when taken in conjunction with the accompanying drawings.

Brief Description of the Drawines

The following figures depict certain illustrative embodiments of the
invention. These depicted embodiments are to be understood as illustrative of the
20 invention and not as limiting in any way.

Figs. 1a-1d show a simplified structure of a molecular composite memory

cell in various operational states;

Fig. 2 illustrates an off state of an exemplary switching device in

accordance with an embodiment of the present invention;

25 Fig. 3 illustrates an on state of the exemplary switching device of
Fig. 2; and
Fig. 4 illustrates an on state of an exemplary switching device in

accordance with another embodiment of the present invention.




accordance wth anot her enbodi nent of the present invention. 5 - 5 OCT 2005
Detail ed Description of the Invention The present invention addresses and
sol ves problens related to providing a novel switching device that my
have a nenory function. The present invention overcones these problens in
part, by the provision of an active region electrically 5 connected between
a pair of signal termnals. The active regi on becones conductive to
connect the signal termnals when a voltage of predeterm ned value and
polarity is applied during a predeternined tinme between a cOnltlddllit er mi nal
and the si gn@entﬁiegqjerse_%@g 1‘@}3 ﬁ%te'nﬁgnregi on that exhibits a reproducible

swi tching an able in macroscopic devices i s nade
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first reported in the 1960's, a genera Interpretation-of such
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dissociable in the molecular system under the influence of an applied electrical
field.
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The molecular composite material of the active region exhibits structural

15  electronic instability in one dimension and enables static and dynamic control
over the conductivity of such molecular systems. The mechanism for the memory

and switching effect appears to be related to the structural electronic instability of
one-dimensional molecular systems and associated with the dissociation of

_ molecules and/or displacement of atoms in an external electrical field.

20 The development of molecular electronics stimulated the more detailed
research of electrophysical characteristics of thin molecular films which offer new
physical effects that may result in new technologies for electrical switching and
memory applications. Although first reported in the 1960’s, a generally accepted
interpretation of such phenomena is still lacking. This is partly due to the non-

25  reproducibility of the results, even when using identical compounds.

A number of different materials may be used as the molecular composite
material. Exemplary materials are described below, but are also discussed in an
article by Yu H. Krieger, entitled, "Structural Instability of One-Dimensional
Systems As A Physical Principle Underlying The Functioning of Molecular



A nunber of different materials nmay be used as the nol ecul ar conposite
material. Exenplary materials are described below, but are al so discussed
in an article by Yu H Krieger, entitled, "Structural Instability of

. One-Di nensional Systens As A Physical Principle Underlying The Functioni ng
of Molecular 6 - 5 OCT 2005 El ectronic Devices", Journal of Structural
Chem stry, Vol. 40, No. 4,1999 (Yu H Krieger), expressly IE‘f% g)orat ed by
reference herein. Many nol ecul ar nenory sw tches can incl uad 0

one-di mensi onal conductive nol ecul ar systens exhibiting structural

' bility. I erlws-eff .1 2-Jh d S
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di ff erent comemydbhe Rnedandeyof suoh ermiay ssitshesrcan b8 betwden ~19dS amh e

synt hesi zed. ol,yconj ugat ed syst.ens primarily involve polyvinyl enes,
i.e., pol yrref'igoé’flgp"é‘mn&%ﬁ?ﬁwg‘étﬁfl&ﬁ‘ém%w’syst em in which the

one-di nensi onal character of structure is dictated by the nechani sm of
conj ugation in |id8ge Agcbvenredarninent tyesyelc etrydtenk drganizatibasef eadh

br ot ot ype 1 opsidts ER% s 3t immbRot BBt sobinBause Dol ruich w8 PkBs of
mol ecul arl0cobmmdeddso feathresthér @ awROR ntutadd BRC YS! g'eﬁeﬂan}'ewrﬁﬁ whi ch
possess high electric conductivity due to itbonds between nol ecul és. Such

mol ecul ar sy Stg8Red Recond,| thasq arecésgplestauctures, orherg éhe individual molecules

form one-dimensional columns and interact with each other much more actively

than molecules from different columns do. Recently, molecular systems of both

types were synthesized.

15 Polyconjugated systems primarily involve polyvinylenes, i.e., polymers
with an acyclic conjugation system, in which the one~dimensiona1 character of
structure is dictated by the mechanism of conjugation in linear macromolecules.
Polyacetylene is a classical representative of this class of polymers. Its electronic

structure is a prototype for many other conjugated polymers.

20 Another wide class of molecular compounds formed from aromatic and
heterocyclic molecules which possess high electric conductivity due to n-bonds
between molecules. Such molecular systems are called n-complexes or charge
transfer complexes, with those systems whose structure involves isolated one-
dimensional columns or strands possessing pronounced electro-physical

25 prope;ﬁes of interest for switching an memory applications. Molecular charge
transfer complexes are donor—acceptor systems formed from two molecules: one

* possessing donor and another acceptor properties. Among the well-defined

complexes with a one-dimensional structure, tetra-cyano-quino-dimethane



transfer conplexes, wth those systens whose structure invol ves isol ated
one- di nensional colums or strands possessing pronounced el ectro-physi cal
25 properties of interest for switching an nenory applications. Ml ecul ar
charge transfer conplexes are donor-acceptor systens fornmed fromtwo

nol ecul es: one possessing donor and anot her acceptor properties. Anong the
wel | -defined conplexes with a one-dinmensional structure,

t etra-cyano- qui no-di methane 7 - 5 OCT 20605 (TCNQJ are plaﬂhﬂfhﬂm%cules W th
unsat urated bonds, arranged in a crystal as parallel stacks forn1ng a

guasi - one- di her cI of, one d| nsi on st ens,
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havi ng the gpmelidlsticRs Mihing B qhAMbRE R ensoANSklehoN Metal salts of K2
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electrically anisotropic - nolecu ere 'oni ¢ conpl exes are
di stri but ed cwmplemes, rmtarémhtlﬁaibwanmemm@pb mﬁﬂumeomcbm@smbfganﬁ:xerrpl ary
guasi - one- di nensi alséﬁ%%%grm descri pbed above, for exanple

pol yphenyl ac&RP B %% aﬁ‘?emte&?ﬁt@ﬁteﬁétﬁpbs S| compoyndsXtith x . The

i oni ¢ conpl egu&ﬁenaanﬁengﬁhm,stﬁﬁﬁﬂe as sodium chloride (NaCl), cesium
chloride (Cs , _or any other material that can dissociate in an applied

plectric ool Ths examharinel AR RRE il Tk b o Sl >0 1
ori ent ed perp)@imtulauh&mdrpcélh@/[é]) eciiovdeinFigd. a8 esld. Hasvmotscul@chb@posite
orientati Onsm%{udes a quasi-one-dimensional - or at least structurally and electrically
- anisotropic - molecular matrix, wherein ionic complexes are distributed in the
matrix. Polyconjugated compounds, such as the exemplary quasi-one-dimensional
15 systems described above, for example, polyphenylacetylene, can be used as the
anisotropic molecular matrix. The ionic complex can be a salt, such as sodium
chloride (NaCl), cesium chloride (CsCl), or any other material that can dissociate
in an applied electric field. The exemplary anisotropic molecular matrix is
depicted in Figs. 1 a-d as consisting of an assembly of chain-like molecules
20 oriented perpendicular to the electrode surfaces. However, other orientations of
those molecules or of anisotropic “channels” are possible as long as a charge

separation of the type depicted in Figs. 1 a~d is enabled.

While not being bound by theory, the following is currently believed by

the inventors to describe the mechanism for the conductivity change of the

25 molecular composite material. Electric switching in the molecular thin films
depicted in Figs. 1a-d is characterized by the existence of two stable states, a high
impedance state (off state) and a low impedance state (on state). The impedance

of this off state is usually more than ~10 MQ. Switching from the off state to the

on state occurs when intensity of an applied electric field exceeds a threshold



those nol ecul es or of anisotropic "channel s" are possible as long as a
charge separation of the type depicted in Figs. 1 a-d is enabled. Wile
not bei ng bound by theory, the following is currently believed by the

i nventors to describe the nmechanismfor the conductivity change of the 25
nmol ecul ar conposite material. Electric switching in the nolecular thin
films depicted in Figs. 1 a-d is characterized by the existence of two
stabl e states, a high inpedance state (gff state) and a | e mitldance
state (on state). The inpedance of this off state is usually nore than -10
MO. SMAtchin% the off state to the on state occurs when intensity of
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electric fi dlettl issevetsedr sed. Two nodes of the nenory cell operation can be
identified: the netastable 5 node (Fig.lb) and stable node (Fig.lc). The

stable mode of thewyPmBa% JFehe meﬂﬁliggapg%&%nb&n%% 81! 6 tdrdbld i O
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state (in the nge of abqut 0.1-0, 5V), high inpedance of the on_state
(wi de regi onamg%'?ﬁ S&Wge ﬁWSZ&P@hWP R mRontRy Somee memory Gellarexhibit and

h 1 ikt | . Fig. |
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illustrates the off state, l'ectrica ucti |t§/i§ . .
gszggé' ally zero, Ras4iif thd13hethiGbB LA 9P fie anlegl%%'}lf aéelln%xrlétf?m' tpelf is
characterized by a low threshold voltage level for switching between the off state
and the on state (in the range of about 0.1-0.5V), high impedance of the on state
(wide region, about 1kQ - 1MQ), short switching time (less than 1ps), and short
15  storage time (between about 10s and several hours).

Fig. 1a illustrates the off state, where the electrical conductivity is
essentially zero, assuming that the anisotropic molecular matrix itself is a good
electrical insulator. When an external electric field E is applied, as indicated in
Fig. 1b, the sodium salt dissociates into sodium and chlorine ions, and the ions are

20 displaced from their original position in the anisotropic molecular matrix,
resulting in an increase in the electrical conductivity of the MC (on state) to the
metastable state. Upon further increase of the electric field, the ions become more

- strongly separated (Fig. 1c), accompanied by a still further increase in the
conductivity of the MC, which attains the above-described stable state. When a
25  very large field is applied over a long time, the anions and cations accumulate at
the electrodes (Fig. 1d), resulting in a sharp decrease in the electrical conductivity

of the MC due to the absence of mobile charges (off state).




el ectrical insulator. Wien an external electric field Eis applied, as
indicated in Fig. Ib, the sodiumsalt dissociates into sodiumand chlorine
ions, and the ions are 20 displaced fromtheir original position in the
_anisotropic nolecular matrix, resulting in an increase in the electrical
conductivity of the MC (on state) to the netastable state. Upon further
I ncrease of the electric field, the ions becone nore strongly separated
(Fig. Ic), acconmpanied by a still furth i ncrease in the-fcipidoghti vity of
the MC, which attains the above-described stable state. Wen a 25 very

| arge field is applied over a lon i e, the anions and cations accunul ate
at the el ect rode?‘s( Prgpen H)‘}ndlre@&%d; iﬁ[iir‘g Fhargess gespgnsidler &4s e ﬁfeﬁ%‘afj

el ectrical cepgdictivilti f o,th eRece ' fhf 9es
(off state). 9 - 5 Q&mztél&d%smgéﬁe:ggﬁtﬁ?ff ﬁltr?dg?tg?%o@% Al gﬁt;ilé’{glgs(

responsi bl e rerduchuity), dut rather the olovtiont and/oy holes phaenti inatis seferizt affp € ar e
not the Na4 d.cr ions.(ionic .conductiyify), but rather the el ectrons
and/ or hol es%%%glgnﬁm%??{hgo#é CAR {rugyaly t'f‘r‘ﬂgg‘ é%?”@fﬁﬁabh%aﬁmFﬁrre Brado #an

m grate tIr otighisblerangt opsihg Qﬁn&oﬁﬁﬁf’ﬁfg%Rgc%gse{hg?%eh@faﬁldsg; ¥cﬁ1%'a?fé%:ﬁ er ange

hoppi ng conduction.” I't appears that an I ons ect
potential bakhe pptentialabatrieri soc meawe indnense athei edrriem bidbiility, Hiwevesr thig hi s

t heoreti cal Nation i s not e upderstood as Ijmting _the scope of
the subj ect ﬁ%ﬁﬁ%&% ?i‘é’zaélﬁﬁ%%tf f}ﬂﬁ?‘% ﬁ%“ﬁ&‘é@t@ a%h@mideaﬁmﬁ of ﬂq@esulsnec
observationsmﬁsmésbﬁ&ﬁh%@?f%én'ﬂsém&iﬁ‘daﬁeﬁ.e to Fig. 1 can be 10

o}

I npl emented in a gate-controlled swtching device in accordance with

embodi ments of {He PELAGRbnd il N | si LAt in Figs..2 and 3.

Referring now to Fig. Z,B%énrae/leg rﬁeegsa Jééjs‘\tfv\n{tﬁcﬁe%?fﬁn?fe\;gcglgzo?ag%rt%ﬁ ng to

one enbodOmeimplomented in naeghiecontroliédidemitetiing Ndevicd 1180 asedigdncat evitil, for
substrate, with electrodes 22, 24 that

cxarmL e, 8, O BN B RSP At S L0 FAcE e orroc
OSSR 2 S G R Y i WU e O 1
mvention includes an insulating substrate 21, for example, a glass or sapphire
substrate, with electrodes 22, 24 that resemble the source and drain of a field-
15 effect transistor (FET), formed on the substrate 21, An active layer 28 made of
composite material of the type described with reference to Figs. la-1d is

deposited over the electrodes 22, 24. An insulator 27, similar to the gate oxide of

an FET, is deposited on the composite material layer 28, followed By a gate
electrode 26 that can be made, for example, of aluminum. If a voltage lower than
20 a threshold level required for switching the active layer 28 from the off state to
the on state" described in connection with Figs. 1a-1d is applied between the gate
electrode 26 and the electrodes 22 and 24, respectively, then the composite layer

28 is insulating and no current can flow between the electrode 22 and the
electrode 24,

25 As depicted in Fig. 3, when a positive gate voltage Vg exceeding the
threshold level is applied between the gate electrode 26 and the electrodes 22, 24,
then the ionic NaCl complex dissociates into Na* and CI ions, with the negatively
charged CI ions becoming more concentrated near the gate electrode and the

positively charged Na® ions becoming more concentrated near the interface |



deposited over the electrodes 22, 24. An insulator 27, simlar to the gate
oxide of an FET, is deposited on the conposite material |ayer 28, followed
by a gate electrode 26 that can be nade, for exanple, of alumnum If a
voltage | ower than 20 a threshold level required for switching the active

| ayer 28 fromthe off state to the on state" described in connection with
Figs. la-1d is applied between the gate electrode 26 and the el ectrodes 22
and 24, respectively, then the conpositgglayer 28 is insulfaglinijlland no-
current can flow between the electrode 22 and the electrode 24. 25 As

depicted in Fi , . £ at.e, vol tage VG exceedi t he

threshol d | e@gﬁvﬁeg t%%%‘ﬁﬁ%‘%”gg’@&éﬁé%%%@dgﬁ? énsgﬁg’é% ?‘gﬁgatfgqarfg’gfﬁ%m%lf”ect rodes
22, 24, theio bhitch theidevive 26 i6RMRI RIEHHEAEA RSO @ pdRfiiayt OOk hgns, with
t he negatively charged C ions becom r& nore concentrated near the gate

el ect rode andc@prliedfgdhe gate electods 2o d-SNA mayrhe applieshionie electeode@Acantt + at ed
near the int = en the conposite material 28 and
the insulati Egt\gﬁ%ﬁ(’ga %ﬁw‘%&%ﬁ&oﬁaﬂ: to switch the device 26 into its
el ect rode 526, - B oo Hinfelc F5ld Fruses aaocumalasion of dGOIVa GhaRey bo
applied to taetRlBElpositem: %&ﬂaﬁnéai‘ﬂ{étihtﬁﬂ%d% ABstra .gAgahﬁSMsgfaﬁdv%' e%:uses an

accunul ation of positive charges 1In NposI erl neatr
i nsul ating shbsitivaitobarges appsaru s datibifatey eonduotieiey i ahé tdowositamgaeridppear to
t her eby providing a

fooi| g . " \ o
cg(r:]::lulzt ?E}S gﬁ%ﬁ%&t bﬁlgﬁi‘ﬁﬂ%%a‘t(‘:%%\?‘g&}gg I tglsgqatﬁh%g'@giﬁev%ﬁmw dirgugh wdichhar ges
can pass bet éRefictdhargRk Reh b@é&%&@@é’iﬁﬂe%ﬁ@é\fﬁi bR thetdectidaB 28 l%gd?"%’he

device 20 switches to its conducting state when an electric fie S
appl i ed t19 thecdeyinec2Oesvaitches treits Desbwting staterwhdnednhelecttib diekbisappli¢dtonat er i al

Is in a netast e st de, the hi conductivity.state of the
active | ayerﬁ%8§?§nelg%%®sei Sff%pgp&‘égvgq a"i’rheé]%eégtﬂﬂs‘:’on&“ﬁ?/éﬁa%’a%t Ks b2 years.
The device 2fhetatablsor#stilile atbdeOthe heH WRIGANIY St of S ablvd Blér 24 ale) Dby

persist for several seconds, or even months or years.

The device 20 can be restored to its non-conducting state (off state) by
15 applying a reverse (negative) voltage between the gate electrode 26 and the
electrodes 22, 24. For example, to switch the device 20 into the off state, a
potential of -20 V may be applied to the gate electrode, whereas potentials of -5 V

and -10 V are supplied to the electrodes 22 and 24, respectively.

This arrangement thus produces a switch with a memory function or a

20 memory switch which can be utilized either as a memory device or as a switching
device. When the device 20 is used as a memory device, writing may be
performed by applying a voltage between the gate electrode 26 and electrodes 22,

24, and reading may be carried out by detecting electrical conductivity between
the electrodes 22 and 24.

25 Referring now to Fig. 4, a switching device 40 in accordance with another
embodiment of the present invention is modified with respect to the device 20
illustrated in Figs. 2 and 3 so that an active layer 48 made of composite material
of the type described with reference to Figs. 1a-1d is disposed directly between a
bottom electrode 42 and a top electrode 44, thereby obviating the need for a




15 applying a reverse (negative) voltage between the gate el ectrode 26 and
the electrodes 22, 24. For exanple, to switch the device 20 into the off
state, a potential of -20 V may be applied to the gate el ectrode, whereas
potentials of -5 V and -10 V are supplied to the el ectrodes 22 and 24,
respectively. This arrangenent thus produces a swtch with a nenory
function or a 20 nenory switch which can be utilized either as a nenory
device or as a switching device. Wen tjhe device 20 is usegtTaglia menory
device, witing may be perforned by applying a voltage between the gate

el ectrode 26 gpd &l epid Qgﬁfod%zm cagée f%f'&a'h?@%;anxgl\x}ge?ﬁt%@g@? éé{egﬁgpg[z b¥5

detecting electrical conductivity between

Ref erring nowwihifigglevite, andshe tlebtiraily 4ledantR aAdhirin slERsddaNCgatsM t h anot her
enbodi nent of . the gagsent jnvention_ is nodified with respect to_the device
20 il ustrattbguPde 9 isapplied,far exagple, watop af the elogodedd withgniagatie
conposi te matigfd . ] i Kefer Fi a-ld is
i sposed di roBeT BETUAERRICHRE) RERAG B ASITHENS fud BeFldedd S 5

t hereby olfvi #4di ng the need for a 11 - 5 OCT 2005 substrate. The el ectrode
42 can be, for exanple, a row electrode of a menory or sw tching device,

and the el ectrogg iﬂ4h§@fﬁb&ﬁm%n§détpibm iﬁ'lifg.tzf, 22@}%&%%1%0%?1&%%?8&6&6 i's

applied, for exanple, on top o he el ectrode , Insulating |ayer
47 provi di ngetpNa rend 411 iogs | vdienapositivemeltagenés il appliedbeiwedbthagatet he

el ectrode 5 . j e di depicted in Fig. t he .ioni c NaC
conpl ex di ss%%cg?%%hg F‘ﬁ@‘eﬁgé%ﬁ'ﬂge@% l?lgl%lstfhe @Iﬁﬂ?} *{Sgtéq ‘%‘?“\F’@H?/él:” F%?IQ% VG is
appl i ed bet weesitivo withatspeceloabd peieittial bt ABY1dcREdSLIE CTROS vy BhaiBdeE t he
potential_at the electrode 44 nore. positive with respect to the potenti al

at the ellfct (ddensibecomeamprssansceptnted mearthe topldeatrodeditsnd dhepositivelye
concentrat ed €. rod 4 t he sitivel charged Na ions
becone nore gg%gé%ﬁraa%@g%ﬁgé{gg#ﬁee ﬁgo&% ?%%%ejq &t th%g’é’ﬁﬂﬁl. ﬁﬁm © Q? 'e‘g‘ch?t , the
el ectrical coesdlictheeldcirioal coftRciperthé eoipésae inddteria YHkr 48incRAERABES SO
that electric current can pass between the electrode 42 and the electrode 44. This
state corresponds to the on state of the device 40.

15 The device 40 can be restored to its non-conducting state (off state) by
applying a reverse (negative) voltage between the gate electrode 46 and the
electrode 42. The device 40 may be a three-terminal memory device, wherein the
write cycle involves applying a voltage between the gate electrode 46 and the
electrode 42. The device 40 can be read out by detecting the electrical

20  conductivity between the electrodes 42 and 44.

While the invention has been disclosed in connection with the preferred
embodiments shown and described in detail, various modifications and

improvements thereon will become readily apparent to those skilled in the art.



that electric current can pass between the el ectrode 42 and the el ectrode
44, This state corresponds to the on state of the device 40. 15 The device
.40 can be restored to its non-conducting state (off state) by applying a
reverse (negative) voltage between the gate el ectrode 46 and the el ectrode
42. The device 40 may be a three-termn menory device, wherein the wite
cycle involves applying a voltage bet the gate el ectrode 46 and the
el ectrode 42, The device 40 can be read out by detecting th$ [ﬁh%%ri cal 20
conduct i vi t YWhatisEhimeds: el ect r odes 42 and 44. Wile the invention has been
di scl osed in connection with the preferred enbodinments shown and descri bed
in detail, various nodifications and inprovenents thereon will becone
readi ly apparent ito thQSﬁitSﬂﬁhéU@ﬂcéeorﬁﬁ%iﬁg:t- 12 What is Clainmed Is: - 5
OCT 2005 1. A switching device conprising:” first and second el ectrodes, an
active regi on provi dedirgendsesondiebectiodessy and second el ectrodes and

i ncludi ng a nol ecul ar _system that ca i ses ioni.c coppl exes distributed
there through, a comaPéftweel rggxtopd)a%wg%{ f’%ﬂﬁ?”r‘ﬁ? ﬁf%@nggfw@{‘ glestredes el d

applied to ah¢incheling/SmoREURP systif iR coMPised idiiOcdrRYBkesINAGRY thERe control
el ectrode. 2. The swtching device of claiml, V\%er eln the active region
has an on #rawghand an off state. 3. The switchi ng device of claim 2,
wherein the electric fi i cqnt.rol | for switchi t he active region
bet ween the on state éﬁgh&q%leé%wag%(gtcé’merﬂ.lmﬂ’ﬁ’ée@&ﬁ“tcgj’r‘??‘ﬂﬁ’f’?f@@f"cﬁé‘eof claim 2,
~wherei n theaabeiregionegidon is configured for switching fromthe off state

into the on state when a voltage of a
an insulating Iayer adjacent the control electrode.

2. The switching device of claim 1, wherein the active region has an
on state and an off state.
3. The switching device of claim 2, wherein the electric field is

controlled for switching the active region between the on state and the off state.

4. The switching device of claim 2, wherein the active region is
configured for switching from the off state into the on state when a voltage of a

first polarity is applied between the control electrode and the first and second
electrodes.

5. The switching device of claim 4, wherein the active region is
configured for switching from the on state to the off state when a voltage of a

second polarity opposite with respect to the first polarity is applied between the
control electrode and the first and second electrodes.

6. The switching device of claim 2, wherein the active region is

configured for providing a conducting channel between the first and second

electrodes in the on state.



first polarity is applied between the control electrode and the first and
second electrodes. 5. The switching device of claim4, wherein the active
region is configured for switching fromthe on state to the off state when
a voltage of a second polarity opposite with respect to the first polarity
is applied between the control electrode and the first and second

el ectrodes. 6. The switching device of Haim2, wherein t he- R LT Y5 r egi on
is configured for providing a conducting channel between the first and

second el ectrodés in Theeswichiigaleeice b8 claith 10%herd0he dctivEhegisnhdsehi ng devi ce
of claiml1, ,wherein the active region has a |owinpedance state and a

hi gh-i rrpedar}g‘g'lgjtpg&él.cegt.aeﬂ’él&*ﬂlﬁ‘g‘ﬁp?f&“%@tﬁ@e of claim7, wherein the
electric field is controlled for switching the active region between the

| ow- i npedance state and the high-inpedance state. 9. The swtching device
of claim7, wherd.n tHheawtiichingrdegiceof tlaim Fowhérgiarthelelbaric feldishi ng from t he

hi gh-i npedance te intq.the | owinpedance state when a voltage of a
first polar iCPQtI‘?‘ie%Jﬁbf%%“%&\ﬁé@Wng en the loprienedangsgtate and the r st and
second el ecthighdRspedafbe sift€ sW tching device of claim9, wherein the active

region is configured for switching fromthe | owinpedance state to the
hi gh-i npedance state when a voltage of a second polarity opposite with

respect to the fiyst lari.ty. i applLied between the control, el ectrode and
the first and second gﬁ’@éf’vﬂ%ﬁ‘é‘g%ﬂ@go#ﬂén‘%ﬁ‘E’WF‘HQ}“H@‘\WE@@%‘?H’él aim 3,

wher ein the cagfigured fo?@WAtbhing froPiheitBH filbddanddlstid Ao Iellol.iBehgs ond nodes

of operation. 12. The sw tchi ng deviTe aiml erei n' 1 npedance of
the active Stategivien a yoltage of a fisstpolarityistappliéd betweernitie costrd] eleetroddemd i n t he

second node the first and second electrodes.

10.  The switching device of claim 9, wherein the active region is
configured for switching from the low-impedance state to the high-impedance state
when a voltage of a second polarity opposite with respect to the first polarity is

applied between the control electrode and the first and second electrodes.

11. The switching device of claim 3, wherein the active region is

 configured to provide first and second modes of operation.

12. The switching device of claim 11, wherein impedance of the active

region in the on state in the first mode is lower than in the second mode.

13. The switching device of claim 11, wherein switching time between

the on state and the off state in the first mode is longer than in the second mode.

14.  The switching device of claim 11, wherein intensity of electric field

required for switching the active region in the first mode is higher than in the

second mode.

15.  The switching device of claim 1, wherein each of the ionic



13. The switching device of claim1l, wherein switching tine between the
on state and the off state in the first node is longer than in the second
node. 14. The switching device of claim1ll, wherein intensity of electric
field required for switching the active region in the first node is higher
than in the second node. 15. The switching device of claim1, wherein each
of the ionic 14 conpl exes includes ionsl4of Na and O. - 5 OCT igg? %6. The
switching device of claim1, wherein each of the ionic conpl% W cl udes

ions of Cs aomplekes ihdluddionsvf Nalhagldevi ce of claim 1, wherein the

nol ecul ar system includes a quasi-one-di nensi onal nol ecular matrix. 18.
The switching device of claim1, wherein the nolecular system includes a
structurally and electrically anisotropic nolecular matrix. 19. The

swi t chi ng devi cel6f cTheswitchinpdeeiceof ¢teinmd) vieutiakadysfitherionincl udes a

pol yconj ugat ed conpound. 20. The switching device of claim1, wherein the
mol ecul ar sﬁ%@ﬁ?‘é?lﬁaug@e‘é’nﬁﬁ)ﬁﬁﬁlﬂ%c’ml ecul es. 21. The switching device of
claim1, wherein the nol ecular system includes heterocyclic nolecules. 22.
The switching device of claim1, wherein the nolecular system includes

porphyrin. 23. The Swirhebiwiehidevbese of cishii Mikrei bRchiResySRecul ar
system includes phtal ocyari nleg 24. Tche SW %ﬁlng cfgv{églté oygeg{nai m 1,
wher ei n t heinehides alquasi-opetdanensional mbEsuanigelx opi ¢ i norganic material. 15

18.  The switching device of claim 1, wherein the molecular system

includes a structurally and electrically anisotropic molecular matrix.

19.  The switching device of claim 1, wherein the molecular system

includes a polyconjugated compound.

20.  The switching device of claim 1, wherein the molecular system

includes aromatic molecules.

21.  The switching device of claim 1, wherein the molecular system

includes heterocyclic molecules.

22.  The switching device of claim 1, wherein the molecular system

includes porphyrin.

23.  The switching device of claim 1, wherein the molecular system

includes phtalocyarines.

24.  The switching device of claim 1, wherein the molecular system

includes anisotropic inorganic material.



- 5 OCT 2005 25. The switching device of claim1, wherein the insulating

| ayer is sandw ched between the control electrode and the active region.
26. The switching device of claim?25, further conprising a substrate. 27.
The switching device of claim26, wherein the first and second el ectrodes
are provided on the substrate. 28. The sw tching device of claim 27,
wherein the active region is provided]én the substrate and m ?

el ectrical contact with the first and second el ectrodes. 2@.%iﬁ® swi t chi ng
device of claim1, wherein the insulator is sandw ched between the control
el ectrode and the first electrode. 30. The switching device of claim 29,
wherein the actigs. r eqheBwithing aBH sbagnb?}man&mnédlaﬁgl%&%fo.de and
the second el ectrode. 31. A nenory swtch conprising: a gate term nal, at
| east two sisgulatichedbeiwezhshe eondrodpleatbdevandahenmine rediect ri cal |y connect ed
between the signal termnals and responsive to a signal applied to the
gate termnal for switching between an on state and an off state, the

active el enent iRgludi a. nol egul.ar St and ioni ¢ .conpl.exes conpri sing
Na ions and O id%s difBePViCHRE APVt ﬂ%ag@ygt?&‘ﬁ‘%é?mﬁﬂ@n&éma@w tch of
claim 31, wherein inpedance of the active elenent in the on state is |ower
than in the off state. 16 - 5 OCT 2005 33. The nenory switch of claim 31,
wherein the acti¥é el Eheswit¢ling devité gficlaich 26) wheidiic thelfestamd sedond on st at e

and off sta when i nt ensi f an electric field applied to the active
el enent excé@&tgo SPergnggF%X’i}ﬁPeLﬁé‘gStrate-

28.  The switching device of claim 27, wherein the active region is
~ provided on the substrate and has an electrical contact with the first and second

electrodes.

29.  The switching device of claim 1, wherein the insulator is

sandwiched between the control electrode and the first electrode.

30.  The switching device of claim 29, wherein the active region is

sandwiched between the first electrode and the second electrode.

31. A memory switch comprising:
a gate terminal,
at least two signal terminals, and
an active element electrically connected between the signal
terminals and responsive to a signal applied to the gate terminal for switching
between an on state and an off state, the active element including a molecular

system and ionic complexes comprising Na ions and Cl ions distributed in the

system.

32.  The memory switch of claim 31, wherein impedance of the active

element in the on state is lower than in the off state.




34. The nenory switch of claim 33, wherein the active elenent is

configured to switch fromthe off state to the on state when the electric
field has a first polarity. 35. The nenory switch of claim 34, wherein the
active elenent is configured to switch fromthe on state to the off state
when the electric field has a second paglarity opposite with respect to the
first polarity. 36. The nenory switch de claim31l, wherein a? @fﬁ@%&ic
field applied to the active el enent provides addressing of He ry
switch. 37. The nmenory switch of claim31, further conprises an insulating
substrate. 38. The nenory switch of claim37, wherein the signal termnals

are provided on3ghe Jubsidnidre switSh off El@iniB NBAhersiMiicCdetiof elemehts 38, wherein
"the active element is rovided on the substrate between the signal

terninals. &onfigreed teesidtch bstivecarboen statgiand off statewhere intensitp of an electeip
i | at i t te t i | d.th ti I t. 41.
The monory TR RENERER e cRedetE AMBRRORNING\®, Rl ator rovi ded

between the gate term nal and one of the signal termnals. 17 - 5 OCT 2005
42. The menory switch of claim4l, wherein the active elenent is provided
bet ween the signaf tedhe meamory switclrpéclaiondd,ywhewdin die astive tleinentds, havi ng

first and secqgnd des . swi,t chi-ng. .44. The nenory switch cl aim43,
wher ei n i nt g?f??%“{/éagtf)s t%glﬁé)& feo ﬁgt&t%ﬁgﬂs?aé%wggn ﬁ’r’?@w%‘fi‘ﬁ @egcfig Sthent for
swi tching tifiestpBlaEiyy swWitch in the first node is higher than in the second

node. 45. The nenory switch of claim44, wherein switching tine in the
first

35.  The memory switch of claim 34, wherein the active element is
configured to switch from the on state to the off state when the electric field has a
second polarity opposite with respect to the first polarity.

36.  The memory switch of claim 31, wherein an electric field applied to

the active element provides addressing of the memory switch.

37.  The memory switch of claim 31, further comprises an insulating

substrate.

38.  The memory switch of claim 37, wherein the signal terminals are

provided on the substrate.

39.  The memory switch of claim 38, wherein the active element is

provided on the substrate between the signal terminals.

40.  The memory switch of claim 39, further comprising an insulator

provided between the gate terminal and the active element.

41.  The memory switch of claim 31, further comprising an insulator

provided between the gate terminal and one of the signal terminals.



node is higher than in the second node.
wherein data storage tine in the

node. 47. A nmethod of switching a device having a control term nal,

of signal
t he signal

termnals, and an active elenent electrically connected
termnals and including a nol ecul ar system the nethod

conprising the steps of: applying to tdd control terninal a_szb][‘g{n@hﬁ
first polarity with respect to the signal termnals to swt t

froman off state to an on state, inpedance of the active el enent
on state being lower than in the off state, and selectively applyi
the control ternithal Theéimghky bRt daiitsRMherePihatblive Mkbhbatigespect to the
signal termnal, opposite with respect to the first polarity, to swtch
the device Proyifed betwsan shestignal derntivalef f state. 48. The nethod of clai m 47,

wherein the active el enent further

I n the nol ecul ar system

43.  The memory switch of claim 31, having first and second modes of

switching.

44.  The memory switch of claim 43, wherein intensity of an electric
field applied to the active element for switching the memory switch in the first

mode is higher than in the second mode.

45.  The memory switch of claim 44, wherein switching time in the first

mode is higher than in the second mode.

46.  The memory switch of claim 44, wherein data storage time in the

first mode is higher than in the second mode.

47. A method of switching a device having a control terminal, a pair of
signal terminals, and an active element electrically connected between the signal
terminals and including a molecular system; the method comprising the steps of:

applying to the control terminal a signal having a first polarity with respect

“to the signal terminals to switch the device from an off state to an on state,

impedance of the active element in the on state being lower than in the off state,
and

selectively applying to the control terminal a signal having a second
polarity with respect to the signal terminal, opposite with respect to the first

polarity, to switch the device from the on state to the off state.

48.  The method of claim 47, wherein the active element further

comprises ionic complexes distributed in the molecular system.

46. The nenory switch of claim 44,
first node is higher than in the second

a pair
bet ween

havi ng a
devi ce
in the
ng to

conprises ionic conplexes distributed




