STORAGE DEVI CE | NCLUDI NG A MEMORY CELL HAVI NG MULTI PLE
MEMORY LAYERS BACKGROUND [ 0001] The present disclosure
is generally related to a storage device including a
menory cell having nultiple nenory | ayers. More
particularly, the present disclosure relates to

non- magnetic nenory cells adapted to store nultiple
data val ues. [0002] Storage devices are widely used in
many el ectronic applications for storing information.
Such storage devices include hard disc drives, flash
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may be used in a variety of applications, including computer systems,

personal digital assistants (PDAs), mobile telephones, audio players, digital
cameras, digital video recorders, set-top box devices, other electronic

devices, or any combination thereof.

[0003] In general, technology advances have lead to smaller and lighter
electronic devices with smaller storage devices. However, it can be difficult
to reduce the size of the associated storage device without sacrificing storage
capacity. Further, physical phenomena that are used to operate such storage
devices may become difficult to implement as the size is reduced and noise
and other interference that can adversely impact such phenomena, such as
inter-symbol interference, cross-coupling noise, and other signal noise, can

become more pronounced.

SUMMARY

[0004] In a particular illustrative embodiment, a storage device includes a
controller and a plurality of resistive elementary memory cells accessible via
the controller. Each resistive elementary memory cell of the plurality of
resistive elementary memory cells includes a plurality of memory layers

selected to have hysteretic properties to store multiple data values.



[0004] In a particular illustrative enbodi nent, a
storage device includes a controller and a plurality
of resistive elenentary nenory cells accessible via
the controller. Each resistive elementary nenory cel

of the plurality of resistive elenentary nenory cells
includes a plurality of nenory | ayers selected to have
hysteretic properties to storg nultiple data val ues.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1 is a diagram of a particular illustrative embodiment of a
storage device including a memory cell having multiple stacked memory

layers;

[0008] FIG. 2 is a diagram of a second particular illustrative embodiment of
a system including multiple memory cells having multiple stacked memory

layers;

[0009] FIG. 3A is a block diagram of a particular illustrative embodiment of
a memory location within a memory cell, which may have multiple stacked

memory layers;

[0010] FIG. 3B is a graph of an illustrative embodiment of current versus

voltage for particular data values stored at the memory location illustrated in
FIG. 3A;



100081 FIG 2 is a diagramof a second particul ar
illustrative enbodi nent of a systemincluding nultiple
menory cells having nultiple stacked nenory | ayers;
[0009] FIG 3Ais a block diagramof a particular
illustrative enbodi mnent of a nenory location within a
menory cell, which may have nultiple stacked nenory

| ayers; [0010] FIG 3B is a g&gph of an illustrative
enbodi nent of current versus voltage for particul ar
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[0013] FIG. 5A is a block diagram of a third particular illustrative
embodiment of a memory location of a memory cell, which may have

multiple stacked memory layers;

[0014] FIG. 5B is a graph of an illustrative embodiment of current versus
voltage for particular data values stored at the memory layer illustrated in
FIG. 5A;

[0015] FIG. 6A is a block diagram of a fourth particular embodiment of a
memory location of a memory cell, which may have multiple stacked

memory layers;

[0016] FIG. 6B is a block diagram of a fifth particular embodiment of a
memory location of a memory cell, which may include multiple stacked

memory layers;

[0017] FIG. 7A is a block diagram of a particular illustrative embodiment of
a memory cell including multiple stacked memory layers with different

hysteretic properties;

[0018] FIG. 7B is a block diagram of a second particular illustrative
embodiment of a memory cell including multiple stacked memory layers

separated by insulator layers;

[0019] FIG. 7C is a block diagram of a third particular illustrative
embodiment of a memory cell including multiple stacked memory layers

separated by internal electrodes;

[0020] FIG. 8 is a graph of a particular illustrative embodiment of a transfer
curve (Resistance versus Device Voltage) for a memory cell including four

stacked memory layers with different hysteretic properties;



[00131 FIG 5A is a block diagramof a third
particular illustrative enbodi nent of a nenory

| ocation of a nenory cell, which nmay have nultiple
stacked nenory layers; [0014] FIG 5B is a graph of an
illustrative enbodi nent of current versus voltage for
particul ar data val ues stored at the nenory | ayer
illustrated in FIG 5A; 10015} FIG 6A is a block
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mul tiple stacked nmenory | ayers separated by internal

el ect fM33LFIG. 1 is a diagram of a particular illustrative ‘embodiment of a
storage device 100 including a memory cell 106 having multiple stacked
memory layers. The storage device 100 includes a controller 102 that
communicates with a signal generator 104 to provide an applied signal to the
memory cell 106 via lines 114 and 116. In a particular embodiment, the
controller 102 can include the signal generator 104. The controller 102 is
also coupled to a first switch 108 via line 118 and to a second switch 110 via
a line 120 to selectively access the memory cell 106. The storage device 100
further includes sense circuitry 112 that is selectively coupled to the memory
cell 106 via the second switch 110 to receive an electrical current (I), which
represents data stored at the memory cell 106. The sense circuitry 112 is
adapted to determine a tunneling resistance associated with the memory cell
106, to determine data values stored at the memory cell 106, or any
combination thereof. In a particular example, the controller 102 receives

data related to the detected tunneling resistance from sense circuitry 112 via
a line 150.

[0024] The memory cell 106 includes multiple stacked memory layers,
including a first memory layer 130, a second memory layer 132, a third
memory layer 134, and an N-th memory layer 136, which are sandwiched
between a first external electrode 122 and a second external electrode 124.
The first external electrode 122 is coupled to the first switch 108 and the

second external electrode 124 is coupled to the second switch 110.



[0020] FIG 8 is a graph of a particular illustrative
enbodi nrent of a transfer curve (Resistance versus
Devi ce Voltage) for a nenory cell including four
stacked nenory layers with different hysteretic
properties; -4- 100211 FIG 9 is a flow diagramof a

particular illustrative enbodi nent of a nethod of
accessing data stored at a negpry layer within a
menory cell including nultiple stacked nenory | ayers
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line %xsample each of the first, second, third, and n-th memory layers 130, 132,
134, and 136 are formed from ferroelectric materials having different doping
concentrations, different thickness, or other differences that result in unique
hysteretic properties, such that a data value stored at a particular memory
layer has a unique impact on the tunneling resistance and may be altered by a
unique write signal without impacting other stored data values within the

memory cell 106.

[0025] In a particular example, each of the first, second, third, and n-th
memory layers 130, 132, 134, and 136 are is formed from a ferroelectric
material having different (unique) hysteretic properties. For example, the
first memory layer 130 has a first thickness (T;) and carries a first electrical
field having a first polarization orientation 140. The second memory layer
132 has a second thickness (T,) and carries a second electrical field having a

second polarization orientation 142. The third memory layer 134 has a third



[0024] The nenory cell 106 includes nmultiple stacked
menory |ayers, including a first nenory |ayer 130, a
second nenory layer 132, a third nmenory |ayer 134, and
an N-th nmenory |ayer 136, which are sandw ched between
a first external electrode 122 and a second externa

el ectrode 124. The first external electrode 122 is
coupled to the first switch 198 and the second
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thickness (T3) and carries a third electrical field
having a third polarization orientation 144. The n-th
menory | ayer 136 has an n-th thickness (TN) and
carries an n-th electrical field having an n-th
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[0029] In a particular enbodi nent, the tunneling

resi stances (i.e., the conductances) of the first,
second, third, and n-th nmenory |layers 130, 132, 134,
and 136 can depend on the polarization orientations
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menor d -
nccos  ELIn Dbculdd SRR UrbBlimt e Sir AEURE G, and
Wi t hodtmhavnydg/etsol 3etRot I, and Bdhap pe syanmeiric bbﬁbrsenséance
wite Ry

can b8 Totele bne; CLRREY EeMbsenled by B BIAER 4 dpfnard
(i . e. polarizatian opjortatidn, Gince sthen oymmettie sjuncioni prev1d6adh): same
Further. the nmenory cell 106 may, he enpl oyed »part

R T R R R L
nunbe fepdsert&d’®y W pddl@tricnbridhtatibh .t (InfiNSdeaﬁlﬁl% &&:h memory

oy or oosfhis (6 ppesil BRIt FRERLATI J00 5F N pogmor

can bechsed a%., P2 tméthorg Hhted)l - | 1AV 8hotled! pattigllat @lustrative
menory deyi ce with e nmenory cells, where C represents

t he nERBAHmERt. the fBityseeend; ﬁurén@dvmerreewwéiyﬁesléﬁt 132,134,

nunbehmﬁ3ahﬁybd£?@ﬁﬁuﬁtored at each nenory cell. For
exanpl e, the mvalue for a nenory cell shown in FIG

3A 1 5[0088] Inl afbther "Pattioular ekainpR, rmé/@ilrgﬂeséceﬁd athimrreﬁd/ n-th
cell shown in FIG 5A is three

cel | wemery laversehdfh yl R2ayldfs a@‘bdgérlé%f dlévqnshfiq(e%e%mptw

level §ro yﬁ@ss Iﬂ 5110&1{& Patidilhy Gldldle, B, Secofld, rfﬁi?@rayld n-th

cel | Wtht hysteretic menory [ayers is a four

dat a- n@v@ry rhyﬁer V3&el32, 1360and 136 mayp&e tseparptgd by internal

|IIus I h &t I
n%fﬁgttr'(i/d\éfggge%)%@l B‘Je’ lg}epse?fsg 4'7554 g gﬁnlgs;raﬁg il FiG. 90

sy mTEbY ietectricallyt im'stdatﬁth fyarsdeychzs bns.ulatQII laero7229 7@4,(angd 726

may b d r [

por ar TAFRECSEME TBY o3 bItE AL o AN by corch s

provi dlestradact Kamed tinsutatdri lagerr 629 sllwatrated iin BiG. Hd3), or any

oy o Bareinfi bkt R bRl Seitole Ff ol S FRIS IS

nennrywhmqanmunnhgsbémﬂnmessﬁ@hedﬁﬁ&meSmamdM§ha-mmmnmy

cell 106 has N nepory Jocations (i

o+ at oSITPOnh PRBr 5o iRk B qopinpafynsl Simiary, the

enboding®@lator layére nfalylaib be $@RA tront difftrdnt aietials KavingRifiirynt

| ayers 30 132, .134, and 136 may be asymmetric.

10033 MSPAUERIPRESSShar t i cul ar exanpl e, the first,

second, third, and n-th nmenory |layers 130, 132, 134,

and 136 may have different hysteretic properties. In

anot her particul ar exanple, the first, second, third,

and n-th nenory |ayers 130, 132, 134, and 136 nay be

separated by internal electrodes (such as el ectrode

| ayers 752, 754, and 756 illustrated in FIG 7C), by
electrlcally |nsulated Iayers (such as |nsulator

o -— N N -—~ A . . o P N ey



-9- 10034] In another particular enbodi nent, a
critical voltage for changing a pol arization of each
menory | ayer (such as the polarization orientation 140
carried by the first nenory |layer 130) may be
controlled by design paraneters, such as the type of
menory | ayer material, the nenory |ayer conposition,
and the nenory |ayer thicknesg. Additionally, adjacent
materials may inpact the critical voltage. Further,

t he t i00SkhBEsaoteed paryipdaroémbadiment,as emtldahveltagalfer d'myglng a

alsourpact th C|t|cal vol

Fhi ok ABRasaPh OF st g 1 eblsachis B RO A Pyeaian 140
havi ngarfied tbyphe sitsh a@abrirelapdry 1300 ya4S beeamhomyydemgn
| ocati on ma e a different critical t age,

oy bRSBBPEL: Db s SIPF G TP AYEL ABIEER SR Temoy, yer

the sighpdsitbaNAh&t1RE Iﬂ&ﬂoryma?ért fHickBeddO! AddARhAIBN ad_]acent
orientation of a particular nmenory layer within t

nul t i Prarigls Jeaydmpagt thsr riticalyveltage. W?futheéhlﬁwﬁsf@daype of
pol ar ﬁrﬁ&ta’y&nmgfeh@l@tn?éy' a5 ﬁ‘ﬁpa'i:hﬁleq;rﬁi%ﬁl VORARY. Y By2aBlsting a
100351 In"a particul ar exanpl e, first nmendry | ayer
130 nﬂyclmasseO%thehmemn@s lyers) Wlthlhaa meglogsr sell davinganuliiple
t hi ck { &%e%% rﬁﬁag%ﬂeea%ﬁ%%% A rlm ﬁarve Ja3 f%\rﬁlﬁartqlh'illfihai

exanple resi st'ances as ocl ate

first vnlmgo,r‘yhltlalyley bel@@:camlly sripbied by thn dortrofler 10232 thve yighal
uni qu h n circuitr

to degeenrelc‘r’ﬁ%r"]rgl O%a t(g laerr & ol %%a%ona 1e1§tgta(%n ata éb;a?t c%ﬁp rngﬁloﬂrc'lgger
nmenor yithimctét inordtiple mbicedsn¢dmy flayresst mthnmtraytehmg; atpolarizdkisa

based th I t f th Il
106, POTRITP ﬁ“&”ﬁ@%?ﬁg@r ¥ibodi mrent, the st of age
e <SOSRy BB JREAORA g B e o

rrem)r }hlﬂ@bds (I@&hat\/\lﬂlg@éhte’irtﬁalﬁ@ cleisigiesy @ zybﬁt}fehﬁcond memory
contr Ier 102. . The resistive_ el enentar

106 i HEPU2s 1ot sample (e &nnﬁlgwwstﬁ%ﬁ%g%mé%wt% etfﬁ%
first meﬁﬁﬁﬁﬁl@ler 130 4nd, th@ BétoRd e BITOMYy beYifighe, k36h thhBthe
134, and 136, which are selected tg have hysteretic

pr opeF‘T“IS"e§‘rF‘B“¥,tld|2e°aﬁu'I’ec ppRdetogdgterming gedoreq (atg value at a
parti pattialarafitashy 18iation, stk 4si thé tirsiRERbY losatRh 1368adeasn
a first hysteretic pr operty and the second nenory

| ayer thesyrngling rgsistancs der thy wempwviceld 1f-operty. In yet

anot her art| cul ar enbodi nent, the resistive

el eme 03Pk Inya npsrtjcudas| smbodamant.othesstarage idsyise d9P ainglidese 3
t hat %xﬁroilﬁpf(ﬁsﬁnﬁtaeﬁurgﬁty%f YOHVE el'éhﬁ@ﬁl@xly' i ér§ e %%

In a particular exanple;, the controllef 102 is adapted
t o appieymemenyi epllel Qs |VY1‘€Chsﬁlg|mbeSSlblet tie the spnirallgre 102. The

el emepiRfive dBAD My Gfhory 0%t 108 incidds a plurality of memory layers,
such as the first, second, third, and n-th memory layers 130, 132, 134, and

136, which are selected to have hysteretic properties to store multiple data
values. In a particular embodiment, the first memory layer 130 has a first
hysteretic property and the second memory layer 132 has a second hysteretic
property. In yet another particular embodiment, the resistive elementary
memory cell 106 stores multiple data values that are represented by a unique
tunneling resistance. In a particular example, the controller 102 is adapted to

apply a unique write signal to the resistive elementary memory cell 106 to



alter the unique tunneling resistance through the
resistive elenentary nenory cell 106 to represent
different data values. In a particul ar exanple, the
menory cell 106 may be selected fromnultiple nenory
cells or may be selected as part of a group or block
of menory cells. 100371 In another particul ar exanpl e,
the menory device 100 includef.a first electrode 122,
a second el ectrode 124, and nmultiple nmenory | ayers
130, aBR, th&3dniqun dunhBh“nQ) eésiatemae tthough rtb¢ rasislive eclamentary

el ectrodes 1 tor data val ues
e BRTERCRB R rpiisen ity Sad Yatub R LR RpleR eleifole
hyst ethetrhcﬁnqiy o¢le I 06yméiyoObeSdetuced zﬁoda:halupalmmnm c¢éllseor may be

mul t e dat a val. ues. devi.ce 100 further
L aéaf#P ?sre}*pi{ﬁ Rl Prenore T 3 Lo the

| t 130, .1 134, Q Vv
oAt ?4932,3115&“9 feafor Bipinigs 35 e SB e 1 ndf s A st

124. Teersaent? Qddearndreeaﬁédet 179, 4ndInkil@ple méaxba/ Mrs €30, 132,
[ | ayers 130, 13 134, and 136

fromthe nmultiple nmenor
wi t holid4 and d3o E@t“ieﬁethﬁdyrﬁtl 39l seqpad ales&wct?ééﬂ pRd 424 to store
parti gllifyle @XAANS. EhdtofThd ﬁlhxa&? 159%?@31330 { DY €54 akBD36 has

132, 134, and 136 are ferroelecfric |layers adapted to
car r ya hyeiersin Bropertp ! BorF Aclgtacyaliiet of theamumptq dpta yadues. The

'nducanga BLl ﬁ)h%ﬂfer%&&%k BbhRdIR: 1 &aﬁe%bpgd to the

uni que t'a val ues. I n another particular exanple

mul ti muélp&ﬁemmym layesy $301382, 1842and1134, vimatdleass enepfthe ﬁrst
IOhaseal‘r‘d1 G oRed 1'3‘232 nd B3V TR B 1@F flali€ e rn?uﬁﬁﬁlé &8
t hat can e I n ependent y ‘configured to represent

uni queald%st from gheiemiltipla rr;cetor)atayedselBOpaH |1641 and 136 without

enmbodi t he [ t] | ayers 130, 13 1
oS A end e otk STV gRNRLRr Stinpid e mulfiple
char gesmohyekange132; ap4,| amderss e @erﬁﬁ[ef:lr@uaﬁdﬁsl edatpad to
i nduce an.e] ectron charge .di st

char gD AFPYE Bl S L e oa o D Syehgy paree
t Unneﬂisﬁmuﬁ@ﬁlréﬁrés@ﬁtﬁxgtlﬁucﬁ@ mﬁt@&@m&s UIRi 26 bitBle: a:ulaabxae@le
10038 eneral, |t should be understoo t he

parti If‘a‘f 9@9 PR ayers 139 dp2g4dand 138 ai‘behﬁﬁ? gefedia

FI G fayb§ having Ih?/ﬁé@tm pilobdfie£MaNEUnDbeORidpendehitly 'c§nﬂgQ¥ed to
intended to be imting. Qther structures for ap ng

a vol feRERsens runiqye dafn V%l\f‘ﬁ dBt ¥t rAnathey pwwﬁnenlmgnent the
resi shalfpf ﬁlé}ﬁ&’jgi}/ePshSOnﬁfo[% Gisd 1361006 citBRe t?dpslﬁ’ye?seto trap
used. Further, it ‘should bé understood that th

part i elg¢teieal snhengaﬁge dee\ph@ree 10D lpyeryargceonfigerablp tt% induce an
respe a b t ,

par 1 o QlapgeRMBaRA ind, B Wue YRR sl Aacent
acceslayers b digka tjmnelmxIestmweme%msum@leph@wa@es a

bl ock- accessi bl e storage. Additionally, other

conf i {98k ﬁnmerﬁhyt theuld hedindersioed Hiah @emrt!qw@r example of a
arti 0

b o SHbaBE gl ATROAALN FIG PP R robrematit Byl A1)

syst e mOntendeti udiba gmatusg oQelipe stiectires f@Capplylingt a vakaga or

?ErerD;%%r{ rgg%\{erﬁ%l%ae gl lﬁlgsft S a(n%? éhrov% ﬁ{e w%x%g{?'l c%ﬂsl%

be a mayrplsb 8¢ yused. WRurtledk asﬂlotllﬁlbemhdmrﬁoodathﬁlehsmaiular storage

digit |st PD. ayer, devi ce (such .
s anBaE D 35 rited sitirabe g bR atls SEtREE HORAER in
pr oces JafiFulad gmboditentanhe storige RavicON 00 hedyeadcess Td dldak if
system 204 is coupled to the storage device 202 via an
interface 206, such as an Advanced Technol ogy
Attachnent (ATA) interface, an Integrated Drive

El ectronics (IDE) interface, a Universal Serial Bus
(USB) interface, small conputer systeminterface
(SCSl), another interface, or any conbination thereof
In a particul ar exanple, the host system 204 may
comuni cate wirelessly with the interface 206 of the
storage deV|ce 202 V|a a mnreless connunlcatlons

.y o o Y




[ 0040] The storage device 202 further includes a
controller 208 that is coupled to the interface 206.
The controller 208 is also coupled to a signha
generator 210 via line 216. The signal generator 210
is adapted to generate a signal at a selected voltage
or current level. Additionally, the signal generator
210 is coupled to a storage ngdia that includes an
array of nmenory cells 212 via a first plurality of

swi t cmemoB?OellsTioepravidaya bibckmwmsgblec s;btage 2 1Additsonglhy) pothat

égm © e Rl e b e, Y%l?"&?‘&? 36 BpRicafln tlgmez%’émr
t 23
et T3 E. i idsaRl ol %@asav.ws%f f‘?ustfa e badife; of

li neSazﬁéﬁeraado #idRiding Bsteragesdevice 02 cliae lase mempricedlll hamfng

| < coMBRBI TS ERBelg blion Dissorel ADgaiuter gHcsydem

In a pedtwikith Mayehte GoiBiies, 4 MreRQNRephbes Wi }Sdi'ébnglldlgitﬂ
adapted.to determne a tunneling resistance

part i 8¥istnt fElpdh \» wesie plwer dryicg (suph efa%rnjayea prother

212,  gp6thonds dévidel bﬁkeﬁﬁtEQB dfc,Cl dny Z4Bwindiish iRredt Thehba
data val ues stored at t artlcular menory cell based

on t h&ystst dnis saupladyn thel sltqtgger@gtce 2@hvia an interface 26fp 44ch as
The apg @flv?‘fcgcgg gﬁlrr&ﬂo flAttﬁ ghfment /f'f )uﬁ{?e?fa&!‘ @n fIhtEéjated Drive

menor I urality of stacked
menor §1¢a919¢83(IDE1 mtqrfaee,fa Ugtvemln&ﬁryal Bus (USRpintesface, small

222" o fer el BPacO FCE, Sour huthfe oy borfhdel

seconthessof.t din aZI&ZUcuM daxampia,athle yhostt systear ZQaay may commmnigate

cells 21 ncI nory._cel.l .24 avin

second’lre elSJSrl Al k{ qﬁe ]m? aﬁ% %@% ggl'f?osrtérageadeevf S %2 vid fh‘glr&ess
secon don‘lfﬁﬂmb@hoﬂﬁbﬂotcﬁé]Z Inshis parfit el dxamplepthsiigeddce 206 may
generatEQ 210 a a thlra]g tch 224 and is coupled to

the sBIfSECEWE %V?mﬁTQr “W urth switch 234.

Furth rra ells 12 al so S .
o o e P S00RY | dbind 2 A intndesra Sotifoller 2g¥ 36 s
st acre%i;pmrw tthe ih&yf@dfels2(%45l"he'5bﬁtr<ﬂ}2e¥ gOMWo%/co?ﬁlbdi t&ﬂéigiltleﬂ
coupled to t sign generator 21 afifth switc
o6 ncheroraf e ous CTE Gahbiengieioe oi s pspied o eandic o
si Xt hsigidit &ha 23Beted WoRadeabit |cﬁ#érﬂrleﬁﬁb0ﬂﬂﬂﬁﬁﬂﬁally @fehs@ﬁal
the first plurality of sw tches 220, including

first gertefﬁtqr&w muﬂﬁt forp SotpsciRedia thebinclydes an aﬁay afzeemory

may  bgelisRdeRRBARRIIV RS bF Hat@es 2Qoa tcae Rirh &%f rﬁérﬁl&'ﬁ'c@lls 212
sel ectively applied by the controller 2 Vi a

first is|coneled tognsegirguitry dhviayg seeand plusality pEswitchendp0. The

pI ur ahtst )Slu?thtyﬂif Ev%'&%és g’ﬁpand' tﬂg |séb@h@ glu}aﬁgy of %%es 230 are
fourth, st xth sw tches 2, 4, be

i ndep eqtd;emly ycta/@ted\battwcthrall@@ﬁs thaI firg§ @dab@nd lmes 228 and

socont ] Fribe AR sEeloh ity cERBE ALY PRty Bchs 2, The
t he hemse siymttsra 13ig conpledan eltﬂnoetrallfs @08 wiaracdatepliiel 218t ilma

and ate th t he.st devi 0 0.
acces BRETA YT, t ehod FigyRS AR oL Ry dedbhine
The comtwlmlglralstéiﬂs oﬁayamaﬂa&mmmy oehafithe arcayed semeny edls
via t i nterface 206 and |l ectivel ctivat

st 2Gmekas iy im0 R B e fedinelgrBC e sondl o
at | edwstpaniceladiherhbrg cek Basad opthe rdaﬂerriimedaﬁmﬁel\mg ﬁd%fs&né’eBO
to selectively couple a particular nenory cell, such
as the first nenory cell 240, to the signal generator
210 and to the sense circuitry 214. The controller 208
controls the signal generator 210 via line 216 to
apply a selected signal to the selected nenory cell
The sense circuitry 214 senses a tunneling resistance
associated with the selected nenory cell based on a
received current (10). Further, the sense circuitry
214 |s adapted to deterntne data vaIues stored at the



circuitry 214 can provide the determ ned data val ues
to the controller 208, which nmay conmuni cate data
related to the determ ned data values to the host
system 204 via the interface 206. In a particul ar
exanpl e, the determ ned data val ues may be encrypted
and the controller 208 may decrypt the data val ues
before providing themto the_fost system 204. In

anot her particul ar exanple, the determ ned data val ues
may b@%ib%edamyd@frmcmbry detls 2h2 incbsles theSfiretnm@ddry cell 240
100431 Fl G 3 i a af paft | ar

i || usttat E\l/t(;1r e raof%'rré}J ? Cfé?ddan[g%rgy%estzgllc%rr%hrsfg/nemory cell
| ocat '24111 1s?>6cﬁ1pmﬂ ta therighyl g@hﬂator\lﬂl‘l()()\ha aeftst mkclhdlﬂ2 and is

300 | ReiRUEAE B SProFeroting oY Ba sreapd a9 arigndlly, e

MENDI Yrrhy2¥e fne&% té1Rt 2 10Sink10dd¥EM sdcbfdnRndofy eae bm:thamg a
(FE) materl cond el ectrode | ayer ( 306.

an
The f 5§egpd e uglity 8 éta<rk5§ dnemagy )'ayS’(§224§ndTl{eh§$°‘§’éclBFf80fy cell

el ect ppes tspRE t6 VR si3RA deamaornid Q[aeﬁtthlﬁpﬁﬁl&ﬂh' X3 and is
| engt hs (conductances). I n this exanp he nmenory

| ayer CB. dﬁayiepﬁﬁwwaémt%l‘} @gua@urtbewgtca%% lfluwhrﬂ& aray
downwgf ﬁileﬂ‘é}baéellé Qii Qo ﬂ{chﬁ% &t h ‘H{‘)neﬁ%ryt Qi1eR4THa%ing bah Y&h
states (upward, downward, or parael ectric polarization
or i enphiralighpf smkesihmﬁmyrybby@rs 45t oThe priegeemort el 244 is
10044}0 ie@ to%ﬁé élg naf e?zﬂgl' égl%owéj%fti #éhufz%ra%ﬁ'ly Eoupled to
Ment of ﬁ VEer sus vo articul ar
dat a thalsam ca;'cmtrgalﬁtvlat e xthresmitcly 2B®yhra Bﬂﬁculérl mﬂiodimtead

in FIG .3 20|nc es.a.fi
and ae%cgé)'g%h rStnpgurg@t% ot SRt E%dj r‘%cmdénrgdﬁ’ g“sé’l tP’f %20 ntﬁ fth
r esi stwitches 222t 241, asd @26 aineyd bai mcﬂeptnhiemmye activated oda tcontrol

300. For .a |venra ck, volta (o ate
Sort RS sSect B dipfied B nd ZabRiEe o0k g BRC Pl 1955 228
and 33dditibhally)i b@chp@tlrﬂhb Gedoad plﬁ}ﬁlﬁtﬁmﬁ&.v?ﬂcﬁkﬁ ZB0f ﬁxﬁmlgtg the
resi st anc states. | ust r.at t he I rst I he

and tﬁe@%@%@ prd.sixts syitches 33% 23(56 42 38; mf%‘m‘ew@epengenﬂy
pol ar haRhic@Wialloh@AtsiinhBREleQRE! aﬁgll&lybytth@ cOMRIMED 208N £the
304. In aﬁaﬁtlcular exanpl e, e first electrode

| ayer Sesond 8-hi gher dopi ng concentration than the
second el ectrode |layer 306 illustrated in FIG 3A 1In

a par 19942 1,2 é’ﬁﬁlﬁﬂ‘iah@mb(’dlmﬁ’ét fthe Bost syyslem r HYempy FEFCutD 9
and t keiv€ aptlicAlRCint GRS &&\Mﬁﬁmé’a&ﬁwﬁﬁ end Q8Bdddviemo2 1o

sem conductor material, which has a sel ected dopi ng
concedtcpstdatsrstares atdhe sreay of memory ealls @42 The controller 20 may
CONAUELBNE §Snentdry fa&%smﬂ@er vvmb{@fmé%e 564 hifRa selectively
pol ari zation ori Lntation in an upward direction,

appl i edivaie i loass|ong g the\firyt phesality Oif ewithes 220 andca ﬁwétmne of
| evel e t

rorror 1 Sand SRR 3 Sluctialand Bo SORLNAR, potple b farticylr
downwerenhoi creﬂc sucb s tltei‘ﬁrstapphmred:eﬂ edd w thet sgel ganeyator 210
woul d_resul.t curre | e di.ca 3

gr aph rgfzz"%) t e sense circudtgé Q‘;M ° r?‘l%ee'i S%I}Qrolllsr %g&g é:o?tv% 4he gnal
negat gmram*rmtl() waal line @16 agepply ¥sdlecadd signatto thé selected memory
pol ari zat .on orlent ti of the ne | ayer 304 is .
Chanokdl TEDSY ARt 2 Shoet 3ty R desiipc kit
parti thelsalected memoratdlViaserbw diregeived ofirrént s@{ rmt Fufther, the

b RSSO 211 % eelid o e, e lo fg e fr

| ocat memoA0Celi NGO WdA éh ke Sdns&l REhEIR erekxwwe. (Whe sense
402, a nenory |ayer 404 that is forned froma

ferroelectric (FE) material, and a second el ectrode

| ayer (ML) 406. In this exanple, the nenory |ayer 404
may be used to provide two resistive states
(upwar d/ downwar d pol ari zati on orientation or

parael ectric orientation). In this exanple, the first
el ectrode | ayer (ML) 402 and the second el ectrode
Iayer (Nﬂ) 406 have substantlally equal screenlng

o, o oy o A NN -



100461 FIG 4B is a graph 420 of an illustrative
enbodi nent of current versus voltage for particular
data val ues stored at the menory | ayer 404 illustrated
in FIG 4A. The graph 420 includes a first line 422
and a second |ine 432, which correspond to different
resi stance states associated with the nenory | ocation
400. For a given read back vojfage (Vr), each state
corresponds to a different read back current at 424
and 48#cuittn2thcan mavite chel determimsd alatae/aluehen thefcbatralet 208,
resi st e states i.llustrated first line 4

ond ¢ REGdREhi o 30 SHREL 5D EisRing dp gt fy e

?gwn lnodt adyktemt RON Vi it tiaérfee 106. a Ipad @@?ﬁﬁlﬁf ieRample, the
epolari za r| entati on, respectlve
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negat knéedatd Vdlhdsefor® pf¥iln mXﬁ)to&he Wit GPstér@04. In another
polarlzatlon orientatjon o he nmenory | ayer 404 is

chang@gfticulariexample; the setermingg réa_ta Vﬁ@ﬁ%myy Pay@wsded Pifectly to
Menor yhelRsal i@ 2690 includes a first el ectrode |ayer
(ML) 502, a"nmenory |layer 504 that is forned froma
ferr Oﬁi(ﬁl§§ FicE 3(«\':5)1 bIRk labAkn ofaa%rtﬁ:uﬁa? ARRFatRE @AbbARRNt of
layer (M2) 506. In this exanple, the first el ectrode

| ayer ag mnmlzc memophlecalion 98 oflaanemastisell.aykieh mep jnchulg
have e

Bocaubl PRE THiked el RertTHE ARmbBORCHR 00 SRy 2
506 habenmkfhﬂﬁe@ﬂbcaﬁuucnwnmeslmmhéoﬁahnry ﬁuoatm@m a
500 VI '

ot at oroaReltE e B 8 APnl B SE Tl B LG e e
fi el deleatrade dalydoy(MINS02reamdrtite Iseoped ekdttodeulayear @MZ) 306 have
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The gF"é‘fﬂtu‘O%Z?P APRlisd; 1529 (ralagea () iWould, iresyls| Doy SUTRRt) level
and a negative critical voltage (-ye) at which the

pol ari zation orientation of the nmenory |ayer 504 is
changed.




-16- 100501 In general, it should be understood that
the electrode layers illustrated in FIGS. 3A 4A, and
5A may be formed from any conductor or doped

sem conductor material. By meking the el ectrodes out

of different electrode material, two different

el ectrode/ nenory | ayer interfaces are forned, which
have different tunneling resiffances based on the

pol ari zation orientation. [0051] In a particular
enbodindinated at 3284.md@nwontrast lif the3Ddnord Oyer 3041 hBOA polarization
illustrated i.n FLGS. 3A,4 apd 5A.na e for on
sen o SUReB R S Hovard dstigan B PG %P St 1) WBu
el ect re3die imatufrest leved Uadicabsal at 334. The graph 320 also includes a
Stronti.um di Rut hepiumtri-Oxi de .(.SrRu203 t can.b
dsed POt RY POl SERTE SHtLrORge GYBE b itich the
parti poladzatienbaehtdiRA bf tha MenfdPylagér(304 isghaigedan be

deposi ted between the ferroelectric nenory |ayer and
one Of004BEFKE. e44 rig de HldcR di%ramaaf asyodmt paticulBimillugtrative
cell. [ﬁgﬁZ] FIG 6Ais a block dia ran}of a fourth
par t i EMPOHMERHRS S SyBYRetriy memeryfagaion 50heT Hmepery eall: which

MENDI a6 GhdludeMBuRBleNRYckb Gettdey Mybisi PHIR MbR6KCHARATI0Y
| ocations including an asynmetric nmenory | ocation. The

nenor {ncludesd fitshelggde iryedD 49253 memorydayer 484 that is formed
el ect pgge, t@ggel@c@rgcog:EZﬁﬁféﬂgl, @.?ﬁaegeeald egéc%aé R& (ﬁﬁi‘fwéﬂlﬁ

menory | ocation so I ncludes a first internal
el ect Hoviexagmle, dsuprermdryt loyer @4 fmayshe wsed do meavids| tvetresigive
602, c ' el 6 4nl ed  t .
secon gtatggt gpﬁvﬁraigﬁgg‘?%rg d e&g%ﬁzg ggnn d ]ogel‘r;%e%rr@r y gf agj e 1;43%8%10
sandwoté¢ngatiobpt e ¢lris ehanle,rtbe fanictlegodmthyem(Mind02 and the

electro 6 ,and 6 53] Il.n.a.narticul ar .

© | Fo o TP oSt TileP IV QRS iR Aok ScRening Jongths
606 afwndureansesy.ofinice the efanalry Blcationrdddds §hiinarie ahmpwed or
fromthg sanme teri.al and, have .t he nme. conpos,i ti on,
on BrErORE A0 sfhfd BRVE gb b abRisng {BRR bunilling
j unct regiRtabée, Ewhiledd PSR IO origRaabARMWSuIIo have zagubstantially

a fir %Tstate r parael ectric polarization in a second
st at e?‘. et WRBRIME FeSBEANES- cul ar  enbodi nent, the first

i nterpal e% trode 606 §ﬁ$ the second interna

el cot 1BAETBTD 4B & # &P 20, G AR cTRRRE RS of cgfrent

from véisusseiRgd Bdrepar@dulapi data GHides HREY aC EPAGhSHy ABFer 404

such tEﬁt the nenory | ocatjon 600 has_a fri-stahle

j unct Hlgr3ted @ FlGakAy e etaph 42 hinclides dArsblinetrland griecond

downwasgl4320 haidhZRtre§an@td SitRhl Rfistatle statddals@RlaRQtWikiCthe

(de-pol ari zed) pol arization orientation), which is

-17- memory location 400. For a given read back voltage (Vr), each state
corresponds to a different read back current at 424 and 434. In this particular
instance, the different resistance states illustrated by the first line 422 and the
second line 432 correspond to either an up or down polarization orientation
or a paraelectric (depolarization) orientation, respectively. The graph 420
also includes a critical voltage (Vc) and a negative critical voltage (-Vc) at

which the polarization orientation of the memory layer 404 is changed.

[0047] FIG. 5A is a block diagram of a third particular illustrative

embodiment of a memory location 500 of a memory cell, which may include



adapted to represent three different stored val ues as
three different tunneling resistances. [0054] FIG 6B
is a block diagramof a fifth particular enbodi ment of
a menory location 600 within a nmenory cell, which may
include multiple stacked nenory |ayers. The nenory
| ocati on 600 includes a first external electrode 602
and a second external electroge 604. The nenory
| ocation 600 also includes a first internal electrode
604 comitipdeisthaked henfory hyerex The neinoet Beitiond®06odydes a first
second. i nternal el ec de 610 cqupl t he.secpnd
ext er ASFT Qéﬁe@??oﬁ%%% > 4 REMeRY ﬁﬁg&fﬂ# otgatl gy@pngggrom a
Ic:OUpI ;edrdele(c)ﬁ(r)lh ]E(FE)?ﬁl@!éﬂalﬁ hxlﬁi:% E2dd éll&rodl_h?/eﬁﬁ{my g%s II;1 this
ocati on rther cl udes a ayer t
is saﬁwfgﬁéhe Bist sleesroderlever VAT P gt thaisetan 6’? Beds Bow
and t o) seehavt arffeke%y Sdreddifrg- led g3 BdndhiStateDa Bebuldd Bie first

enbodi nent, the first and second internal el ectrodes
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the PLRERAC focRion 56 mBy Bk aksed td ?ﬁé@fde Ql%ztottﬁfegsrestlﬁﬁle states
menory |ayer 604 into an asymmetric menory The

i nsul ml@weltayl@r or@z@tlgepéﬂmeé@treqw‘éelé camiad biyrthfemﬁmpry layer
elect Q49 asing a
tunne gm res E%ﬁﬂ%ﬁyg% gg&%ﬁé&%%%%@ﬁlrg%gga n 600.
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st acked layers. The nmenory cel |l |nclu es a
first 6‘er‘H%l%é ligg e@f‘FtG‘EFQ 2¥59Ciatfdy ‘éi‘ﬂé et{‘%nﬁg Erepile PREgrization

el ect bAsiRatiA¢ carMél 5 thER¥mMBE 15§ewlb£d to a signal

generator (such as the signal  -18-

[0049] In a particular example, the first electrode layer 502 has a higher
doping concentration than the second electrode layer 506 illustrated in FIG.
5A. If the memory layer 504 carries a polarization orientation in an upward
direction, an applied read voltage (Vr) would result in a current level
indicated at 524. In contrast, if the memory layer 504 has a polarization
orientation in a downward direction, the applied read voltage (Vr) would
result in a current level indicated at 534. If the memory layer 504 carries a
paraelectric polarization orientation, the applied read voltage (Vr) would
result in a current level indicated at 544. The graph 520 also includes a
critical voltage (Vc) and a negative critical voltage (-Vc) at which the

polarization orientation of the memory layer 504 is changed.



generator 210 illustrated in FIG 2) to receive an
applied signal. The nmultiple stacked nenory | ayers
include a first nenory |ayer 706, a second nenory

| ayer 708, a third nmenory |ayer 710, and a fourth
menory |ayer 712, which are sandw ched between the
first and second external electrodes 702 and 704.
[0058] In a particular enbodijent, each of the nenory
| ayers 706, 708, 710, and 712 has a uni que

conf i §0SA} Inqyenersk)itBhduidibe wrlefstood thahthe rieowode lhyrysiilsstrated

fesi SPRRIRY el o St P BEE Gl Ao e Bugpr o doped
val uesaicendpetbt imatetizll Byanaking thaylectrddas eut obdifferent electrode

tunnelin esi stance of the entiye neno cell 700. ..

[ 005oerepial Presdiitereat glbcide e pveriniariacs gfrformed, Which
par ti ealeafifférbit asinERig réQstAEROBHsEEHH the bolariZHEE® biyentetioh.
720 including nultiple stacked nenory | ayers separated

by i npoos8f B a lpaxiRiler erhb&diMERDiN¢ ehbry7aMsi300) 4otgand 500
first external el ectrode 702 and a second externa

el ect HBgeatshin FIGH. b fidy 9d Pomay s fopmed ey grsgmiconductor

gener aiydfratk ‘%y%?@éiﬁﬂ% 2Bo@RP kiebodd! HA&al, SRF s WhbhiRlng di-
stacked nenoiy [ayers include a first nenory | ayer

706, Buthepigm-trifdyife(YRuila) thet yarpbe asedetoorrgd rtbanberypelectric
| ayer la}?x&ln%nétﬁ&%ﬂic‘tuﬁﬁ %d%eﬁt,aéﬁQBsuTagér 1ay9e§‘§£u Bfgcri]egogted

menor ayer 710, a Ird 1 nsulator |ayer 0,
f our t hetweerothy féreoglgetriz Temonhlayer andeone afithiclchieetieh & foeman

t he f%§i¢9§wgma§§?3?H?Xternal el ectrodes 702 and 704.

[ 0060 a par ar enbodi nent, the first, second,
and t j I r y ,

For melDOSHEIRS SAt A oib) Bhdtar e b6ty oRAQUAZ RIS of a
dopi ngemonclecdtioattdd nfa memprhallewblich fray dmfude mudtiple sedsd
or anxlconbkn%tion Eﬂereof. In this exaﬂ?le if t he
first MeBERLREAtopy inefyding 2n Bypmetiic memry Iqcatdn, (Theaemory
708, t&tjonastld) indidder £ fifsd erethal eloctrddb 608 ane angt@id edternal
the figrst,. secon and third.insyulator.| ayers 722

e, | Hlitods Ao The kg toauiof b Y insBUEL A HR pgermat
r elsi StletieRs gOMb@ﬂledTﬁbyt_hb eﬁlrsﬂ SR@riad eldétlt'dﬂé re0Dea secoid ﬁltemal
val ue store t a rticul ar nmenor ocatiopn, such as
- dat SeEdR&1E tcawg@a tor the Fieeond, e hIFRoge ﬁ% and ppemory
basedlag& 608 $ARRIchdibdPEInSth e afd sddBfd Bidrhd] &14¥BEI Y606
cell 720, -19- layers. The menory cell 750 includes a

First 2818 nal el ectrode 702 and a second ext er nal
el ectrode 704, which may be coupled tq a

i |
gener H083! Ing Ressics ar dlugiFatiyp pmbedimestqhe Arst igmatglepirosieds06

st ackegh tiB 5RONd IndyfHl Slebtfsde 6116 a thintedlfrdWEIHR s¥mé AURFial and
706, a first internal electrode |ayer 752, a second

nenor §aveahe same gomposifivao piehi thatehe glemerke dacatipne6G0abasra bi-

754, i | b b
I7 ey dab OG0B BUF o uniadd pftied et state or

whi chparaaleottim dwilarizetibnbén we e secoire ftate)st  &mcanotheo npprticular
exter %Locﬁ&gﬁ,t thé ﬂ?sf:‘ inze%l @ﬁgtrgdg %06 and the second internal electrode

610 are formed from different materials or from the same material with
different compositions, such that the memory location 600 has a tri-stable
junction (i.e., an upward polarization orientation, a downward polarization

orientation, or a paraelectric (de-polarized) polarization orientation), which is



100621 In a particular enbodi nent, the first, second,
and third internal electrode |ayers 752, 754, and 756
may be formed fromdifferent naterials, nay have

di fferent doping concentrations, may have different

t hi cknesses, or any conbination thereof. In this
exanple, if the first, second, third, and fourth
memory |ayers 706, 708, 710, pnd 712 are formed from
the same material, the first, second, and third

i nt er addpted te cépresehe threy differenb@pred Ydluessasdhréd @iffeeant traneling
used to.EFfine uni que tunneling resistances, which nmay
be us&8"t?8Betermine a data value stored at a

parti I ion, sugh a data val ue
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n._a particul ar examnpl e t he | st n econ
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and t Bicttebdegoerdndla Rt &QHRA cleedode’ 604, BRI méRBrCRBatia

conductors or sem conductors. The particul ar nateri al

used OB plsp icludes # ifirs dntemaloderroda AlY eawpled tp teehinspxternal
el ect ERERNe 602, a stashd iARRal/A& trodd6 REcoRFIeE € 86l sdcBndbianal

continued epitaxial growth between the nmenory |ayers

706, vgrodgi®4anmil am msulgigr fryeppilagoupledge it pecang) clsetrode
contr e by focl

) acony Bt RefBlyANGRoh B HpABLRehs FhLAbA 1aRr 608 '3
menor yandwyched batoGemthd fitgiSintetrakelseitodnd0arand thei inshlatemioyey
| ayer 08 and 710, and the third and fourth nenory

| ayers™710 and 712, for exanple. Further, the

parti Ny ed. f first. Q

Bt ¢ fOUSl 1o i 380k RO Bk UGy R S Wirodes
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the vEPPals mEmom; ¥ $08afereatingp papslipe & § aptpss the
t unnehieh@ry RSAtENG0E . In a pidticuldd @Erbadihidne thedinbleer RYyer 622
enbodi nent, the interfaces between the first, second,

t hi r dMaxge fEmed Fomerrisctricelly mswatinggnaterisd 710, and 712
and t&@'q st, second and trird int rnab, | ect.rqdes
752, Y0561 Ly gnowl 3rampmipny golf may oo luge ARl Saekef, ppmony
t hr eeldyés, §ucHRS the hidmdB) 1apers 1368 5142304 andl 608. illddtiaked and
difference may be exploited by using different

i nt er Aexcriadawith sapest i FiGS. i3ﬁs%},tt? slgreamplsintecdataowalusst In @
oxi depataenMm&Rda AherforYBIRICY thaAY Siclude UshtAR héRory
first nenory layer 706, and the adj acent el ectrode,
such &dllst where qagh mamasy welll irdludes mdtéply stacked pmory layers.
i nter t ' ' j :

thi v e SR G e of A8 WM ol dclos 1S BARBRo SRR
al | owthabmutipiel unerman aclla ae switiesstoofind ngadefromgsubstantiadly
acros jes of thin nenory |ayers, instead of
requi??ﬁaégﬁgt the el ectrons tunnel across the entire
nmenor . . [ .

{r anlsPyFRRL AT 8blbok Mgl AR iILP I EFRRE cAadiment of
em sshkormoPocilie?(0rinelikdihg muohiplecsticked mEmodydayerio r Hieahemory
tunnel,j o} t pQr. t ' r

conbi Pl 79 Tpolides f RO GRARUE P o § Yoond exteral
enbodeleetride 70hevhidmoaybecmiupled tta sigial gohemtar (gucbiasithe signal
of electrode |ayers 702, 704, 752, 754, and 756 that
are associated with the plurality of menory | ayers
706, 708, 710, and 712, wherein each nenory |ayer 706,
708, 710 and 712 is separated from an adjacent nenory
| ayer by an el ectrode |ayer of the plurality of

el ectrode |l ayers 752, 754 and 756. In a particular
exanple, the plurality of electrode |ayers 702, 704,
752, 754 and 756 may be symmetric or asymmetric.
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-21- voltage of the second nenory | ayer (B) 854
(Vc_B), which in turn is greater than the critical

vol tage of the third nenory |ayer (C) 856 (Vc_C) and
which is greater than the critical voltage of the
fourth menory layer (D) 858 (Vc_D) (i.e.,
Vc_A>Vc_B>Vc_CVc_D). A change in resistance (AR for
the first menory layer (A) 852 (AR_A) represents when
the first menory layer (A 857 changes its

pol ar igemkdtamn2 1y iilanirated Gm FfIGom peiredeiviegart apglied dignght The
poi nti othe left. |t ssunmed that the nge |
P oo s RHIE SRekEh aremors Y ora msPite Aoty motagy g ¢ e SAgeqnd
gr eat eenfoba laybB08S RAREE niekhobye V\zat AC andh fbiith meMmORdla er
rrermrﬁllayer (B) 854 (AR B) ich is greater than t

changdl? higsarg ﬁamwhé@ b@tweert e figst gadracpnd experpal e@ctrs@fe
(AR Cyoppd #hi ch is greater than the change in
resi stance of the fourth nenory |layer (D) 858 (AR D)

(i.e 2 PaRiBhr ARLSAMAR ddbh of the hr%mt)Hr LR 7655 3687940,

t hat #he mermry layers are in their @%hresmtance
the

st at eath&l? hapayniguecqnéigvretiony such thay gach memqry, Hiyers /8¢y
at 81908 Fubtd r7’1231(§1§ 5 1{r)1§jqu ep(ﬂ%h@&@xsﬁ&@e{ﬁla{ &n B:2&Hsed to

J uncti on can Zl n € nenory
| ayer detgBine 85toredgmbie aancpaﬂiéslar freme] lagefbesadi anga wgafplmg

to FI %BEP é&ﬁhi&kﬁe‘%ﬂ %@ﬁ?6d ption takes the nenory

cel | Ry QU a co ransfer curve. Applying a

| arge g ?f‘ 1o/ & alt a%?ocf( & ?g\@q& a%éﬁgrrc'dnég%cular illustrative

pol arl on ofri ehtation o
852, 8mlodideg,of am¢n&638cd1]o72pomahtdmgjnulhple rstaglkﬁtd mfamOry layers
illustrat

S assune
resist %{’ﬁrcage%sqyd{mé]?%ﬁl lay e1r ReRemX & dk/tigoewlclug%g(f h‘fﬂgéema]
| Evel ebétrddfhl792 aedba seltcamte(éahﬁte?c(rﬂe)70|45wtﬂneh aiagiba edu;ibgd to
the type material used t or m
555, $BEn e i esali R aprlyd B b itp Pl Streb igory
f or m tdyersiimshetenefirsehefidry 0sler 17@6; Qrfist3Rsdlaté?Gdyer 2] a&6éond
If the appllled vol t age |s reduced_to zero volts

t he
menor JeEen laggg0gia Secorhasulatardayes 72y éém{mymory Tayer 710, 2

i 11 usthi@t duigfor 882 28d ahd€ TR YnefBh/ %59 Mb] lwhlch are
remain in a stabl'e resistance state. [0068

appl i & WWF%W?W&E‘?J%H%M%CW@%‘CWH °§°€"r5|7p?é%ﬂ 704.
vol ta?@ associated with the nenory | ayer 856

and gfW4Pkin 3 rparticylag embpdigenty dhe SEb sk it ééirwmlator

the mREBGY2bapar arﬁ5ﬁ6 (¥5 09 form A iR hﬁfek%@Haﬁﬂals may have
orientation of the menory |ayer (D) 858 wi |

changdiferent gloping qopcantrationsf may blwet%‘erpr@n@nqlmﬁgest &Y eany
}N'h'e' %@Lﬁioﬂ thEde" 1R'thi€ Bk AHIQ P the T, b, Hitd®And Fourth
memory layers 706, 708, 710, and 712 are formed from the same material,
the first, second, and third insulator layers 722, 724, and 726 can be used to
define unique tunneling resistances, which may be used to determine a data
value stored at a particular memory location, such as a data value stored at
the second memory layer 708 based on a tunneling resistance of the entire

memory cell 720.

[0061] FIG. 7C is a block diagram of a third particular illustrative

embodiment of a memory cell 750 including multiple stacked memory



pol ari zation of the nenory |ayer (D) 858 increases the
tunneling resistance of the nmenory cell 850 fromR to
R2, indicated at 804 (i.e., R= R + ARD). If the
appl i ed voltage (Vapplied) returns to zero volts, the
menory cell 850 has a resistance (R2) generally

i ndicated at 804, which is a stable resistance state.
[0069] If an applied voltage_{¢/applied) is less than a
critical voltage associ ated W|th the nmenory | ayer (B)
854 ( VayeiB) "Ehadngnwtceld 760 acleles a ifrst caternabklectgele 702 and a

por ar Poatt st lstal TR ¥pef B bt RyplFaia sty o

Wl eeiwh amggﬂiedl sigmedi The ﬁa@ltlbleetablea‘dtmemy ldybs include a first
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856 | MyELABES sécb@d tnwﬂmbleagod@e@ewana%lﬂfm&h@yrr@wr7y0 a
cell 850 fromR2 i ndi cated at 806

R1
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[0072] If a magnitude of a negative applied voltage
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[00761 In general, the above-description identified 2N
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-26- different resistance state is reached for each
pol ari zation orientation and for the paraelectric or
depol ari zed state. [0079] In a particular exanple, an
entire 8 bits (2=256 states) could be stored at a
single nmenory cell having 8 |ayers, where a high

resi stance state corresponds to a "1" value and a | ow
resi stance state corresponds 40 a "0" val ue. A
particularly conplex state nmay be represented as
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Vappl L&GeistUe #ith the memory layer (C) 856 (Vc_C), the polarization
orientation of the memory layer (C) 856 will be changed to point to the left,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (C) 856 increases the tunneling
resistance of the memory cell 850 from R2 to R3, indicated at 806 (i.e., R3=
R1 + AR_D + AR_C). If the applied voltage (Vapplied) returns to zero volts,
the memory cell 850 has a resistance (R3) generally indicated at 806, which

is a stable resistance state.

[0070] If an applied voltage (Vappiied) is less than a critical voltage associated
with the memory layer (A) 852 (Vc_A) and greater than a critical voltage
associated with the memory layer (B) 854 (Vc_B), the polarization
orientation of the memory layer (B) 854 will be changed to point to the left,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (B) 854 increases the tunneling
resistance of the memory cell 850 from R3 to RS, indicated at 808 (i.e.,
R5=R1 + AR_D + AR_C + AR_B). Ifthe applied voltage (Vappiiea) returns to
zero volts, the memory cell 850 has a resistance (RS) generally indicated at

808, which is a stable resistance state.

[0071] If an applied voltage (Vappliea) is greater than a critical voltage
associated with the memory layer (A) 852 (Vc_A), the polarization
orientation of the memory layer (A) 852 will be changed to point to the left,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (A) 852 increases the tunneling
resistance of the memory cell 850 from RS to R8, indicated at 810 (i.e.,
R8=R1 + AR_D + AR_C + AR_B + AR_A). If the applied voltage (Vapplicd)



3. Vc_C < -Vapplied <Vc_B; 4. Vc_D < Vapplied <Vc_C,
5. Vc_E < -Vapplied <vc_D; 6. Vc_F < Vapplied <Vc_E;
7. Vc_G < -Vapplied <vc_F; 8. Vapplied > Vc_H [0080]
Using this same exenplary nenory cell having eight
menory | ayers, the nunber of avail able resistance
states can be increased to 38=6561 nenory states by
using the paraelectric or deppjarized state.
returns to zero volts, the memory cell 850 has a resistance (R8) generally
indicated at 810, which is a stable resistance state. The polarization of all of
the memory layers 852, 854, 856, and 858 to the left represents a highest
resistance state for the memory cell 850 and completes the right side portion

of the transfer curve illustrated in the graph 800.

[0072] If a magnitude of a negative applied voltage (-Vappiied) is less than a
critical voltage of the memory layer (C) 856 (Vc_C) and greater than a
critical voltage of the memory layer (D) 858 (Vc_D), the polarization
orientation of the memory layer (D) 858 will be changed to point to the right,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (D) 858 decreases the tunneling
resistance of the memory cell 850 from R8 to R7, indicated at 822 (i.e., R7
=R8 - AR_D). If the applied voltage (Vappiica) returns to zero volts, the
memory cell 850 has a resistance (R7) generally indicated at 822, which is a

stable resistance state.

[0073] If a magnitude of a negative applied voltage (-Vappiica) is less than a
critical voltage of the memory layer (B) 854 (Vc_B) and greater than a
critical voltage of the memory layer (C) 856 (Vc_C), the polarization
orientation of the memory layer (C) 856 will be changed to point to the right,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (C) 856 decreases the tunneling
resistance of the memory cell 850 from R7 to R6, indicated at 824 (i.e., R6
=R8 - AR_D - AR_C). If the applied voltage (Vappiica) returns to zero volts,
the memory cell 850 has a resistance (R6) generally indicated at 824, which

is a stable resistance state.

[0074] If a magnitude of a negative applied voltage (-Vappliea) is less than a
critical voltage of the memory layer (A) 852 (Vc_A) and greater than a
critical voltage of the memory layer (B) 854 (Vc_B), the polarization
orientation of the memory layer (B) 854 will be changed to point to the right,
but the remaining layers will maintain their orientations. The alteration of
the polarization of the memory layer (B) 854 decreases the tunneling

resistance of the memory cell 850 from R6 to R4, indicated at 826 (i.e., R4



[0081] Further, additional states can be reached if

mul tiple polarization states for each pol arization
direction can be achieved. For exanple, if the |evel
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-28- nmenory layer is a ferroelectric, phase change,
charge trap, or other nonnagnetic material. In a
particul ar enbodi ment, each nmenory | ayer of the
plurality of stacked nenory |ayers has an i ndependent
pol ari zation orientation state, which my be changed
via application of a unique applied voltage that is
within a selected voltage rangge. |In another particul ar
enbodi nent, each of the plurality of stacked nenory
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[0078] In general, a number of states that can be achieved for a given
number of memory layers can depend on controllability of the changes in
resistance (AR). If a sufficient number of non-degenerate resistance states
can be achieved and if the applied voltage is controlled to provide multiple
different voltage pulses, a large number of tunneling resistance levels can be
achieved, such as X" resistance levels, where N represents the number of
memory layers of the memory cell. In this example, the variable (X) is equal
to two (2) if only two different resistance states are achievable per memory
layer, and is equal to three (3) if three different resistance states are

achievable. For example, the variable (X) is equal to three (3) when a



-29- layers with different hysteretic properties. At
1002, a first external electrode is deposited on a
substrate. In a particular exanple, the first externa
el ectrode may be deposited within a trench formed on
the substrate. Moving to 1004, a nenory |ayer is
deposited on the first external electrode |ayer, where
the nenory | ayer has a sel ectgd hysteretic property.
In a particul ar exanple, the hysteretic property
I ncl uddferent t3istaned statt lis @aghied farrdayh poladizadon orientdtioe and for
menory | a e{ to cg r an electrical field in two or
more St° é§e"t6’8r?f PolaHged 219006, t he met hod i ncl udes
det erm ni ng whet her a desired nunber of nenory |ayers
have [pe058] thepgarticeldr ekefmpie)tan ¢ritiee Belmso(a =246 atatesy coudd be
1008 a d an internal eI rode
ayer Sof A M BITY cgh NI b BPUES SR P GIRFgeee siat
28288 bbx@@pﬂmstt@a ‘de p@l&b Taﬁ(d a th}Stdnaal etlate oBfr@Sped fdbi oG 00
not her nenpry | ayer having a selected .
hyst eValif-c 4Pasisrlpgy cemplep state B9 diF BRSNS, Fe 01010101,

Previ QusreMRBTEN-modl %ro it RBr&l 8Ch IRStembAYS lay&t! shdhCas the
i nsul ator | ayer. The nethod returns to 1006 to

det er FEAORYEMEY 8320wl the Aghicmess o sisedhala majpepslayer
have bgehdd Rt fidhis EQ&Q&Q& tlﬁ%rh%ﬂ'v@ﬁaée@ fok %Qnerhéry zl’alyers
desi red nunber o menory | ayers have been deposit
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el ectrode is deposited on the [ast nenory | ayer. The
first and secend-axt geyalcalepbvedesymyvt elwder, or

may be coupl edto bonding pads to couple t0 externa

circuitry, such as a control circuit. The method
terni i awématﬂarlwacaqmmt}en tha mepapt el pwpe eight{f) e
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dopi négve ﬁb@ﬁﬁﬂbﬂmﬁhydﬂdlfferent t hi cknesses, or any
combi nati op t qAa partlcular exanpl e, the

menory | ayerg ed symmetrically, and the
deposi t ed nygqﬁgLV g&g@ ..l ayers or the interna
i nsul at or a €ﬁ§<W% S|ted asymmetrically to
produce a n E S|stance at each nenory
layer. In é e the internal el ectrode
| ayers nayéjlbg{c?'?I QQ 1: E%g%nlconductor mat eri al
havi ng dif eva 1 ﬁ concentratlons such that each
el ectrode ayéw —uhi que conduct ance relative to
the o
| ayeridb%glrgélﬁgn{h‘is"s%e eﬁé@{@?tﬂhogr e )F}&Lé?ﬁg%%hﬁn&%% layers,
ot her theswmbtrifiangjlableeesitack states caprbe ngcréaag&ﬁo§ 1606 h
desir ste ncl uded.
I—b\A/evgg’m%?usé%%es ¥ u%ng%eep a\f\a/eefelmif &?\p °§a%z?(ﬁ‘c’etatgrt and are
omtted here to S|an|fy t he di scussi on.

[0081] Further, additional states can be reached if multiple polarization

states for each polarization direction can be achieved. For example, if the
level of polarization and if partial polarization can be achieved and can be
maintained as a stable state, then five polarization states (polarized up, partial
polarized up, paraelectric, partial polarized down, and polarized down)
would be possible for each polarization orientation, resulting in 5N possible

memory states, where N represents a number of memory layers.



[0093] In general, while the above-di scussion has
focused on reading and witing data values to a nenory
| ayer within a stack of nenory |ayers, it should be
understood that the general concept can be extended to
bl ocks of data. In particular, a bank of nmenory cells
may be accessed substantially concurrently to read or
wite a block of data to the yenory device. [0094]

Al t hough the present inventionh has been described with
refer qmlse] Imgdaéxaf arcrietchl @ol@d Ifdf&laélﬁmemryhey@ obk mlekneﬁ_l/ defl

the art ﬁﬁaﬂglze that c es nm 1 made

f or m &1 heoare ShEEmEES e AY T PRe 245, pierisln fhe

SCOpe ni¥nor Gayen V@diposiflen, thd ImeMEHT ldysr GiloVED dn@: material

1. A storage device conprising: a controller;  an
properties associated with adjacent materials. Further, the critical voltages
can be controlled by the thickness and type of interlayer materials, such as
the internal electrode material, insulator layer material, or any combination

thereof.

[0083] In general, the memory cell 850, illustrated in FIG. 8, and the
memory cells described with respect to FIGS. 1-7 were largely explained in
light of ferroelectric (FE) memory layer materials. However, other types of
material may be used to form the memory layers, including phase change
material, resistive oxide material, charge trap material, other materials, or
any combination thereof. Further, the “depolarizing” approach may be used
for materials such as the charge trap material, yielding an intermediate
charge trap state, which may provide a detectably unique tunneling

resistance.

[0084] Further, the above-description was largely directed to a solid-state
type of memory device; however, the multiple state memory call can also be
used with rotating or probe-type storage devices, where the recording is
performed using read/write head contact or pseudo-contact or may be used
with a storage device including a conductive media between the read/write
head and the storage media. The storage media in both the rotating or probe

cases could be continuous or patterned.

[0085] FIG. 9 is a flow diagram of a particular illustrative embodiment of a
method of accessing data stored at a memory location within a memory cell
including multiple stacked memory layers. At 902, a memory cell is
provided that includes a plurality of stacked memory layers, where each
memory layer of the plurality of stacked memory layers is associated with a
first electrode having a first conductance and a second electrode having a
second conductance. The memory layer is adapted to retain a polarization

orientation representing a data value. In a particular embodiment, the



a plurality of resistive elementary nenory cells
accessible via the controller, each resistive

el enentary nmenory cell of the plurality of resistive
el ementary nmenory cells including a plurality of
menory | ayers selected to have hysteretic properties
to store nultiple data val ues. 2. The storage
device of claim1l, wherein a_jg.rst resistive

el ementary nenory cell of the plurality of resistive
el enentearoyy hayerisya teetokksctaionplases elanga dhargs ttrape oo pther non-

| ayer havi.n first hystereti roperty; and secpond
merror {PAEISE sl 4 Rediehlar ebedtnplly past speiicty foyer of the
3. Thelusdlity agfe stdeked C neioryCllayems Thas f ati tibhdpedeny rpokaringion
plurality of electrode | ayers gssociated with the .
pl ur aPTiEgAtSR Sf?é‘hb"it]‘%%l b Hagrd i FPRUSRHE L AiPASE ZpRled
of t hQolRlgh I Bhtl tsy within"BNRleYicl A}hhge s PR ah&herf ﬂ@mm
adj acent mam)r%:/ | ayer by an el ectraqde Iayﬁé, of, the

] Y, | .
pl ur aPPPAiBFnte PRt dbe Puggliby ef stacked memorigyets ig Agzgpeiated
devi CWitﬂfan%ﬁld?@rQaye\“'{a%P@e@ bbthRePHersdddnt ¥eleRifro® MAtthOHéh-

| ayers conprises symetric el ectrode |ayers. 5.
The simgeegiie memory Byert lestill arother pprtipwanembediment, the plyrglity
of el ' ' e
ayer o SaBR8 EHGHLSAERRISES LINTTRGpI Syer iRt fir
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uni q“ﬁ)otsk'f“ﬁ‘r%l:ée%grt%séoﬁf ANG%Ga signal is applied to the memory cell.
Continuing to 906, a digital value stored at a selected memory location of the
plurality of stacked memory layers is determined based on a tunneling
resistance of the plurality of stacked memory layers in response to the read

signal. The method terminates at 908.

[0087] In a particular example, a memory layer of the plurality of stacked
memory layers has a polarization orientation that represents a first
polarization state, a second polarization state, or a paraelectric or depolarized
state, and wherein the first polarization state, the second polarization state,
and the paraelectric state have different tunneling resistances representing

different data values.

[0088] In another particular example, the method further includes applying a
write signal to at least one of the plurality of stacked memory layers
including a particular memory location. The write signal alters a tunneling
resistance associated with the at least one memory layer. In still another
particular embodiment, the plurality of stacked memory layers includes a
respective plurality of internal electrodes, insulator layers, or any

combination thereof. .

[0089] FIG. 10 is a flow diagram of a particular illustrative embodiment of a

method of manufacturing a memory cell including multiple stacked memory



7. The storage device of claim6, wherein the
controller is adapted to apply a unique wite signal
to the selected resistive elenmentary nenory cell to
alter the unique tunneling resistance to represent

di fferent data values. -32- 8. The storage
device of claiml, wherein the plurality of nenory
| ayers conprises non-magneti cygrenory | ayers. 9.

The storage device of claim1l, wherein the plurality
of netayens withydifferedtrhysteietie plopettiesn Arado2,a fingtsdxearmd electrode

G TR N N R O T —
el ect eRekesdeanayReWposabEwithiddatench formed on the substrate. Moving
to 1004, a memory layer is deposited on the first external electrode layer,
where the memory layer has a selected hysteretic property. In a particular
example, the hysteretic property includes a ferroelectric property that allows
the memory layer to carry an electrical field in two or more states.
Continuing to 1006, the method includes determining whether a desired
number of memory layers have been deposited. If not, the method advances
to 1008 and an internal electrode layer, an insulator layer, or any
combination thereof is optionally deposited on the deposited memory layer.
Proceeding to 1010, another memory layer having a selected hysteretic
property is deposited on one of the previous memory layer, the electrode
layer, or the insulator layer. The method returns to 1006 to determine

whether a desired number of memory layers have been deposited.

[0090] Returning to 1006, if a desired number of memory layers have been
deposited, the method continues to 1012 and a second external electrode is
deposited on the last memory layer. The first and second external electrodes
may include or may be coupled to bonding pads to couple to external

circuitry, such as a control circuit. The method terminates at 1014.

[0091] In a particular example, the method involves depositing multiple
memory layers, which may have different compositions, different doping
concentrations, different thicknesses, or any combination thereof. In a
particular example, the memory layers may be deposited symmetrically, and
the deposited internal electrode layers or the internal insulator layers may be
deposited asymmetrically to produce a unique tunneling resistance at each
memory layer. In a particular example, the internal electrode layers may be
formed from semiconductor material having different doping concentrations,
such that each electrode layer has a unique conductance relative to the other

electrode layers.

[0092] It should be understood that the method outlined with respect to FIG.
10 may include additional steps, such as photo-lithography steps including



mul tiple nenory | ayers between the first and second
el ectrodes to store nultiple data val ues, each nenory
| ayer of the nmultiple nenory | ayers having a
hysteretic property to store a data val ue of the

mul tiple data values; ; and a controller coupled to
the multiple nmenory layers via at |east one of the
first and second el ectrodes, {fie controller to read
the multiple data values fromthe nultiple nenory

| ayer applyihfp auhasklldyer,ipecfointing aphdtolithegrdgityaprocdssiersotherwise
11. The, nenor eyice of claimJ1Q, wherein.the
i 11 B SR P ER e iy S rise PG Dt isns s also

adapt eelidctudedir Hyweved spemnsteitarpatlikhdarinaheart andat omitted
fields to Lndﬁﬁp el.ectron charge distributions
r epr e QALY SEPHRthy UsHstion- val ves. 12. The nenory

devi c l ai m 10,. . rejn the nultiple nepory | ayer
o Soaby oL Sioial Sunle B Sheverdisutitont 1S 1Ry, o dragiicand
pr opekkitifg dbt!aaiahré@fb Dencndee RYBIORih Y ERRTIFGHY: U ers, it
represent unique data val ues. -33- 13
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| ayer gag0Np bhﬁi@ul‘a‘x‘? arafk bf ﬂf&xﬂoﬁy SR thdy b AReSEE SbkiafRiily
charges, the charge trap | ayers confi'gurable to inducé

an el eencraentlytierage orivsitera heakiabdata ¢o the premwendeviesi que

data val ues. )
[0094] Although the present invention has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope

of the invention.



14. The nmenory device of claim 10, wherein the

mul tiple data val ues are represented by a uni que
tunneling resistance through the nultiple nmenory

| ayers. 15. The nenory device of claim10,
further conprising nultiple internal electrodes
corresponding to the multiple nenory | ayers, wherein
adj acent nenory |ayers of the _gultiple nenory |ayers
are separated by an internal electrode of the multiple
i nternal eMNHATEIEEAIMEDIS: 16. The menory devi ce of
claim 15, further conprising nmultiple insulator |ayers
cor r espondil ng stasagerleviggitampsismgl nt er nal el ect r odes,
wherein a pulbipkeaddrsul ator layer of the nultiple

i nsul ator l'ayers $eparates the internal electrode from
a menory | ayswraiity ofhesatyacknentannmormohayellss accessible via the

17. A nmenory deyj 0 [.Si.pg: I [ .
resistive mmr?’nggvﬁ%’s%g%ﬁ&%e%%gﬁt#g %r?%en r(T)tY?'r §/)Juc%flq1e plurality
i ncl udi ng nul t i ¢fl esistivec&edenmyomymorayeils indudngaeplurality of

mul ti pl e data val ues,, each ry.layer of.the .

nmul tiple stackeld® ayery 39%&%? ﬁ%\]}f‘%ﬁ%[gﬁerﬁﬁi pfqgerties to store
hysteretic propaakipledanafvaes.abl e to represent a uni que
data val ue; and a controller having access to the

plurality of .resistive nemory.cell the .contraolle

hdapt ed 1 oPsAMEAOTaEe BYE N Glitdnapyreinef ife feqfiye Elementary
pl ur almeimorpéellr of shesglurukity € registiveCeidhetary fremoBdellOtdngprisésd
read and to_wite data fromapd to a sel ected yemory

| ayer of tRESECRODSAYT 83Ying ¢ (st Mstepitly peqpertys an

a second memory layer having a second hysteretic property.

3. The storage device of claim 1, further comprising a plurality of
electrode layers associated with the plurality of memory layers, wherein each
memory layer of the plurality of memory layers is separated from an adjacent

memory layer by an electrode layer of the plurality of electrode layers.

4. The storage device of claim 3, wherein the plurality of electrode

layers comprises symmetric electrode layers.

5. The storage device of claim 3, wherein the plurality of electrode

layers comprises asymmetric electrode layers.

6. The storage device of claim 1, wherein a selected resistive elementary
memory cell of the plurality of resistive elementary memory cells stores

multiple data values that are represented by a unique tunneling resistance.

7. The storage device of claim 6, wherein the controller is adapted to
apply a unique write signal to the selected resistive elementary memory cell to

alter the unique tunneling resistance to represent different data values.



- 34- 18. The nenory device of claim 17, wherein
the controller is adapted to configure a hysteretic
property of the selected nenory |ayer by applying a
voltage at a selected voltage level that is associated
with the selected nenory | ayer. 19. The nenory
device of claim17, further conprising a plurality of
i nternal electrodes separatingsadj acent nmenory | ayers
of the nmultiple stacked nenory | ayers. 20. The
menory devBc&hostoregedarice of clainet.ovherdimthe plusaly pf mergéry layers
i nter Q%pﬂegﬁ&{_g)gg&ﬁ%%m% egd, froma sem conduct or
iral™ . €

mat er noty devi ce of claim 20,

wherein a first dopi .concentrat,ion of firs

i nt er nal e{)'ergﬁer %%fsgeo%%f%@?éﬁm ;zlvuv‘{e&e“b?‘e ipﬁ{’ael‘r‘% 8fmem°ry layers
el ect amdetecied talhiees Bysterdticoprogerty dachudingl @ ppantaneous polarization
concentration of a second internal electrode of the

pl ur alpf(fp)?mé'f i nternal el ectrodes. 22. The nenory
devi ce of ﬁ aj m 20, erein each internal electrode of
t he plural ity MR EVIFSICOBPRYEE 0odes has a uni que

conductance within the selected resistive nenory cell.
23. The nefBiyelgeindee of claim 20, wherein the
plurality of internal electrodes conprises a

conduct i ve? fsprg electrode;

multiple memory layers between the first and second electrodes to store
multiple data values, each memory layer of the multiple memory
layers having a hysteretic property to store a data value of the

multiple data values; ; and

a controller coupled to the multiple memory layers via at least one of the
first and second electrodes, the controller to read the multiple
data values from the multiple memory layers without altering the

multiple data values.

11. The memory device of claim 10, wherein the multiple memory
layers comprise ferroelectric layers adapted to carry independent polarized
electrical fields to induce electron charge distributions representing unique data

values.

12. The memory device of claim 10, wherein the multiple memory
layers comprise phase change media layers having hysteretic properties that can

be independently configured to represent unique data values.



24. The nenory device of claim 20, further conprising
a plurality of insulator |ayers, each insulator |ayer
of the plurality of insulator |ayers associated with a
respective internal electrode of the plurality of

i nternal el ectrodes. 25. The nenory devi ce of
claim 24, wherein insulator |ayers of the plurality of
i nsul ator |ayers have differengs.i nsul ator properties,
and wherein internal electrodes of the plurality of

internal e Il £CUHR qﬁén&?"&vf& foff%'ia%gt 10? l»@n%}erlﬁ %l multiple memory

properties.
layers comprise charge trap layers to trap electrical charges, the charge trap

layers configurable to induce an electron charge distribution to represent unique

data values.

14. The memory device of claim 10, wherein the multiple data values
are represented by a unique tunneling resistance through the multiple memory

layers.

15. The memory device of claim 10, further comprising multiple
internal electrodes corresponding to the multiple memory layers, wherein
adjacent memory layers of the multiple memory layers are separated by an

internal electrode of the multiple internal electrodes.

16. The memory device of claim 15, further comprising multiple
insulator layers corresponding to the multiple internal electrodes, wherein a
multiple insulator layer of the multiple insulator layers separates the internal

electrode from a memory layer of the adjacent memory layers.
17. A memory device comprising:

a plurality of resistive memory cells, each resistive memory cell
including multiple stacked memory layers to store multiple data
values, each memory layer of the multiple stacked memory layers
having an unique hysteretic property configurable to represent a

unique data value; and

a controller having access to the plurality of resistive memory cells, the
controller adapted to select a resistive memory cell of the
plurality of resistive memory cells, the controller to read and to
write data from and to a selected memory layer of the selected

resistive memory cell.
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18. The memory device of claim 17, wherein the controller is adapted to
configure a hysteretic property of the selected memory layer by applying a
voltage at a selected voltage level that is associated with the selected memory

layer.

19. The memory device of claim 17, further comprising a plurality of
internal electrodes separating adjacent memory layers of the multiple stacked

memory layers.

20. The memory device of claim 17, wherein the plurality of internal

electrodes are formed from a semiconductor material.

21. The memory device of claim 20, wherein a first doping
concentration of a first internal electrode of the plurality of internal electrodes is
different from a second doping concentration of a second internal electrode of

the plurality of internal electrodes.

22. The memory device of claim 20, wherein each internal electrode of
the plurality of internal electrodes has a unique conductance within the selected

resistive memory cell.

23. The memory device of claim 20, wherein the plurality of internal

electrodes comprises a conductive metal.

24. The memory device of claim 20, further comprising a plurality of
insulator layers, each insulator layer of the plurality of insulator layers
associated with a respective internal electrode of the plurality of internal

electrodes.

25. The memory device of claim 24, wherein insulator layers of the
plurality of insulator layers have different insulator properties, and wherein
internal electrodes of the plurality of internal electrodes have different electrical

properties.



