2 August 2006 1 MULTI PLE DATA STATE MEMORY CELL TECHNI CAL FI ELD The
invention relates to random access nenories ("RAMs"), and nore
particularly to nenory cells of a RAM capable of storing data in nmultiple
data states. 5 BACKGROUND OF THE | NVENTI ON Random access ne%ﬁﬁﬁu HeWPRes are
an integral .part of any conputing environnment. Wthout these nmenory

devi ces, processing data in a conputing device would be nearly inpossible.
Consequently, there has been. a great anmount of research and devel opnent
directed to the area of random access conputer menory. The research and 10
devel opnent has been di r SMIEJIRIE DATASTAEMEMORECELEd to conputer
-menory, for exanple, in increasing the speed at which data stored by the
menory devi ces can be accessed, in designing nenories with | ower power
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particul arly, decrease the size of menory cells. As a result, the size of
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Wth
10 development has been directed to different areas related to computer memory, for example,

in increasing the speed at which data stored by the memory devices can be accessed, in

designing memories with lower power consumption, and in engineering' memory devices

havmg greater data retention times. Additionally, ‘one ‘particular area to which a great

amount of effort has been spent is in the areas of increasing memory derisity and data
15 capacity. | ' '

One conventional approach to increasing ﬂlemély dcﬁsify has been to
decrease the size of memory dev:ccs, and more parucularly, decrease the size of memory
cells. As a result, the size of memory cells have been reduced dramatmally in the recent
past. However, the size of memory cells have dmnmshed to the pomt whe.rc the current

20 state of processing technology is being constantly challenged when manut‘actunng memory
devices th.h these feature sizes. Another approach to the memory density and data
capacity issue has been experiment with memory devices that are capable of storing data in
more states than conventional binary memory. That is, conventional memory stores data in
a binary format, where data is stored as either one of two different data states. With

25 multiple data state memory, data can be stored as one of many different states, where the
number of different states is greater than two. As a result, with muitiple data state memory,



25 nultiple data state nenory, data can be stored as one of many different
states, where the nunber of different states is greater than two. As a
result, with nultiple data state nenory, 2 August 2006 2 %e”geral | ess
nmenory cells need to be used to store data. For exanple, a Wﬁ/ I
having four different - data states can be substituted for two conventi onal
menory cells -having only two different data states. Consequently, only
hal f as many nenory cells would be netded to store the same quantity of
data. Conversely, twi ce as nuch data can be stored 5 in the sane area if
the nultiple data state nenory is the sanme size. as conventional nenory
cell's. An Qnadlly Rsdnembs delldfeedfto W used dastord datab Fon eximipde, ianmédary @il of
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As fluther described in the afor rrentioneotlbrglatent t he, process of reading
the preserid-SsPatent Nox 5582,8300 &t dmafpethed of prograppming Hvonig memory
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Anot her approach that has been taken in the design of nultiple data state
described therein, a memory element including the phase change material, that is, materials

which can be electrically switched between generally amorphous and generally crystalline,

15 can be programmed by using a number of current pulses. In determining the data state of
the memory element, the number of pulses can be discerned by counting the number of
pulses required to return the resistance level of the memory element to a first state. The
number of pulses represents the data state of the data stored by the mmnt.)ryclt. As
further described in the aforsmentioned patent, the process of rehding the preseat state of

20 the memory element is destructive, and consequently, requircs that the data is
reprogrammed following a read.

Another approach that has been taken in the design of multiple data state
memory is described in U.S. Patents to Kozicki et al. As described therein, a
programmable metallization cell (PMC) formed from a fast jon conductor, such as a

25 chalcogenide material that include compounds containing sulfur, selenium and tellurium,
positioned between two electrodes. The formation of a non-volatile metal dendrite can be
induced by application of a voltage difference between the two electrodes. The mass of the
non-volatile dendrite changes the resistance of the PMC, which can be used as a means to




menory is described in U.S. Patents to Kozicki at al. As described therein,
a programmable netallization cell (PMC) forned froma fast ion conductor,
such as a 25 chatcogenide material that include conpounds containin

sul fur, seleniumand tellurium positioned between two el EctP@FLe?00rhe
formation of a non-volatile netal dendriyts can be induced by application
of a voltage difference between the two el ectrodes. The mass of the

non-vol atil e dendrite changes the resistance of the PMC, which can be used
as a neans to 2 August 2006 3 store data in various states. Further
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second el ectrode |layers, the first layer providing a nediumin which a

conduct i VEUMMARIY OFTHER INVEREIUONO electrically couple together the first

and second el ectrode | ayers. The nenory cell further 15 includes ag%hi rd
el ectrode | ayer f or Feeipiesentinvention ig dizested to 3 multiple datn state memory e dhe | ayer
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metal-doped 'chalcogenide material disposed between the first and second electrode layers,

the first layer providing a medium in which a conductive growth can be formed to

electrically couple together the first and second electrode layers. The memory cell further

15 inciudes a third electrode layer formed from & third conductive material, and a second layer.
of a metal-doped chalcogenide material disposed between the second and third electrode
layers, the second layer providing a medium in which a conductive growth can be formed

to electrically couple together the second and third electrode layers.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a cross-sectional view of an embodiment of the invention.
| " Figures 2a-c are cross-sectionall views of the embodiment of Figure 1
illustrating the operation thereof. '
Figure 3 is a cross-sectional view of another embodiment of the invention.
Figure 4 is a block diagram of a typical memory device that includes one or

25 more memory. arrays of the present embodiment.



BRI EF DESCRI PTI ON OF THE DRAWNGS io Figure | is a cross-sectional view of
an enbodi nent of the invention. Figures 2a-c are cross-sectional views of
t he enmbodi nent of Figure I illustrating the operation thereof. Fj e 31is
a-cross-sectional view of another embodi ment of the inventi<on“Eus #%e 4 is
a block diagramof a typical nmenory device that includes one or 25 nore
menory arrays of the present enbodi nerit. 2 August 2006 4 As is
conventional in the field of integratedgcircuit representation, the |ateral
si zes and thicknesses of the various |layers are not drawn to scale and may
have been enlarged or reduced to inprove drawing |legibility. DETAILED

DESCRI PTI ON OF THE FNVENTI ON .5 Enbodi s.of .t | provi de
amltiple state ne %vguon&qﬁaﬁﬁgagpﬁw%%&g§§%ﬁﬁw% gt\?va% 0

provi de a sibési gndethickhdasks ¢ftthe dhrivgs eyers a6e hotvdrmin ¢ scaleHmdemagr havetbesn | | be
clear to one skilled in the art that the.invention nmay be practiced
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unnecessar i PET4HaRR PESGRIFBONGRTHE BRVENTIO t rated in Figure | is a
Cross-secd i onal vi ew;gﬁ 9% ﬁ;gp 1M&oh@hﬁnde§txﬁﬁlﬁ ;ggﬁgrmemag}écuzoo
man¥ 0 e

according to an enbo present 1 nvention. nmetal _electrode
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Tlustrated in Figure 1 is a cross-sectional view of a portion of a multiple-
state memory cell 200 according to an embodiment of the present invention. A metal
electrode layer 202 is formed to provide a cathode layer to which a voltage is applied. It
will be appreciated that the metal layer 200 may be formed on a substrate, or on a layer of
15 material which will support the multiple-state memory cell 200. Formed on the metal layer
200 is a metal-doped chalcogenide layer 204 through which, as will be explained in more
detail below, a conductive link to floating electrode layer 206 is formed under the
application of a voltage. Chalcogenide materials, as referred to herein, include those
compounds of sulfur, selenium, and tellurium. The metal material doping the chalcogenide
20 are generally Group I or Group II metals, such as silver, copper, zinc, and combinations
thereof. The floating electrode layer 206 is typically formed from a metal material, such as
silver.
Formed on the floating clectrode layer 206 is a another metal-doped
chalcogenide layer 208. The composition of the material for layer 208 may be, but does not
25 necessarily need to be, the same as the layer 204. As illustrated in Figure 2, the thickness t;
of the layer 208 is greater than the thickness t; of the layer 204. However, in other
embodiments of the present invention, the thicknesses t; and t; may be. nearly or



application of a voltage. Chatcogende materials, as referred to herein,

I ncl ude *ose conpounds of sulfur, selenium and tellurium. The netal
materi al doping the chal cogeni & 20 are generally Goup | or. Goup_ U netals,
such as silvex~ copper, zinc, and conbinations thereof 11\/%4*11%]&{)?

el ectrode | ayer 206 is typi caIIy fixrned froma netal materK such as
silver. Fornmed on the floating el ectrode |ayer 206 is a another netal -doped
chal cogeni de | ayer 208. The conposition of the material for |ayer 208 nay
be, but does not 25 necessarily need to be, the sane as dw | ayer 204. As
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t hose of ghdlidedtiey. Skill in the art nmay be used for t he netal - doped

chal cogeni de | ayers. For exanple, conpositions -
* Tt will be appreciated that many materials known by those of ordinary skill

in the art may be used for the metal-doped chalcogenide layers. For exampie, compositions
15 of germanium selenide, Ge,Se,, can be used. Exemplary ratios are in the range from
| GezoSego to GeSe. Compositions of arsenic suifide, germanium telluride, and germanium
sulfide can also be used for the metal-doped chalcogenide layers. Similarly, materials that
can be used for the electrode layers are also known, such as silver, compositions of silver
selenide, copper, germanium selenide, and the like, It will be appreciated that later
20 developed materials that display the same characteristics as known materials can also be
: used for the metal-doped chalcogenide and electrode layers without deviating from the

scope of the present invention. '
In operation, the muitiple-state memory cell 200 illustrated in Figure 1 is
capable of storing maultipie states by-altering or programming the total resistance between
25 the anode and the cathode in a relatively digital fashion. The resistance of the memory cell
200 can then measured or compared to determine the value of the data stored by the
memory cell 200. As a result of the relatively discrete manner in which the resistance can

be changed, multiple states can be stored by the memory cell 200.



15 of germani um sel eni de, Ge~cSey, can be used. Exenphrry ratios are in the
range from Ge20Seso to GeSe. Conpositions of arsenic sulfide, gernanium
telluride, and germanium sulfide can al so be used for the netal - ﬁ
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t he across the metal-doped chalcogenide layers 202, 210, conductxve growths 304 and 308
begin to form through the layers 204 and 208, respectively. When the conductive growth
15 308 extends through the layer 208 and creates a short circuit between the the floating
electrode layer 206 and the anode, which is represented by the layer 210, as shown in
Figure 2b, the resistance Ry between the anode and the cathode changes to a value less
than Ry but greater than a short circuit. The resistance Ry at this point is reproducible, and
consequently, can be used to represent a data state, The resistance Reen chenges again, as
20 shown in Figure 2c, to a relatively low resistance when a conductive growth 304 extends
through the layer 204 and creates a short circuit between the cathode, which is represented
by the layer 202, and the floating electrode layer 206.
Each of the different resistance states of Reey provided by the memory cell
200 represents a different data or logic state. That is, a first data state is represented by Reey
25 being approximately equal to the total resistance (R1+R2), a second data state is
represented by Re. being & value between R; and low resistance, which occurs when the
floating electrode layer 206 is short circuited to the metal electrode layer 210 by the
conductive growth 308, and a third data state is represented by a low resistance after the



cathode Ru is equal to approximately R + R2, whem Rt is the rosistance of
the layer 204 .and R2 is the resistance of the |ayer 208. However, under
the influence of an applied bias across the netal -doped c@géﬁggﬁgggg

| ayers 202, 210, conductive growdis 304 and 308 begin to f h h the
| ayers 204 and 208, respectively. Wien 7he conductive growth 15 308 adends
t hrough the |l ayer 208 and creates a short circuit between the the floating
el ectrode | ayer 206 and the anode, which is represented by die |ayer 210,
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operation to change the resistance of the memory cell 200,

15 It will be further appreciated that reading and writing circuitry for use with
embodiments of the present inventiori is well known to those.of ordinary skill in the art,
and may be implemented using conventional circuitry and design. It will be further
appreciated that the description provided herein is sufficient to enable one of ordinary skill

~ in the art'to practice the invention. - ‘

20 As illustrated in Figure 2b, application of a voltage to the anode induces the

* formation of not only conductive growth 304, but conductive growth 308 as well.
However, because the thickness of the layer 208 is greater than the thickness of the layer

204, for a given applied voltage across the multiple state memory cell 200 the voltage
across the layer 208 is greater than the voltage across the layer 204. Consequently, the

25 floating electrode 206 is short circuited to the anode before the cathode is short circuited to
the floating electrode 206. With continued application of a voltage to the anode, the
conductive growth 304 eventually creates a short circuit between the cathode and the
floating electrode 206, thus reducing the resistance between the anode and the cathode to 8



the voltage applied to the netal electrode |ayer 202 (1. a,-, the cathode),
thus, the direction of growth is fromthe netal electrode |ayer 202, to
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the resi sté‘h\,\ﬁ“ 5%5’2&?%’@1 aﬁ%ﬂwé&?%&@&sﬁcﬁ%ﬁﬂﬁ'&gﬂﬁ "?gd% 9 | ow
resi st ance adjwbtrdeepeisits of tan¥itidd in'des résistéRe.l at ed that the resistance Ru across
the anode and cathode is between R and a short circuit after the

conductive growt h 30dustratsdin Rigyred;is portion of a memory cell 400 according to another
embodiment of the present invention. The memory cell 400 includes layers that are similar

15 to thoss of the memory cell 200 (Figure 1). . However, memory cell 400 further includes a
second floating electrode 420 and a third metal-doped chalcogenide layer 424 in addition to
the layers described with respect to the memory cell 200. The addition of the second
floating electrode 420 and the third metal-doped chalcogenide layer 424. enables the
memory cell 400 to have an additional memory state in which to store data. That is,

20 whereas the mmquﬂZMpmﬁdcﬁmmdiﬁmthrme: Rz +Ry),
between R, and low resistance, and low resistance, .the memory. cell 400 provides four
different states or resistances for Ree: (R3 + Rz + Ry), between (R; + Ry) and R;, between
Ry, and low resistance, and low resistance. As previously discussed, cach different
resistance level can be used to represent a different state of data.

25 As illustrated by the previous discussion, it will be appreciated that
including additional layers formed from a metal-doped chalcogenide material and a floating
electrode can be used to create memory cells having even more states than that provided by
the memory cell 400.



the floating el ectrode 206 to the anode 210 because the resistance of the
| ayer 204 is actually reduced as the conductive growh 304 grows toward
die floating el ectrode 206. 5 However, the resistance R ,di_at th5 oi nt

i s neverthel ess reproduci ble and di fferent enough fron1théZ§H%W¥ @- ui ted
state that conventional reading circuitg for nultiple-state nenory cells
can consistently recogni ze the data state. It will be fUther appreciated
that the range of resistances, or the transition from one resistance
relative to one another can be a%hh e Eé altering the thickness of the
10 layers 204 and/ of* PSBOTAGRIE fhﬂ&mc ewmmwm&éﬁ%.baweamw

;.conposi ti h 4
and 208 cgﬁl %e al?ntgﬁ)t as @P eﬁi"é{ g@?ét ?llelq%%)ﬁ‘*@ Ilo igmﬁeaﬁm tron |cﬁ9t he
resi st ancdevitd 506 incﬂmhel ai conEng:dr@chersSOé thatr ecebves aﬁe:mrsrmnmmnd ehrougt0H
according to angf her od| ment of th resent venti on. cel |
400 1 ncl u&%‘?@%\‘%\‘-‘ss%éﬂ SRR CPRFSPORGTE GORTRD SGRN- 8 RSN BHFesh 0
(Figureg h@&‘ﬁ:\’ r r 4R #,dﬁ ting
el ect rode 4558 an &Vﬁfkgoogggughh% cogesnllng;Cé ayer@%aﬁs&aﬁdﬁl on to
t he | ayer addi&cdacbéd' 524 lor reesqlemh  ddurdsh alenwmden riz8 . edspeckivély. TMenmadiatrapn of

t he second | patjn trode 420 and t he ird ta ed chal oogentde

| ayer - 424 TaHBIEEITREY S5 GPUESh o J0ATS I90JE PSR ARG  FERAHPILY at e
in which Lemstausigdalm utﬂl@ﬁ tidii I SH0CT Weike &ﬁ?aﬁeﬁiﬁh&’d fPhk brPaay de~

dimdifferent states or resistance P.U (R2 + RI'), " "between R and |low
r esi st anctiroughc dammnpmslnﬁeaﬁbtmdtﬁmmmwmgtrayebdd!wﬂe cipewitry 835 f our

di fferent sWe or i sta for. Rou: 2 + RI and R4,
betwedd P4 and Iovﬁ‘?0 i oo, | Séﬁ‘é%l??%@g‘g A&E"%’p %
di scussedembafients fdrethe ’]hven'h@ﬁ i3S DebiP W8doriba htBinUfR Buldske BE ﬂﬁ.@ﬁitxﬁ‘i

different state of datL 25 As illustrated by the previous discussion, it
will be am:mmm&cteﬂcaﬁoas mayriml e vithgul devantmg ftcmyehcs spict prctl sdaperof ghe

met al - doped_ chal co teri and ?. % at i n ctrod& Zﬂ be used to
create nel¥FaROBe AR OETRHGE A LnY L fiied e S PSHIESFITS ¢ he

menory cell 4oo0.



2 August 2006 9 A nenory device 500 that includes a nenory array 502
havi ng menory cells according to an enbodi nent of the invention is shown
in Figure 4. The nmenory device 500 includes a command decoder 509 6§a1
recei ves menory command through a conmmand bus 508. and geref4gwt <0
correspondi ng control signals. A row or colum address 5 is applied to the
menory device 500 through an address bus 520 and is decoded by a row
address decoder 524 or a columm addrggs decoder 528, respectively. Menory
array read/wite circuitry 530 are coupled to the array 502 to provide
read data to a data output buffer 534 via a input-output data bus 540.
Wite data are applied to the neno ay through a data input buffer 544
and the nenory array read/wite circuitry 53 0. 10 Fromthe foregoing it
wi Il be appreciated that, although specific enbodinents of the invention

have been descrihed herein Ll ustration, various

nodi fi cati ons may’ be ﬁéﬁ%"%l‘%%%%%gﬁ%%h%%m the spirit and scope of
the invention. Adtaeldctge ayetfomedifioand firstronductie¢ mhterialf ed except as by the
appended cl ai ns. 2 August 2006 .o AN 1. A nultiple-state nmenory cell,
conprising: fi r§ts°"é’P‘géiﬁ"6’é% Vﬁfﬁn%w&g"ﬁ?ﬁ%duct ive material;
second el ect r ode alfi Byer ¥ a/iRthl idbged cRalcpesidéimeeiidl dspbsse beowear thafisst adii r st

| ayer of a netal -doped chal cogeni de  mat erj al sed between the first and

.dispo
second eqce&%&edqlammﬁr@hwg@vﬁwérmﬂmmghaw a
conduct fy¢Gedih QAR tolifle tdhRthsrank firkt 284 S&bhd fadvole apats) € together the first

and second el ectrode |ayers; a third electrode |ayer formed froma third
conducti ve mat er p#hird dastods layee faaed figra p thind condpetive matsiAlLodnal cogeni ¢ mat er

W_di sposed' beLVﬁ&IﬁdtIQﬁr of a metal-doped chalcogenide: material dispdsed between the
second and third electrode layers, the second layer providing a medium in which a conductive
growth can be formed to electrically couple together the second and third electrode layers.

2. The memory cell of claim 1 wherein the first conductive material

comprises a composition of a silver material.

3. The memory cell of claim 1 wherein at least one of the first or second
layers of metal-doped chalcogenide material is a material selected from the group consisting of
germanium selenide, arsenic sulfide, germanium telluride, and germianium sulfide.

4. The memory cell of claim I wherein the material of at least one of the first
or second layers of metal-doped chalcogenide material comprises a composition of germanium
selenide.

S.  The memory cell of claim 1 wherein the conductive material of the first,
second and third electrodes is the same.



second and third electrode | ayers, the second |ayer providing a nediumin
whi ch a conductive growh can be fornmed to electrically couple together
the second and third electrode layers. 2. lie menory cell of claim]
wherein the first conductive materialll conprises a conposi 2i8WuBR0% si| ver
material. 3. T'he nenory cell of claim1l wherein, at |east one of the first

or second |I¢|ayerge fHen®ey akH @PRASM CNIheRALHeURIcHAd:S i dhe Fifst daydRbERI al
sel ected fromthe group consisting OF germani um sel eni de. arsenic sul fide,
ger mani matal-dopadr ¢hadcogenide g@atméa:liiaﬂmahm dhe. thicknggseofrdepiegordlayenpf @l ai m |
wherein tpgdmateri | O.,at {e.at one of the first or second |ayers of

met ed- dOF& %%eglc@g§8§?rﬁgeme "al conprises a conposition of gernmani um
selenide. S. TU nenory cell of claiml wherein the conductive material of
the fiM second and third electrodes is the same. 11 2 August 2006 6. The
memory cell Bf cl Bhednemprerd] of dlpim t mibeteieths thicknase of thegsecanghlayerof ag

et !~ SRl NSRS, BIH) ek rheDR b bP R NASaS ALl Scrond

| wher edapeti kRaltbgenkdeansteriil. t he second | ayer of a netal -doped chal cogeni de
material is less than the thickness of the first layer of a netal - doped
chal cogenide material. 8. The nenory cell of claim1, further conprising: a

fourth el ectgode i«ggg‘,gglg&%\%glogfe%@%tnr}ualﬁgé}ggﬁpglg@%nat erial; and a third

| ayer of a netal -dop eria osed between the third
and fourth ek éuotthadetiody éormedtftom & fivurth domdectiveroatedalpgnda nedi um i n which a

conducti ve ra can.be fornmed. to el ectricall oupl e, toget her .the third
and fourth eg&%& G’*éf%rs‘_?f ymefg|gopediphajeqgspide gpaten idﬁﬁﬂog?/ﬁﬁlé‘?t@'i%ﬂn ethlrt‘.i
met al - dgpefbufha1S29@8B 184Rrs, the third layer providing a medium in which a conductive

growth can be formed to electrically couple together the third and fourth electrodes.

9. The memory cell of claim 1 wherein the metal-doped chalcogenide

material of the first and second layers are the same.

10.  The memory cell of claim 1 wherein the metal-doped chalcogenide

material of the first and second layers comprise a silver glass material.

11. A multiple-state memory cell, comprising:

a first electrode coupled to a first voltage;

a second electrode coupled to a second voltage;

a multiple layer data state stack in which multiple data states are stored, the data-
state stack including:

a first portion of a metal-doped chalcogenide material adjoining the first
electrode, the first portion having a first thickness;

a third electrode of a conductive material adjoining the first portion; and

a second portion of a metal-doped chalcogenide material adjoining the third
electrode, the second portion having a second thickness,

a fourth electrode of a conductive material adjoining the second portion; and



material of the first and second | ayers are the same. 10. The nenory cell
of claiml wherein the netal-doped chal cogenide material of the first and
second | ayers conprise a silver glass nmaterial. 11. A nultiple-state nenory
cell, conmprising: a first electrode BYoupled to a first vol2Aggst290&8econd
el ectrode coupled to a second voltage; a multiple |layer data state stack in
which nultiple data states are stored, the data- state stack including: a
first portion of a netal -doped chal cogenide nmaterial adjoining the first

el ectrode, t hethindr gertiporafi ermetalsiongdachaleogenidpiroatenels adigining tlep dpwtt r ode of

a conductive, material adjqinin he f.irst portion; and a second portion of
a metal * 8%%%%&%5@88’%}%@“ %rtﬁgﬁtlg STHI ng the third electrode, the
second R@ktdi®Bppliviiog of a pesSRREniity ¢ERR8I0 tike figuelebradecitiida ®bisAnce
conductive material adjoining the second portion; and 12 2 August 2006 a

thi rd pehatgsnviten at leest ahe gbfhediretisarad e Aigbporiosr i al adj oi ning the fourth
el ectrode, the third portion having a third thickness, wherein application
of a programming voltage to the first electrode induces a resistance
change within2at Mhasherans cefl dffetuithi Iskhaeimahe figgt volthgedispositivemelafi®e The
menory cell of claim 11 wherein the first voltage is positive relative to
the secthtiesetandgeitags. The menory cell of claim| | wherein the first
voltage is negative relative to the second voltage. 14. The nenory cell of
claiml | wherein the first portion is positioned below the third

el ectrode, and. t h&hemembrglcetitof cthémild wloseinithnfict beltage is hegative weldtiyport i on.

15. The nor ((:1ell1 of claim1l wherein the first portion is positioned
to the second voltage.

14, The memory cell of claim 11 wherein the first portion is positioned below

the third electrode, and the third electrode is positioned below the second portion.

15,  The memory cell of claim 11 wherein the first portion is positioned
laterally adjacent to the third electrode, and the third electrode is positioned laterally

adjacent to the second portion.

16.  The memory cell of claim 11 wherein the first thickness is less than the

second thickness.

17. The memory cell of claim 11 wherein under the application of the
programming voltage, the a change of the resistance of the first portion electrically
couples the third electrode to the first electrode prior to the a change of the resistance of

the second porion electrically coupling the second electrode to the third electrode.



laterally adjacent to the third electrode, and the third electrode is
positioned |aterally adjacent to the second portion. 16. The menory cel

of claiml | wherein the first thickness is |l ess than the Eeond

t hi ckness. 17. The nenory cell of claim 11l wherein under t Y %ﬁﬁgggﬁlon of
the programm ng voltage, the a changeypf the resistance of the first
portion electrically couples the third electrode to the first el ectrode
prior to the a change of the resistance of the second porion electrically

coupling the secand el gctro 5 to the t d el ectrode. 2 August 2006 13 18.
A nmultiple stat eol:#e “’é‘i‘l? s%'i?r?b'f‘ﬁ"g?'ﬁﬂ'[' P& el ectrode | ayer formed
froma first ConCMﬁTstM@c&&%ﬁybﬁfom@dﬁ@ﬁ%ﬁﬂst%ﬁ&lcﬁ@&&aieﬁ&ler formed froma
second conductive material; a first layer of a netal - doped chal cogeni de

mat eri al di spose@mndeéwmddlayaltﬁouhm alsecondpsnduam mateodd el ectrode
| ayers, the flrst rovi din I n ond rowt h
ca% be fornmed to e th’% { Eﬁ%ﬁ%@gﬁoﬁl@pﬁ’ﬁm&h cggwé ‘9 %Vt
el ect r Ogioining Y Sist Anfl fsedinal asaubad tayeRY e firot Pt ﬁréﬂ&ing o Bbﬂxdmcﬁﬁﬂluﬁﬁ hve

material; a second |ayer of a metal-doped chal cogeni de material disposed
bet weercoaductive graythicag berfermed: toneleatrieally vonple écpss&er thrcfitshgad secondheleefzadend
| ayer g\‘%dl ng a nediumin which a conductive gromh can be forned to
el ectri cal y coupl e together the second and third electrode |ayers; a
fourth el ectrode althiydelettosdatialel formed fibfid third comitutiid mateid@f eri al ; and a
third layer of a netal -doped _chal cogeni de material disposed between and

adj oi ning the thPr'-iPC‘alFﬂj laysuof @ wpiabdopsd chplggganide materiplhdisposed pspvegn #0d di ng
d |
el GENHE L D S 8 S G £

t oget her
conductive growth can be formed to electrically couple together the second and third electrode

layers; o

l a fourth electrode layer formed from a fourth conductive material; and
a third layer of a metal-doped chalcogenide material disposed between and
ad_]ommg the third and fourth electrode layers, the third layer providing a medium in which a
conductive growth can be formed to electrically couple together the third and fourth electrode

layers.

19.  The memory cell of claim {8 wherein at léast one of thé first, second, -
third, and fourth electrode layers comprises a composition of a silver material.

20. - The memory cell of claim 18 wherein the first, sccond, thu'd, and fourth
- conductive material are the same.

21.  The memory cell of claim 18 wherein the thickness of the first layer of a
mctal-dolﬁcd chalcogenide material is less than the thickness of the second layer of a metal-doped
chalcogenide material, and the thickness of the second layer of a metal-doped chalcogenide
material is less than the thickness of the third layer of a metal-doped chalcogenide material.



| ayers. 19. The nenory cell of' C aim8 wherein at | east one of the first,
second, &K and fourth electrode |ayers conprises a conposition of a silver
material. .20. The nmenory cell of claimIS wherein the first~ secgnd

third, and fourth conductive material are the sane. 21. THeARSHHE)OZel| of
claim 18 wherein the thickness of the first layer of a netal-doped

chal cogenide material is less than the thickness of the second | ayer of a
net al -doped | chal cogenide material §4and the thickness of the second | ayer
of a netal -doped chal cogenide material is |ess than the thickness of the
third | ayer of a netal -doped chal cogenide material. 2 August 2006 14 22.

The nmenory cell of clfjeMnbmodQUICHN claitf | BB RIreiA GRS Gnetdl Mopll ctidlcdgenident er i al
of the first, second, and third |ayers are the sanme, 23. Tliz nenory cell
of cl aimatarial ofthe Brst secend, apd tiird taysearethpiamsgeni de material of at | east one
of the first, second, or third layers conprises a material selected from
the group consisting of germani um sel ani de, arsenic sulfide, gernanium

“telluride,. and Zfer nafbeunemorydelli ofclainy 18 Tudisrein the ynetadidopes chalcagamides

wher ei n_t,hi -d C [ ql-,m§ ' fﬁ:aﬂeﬁﬁ eaaeﬁ&; he,
first, %Ae%%gf&%q%gﬁgqg@éésmcohp&rl ses eg{%:o?#ﬁ)r%éﬁ Ion o%glger mani ﬂﬁrcn

sel eni dgrouppnsisting ofggernmaniunt ¢lénidd, asbid¢ salfide, ghrmianium telferidd, agd gemawtmode i s
position bel ow t he second el ectrode, the second el ectrode is positioned

bel ow t hird electrode, and the third electrode is positioned bel ow the
fourth el ectrode. 26. The nenory cell. of claim 18 wherein under the

application of the programm ng voltage, the first conduct,ive growh
coupl es the third-el é@ﬁr’&ﬁé"%ﬁ‘f[h@l F'F‘g‘silse‘;&%‘t‘?dgﬁm '%"Ped ‘\’/h‘l“gg"my&
material of at least one of the first, second, or third layers comprises a composition of germanium

selenide,

25. The memory cell of claim 18 wherein the first electrode is positioned
below the second electrode, the second electrode is positioned below the third electrode, and the
third electrode is positioned below the fourth electrode.

26. The memory cell of c¢laim 18 wherein under the application of the
programming voltage, the first conductive growth couples the third electrode to the first electrode
prior to the second conductive growth coupling the second electrode to the third electrode.

27. A memory device, comprising:
a memory array comprising a plurality of memory cells arranged in rows and
columns, each memory cell comprising:
a first electrode layer formed from a first conductive material and coupled
to a respective row;
' a second electrode layer formed from a second conductive material;
a first layer of a metal-doped chalcogenide material disposed between and
adjoining the first and second electrode layers, the first layer providing a medium in which a



prior, to the second conductive growth coupling the second el ectrode to the
third el ectrode. 27. A nmendry & Aci, conprising. a nmenory arny conprising a
plurality of menory cells arranged in rows and columms, each nenory cell
conprising: a first electrode layer fornmed froma first contldeerg S0t er i al
and coupled to a respective row, a setbnd el ectrode | ayer forned froma
second conductive material; a first |layer of a netal -doped chal cogeni de

mat eri al di sposed.between and adjoining the first and second el ectrodé

layer t&pdbhadde V&r@#@{ calll BaViotinBd cleBetbally donplahtbgdthed the fitkl WAl seRR eledPode

conductive growth can be fornmed to electrically couple together the first
and secloygisiel ectrode layers; a third electrode |layer formed froma third

conductive material and,.coupled,to a r.espgctive : zond .| ayer
of a metAl -OQed chal @ob‘ﬁﬁ)ﬁgefg%ﬁ gatyf’%lforgﬁgp%g’@da%g{r%@éﬂd@é%ﬁaa%%%ﬁnﬁﬁg t he
second @leealgéggesﬁécq% EQldent axer s, the second,layer providing a nmediumin

whi ch a conductive growh can be forned to electrically Qou&e t oget her the

second and third el edtscoons laysreofsn matal-doped phialsagenislecmaterialfdisposed begweeng a

decoder RoRiSaBE bf 20 R RS shebds, Ryl S0 Rl oGl T o]
addr es syhitRatioRGudkive prbvihi a8l el foéd cheleﬂﬂéﬂll?Cb&lPIettbgcmftﬁé yecohd apd thirdr ead

data fromand wite data to the nenory cells selected by the row and
col umm ekertrodelayerscoders; a data path coupl ed between the readi ng and

writing gircuitr % r%@zdadaﬁsg ééc%&&‘atjor g:?écﬁng a row of memory cells corresponding to a row
address; .
a column address decoder for selecting a column of memory cells corresponding
to a column address; '
reading and writing circuitry coupled to the memory array to read data from and
write data to the memory cells selected by the row and column address decoders;
- a data path coupled between the reading and writing circuitry and an external data
terminal of the memory device; and
a command decoder opetable to generate control signals responsive to memory
commands applied to the memory device.

28.  The memory device of claim 27 wherein the first conductive layer of each

memory cell is formed from a composition of a silver material.

29.  The memory device of claim 27 wherein the conductive material of the
first, second and third electrodes is the same. '

30. The memory device of claim. 27 wherein the thickness of the first layer of
’ a metal-doped chalcogenide material is less than the thickness of the second layer of a metal-
doped chalcogenide material.



term nal of the menory device; and a command decoder operable to generate
control signals responsive to nenory commands applied to the nenory
device. 28. The nenory device of claim27 wherein the first conductive

| ayer of each nenory call is forned froma conposition of RAEgYsyPU6
material. 29. The nenory device of claim 27 wherein the conductive materi al
of the fast second and third electrodes is the sane. 30. The nenory device
of claim 27 wherein the thickness ofyghe first layer of a netal-doped
chal cogenide material is |less than the thickness of the second | ayer of a
nmet al - doped chal cogenide material. 2 August 2006 16 31. The nenory device

of claim 27 Wnere%{]hec Qdﬁ‘é@%y‘l&w"ﬂ Hf.iﬁxh§f JvlﬁEHEPreh&P&enﬁrf QMl! thlathed ect r ode

formed froma fou e material; and a third layer of a meWdoped
chal cogasnpeisesnt eri al di sposed between the third and fourth el ectrode

| ayeM the third | ayer, praovidin [ i | ctive growth can
be formed to el ec?%%&%%ﬁ%g{@%%{?i ] aﬁ%ourt h el ectrodes.
32. 1,he nenory dewin@dag¥ of baietal-ddpedivhaleiganiddmatenitlalispdsdcttwricn thedbiehi de

1 m 27andifoRthehrokps InTathe GUpRYeE AT Ceg Bt i SO B oY

second | ed GO OB AAy Boupld (¥ Sethed tha RfirdMB4 FuitRblectibdes. The nmenory devi ce of
cl aim 27 erein the n‘%t a@CPed chal cogenide naterial of at |east one of

the first or second |ayers conpdses. a material selected fromthe group

consi sting of ger gani Jnﬁag%s 84 SCQkik PUhdEiR, the eletbabped dhslcoganidele, and
germani um sul fi de5%5. '-‘];B":T}g e r‘)’/l cell O Caim?27 wherein the neWdOPed
chal cogemitekin! of the first and second layers are the same.

L 33.  The memory device of claim 27 wherein the metal-doped chalcogenide
‘material of the first and second layers comprise a silver glass material.

34. The memory device of claim 27 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a material selected from the group
consisting of germanium selenide, arsenic suifide, germanium telluride, and germanium sulfide.

- 35. The memory cell of claim 27 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a composition of germanium .
selenide.

36. A memory device, comprising:
a memory array comprising a plurality of memory cells arranged in rows and
columns, the memory ceils comprising:
a first electrode coupled a respective row;
a second electrode coupled to a respective column;
a multiple layer data state stack in which multiple data states are stored,
the data-state stack including: '



material of at |east one of the first or second |ayers conprises a
conposition O germanium selenide. 36. A nenory device, conprising, a
menory arny conprising a plurality of nenory cells arranged in rows an

col ums, the nenory cells conmprising. first el ectrode coup? &agust?&8pective
row, second electrode coupled to a respective colum; nultiple |ayer data
state stack in which nmultiple data stidfes are stored, the data-state stack
i ncluding: 17 2 August 2006 a first layer of a netal -doped chal cogeni de
material adjoining the first electrode, the first |ayer having a fast

t hi ckness; a third el edirstoldyperl afye metd-dapedoctaicogénide matecial afljoiningothei firgt t he
first layer; ~and a second |gyer.of a metal-doped chal cogeni de materi al

adj oi nFW@“@%@Eﬁﬁ@Yeémﬁﬁgrét?h&%@?sﬁ the second | ayer having a second

thickness, wherein ap@@mlmﬂ&y@oﬁ%ﬁa{m@mﬁax agjoirlny b efirti lager,
el ectrode induces the formation of a first conductive growh fromthe

third ehdctrode layer to the first electrode and a second conductive
growth fromthe second, el e¢ctrode, too the third elact I ,
address decoder for sbPELR iﬂ“‘a"frao%e oRsHhS: coﬁﬁg%g%%éggéﬁ&%%eﬁwa'row

addr es glec @t YhpinabRE Ry SeRONE: sb@hd sigkiagtd, ng a col urm of nmenory cells
corresponding " to a colunh address; reading and witing circuit :ﬁ}éﬁcoupl ed

to the menory array twhereindapplicatidar ofnaa prpgrasining veitage ttg theefisse pisclodee) | s
| ect b h | d d ;
bt veciiurt He oFRORR AR RRCERTE BT ol i (e el ) Bl

electrode and a second conductive growth from the second-electrode too the third electrode layer;

a row address decoder for selecting a row of memory cells corresponding to a row

address; ]
a column address decoder for seleéting a column of memory cells corresponding

to a column address;
reading and writing circuitry coupled to the memory array to read data from and

write data to the memory cells selected by the row and column address decoders;
a data path coupled between the reading and writing circuitry and an external data

terminal of the memory device; and
a command decoder operable to generate control signals responsive to memory
commands applied to the memory device.

37. The memory device of claim 36 wherein the first voltage is positive
relative to the second voltage.

38. ~ The memory device of claim 36 wherein the first portion is positioned
below the third electrode, and the third electrode is positioned below the second portion.



termnal of the nmenory device; and | | a conmand decoder operable to
generate control signals responsive to nenory conmands applied to the
menory device. 37. lhe nenory device of claim 36 wherein the first voltage
is positive relative to the second voltage. 38. ' The nenﬁ%?- 5§ 280 of
claim 36 wherein the first portion is positioned belowthe third

el ectrode, and the third electrode is positioned bel ow the second portion.
2 August 2006 18 39. The nenory deviag of claim 36 wherein the first
portion is positioned laterally adjacent to the third electrode, ond the
third electrode is positioned |aterally adjacent to the second portion.
40. The nmenory devgCe Phe meMbiP dticevE chif %Wdﬁﬂieﬁrblp‘dtﬁas& pasitibeeds t han
the second thickness. 41. The menor deV|ce of claln13 rein der the
appl i cat dasmmllytedianent toye hirkpieciade, aad the dhird bl Sl

coupl es ectrode to the flrst electrode prior to the second
conductlygga%gapﬁuggupl|ng the second electrode to the third el ectrode. 42.
A nmethod of storing nultiple data stemin a nmenory, conprising: to store a
first data state. 00 indiidibthlsblldh G ddih S vBbRRIGORR: hikidess RIARUAC T 0
to change a resistanc ninitial resistance to a first resistance;

t 0 st or essostthizhoksslat a state, short circuiting the second el ectrode to a
third electrode torchange the first resistance to a second resistance; and
to store a third data state, substantially maintaining the initial

resi stance betweerl, t hehd hfcﬁ:bryaadn@eaﬂ)ﬂﬁneB@mzeﬂemdanmet@hmomnﬂﬂand

third el ectrodes. 43. The net hod, of cl |m42Wn I.n.s t, CLIC g the
first el Stopmming vltage, the fiss go “@EYW%WEEB‘?P&SF? ﬂﬁ“?? @%%ﬂe&h anm ng
vol t poe hRor t5 he 68toHd SonkiXtiVE kioWih fdupking the second electrode to the third electrode,

t‘)

42. A method of storing multiple data states in a memory, comprising:

to store a first data state, short circuiting a first electrode to a second electrode to
change a resistance from an initial resistance to a first resistance;

to store a second data state, short circuiting the second electrode to a third
electrode to change the first resistance to a second resistance; and

to store a third data state, substantially maintaining the initial resistance between
the first and second electrodes and the second and third electrodes.

43,  The method of claim 42 wherein short circuiting the first electrode to a
second electrode comprises applying a programming voltage to induce the formation of a
conductive growth from the first electrode that couples the first electrode to the second electrode
and wherein short circuiting the second electrode to the third electrode comprises applying the
programming voltage to induce the formation of a conductive growth from the second electrode
that couples the second electrode to the third electrode.



conductive growth fromthe first electrode that couples the first el ectrode
to the Second el ectrode and wherein short circuiting the second el ectrode
to the third el ectrode conprises applying the progiaming valta é

i nduce the formation of a conductive growh fromthe secondzéwgﬁgﬁg é t hat
coupl es the second electrode to the third el ectrode. 2 August 2006 19 44.
Ile method of claima43 wherein under tRe application of the progranm ng
voltage the first electrode is short circuited to the second el ectrode
prior to the second electrode short circuiting to the third- el ectrode. 45.
The net hod of cl #t.m 4Phe fmethbdrofc sinpmi 43 nwhersinst oinder the uapphicatisnaofttht e,

short circuitin he t.hird el ectrode,to a f.ourth, electraode to cha t he
S econdPHETiTing e BEe bt 5t HleCRade i Buin? sTod't WhE pfichl Fisbuds g dne

nul ti ph&ofid eleftrdR¥R6 cR&liling ©INPhirdieRGirodd, OrmM ng a first el ectrode |ayer
froma fiat conductive material; formng a first layer froma netal -doped

chal cogenide material on the first electrode |ayer, formng a second

el ectrode | ayer om.a secon onducts we smat eri al. on. [ ,
formng a second‘H‘aye ?%ﬁ\"g Qr%é"‘?aé‘in oped CITREEERR ég%a%g% d%%gtg{% _
secondsho?d Afhitiagehd Awd'elecite (o0 HURN eledtréddl tb dhatlge the 66nd RYiStanderto @tird hi r d
conductive material on the second |ayer, the first layer providing a

medi un¥esistapgg.ch a conductive growth can be formed to electrically couple
together the first and second electro& | ayers and the second | ayer
providing a mediumin which a conductive growh can be forned,to

electrically cowy.e tRaptivfot RemipaahetipRitité MemeryededCédmysiRirgayer s.
‘ forming a first electrode layer from a first conductive matérial;
forming a first layer from a metal-doped chalcogenide material on the first
electrode layer,
forming a second electrode layer from a second conductive material on the first
layer;
. forming a second layer from a metal-doped chalcogenide material on the second
electrode layer; and _
forming‘ a third electrode layer from a third conductive material on the second
layer, | .
the first layer providing a medium in which a conductive growth can be formed to
electrically couple together the first and second electrode layers and the second layer providing a
medium in which a conductive growth can be formed‘to elebtriéally couplé together the second
and third electrode layers.

'47.  The method of claim 46 wherein forming the first electiode layer
comprises forming the first electrode layer from a composition of a silver material.

48.  The method of claim 46 wherein forming the first and second electrode
layers comprises forming the first and second electrodes from the same type of material.



47. The nethod of claim46 wherein formng the first electrode |ayer
conprises formng the first electrode |ayer froma conposition of a silver
material. 48. The nethod of claim46 wherein formng the first and second
el ectrode |ayers conprises formng the first and second el 280868806 r om
the sane type of materW 2 August 2006 20 49. The nethod of claim46
wherein formng the first layer and formng the second |ayer conprises
form ng the first layer having a thickyess | ess than the thickness of the
second |l ayer. 50. The nethod of claim46 wherein form ng the first |ayer
and formng the second |ayer conprises formng the-first layer having a

thi ckness greater wanﬁ‘mﬁ%%?@ﬁﬁ%ﬁg‘gﬁhﬁ@ﬁﬁ?m Are Bfer aﬁ&forfﬁ% thet hod

of claim46, Anther conprising: ayer of a netal -doped

chal cogerstabad faytrcomyirises fornting thiaifiest layet kavingackbickaese less than thedhigkness ef thyur t h
el ectrode formed froma fourth conductive material on the third |ayer, the
third Iaﬁ‘fp"ﬁ g di ng a mediumin which a conductive growth can be forned
to electrically couple together the third and,fourth el ectrode |ayers. 52.

The net hod of cl aip 46 erein e, al - doped ,chal ¢ ni de teri of

the first and secofd | F’Q&H?l@}gﬁ'@ngéﬁé"m@sfgw ﬁ’@tﬁ%ﬁ“%‘l’%’ﬁﬁ erein
the et alseddaP BPerebRbRRIMAMME the FbtQiyephavitig a thitkrdeSPréatd? Tigan@he thitkndss 6fthe OF
second | ayers conprises a material selected fromthe group consisting of

gemum ums&erdlaydge  arsenic sulfide, germaniumtelluride, and germani um
sulfide. 54. The nerrior~ cell of claim46 wherein the netal-doped

chal cogenide material of at |east one of the first or second | ayers
conpri ses a conpodgilt i ofheomethed efictdim 46, fyahas aproprising:

forming a third layer of a metal-doped chalcogenide material on the third
clectrode layer; and

forming a fourth electrode formed from a fourth conductive material on the third
layer, the third layer providing a medium in which a conductive growth can be formed to
electrically couple together the third and fourth electrode layers. ‘

52.  The method of claim 46 wherein the metal-doped chalcogenide material of
the first and second layers are the same.

53.  The method of claim 46 wherein the metal-doped chalcogenide matenal of
at least one of the first or second layers comprises a material selected from the group consisting
of germanium selenide, arsenic sulfide, germanium telluride, and germanium sulfide,

54. The memory cell of claim 46 wherein the metal-doped chalcogenide
material of at least one of the first or second layers comprises a composition of germanium

selenide.



2 August 2006 21 55. The nmethod of claim46 wherein.the first electrode is
forned beneath the first layer, the first layer is forned beneath the
second el ectrode, the second electrode is forned beneath the sec g | ayer,
and the second layer is forned beneath the third el ectrode ?ﬁ?@Pg%@ 6 The
met hod of claim46 wherein the fastnézectrode, Is formed adj acent the

first layer, the first layer is for -adj acent the second el ectrode, the
second el ectrode is forned adjacent the second |ayer, and the second | ayer
is formed adjacggt the third el ectrode |ay

er.
The method of claim 46 wherein the first electrode is formed beneath the
first layer, the first layer is formed beneath the second electrode, the second electrode is formed

beneath the second layer, and the second layer is formed beneath the third electrode layer.

56.  The method of claim 46 wherein the first electrode is formed adjacent the
fiest layer, the first layer is formed adjacent the second electrode, the second electrode is formed
adjacent the second layer, and the second layer is formed adjacent the third electrode layer.



