NON-VOLATILE MEMORY WITH RESISTIVE ACCESS COMPONENT
Related Application This patent application claims priority benefit from

WQegABMEation No. 12/046,307 filed 11 March 2008 which iFCT/US2009/001573
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incorporated herein by reference. Background Computers and other
electronic products, e.g., digital televisions, digital 10cameras, and cellular
phones, usually have a memory device with numerous memory cells to
store data and other information. Some conventional memory devices
may store NNV MBa3ad PIEIRROIOWT PHCREIYSSTOV B Aloregs siode
of the memory cell. Different valyas pfphevgimge on the storage node
may represent different values (e.g., binary values "0" and "1") of the
information 15stored in the mem@ry=gel pfhestarage node usually
includes semiconductor material such as silicon. Some other

conventiohXSEFTBRIPAEGTEES €Y MHRESE Bhamtd MEMbR) tebiRiicaHay No-
storg datonmativsibaset /h agesisianresstaspsieacefdhergraeniet.
charge) of a memory element of the memory cell. The memory element
may 20include a phase change material, which may be written (e.g.,

programmed) to change between gjffarertuphases (e.g., crystalline and
amorphous phases). leferener]ghases of the material may cause the

memory (el HEe BRI TES IEaHCR SRS 6 FesHedah{ dRrasians. digital

vajugaspfsthe dnfermationsteseskin e memenk celly 25T he miemanneelin

these memor}/ devices, e.g., phase change memary
memory cells to store data and other information. Séme conventional memory

devices may store information based on the amount of charges on a storage node
of the memory cell. Different values of the charge on the storage node may
represent different values (e.g., binary values "0" and "1") of the information
stored in the memory cell. The storage node usually includes semiconductor
material such as silicon.

Some other conventional memory devices, e.g., phase change memory
devices, may store information based on a resistance state (instead of the amount
of charge) of a memory element of the memory cell. The memory element may
include a phase change material, which may be written (e.g., programmed) to
change between different phases (e.g., crystalline and amorphous phases).
Different phases of the material may cause the memory cell to have different
resistance states to represent different values of the information stored in the
memory cell.

The memory cell in these memory devices, e.g., phase change memory
devices, often includes an access component to allow access to the memory
element. In some cases, the material of the access component and the material
of the memory element may have different process temperature 1olel'énces.
Therefore, producing some conventional memory devices may pose fabrication

process challenges.
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temperature tolerances. Therefore, producing some conventional memory

devices may pose fabricglir BeRIQseSs shallengssinByief Description of
the Drawings FIG. 1 shows a block dia%ram of a memory device having a

memory ditey WitlP emRIRFkliagapordimg Eah el RBEiRisH B tHEMOTY

INVeRtioR: i e SROWS @ Rasiaitlesk diagram.af & Bemorydevise
having a 5memory array including phase change memory cells with

access conipohahtey B ENIRF EIMREAR atesramgtodsy smibdiaent

of the,ipventian i Fidthehmws aickrssmertiny of i mamarycelbyitBants
ionic conduction path according to an embodiment of the invention. FIG. 4

is aRdeRampls espetihieaputiBatRAr GBI WsIAGE iy vention.

10charactgisticgfamacsesscompens i ohthe sapmery elbafdFdGhdiction
FIG. 5 shows a cross-section of a memory cell including an access

coPfbAN ARG forie1BeAURRY EMalEBEfde material according to an
embodimeqs of EB%M@H?@ &G £iBRAVT BuGFOSSTeeGIioNAhadIrMpry

cell including an access 15component having binary metal oxide material
aceRHEIFG s n ehcirREhEdPaRE TRVeRtighmemory cell of FIG. 3.

FI1G. 5 shows a cross-section of a memory cell including an access

component having ionic-conducting chalcogenide material according to an
embodiment of the invention.

FIG. 6 shows a cross-section of a memory cell including an access
component having binary metal oxide material according to an embodiment of
the invention.

FIG. 7 shows a cross-section of a memory cell including an access
component having perovskite oxide material according to an embodiment of the
invention.

FIG. 8 shows a partial schematic diagram of a memory device having a
memory array according to an embodiment of the invention.

FIG. 9 shows a partial three-dimensional (3-D) view of a memory device
having memory cells located on a single device level according to an
embodiment of the invention.

FIG. 10 shows a partial 3-D view of a memory device having memory
cells stacked on multiple device levels according to an embodiment of the
invention.

FIG. 11 shows a partial 3-D view of a memory device having memory
cells stacked on multiple device levels with shared conduction lines between
device levels according to an embodiment of the invention.

FIG. 12 through FIG. 17 show various processeé of forming a memory

device having memory cells according to an embodiment of the invention.



FIG. 7 shows a cross-section of a memory cell including an access
component having perovskite oxide material according to an embodiment
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having a memory array according to an embodiment of the invention

FIG. 9 shpws agpastiatioree-ditensiapal (Fdesseve pfanmemenidgyicicvice
having memory cells located on a single device level according to an.

enfBSHIBIH BF heaHiFEauHS RRETTH8RBWS SadUN8IbAE Brgntion.

memory dgvicedayigmermon calis stagkas no dastipla davisadevelsmory
according to an embodiment of the invention. FIG, 11 shows a

pafiaios-Brviad Br HIMeRRy kvl Hahihatdrhion) LR iR @rding o
muliiplaidryiseleyelanithshayed conduction lines between 30device
levels according to an embodiment of the invention. FIG. 12 through FIG.
17 show various processes of forming a memory device having memory
cells according to an embodimgpei.Qtthpdameption. FIG. 18 and FIG. 19
show various processes of forming a memory device havin% multiple

device levefé dctiftting brah SrBahinkeht ey idvitioh)V hagg agemory

through oGy 24 Shayk MAEIQUS RIPSaSS e H O EoXMingL3 MMB ALY dRYViGeention.
having multiple device levels with shared conduction lines according to

SaM eRB iR Or iy iR aHEERCHBEARE PISseritior alongeith Idse 3

a blogk WiRaIams ofaimemam dovicentof-having ya rremery1 2y ay. 4 0Biwithes
memaory cells 110 according to an embodiment of the invention,
having signals Vy0 through VyN). Memory device 100 may use lines 123 and

lines 124 to transfer information within memory cells 110. Memory cells 110
may be physically located on multiple device levels such that one group of
memory cells 110 may be stacked on one or more groups of other memory cells
110. Row decoder 132 and column decoder 134 may decode address signals A0
through AX on lines 125 (e.g., address lines) to determine which memory cells
110 are to be accessed. Row and column level decoders 136 and 138 of row and
column decoders 132 and 134, respectively, may determine on which of the
multiple device levels of device 100 that the memory cells 110 to be accessed
are located.

A sense amplifier circuit 140 may operate to determine the value of
information read from memory cells 110 and provide the information in the form
of signals to lines 123 or lines 124. Sense amplifier circuit 140 may also use the
signals on lines 123 or lines 124 to determine the value of information to be
written to memory cells 110. Memory device 100 may include circuitry 150 to
transfer information between memory array 102 and lines (e.g., data lines) 126.
Signals DQO through DQN on lines 126 may represent information read from or
written into memory cells 110. Lines 126 may include nodes within memory
device 100 or pins (or solder balls) on a package where memory device 100 may
reside. Other devices external to memory device 100 (e.g., a memory controller
or a processor) may communicate with memory device 100 through lines 125,

126, and 127.



10 Memory cells 110 may be arranged in rows and columns along with
lines 123 (e.g., wordlines having signals Vx0 through VxM) and lines 124

WQeyI'bitlides having signals Vy0 through VyN). Memory devReTIOIAZ)01573
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use lines 123 and lines 124 to transfer information within memory cells

110. Memgapheellsidlioamay he physicalynesaiedprmidiiple.device fevels
such that one group of 15 memory cells 110 mai cked on one or

be st
MORSGHRIDE SEAHBFIHBAG Eeils B ORGRH e b%éﬁézvaﬁa WHILAHA"
decodatihddBIay deeraiegsdiess 51010bp AR HHPUORAX @nlings dan)

(e.g., address lines) to determine which memory celli 110

T %:%lto be ntrol the
actEHeERA RIL IR AR TEIS Ll Ye ColSPROEE AMEP1 58'b oW Rhe’

colHERb Eeepeatfohs B ard d3donesperiivalyomayecetermine op adhichiaf
the 20multiple device levels of device 100 that the memory cells 110 tq he
RS g BeRREE A

acty¥sRlrAls Qatdiges 12 ANl ARG PERRLAE £ §6perd

detprmisedtheiwaleeafiinoppation read fronriremesydcgiisddéhaacht memory
pravide the information in the form aof signals to lines 123 or. Iin.(=)s§§€gi(e o a

selacs himereret o A SRYGSENHETB PRGN firdss

lings d2ddp statanaing fhe vMair9hiforaatanie bawkBemooneamognals
cells 110. Memory device 100 may include_circgitry 150 t tranlsfe

infdtrHafdA Hetwben HremyRy ahasoreR e nndd e $end g'ﬁﬁé%{ii%‘.“ay

Sighstls RQeothremahP@Naanrliees &28 taayrepigsent informasiomeaady
from or written into. memory cells 110. Lines 126 may. inc&de nodes wi_thi‘nd
mEMGTS SR RE POE G PmERSder BASY 8R%ﬁ§£& gengree or res
memekyisigvice 100 may reside. Other devices external to memory device
100 (e.g.,.a memory controller or a processor) may communicate with

: ) _
memory &GI8 TBENRSH Tindd 1198 PEKTIRR (50Te MIGHRANSR) device
10Q praReriosRane Ly RRE oS BLeh @ eadueperatiante tgadsuch as

information from memory cells 110 and a write operation (sometime
refé‘f?eglfseagoﬁrpl‘%fg?g}?ﬁﬁ?@%b%%&{%fﬁ tﬁ%ﬁf@‘ﬁé‘?&’, ?ﬁ%‘b?fgﬂ?mm y cells
informatigrointamenmorsteells lthaAonespasyeaontal binird A& mayocantral’ of
the 5memor erations based on control signals c”1 I{q S 1271.) Ex,angglets

OF ALTEEH SGANL Sh TR 7 oy BT 56 Br R S0 SRS
andethersighsisntecindicaitnyhichl operatiohiple. gitsaweiteaooreast four

operatj F} that memery device 100 may,perform. Other devices external
(o TR BAethb0 [0 . KpnGRdasds 81 K RGiony EorhRB agP
conitatshea@ivam of theicontl Isighaig"1010n'jnas A 2xhSpddificrvalaed ofher
a combination of the signals on.the lines may produce a command (e.g., a
wr &?rﬁ%‘%ﬁﬂm%g ?Eﬁlm&l}jec%%e memory device 100 to perform a
correspondingpreataviae dperationéesive a wiiel v odadoperationg. ssaphyof
memory cells Jil%ma written. to stgre information 15representinga
VL G B o B ey S e Gt e o S Toleee
theeen fblisson ofhereruminers efubids dtenetampleh@ach ofaieendry cells
110 may.be written to store information representing a binary value "0 or
g ]
IS UGIET TR oA Gther ERE ot s OF machary LR i sy e
writbétage supplied to memory device 100 from an external power source such as a
battery or an alternating-current to direct-current (AC-DC) converter circuitry.
Circuitry 150 of memory device 100 may include a select circuit 152 and
an input/output (I/O) circuit 116. Select circuit 152 may respond to signals
SELO through SELn to select the signals on lines 124 and 128 that may represent

the information read from or written into memory cells 110. Column decoder

134 may selectively activate the SELO through SELn signals based on the A0Q

4



store information representing a value of multiple bits, such as one of four
20possible values "00", "01", "10", and "11" of two bits, one of eight

W aeigigfdlues "000", "001", "010", "011", "100", "101", "110P&AG/SE093/001573
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or one of other values of other number of multiple bits. Memory

deeﬂﬁﬁ%%m%J?&@iy@@awplyn\égltége,sje@w&nglﬁwswlmué%aigm@ls
Vcce and Vss, on lines 141 and 142, respectively. Supply voltage 95signal

Vsigly opérte Hargfol il PO (&Y MHAVMECA Yaltie Gf memory array

appiednaately.zetR ol HpRB Yaliage sighsd Mgs1nay include an
external voltage supplied to mem,ori}device 100 from an external power

source sUdRTBR"Y Bertery! 8P aprHtBFHEtR QTR D IREBI Mt ce and
(AqeRfehrenvertas fiESUiHNu Sy IR0 OhBBIOYHS Wicen AR Md¥hory

include a select circuit 152 and 30an input/output (110) circuit 116. Select
cireglis 139 may 1eapoidasrsgpamiased] hesruy RSNV Sefecttpfeor Vss, of

signals Anilines dedeanthiZhthasnay iepresent the infapratiomisaditrem:

or written into memory cells 110. Column decoder 134 may selectively
actVRiBané S OARR3SE R BEEHRGHRAIY HREes DI HBAE thrSugRTSKY cells

address-Signalzien Ines 2 SRBEHaFGIILLRZERY Selestihe  SigRals Rion
lines 124 and 128 to provide communication between memory array 102

arl§ $/OPERBIRIMB HUPRTY P8 A8 TR Al BpBALIBRSY EM B HEitke Rygtion

may dashideanemvaliatiermamery device apdvememensaatisclidmayr
include non-volatile memory cells such that memory cells 110 may retain

infIRHAHEH Stale KRB G RIER BoRer (4% . AVeBPEP VAL a8 bdthgash of

discanpeetea frorn, aareany: devics d0hcmrRiexamaiemesenmaawteEe0on
may include a phase change memory device such that each of memor

celY SMASDTHBRIBE Y FRE IR I HE R RALIAY HATERSHAF if WREF St

leastra-partiond Ofers. i tpaialmable pardien. of the material may be
written to cause the portion to change between different phases, such as

g
between RCHyStalihE pRASEEY T Statlifk Kidfe) SR BhatiotpHod Write 2
pPhRse(Qr ARyl stalekdmeacheofonentorysells L1 wdiffetentent

phases of the materijal of the programmable portion may cause_the

mEHBI U f5'R8E DaIere e Sled S ARs B Pt of the selected

memory cell to change to a resistance state based on the value of information to
be stored therein. To read a selected memory cell 110, memory device 100 may
apply a read current through the selected memory cell and then measure its
resistance based on a read voltage to determine the corresponding value of
information stored therein.

One skilled in the art may recognize that memory device 100 may
include other features that are not shown in FIG. 1, to help focus on the
embodiments described herein.

Memory device 100 may include at least one of the memory devices and
memory cells described below with reference to FIG. 2 through FIG. 24.

FIG. 2 shows a partial block diagram of a memory device 200 having a
memory array 202 including memory cells 211, 212, 213,214, 215, 216, 217,
218, and 219 according to an embodiment of the invention. Memory array 202
may correspond to memory array 102 of FIG. 1. In FIG. 2, memory cells 211
through 219 may couple to lines 230, 231, and 232 having signals Vx1, Vx2,

5



15different value of the information stored therein. Device 100 may
selectively read or write memory cells 110. To write a selected memory

W@eN31d+ emory device 100 may apply a write current throudk THéS2009/001573
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selected memory cell to cause the memory element of the selected

mMemar Y&Egéﬁ’\@ﬁ‘ﬁ%ﬁl ionasresistancestete bases o8 thalvalie of y2, and
information to 20be stored therein. To read a selected memory cell 110,

mefidryedesite aloio ish applyatestrLanthiiPBERK tRa g ditdeic 2
meRaaly:¢allandhthen mepsuie disd esisiica hased.op ad ansviekage teen

determine the corresi)ondira%/alue of information stored therein

OrESRAIERSHARR At i récd aRize AL Hiihoh) disthearfotimafjach memory
75inghide othenfeatiradhahareRetisheny keRiGidns to helpieausiaaibe

embodiments described herein. = Memory device 100 may include at
le &5 BhECBIARO PIEHIR AB gk EC RIS PRE YORT CHIISaESEHb 8 Ietdiv dlites ©f
refarenaaiedEred NG PGB Ria. o shaws pardial hlosk diagtasa

of a memory device 200 having a 30memory arra)gzoz including memory
cefSmey 29 approprife yoHaga salyey [P 1B2uMg Y ¥ ackording 18 ¥h VY%

embadinreny althennvestiandhemein,an ay B2 18aw CoFEespanth teeing
memory array 102 of FIG. 1. In FIG. 2, memory cells 211 through 219 may

COMRS S RIS MIEBIOT i DB RAViY STgRAILAIR Y5EEss g to read o
reshaclivelecanddings 266, 241, andh4? haninesignals Myh Yi2cand

Vy3, respectively. Each of memory cells 211 through 219 may include a
mERTBRY MBhé Tt PR dhal dhcaBesiy omisdhat 224 ko npiedsn wbkuyelected
betyaaihpagpf lines 230, 231, and 232 and one of lines 240, 241, and

242. Each memory 5element 222 may include a material that may be

written toRPArSAE RS dtah N8 15t AtRE HopFe SPURAING fY oS Taxistisde
valhasdeyrenresenidifterenttyalues af informationsstqreshibergdn dPydagi e
read or write operation, memory device 200 may use appropriate voltage

vatidsay SRAR A7ESTLOMPRECUA A STEAY VA th Al o 'BERE®!Y
compenentedhalitbe mamerytathdhat?s beifigise its material to change from

one resistance state to another resistance state. Thus, the resistance of a material
of memory element 222 may also change from one resistance value to another
resistance value representing the value of information to be stored in memory
cell 215.

In another example, in a read operation, memory device 200 may select
memory cell 215 to read information stored therein. In this example, memory
device 200 may turn on access component 244 of memory cell 215 and then
apply a read current through memory element 222 and measure its resistance
(e.g., resistance of memory cell 215 between lines 231 and 241) based on a read
voltage to determine the corresponding value of information stored therein. The
read current may have a lower value than that of the write current so that the
material of memory element 222 may remain at the same resistance state to keep
the information stored therein at the same value after it is read. In both the write
and read examples herein, memory device 200 may turn off access component

244 of each of the unselected memory cells (memory cells 210, 211, 212, 213,



10selected (selected memory cell) to be read or written to access (e.g., to
read or write) the selected memory cell. Memory device 200 may turn off

WK I¢Bhponent 244 of each of the memory cells that is ndt(F g 009/001573
selected (unselected memory cell). For example, in a write operation,

menwry devicg 209 may selast ememenyseli 215 rwiite drformatiercted
into it. In this example, memory device 200 may turn on access

COMPBRBNEYUIBR IEMB) LEIPSESAnd then apply a write current through

memory gleMerk 222 1tQ GaYsE Emrratriial to chengefras.pnedresistance
state to another resistance state. Thus, the resistance of a material of

P e RITBARLSY a5y LREAGEHPoRRENS TaBRIRIEVARIAES Values
5 angihelAAReTistance Valus raRessenting the \@ue &f iBfarenasion:ta be s so

stored in memory cell 215. In another example, in a read ﬂgeration,

mdhibA bR DHoRISy Sefect ABTOHORARI DS FEMRY YifBHtangnay have a

stagagithereinnld {his examRiessEsRYIERVICe 200 10aY TR I0N PLCOBten
component 244 of memory cell 215 and then 25apply a read current

thiid R PRABFGSE (eI MBS fi§!FedistERoeA oY CRAGUEER0 T

of memankcell-ddd hatweep lings)adlband Réhbbasedncreask vekiagey cell
to determine the corresponding value of information stored therein. The

10 redd Torrent mayAayesy! Bfoe PRAATRATGH i niteCutrdt sbofhagion

thematesiab af £8RMESY elgment <22-may rRmai atIhe samerjesisianceo
state to keep 30the information stored therein at the same value after it is

re &N BARRIRD A EeVaHATR 4t St p e Alsrin! mighiony detfick 20D keep

maytsn efhageessceampanRntiddal sachiph theunseireted mamerycells to
cells (memory cells 210, 211, 212, 213, 216, 217, 218, and 219) so that

mERTSRA TR 992 b WARH Jreel e e aTeritiy eBiisay remain

15 unaccessemorylBeliter@xanplemanovaasingeumne Mepheah, 240 ismilar to or
assumed to be the selected memary cell, memory device 200 may use

aplhapiratd BiEgE e es Bl Shndls Vx2 and Vy2 on lines 231 and 241

coupled tprmemsyveel &bsssathiaha Vekage Hfesante) (&:gh, ival@genduction
drop), across memory cell 215 may havF a sufficient value to turn on

acR¥US oA EMS A BEMERBREEER 218 VARR Wi aBADAEEESd O may
commganert4s eismemanzcel 21 may alevy conduetioniohaursanic(@g.,

20 T oan SHA e RO LR 22,9 DS E0OAE R one of
signals Vx1, Vx2, and Vx3 of FIG. 2. Signals Vy on line 324 of FIG. 3 may
correspond to one of signals Vyl, Vy2 and Vy3 of FIG. 2.

For clarity, the drawings described herein may omit some cross-section
lines of some features. For example, FIG. 3 omits cross-section lines of a part of

25  access component 344.

In FIG. 3, the value of information stored in memory cell 310 may
depend on the phase of the material of memory element 333. Memory element
333 may include a material (e.g., phase change material) with a melting point
temperature Tm and a crystallization (or glass transition) temperature Tc. The

30 resistance state of memory cell 310 may depend on the phase (e.g., crystalline or
amorphous phasé) of the material of memory element 333. A current (c.g., write

current) applied to memory element 333 may cause at least a portion of its



10215 so that memory device 200 may read information from or write

information into memory cell 215. For the unselected memory cells,
WorEMaA# Hevice 200 may use appropriate voltage values for K§TASIPLP/001573

Vx3, Vyl, and Vy3 to keep off (or turn off) access component 244 of each

of thadinselediadnementrelisiecprenantcanduation ot ausisstihieughd
the unselected memory cells. 15Memory cells 211 through 219 may

inATWEPRHERIBFEell similar to or identical to the memory cell of FIG. 3.

FIG. 3 shpysa:chpRs-aaatien of amgmanceel sikthvithdenic ganduetiotmory
path 399 according to an embodiment of the invention. Memory cell 310

mé&§ intldBaeI SRR B0 NS, HHEFBOR; SotEHTory ElmMEN R0 A 319

5 an@eeasst REEAPRANeNs Bdk. mrighals o xmbng 323 it @ maynperature
correspond to one of signals VxIl, Vx2, and Vx3 of FIG, 2, Signals Vy on

lin8°938 6 MBS RAY EEHREBIIS Bnel OF SHARSNARY gl and gl the
Fi@atrial of MO/ iEYethe d53wings despided Barginmay 0wt semeion

cross-section lines of some features. For example, FIG. 3 omits

cré¥- SedishRiEebrof A YBAIC0S 18GHh BBHRERE 8AuPhase RagesPgnding

theovialee af iRfosmationistoredsiamemany aell 39 ragieslepenchnr bethe
phase of the material of memory element 333. Memory element 333 may

10" indifaEmetioasinar ey MpRAase CHanbE mateiiais with 4t paim: used

tenpesatge Wiicaspt A GhysiaNzation (96 dldss dransiiom dempesatared.c.
The 30 resistance state of memory cell 310 may depend on the phase

(e P ERIERLIAR S G5 BhBITS BIRASE) BF (e mIAA I B RTEHABRF Bleridnt®

333 cAGUIRN e Hapite e tananplied tesmemery element-333amayte
cause at least a portion of its material to change between dijfferent

pHARHEURILI S8 5EEBIY By StAHHE B Ui BHTES pHASES Stanciglue to

15 examaletduingetoniiie aRaiationn Sorpemeryddavieen(Whet mesory tethory
310 may reside) may apply a current (e.qg., I[,ite C rren'g to memory. cell

TSRS HEERBARASI YU IUHDR B TS ettsidl G Retibr e IBIHEARE S35 6%
temperaipre abayenfsomeliing Rastipspenaiaraehimidieg oTamoeny desieent
mag then allow the material of meng y element 333 to crﬁo};éra%idg, .

resa ity AHABHLY S ABRIGH (B e ISOHSAY BF tHE e tafial 6 el
amampiPboLs Phase aarespontiRghiondorgsistaneemstatRewitiv i@ the material
resistance value that may re res?{:\t avalue fth? . .

20 at some temperature for a time sufficient to allow the material to crystallize (e.g.,
allow the amorphized portion to recrystallize). After the crystallization, the
material may have a crystallized phase corresponding to a resistance state with a
resistance value that may represent a value of the information stored in memory
cell 310. The memory device may apply a current (e.g., read current) to read the

25  information stored in memory cell 310 in ways similar to or identical to a read
operation described above with reference to FIG. 2.

In FIG. 3, access component 344 may allow access to memory element
333 during a read or write operation. Access component 344 may have an on-
state and an off-state. FIG. 3 shows an example where access component 344

30  has an on-state. In the on-state, access component 344 may include one or more

conduction paths, such as a conduction path 399 (continuous conduction path)

formed between electrodes 302 and 303, to allow conduction of current through

memory element 333 and between lines 323 and 324. In the off-state,

8



10information stored in memory cell 310. A different value of the current
used during the write operation may result in a different resistance value.

WOpie/idésending on the value of the information to be stored Ri¢ FEPH3/001573
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cell 310, the memory device may use one of various values for the current

dUEHIEH B YEHE, APESBYANAP (:3HISR 1MBeRdaY SRl s hiR hausashaRR apHatE 3)
resistance value to 15reflect the value of the information to be stored

th@RSPIIERheRTg SHE R ATF I SPFRIHE TR aTHORSb S hid BFovaen

crystadins phass4hermemert de\isp shaytaanly & GUrent tociratRklaaste
a portion of the material of memory element 333 to a temperature above

its Uy SPARILARBTY FBHASEHETE TR U BEIW 18 NIt PEiPRIEMp8fatdrs! (e o

T dhe:remerydsviceeaay then hold the material 20at some
temperature for a time sufficient to allow the material to crystallize (e.

\ (e.g.,
allow the AREHHRBAPBHIoH forat s ¥tiah A erB iR By QiiSatioh She
magerialivayahavR-aLyalRlI2ed Phasercaranponstingitepresistangevalues of

state with a resistance value that may represent a value of the information

StoHEERI WeAnsry el 16X aHE! et BRsAcE HdFSppusTifrent piiage
regdiepatibiewead e Asiniosmatigmsionedda memery:cell3lekinuways

similar to or identical to a read operation described above with reference

to TR 10 NG E 0 BWVHERSSS CSITIBRBRT Y A4 Ty ATIOW Hetedd gy memory

MEBIPsY ®leNelt B Bodiy iRd Roiead InWIitRQReraiape: ACCERaLOMPRRENt
344 may have an_on-state and an off-state. FIG, 3 shows an example

wiRSHY St BHhY B4R HIR BrRIsTatY CIN Al BB P osbipdye
COMPANeHt BhBIRHICIAE PRE: 9618es8 CORWIHGHDH: RAthgnSUCh as a

conduction path 399 (continuous conduction path) formed between

electrodeS S65S £ BO8CH bW BoIGIRdoA BRI HIAhFSaEH sy (non-
elemest B3 anchhetwgeandings 3gkiandnd2halodbeneftstateri A0pHAGtioRetal

path 399 may break or hecome discontinuous (not shown in FIG. 3) and
preYElt BAHARLIBH VrLuiT & IRrBtH e MIRF QBIHAIT 33% Ahd bBRYERY
linesa 323 a5t 3o T biISIRGERES 6RTBPABERE 34 Pasca nigheruesisianee3ss,
in the off-state to prevent conduction of current and a lower resistance in

th&'BH B8 o BRI BTSN O PElH N C CHKEELOB R Potrent 234

mayoswitehrietvseenrhecatirsiata fewmbngheruesisiansed anegithg en-state
(e.g., lower resistance) based on the voltage values oé signals Vx and Vy.
F P ERAHe P& AR T TN VARb 'gC SORAEE SLtEratyen atéess

beiyepsnsignals Mxand Yi-seay. bk 38t tafasipesitivecyatueuiwith f conduction

path 399 may be broken (e.g., conduction path 399 includes a discontinuous
segment), thereby preventing conduction of current between electrodes 302 and
303.

In memory cell 310, electrodes 301, 302, and 303 may serve as contacts
and help pass current through memory element 333 and access component 344.
Examples of the material of electrodes 301, 302, and 303 may include refractory
metal nitride, carbid.es and borides such as TiN, ZrN, HfN, VN, NbN, TaN, TiC,
ZrC, HfC, VC, NbC, TaC,TiB2, ZrB2, HfB2, VB2, NbB2, TaB2, Cr3C2, Mo2C,
WC, CrB2, Mo2B5, W2BS; compounds such as TiAIN, TiSiN, TiW, TaSiN,
TiCN, SiC, B4C, WSix, MoSi2; metal alloys such as NiCr; and elemental
materials such as doped silicon, carbon, platinum, niobium, tungsten,

molybdenum.



10respect to line 323 to switch access component 344 to the on-state
when memory cell 310 is selected to be read or written. The di fference in

WQahE 48hies between signals Vx and Vy may be set to a n@§aiUE208n 1573
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with respect to line 323 when memory cell 310 is not selected to be read

or writtenAAQeesSHRMBORENh3Ad Ml inshids Bimatariahthal exadudasnce
silicon (non- 15silicon based material), e.g., ion conducting chalcogenide

mabeealabiray riiricoshdBan taiTaI S eravaRt dxitle rgsRkle Maissials with

ongaiales NRUE&ioROSitiVEW: shRrded; igns) 0fene G iesmateriaieref, and
access component 344, such as ions 388, may migrate into other

m&IEAE T i A idhi Cesntetieh PREs SHYgesaHEUHSRIgng ude binary
CORIHBHION; PR RAC @GR {eNSrRBE frMing RIRPCeBIRKAUS Pt

between electrodes 302 and 303 to conduct current when access
cofipBiant huris e Hhd oh SthtemAthmomdtdteathe ditinuryipnonide

cofdyeliondeath éﬂaﬁeex&mg%%ﬁﬁtgn condurtion pathdearincludes a

discontinuous segment), thereby preventing conduction of current
betWBEHRISHE SHER ZOCHRAMOY. DBIRPRETON CEI(SEE PR Gr®dsE 30E, €5):

30211and Q3 MaKiSRIvesasigeriacts A0diRelnPass SNt QI nSH Te),
memory element 333 and access component 344. Examples of the

méFEHENST BResttenids S6SI0; &rith3DB AT FHENTHS TRIFA((ERP BEth bismuth

Nitgige, GATRINES AN DAsIes U AT DY LiNmHEN T YN AMBBE djati TiC,
zrC, HfC, VC, NbC, TaC,TiB2, Z1B2, Ef82, VB2, NbB2, TaB2, Cr3C2

Masemepwellusido(MMSDES), WIRS! apwdtinde stickdsd rblRe g,
TiYhal@RINs ddfabinifonBélen AT MBI Zematal aHoySi BIGH 381N,

and elemental materials such as doped silicon, carbon, platinum, niobium,

tuRGEtET IR IBHEHEmZermanAe Ty HE G ee 56U 1Henor AR &1t gg um

m@&r&ﬂﬁlﬁd%@i@@%ﬁﬁ gbamalm&mm#gmamﬁetﬁhaﬁgﬁma&%iﬁlﬁqmay
include chalcc)%?enide materials with various combinations of germanium

(GEF BB SIS AN IHUAN BBy S e Bmem Sial Ak a8 RETE ER R ApIEEonY

of phaseshande, materals mayrnsiudehinackeeRmPatigNsSUsha%imony
germanium telluride (GeTe), indium selenide (InSe), antimony telluride

(SETBS R IR RRHHD AR SBIETHELIH o SIS AHER) g asHBony

tetiemdeutAsdeem aluminemitelldrideditla) dermanyueerehinaionsispimagim,
germanium antimony telluride (GeSbTe, e.g., Ge?Sb5Te5), tellurium
geﬂ?ﬁaﬁﬁﬁﬂﬁ‘%‘%ﬁﬁil&‘{‘F&G%‘Agﬁ?%mn?%ﬁ%ﬁy fél?&ﬁi&’e‘%ﬁ%‘ﬁ‘ﬁé)?ha”ge

materials listed herein, some may provide an appropriate choice over the others
depending in part on the application of the device. For example, Ge;SbsTes
(germanium antimony telluride) may be an appropriate choice for a phase
change memory device, in part, because of its relatively quick switching speed
(e.g., a few nanoseconds) between different resistance states. Most of the
material compositions in this description list only the component elements. The
relative amount of each component element in each of these material
compositions is not limited to a particular value.

The above description uses phase change materials for memory element
333 only as example materials. Memory element 333 and other memory
elements described herein may include other unipolar switching memory
materials besides phase change materials. Unipolar switching memory materials

include materials that can switch in resistance such that they can have one

10



10tellurium tin selenide (TeSnSe), germanium selenium gallide (GeSeGa),
bismuth selenium antimonide (BiSeSb), gallium selenium telluride

WQREHSATHY2%in antimony telluride (SnSbTe), indium antimony §e/&RHE/001573
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(InSbGO; and quaternary combinations such as tellurium germanium

an!@!l%}ﬁéél#@. > ([eGeRRIb Aelpoitithg s BaRIuM tN PXIHs (TRGR SN one

and alloys of tellurium 15germanium tin gold, palladium tellurium
geYRitages #enlisditmihsomtiriial tiaans i kobar, Yehaimisn sHaimR c-2-

telluduphpalatiep o SeHRARIMM ABIMARYJelHEHI GO RANI RAIROME: voltage
tellurium bismuth selenium, silver indium antimony tellurium, germanium

antifibHieSerBainPhU AP behiedhr matsT ahtihiBRy a@fR et ion-
germaniugy tellurintin ekabIssmanineig rimain Rallagiimeadand

germanium tellurium tin platinum, and others. Among the phase change
m&TiaNEsteicRBBIAL 8598 AR OV AN QESHYEF AN ERbICE BV MTFE!

otheta deRENAING i PRI Ehs RRRIGALIN oA the deVieRJReREXMMALS; also
Ge2Sh5Te5 (germanium antimony telluride) may be an appropriate choice

forle prisse i drpelaneribr) aevwdicialpaR RIGASNA GG rBfsvaly Galtke

switghingiseeed Ap{6-Gcha Ui Ranesecendsl irbyean Mifferanbresiiancs.-
states. Most of the material compositions in this description list only the

COFFPBBRT itifhEhts. STHE FRIBHRY SPREURT R BAEHETpBhenteleliagstith a

eagh ot thess prateriaticompesiticRs i netdimied e A RAsicHarNalug off-
The above description uses phase change materials for memory element

30'SBY B B @U@ ph R AATANS T RINOHS EIBIABAL 333 N GtRap ther
m%m%geakﬁmenésogs§§rﬂbsgl@ﬁrﬂ@ AppYdaciide Ather LnipolRs stelingtion.

memory materials besides phase changge materials. Unipolar switching

mém® AN TRHERARS MG SRy RIBHh St cHpl S%htdh bR PestBRIRE bR rRger

theyheanHaaaRReitaSISNGE (BHdls, 18SIBIAAGE SOITasPendine M one bR
of information) when one vaoltage is applied to the material in one direction

arfd Rh R B8IStATEE &Y I PAR B AR ¢ dNREP3ing to another value of
informatigm-whesv anakel koHage Wit the samenRIakty 1aappligchtadleone

material in the same direction. . As described above, access
coMPBRBHY BAX PRI Rfe(MALEHa SRRt SREBHTSBXH!ES T6h C)> and

copgigtingshalsepeaide matgyial, binary metal oxide material, or
perovskite oxide material. Access companent 344 may also include other

bipolar sWitEHHE M AREHAIL BpBlarSRirhiNgeRARRRLIRICdE Mmateiatyde
thahe T BYitRIDKESSIATCS, Sshuthahiae) 98D JUANN A0 A }ved’N AlD),

10resistance state (e.g., state to allow conduction. of cu;Teng%#hen,a :
VR DSBS 4 APITEE 5 H1E Tt R B G KB el e
ofbiadeare @) edhyesistriRqE sEIE (end x RlalE tOprevent danduwcio D).
current) when another voltage with the opposite polarity is applied to th
material i OB AN HFLRE A FRESBH FOBREIRNE LR 49 BUAS eH (B
voltagelisahging applied wiseisappenl ddpdenithe voltagalisaremenesl). The
Thus, the bipolar Igvxfitching materialﬁ used herein .
1on conducting chalcogenide material may use 1ons (e.g., positively charged
ions) to form one or more conduction paths (such as conduction path 399 of FIG.
3) to change the resistance of access component 344 between different resistance
values when appropriate values (e.g., voltage values) of the signals are applied
across access component 344, For example, the ion conducting chalcogenide
material may be a silver-doped or copper-doped chalcogenide material, such as

silver-doped germanium selenide, copper-doped germanium selenide, silver-

doped germanium sulfide, or copper-doped germanium sulfide. Each of these

11



may or may not include switching memory materials. The perovskite
oxide material of access component 344 may include one of strontium

W@t dedde (SrTiO), strontium zirconium oxide (SrZr0), andGEUGAF09/001573
titanium oxide (BaTi0). 20The binary metal oxide material of access
COERRPaph&f4aayipstuds eneini hafniue exide {Ridh nekiva: oxide)ple
(NbO), aluminum oxide (A10), tunstung oxide (WO), titantalum oxide
(THDtaRRi oIS (TROTS L ROBHRAR Gt T2R0)" clyspeP BiiBls (&6, 9fon
oxjgle:{FgQbandnickalRdde (D@ HI8 ipnaapduciing . ahalcagenidgay

material of access component 344 may 25include a chalcogenide based

mARSTRIIB b GRITA SRETEA (o S5 CHdeAIS Vet Sy BbRGECHRYN um selenide
5 chatragsnideyyatetshpraydies iene (89, freitvabhaharaed dpas) o Joumide

one or more conduction paths (such as conduction path 399 of FIG. 3)to
chEHERS the IASTs PArcE B R 88 BTGt 33 4 etwb i differghtand @ lave:

regjs Males whee appseprintevaiues (@ dpvoliages\a@igpanehta4 may
signals are applied 30 across access comPonent 344. For example, the

o KAHRIBHNER R AYS G R BR AN RIAD BACsH RGBS aY ! Ver-doped

CO@%%%@&M@%MQ% matetials Sueth ASSIVATHEqRRS Jermasiumsilver
selenide, copper-doped germanium selenide, silver-doped germanium

10 sufdrnies cdBperUdhbeE FHIRTSOFRRPPELSH Y fdSesvardsped
ang-coRRRMIOREd £aispysnidepaterals Aay dnelude erutiplelayaism

For example, access component 344 may include multiple layers of
matefides %@een electrodes 302 and 303 in which the multiple layers

may inC'Uﬂl@e&ih’ﬁﬁéﬂ@Pﬁﬁegﬁlmaﬂﬂéﬁbé‘se&mg@]ﬁﬂvm%JﬁN@feQﬁaterials of
germanium selenide 5(GeSe), a layer of copper selenide (CuSe), silver

selBATR (A1 8P suehitd 1airdisyed 1Rp8F-on gL MANARIM! B BFRGESS
15 (Cerphdayesetsibar (Aerabrk Flayeset aermaniim seleeedBeRe). as

In another example, access component 344 may include multiple layers in

WHRRY 518 TAg%RE AAp Y& A SGRISAERRIEE JarsiHit Sttt

haying airyR! sfassmariumislige (ReS)apopyrr etsiyesdpsalenided the
(AgSe) or tin selenide (SnSe) or copper selenide (CuSe), a layer of

gePALHIRR S dReese s 7l aSh e PBy IR Sl CRhBra 5y e B HEhium
sutfideAcesS). The example materials of access component 344 and the

materials of . : : .
20 FIG. 4 is an example embodiment illustrating a graph of I-V

characteristics showing on-state and off-state of access component 344 of
memory cell 310 of FIG. 3. FIG. 4 shows two voltage values: voltage value
Vton greater than zero, and voltage Vtopr less than zero. Voltage values Vipy
and Vtorr may correspond to threshold voltage values of access component 344,
25 Access component 344 may turn on or off based on the relationship among
voltage values shown in expression (1) and (2) below.
Access component 344 may turn on when Vx-Vy > Vigy > 0. (1)
Access component 344 may turn off when Vx-Vy < Vitorr <0. (2)
Expression (2) may be rewritten as expression (3):
30 Vy-Vx > Vt'orr >0  (where Vt'opr = -Viorr.) (3)
In expression (1), the difference between Vx and Vy (Vx minus Vy) may
be considered as a voltage difference (Vx-Vy) in a first direction (e.g., direction

from line 323 to line 324 in FIG. 3) across memory element 333 and access

12



memory element 333, such as those listed above, may have similar
process 15temperature tolerances. Therefore, processes of making a

WoreMoAAEall such as memory cell 310 may be improved in cAthpdriBapde1573
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those of making a conventional memory cell where the material of the

acessHsRMPonentrand thadaliedah kit memensaleaaps may havaay wmn
different process temperature tolerances. 20FIG. 4 is an example

entBotlltre At IaEaIHGEERSH BT YX) EhanbiteHEt e SHsHARY BRIAAYE ement
anghaffrsiaiecefacsass camponent 344 of mgman:eatk 31 anef klgedeFkan

4 shows two voltage values: voltage value VtoN >kg!;eater than zero, and

VORBige/obiSp 23 4aHIPSEBVIAYR AR IB i ViSRS Higmponent 344,

cofiasRensida Sreshols wltageivetiassfaceessGompPOneAtciblement 333
25Access component 344 may turn on or off based on the relationship

anfBrREEFEHSGB RGBS bk BREXpression (1) and (2) below. Access

componey 344dnaytuny, GReWh@a A VbeRWEAN X Qn(LVAGE®SS than Viopr
component 344 may turn off when Vx-Vy < Vion: <0. (2) Expression (2).

. (2)
maybisreinesas alpre5aion 1) 465 ¥on, 1S HRGHENE VagiERL the
-Vigi U3k ctiod BYRressionddather difteranse Haiveean Ve Nt dnEGS the

minus Vy) may be considered as a voltage difference (Vx-Vy) in a first
direHSH P g U DlifeR B HTFIIAR: SDS AT HHB U #IGT By ALFERAHHRNBTS
elemsai3ss @Y dAreRsh Campanamtn4d.ckbrsskased anexniessigvilive

access component 344 may turn on when a voltage difference (Vx-Vy) in

a fiALgirR AP RRFBS S HASHIH eferneiR 838 8RR ecess component 344
exceeds m@af%m}e(ﬁqwe&nﬁéﬁegmmm@mzym&wﬁ.(:e@ dasasihed may

above with reference to FIG. 3, access component 344, 5when turned on,

m&§ SABHAEETHRR AT LA S SR RS S T aMBr) WERE PS8 O Kedess

cogmpenenti2fd @eothlo line BBXpression @xodiediffergneehetveen aid
and Vy is less than V toil, and less than zero volts, Thus, the difference

(VICSA ISCAREBER 24 Tal & thes F S LIRSS O S RreSA SRIBRASEN 344
deseRhing erPRessionA)itetermsoithe/ J0neyative smlbe diracfitst across
direction, the description herein may alternatively use expression (29 &p
d%@ﬁﬁg%ﬁlﬁaﬁﬂ}égﬁ%f‘éﬁﬁ?é%gfﬁﬁp&)%t S GEE DOSHORVEIUE it

oppesiteseitestignie.do senendgitestioryd above with reference to FIG. 3,
access component 344, when turned off, may prevent conduction of current
through memory element 333 or access component 344 (or both). In other
words, as shown in expression (2), access component 344 may turn off when
Vx-Vy is a negative value less than Viggr.

Depending on the material of access component 344, voltage value Vton
may have an absolute value that is about 2 to 2.5 times greater than the absolute
value of voltage value Vtorr. For example, when access component 344 has a
material such as the material of access component 544 of FIG. 5, voltage value
Vton may have a value of about 0.25 volt and voltage value Vigrr may have a
value of about negative 0.1 (-0.1) volt.

FIG. 4 also shows regions 411, 412, and 413, and curves 421 and 422.
Region 411 may include voltage values from Vton and greater. -Region 413 may
include voltage values from Vtopr and lower. Region 412 may include a voltage

value between Vtoy and Vitgpr. Access component 344 may be configured to

13



In expression (3), the difference between Vy and Vx (Vy minus Vx) may
be considered as a voltage difference (Vy-Vx) in a second direction (e.g.,

WQ 20aetti6h from line 324 to line 323 in FIG. 3) across memoRE&EREH/001573
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333 and access component 344. Thus, based on expression (3), access

cogyRenent afdtomaya ity Asphicn & voltage difference (M hiva,, > 0) and

second direction across memory element 333 and access component 344
extbBYOIbREHe CPATEP NN & ISR ALt tFrdn YeroVots! ine deltribed o
abgye ywithyetenencs 19 s sAARIERSSLOMPANRNREIAbH e flumedw here

off, may prevent conduction of current ﬁwough memory element 333 or
ACREESSTOMHPUIERE 344 (HPURANY. THIGtHEE RBreie %L AR H Fdlkpression
(2), accessueRMPANRNE 344 Ay tHEWOThovReNi YisMy iscavredativa yaligl

less than VtoFF- Depending on the material of access comgonent 344,
VORMGEVAILRE AENFOPEP RIS il WheABSERIfCO AIae PRt 14 BBy heR 8 an

timgs greatshthan thaabsaluievaue Whyohaas yadigp ¥ iRRF3 F01s in an off-
example, when access component 344 has a materiarsuch as the

mataidcet aterdectiom pofett bWt SPFIaN Sy DEIRAGECUARIS WO HitgS24 is

haysB1va e or8hRuHB &R volandwaligge sl Vigidndnay Aave Al
of about negative 0.1 (-0.1) volt. 30FIG. 4 also shows regions 411, 412,

andd £ ishdTambe 251556 (492 ORAGTOH 1P rAlrinfE VaitdgesiRtiEs)
from Yo nd dreates r dResipniddB mavwinelaavollage walies romwhen

VtoFF and lower. Region 412 may include a voltage value between VVtoN

an@S/8HPLA Mak UTiRp e S bl sEcaltReliey Operateian the

on-state ¢qespendinudp 1egignsAdd (BedreMtou¥p \Ha & O) antkindhe
off-state corresponding to region 413 (e.g., Vx-Vy < VtoR: < 0). Region

412 Y PEACSAEHCR RS SIE SWRERIAL Feg M BIoAc L S4 LOMbThSHT gl 4D

WheIR1aecessHcsImRane nt G4k may hevinegitheedb ey state QuthR in an on-
off-state. 5Curve 421 in FIG, 4 may show the relationship betwegen voltage

antidtt ffeft GPACLEL O poneHt BH4 Wb ACAEEREs Tatip St 429525 15

switehesdftonn @0.0ff piata i aR 8 -$iate), ot &%aIbpIfe WREBACERSSUM off
component 344 is in an off-state (e.g., conduction path 399 in FIG. 3 mezy R
8@r {2’ . 13)

bePBIoRRMS I TR AS ATREtBLBldd i Kbl potd i el g on

Vs PheeaesSRuIRTRANENE d4éh Malyeil tReOm kOand-swdtehifremihge. ., Vy) is
off-state éregion 413 in FIG, 4) to the on-state (region 4 1 1) to allow

cordation o Cherardt phaiddeid by turRoRhBW B SSBRMSI Wk eddhe”
voltagenvalpeseflingnsd (e LeuM¥) igi gieatedtban oM (MxvxiMteNn 432)

Curve ?éf in FIG.ébma%%show the rel ti404nshi between voltage anAC:/ .
cUMBH Ot QY ABEEBARTTE AP 3RR TTHEA oL EEE ABHBLHENP AT bWtErRY!
fragpvm ponistateds sswolfrstalee fion pxant e, whein acesss &aBIPONE(n-
344 is in an an- st eég . cgn?gction Ea\tgb%%ﬁin Fé?.os islconti qus)
and IR THFC3 23 1 fﬁ%ﬁé& to & Yot PUTRATEI (8 BECVRI) CAccedy
cognpnachi 344 gralatoessalb apd imnitch4mony thean-siade frepior 441t¢h to
FIG. 4) t tge off-state (regign 413) to prevent conlducti%n of curren}.wh‘en
thESSk {b%b AP SR (‘é%ﬁl(%tlé)n ngﬁigrent. As shown by portion of curve 422
in region 413 (off-state), the value of current may be substantially small or equal
to zero.
Besides the characteristics such as the material and the functions
described above with reference to FIG. 3 and FIG. 4, access component 344 may
include at least the following characteristics. Access component 344 may switch

between the off-state and the on-state in a relatively shorter time (e.g., in about

one nanosecond for material such as silver-doped chalcogenide) than that of

14



20greater than VeoFF (Vy > VeoFF). As shown by the portion of curve
422 in region 412, some amount of current (indicated by current flow

VR4 1432) may follow through access component 344 whBRHES&Y/001573

10

15

20

25

30

component 344 is in region 412 (hysteresis switching region) during

switehipg, feaumesgipm 41 (et statgdtedegiam il offistatertiowavelively
when the voltage value of \éy is 25greater than VroFF, access component
345PRLS [EROETHERiGH AT S SWItEIS (' FEibN M8 AR PrIVeriement 333, and

copgdyatian afielienty As SheuB by RastineRf irye,442 dotegiandd3e o,
(off-stateg, the value of current may be substantially small or equal to zero.

BsidefiHatkhar{ere htidscs RIS W FHEYEY R 2R BeS AliEforfaccess
30dsaeHkest abovgyith veferensariecdS: RandiFIGnfs AREST is in the on-

component 344 may include at least the following characteristics. Access
cottsbridit BuiftaRcs Wit B theEniRE oftshaghaitnhe Bifstdfe! g o
relgtivelyrabQHer iR (f o fARRAUL ARsIIRNOSEFONA AL MAteHBbSHCH 28

silver-doped chalcogenide) than that of memory element 333. Access
cofRpbiseht B el s RATRE ST BERISHVEM S ANEY SHhees wtion of

cug[gmmm%%ggeg.%wﬁi{glmmory element 333, and may have a
relatively large ratio of on current (Ton) to off current (loft), e.g., Ton/Toff

ratio of felly RGAMEHCEHCP Stk pete st pie6canfsaras iahgt! b saegory

compnaniaihaydave adesisiensa it afawiireimnewpendiis igithence.
on-state, and a resistance of about more than one mega—ohms when it is

in BRCEH S BT L AEH attBriR it B A SRS SO BMAPBH VAl msasy sisapen!

abpye . mRyenlaibie hadissil As aceassicopRonenticmatonediory device
prevent conduction of current to and from memory element 333. 10In

mérBrAr eIPFIgesiaeItsY 9 adkasnantss et 54 ARdAtdRTbry Biermentple

333 mayineds materialsthavind sisniarpraaassipmpriatdrefolesaneeyices,
Therefore, memory cell 310, having access component 344 and memory

eldMERE ST ARRRISTHISARBYRS A 55iERBCHGHABE b BROAD RTRPL
MeBRBhHRYEH AL T HIBIEHE it I8X SISV BE B MeRRIY, GRS Reude

stacked in the multiple 15device levels to increase storage density. In

SOTHECE VR B A RBRTBIN Bl AR thie AL c BB BRI ER ST to
aceesk cIMRANENIC3A4 ) aad dhesmesnery Sl anty/(gesRAANG 1gsNEROrY

element 333) of the memory cell may include
example, 11 a conventional device, the memory element may have a lower
process temperature tolerance than that of the access component (e.g., silicon-
based access component). Therefore, thermal damage to the memory element in
the lower device level may occur when the access component in a higher device
level is formed. In contrast, as described above, since access component 344
and memory element 333 of FIG. 3 may include materials having similar process
temperature tolerances, thermal damage may be avoided when multiple device
levels of memory cells are formed.

FIG. 5 shows cross-section of a membry cell 510 including an access
component 544 having ion conducting chalcogenide material according to
various embodiments of the invention. Memory cell 510 may also include
electrodes 501, 502, and 503, and a memory element 555 coupled in series with

access component 544 between electrodes 501 and 503. As shown in FIG. §,

access component 544 may include an example of multiple layers 561, 562, 563,

15



different process temperature tolerances; therefore, forming multiple
device levels of memory cells in a conventional device may pose

WQRRIRHYGee2 For 20example, in a conventional device, the meR{aHPEIEMEALS73
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may have a lower process temperature tolerance than that of the access

CORRRONEM K Qi BIllCARPRIGH BEERSH P MPNRNNI TR ereiarge tharmak, Se,)

damage to the memory element in the lower device level may occur when

thdoaderes X¥dmpbise st ienipigherSgeoicinsslnEtormed) R chnastZas
gg%&‘iil%qlﬁﬁ%%n%f&%. CRESHENMRONOAL F 2Pand MEMAN4elemeNtand
u

of FIG. 3 may include materials having similar process temperature

tolEPHRRBRI AR AfrBgE fmasr bR BloRietP whéRstdtipie devideelels
of memorvRelimale ipimedi &6 nn shews riass:aestiomefA-pemarysel

510 including an access component 544 having ion conductin

chésbsgetitieasritiharateitting to %m%w&@éeéﬁﬁb%?%&%goﬁm@ogen de
inygRtien; Memericallnidhmay alainclude elegiedasn RBLRRR, AN

503, and a memory element 555 coupled in series with access component
549K ERlR e A HIEEHBIBR O L Sy S s A G e aBoheE gdglcogenide

Coppensnd Way nPude ARexampiegknuliplg layers 561, 562, 563,
564, and 565 with example materials such as germanium selenide (e.g.,

Ge4Seb)r8yiyef 50 Liieh Sotmbe (A58 BELiRBRSIY PSSy FbRve

laygi.RBCs I8 BNARIMEN SelIRNIASEh 2846 R) forlayenefs: siluerdaa) for
layer 564, and germanium selenide (e.ﬁ., Ge4Se6) for layer 565. The
&

matHaIS R AberstEBripBINeit 944 ShEWHTh BRGYS ML) BeRsshfderage fic
angxpRARie e R silvels depadchriceasnide mateyiahnle: ashewniherion

conducting chalcogenide material for access component 544 being

SilRFHHHBUERER OGN dsah ERarh BreAHESE BoRIYE et Bagqual from

hayrevriceryInciyde anather ghaleraanide matesiat slapsdanitiuanather
material (besides silver). 10Layers 561, 562, 563, 564, and 565 of access

cofiBrRALSAAMKYRa VA HT kP BaEs Ao At 150 (HaABinters)iovever.
ahautAdcnmo, xaeiHld BNokRbOVLIZ0M s anBarut IOy respectivielast one

The term "about” with respect to a specific thickness value means that the
thitkh &L MARHETESS tHER O g PeAtet that Ha'S fatific SIKHILE VAR B ©
a prI@iBssTdenmaein Mmayhancoa-valike aguaddismpsent pesaant (W) tde
20% of the specific value. Access component 544 may . o
fewer or more layers than those shown in FIG. 5, with materials similar to or
identical to those of the materials of access component 344 of FIG. 3.
Electrodes 501, 502, and 503 may include materials similar to or identical to
those of electrodes 301, 302, and 303 of FIG. 3.

Access component 544 may include [-V characteristics similar to or
identical to that of access component 344 of FIG. 4. For example, access
component 544 may have an on-state when electrodes 501 and 503 have
appropriate voltage values (e.g., voltage values that may satisfy expression (1)
above) and an off-state when electrodes 501 and 503 have other appropriate
voltage values (e.g., voltage values that may satisfy expression (2) above). In
the on-state, silver ions (Ag’) from the silver-doped chalcogenide material of
access component 544 may form a conduction path between electrodes 502 and

503 to allow conduction of current through access component 544 and memory

element 555. In the off-state, the conduction path formed by the silver ions may

16



include other thickness values for layers 561, 562, 563, 564, and 565.
However, the specific example thickness values described herein may

WAt E HiZleast one of a switching time between on-state anB(GFfLE{1¢9/001573
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and a reduction in resistance of access component 544 in the on-state.

AGGRSR SRMRRNERt At ayinatudediewsiarans Ryspsikanhosad
shown in FIG. 5, with materials similar to or identical to those of the

maREAHE/ ST €85 Tomponent 344 of FIG. 3. Electrodes 501, 502, and

503 may ineluderpaterals simiaidn or ddeatical tecthese plaleciodesccess
301, 302, and 303 of FIG, 3. Access component 544 may include I-V

cha?am@?@ﬁcé‘*éimpﬁabé?azziam#dafiféfm@f%&%@&&ggﬁ‘g&ﬁwewéaﬁi%?“t

FIGE dhe iV RMPIRIASERSSTOMDARSNE RI4NaY e At encstate prhend
electrodes 501 and 503 have appropriate voltage values (e.g., voltage

vafif's I CrEgOANSHPBEFESIGI (R IABYEY Bhty AR (ATSRES RRRFT! 044
elegtradesR0doansk 223 have fihrraRREQRIReViokiageValleas ¢8l go, those of

voltage values that may satisfy expression (2) above). In 30the on-state,

silVas YRR Y ARt hoHithe Ry SRERBEEARN ARHEIGF dccssess
COFRRYRRhP444maw fermacondyciianaaicheiwvern eleciader 802 and of

503 to allow conduction of current through access component 544 and

MARTEFy SAEPRERETSEHA thd GftsthRs, I BORARFEROM SR TR By g have

silygLIRRE M & ek RBEEPIRVERT LG UGlien KfeyHeREbIeWYER Aceess o,
comionent 544 and memory element 555,

FIG. 6 shows a
croSdags TRt hahEo N 10 faivRiidg 0 setaed EorboHERMEEA
havingrbirayomeatal exide.material aceopding (@ rserhodinent, Sef the:

invention. Memory cell 610 may alsg include electrodes 601, 602, and

608 8F bR BAYOT ¥ AEPHCEBE LEUARY M s Lhid Dt KLCe 98 S SFSHBRIES

6440 MAELIFHRRRAL G4 mad inchidecmatesialsosivnilan tores ydentical
to those of the binary metal oxide materials of access component 344 of

F1E9S AR S B RRFEFRhE E4HMNE AP RINEOD P HE A CEEHEHES i & oo

or dgentigalde:ibabaipiracess eampenent 3fthehFies 4 Hxanpiasmpléins
access component 644 mg hgye an on-?tate when electrodes 601
It 5@

. d
608 Hude SQBIOPRBE Volth s VAMBS '8! VHEJEAIALS =y 4dtist)
exprassinHE) abova)iang aneffstate whenLligaiadesi601 and 6a3have
other appropriate voltage values (e.g, _oétﬁ% values that may satis

M .
exeEsibH {Q‘jlg{ﬂg%gj‘_}’ﬁ,e{h‘éagﬂlg{g}é? id aanymetal oxide material is

nickel oxide. In the off-state, the conduction path formed by the ions of the
binary metal oxide (e.g., ions Cu” or Fe?*, or O% vacancies) may break and
prevent conduction of current through access component 644 and memory
element 666.

FIG. 7 shows a cross-section of a memory cell 710 including an access
component having perovskite oxide material according to an embodiment of the
invention. Memory cell 710 may also include electrodes 701, 702, and 703, and
a memory element 777 coupled in series with access component 744. Access
component 744 may include materials similar to or identical to those of the
perovskite oxide materials of access component 344 of FIG. 3.

FIG. 8 shows a partial schematic diagram of a memory device 800
having a memory array 802 according to an embodiment of the invention.

Memory array 802 may include memory cells 811 through 819 and 821 through
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15from the binary metal oxide material of access component 644 may
form a conduction path between electrodes 602 and 603 to allow

WQaMidtde? of current through access component 644 and méra®fyS2009/001573
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element 666. Examples of ions include copper ions Cu+ if the binary metal

oxige meteriakisAeppPesIpdide canekiron jans &e2hdf thehianemealFIG. 8.

oxide material is iron oxide. An example of 20vacancies includes oxygen

. y9
vabdritiey m FlffieSornsty thEtaresi isitRay Mckeigbemergement
offsgiatgdthg sondustinh path formedhdntha janssnthehinaridegirhoxidee

(e.g., ions Cu+ or Ti e2+, or 02- vacancies) may break an%frevent

coRGRAEETeHeARRE dgFCat ceBW RBFRPBhBIR Y SR Mdmdly 010. o
elemeat§6fhedSile L\ SIOWE R £E035-BRSLIONR fementory. cRll FitD s,

including an access component having perovskite oxide material

acEsTERTY 45 HREBROcaIY ERICE! the RBAtOMH  MeMbR S ERIRP G haY Hsd ¥
incjyde electiades 0dn 1A and 203, eyl semeyory Rlementdi cospiathd

in series with access component 744. Access component 744 may include

matenalis irhildto BRddertica EHTRass S RO SerovSRREF xRy Puring @
MaRHR)s VHACEESSCOMPRREHL A4 RERISS- Bay usE HapR Shaws glRaEi@iues

schematic diagram of a memory device 800 having a memory array 802

acebrianglto’an dimuminieftacte InEnteh \Widiton anaySee fhy
inQlyee snemenacelis&hlnth 81 9hand &20Lheauah w82 TS Im off the

memory cells are collectively called "the" memory cells in FIG. 8. As
shiffRSTHCRIER OB eB JRENBIRISRIERMENS ST ihclude a memory element

888 and aascasminaaneat $ddhwbichamayhe sigilaritoraGidentical to
the memory element and the access component of memory cell 310, 510,

610CBIds 719 dusehpldavaliages WK PrEPUAGE Y8 RF&SUC TS IGHASE Y 71 URs

FIG¢ &, memesy device 300 manaelechibe snanesy callp sistng Signrscribed
VxI, Vx2, VX3, Vx4, Vx5, and Vx6 on lines 831, 832, 833, 834, 835, and

83t PSP ARG GRSV VA2, Sid o9 SR aaS A abths glected
843 cHRsREsdlY alvy [Buiineh aviead 1ef VYlitece pefRlionsMerosy Yideee 80

may use appropriate voltage values, 10aof signals VxI through Vx6 and Vyl

thiBEER S I f R B ERETa ccREY ABRSHEAE R A sSSP MARSS cell

thabisgorkatread ermyitiery anghkHnsst)thesacnesshaamponenisceishe
unselected memory cells. Access component 844 &sach oftheg{nemo?{
CeTRTREIES! 8 M) FEAe Hio S EHOIPVGRAGES P VBITaGE viicede

suchiRgyelfegenaldesss each of the unselected selected memory cells with
respect to a second direction (e.g., direction from memory element 888 to access
component 844) is greater than Vt'opr (or is less than Vtorr if the voltage
difference is considered with respect to the first direction).

The following example assumes that access component 844 of each of
the memory cells is in an off-state, and that memory device 800 selects to access
memory cell 815 to either read or write memory cell 815. In this example,
memory device 800 may selectively use voltage values +V and 0 (as shown in
FIG. 8) for signals Vx1 through Vx6 and Vyl through Vy3, so that memory
device 800 may turn on access component 844 of memory cell 815 (and then
apply a read or write current through memory element 888) and keep access

component 844 of each of the other memory cells in the off-state.
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15VtoN and VtoFF similar to or identical those of access component 344
described above with reference to FIG. 4. In FIG. 8, access component

W@ thESelected memory cell may turn on when the voltage(diffaen$@01573
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across the selected memory cell with respect to a first direction (e.g.,

direction Q. 866a8SCOMPPRERT Shdh jchmeManl flemens888) isogmatetiue
than VtoN, Access 20 component 844 of each of the unselected memory

celldmapdurhastt wHel tHelDieye aiffetinte! hgosy Iexatr offhgss memory
unsglegtsdsselastes e maryceels/Wish resneet e serend aitratieniesg. line

direction from memory element 888 to access component 844) is greater
th&H 4/t OSSP L RS EAMAR VetSHEm e Vita Ao Ore LS CHRSIFLIRSF cross
withdespeettpghe firstdicaction)v ar  enfollewing examplexasspienes| thad

access component 844 of each of the memory cells is in an off-state, an

thaPHenI G cB 806 velEttse S UhREYS B b AT S 818 RE AT el

or Wiitednereelyr¢elk B k2 sInThiswexamiesmementc Arvioa SRR @ cmory
selectively use voltage values +V and 0 (as shown in FIG géfor signals

VAR 7 SRR RRITRR M g7 U9 B OB AT HSat HASTAORS 1D HRiliige 800 nyine

turgRaN AREESHEBIRRANTBAS ! merBoRY-cedr-3Lol(a1d thew applyiaisead
or write current through memory element 888) and keep access

cotfibdpit-8a4 BeEach Hithie STRMRRINGH BERS!fiY ErOfutaKe el 825 may

Valiagenval e t¥riecitG. 8 may have a value greater than voltage value
VtoN and VroFF. Thus, in this example, the voltagE difference across

memory CaIPSPEAYACTG T VO RERR LV Bh! B34 TR e 8GR eSS 8T

(zeER) on dineB4d o DiRce YellRgeMaldery Mdsi srestie hihan toNu i@ esides
voltage difference across 5memaory cell 815 is greater than WO,

) N.
THESFSSRAS YRR T BearRBRe S IIAGE A 389sT & gl Fretioar ga\igsess
SQEhPRYcH{IMANAELERSICURRMIEN 84 of aelecisidameranry Vel 8bb.the
The voltage difference across unselected memory cel| 825 is equal to the
TR BROPOR RIS MrSs B JA I LA0S BT GAT P HE -
voltage differencedaciossmemgiherIi8aRuisiplé, dehich isvesssidinant a first
VtoFF. Tge efore, access component 844 of selected memg%ﬁell 825

& HEhRAN TRREOR.SEE MY Kl TERAGE ARUES'IST Knd 7810 Hre0dgd

in gheupxatpenzibame oalls fan gaseshddsaribingHhaelexampec Maherncked
devic sgo may use values besides zero volts such that the voltage
diﬁé’rgﬁc "HFE8%n the direction from access 15component 844 to

memory elEmenhis grratEs thaswliagP vadus Vicbhierteory devices with a

single device level and multiple device levels.

FIG. 9 shows a partial 3-D view of a memory device 900 having memory
cells 910 located on a single device level 991 according to an embodiment of the
invention. FIG. 9 also shows x-y-z dimensions for ease of describing relative
positions of the features of memory device 900. For example, as shown in FIG.
9, memory cells 910 may be arranged in rows and columns along the x-
dimension and y-dimension, respectively, and may be located on device level
991 of the z-dimension.

Each memory cell 910 may include electrodes 901, 902, 903, and an
access component 944 coupled in series with memory element 999 between line
930 or 931 and line 940 or 941. As shown in FIG. 9, electrodes 901, 902, and

903, access component 944, and memory element 999 of each memory cell 910
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selected memory cell and is less than VtoFF for tile unselected memory
cell. Memory device 800 may include multiple device levels such that a

WaRizd0idipdf the memory cells may be located on one devicePeVaBAYPH01573
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second group of the memory cells may be located on another device level

ang stagked 20andhedirgt @euPex enfife @ eosahdlnlshshaw3rBross-

views of some memory devices with a single device level and multiple

detreBapwdigemony|es 99dQd kg a PHIRRr SETH W BIEARAISTY TEvide 960
hayipgsnempohsslls L1Q jesatesrenagasiedevice lavelRBY paeordingite x-

an embodiment of the 25invention. FIG. 9 also shows x-y-z dimensions for

cat8/BPEBRBHBIYG RIHGVE pBEIBIE B I FAEiES BiRRerhbRF HEVRED00.

Fanexamplay asshRWEhi E Hercdn Memesy el Bleamayshesaranaedinptical
rows and columns along the x-dimension and y-dimension, respectively,

ant'#thay MRt EH BIF HeliCa 18V de P BEtHe #28imension. 30Each

memory ¢l QX3 may inolsie aleatrotes§0d 902 S0 ANd aniaceess), 231,
component 944 coupled in series with memory element 999 between line

p !
03481208 2AhEeRrec 010 Hord 41 Cad sHofttin Flcnddthdiddedbanddys may
and 03 BsFESSCRARPAENT A4 ANddneary elpment RS af.gachid, or

memory cell 910 may have a cilindrical structure extending, in the
2-AisERb AL B SrHRssaattivRsaSMarY daNiga§{e.gMgmory element

Cross-sRELIRRINHMNBMEM BIEMANLI P RIACELRS (RORRANGBHRMG REARI8 33
of electrodes 901, 902, and 903) parallel to the x- y plane may have a

il For stSstBRsIS PGS ST SFANE S 1 SiFAdISP Br BEGb ANy PoTar

cilsansiiaRR Iereimeciides ancellipticab oF stbstantiallyeliptcakshaps.
Memory element 999 may have other shapes. Lines 930, 931, 940
ards bt e cslegtinal e dRssRIig teShiITeE P 30c T A0 ARy S48 1on

respeaivaly, Makd&zcdidB, biar) Hipes 838e 931 #40siando4de M ther

include conductive material, such as metal (e.g., copper, aluminum, gold,
orPIRRJHeE} iR Salled metal lines of memory device 900.

Memory glementhows a partial 3-D view of a memory device 1000 having
memory cells 1010 stacked on multiple device levels 1091 and 1092 according
to an embodiment of the invention. As shown in FIG. 10, device level 1092 may
be stacked over device level 1091 in the z-dimension in which each of device
levels 1091 and 1092 may includes a number of memory cells 1010 arranged in
rows and columns along the x-dimension and y-dimension, respectively. Each
memory cell 1010 may include electrodes 1001, 1002, and 1003, and an access
component 1044 coupled in series with memory element 1011 between its
respective lines (e.g., conductive lines such as metal lines) 1030, 1031, 1032,
1033, and 1040, 1041, 1042, and 1043. The materials of the features of memory
device 1000, e.g., access component 1044 and memory element 1011, may be
similar to or identical to those of memory device 900 of FIG. 9. Lines 1030,
1031, 1040, and 1041 of FIG. 10 may correspond to lines 230, 231, 240 and 241
respectively, of FIG. 2. Lines 1032, 1033, 1042, and 1043 of FIG. 10 may
correspond to lines 230, 231, 240 and 241 respectively, of FIG. 2.

FIG. 11 shows a partial 3-D view of a memory device 1100 having

memory cells stacked on multiple device levels with shared conduction lines
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999 may include material similar to or identical to those of memory
element 333 of FIG. 3, e.g., phase change material (such as

WQAHIRddERle) or other unipolar switching memory materials. cE@$3009/001573
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component 944 may include materials similar to or identical to those of

aCEESSeANPAREM ML REFIGn & 168 cifpotdeRNdUElNgi shalergenideshown
bigtgerg metal oxide, or perovskitc oxide, or other bipolar switchi

ng .
maickidis | 1» G41ES FE0Riog B AR B kR VI8V Y IREIRBR) Htcd T
haying mepmaieels dQH0stasked endrultipleadavicolavalsiAORt@ndumber
1092 accordinggto an embodiment of the invention. As shown in FIG. 10,

deRAdBIBNAEY 1698 hhdf) B BEeditRAYSHAEE lvIBaS &I B tpgnsion and
z-gipeRsien i) whiehiReh of devicenieyelsl09] aneh 092 may ingtddes a

number of memory cells 1010 an-anged in rows and columns along the
x-ditfensig ahtPy- difersiSA TR SPRIBMAEH). BACTRMENTOA S8l 1010 irag Moy

inclde-glaatiadesOLid RAZ.and 1903 (8ad arhaceass GARRABERL 144
coupled in series with memory element 1011 between its 25res(,)%iactive

InBES. 4] don dativeTaE Lhah 280hMda) Ahda 20d0nenats koas 10332
angh 40484 ¥4 GLA42nand B4 ohheomatersys, afthesfieatiies o4 memory

device 1000, e.g., access com(5)onent 1044 and memory element 101

1,
mA§PBEFERIRr b dFidenfidaFid OB O EMb Heibd goar ey o lines

Liras 303@4203%pdQ4d ansk F041 ©f G110 maycorespond ttbinestures of
230, 231, 240 and 241 30respectively, of FIG. 2. Lines 1032, 1033, 1042

arftlor09s GFEIES. 10 thaycditeesoitRs NAk's 230, 91 AE Arglopmgnt 111,
resR8CHYalya Pt rdd il feal lositowssor pRiah3dvwiew o 8REMArY As

device 1100 having memory cells stacked on multiple device levels with

shfIRYEBhttctbh O MSBINT Hebidd IB0BIs ALEsTYingG s areY e!s may

ernshadimentektnadnvemiontiAs shawsrin BG. Jdardevice oved G182 may:
be stacked over device level 1191 .in thg)éz-dimension in which each of

de\iéé IBo¥IEET oA daNiFs B8 AT SIRUIIGR AMLFRIYE BiY%Sihory cells 1110
arrangedingoyest angh €0IEIGNS 2k the e persigesantidyrdimansionory

respectively. Each memory cell 1110 may include electrodes 1101, 1102
LTS PR B A REHCEIRATE Gl Y S M RBR S 1200
elegneninlih hidevesn its FespectiveainesH(8dbnconduativelines suehoast

m line 1,1133,1 or 1134, and 1141 or 1142, L ines 1131,

TEE T R T S Reamona e st

andédddry device 1200 may correspond to a cross-section view of similar features
shown in memory device 900, looking in the y-dimension (or into the paper) of
FIG. 9. For clarity, FIG. 12 through FIG. 17 include cross-section lines for only
some of the features therein.

As shown in FIG. 12, a conductive line 1230 has been formed over a
substrate 1212. As used herein, the term “on” used with respect to two or more
materials, one “on” the other, means at least some contact between the materials,
while “over” means the materials are in close proximity, but possibly with one or
more additional intervening materials such that contact is possible but not
required. Neither “on” nor “over” implies any directionality as used herein
unless stated as such. In FIG. 12, substrate 1212 may include material such as
tetracthoxysilane (TEOS), or silicon nitride, or other insulation material.

Forming conductive line 1230 may include depositing a layer of material over

21



10respectively, of FIG. 8. Lines 1141 and 1142 ofFIG. 11 may correspond
to lines 841 and 842, respectively, of FIG. 8. In FIG. 11, the materials of
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memory element 1111, may be similar to or identical to those of memory

deyige200 9!15'%&&%19%&@9 13 To N Q HREMPRYEqells B0 from

different device levels may 1§share the same line, such as lines 1141 or
114eanENAl e sangecRREUrine BRad2X0muy reqlikls aelAcigaeangcess:

simplify,fabrigatiorh REREESE: line T80 A2 Hyoua FHe 417 iabeuyardausse of

processes of forming a memory device 1200 according to an embodiment
of te MARAGBH Merhorydueini! 1800 ¢HBMNNAVH B8 TREAITHFRIE 19)2
m%%ﬂ{;%%@&mrfg Mmepery davice A ef AAR® SelR-lReARdhOURIT. 9.

FIG. 17, the cross-section view of the features of memory device 1200

may corré8fdRe 8-aeigsylaection Vi stestinites fe2Rlraavsismm fprmed.

MeMORYIaUIGE-900; 190king, ik thery PR (PrintR e RaRehebHG.
9. For clarity, FIG. 12 through FIG. 17 include cross-section lines for only
sofHBsyPiRd Féatlrbawsdrann PSR EIOACFFFNICT 25 hEBHERICTENHECA!

1230585 peeMmioy p1echAvar SnSURSHAIR, b2ddr LS UEeEh hergithdhRié8E oving

"on" used with respect to two or more materials, one "on" the other,

MEARS RPIELSE SEE Waltalt be AECITRAY PASBHATS AL HIE SgGare Hed rstion

the madgrials B5eIN CIASE HIAMMIBGI Bt RRSSIBIY Wiy OREsah MR or identical
additional intervenin%materials such that contact is possible but not

30veglsrEadnEthef Fdh" Ror "over" implies any directionality as used
herein unjgss gtatechasipueinyor£1644.2, sbstate 1242 may inalggel 465,

material such as tetraethoxysilane (TEOS), or silicon nitride, or. other

inStAdAA AN RICESPRTSE - cBRABLEIR L fitfe 1980 n iy fiR g Hshu&ting
a @%’j%sﬁﬁﬂ’g%%ﬁ'lQM@rdi$é@§}r@éﬁt&8tll¥g%ﬂ’étt}@ﬂ@miMIE%Jﬁd’@ddﬂ fQEMhe

conductive line 1230. Alternatively formini conductive line 1230 ma

IS B85 A or A ol 62, TS rAnda  SP oBRtu AGUTRE 12550 i

ber sigeilauto; of dgeptialtonthass Ofiline. 0 8D af i & Gondisstbntingory
1230 m??g/ have a greater dimension 5length) extending along.the

AR o SRATAPto B MORIBH BHFIGIR, me Htaietg gjmiler o or

insyéaiasal 3l thaswlglectredess B30 have heesptetmer: oMM insilatgers
1313 may include d}eé)ositiri% an insulation material over supstrate 1212
f

olldfdl B9 FHIRIAGHrotbLaCURK R CHIH A SHahHAICAF boferirfyica!

(CY Boptawarizatioss I auning 8|ecuoges 130 Lajay inelyde resmesdngmponent
10some 1gf)étic%ns of insulator 1313 and depositing material in the removed

pattioP!

In FIG. 15, memory cells 1510 have been formed. Forming memory
cells 1510 may include patterning layers 1444, 1402, 1461, 1462, 1463, 1464,
1465, and 1403 of FIG. 14 into mesas or pillars (as shown FIG. 15) that may
form a part of memory cells 1510. Each of memory cells 1510 may include
electrodes 1301, 1502, and 1503, memory element 1555, and access component
1544 having multiple layers 1461, 1462, 1463, 1464, and 1465 of FIG. 14 that
have been patterned in FIG. 15. FIG. 14 shows five layers 1401, 1462, 1463,
1464, and 1465 as an example. Forming access component 1544 may
alternatively include forming fewer or more than five layers so that access
component 1544 (FIG. 15) may include material similar to or identical to those

of access component 344 of FIG. 3.



of insulator 1313. The material of electrodes 1301 may be similar to or
identical to electrode 301 of FIG. 3. In FIG. 14 multiple layers 1444,

WO 209/11482, 1462, 1463, 1464, 1465, and 1403 have been foPEHS2009/001573
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Forming these multiple layers may include 15depositing layer 1444

directly contagtingselgctredrsct 3613 and slepositingdVenihardayarmdd0z, 3
1461, 1462, 1463, 1464, 1465, and 1403 over Iager 1444, La¥er 1444

maAn G AriteeRInG Al AP B dRHREA] R thoRe or By EtaRere!!s
33350H RIG1S;. Iy ars 182 AN A403 Myl indikide arigriale Isimitawip. O he
identical to those of electrodes 302 and 303, respectively, of -FIG. 3; anﬁ "
|aRHSDIEABPCTSEB 21 A% QA6 HRAEAES tnaly!IRLIAE I Watktikts SRt
to gtdglantinal dadhese of |aneisnafili RGP 568 Bod @nb-56%, irespeastivelys is
of access component 555 of FIG. 5. In FIG. 15, memory cells 1510

halBed P BrAted. YRR G el cells 1510 may include patterning

layers 1444714027 146H1304621ih46374864d 254468dand 403 @f PIG ddve
into mesas or pillars (as shown FIG, 15) that may form a part of memor

oI Rk ch TP LEIS B A BILHE L B oiELIg S EPoSting o

15Q% dre vED83idnenaQey alemenst 15b5aandlaneesss aompanenbdibdfing the
havin% multiple layers 1461, 1462, 1463, 1464, and 1465 of FIG, 14 that

haSRIBEEH pARIRRRY 9 oits! ABGERE Y A FHols io89alyets 1He1 " ihe2,
1465304 464inand AHmas am examine, Jnsnding IAEcess Compeaent

1544 may alternatively include forming fewer or. more than five Ia%{c\ers SO

thaf TS HMISOTRIHESAE (RAG 225) mityRitide matrar SARaits ol es

identicahts theseiefateasscendnobent Iteil(Gsdlator 1 1NFGEyI6c@akde
insulator 1613 has been formed, Forming insulaé&); 1613 may include
0

e S AT AR HAE P AL PR LY LT S HaARE ! SPRE AP EHINS 155D b0
Fliﬁlﬁmm,damﬁmae Herminga; RYishing Pre6esss, sueh as@WIP. Thepolishing
polishing process may stop on electrodes 1503, Alterpatively, an

R T, S h AT S RF L LD b Al dbs M ehR 8 mea

beforaubsulatioed 6130siferned taproteghinemeorny:¢elisikal® thosthdflithe

17, conductjve i 174 1741 and an insulator 1713 have bee

o LA SHb Sohdneth b Miel 1790 SaCTaE Ay IR G ™
a taneuctive: enateialsive (dnsulaterh) Gk3adic gleciigdes 1903 ecasdn similar
patterning the 1q8gnot%q;c[tge9material to form conductive lines 1740 and

1781 S RS

FIG. 18 and FIG. 19 show various processes of forming a memory device
1800 having multiple device levels according to an embodiment of the invention.
Memory device 1800 (shown in more details in FIG. 19) may correspond to
memory device 1000 of FIG. 10. In FIG. 18 and FIG. 19, the cross-section view
of the features of memory device 1800 may correspond to a cross-section view
of similar features shown in memory device 1000, looking in the y-dimension of
FIG. 10. For clarity, FIG. 18 and FIG. 19 include cross-section lines for only
some of the features therein.

In FIG. 18, device level 1891 having memory cells 1810 has been
formed. Forming device level 1891 may include processes similar to or identical
to those of the processes described above with reference to FIG. 12 through FIG.
17. Thus, similar or identical features among FIG. 12 through FIG. 17 and FIG.

18 and FIG. 19 have the same reference numbers. In FIG. 18, an insulator 1813

23



conductive lines 1740 and 1741 may be perpendicular (or substantially
perpendicular) to conductive line 1230. Alternatively, forming conductive

WHAPATHO may include a damascene process. Forming insulBfoF/ 1$2099/001573
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may include depositing an insulation material over insulator 1613 and

copglugtivedingsd £46- eand i4l and thempgHfarminga rOIShAg include
process, such as CMP. The polishing process may stop on conductive

) S
lin@EPPTURAR IPURIPASHETE VST m&dw&hi@é 1740 and 1741 may
be similarterar; identigatiterthoseokline 1940 and 8ol 81N F1Ghdd,

each of conductive lines 1740 and 1741 may have a greater dimension

(e RS IelogR XERAMECEIBTE e -d BRSNS SN iRl 36td TRé may melude

y-gipensianetiGodr ideltlal 181808k iGhd Brobewekariausioessses o
forming a memf(éy device 1800 havinggmulti le device levels according to
f

arrelisnsaerteRl6f IR RREEEOMEmInF devibe $806F<RthA iR e
defpilxéa Gler dQ)ieaycorespanthto,memorydeviee 0001ef FemeRsith of

FIG. 18 and FIG. 19, the cross-section view 250f the features of memory

debiée 180f g s Espihd 1Y ArbES:sebtidhl RS e fedft b gnd

shoym inpeReanydavics 4090 ieking: inithe srdicn@asionroh &ior 1 8:FOI 0 of
clarity, FIG. 18 and FIG. 19 include cross-section lines for only some of

thé Keafird W e FRFroF P11 €0 RO R (UMM 891 VY STREMBRPER IS 1S

18{§) basdeern Atk {orpricrRimingsdexics lengl A8LNanipettidee tolerance.
processes similar to or identical to those of the processes describe

d
abbRE Rre répsraBe &8 Fis s e rran erotnae! St dr Srofiendegimal
featras AMANGTIS el ibrauahfiGerd cand IRIG, 4&.and NG9 have

the same reference numbers. In FIG, 18, an.insulator 1813 has been,

forRFEPBY SR bt IR0&eY 81 ST inig ARG TRERT R 495 HAY IRdRIgeation of

depesiting @R ihs uiioR Maisiap RVek deviceJayel 1881 . In FIG. 19,
another device level 1992 having memory cells 1910 has been formed

over devicE et It A8y BRI hifiG W BTN RI9E55HAy IHolIRg @ memory
SEleaﬁésxﬁ]ﬁ)@ifrﬁmgmnﬂcﬂﬂe@H@alﬁ@1m§@v@fm%mr@pe@§@$cdeaqnimld |
above with reference to FIG. 12 through FIG. 17. In FIG. 19, device level .
1965 HHPDIO AERRPOVRF &)t [BVE 1881 M?H@%ﬁ?ﬁé“r%%r‘?@ﬁ?&\yt a
thﬁibréiﬂéﬁ?lﬁi'@ﬂ 9 (CH I@g)lﬁaymmﬁmyddewie@ﬁk&wwi&a.l 18,&gaiGof 1. In
memory cells 1810 and 1910 may include materials similar to gr identical
o iod Ao ol 510G TG ST ER, A CRNC SPGB
anttmemonpelenestseepbmemany-eallsct8dn ard kO may featude shown in
materials with. similar process temperagure toleran erefore, dama

(e BB G TS o) S T OB IG harmial At 15

‘memnoiy elarientofinereory aslis:d8d0 | imaybecavpideteienmemosy

cetllllser%?nlo on device level 1992 are formed, resulting in formation of

In FIG. 20, device level 2091 having memory cells 2010 has been
formed. Forming device level 2091 may include processes similar to or identical
to those of the processes described above with reference to FIG. 12 through FIG.
17. Thus, similar or identical features among FIG. 12 through FIG. 17 and FIG.
20 through FIG. 24 have the same reference numbers. In FIG. 20, an insulator
2013 and electrodes 2001 have been formed over device level 2091. Forming
insulator 2013 may include depositing an insulation material over device level
2091. Forming electrodes 2001 may include removing some portions of

insulator 2013 and depositing material in the removed portion of insulator 2013.
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15memory device 1800 with multiple stacked device levels. FIG. 20
through FIG. 24 show various processes of forming a memory device

WQRHY/hE\g multiple device levels with shared conduction linBSTABEHHANY1573

10

15

20

25

30

to an embodiment of the invention. Memory device 2000 (shown in more

defailsin il a4 IRIM6EeH 2B I8 drameanydeyiceAloN of HlkGudde V1 of
20FIG. 20 through FIG. 24, the cross-section view of the features of

m@ﬂﬁyr?-device 2000 may correspond to a cross-section view of similar

features shoue. in ImeMepydeyice 44Q02lapkingdn, thesy;dinsensiog ob KIS,
11. For clarity, FIG. 20 through FIG. 24 include cross-section lines for only

sofiéd &t e rsihres {RERSH. 28iFHIE! LEAYE0RBdEVRRSHEL HaVIRG!© OF
memealy ezt b hasheen mad. F3orprirgceying eyel 209hdmE3 may

include processes similar to or identical to those of the processes
deSciissaaieual Wit el REIR 5e). 12 3hpipAGR!RIE24ER SAh A Gitflilar
orjidentigakipatunessamong il rd 2 throvatnriGe 3, »and, k. 246 shipygh

FIG. 24 have the same reference numbers. In FIG. 20, an insulator

3090 lus e Erbel SHBY YJ0 Phifra il fordased blF thevide 287 Po991 04, and

F%Hﬁﬁ&éﬁ@é&ﬁ@@f?@ﬁé’c@é@é’dﬂﬁlHQ@eQ?S’S’Sﬁi&iFEI@) #nsulation material over
device level 2091. Forming electrodes 2001 may include removing some

portions SR iREdIAEr DO RMRFUR AOSHIRY MATERAPIR M fetHBVRE PERIYA

of dagyiasen 2043indinadpatesialof rlestrodes 2093 mayibe simitarde, on 64,
identical to electrode 301 of FIG. 3. In FIG, 21 multiple layers 2111, 2102,
218105 289 22 982 [ Filkn D1k Bi59% P hhve Beehersiidl: E4yLh® MY

mayrinclyde Batenabsindas o oo Sdenticahiontbeseokmenan glpment
333 of FIG. 3; layers 2102 and 2103 may include materials similar to or

dEHicEdEAULE 67 R ARE e BOPCR 861 TERbeL 4R IoHIeRES RGN

layers 2H63n LARR 2263y 23 64.6and 13263 Imayinsdudedmateyialssmitar deat
or identical to those of layers 561, 562, 563, 564, and 565, respectivel&gf

adeRs RSB ERES B B FIE 5 HoIA MBS woliNfermehy cafid 22 ha
beersiorned | Fouvingdnanney colis Rl maydnelbse-natesninglayers
2111, 2102, 2161, 21221 2163, 2164, 2165, and 2103 of FIG. 21 into
maUSDBH il faASS ‘B\}\’/Hlﬁl&.“fé)ofrfaf’fﬁék}al’b Sl IR eIl

22 aehiaf e . celjsi2210 dnay inalyeel sleairndes20thti?20R, ande

2203, memory element 222 d. access component
of access c01¥1ponent 344 012 FI%E]. 3. P

In FIG. 23, an insulator 2313 has been formed. Forming insulator 2313
may include depositing an insulator material over the features of memory cells
1510 of FIG. 15 and then performing a polishing process, such as CMP. The
polishing process may stop on electrodes 2203. Alternatively, an additional thin
encapsulating layer (e.g., silicon nitride) may be formed before insulator 2313 1s
formed to protect memory cells 2210.

In FIG. 24, conductive line 2432 has been formed. Forming conductive
line 2432 may include depositing a conductive material over insulator 2313 and
electrodes 2203, and patterning the conductive material to form conductive line
2432 such that conductive line 2432 may be perpendicular (or substantially
perpendicular) to conductive lines 1740 and 1741 and parallel (or substantially
parallel) to conductive line 1230. Alternatively, forming conductive line 2432

may include a damascene process. The material of conductive line 2432 may be
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152244 having multiple layers 2161, 2162, 2163, 2164, and 2165 of FIG.
21 that have been patterned in FIG. 22. FIG. 21 shows five layers 2161,

WQIHP/12483, 2164, and 2165 as an example. Forming accessPEIPEAEE01573

2244 may alternatively include forming fewer or more than five layers so

thaf,3nsess Gompanant 2atid 5iGinde) Mmaipciude Batedal similarto or4,
identical to those 20 of access component 344 of FIG. 3. In FIG. 23,

ancPRANSEEAEE?AAS B oI Ted CRISFAIRY MU E 2 s thhsisariae

dea%%iﬂge@ndnﬁe@teﬁ materialoyenthefeatisas ptragmory cells 1510 of
FIG. 15 and then performirégoa polishing process, such as CMP. The

polishing HFoEEsETHAY Sop brinsteetodes 228 hrashistalufp deyice level

adgiitiqnal dhin, 2eeRcapswating, laier {66 ssiigen pittidedvrayhe founesh the
before insulator 2313 is formed to protect memory cells 2210. In FIG.

242 ¢manEVeSiE T 43314 BasnTomdd Eorhhing cBRmackAs titss 3499 of

may dnelyde, depesiinga candugtivematerial Quern nskdaterddiaadithilar to
electrodes 2203, and patterning the conductive material to form

~ coftliskiisdire S8 siserrifetohtiliefiVdfind 2B g 4s&ess components
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pesRgRehcay (rsuRgtantially Rsragndiculanhie condueiviadings héddials

and 1741 and parallel (or substantially parallel) to conductive line 1230.

AltS RN RNPARTY CHMAIREVE M 2Ls2 A HRIBdE D #iascehgmal

Progasse iematerakeflonductive iR Imanhe &imilahéeydtlements of
identical to those of lines 1132 and 1134 of FIG. 11. In FIG, 24,

coRtRAVECTHE 2UE) iy tabeo Mg Quhep ATTBRBICHFIS. g2 IR RGHF vice level
extending: #AG thecxtimensionsimdabiatba rditeension®s kG dlikse

shown in FIG. 24, memory device 2000 may include device level 5 2091
anti3E6fEAqEGE119¥95; which may be stacked over device level 2091 in

the z-dimensign sivhdl arisotenzrdinensiondafdri htiladagpentdevice
2000 of FIG. 24, each of memory cells 2010 and 2210 may include

; y
mARSHALSNIIRE D BF TRTAMETHERE 8 R Moy CelP R1E'8F pi@g an access

Thusm PR atersgicarepanantsasshaemary elements e meamenmealisy
2010 and 2210 may include materials 10with similar process temperature

tolRERuY. iR arbTat Yalagg g SN thdidl GAHEGE I AHOSTIRF dBfgiory
20di@mzwe Arast Heelroad Laimaes dat mesnaly Liasientset mMamgnhaalsprevent

2010, may be avoided when memory cells 2210 on device leve| 2492 are

foR AR TR NG R FRERIGA! SRR ROV 200 Wiirillitipla!tase
stackeetaayiae lexeisd hnearaai0se wnbedingnik descrbediariainss

inglgr%%o%%%?gtgese sng second voltage value, wherein the access component

includes a material excluding silicon. Other embodiments including additional
apparatus methods are described above with reference to FIG. 1 through FIG. 24.

The illustrations of apparatus such as memory devices 100, 200, 800, 900,
1000, 1100, 1200, 1800, and 2000, and memory cells 110, 211 though 219, 811
through 819, 821 through 829, 910, 1010, 1110, 1510, 1810, 1910, 2010, and
2210 are intended to provide a general understanding of the structure of various
embodiments and not a complete description of all the elements and features of
the apparatus that might make use of the structures described herein.

The apparatus of various embodiments may include or be included in

electronic circuitry used in high-speed computers, communication and signal

processing circuitry, memory modules, portable memory storage devices (e.g.,
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methods having a memory element configured to store information and an
access component configured to allow conduction of current through the

WorEMaAA iz ment when a first voltage difference in a first dire®§dnl&eAg401573

10

15

20

the memory element and the access component exceeds a first voltage
valyen -0 PreyRpi-20 FoNAUGHREQh CHISERILIGHER &MY ¥mbedded
element when a second voltage difference in a second direction across

th@ TRRIHON-SIHERP I AESER B S8 ST SEien e BS deeds ki sBrpRE! 1
voliage éalyR el B AGCESSI 6RMBANSAt includes appatatidimay further

excluding silicon. Other embodiments including additional apparatus
MBS AR de SERLIMANETE ith heTer Siie YO R EPRSLGIF eI och as
25N I ALANT L1 BRBAGHLS SHShAS wﬁgﬂwsd@vg@,e@a@g,c%g 08,
900, 1000, 1100, 1200, 1800, and 2000, and memory cells 110, 211
thelggi 21 90 B8P T EisobighIBLY, B21PHAsEGAPSIS gy et 6loLh YRS R oS,
18\4id9194298nRRd 2240 18 interdedvie Pravide @ BRMG AL xperts Group,

understanding of the structure of various embodiments and not a

cofmiletd-asecAbaEY & bV ghacitenisitis e testule € of SO ipfRirdtined
thaf-right mekRksaof the SishEs drssrilked herein.  The apparatus

of various embodiments may include or be included in electronic circuitry
used in hight8pere ¢esiniersapd Mmdiation BrdraiganyT cedugagents of
Cirghity, SRR QS IR BAlARE i@ﬁ{@gfyt%t?@aeceei\{_écam(s@gmemgr@bthe
drives), single or multi-processor modules, single or multiple embedded
provedsing, r@ﬁbﬁ&f‘éﬁ“@%%é&@d’r@,ydafé’@Rﬁft%ﬁé%’}"&ﬁd‘%lpBﬁdaﬁbﬁl%%iﬁb
modiless inclyding eriilayer  muti:chip medulese e RpRaraUm [aYs
further be included as sub-components within a variety of electronic

sydesmdcstitis gt idievisid s [eanna B phIHdEe perseal gdihpliteraples
(e QerlapiQRicORIIEIS vABSKIOR CORMBUIRranfandhRld GosRItersh sk s

computers, etc.), workstations, radios, video players, audio players (e.él.,
MPEY et SRR EXxpoit EflirAlets 9159 1oy pHagRYSRrifimaadiments
medicakadgyises (& Ihdiedit RANIPH PIROEHBIERSINE INPRIRId SlGdn SRl oR:

boxes, and others. 10The above description and the drawings illustrate

sotRe'ErABHdIRIEts SRR G ABeHARE O SBI BRISRFIHSIRE it Hvention
pr@;ﬁ&'@@ﬁhﬂa@mmm@iﬁvérﬁfeﬁla&mmn&h@ngmnﬁﬁlmQGMQQb?mﬁyva1ems to
0

incorporate structural, logical, electrical, process, and other changes. In

th&" BIEWinGR clkEfeifufdE d7dike numerals describe substantially similar
features threugheutthe sexeiabiiewsmpxammes Iomerely tynily pessibie an

variations. Portions and features of some embodiments may be incl,udegllh
ne

in 2BF e Shal e raHANdhE gt dPI Ry Bpr MBS AT antigsko

appaaniiaithassus skildntharast upamnraading ianehundeestanding: thet it
abovye description. Therefore, the scope of various embodiments, of the

Vet REdSRErMiEABIFtRE HPPERESI Maim< SI5HA Wit the #ilftange

of equivalents to
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20which such claims are entitled. The Abstract is provided to comply
with 37 C.F.R. 1.72(b) requiring an abstract that will allow the reader to
quickly ascertain the nature and gist of the technical disclosure. The
Abstract is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. What is claimed is:
1. An apparatus comprising: a memory element configured to store
information; and  an access component configured to allow conduction
of current through the memory element when a first voltage difference in a
What i dafiikettion across the memory element and the access component
exceeds a first voltage value and to prevent conduction of current through
1. theymemaryselemeivivghen a second voltage difference in a second
dirsetion aross fhe memony slementand, e aceess component exceeds
a seconcP’vo‘ftlgge valug Wherein the access component includes a

materiabexohydingnsitioggaind jovilere irpthie @ccesscoomp omengindle desnary

eleme C{Dﬁ’éhcg?i'i‘sp%'ﬂigé’&ﬁ% c%rlﬁ 9&19%[‘51%’890‘63 %BEJ‘%ﬁeolan{lﬁo jléi%ﬁ%'r%f’ nd the

the access comp ne_ntw en the 1irst voltage aifference QXCG t Irst
accessiomaRE sl eceals PHardppdearsabieciamioln gt taraipnd ustive of garsing through the

memoMPURAR ANARBFISUSNER QLI ARFRSSEO %@%%Hﬁ&‘&i%@ﬁén%%&eﬁﬁéﬁemory

switching region between the first and second voltage values.

elemen pd kR A 6F ISR OAHErEiRctHe RSOV IR g ehter YhsFetR s s6rid

compo\ﬁ@me}‘ncﬂld-gbﬁ ﬁﬁ%{zﬁ@&ﬁfdﬁ@gﬂli%oﬁ\,’ harewiheicenduetion d@ﬁ‘ﬁbdﬁem includes a
discontinuous when the second voltage difference exceeds the second

conductipn,paih qiraedpyions gpinaAnd Ve Ll sdrairTiRkeffisageess component

when @empoReniandfile-memnere@lenanthaie g ceyinerical structure. 6. An
apparatus comprising:  a memory element configured to store
information, the memory element including a unipolar switching memory

2. Matesigiand of d adceds:companenit cetipledolinge ibs avithrithiesmehonycess

eIerpen l:()ietw en first and.§ cond eIecErodes attpld onfi%red to aIIcR/v
COIIlpOl’lel’l ncjudaes steresiy SwWitc ll%ﬁ region between c 11'% da SCCOHd VO age Values.
conduction of current throug e memory element, the access

component including a material excluding silicon, wherein the material

3. '"ﬁlé‘Q§I§a?a9198}acﬁai%'tﬁhm1@?ﬁ“iﬁ9%st value is greater than the second value.

4. The apparatus of claim 1, wherein the conduction path is discontinuous when the second

voltage difference exceeds the second voltage value.

5. The apparatus of claim 1, wherein the access component and the memory element have a

cylindrical structure.

6. An apparatus comprising:

a memory element configured to store information, the memory element including a
unipolar switching memory material; and

an access component coupled in series with the memory element between first and
second electrodes and configured to allow conduction of current through the memory element,
the access component including a material excluding silicon, wherein the material includes a

bipolar switching material.

28



7. The apparatus of claim 6, wherein the bipolar switching material
includes one of ion conducting chalcogenide, binary metal oxide, and
perovskite oxide. 8. The apparatus of claim 7, wherein the unipolar
switching memory material includes a chalcogenide material. 9. The
apparatus of claim 7, wherein the ion conducting chalcogenide includes a
first layer of germanium selenide (GeSe), a layer of silver selenide (AgSe),
a second layer of germanium selenide (GeSe), a layer of silver, and a
third layer of germanium selenide (GeSe). 10. The apparatus of claim 7,
wherein the ion conducting chalcogenide includes a first layer of
7. gEr@punmsaleniden(@ede)cia iyl linseletiitenisesa)iniseeontt of ion
d I:t;\ er Rflgerma iy selenig geﬁsf%ﬁcﬁ la erkcn; silv%{ and a third layer of
con u(f;é ‘aRiunT e eehldréa(ée e%. e Bﬁ)grsa ts o c‘?aim 9, wherein the
first layer of germanium selenide (GeSe) has thickness of about 15
nometers (nm), the Jayer of silver selenide Se) has a thickness of
SRR b T e s R
chalcogiviekieensi@iabout 15 nm, the layer of silver has a thickness of about 20
nm, and the third layer of germanium selenide (GeSe) has a thickness of
about 10 nm. 12. The apparatus of claim 7, wherein the binary metal
9. okl mpelatBL AT HaTRRIPMSRidE Tt UG sh s igra ideB oy skemifitivnl ayer
of gerﬁ%@@rﬁ%@lgﬁi&g r(‘@%@(?, QXQQI(WQP@{I@Q@M@(Q@S@,(J ?&‘)@M%Eﬁ%p Id@anium
_d(;'iO), zirconium oxide (er%f/’ iron oxide (FeO), and nickel_oxi@NiO . 13.
selenide&appatdiiE gt CHANT 2N A&k e PSSk Bt RIEREEBhe of
strontium titanium oxide (SrTiO), strontium zirconium oxide (SrZr0), and
barium titanium_oxide (BaTi0). 14.An apparatus comprising: . . a first
10. d@%&é’?@%‘/ﬂéllﬁw%ﬁﬁ HY WH%?TPA%FHSF;‘?%H“?&&BP&OC é‘éﬁ%ﬁ SR ctibgbayer
of gerramthanseteoridealeesode;land f secehdideVReSoyekstackagyorver ghandfiigtim
. deyice level, the second device.level including a.second memory cell
seleni AT S LA AG AT o S A S e frt
and second memory cells including a memory element and an access

1. icni’c u%%%&&ﬁ&s(_’éﬂo\!%‘%‘&%W&E‘P&H‘%@’fﬁj& 'ﬂg@# 0 IQ&#%H%EH% EMENY ERm et

a unipolar switching' memory material; and the access
thicknggsrparantlinchigex g imarevidhexelgdiigdiliconlonke iéigthchmatdrigkness of

about JLWE&Q‘%&%QQQ&%&’Y i&@ Qﬂl%‘%ﬁ{i?@j}eﬁiée I@@S@Pﬂ%r %H’?trgsglgé %gnét 15 nm, the

further comprising'a first conductive line coupled to the first electrode, a
layer ofsdypithgs AdlicHPesting € e tAadidisthieldetrs @é 2araaitiygelenide (GeSe)
has a tBRREIHGVE B GOuURled to the second and third electrodes 16. The

apparatus of claim 15, wherein the first conductive line is substantially

parallel to the second line, and wherein the third line is substantially

12. perpeppicstiar $0 dhenfirstanesegendilingsactal oxide includes one of Hafnium oxide
(HfO), Nobium oxide (NbO), aluminum oxide (AlO), tungsten oxide (WO), titantalum oxide
(Ta0), titanium oxide (TiO), zirconium oxide (ZrO), iron oxide (Fe0), and nickel oxide (NiO).

13. The apparatus of claim 7, wherein the perovskite oxide includes one of strontium

titanium oxide (SrTi0O), strontium zirconium oxide (SrZrQO), and barium titanium oxide (BaTiO).

14.  An apparatus comprising:
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17. The apparatus of claim 15, wherein the first memory cell is configured

to conduct current between the first and second electrodes when a

voltage value of a signal on the first line is greater than a voltage value of

a signal on the third line, and wherein the second memory cell is

configured to conduct current between the third and fourth electrodes

when a voltage value of a signal on the third line is greater than a voltage

value of a signal on the second line. 18. The apparatus of claim 15,

wherein the unipolar switching memory material includes a phase change

ratE AL V8 [ PRI B CREMCTE S het e theephdet dhahggctrode and a
secondradari@ldneiddes a compound of germanium, antimony, and tellurium. 20.
Theapprias plopin 18, uhereindne material of e aceesa component
includes silver- doped germanium selenide (GeSe). . The apparatus of
includoigim&®nd/ hereimitivel atetial bfttheeaccbss clempokentlindtudeselectrode, each of

. silver-doped germanium sulfide (GeS). 22. A method comprising:

the i L B 29 R W omonent couplea
to the merosyy almemonyleiemedht aivdhary atoess coriwdone nnafodanterioringelicofory
materidNERAGTOIYCAQVIGH R A0 A HHE AGHERS: SORARARDL ARG, wheRRVIRG faterial

second signal to create a second voltage difference in a second direction
includefepddBotiae SHERRGHY BREATBAt and the access component to turn off the

access component, wherein the first voltage difference exceeds a first

voltage value and the second voltage difference exceeds a second )
15 vhltagerdsitis AhAstain tHE e esseampoAdht inened s Hxtemapied to the first
electrcﬁ&?ﬂ@&l‘@l&ilj@ﬁkﬁhdﬁb@gﬂg db;@{@@t@fﬂﬁéfmﬁﬁdﬂe&@rbmtafd%/\tﬂﬁhi elgnductive line

aterial. 23. The me of claim 22 further comprising: applying an

couple dﬁiﬂj(?r?ﬁ%ﬁqr%ﬁ Wélfg?‘fﬁ%f%emory element and the access

component when the access component is turned on to determine a

16. MRSiance of.a materiakof the mematy element. 2ftJ ne et %tlﬁf SR 1o the
22 further comprising: applyingan additional currenststﬁroug e

secondhemanyl elémenttba ththieliacce ssbcompohepirpendrctive acdedsraomgperent! lines.
is turned on to change a resistance of a material of the memory element

from a first resistance value to a second resistance value.
17. The apparatus of claim 15, wherein the first memory cell is configured to conduct current

between the first and second electrodes when a voltage value of a signal on the first line is
greater than a voltage value of a signal on the third line, and wherein the second memory cell is
configured to conduct current between the third and fourth electrodes when a voltage value of a

signal on the third line is greater than a voltage value of a signal on the second line.

18. The apparatus of claim 15, wherein the unipolar switching memory material includes a

phase change material.

19. The apparatus of claim 18, wherein the phase change material includes a compound of

germanium, antimony, and tellurium.

20. The apparatus of claim 18, wherein the material of the access component includes silver-

doped germanium selenide (GeSe).
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25. A method comprising: forming a memory element of a memory cell;
and forming an access component to allow conduction of current
through the memory element when a first voltage difference in a first
direction across the memory element and the access component exceeds
a first voltage value and to prevent conduction of current through the
memory element when a second voltage difference in a second direction
across the memory element and the access component exceeds a
second voltage value, wherein the access component including a material
excluding silicon, wherein forming the memory element and the access
21. coOmp@pentiscitdeshdgpasitiat theltipledayefshefanatsrialamenaincludes silver-
electrode of ry cell; and  removing a portion of each layer of
dOpedﬁeé%ﬂlﬁméqﬁﬁe:g%%rm a pillar coupling to the electrode, the memory
element being a first part of the pillar and the access component being a
»n S cont("jl(pcﬁgg)%f trkilsempi_llar. 26. The method of claim 25, wherein the pillar
" includes a cross-section with a substantially circular shape. 27. The
napthod of Glkirsl 26U Wwhereln dépositiiegend fntdtiptanayierss dfreqtiteriioss a
memol YRRIRS ARROSIIRG & WIRRIARUIShING. S oo MALSHRk LRGN on the
electrode, and depositing a bipolar switching material over the unipolar
access GifERirY rdhory material. 28. The method of claim 27, wherein the
U@%@g%ﬂ@@&ﬁ&i@%ﬂ@r&’réﬁ@@@é‘édﬂ&'b‘gl%fgé&h@%@ﬁﬂg%éﬂﬁﬁl%ction
29. The method of claim 28, wherein the bipolar switching material ]
across the) (RFSOSN B FSh THAE A6 RT tHARRRYERIE [HiR A Hfetsi GxicrmBeRFnt. Wherein

the firPEQVSKIE AXiEIRe Setiieanethas el claime2bdwhergiona thirddeartafitnee

illar forms an additional electrode of the memory cell|, and wherein the

exCee A R BT Y e SR 8% A5 LRRAPAIE B tHE B B ding
siliconamnthdrenatidithanal @ iectiadea Bpolhhewnetihadnaftetaim 25 further
comprising: depositing multiple additional layers of materials over the
pillar; and  removing a portion of each layer of the multiple additional
23.  |&yersitthfalof ahiaddtionglepitlanpiheradditional pillar including a first part

formi L I t
B T TR S A SRR LSRR en:
when ihethent sofaiaion @t furthedconiprsiagnine a resistance of a material of the memory

element.

24. The method of claim 22 further comprising:
applying an additional current through the memory element and the access component
when the access component is turned on to change a resistance of a material of the memory

element from a first resistance value to a second resistance value.

25. A method comprising:

forming a memory element of a memory cell; and

forming an access component to allow conduction of current through the memory
element when a first voltage difference in a first direction across the memory element and the
access component exceeds a first voltage value and to prevent conduction of current through the

memory element when a second voltage difference in a second direction across the memory
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forming an additional electrode over the pillar before depositing the
multiple additional layers over the pillar, the additional electrode being
directly contacting the pillar and directly contacting the additional pillar.

element and the access component exceeds a second voltage value, wherein the access
component including a material excluding silicon, wherein forming the memory element and the
access component includes:
depositing multiple layers of materials over an electrode of the memory cell; and
removing a portion of each layer of the multiple layers to form a pillar coupling to the
electrode, the memory element being a first part of the pillar and the access component being a

second part of the pillar.

26. The method of claim 25, wherein the pillar includes a cross-section with a substantially

circular shape.

27. The method of claim 25, wherein depositing the multiple layers of materials includes
depositing a unipolar switching memory material contacting the electrode, and depositing a

bipolar switching material over the unipolar switching memory material.

28. The method of claim 27, wherein the unipolar switching memory material includes a

phase change material.

29. The method of claim 28, wherein the bipolar switching material includes one of ion

conducting chalcogenide, binary metal oxide, and perovskite oxide.

30. The method of claim 25, wherein a third part of the pillar forms an additional electrode of
the memory cell, and wherein the memory element and the access component are between the

electrode and the additional electrode.

31. The method of claim 25 further comprising:

depositing multiple additional layers of materials over the pillar; and

removing a portion of each layer of the multiple additional layers to form an additional
pillar, the additional pillar including a first part forming a memory element of an additional

memory cell and a second part forming an access component of the additional memory cell.
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32. The method of claim 31 further comprising:

forming an additional electrode over the pillar before depositing the multiple additional
layers over the pillar, the additional electrode being directly contacting the pillar and directly

contacting the additional pillar.
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