NON- VOLATI LE MEMORY W TH RESI STI VE ACCESS COVPONENT
Rel ated Application This patent application clains

wpeiooni4iy2 benefit fromU S. Application No. 12POH6ESB09001573
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filed 11 March 2008 which is incorporated herein by

reference. Background Conputers and other electronic

products, e.g., digital televisions, digital caneras,

and cel | ul ar phones, usually have a nenory device with

nunmerous nenory cells to store data and ot her

i nfor rratN@N-VQinTH@EMEM@RM Wb RE ST ¥ EAAGRESS

store informati on based OOMRONEWNWTLNt of charges on a

storage node of the nmenory cell. Different val ues of

t he charge on the storaggae@d@piBatigepr esent different

values (e.g., binary values "0" and "_1") of the

| nf or maf hismatsnbrrrdickiorn Hainwetrirify dengfit e st opejication No.
fﬁ 3‘@@' %q' lriclﬁgr%ﬁs)ﬁg Wl ?ccfﬂgyr?coq Ol%ﬁ% feé?l bZV&Qreﬂéc

con er ' éonvent devi ¢

phase change nenory devices, nmay store |nfornat|on

based on a resistance state (instead of the anmount of

charge) of a nenory el enefRcEouyt nenory cell. The

nenory V. it i itz

Whi o @Ln%gﬁfa's U Othé}célé.'&il%nﬁt FERH&%%S d{kﬂggﬂ?ﬁlgﬁggns, digital

bectamms dnd écshﬂmtphpha@ aaSua(l g.lgve a ongrstrglde we varidnumerous

annr@hous phasei%% erent _phases 8f the materi

e Bilo ey “RLPihct BT FOR: PEFaAE FLENEL AEeY
St @AL&Rs hihy GHE ¢SO Rhadtd 62@5@8& tﬁéaeilﬁ@tﬁit%ﬁ"cltl ¥8es on a storage node
informati on stored in the nmenory cel The menory cel |

i noftthesempeyroel). Beffdrertsvaluss gf thepﬂnaw whhn g@rmnmdy may

devi ces ten inclydes.an access, GOMG

acenEe o BN ARG & Ry YRS S ARGy e on
MBdt@icl d t1Rfmésryaeie The GRIFRQNAIIE u@n@l Iyt el ares hhidbndictor
the nenory el enent may have different process
teﬁw@ﬂakﬂwbafﬁmé@ances Theref ore, produci ng some
convent ﬂg o]

or ocessé(gﬁ hgﬁg}é{s\)é fgcl?leag %%zhd?’?ﬁe\pg%sg e& lﬁ&aﬁ ememmy

Fl devicks sh@y\@to& infoaraiatich a@sreamm@freasm@mftyte(demea& olﬁ aw amgount
a menory arra with menory cells according to an
SHprgshel %,mep}g)éy EWUERE q)fgtﬁe 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.



FIG 2 shows a partial block diagramof a nenory
devi ce having a nenory array including phase change

woreewny16el I s with access conmponents and menorBCT/US2009/001573
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el enents according to an enbodi nent of the invention.

FI G Sshowsacrosfsctlon off nory cell with an
i oni ¢ conducti on p&?é%&%—%ﬁ%odi ment of
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current versus vol tage haract’eri stics O?
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nai‘h@ﬁl'oﬁy ar%ﬁl‘%ﬁﬂdn@ BlRs@ehHED Qﬂﬂn{ﬂ}‘? telof wih @ccte@y EfthpOibnts
FIG 6 shows a cross-section of a menor

i na;ndudﬁrngryamela@r@té@scqr@wgé@]emnemha@linﬁ:@t bf %@rﬂ}'\’@@élpa{
oxi de nPltGe 3'__%%& as%cc?{;'s I-srégtlct)n oiaepm%m(fl&gﬁwo %g 1%%?9duction

i nvention. OWS a Cross-se

cepdth harokdidi Rga@Bmbediasat 6P GN@ntiohavi ng perovskite
oxi de material according to an enbodi nent of the

i nvent i Bl 4AF @n cgam RGP dEBeRt A USH&FELF ¥ OHRE Y A of
{
o EIRItisfes of f MRK Mo R, ARG A AP 5 0, 2"

t hr ee- dFi@sshonala ofSssBectidres? ofiemoneaat uylcmelwg:zm avssng
menory cells |located on a si npl e device Igvel

ackOFHANRY hayingnoBirHuH heitite SriCoRerih T iabACCoRT g ta an
smd@n%rggtgé iveliyd. ew of a nmenory device having

nmenory cells stacked on nmultiple device |evels
accor di . tbchaws erposti seeimen ofa mheoineenicodingRknGiccgss

ows a rtial. .3-D view of vi ce havjn
espnp ek e R e PP e bty Bl b fpent of
shat adeg@mducti on i nes between device | evels
according to an enbodi ment of the invention. FIG 12
t hr oughFIﬁi @ shows gitovssvegeiiaust Epfiﬂ@l@@@S@@él i luflprgdmagcass

ng(g)m ongl%\iqa%%englg e\ﬁl)\p&ltrr% 1de¥1ﬁ(f g&cﬁl%og%)%g gg)oaﬂncnt of the

nven 1 on
vani@snpr ocesses of formng a menory device having
mul ti pl e device | evels according to an enbodi mrent of
t he i nvdfkt SeRows a partial schematic didgram 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 20 through FIG 24 show various processes of
form ng a nenory device having nmultiple device | evels

wawdaob/1sf162 ed conduction |ines according to an PCT/US2009/001573
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enbodi ment of the invention. Detailed Description FIG

1 shows bl oc ia m of a nenor vice 100 havi
5 roor B I A A T Bl s Y (O SR AR Bevice
anhmhggﬁé d@ficd R3eelb El&%rﬂ@]hgﬁb a%ﬂ%m nfel bﬁth@l@vé’ﬂiﬁ%n

be arrang in rows and colums along with Iines 123
( e.g., WordoithesighdVGngt shiagnadreo ugpO dehises v o iivg aalmimly

AR el PRl gt

124h &RbddimBaf &Tthé nfventi@t.i on within nmenory cells 11_0.
Menory cells 110 may be physically |ocated on nultiple

devi ce | evel s such that one group of nenory cells 110
may be stacked on one of other nenory
cells 110. Row decoderiiggggﬁﬂg%ﬁﬁﬁﬁh decoder 134 nay
decode RdHNesswsiagnadksdid@amhsfaugbmby dsvidd riEshab2% a memory

(e.g., address lines) to detennine which nenory cells
11@78@&1&2%%@6&@@&%1 LIORSGPIEHYE leanEmPadenen afdbogpiation.

eﬁﬁgy g&ﬁ | Ofmé)p?% mr%% llym%sgﬁl?%ﬁ{lﬁ?sltﬁﬁg g %ht]iﬁ‘\%ls é23

respective determ ne on ch o
defei g,e;vdneuemqmnmgmmvwﬂmm@ V&kNB amgrimey 124(d.s., hitGnes

to be accesse re |l ocated, A sense a ifier circ
e G Sv8 TOuHEg AN NETHHE SodeRdDB e e ﬂﬁﬂaﬂd
reaetsfihem m&ym?(ﬁh{aﬁoﬁ-mhﬁﬂgeﬂf)gyééj% itige Méﬁl@l {15900

inthe formof signals to |ines l'ines .
Sens;ebanlpysudaillerlomtfr@m nultple daycalesds asen tthheoma @na]b sf

24 t det th
° gpRgcoels Ty GtackER ob Sun S ERTE B8rb LSt 4B eRbrycots

demioc R o Bedba¥r 1 mzﬁriﬂj&hﬁ?rhﬁ Qudddey 1 b Mhaly ActdNafdedss signals A0
informati on between nmenory array 102 and lines (e.g

daheeughdespnlines 15} greal addooelings)de ghteponeorhich nworzsells
ne”?lylm())gasg ([: X e&tci%ga oEﬁWﬂn%rkfgmlefvEP%q ger\é\ﬁlb eggvlvlb?h?mw and

nammmyndaMMeﬁ130&ndﬂ3pjmsm£0Wd§mhd¢ﬂe@ahhﬁknpmmahofﬂw
package where nenory device 100 may

re
déwléleke dovtesrlavals eiodavigeohy th?éoh%@emmy e%l Sgl 10% & bﬁ@ﬁeffsyed

copt fRL{.gr or a processor) may conmunicate Mﬁth nmenory
device 100 through lines 125, 126, and 127. Menory
deV|ce<A@amﬁwyu¢éhfomunnbﬂnmyyop@nmnodHEUQUEhhasqmeof

' elgg)rmation 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 communtcate with memory device 100 through lines 125,

126, and 127.



operation to read information frommenory cells 110
and a wite operation (sonetine referred to as a

wW@e@gnatmi ng operation) to wite (e.g., progrargT/US2009/001573
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information into nenory cells 110. A nenory contro

unit 118 ma ontr eratlo s _bas

cont r ol V&MY ¥%5§W8% ¢ H@gpi§9”né§%ﬁﬁV SBEIGF On%%wgéﬁ

Si &H&?At%n(w réddNB forhdfioMBbni MemMYEEcORE 10randane: 1t@|oqb%i€1t10n
signal s and other signals to indicate which operation,

( e(ngetnae\mfﬁtred &Y a3 P SUYPRT IS ABRYALIORALC WEIPHEE - REQ§IERY)
q el{)fogé &grae)gr{tgrhne]mogg%gf;lso ClZO\S”S% ?n?eé]?&g%gﬂt%l n(?t gﬁmﬁy Iconlfol the

MBYie®OAL 6dratidne bugddugscadtrot £igno6H Miaks smnm(mmns bi thes

127. Specific values of a conbination of the s %

orconfie! sigpas opdiept Hwiar gl avsed “(Qée(jIOCké‘%‘lsta@ gther

r eﬁ W FOTTRA ) e WNRER at?c%u?m? MEIRY o R%HG elllggn} @1a1 memory
orma correspon operation (e.g.

\/vrdetvﬁ:eOerOrrﬁe@dp@ﬁﬁfhﬁt (Dﬂneb devinas I?txmﬁna‘rmmre)momg Idbvsxc& 100 fray., a

be witten to store infornation repres nt| a va
Of PrACESEIIfIr @ TBFROPLIATAIOYeimay qontrgl (hgvg el |CP|“BPES"’M'S

B: %Iﬁll%clli7a§gw@c v‘éméggfa %&Hﬁmaﬁ(gn Q]tth@ rsxﬂ%!ﬂbﬁlrlﬁe ‘Hf]es may

or ex each menory cell's 7110 may be
wrprbdere a cmlmhaxrcb(a of ownipt prorad equnme«h): haigmay baursarnyemor\’
1" o asin I n anot er, exa
& s s Unr OB P E IS B PEBOD 3 G r e o read
| g RERL).ON representing a value of multiple bits,
such as one of four possible values "00", "01 ", "10",
and " 1Bachgff megotyi Cteéls 1b®lelawfoeewrgmn tpo@sfs bifermatiaies

Or%gr%ient%%1IIVﬁéue (%EOC& ﬂ%l Jbvtipmér lboglcgt ) 1 ule"o mljﬂ 9 b1%n5qm1 as

Muikatol Hree, BortrSor Mae’munmybp@tsl%rmympeg eelc‘l/lQ)fanﬁti@m aells
voltage |nclud|ng supply voltage signals Vcc and Vss,
onl 10 Magba wiittgn & 1@2@ infrggEeR FRpEFsEnliZgpBINArY Biligge o "1 of
S'agﬂﬁ‘ le\gﬁs Motﬂ 1&teadh gfrlﬂylﬂgl)p&tlﬁqtlb% A)(lfe ritten to
havi n ue o p oXi nat el l'y zero volts) uppf
V(ﬂtdirﬁgﬁfoﬁhgﬁt&i re)dtmemmyg d nadhiicernah pexbies, B@dh asoiltea:gefou]

suppl i ed TEenDr v ce 0 from an exter

R S ébg? o b ditee S5t 91 &ﬁ'}lé’ﬁfSI@‘s
d'\fa BT 9@(51"( %:IODG)Ol‘JI@n"{@O't efopi F PPU"taE]M "1 Wk loY other
150 mendry devi ce’ 100 ‘may i'nclude a select circuit

15@11msd>father npubeoef pultip{d ¥i®) circuit 116. Sel ect
circuit, 152 .reiﬁgnd to SI% nal s, SELO t hr

Lo sel B fesd oa A soanCHA AP

I 8RJ1@S& Bilenals Ve and Vss, on lines 141 and 142, respectively. Supply voltage
signal Vss may operate at a ground potential (e.g., having a value of
approximately zero volts). Supply voltage signal Vcc may include an external
voltage 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 A0

4



the information read fromor witten into nenory cells
110 . Columm decoder 134 may sel ectively activate the

wWEHD1141sDUgh SELN signal s based on the AQ hr oR@iTU$2€09/001573

10

15

20

25

30

addr ess signals on Iines 125. Select circuit 152 may

sel ect  t i gnal.s nes 2 nd 128 rovi de

AL SR R T A S P R Cl DA

1]s§g1§jaq’§ d)rngné'se@q A 28th bﬁ)\@cpiecro%lhQlﬂ%ﬁtlm{v}éerdﬁl‘éh{é‘?y array
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menory ‘device 100 may include a phase change nenory

desgile é 16 oy retaat ingxotation sipesfoihyreen When PP ebs i NEF g/ ss, or
po:{?h 1r % sgonenrg%ﬂes oa}%{é?ﬁ% I I'é’ﬂ ?::lleéon;“gl %’)\I(fc]lpcrlle antl mgt%/ c]tev?Ce

TTHl}OObﬁaWnlchideﬁ phas€aiinge H&ﬁiopjbﬁé\h&flsﬁdh thiaage obﬁie‘ﬂ&ﬁjﬂ cells
di fferent phases, such as between a crystalline phase

( okl O(Iqag,gtnﬁ ude ,qén@pgqy@lelaﬁa hgring RoPHEE flsin pﬂgglé aflgpst a por tion
SRR o AT Bl TFTR 589 G i porin

pabtchmgermywm@ éfetcnepseyn syclcal Het\tveelfmme/sta lmefﬁlﬁﬁcem
resi stagnce s to rep resent elfferegg val ue of

i FSTHEDT BiAte ;PB @aamﬁg}h@pﬁp 1956 (TN ADHO WA E L Ié’cftaf’(“;élfy
J %gnglry éMI's § ?O rﬂ%ﬁ@feﬁt ?!@Jsjsssof]ﬂ]l@ ma-tré?la%f b Ro %%hﬁ%b@gportlon

menory “cel device 100 may apply a wit
Cunaecduse H‘reonghoxtyh@ll% Ihe\zet edlffmemt rysigahde stase carepesstie

{Lhe sel ect Il to ch
i R R ot S e A PRy

i nf or mabéaee 160 ﬁﬁy%&l@&t%gﬁ Red 8} Rritd MechRf calselectedrite a
menory cell 110, nenory device 100 nmay apply a read

C wpkéh‘d mm@ugtﬁlltlﬂé wemett ¢ayigreldrmax apply angritervarrent
ﬁ\% Sé}]erc?e%l nsiér%nce zl gus%n 1e meei‘i%g Vf%me%?%f tth% selected
det erm ne 1 I ht

rres

Strﬂérﬁ@rytd&ﬂ € changene as&ls&thrﬁfé st"{ﬂe beksed antthéraylué 6€goInZRion to
t hat nenDry devi ce 100 may include other features that

arbs stied diErine TR rada Seiect?domﬁ@ppv ¢ L, Hieniqyy device 100 may
.%?‘3# | TRAA BERGRIAEH (RSleRlefbd NGB HGNK Gert A0 IHRY i1s

['éast on € menory devices an nmenory
c eblisaitesmsededa beldowltagd to deedrerenihe coaeflo@ding tahoagh

I 24. FIG 2 shows a partial block diagramof a
Pyl steedsbteHavi ng a

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



menory array 202 including nenory cells 2 11, 2 12, 2
13, 2 14, 2 15, 216, 2 17, 218, and 219 according to

waeooenbaei nent of the invention. Menory array PORUSZY9/001573
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correspond to nenory array 102 of FIG 1. In FIG 2,
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of elbhBR2224Ray ¥éhide adnderftZhat lﬁ@d;‘"bdmﬂﬁélytoe‘l'di’mﬁﬁtresi’szﬁlce
may include a material that may be witten to _various
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val v

ot SR e ERARE B ERaP AP oBlali B JhiTB Abvice
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for signals WxI , Vx2, VX3, %%} , 3 to turn
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beéefé%te%?tk%&?&*m%ﬁ{% ?‘éélﬂd{o%@r{@{dy é%@:lltltén ttooacp&s ﬁ@gd tPfead or
witt 0 acce or wit

selvee) ac smmmﬁymeebﬂy ceN’b M$mord/&ic|vme 22)0011:{15aty|11t offracodsk
access conponent 244 of each o he. menpry cel | s 't

| <ORBOER g @P@w%@eelem%%fwéeklse@mh@m?ge%e|SF1f°te%vnselected
exagRbe, cdj @ wite operation, menory device 200 may

sel ect 'menory cell 215 to wite information into it.

In th|§ﬁgxampb@ UWEWEWWOMHMMUEnﬁﬁﬁﬂmﬂyvmﬂﬂﬁo0WY$@@@SS

TREOIHI e SheBegnoleiEmy B i as et duadideyice

m()@rma} tukr® of RIS cAh PENANS44 §ShEIBACE:ISE 1Bt MrdltBen apply a
anot her resistance state. Thus, the resistance of a

na‘t’lé‘iel carrenf thraghriyerapraraberner 232 imgask 8is nestianing do £hagge from
She rgﬁét?ﬁc%rk?z?%% lﬁﬁ?hér?e?ﬁ%c?%faté ef’fmc‘st LG %sﬁét%b&%f a mateua]

presen ormation’to be’s
rrmmmamml ellerﬁélrﬁ 22p rme@/rm)idlﬁfange(&ﬂﬁll @ e resisanteeadue to another
operation, menory device 200 nay sel ect nenory cel

2 TSSislaNGeHNG ITPUFFHISIRE SPF SUMPRIEION. O PR SR 1 memory
exannphg, nenmory device 200 may turn on access
conmponent 244 of menory cell 215 and then apply a read
currenﬂnmhowmghmnmﬁuﬁyaebahmmtmﬁﬂanamdnyﬁa@ucéO@h&ysdea
resi st anc I St ance

(e.g., re nmory cell 215 ]
patviBed (s S stal ERaTaR jopseBaean 1 Fisarvole Bgary
t QedRESDIIRE thheoe Qécreﬁssmmﬂn@gt ) 36 &hohyndePIrNBtin@nhen
stored theréin. The
apply a read current thrOUOh 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,



read current may have a | ower value than that of the

wite current so that the material of nenory el enent
WQ2D9remM62 emai N at t he sane resi stance state tPCRES09/001573

the i nformation stored therein at the sane value after
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t he unsel ect’ed menory cells to prevent conducti on of
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Fl iGent®ab ROWE nfentdr9eet sectGon of a menory cell 310 with
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Vx3 of FIG 2. Slq on_line 324 of FIG may
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cross-section l'ines o f eat ures.
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of access co 344. Fl t he val ue of
i nfor or, rn§ t:l]lggrz}\wnﬁ%%ﬁ;b q161§ Mgy WHV 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
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tenperature Tm and a crystallization (or gl ass
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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
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,
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operation descri bed above with reference to FIG 2. In
FIG 3, access conponent 344 may all ow access to
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Access conponent 344 may have an onstate and an

off-state. FlI 3 sho an exanpl e where access . _
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ol it BsaReHRl GRS i Tt ST ot o

of fitosd edrRine@aHsCéirnr pat h 399 may break or becone
di sconti nuous (not shown in FIG 3) and prevent
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signal § Vx, and Vy may.be set to egat.i,ve val W th

- cBorbatss FRfEE A naoig DafPodind i bith heta
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may include a material that excludes silicon .
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pof b AR oA Rena 21 Rk TR ST HefaP. s

( &hgwn ipOHG 13, ¢ehyuctiapgad39%nsy imtuderieno38y feming a

mat erii al s of access conponent 344, such as ions 388,

PR Path brtwee Heviradss 404 ard3Qbiorqneifurisl when access
C%ﬂ‘*ﬂ%&%ﬂ@ﬁ% fh @ggn-sﬁ?e.sﬂﬂ 0 i{]st!\:tle,%1e %ont‘?ﬂﬁ%doﬂﬁuction

pat may i nc e tons 3 orm’ng a conti'nuous

patath BEL meghe btaet (adesoB2 tiamdatBB3 9tincladesdudiscauimaemnt
when algtger%s conmponent 344 is in the on-state. In%m
ofSFEBER-dNCTERY PIRYARH LAY U SO FAFERT BT VEal fAleggeristely2 and
bgohr oken (e.g., conduction path 399 includes a

di sconti nuous segnent), thereby preventing conduction

of cur rlamenpey\osl 3 18] dedtrasige 30 BFR2agdl 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.



303. In nenory cell 310, electrodes 301, 302, and 303
may serve as contacts and hel p pass current through

woretwonysiel enment 333 and access conponent 344. BXEDF108%001573

10 9

15

20

25

30

of the material of electrodes 301 , 302, and 303 nay
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[isted bereln, soms mey proyide an appropriate cholce
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
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depending in part on the application of the device.
For exanple, Ge Sb Te (germanium antinony telluride)

woreapohetien appropriate choice for a phase chanPer/ns2v09/§01573
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device, in part, because of its reIativer quick
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rraT}&mrafesilsmee stamonpy)steyltwhieﬁdhermytagb mbaxmg:hmﬂ @dcm hlesappear

‘?m a%F gfvﬂt'}}é:thég e er'lllhél StthhE:lo a&gh\n@ tl{égﬂatgﬂals used herein

I 65k P bAMEF nSURBIUB it BY nfdibrl WdleiRfls.t 0 have an
onresi stance state (e g , state to allow conduction of

C upent )lemmnoeskwtg lox elgemaietiH oa‘i ap@ﬂsammyome@t app me‘efdn@l@de one
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ofbagiupeffahiunhexida (@i Tie). voltage with the opposite
pol ari t s applied to the mateiial in the same dn
ection %‘Pfebla?FYr@%tP]sQ’%\%@a?tﬂé{ @f aasSSOBP ORI AtHRay include
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barium titani um oxi de
include a chalcogenide based matenal doped with a material (e.g., metal). The

ion conducting chalcogenide material may use ions (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
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The binary netal oxide material of access conponent
344 may include one of hafnium oxide (H O, nobium
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(WO, titantalum oxide (TaO, titanium oxide (TiC»
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i ! @%(#§It|ple | ayers of materials between
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sel enide (GeSe). In another exanple, access component
34apnwarynqn|abm@d@rm¢lt wber@ theperesial of fypiagtess Rempeat phdthe
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copper selenide (CuSe), a |ayer _of germanium sulfide
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access conponent 3 and the naterial Peno nory
eI epmoty &3 10safdHiGas. FI@s@shovssttwb albage yvaloay violtuge value

imlar process tenper tol er nces. ef or
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convent’l on menory cell where tRe material of the

acsesess @Qmmmwgméldamdym'fe 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 < Vitgrr <0. (2)
Expression (2) may be rewritten as expression (3):
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
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material of the nenory el enent may have different
process tenperature tolerances. FIG 4 is an exanple
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showi ng on-state and off state of access component 344
of menor ceII 310 of 3. .Fl 4 shows two vpltage
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In exprIensgsg(lples (JECEEJ: tlhe cﬂdxévéﬁgéﬁ Eeﬁg%elgét and V%fsqefsdﬂw%}yv?’gu

( \ndegsuBanVydro MBts. bEh e fif difeiedcals/ )&V\g,@hst ag&gatnve value in the
difference (Vx-VW) in a first direction 9
di firskdirgsions slewavae impendiad dPM@l@z%m?ﬁsmné’ ) tegps pEdie

ggﬂ;%géfveelfeﬁg@m a fAr? dﬁ?&s %C&%%%Q&[B?%H%Pen:?‘]iﬁg aTttéHﬁtlvely use

on expression access conponent tuarn
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di rection acraoss .nenory elenenéQSSS.a d access

co %‘é‘r?t“%"ﬂ’ﬂ“&%‘é"é&gn\%gt SgeNYAITER AW oN and i s

gr eat erptdy sté%ﬁ%)v‘ﬂ{et(ﬁffer%ﬁc&i@é@ﬁélp@@' ﬂQW)@(W hiinus V\) may
ref erence 3, access conponent 344, when turned

orbe cmyxdateldcwaomtdg@duffcmlmfﬁ (¥ur\ann cltsh¢co1¢gj11q¢sm(<§l

| SRELin 3% Ble B PPRRIE b T ROA el e

I efSedsRBmMmpYh&it 344, amds,|RS& dheipraeiod (3P laksess EoMPonéMad4
dlfference (Wx-VWy) is a negative value in the first

di max ture Aff Wstey eeltage déffesarred? vdéxkini doicagnestise@ogiasrpss
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Usshdex preass Itlﬁm Aed) vzolos desddstiiesdadboe g tiithaleéméncefto FIG
expression (2) in terns of a_positive value in
opfseeTreM@rRrEE i nve! b neds%fééw RIFY &Y CPBMClon curren

©XRidugh 'n?é“. r§)e erhd}f 3951 F% g@&@on% \céftei‘MV(lél %PH‘%V%n 6%

m nus e consi ere as a voltage di rence
( \XyeMx)a&shounsmexmdssdbn((Q()tacocss cemgonerdi3¢éanayomrf o Grmhen
4g 24 to i 23 1in 9. 3) across nenory el enent
s a negatlve value less than tOFF-

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 Vtgrr and lower. Region 412 may include a voltage

value between Vtoy and Vitgpr. Access component 344 may be configured to
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access conponent 344. Thus, based on expression (3),
access conponent 344 may turn off when a voltage
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el enent 333 and access conponent 344 exceeds voltage
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may be 6aREIGYLLEIG 04391%§§BSW 'tlﬂe Itehﬁlogﬂnﬁtb@&eeen \/81ta e zal)d

corresponding to region 4
anmirfent OMCoa‘sfoostp@hentddﬁrvémnmnmsa gotn:pon@g |3éﬁ switghes from an

(e.qg.,. Vx- < Ut [ egi on 412 nma alled a
aPineds oV by BB Pt 0 Sresdon bRt dts i G-
whe4te (éigC@&ﬁiu@@&ﬁ)?ﬂﬂ@@9314#1@@15%11{1&1&!55 hed whb@line 323 is
on-state or the off-state. Curve 421 in FIG 4 nmay

s Howpteddo a@rwnddmf,fmtwl (reg WO Bt acayeoraprRcati? 4emay g off
?} SwvifeR R0 ﬁ‘{y ?tegﬂ%on Aflgei%%:‘léog‘g@qﬁggff%%ﬁe (region 413)

es fron1an o an on

eﬁalﬂﬁé\%nt wWidncreceSareatpaaetie v3>4lt4g¢ salufoAln®fistead eVy) is
(e.g., conduction path 399 in FIG may. be broken) .
arﬂjef\%‘étﬁalll i ﬁervg@’zv Ty t@Eﬁ)plAéthPW”aPYgﬁh% Bﬁal%&féﬁf\iea‘} 21in
/ 32
arPon Yo RS S ETER R4 TR gl 422
thﬂapﬁﬂ&h&bﬁn@h&gn@ncdn¢¢amt64&Nﬂmmmcmmdumhbmmxmﬁ44ism

current (indicated by .current fl.ow direction 431
thVSg‘\‘?Bl“tléé]éy%ffﬂ%s‘éﬂ‘t&}'i’%egé’z d(‘lsl“"s‘“t?&' f‘é"“gfe‘&é‘%‘b% ‘ PO“‘
tfb@sne\ffb%gl Y413 (MEQWtd). Ho%v\éle wARR th@wﬁlaGe ALUEBSE \BhRW

the rel at7onshi p between vol tage and
greater than Vt'opr, access component 344 may leave region 412 and switch to

region 413 and prevent conduction of current. 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
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current of access conponent 344 when access conponent

344 switches froman on-state to an off-state. For
wex@opl4ae2 when access conponent 344 is in an OPGL/HS®09/001573

(e.g., conduction path 399 in FIG 3 is continuous)
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when it is in the onstate, and a resistance of about

20 noramplaii dAYPEHADHRKICHHBANTEMOrY clemeshay 18y af doWahe
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abov enabl e e usef as aCCess co hent
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el enen I n cell 310 of FIG
aéEDL‘%”eE&ﬁ‘b‘Gﬁ BAY OSFHY @ﬁlﬁma@emm%@gt waayhlgher device
It gl@térl' gfté)g%%@r Ir?&o%tﬁ@tV b @esstibdd Aove I QRESR ELMBRIRWEAE 44

25  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

30  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,
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Therefore, nmenory cell 310, havi ng access conponent
344 and nenory el enent 333 as descri bed above, may

w@e@vildaen suitable option to forma nmenory deRCTES2M09/601573
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nultiple device | evel s where nenory cells may be
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mul ti ple device |levels of negory cells are f or med.
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[
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endpecifineintisnes$ vialne by mnemginoChevearginymeghhvéd Qalragqed! Som
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ol Sicenbas Lo el I sl e s AChs Lo roBMm oRdipey
S44c108¢ vaenhelkaess vies ePhyaldcP0%2, A83 SIKaMINd H6F 1 G wever,

5, access conponent 544 nay i ncl ude an exanple of
mjh@ smﬁceﬁq @gag*rpée técknesermluaeRs@dd hgradn BBS Imiptdye at least one

Sé\sltcge}l etfme etwgglion sfc'altvzénr seIS%eénme %n W(’&'du% (§n mgre%lstfmce

seifaemg cérﬁﬁ&&)nt 504 il dyen-202, AgedsERBiNPIh&R|Senings include
(e.g., Ge4Se ) for layer 563, silver (Ag) for |ayer

5efawera9fdng@rlm$ thendladssshensn (eFl3. 5, mathggater 1f1t§rsupa§ﬁetp or
r

e LU TR U 2 e B son COMRSIE A4 PPRYE, 10

ctﬁdbcctngiemlsma sfdt ard 203 mbky Gelbleshawsalt bemﬂammo ooméumal (1)

| coge eri fQr _ac conponent 544 being

ﬁ >t & ga*% 8§%ﬁpgéog§?§§§é§anple Access

Co”poneﬂéce%éjomm\éﬁﬁfﬁm m@?iﬁc‘hﬂﬁllu\d%hﬁ@%h%cs similar to or

chal cogeni de material doped with another materia

( bégitgaktoghdtwdaycess 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
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Layers 561, 562, 563, 564, and 565 of access conponent
544 may have thicknesses of about 15 nm (nanoneters),

W@bwot1462 nm about 15nm about 20nm and aboukCT/OsvP9/001573
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respectively. The term "about"” with respect to a
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may satisfy expression (1) above) and an off .
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access conponent 544 may form a conduction path

bethygaigh ae¢ase cowperens 024 apdimsoRrY eleaichbeP & o Foal efs

CHGER LBEPHAR PSP pSOFRPRER BB TP .

f dratEidnd¥e ™ hfxths binaey mieoin mmamhwaak iQinen pxiEeemn example of
conduction of current throu access conponent 544 and
MEYRSAREIGS IBRREAES BHISEN FAINCISS g)rw\ﬁ&“eé’“&ar‘ paactalapidomatsiaks
METDLY Ogl%l | [SHR df?% aiéd't gcoﬂﬁu&fb% ﬁl ﬁ)‘?n‘ﬁ@@'ﬂgrﬂﬁe Bhd of the
having binary nmetal oxide nateri according to an
erthoaty menil woddd (eez.j ioueftii onFe’ Nmrm}y\/zmehctneﬁlﬂclm;eablas@
i ncl ude el ctrodfs 601, 60 and 603 3 N
el EREH CREBICEBPT YT t@@?%?"ﬁ?%‘]’?”&’@@%&%“ o‘%‘dﬂ%‘ﬁ?”
644.m&G%88S conponent 644 may include materials
simlar to or identical to those of

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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the binary netal oxide materials of access conponent
344 of FIG 3. Access conponent 644 may include |-V
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access conmponent 344 of FIG 4 . For exanple, access
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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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menory device 800 may sel ect the nenory cells using
signals Wxl, W2, Vx3, Vx4, Vx5, and Vx6 on |ines 831,

w@39/1838 834, 835, and 836, respectively, anBCEUHV0Y/601573
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Hat nmenory device
t wirbupof e Gessoryarilo nagthe 8deht«lf omaolicy deeick I8Ebafdstdcked
then agply a read or wite current through nenory
rg@89Pand keep access component 844 of each of

t he ot hes. BRARY, éh@?t}l 3 Eﬁbw\t/ RS Oflvstrab e YU h &RV Rl Kith a

+Vin FIG 8 may have a val ue greater than voltage
v adingde kYe\oN: Endl aid oulEple detvics, levats.t hi s exanpl e, the
voltag rence

Uhe. voi b ToV} Saril ded S 1 feiore vart JuEM Shg bftmory
Oncells D@0 ﬁﬁated%nnap@ngq@ lqbvige 1008l 98 ac¥oidinDiceat @hbddiaRnt of the

VtO N, the voltage difference across
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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menory cell 815 is greater than Vt 0 N Therefore,
usi ng the exanple voltage values of FIG 8, nenory

W@leevae18D0 may turn on access conponent 844 oPCT/US2009/001573
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sel ected nmenory cell 815. The voltage difference
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arfdoshackehdomatéreal fsimiddr tgooidentiéd] @ tHdst bf meglorFel@mehd333

sha -Dvie of some nenor evices with a single,
dé&fﬁféé- E’eev%l’ Phsa Chﬂr&ei*mt@‘l%Jé%wcge%w@@‘é%?“'#—q@ 08 HBkS 1ar

a Pafchingl mgh'lg}a/\ﬂ.l%\éﬁ ok, AHBRIRLYpHRY| 924 908 RaNiPhaterials
menory cCells 910 | ocated on a single device |evel 991

acuondi tagr idenéinalgpitloge we atcess fonmmennehe i Idfs. 4FEG., ien
al so.shows. x-y-z.di nensi ons,for, ease o f.descyribi

PR RO b, B e Rl e G S £5 et Bfer
9MpolmodwitkaPhateriak. shown in FIG 9, nenory cells 910
may be arranged in rows and colums al ong the

xdi mendilen 1asbows dpaiab? dhyicredpaneings] ¢eviendOvdipv e
| ' | o[ i o
6850 L Saal S T S BT eEge

and aaBmdodidsht 60rRANeNtioN4Ascaowh edl FIG. Sedeeise Wvieh1092 may
menory. el ement 999 between |ine 930 or 931 and line .

949 skickghqver devish das! | O Incthe g dingprsien gdelichgach efgdevice

a 9 ¥ arre 1
oA o30S0 SPORRIL R Rt PRl
strows tnd eolemhe akbingghé x-dirhenszerdandectinnanssug kespbatvely. Each

C 9SS PR R I SELhoddQ08F s, B ETARARPE! L2
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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access conponent 944, or each of electrodes 901, 902,
and 903) parallel to the xy plane nay have a circul ar

w@eoosabgsanti al |y circul ar shape. The circul arP@F/US2009/001573
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substantially circul ar shape herein includes an
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11Qhemthd atures 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
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menory cells stacked on nultiple device levels with
shared conduction |inesbetween device | evels according

wao eooanigrbodi nent of the invention. As shown i PCFUS009/001573

10 3 of

15

20

25

30
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features therein in FI G 12, a conductive
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re nate means- at
sdﬁécﬁﬂﬂGaﬁt betmeen the materials, while "over" neans

the materjals_are in clo oximty ossi bl
i h onle RID orBeaan (a5t © PRt-ehRRe PR e O BeRTEN
t halis §910 Akl lﬁ&u&oﬁ'ﬁﬂeﬁhﬁg Pytrsnauar el 166k, 106D tHhes, 1464,
"on" nor "over" inplies any d|rect|ona ity as used’
helrdéisnand 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.



unl ess stated as such. In FIG 12, substrate 121 2 may
i nclude material such as tetraethoxysilane (TECS), or
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conductive |ine 1230 may include depositing a Iayer of
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E}Hgﬂlgﬂ tehlﬁ‘%éeer@O W6iG. 10162 FIEA68 and 464, 1 BnKk d46SsRtion view
a
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
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have been patterned in FIG 15. FIG 14 shows five
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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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FIG 10. For clarity, FIG 18 and FIG 19 include
cross-section lines for only sone of the features
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t hi8hiRg 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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In FIG 20, device level 2091 having nenory cells 201
0 has been forned. Form ng device |evel 2091 may
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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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1510 of FIG 15 and then perform ng a polishing
process, such as CMP. The polishing process may stop
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difference in a second direction across the nenory

el ement and the access conponent exceeds a second
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6. The apparatus of claim 1, wherein the access component and the memory
element have a cylindrical structure.
30
7. An apparatus comprising:
a memory element configured to store information, the memory element

including a unipolar switching memory material; and
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is determ ned by the appended clains, along with the
full range of equivalents to which such clains are
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V‘nﬁélﬁ&i& 4 R fayEsds g’eff‘llnﬁﬁuh%c%ﬁ@et @TesSkh Qﬂa?é’r%f%ﬁ@&rh‘é{lemde
val ue. 4. The apparatus of claim 1, wherein the access
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wherein the conductiqnﬁgath i s di scontinuous when the
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conponen enent rca

st(SnuSet)uai gecortd 1ART appatahiisn sdegide CGHeRE), zalalyEﬂT@ﬂ’sylver, and a

ement conflgured to store information, the nenory
@EE Hyer of germanium selenide (GeSe).

12. The apparatus of claim 10, wherein the first layer of germanium selenide
(GeSe) has thickness of about 15 nanometers (nm), the layer of silver selenide
(AgSe) has a thickness of about 47 nm, the second layer of germanium selenide
(GeSe) has thickness of about 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.

13. The apparatus of claim 8§, wherein the binary metal oxide includes one of
Hafnium oxide (HfO), Nobium oxide (NbO), aluminum oxide (AlO), tungsten
oxide (WO), titantalum oxide (TaO), titanium oxide (T10), zirconium oxide

(ZrQO), iron oxide (Fe0), and nickel oxide (NiO).



including a unipolar swtching nenory material; andan
access conponent coupled in series with the nenory
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configured to allow conduction of current through the
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appar at us I'sing: a fi vice level including a
first nenory cell coupled between a first

18. The apparatus of claim 16, 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.

19. The apparatus of claim 16, wherein the unipolar switching memory

material includes a phase change material.
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el ectrode and a second el ectrode; and a second devi ce
| evel stacked over the first device |evel, the second
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between a third el ectrode and a fourth el ectrode, each
of _the first and second ry cells including a. .
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conponent includes a material excluding silicon. 16.
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1 wh in the fisrst. condycti.ve line.is '

patal | of 14 rbRi i Giig® PR s B Fo RHESIER, ffhdhen

| iineluties SHRstapdd edrhyinpel pengd @adsyr to the first and
second lines. 18. The apparatus of claim 16, wherein

the first nmenory cell is configured to conduct current
bejeen,the, £ L And,.second el ectrodes when a voltage
VZ%%G o? égsf%ﬁgﬁpon ¥he first line is greater than a

vol t ageapp}ing a dirstaigiad vadreaa a i voltagediffenace amd first

wherei.n the second nepory cell is configured to
COTEFGLEN 841 ohTCBOr e ST HEG 35 356CFTIBAF P o memory cell of

eliqe Me?rgﬁys dBheDt AP bh g Nas lé@m%tm@nt,sé.ugin al on the

third line is greater than a voltage value of a signa

on the apptonglakemad sighal Precappacandsodhgctidicnants in a second
TG e et e B G A AR A 26 B P AR U offhe

Cl R8s E8mpvh&it el Rerktethp Midst S o R handiefe AL E EX Rk dd NGB Ze
compound of germanium antinony, and tellurium 21.

Thelugrperthe second veltagadifforenghercepds a srsondiveltassl vabic, ape
access onent i ncl Llver- Tlag-tal
o B ad A R or el R ¥ B OB PR D RO
wherein the material of the access conponent includes
sil ver-doped germaniumsulfide (GS). 23. A nethod
cfpri sThignelppy rlagna3rhiker compislnst o create a first
vol t ageaggyilflﬁgﬁa Q&(ﬁtib@al%uf‘r%ﬁtﬁfnroﬂbﬁ A hORoAFLT8nAand the
nment an

0
menory an access Coﬁponent or a nenory
celctessfcotnipendre ndrey thiewdcess domfonent i9mrhbo@ccésermine a

conponent ;. and .
rgplstance of a material of the memory element.

25. The method of claim 23 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.

26. A method comprising:

forming a memory element of a memory cell; and



appl ying a second signal to create a second voltage
difference in a second direction across the nenory

web@sgntieand t he access conponent to turn of f RPEEUS2009/001573
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access conponent, wherein the first voltage difference

exceeds.a first voltage val ue ﬁnd thg §ecoqd volngﬁgo i
di 11 er eRERIMSRAIASIESLOBROBRY 10 8]0 Y g8 I8, o SHHCWHBF iR the
t NG e RBAESEMERPRILN Fird: REhAULRE fareABY Bld @lst @X&dtiodli Aabss the
silicon. 24. The nethod of claim?23 further

compmbgy elgmentguidythegecass endeicniennedceedsra famt velkagsghietand to

menory el enent and the access conponent en t he

R SoRENen Pt Putet AEHE b B RaT i fil S Psecond

I eadifba afer&icean ABE&IIdaireefiod Ao sBAB MEn)r@RBMent 2d the
The nmethod of claim 23 further conprising: applying an
adkficegsenaiposeiticapteds Brseeril oasersHue.yv kA efBh¢ a¢Hses t he
aCHipon r?t”i%?ﬂ%t avmg{%rigp&cﬂgﬁneosﬁ li?o(?wr.rp onent is turned

on 10 changé "a resi stance of & naterial of the nenory

el ement froma first resistance value to a second

resi stance value. 26.. A nethod conprising: formng a
metory Ehemsthod of climgfp ey foa"mmﬁothemﬁna@'ygﬂ@%% gad the
coppenen ]59mﬁhgﬂﬂa&pnduction of current through the
menory e Erent en a first voltage difference in a
first digpesitingmdtpledsycrhel mewepaly oebiearegitctanid dfhiee memory
aggﬁss conmponent exceeds a first voltage value and to
pr eftd conduction of current t hrough the nenory

el ement . Wk La S64BR @fgéghtlgﬁe@lo@iﬂfef 1%[1&?&%@15}}]/&5% s&ePRdillar

direcplon across the nenory e ement an e access
cormpphento trelstisde themomdrydemagicbeiad uérstwagroditie piber and

access conponent  jncluding.a material, excl uding

o iF eSS SHRPri helfna g 0nd BB ey e n 1 or i ng
the menory el enment and the access conponent includes:
dgggsiting multiple |ayers of materials over an

el exc

t r oblee wethop of glaim 2y, whenein GagiltesmslidRg acrpericcdan with
of - - t multiple layers to forma pillar
cdh%%%%ﬁhaﬁﬁéﬁgﬁgﬁggﬁ?ode, the nmenory el enent being a
first part of the pillar and the access conponent
bei ng a_second part of _the pil hod of

pillar. 28. The_ggt _
cl % m 2ihe WEwPdioh claHB 29i MREE! dRPPEHag e BHEYEe SeETsiYn
Wi i Rerials includes depositing a unipolar switching memory material contacting
the electrode, and depositing a bipolar switching material over the unipolar

switching memory material.

30. The method of claim 29, wherein the unipolar switching memory

material includes a phase change material.

31.  The method of claim 30, wherein the bipolar switching material includes

one of ion conducting chalcogenide, binary metal oxide, and perovskite oxide.

32. The method of claim 27, 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.

32



a substantially circul ar shape. 29. The nethod of
claim 27, wherein depositing the multiple | ayers of

woradoeni#bs i ncl udes depositing a unipol ar sw t BEI/OER009/001573
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menory material contacting the el ectrode, and

depositing a bipolar switching material over the

uni polar switching memory material. 30. The nethod of
clsd m 29phe MREIRIOT cldh® 27fuRféonHMstEhi ng menory

material includes a phase change materjal. 31. The

met hod &poeitiagmgoplevadditionnl leyess bf poieaalsswer disimigar: and
glatng ;/almeloQ/CA Uéj 58 t18 g‘txch lgg ??]?eel%gl}[bg% g@&%&_ﬁﬂé}e%elo form

nezidmﬁhtﬁtfnanﬂllathJaddmeﬂﬂIpﬂlflan{cﬂ'lldiﬁig pairdt p@ft folmeingial hanory
forns an additional electrode of the ne cell, and

whderaent aflss aggiigng! epmppntellang asseonsral ﬂ@&iﬁp@h@ﬁ?ss

ar e t he additional
el%gﬁﬁ%%ﬁh@%h@%%ﬁ1&&?ﬁ3%ﬁ%?Qgpaln]27 further

conprising: depositing nultiple additional |ayers of

mat eri als over tge pillar; and renmpving a portion of
eath | alles mgthodp CM“t%de“@h%chd’i“iH’@H’& layers lo form

an addi {-anal anoddd @l El'a@tr@cféddxief Q{é%lmlﬂelf&% depsdithel g

a first part  formng a nenory el enent of an additiona
rremnktlyole:z&ldhtlmdlaaeswendleplalrletr the raddlmlgn@lrﬁlmt@és being directly

component d onal [.l. .34. The
e oe 1 niff el Bl e TR e ob G an
addi ti onal el ectrode over the pillar before depositing
the multiple additional |ayers over the pillar, the
addi tional electrode being directly contacting the
pillar and directly contacting the additional pillar.
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