MEMORY CELL STRUCTURES Technical Field [0001] The present disclosure

rel ates generally to sem conductor nenory devices and net hods, and nore
parti cul avbyep1zmesswssy cell structures and net hods for foroirng2aibe4ssane.
Background [ 0002] Menory devices are typically provided as internal,

sem conductor, integrated circuits in conmputers or other electronic

devi ces. There are nmany di f MERMORYYOEELETREGIYRESC! udi ng random access
menory (RAM, read only nenory (ROVM), dynam c random access nenory (DRAM,
synchronous dynam ¢ random access nRaR{iYal QPRAM , fl ash nenory, phase
change random access nenory (PCRAM, spin torque transfer random access
menory ( STTRAMC1]r esi sﬂ’lhv@rérsamtdﬁmlwm@tmmcmllyIRRMipomhgn:gt oresistive
random access_nenor.y. .( VRA so referred t.o.as magnetic,.random acgess
nenory), conglfﬂqwggﬁg?sﬂwﬁﬂébg%da %E%@‘%?@’W RARY STATHBIYS 2B her s.

[ 0003] Menor y nikivide €61 RFAingtthé k&g as non-volatile nenory for a w de range
of electronic applications in need of high nenory densities, high
reliability, and | ow power consunption. Non-volatile nenory may be used in
a personal conputer, a portable ne ksrtOi c&, a solid state drive (SSD), a
personal digital assistant (PDA), a canera, a cellular tel ephone, a

portabl e nusi@layer, Mergory dvPBephrd\tsicaly provided Bt B¥&hal, and ot her
el ectroni c devi ces, anong others. Program code and system data, such as a
basi ¢ i nput / SemRisaRdusies; @gqg(rqu cuitsip CopRISH) qrypthar glestonig dewises/ol at i | e

menory devi CeferelROREhMATYe IR TR of MEh ey inc?lﬂﬁltf'g Iaa%dmes@%%rymlw
(RAM), read only memory (ROM), dynamic random access memory (DRAM),

synchronous dynamic random access memory (SDRAM), flash memory, phase
change random access memory (PCRAM), spin torque transfer random access
memory (STTRAM), resistive random access memory (RRAM),
magnetoresistive random access memory (MRAM, also referred to as magnetic
random access memory), conductive-bridging random access memory
(CBRAM), among others.

[0003) Memory devices are utilized as non-volatile memory for a wide
range of electronic applications in need of high memory densities, high
reliability, and low power consumption. Non-volatile memory may be used in a
personal computer, a portable memory stick, a solid state drive (SSD), a personal
digital assistant (PDA), a digital camera, a cellular telephone, a portable music
player, e.g., MP3 player, a movie player, and other electronic devices, among
others. Program code and system data, such as a basic input/output system
(BIOS), are typically stored in non-volatile memory devices.

[0004] Many memory devices, such as RRAM, PCRAM, MRAM,
STTRAM and CBRAM, for example, can include arrays of memory cells
organized in a two-terminal cross-point architecture, for instance. Arrays of
memory cells in a two-terminal cross-point architecture can include electrodes
that have planar surfaces between the memory cell material. For filamentary-
type memory device, e.g., RRAM and/or CBRAM, the location of the active

region of the memory cell between planar surfaces of the electrodes can be



STTRAM and CBRAM for exanple, can include arrays of nenory cells organi zed
in a tw-termnal cross-point architecture, for instance. Arrays of nenory
cel | s i n wot2as/aededi nal cross-poi nt architecture can i necCuds2@keeisspdes

t hat have pl anar surfaces between the nenory cell material. For
filamentary-type nenory device, e.g., RRAM and/or CBRAM the |ocation of
the active regriabledbcduse therpimiay sehdes betheetrtplianabvids kiasemipilyt he

el ectrodes can .ftée ariaﬁlﬂg becaé?:e t he pl anar surfaces of the el ectrodes
provi de a suB¥HSAR{CIHCINF UElP peRons B seamory cell eagerigér oss the nmenmory cel |
material. Brief Description of the Drawings [0005]Figure 1 is a block

diagramillustrating a portion of an array of menmory cells. [0006]Figure 2
illustrates a portion of an diriedesériptipmutyhecBldviingn accordan’ ce with one
or nore enbodi nents of the present disclosure. [0007] Figure 3 illustrates

of a portion[0005n arr ayg@ 1NMEABIkRAZrEmiiNuRGEHAE dFVRBVAIR 829 Pr NOre
enbodi nents of the present disclosure.
memory cells.
[0006] Figure 2 illustrates a portion of an array of memory cells in
accordance with one or more embodiments of the present disclosure.
[0007] Figure 3 illustrates of a portion of an array of memory cells in
accordance with one or more embodiments of the present disclosure.

[0008] Figures 4A-4C illustrate a portion of a memory cell in accordance

with one or more embodiments of the present disclosure.

Detailed Description

[0009] The present disclosure includes memory cell structures and
method of forming the same. One such memory cell includes a first electrode
having sidewalls angled less than 90 degrees in relation to a bottom surface of
the first electrode, a second electrode, including an electrode contact portion of
the second electrode, having sidewalls angled less than 90 degrees in relation to
the bottom surface of the first electrode, wherein the second electrode is over the
first electrode, and a storage element between the first electrode and the
clectrode contact portion of the second electrode.

[0010] In one or more embodiments, a memory cell with a first electrode
having sidewalls angled less than 90 degrees in relation to a bottom surface of
the first electrode and an electrode contact portion of a second electrode having
sidewalls angled less than 90 degrees in relation to the bottom surface of the first
electrode can have its location of filament nucleation localized between a
blunted peak of the first electrode and a point of the electrode contact portion of
the second electrode.

[0011] In the following detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and in
which is shown by way of illustration how a number of embodiments of the

disclosure may be practiced. These embodiments are described in sufficient



[ 0008] Figures 4A-4C illustrate a portion of a nenory cell in accordance

with one or nore enbodi nents of the present disclosure. Detailed

Descri pt iwo 2p006j63he present di scl osure includes nmenor PCraiskoigtonasst ur es

and nethod of formng the same. One such nenory cell includes a first

el ectrode having sidewalls angled | ess than 90 degrees in relation to a

bot t om sur f adetadfto thablé thos¢ obbrdtarosial] ithsaes pratiee the@athodirfaltydf Nng an

el ectrode co ortion of the s cond el ectrode, having S|demalls angl ed
Wi greabodien

| ess than 90 i 5P &R updersingd st ot sapekimenismas wiilized
el ectrode, whgy ﬁia’i‘{)f;&@sss@l@@tﬂgaleerﬁﬂ&rs‘?%tu'rzg ¥, stnf:lhgf Hel thide \Qéﬁcﬁﬁr ode, and a
e an C

storage el enent between the first electr el ectro ont act
portion of tKepatvpfidmethestopodd thd B0} disclomeeor nore enbodi nents, a nenory

cell with a f @?ﬁ el ectyode tﬂ Vi ng S|dEwaI ,S angled |l ess than 90 degrees in
relation to & t om sUt¥HEL g pa NEMPE; of FURE RS BAEL P W Y8
contact port isah Bingd. FeEOREhRE, %Q{dn%?ohﬁl\éhﬁgy gbHeuahh seBNgl £ ok Gste t han 90
degrees in relation to the bottom surface of the first electrode can have

its | ocati onngmmqry dgwees: Aqfdrbtlelmllumﬂneld@eanat@ed I\b@tndé‘ " a5 Wwedhereth,peak of the

e B el b BT B s

di scl osure, mefbeestle psnlﬂﬁldﬁfdamré E@d@ﬁ@ﬁfﬂdadaﬁlbﬂgncﬁucﬁﬂlﬁ%a hid@befgfr m a part
hereof, and in whjch is _shown by way of illustration how a nunber of

embodi nent s 8mbpﬁ’@1%1%%ﬁtb%9¥e§ewcbl§uﬁ§’r acticed. These enbodiments are
described in [éﬁ’ifo] i Ci entrpe figures herein follow a numbering convention in which the

first digit or digits correspond to the drawing figure number and the remaining
digits identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 208 may reference element “08” in Figure 2, and a similar
element may be referenced as 308 in Figure 3. As will be appreciated, elements
shown in the various embodiments herein can be added, exchanged, and/or
eliminated so as to provide a number of additional embodiments of the present
disclosure. In addition, as will be appreciated, the proportion and the relative
scale of the elements provided in the figures are intended to illustrate the
embodiments of the present disclosure, and should not be taken in a limiting
sense.

[0014] Figure 1 is a block diagram illustrating a portion of an array 100
of memory cells. In the example illustrated in Figure 1, the array 100 is a cross-
point array including a first number of conductive lines 130-0, 130-1, . . ., 130-
N, e.g., access lines, which may be referred to herein as word lines, and a second
number of conductive lines 120-0, 120-1, . . ., 120-M, e.g., data lines, which may
be referred to herein as bit lines. As illustrated, the word lines 130-0, 130-1, .. .,
130-N are substantially parallel to each other and are substantially orthogonal to
the bit lines 120-0, 120-1, . . ., 120-M, which are substantially parallel to each
other; however, embodiments are not so limited.

[0015] The memory cells of array 100 can be memory cells such as those
described in connection with Figures 2, 3, 4A, 4B, and 4C. In this example, a

memory cell is located at each of the intersections of the word lines 130-0, 130-
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detail to enable those of ordinary skill in the art to practice the

enbodi nents of this disclosure, and it is to be understood that other
enbodi menwe 20myookas3ut i | i zed and that process, el ectri calPCcTarsdéian44ssr uct ur al
changes may be made w thout departing fromthe scope of the present

di scl osure. [0012] As used herein, "a nunber of' sonething can refer to one
or nmore such 1, hi ng30-Nrard exkmgsl1€0-0g 1DQHTDEr., TI0-NWEARY e GRvic@sclladinr ef er to
one or nore r%m)ry .devices. Additionally, the designators "N' and "M as

used herei n, ‘PAHAAPAVPYCTRRIPH aredufseinte. £6-retles Badevlauerdline 13-Qhe
drawi ngs, |ndizeales YBAN dVRR 18010 Par LishIihs [iRAUARaSOrfRR] Onat ed
er of enbodi

can be included With a nu nment S”of  the present di sclosure.
[0013] The fi gwmarylellei n foll ow a nunbering convention in which the first
digit or digi orrespqnd to the draw ng figure nupber and the renaining
digits ident i[W] n el enBiftMIPOY SIS FEhEe i el"%’é‘p I&RstRgice phler el enents or

conponent s behures {ilf far erAM suscenmaniReni demAld &ds hqlhgTyse of

simlar digits. For exanple, 208 may reference elenent "08" in Figure 2,
and a si m | arR&Megellptamang dkerrtppesod meotbraselB0d toraEe glemenBl2%snwi | | be
appreci at ed, . h ip the various di.nents herein can be added,
exchanged, an lg&eg%t?rr%%ﬁg < n{s]%’lagagat/%fl ?rcf\ﬁcgfgp CYitdr BBRCEHS AEY S5ral

ermbodi ment s dfhetsheagy temaiit ralit6iGd @ortich oflstoragdilément, 128 aMiddludes, appr eci at ed,
the proportion and the relative scale of the elenents provided in the

figures are iRR&SABBEbEPATTioN L] the memaik celiiseti te Rogionipregremprablecinta _
di scl osure, %ﬂlb%f‘f}#&if‘fe%i 40§ shaf ek Qedsd 4ilidd D9 b%%gchd 004 Figure 1is
a block diagramillustrating a portion of° an array of nenory cells. In
t he exanpl e idhinis ledte@OD),EngumpetHters. t e iastimeg, hQOsiktand wF@BRk- poi nt array
including a first nuH:ger of ccinductive I@eﬁ 130-0, 130-1,. . 130- N, e.g.,
access |ines PSIRAPEIFeHR SHE25H empRFap nahudedhs Parionsf ¢he meeery 4ild a second

number of COﬂﬁUﬁtgia\&%siktbﬁ&sthétagpQ)glreﬁ%gagle to parltilg:glgf Myeig ggrrg[:ﬁlfgﬁﬁiﬁ kb nes, which

may be referred to herein as bit Tines. As illustrate e word |ines
130- 0, 130- 1,particular datantasesaresnopsivaita apiliey ppegramehe vdtagaehd/ot bererand ar e
substanti al | usrtra][oﬁgf)ntal E;to tﬁe bii lines 12 -dO, 120-1, . 120-M ich are
subst ant i al | PUBSPAPT BFAPE fadiTageirlsment S trside ong Srmks paterrls, whichs o
limted. [O00kb]ldipeedoniptise @lvafiallt rédistaie $dPagedleriéht MBARHA peRlohSrauch as

t hose described in _connection with Figures 2, 3, 4A, 4B, and 4C. in this

exanpl e, a mekBErRE denent; onipyancedthamaeridls oky irmdudont deaseete affismettl t he wor d
lines 130-0, ;43 Qurce layer, an oxygen gettering, e.g., source, layer, and an active switching
layer, such as a solid state electrolyte, a chalcogenide, a transition metal oxide

material, or a mixed valence oxide with two or more metals, e.g., transition
metals, alkaline earth metals, and/or rare earth metals. Embodiments are not
limited to a particular resistance variable material or materials associated with
the storage elements 125 of the memory cells. For instance, the resistance
variable material can be a chalcogenide formed of various doped or undoped
materials. Other examples of resistance variable materials that can be used to
form storage elements include binary metal oxide materials, colossal
magnetoresistive materials, and/or various polymer based resistance variable
materials, among others.

[0017] In operation, the memory cells of array 100 can be programmed
by applying a voltage, e.g., a write voltage, across the memory cells via selected

word lines 130-0, 130-1, . . ., 130-N and bit lines 120-0, 120-1, . . ., 120-M. The

width and/or magnitude of the voltage pulses across the memory cells can be



1, . . 130-Nand bit lines 120-0, 120-1, . . ., 120-M and the nenory cells
can function in a two-termnal architecture, e.g., with a particular word
i ne 130-wWp 208006363. ., 130-N and bit Iine 120-0, 120- 1pCT/US212044#8BS t he
el ectrodes for the nenory cells. [0016] The nenory cells can be, for

exanpl e, resistance variable nmenory cells, e.g., RRAMcells, CBRAM cells,

PCRAM cel | s, adingted)e. S VAN ﬁlairﬂe,toemgmn@ﬁétﬁemtmp@etls% pm@ﬁraydéﬁﬁl I's. A
storage el enment 125 can_include a storage el enent material and/or a sel ect

devi ce, e.g. Stalgh agcbyadidineceresivhiacsiceladéhestionenelomentri al portion of

storage ele 25 ca de a_pno bl e RQLL f the ry cell,
e.g., the poﬂrot prog?‘a%m‘g]bge %bre%a’n erncfang % tgrﬁe%(%lttgtgﬁ?t@ The
access devi cetatat dyferaoi @iityasendng onrrahfot extenle on NsD)ine azmoglztr.hers. For

i nstance, in resws)%age vari able nenory cells, a storage el enent can
i ncl ude the porti COPYFEP 19 therespeckive mymery eell ssaersiva gt i s

progr anmabl e phictif %l@&gta%g?lll&i"t%ltﬁe M{&&W&'&q 129 30% R3ply cul 0. a2 states

responsive to appl i ed programm ng voltage an cdrrent  pul'ses, for

i nstance. A s»tlmﬁlatger@pmﬁntceld&mcauptr:kiuSenmmgopmatmrse;anatsenncﬂh@a bmrhngh

collectively co r| se vari acp .resist ancle rage elenent materi al
arth Eﬁ"g

portion of a“8f% éH’Eﬁf‘n Hnesatparicy! {RP4d8T © $583¢ thecl ude at

| east one of d@ta@&t@éfd@[bcﬁéalt{eﬂe | ayer, an oxygen gettering, e.g., source,
layer, and an active switching |layer, such as a solid state electrolyte, a

chal cogeni de}0M9 r ansi Figc Al uﬂra@xra@ertrmt@mrnalrray@rfrrwnmrxedlsnal ence oxi de

h h I
antor rare SaPriTEG Bifion® cliiont FARRAMARD ARi R fuSBen e TR efell ar

resi stance vafinghlogy calsén Fidur®R cabesn alrsy ARH0S hahedoMIfldkde it or age
el enents 125 of the menory cells. For instance, the resistance variable

nat eri al can kgélr% cﬁélﬂé‘@&éﬁfid’éFf%‘i%cﬁncﬁ]ef\rfé’ﬂﬁmef%é%lscﬁmu%@m
materials. O lea200f T'i‘lg?.ﬁlﬁsm(tﬁatgﬁ{tl' <EnTBUSELFongld8f S20 De used
enen

to form st or age e tsinclu I nar OXI teria col ossal
magnet or esi stnaW1atrEtb1easxaail;ﬁe sidoat, emomgwam qlbér)sn’egtralﬁ@ﬁleféneas Mheance
vari abl e mate Ial%r‘B others 0017] I n operatron the nmenory cells of

array 100 cafi°f&° 4 By bap quétvgnwﬁrtaé,g%m as G’PpeéaW‘Plte vol t age,
across the ”ﬁﬂ%ﬁﬁéncﬂl&% 0é'r1%u§84h@1c&ﬁﬂkt/l&?vreqnét'eﬁﬁ§ %ﬁQchtré&Orn&terla 04, 130-N

and bit line 20-0 The w dth and/ or magnltueof t he
vol t age pul sean bxa betéomn Iqb:CWedmmg celondud i live, foadkarspledin acess lingari ed, in

order to pro mthe ul ar a Sta

adj usting a ?%s. st‘%%gemfesewq Sg‘t ?tho%r [}fgﬁ; ee?“@t‘ré‘ﬁi’” l‘[“ﬁ?)it%f‘%%e%%“% e.g.,
read, operat smma;mlgereusenlet@ecﬁteaemael n@ec&a&@etéﬁeetts f&fmenﬁﬁls‘ery cel | by
sensi ng current for on a bit line 120-0,

cor r espondi ngf ¥al eb’ﬁéher%é g&h% V@@Yﬁﬁhﬁtetﬂl@érpﬂe m@tﬁpj@hg@%eﬁmbﬁ farmed tlﬁlngll ar
Ve £92 anpt bESioliBphfortel SELES YR B bi0fa L and 0 betpich s He bl as

t he respective ce is C opera HP&ude bi asi ng
unsel ect ed \Mﬁrrcéthpkes Tardabieys 1h|t]n‘feelecatod|ealliette1¢al 284 hued h@ge&tical order to
sense the dat, te of a sele tecil C%|L, .

si ew S, e.g., at an angle Jess than 90° in relation to the planar bottom surface

of the electrode material 204. In one or more embodiments, the sidewalls can

have an angle of between at least 10 degrees and 80 degrees. In one or more

embodiments, the sidewalls can have an angle between about 30 degrees and

about 60 degrees. In one or more embodiments, the sidewalls can be convex

and/or concave while being substantially non-vertical. Embodiments are not

limited to a particular non-vertical angle for the sidewalls of electrode 204. The

etching of the electrode material 204 to form the valleys therein can also isolate

the electrodes 204 from each other.

[0020] In one or more embodiments, the valleys in the contact material

204 can be filled with a dielectric material 202. The dielectric material 202 can
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[0019] Figure 2 illustrates a portion of an array of nmenory cells in
accordance with one or nore enbodi nents of the present disclosure. The
array of wermryooesmBl s in Figure 2 can be an array such asTarscay/014381
illustrated in Figure 1. As illustrated in Figure 2, an electrode materi al
204 is formed one a substrate material 201. The substrate material 201 can

be a sem condeatdidledrit exidalor nitede, e¥eH R wlicon! Higld (SBNPNG sYdoh Qktfleot her
substrate natﬁooéll The el ectrode mat eri al 204 can be a conducti ve

mat eri al , HRRIFYATIQRYP BT diglegBicanaterialonly s exersleshpwn itonduct i ve
materials ode, e.g., a
conductive i neu% ?g&ég%geﬁp@éﬁﬁgﬁiha%@g%@% |§12 &%h%lggmv@irog tr‘lg nes 130-0 to
130-N or a dataaatizadcfosuinig aqﬂarinrisuﬂfad&&ﬁ‘t]ﬂédlel&ctrm maeHM2ohond ther Fi gure 1.

The el ectrode ri 204 ¢ be, etc rma nunber of valleys
therein. The® lﬁ’nr?‘gir@aﬁeﬂzltﬁ@ }ﬁmﬁz&&t r%ﬁcieé?%ﬂ?(ﬂecé@ﬁeﬁ@tqrtﬂl %@@C@gl ng an
i sotropic et gdiulGn HeQEERSsecBURH A% ALAIIBs %@Hﬁ%@ﬂ%%uﬁf X\% 4-et ch

process, for exanple. The valleys in the electr eria have
non-verti cal seditidegleshhps aral gectrode 266 1sas®ghlatddé§zsxhe Hetectfx materiel 202 on to the

pl anar botto surf.ace of t ctro mat er one or_nore

enbodi nent s, rﬂbedéi’ e\/ﬁfﬁegpgeaﬁalﬁg\}éergwtgﬁ‘@] eA]glF 'ﬁgﬁ\ﬂégﬁ’sﬁ?te?l ULEBUHD degr ees
and 80 degr eesihelelecRBsTATORR cEREMRAARMSS €.t e 2 AirEQNR ik 58P agldve an angle
bet ween about 30 degrees and about 60 degreés. In one or enbodi nment s,
the sidewal | $0®dh be cérrwworamavecﬂmlmﬁa@ma aftdriage pleineyt wates iAo anl y

non-verti cal Iﬁgﬁﬁ 0 ar t verti cal
angle for t hges 11)%]%“9 Cfr%l gciaﬁ%e‘flheéecég%ma L?ﬁ?t Wéﬂé‘[ﬂect rode
material 204 ete@trif)d):rmﬁehel 208 I'Rieeldchoteatedan2ed fehideoh ab@adtiRr@dect rodes
204 fromeach other. [0020]In one or nore enbodi nents, the valleys in the

contact mat erPhl Thpeontagt paion;of thegelggtrade materil 287 cpe interfaseiand comact The
dielectric i uch as
T con i tr ittrdpe AlGeRRRBAB0Y Sl ASNOR il ok i b 0

di el ectri c migrercdaissyg al dcpbhaompmmpsseswhmmatdmc Faygr depaition@ L d)endeirr i

mat eri al 202 and. the el ctrode b% a % pl anari zed form ng a pl anar
surface of tﬁg crgjical Vé"é’f”f Oﬁ‘éﬂpﬁt@g Q%Ee’éﬂﬁp é- g Posage st metstial - 204,
Pl anari zi ng bbecsimtrae @of 1&&%0@'0%65? Qﬁi)?e fRisehtalartife %ﬁﬁérlﬁl‘g%%ﬁ ad ) the

cross-sections of the el ectrodes 204 having a trapezoi cross-secti onal
shape and el &éﬂsﬂ@@bn@@homemw@e@lpwvﬂh@ 1d¢ledte\gttwoor maremietdls, 202 f or ned

in the respecgt e et we h not | lustrated in Figure
2, the el ect rggjd %‘ﬁgl‘l%}a&? g)kr?ﬁn%ﬁ mleﬁf ﬁ’re ea} et Bfrectl on into the
page. [0021] Bmbodanmeits aemet Rimied id®piicular b RIASEV A BIERhteEL er i al 206 can
be formed over the planarized surface of the dielectric material 202 and

the el ect rod®0U&d eri al fodiglectrisanapiadi2ldgan hafamedloventhe sipcigeddementcont act
ortion 207. a fer. 2
!Ont erface an E%lr?f? gdcj:'(§ ﬂ%e &gfeg{rr%qg% léelrr%;%t% aﬁn&%g%?eg ré((‘)%mdq'ﬁ%mgrtl%?"age el enent

mat eri al 206 sednskdidoa mivede (&QNQ oasﬂﬁpﬂ%kﬂb@&@@%esm}ﬂucﬂfhaiha@érfam c layer
deposition (Al ‘Jf;)) nd/ or ch m cal_ vapor depr?lsl tion for _exanple. The
storage el em&ht ¢ ee‘?tf’léqd t? Brme Xpflays dhegein 6?’a]i1‘ﬁ’§t"élﬂl?énat6ﬂ%l e capibe

resi stance v I o terial or
a per ovsKi teﬂfﬂr}%lglﬁin%%t@g% %D%gg E@C@T EMSASTPI,I&?}&E&S}?%% %@%%

al kal i ne ear f«‘hhmwm orgxdinpte. rheeetdang pronestsahs be Ersblechmmd:}Spmbessnot

limted to a ar r |stance vari abl e. al . di.el ectric
mrertal 915 BRReBE 4R e eRtE Rt Pl LA CHEE sidterta tos. The

diel ectric netlesysah thillele@fc Bitdiallb e} 8&tionG et g?rat%htahgﬂ%ss%‘é}h as
silicon nitride (Si3N4) or silicon oxide (SiOx), for exanple. The material

212 can be eP€hiagciation by the battpmyplananayéica of firessubsitategm/prthe hettorat er i al 212
can be forne hi sych as Iasma et chi ng
and/ or a wet %@ﬁwﬁ%geéég&hg %Edtéé%agbﬁ eﬁ@fﬁé%@?ﬁ%ght Onvgce c,ran be a

sel ective et cdanawecess t hat etches dovvn to the storage el enment nateri al

206. The sidfv@IIs of the valleys.in the dielectric material 212 are
non-vertical [0 at éﬁﬂé‘F@a@dIl%gbgUtr%&:r\angéethdPéP@ﬁ?tdW”tl@l Hkofhot t om

pl anar surfae@c%dém gHR AR AL O DRk OMHLARE ifkie ol ect rode

mat erial 204, and can be stralg conv or concave
i1 lustrated is sPtly theeelggtragln cehtecttpomnlml 2dhofadectpde 2D ha2di@evwodlls defined
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el ectrode 208 can be fornmed in the valleys fornmed in the dielectric
material 212. As such, the el ectrode contact portion 210 of el ectrode 208
has si dewaibl2s13dwbéicaed by the sidewalls of the valleys fecwas20m/084581
dielectric material 212. The el ectrode contact portion 210 of el ectrode 208
can be forned via a deposition process such as physical vapor deposition
(PVD), CVD, apdhosidddis dEntodilirenismad & hetdidledtiit afidrl a1parhd cul ar cont act
material. In ﬁﬁ &h nore enbodi nents, the contact material 210 can be

conpri sed of € taghpeition2 14 ! elsatredecdibrosn derfarmesd \aa aﬂ@BDSItIlCm one or
nor e enbodi n of a materi al
di fferent th H}C\% Sa%ugglaggﬁsgcﬁ o%tr(aléffer 03’11&2@ CI?—/E‘Dr %gx " the cont act

material 210 Emdmdimerﬂs aretrak limdied s®a padicailat evt@lt masert, Bﬁoriel ortgsresul fide
and/ or copper eI J url d while the electrode material 208 can be tungsten

and/ or coppefmope I Gontast matssal 2kaaa brremprisebolibasaee metarisl pal 210
and el ect rodgler@&glr a

i nterpositional %/dd lma%’&ﬁaléb@ Q%ﬁ}{rg@?%ﬂf%gin@ét@%gﬁenﬁgi@ %[@68 (not

i |lustrated) 210 capbe mmlmmdlmésmmeraﬂdifﬁarera thiirf thatso farediratle neteria] 00R4] An

el ectrode material canb n the remainin rt|o of . the

val | eys forrr%jg TP Y e 'E'ﬁ%%%ﬁf‘?ﬂgefp?ﬁé@ Fag} bog metal igq so em’fffﬁlfl i Fh 3per ¢
unfilled by eifiegtshide aaamot a@%)epﬂzlllhh@@ v Bé el%b@Gderﬁﬁk%nal%s dafi pgontact the
el ectrode contact portion 21 The el ectrode material 208 can be a
conduct i ve mingsteaand/enedprss bopser nmidﬁmbOdmﬁwhere they comjahplaterialThe

el ectrode ma Q conducti.ve |ine,
exanpl e, an gggg@selﬁa%&qﬂmggaﬁo\?\x%f% kl ir;lcé% "f%lags ?t leigﬁnﬁlrg?rpgslﬁg?aé i ne
such as bit ldyess. gl JaNOniag bt 26elddeslt@wicdnr? 1Bi & 208 (dot i Tigratlds,ab pasdeddmat er i al
208 forned |n t he vaIIeydbfgnd the dielectric material 212 can be

pl anari zed, @d@fsionaAnd{ora difdesion pTips ol ate the el ectrode material 208 in
each respect wmyal | e A0 de oty SDBLECL FiBB LAl T 3l | €ys
formed in the dielectric material 212 have an orientati on nom- ara lel to
the val | eys bbthesdlleys fohreedingbe diztietrivametetial 21204.o. ehegporsunsdﬂlefthmﬁﬂedi ect rodes
204 and 208 are IIeI re. enbodi nent s, el ectrodes 204
and 208 are }?888‘?1‘?2 on %B%Ifﬁgr]rﬁr“; @E'irir’% f% Herash teelsgitode t he

enbodi ment |Ebﬁt§étrp%ﬁﬂ91 21, ﬁr}w@cu%dsﬁﬁt@ramsi@armedy@&ﬂuyﬁvé ARekibfy W th
regard to a location of filament nucleation, as conpared to previous nenory

cell's, e.g., SGCBRAVORPRI/aE/ oRRMIgSEB] fos exdraple B¢ alectzodet hatetialc2018i aan bof
filament nucI n_be

respective efaecq?lggéo Oel‘tgaﬁﬁo?(ﬁgtl ?H‘f { 4o ‘ggp%ge%f@&?‘r‘%@é (Hat act

portion 210. lik&aAl30-8to U{ENHQGL&iateDlﬁhdﬁuch Bﬁbﬂ‘t lihad B0 RYICIERE iRAvd i bet ween
the point of the electrode contact portion 210 of el ectrode 208 and the

bl unt ed peak &Hur%ﬂec?h%@é‘?tfﬁﬂeéﬁﬁltaﬂlalé’@a Joimaddn thesvalleys aydathiealidlecttiban a
[ bet t
mermory cell thal ?‘Q?Z ?andsta PEALLRR é % acBYUG i oeiétjﬁe e?e} W@gfﬁiatergag‘t“ﬁﬁ? wo

pl anar surfaces, e point
portion 210 @08aimhmmﬁect%&aﬁaﬂfdrhﬁdbﬂlt}&tcﬁdeaﬁahldﬁéna@m@tTfﬁed&al[@rberl al 204
can concentrate theggledectrl c-fi el(f\xnlght he stora e elenment material 206 such

that a forni KJTFEIR Relicledtse materp a‘éF%?W@@Iqoanfﬁ%[ﬂ@eZ is less
than a form pagyaeleaae ih e eé{FdH@wat&%h'on %%chflh%él%&?&ﬁs‘ﬁp& D! anar

surfaces. [0026]'Figure 3 illustrates a port an arra nenory cells
in 208 are non-parallel. In one or more embodn’nents electrodes 204 and 208 are

orthogonal.

[0025]) Memory cells in accordance with the embodiment illustrated in

Figure 2 can provide reduced variability with regard to a location of filament
nucleation, as compared to previous memory cells, e.g., CBRAM and/or RRAM
cells. For instance, the location of filament nucleation can be localized between
the blunted peak of a respective electrode 204 and the point of respective
electrode contact portion 210. That is, the location of the filament nucleation is

between the point of the electrode contact portion 210 of electrode 208 and the
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accordance wth one or nore enbodi nents of the present disclosure. The
array of nenory cells in Figure 3 can be an array such as array 100
illustratwd 2om/dbmare 1. As illustrated in Figure 3, anpelramstoioaesssnt eri al
304 can be formed on a substrate 301. The substrate material 301 can be a
substrate material such as silicon, anong various other substrate

material s. bedanﬁécblﬁﬁak@delcmbdﬁ’maﬂer13KED4CWhlths es§ ORGHHIE {hB amdiRsvakl such as
copper and/or, t ngsg@ anpng various other conductive materialS. The

el ectrode rratﬂ%ﬁt af a yation et Hlamsniygicicghips paryhese betweey two plasanuiesse | i ne,
for exanpl e, SS oy, a data

i ne such as f n?t {lfc%esA 1%%8&05 (%{gp?[fgtg Wéﬁ%%@?\ac&ﬁ&lgnb@ %ig‘eg% (Lect rode

mat eri al 304 ZG&ancﬂ)ﬁledﬂmhedjpeak dfetartradamateeial 264 Naﬂdoayaltfateﬂhelettctriﬂne val | eys
in the electr terial 304 can be u5| a generally |sotrop|c

et chi ng pr ocg’ggje SE ﬁoﬁcﬁf Ry materia %@J%ﬁglﬂéf"ﬁa Wé‘tngé(f’g?ﬁepﬁsé%@§ f or
exanpl e. The wigl  @¥molycdlNg 18586 tzﬁ@i%%s mah %rfbﬁﬁmg%ltggvﬁr Q%M&P tkgal
sidewall's, e.g., at an angle Tess than 90 in relation to th anar bottom
surface of thavisgelectrodrs with plenatisugdees. | n one or nore enbodi ments, the

sidewal | s ca e an ween at ast 10 de ees nd 80 degrees.
In one or ?%d%xrbodl ne%nﬁ@ggstla‘éslg@%eﬁg\ﬁé)ﬁl@ A AL, HYICE"HE ween about
30 degrees angcorddiet wath (ﬂﬁg:rr RRse eﬁ%ﬁ&%dﬁﬁﬁﬁh@ﬁ&s&ﬁ%s’clo@hﬁee@hﬁ Qridy

particul ar non-vertical le for the sidewalls of electrode 304." The

et chi ng of tﬁ@n@F@él’P@}fén lé?ﬁézlanheanﬂ@af@i#qlmatsr@erayéDOely@trahénmu n can al so
i sol ate the 0 r. 00 71|

enmbodi nent s, %Jl H ﬁ%qu‘%@étefd ﬁrﬁ%ﬁg?zt‘% ‘gg‘!ﬁo enrlall%%lrllalg’Bg E Boémreglolned with a
dielectric rratsabstaalte 31!12 ThEhmbstiat eatdriat 3 0MBEarhead s@@@até&ihté}ﬁﬂ dudhi gl ectric

oxi de or n|tr1de such as silicon nitride (Si3N4) or silicon oxide (SiOx),

among var i ouSISPReIMQReaziops P@eh%{béﬁr@tﬁlﬂsaterlﬂrlﬁ tﬂ@ dscaipdr mastiihAd 04 garri gure 3,
the dielectri e t he

el ectrode malltb gra {Eg%l@%déﬁg H‘Iéﬁina?ﬂasgdggst ?t}p%glrerglt(ﬂe(%l tg a%lgﬁg c(ﬁ}té& using an
ani sot r opi ¢ ebwhictige prtriebs , Thewddrtrade plagsimh3e4 cd hmga mtd:/n@elepﬂmtﬁa eal,

sputtering, The et h| n rocess can el ective_etch
process t hat aé:f)ﬁ‘%écgngbﬂl? fPﬁ%xaéﬁ‘ g"t“?"(,s f &GS Q% E:ﬁ? h@o {#&ENel ect r ode
mat eri al 304 oeaﬂatraq&lelshcﬂﬁwmﬁé 1@@&1 10019- qushbaﬁ :@Fg@fré Pdghe él@émt&w ng of
triangle cross-sectional shape. Etching the electro materi al 304 can

i ncl ude f or nimdertal 39‘1‘19%’06‘5%81@%505@@@3119@@?1‘ ofnelleys thhesine| Bt vadides imt er i al

304, wherein t shaped tio he el ectrode

material is é‘gegegg‘% Oldg%ﬁ)a%&%al biémr he %rlf@teg}lflgg aﬁﬁﬁ&fig ﬁOPIﬁ e%“ﬁ‘éngr espective
val | ey ther elpedc\ﬁmauchﬁdstﬂmmtﬂﬁﬁg hid/bisd wat @ch prdckdsgter exanplehehgl ect r odes
304 form condugti ve I i nes in direction into the page. [0028] In one

or nore enbodPhefidat eeFI%"ct’@fdégé"t@F’éﬁ%‘hba‘f?d’t@r‘ff‘éﬁw@é’@eﬁ’&ﬂs 52 fahpnenglover t he
el ectrode MatAL i §¥0th ANgiohS il BhEE bblsm TR i nSBecudiiomabagage. el enent
material 306 can be fornmed using a deposition process, such as atom c |ayer
deposi tion (ALP) Ireerd! @rmaoieenibodimany the ddpeaistcan hateGiDngld of beewesipdte. The

el ectrode mat er 304 in contact porti n 307, ontact portion
of the el ect ??ﬁee%?gé?qsé‘fﬁ%%eﬁr&ﬁs WERLERTE FE g{hg}eg@e;l;gsg}%@ﬁilsm erial
306. The st Oha&earﬁér%’l@li@tw@&{ £duB0 308 ebSardd bR (P grdR %‘?@é@ ¢t he

el ectrode material 304 and the confornmal process used t e storage
el ement nat effeatot JoEteddn apatiselar nengcnmamgéd ‘ém‘rﬁmt&dm@lmoéleleéﬁﬁdd o i ncl ude

ks that f { 304. Th
gtegr de ZI e?rr‘é’ﬁ% th e(rgPlav%gé% qg?féatllgﬁ%f f%@[t %Xﬁlﬁ%ﬁﬁéelrgp ‘Adre ©

resi stance varsbahilaemr&mdsd@ms mmﬁom&aahsmbtd state el ectrolyte conprised
of a transition netal oxide material or a chal cogenide material.

Enbodi ments 49027hot | i A eBRIo Moz gabadimenisrthe walleys amthe olestiodbmateniat er i al .
[ 0029] A di el gph r ment

mat eri al 306. gTrﬁgﬁl&?}ng{{:W#gﬁnﬁ%gﬁggﬁ %ﬁg@g@?g &ele%]?glrgétgliﬂ%%%m e or
nitride, sucheasligedtiicoxidaiot nitdde, (sfﬁt}BM)hcmm rBiridleQSl@N@))mdﬁw(oSIoQidb for

exanpl e. The dielectric materjal 312 can et d to formvalleys therein.
The val |l eys |(§iqxﬁ’eanﬂf?r@ WEPOHP Bthﬁ’é‘ih@ﬂéi“%c I@Tgr‘%lénﬁbgle%?'ﬁﬁ]& SHRVRE an i sot ropi ¢

et ching procesgre §Wﬁ@d§§ecﬁﬁ@§1@ﬁn§im&Q&W&Ht@e%e%&é& R gegss, for
exanpl e. The etching process can be a selective etch process that etches
down to the slesiradpemealcdakiid. Mieali¢la¢trigositeriphd02 cdebmttbiedofsittigmn val | eys in
the dielectric material 312 are non-vertical, e.g., at an angle |less than
90 in relation to the bottom pl anar surBace of the dielectric material 312
and/ or the bottom surface of the el ectrode material 304.



WO 2013/ 006363PCT/ US2012/ 044581 [0030] As illustrated in Figure 3, an

el ectrode contact portion 310 of an el ectrode 308 can be fornmed in the

val | eys fwormeb/iomseshe diel ectric material 312. As such, pCasedieoi4sete
contact portion 310 of electrode 308 can be formed on the peaks of the
storage elenment material 306. The peaks of the storage el enent material 306

can act as seauiHotpicwtehing protéss, eickal pREMa e@MiRCAndRR Phiy8Bal 3 fhtedfnge! ectrode
308 is forned,. on thei p;i; ks.. The el ectrqode contact 1Eortlon 310 of "el ectrode
308 can have s E%FW@& PBYFepheanhedieifiacliye pich prcessathitegiehek onbyed i n

the dielectri ' 21 20bh : (o] . rial n be formng
usi ng PVD, C\}%e H%E]%F%%hzﬁ%gl 3IO-nE %&%lgggﬂeeeggbé@?ﬁ%%?%}aﬁﬁﬁca& r&s,'fclfldlde cont act
portion 310 cfrostsectionsdd tB08eataded204 hakénd of trfgly icPosRYE oV RUEE.

' . limted t ticul ar, contact material. 100311An
el ect rode. nacdpaE iRt piator AR R neFide EaminR g lsctberesterot-t he
val | eys f or magctidhstin ehetl@@at Mater B84, vAlerdh 2actsstantidl tpigg%llag{ﬁg]eﬂft

unfilled by an el ectrode contact portion 310 of electro le cont act
the el ect r odePogdn elcthe plsetrodsmatedal iThepasitet by ddtectrat matedhl BQFonasd e a

' ' | e. The
el ect rode: mat s FareaisE Yal Be BBREn eh DbtV i Rtea iR Bistititee 1 me, for
exanpl e, an ateadded 30UAcfos Con@RWOibed, eRESH aﬁectfbntiﬁtolt§9péﬂfe9r a data line
such as bit lines 120-0 to 120-M shown in Figure 1. The el ectrode materi al

308 formed i 1O val | & cagar pwee embodipenisca watege ieb:n;e?%glg?im M6 giunar | zed,

B
storage element material 306 can be formed using a deposition process, such as
atomic layer deposition (ALD) and/or chemical vapor deposition (CVD), for
cxample. The electrode material 304 includes a contact portion 307. The
contact portion of the electrode material 307 can interface the storage element
material 306. The storage element material 306 is formed on the peaks of the
electrode material 304 and the conformal process used to form the storage
element material 306 can cause the storage element material 306 to include
peaks that are formed over the peaks of the electrode material 304, The storage
element material 306 can include, for instance, one or more resistance variable
materials such as a solid state electrolyte comprised of a transition metal oxide
material or a chalcogenide material. Embodiments are not limited to a particular
resistance variable material.
[6029] A dielectric material 312 can be formed over the storage element
material 306. The dieleciric material 312 can be a dielectric oxide or nitride,
such as silicon nitride (Si3Ny) or silicon oxide (S10x), for example. The
dielectric material 312 can be etched to form valleys therein. The valleys in the
dielectric material 312 can be formed using an isotropic etching process, such as
plasma etching and/or a wet etch process, for example. The etching process can
be a selective etch process that etches down to the storage element material 306.
The sidewalls of the valleys in the dielectric material 312 are non-vertical, e.g.,
at an angle less than 90° in relation to the bottom planar surface of the dielectric

material 312 and/or the bottom surface of the electrode material 304,



312. The valleys forned in the dielectric material 312 can have an
orientation orthogonal to the valleys forned in the el ectrode material 304,
e. g. suchwohat3/mbamaet r odes 304 and 308 are orthogonal. [ @®032Ajskannuasscel |s in
accordance with the enbodinment illustrated in Figure 3 can provide reduced
variability with regard to a |location of filanent nucleation, as conpared

to previous raesu]y cellssil@stehted HERAMeaNEh BleclRRAN MBIt BortibRB 10 BBLANCE, the
| ocation of filanment nucleation can be [ocalized between the el ectrode

contact port icastrad93ef casl kecformerkinzbe valbaysdornmd inttlee dielgkiriomateialdge. el ement

mat eri al 306 and k of electraode terial That .is, .the | ocation
of the i & andoieh dfie BERoR oM P RABRR ST o P RtoB il sBR Bl st i 550 o
el ectrode 30§esalaultbdstbegt BRnaaKaRiaBl(F. a0R RaRBMthe BRtAicddmaR6 and the
peak of electrode materi al 4. which is less variable than a nmenory cell

: 30 . :

that has a | deaiendrR06ran aqtarsaddighuheisin Ga clssiradespniass ppitiondd 0ol f aces, f or
i nstance. Al %%% t ril t 308 coupl ed
to the peak g g’? ?)ér]g%agisgﬁlterﬁnen ﬁ‘g%@%mﬁ‘g&g&gﬁ%g%‘ﬁ’é%gg f%glf:‘xrlgl%gctrode

mat eri al 304 ebmirodobtedntaive sidewakt éefired byfthebidewillst dTehs vllegs Corfledment

mat erial 306 .such. that. a form.n oltage for a nenory cell in Figure 3 is
| ess than a f"@)ﬁ}ﬁdd‘@le%w%‘gméé%gc?fg? %]GCW‘{EFFOQWHE%WEI @ ber{auning el ect r odes

with planar sudibaoes.clP03/6 ﬂEt)?"Qn@%ﬁE énllﬂdd%&%ﬁhé‘el@&'f'éde%n%{ct a nmenory

cell in accordance with one or nore enbodi nents of the present scl osure.
Fi gure 4A i s partiinobl) dicagtrads 698 eanpwr Cumfoomed viadhivPy Homtelver,n accor dance

w th one or npre .enbodi nen of .the present disclosure. Figure 4A
illustrates aewbgfig%?rﬁ%%fg nﬂf)ljmg?dgf’%%F@arc%qnl%éﬁ?gm@i'ectrpde 404 can be a
bott om el ect nogE]of t heanmEleBdHeGRAtriall308aMYERAMeATn BERHIBRY Sortibhe

el ectrode 404 includes_a saddl e region 405. The saddl e regi on 405 i ncl udes

an area t hat of éha wdlexstamed snibe dicleatiie matesiab3 12, ke dhepertioddefnonfitlas g. , such

that it has - I i fqr by et ching
the electr od3’@@%@%@9gf‘g%‘it}gﬁb‘)fs“%gfae"?ﬁ!%g‘ﬁﬁ?)@g? %S&E?’cﬁn?}%ea‘gaﬁqg(%? egi on 405

can be done uwshiagt pirdsmAl AMTHoslesride ehueriat 308 efrchd Hgomluet asSmateriafl, Or

exanpl e. The saddl e region 405 can_include a surface area that is greater

than the pre-SBERRRPPEEE (s tapgsiengfor eramplsy (lhg slegtrodgmateriab3(8ena beo4 t hat
is etched. [ | B, | f i f nory cell
in accor dancgqgmﬁ%ﬁbgﬁégé"r%@ga%ﬂ)vg i Fr’gfr?? ghg@ltg’haélaaﬁ?%;syﬁltg gﬁ%s%sﬁgé@r e.

Fi gure 4B il llinst t 30-8g0 { B Nedrecdatotec AQh ashitFingsi i 20-840 W2 0-M sliaowraipe el ement

material 406 fornmed.in th add] e, jon 405. The, storage elenent materi al

406 is of uniél%”rrgﬁt ﬂlih&?#égg?eg‘ﬁ r‘ﬁgﬁgst%c%ﬁ &Wﬁlva]&%’nw e i %™he el ectrode
404 over the r5aiéhiaAGe2 3h€Be plankiRdsagdhslidhedadyofOBhdd Bick VRSsdlgkiped during
the etch process described above 1n"association with Figure 4A. The surface

area of the pctiodnmaterish#0&iacarieraspeyitivn valdey fonmmed it the diakéatfic materiet or age

el enment mat erq,3l i ter fhan a surfac ea of a surface of the
bot t om of el e3lcl? P ﬁggﬂ%%sgéﬁ%adﬁﬂt#‘eh@le}s?%l&l%atF%ﬁiﬂz,caU\/ﬁfl‘é%ari YHE8r ea of a
cor r espondi n@rihbasail tcthesaleei foimeemi th€eledti@iel thiterndla0uad.g aer 1 t he
portion of tfgf sagdle raigi gn 405 in contact with the storage el enent

mat eri al 406 HSugAEatidrand 398 apqerthpespdlet ed areal footprint of storage

el enment. The jject ed HoJ o A n be

defi ned by WJP??’AI yi ng l?&@av& {f? gﬁrgédfﬂgdfaﬂé? %avg[ﬁrﬂgé e %Egﬁmgﬁtgnﬁﬂéat&vfl th 413 of
el ectrode 40&igure 3 can provide reduced variability with regard to a location of filament

nucleation, as compared to previous memory cells, e.g., CBRAM and/or RRAM
cells. For instance, the location of filament nucleation can be localized between
the electrode contact portion 310 of electrode 308 formed on the peak of storage
element material 306 and the peak of electrode material 304, That is, the
location of the filament nucleation is between the electrode contact portion 310
of electrode 308 coupled to the peak of storage element material 306 and the
peak of electrode material 304, which is less variable than a memory cell that has

a location of filament nucleation between two planar surfaces, for instance.
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WD 2013/ 006363PCT/ US2012/ 044581 100351Fi gure 4C is a bl ock diagramof a
portion of a nenory cell in accordance with one or nore enbodi nents of the
present dwvechmawsas3 I n Figure 4C, an el ectrode 408 is i lPcuatSe@@a581

El ectrode 408 can be a top el ectrode and can be forned over the nmaterial
406 fornmed in saddle region 405 of electrode 404 shown in Figure 4B. As

such, el ect r otligo ARSelesirdderodRehc CRHiOH BBO bYeloMRIdeSBEUbEpIEL MR pdhldoaNd
conf or mal storage elenment material 406 via subtractive and/ orf damascene

processi ng. Atoragectementapateriy S0408d theareaki e clgpiredarartedal 4ddhe regi on 409.

Th f rface area of
thg :'ltjtr)r 282 Zc{ogﬁeélg{ateﬁg? é‘IQII t}%d%ﬂlvﬁ'gﬁ{ grf%e Iﬁ%]“tr%&g?a%ﬁé Fléct:het atoah el ectrode
404. The el edbmoide vél&ecfana hencantelin Bdusd tshak tlaanbeofommgs\wltfag@e of

el ectrode 408 i s, bhe a top surface of electrode 404 when el ectrode 408 is
pl aced on el é’é?qct?&‘éd awrgﬁpﬁgg\gn&p@gﬁ esVigr plgearslEAEst materi al 406

|s greater tham® Surquguﬂgﬁﬂfﬂﬁlsﬁ'&éf FRiA o NERBK! A iflcldiyRbect ! ode
e

404 beneath t'he saddl e region, which cor spon S Wt area of a pl anar
devi ce. El ectw@dwﬂ@ﬁnmmnibsadphmsadf tbcnpe:lsatttdn&uttmuﬁoll?@nd 4%t wmadeckel enent
mat eri al 406 thailael ectrqode 408 is or| entgd non-parallel to el ectrode

404. [0036] POF) AP ROR BB A RETERCE RAPHDE QR HIR ront

illustrated |eﬁlﬂﬁﬂﬁﬂérﬁ§oﬂt’ﬁeﬂ)@s@;ﬁ\(ﬁ’sc?osgfeeqtlgﬁreslwifll%§@até‘s" ﬁﬁeleétr&le%%tf bet ween
el ectrodes and storage el enent material, e.g., between el ectrodes 406 and

408 and st or ageempryrasit Thatckctrade 406cand aontioan dldctrasiernitor mewety selhavi ng a

pl anar In a number of embodiments, the electrode 404 includes a saddle region 405.

The saddle region 405 includes an area that is recessed from the surfaces of the
electrode 404, e.g., such that it has a saddle shape. The saddle region 405 can be
formed by etching the electrode 404. The etching of electrode 404 to form
saddle region 405 can be done using plasma and/or wet chemical etching
processes, for example. The saddle region 405 can include a surface area that is
greater than the pre-etched surface area of the portion of the electrode 404 that is
etched.

[0034] Figure 4B is a block diagram of a portion of a memory cell in
accordance with one or more embodiments of the present disclosure. Figure 4B
illustrates the electrode 404 of Figure 4A with storage element material 406
formed in the saddle region 405. The storage element material 406 is of
uniform thickness, and makes conformal contact with the electrode 404 over the
surface area of the saddle region 405 that was defined during the etch process
described above in association with Figure 4A. The surface area of the portion
of the saddle region 405 in contact with the storage element material 406 is
greater than a surface area of a surface of the bottom of electrode 404 beneath
the saddle region, which is the area of a corresponding planar cross-point device.
The interfacial area of the portion of the saddle region 405 in contact with the
storage element material 406 is greater than the projected areal footprint of
storage element. The projected areal footprint of the storage element can be
defined by multiplying the width 411 of electrode 404 and the width 413 of
electrode 408.
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surface area for the contact between el ectrodes and storage el enent
material. The greater surface area of contact between el ectrodes and
storage ewvermrstoonmBerial in nmenory cells provided by sa®dirasesie®s+sppi nt, as
conpared to planar cross-point, nenory cells can offer greater
signal-to-noise ratio, e.g., sense margin, for a given technol ogy node and

for RRAM devi[@iss]|wi t h gipa¢ 2a-islh Sldck o S bEAIAGTBRAAGYSRl iRMNg ot her
benefits. Conclusion [0037] The present disclosure includes nenory cell
structures afeFoRdansd#ibroneer masg cmbedigwnts. of trrepresann diseloswrg. deFlzurmcl udes a

first electrqge I Sq I oked. | es han 90 deqgrees in relation to
a bottom sur:ca g&%@%&t&ﬂiee %‘O:gﬁévﬁiug e g%é;t,m(ge z%%:%aﬁl:]’eeq tgetege(?ﬁgfie Hk54%di ng an
el ectrode cobt&ainedawvti the nefteridl @06 éaond igkelld Rdn 41BWMEEL8e¥e | s angl ed

| ess than 90 degrees in relation to the bottom surface of the first

el ectrode, wARP®? W Higaredlt ohdiswheelestings 408 ipframed wenformalét owrseddlode, and a
storage el emaifioPeiVGRItohAndal §t§1taF§%%@‘%kfﬁﬁte?ﬁﬂﬁdqﬁa%{xﬁ%&iﬁgglgf/&m act

portion of the second el ectrode. ough specific e nents have
been il | ust r damascamzipmesssitighe'ds duel,adlerirotib a8 iretudes dn aveyted kiddle i n t he art

wll appreciate t n arrangene al qul.ated to achieve the sane results
can be subst & oﬂ’etsllfé{agepgrg?f’%oggwgtﬁ IRSARCISHIbRHE opfsT SuEpcsdTBR Ur e i S

i ntended t0 GPMRIstASRANGhEANSatial 16 hiHeh QS r8e F0NWTRRLI 9 ef‘ézt}gﬁ'é ments of
the present disclosure. It is to be understood that 'the above description

has been madé&04-nThaelestradst408chn be torfiguoed scathdt mbetten sasiceiof eleveodme.

scggg : P ?E: L?Pygggeészb %‘lh%gg\{eeéraue|a§gi9mpelgétgdedeg@gaq%%ﬁ?cﬁgaggégﬁgélgﬁﬂg’}nnar y skill

in the art upleotrédA@WTIg suifecediey 6f 46266 tRe matthial 40H0B grdferdhdpurber of
enbodi nents of the present_ disclosure includes other applications in which

the above st PYUEERES dRduraesoldbe hettom oéthe efertiode 4Pé bendath hespdllof a nunber

of enbodi ment.s; G i: I d i wi.th
reference to}%ﬁéeﬁ %%nﬁ%ﬁ@ﬁ%@qgggﬁé%\ﬁ? ﬁ&ﬁaﬁggﬁfﬁ' Ieélrgéﬁggdeg%@fg Cérdui val ent s
t o whi ch suche plaaéden eleetratet40d]and stdr@l239¢rhenttnaeria 16§ b rigit BRt@bdecd

Description, me features ar rquped together in a single enbodi nent for
t he purpose 8¢§)§tqr§3mdinr‘??lﬁﬁ‘mtlﬁé%cﬁq§&°g§L‘}B - This nethod of disclosure is

not to be i njgp|eted aferi&llc8md ihGedh AbRALECRih PR ediliiiglbgC! 0sed

ete
enbodi nents of tLe present disclosure have to use nore features than are
expressly rediustated i BigotesdlAaftthhaRag Bealer asrfideardaod fl contangbativeéms ref | ect
i nventive subj ect

matter lies in less.than all features a single

di scl osed errﬁgﬁﬁr%eﬁtap& ‘T’tﬁfflsg_,e e?%e“f B}W%%\ﬂ;’ﬁgg‘th%Wﬁ@ ?@T‘W@? géﬁ/f“?cﬁ% “por at ed
into the Det ahd @orageskiieht maRkriali(d) a8ashpsitdtdhehaRdidlg HalinkhHiaMp as a
separ at e enbodi nent .

surface area for the contact between electrodes and storage element material.

The greater surface area of contact between electrodes and storage element

material in memory cells provided by saddle cross-point, as compared to planar

cross-point, memory cells can oftfer greater signal-to-noise ratio, e.g., sense

margin, for a given technology node and for RRAM devices with an area-

distributed switching mechanism, among other benefits.

Conclusion
[0037] The present disclosure includes memory cell structures and
method of forming the same. One such memory cell includes a first electrode
having sidewalls angled less than 90 degrees in relation to a bottom surface of
the first electrode, a second electrode, including an electrode contact portion of
the second electrode, having sidewalls angled less than 90 degrees in relation to

the bottom surface of the first electrode, wherein the second electrode is over the

12



VWhat is Clainmed is: 1. A nenory cell, conprising: a first electrode
havi ng sidewalls angled | ess than 90 degrees in relation to a bottom
surface oboths/dfs363t el ectrode; a second el ectrodecTiusediami4sgl an

el ectrode contact portion of the second el ectrode, having sidewalls angl ed
| ess than 90 degrees in relation to the bottom surface of the first

el ectrode, wiiiesteleotrode ané e andagel dahemdetwesn avefirst Blecttddesindahect r ode; and
a storage el Eg{gnt bet ween the first electrode and the el ectrode contact

portion of tFECLeHEtast Betipp gt the sscondplegtiodgr y cel | of claim1, wherein an
el ectrode copg@g] Portimho@fh %ﬂ&%@%b@irﬁ&%h?&&%eﬂ@u%ﬁ?‘%h' s angled |ess
tot ace of the

than 90 degrees in relation e bottom sur i rst el ectrode.
3. The nenor yessebed béreir), those of ordiveresknll imthefarrsill afpeziatotiat mas a

trapezoi dal cross-secti.onal ;area.and si dewal |,s t hat e. selected fronmthe
group consi sfi g W‘é‘ﬁ%ﬁ‘? ?0 %Ci“hecvﬁglé‘? Sagpe @Bﬂfﬁe‘;@%e&%%@eﬁgﬁfd% cel | of
claim 3, wheggicificerhbiimufit 8k Rl ThRQidkIRRRE Al del 1O SSves BRI AN ol ea of
the first electrode is an el ectrode contact portion of the first electrode

and is in coNt@ongt anumbersafmmhydin¢rdsrehihe pr@enthisclemrorly ideltle of any one
s e A et
concave, or andueda restrictive one. Combination of the above embodiments, and other

embodiments not specifically described herein will be apparent to those of

ordinary skill in the art upon reviewing the above description, The scope of a

number of embodiments of the present disclosure includes other applications in

which the above structures and methods are used. Therefore, the scope of a

number of embodiments of the present disclosure should be determined with

reference to the appended claims, along with the full range of equivalents to

which such claims are entitled.

[0039] In the foregoing Detailed Description, some featurles are grouped

together in a single embodiment for the purpose of streamlining the disclosure.

This method of disclosure is not to be interpreted as reflecting an intention that

the disclosed embodiments of the present disclosure have to use more features

than are expressly recited in each claim. Rather, as the following claims reflect,

inventive subject matter lies in less than all features of a single disclosed

embodiment. Thus, the following claims are hereby incorporated into the

Detailed Description, with each claim standing on its own as a separate

embodiment,
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6. The nmenory cell of any one of clains 1-4, wherein the storage el enent

I ncl udes a resistance variable material and an access device. 7, The nenory
cell of awg20ms06d63cl ai n5 1-4, wherein the sidewal | s of pciiasediemtssede
contact converge toward the storage elenment. WO _

2013/ 006363PCT/ US2012/ 044581 8. The nenory cell of claim7, wherein an
active reWhnisdfiainteel igenory cell i s between an apex of the first el ectrode
and an apex of the el ectrode contact portion of the second electrode. 9. A
menory cefl, cOripsNe§ll comprising:r esj st ance variabl e material formed on a

' : ' : j cal sidewal | s
{irst ai o ect 1t & keeer B ER IR IR ISR e P b Retin a0 and

havi ng a beatldneyurfaze wé thet fiver deazodand a contact portion of a second

el ectrode fornmed in.the valley such that the contact has non-vertica
sidewal | s defi ?..éfa:ogge Figodes frpcdiding an electrode contact portion of the second

electrode, having sidewalls angled less than 90 degrees in relation to the bottom

surface of the first electrode, wherein the second electrode is over the first electrode;
and
a storage element between the first electrode and the electrode contact portion

of the second electrode.

2. The memory cell of claim 1, wherein an electrode contact portion of the
second electrode has sidewalls angled less than 90 degrees in relation to the bottom

surface of the first electrode.

3. The memory cell of claim 1, wherein the first electrode has a trapezoidal
cross-sectional area and sidewalls that are selected from'the group consisting of

straight, concave, or convex.

4. The memory cell of claim 3, wherein a top surface of the trapezoidal cross-
sectional area of the first electrode is an electrode contact portion of the first electrode

and is in contact with the storage element.
5. The memory cell of any one of claims 1-4, wherein the first electrode has a
triangular cross-sectional area and sidewalls that are selected from the group

consisting of straight, concave, or convex.

6. The memory cell of any one of claims 1-4, wherein the storage element

includes a resistance variable material and an access device.

7. The memory cell of any one of claims 1-4, wherein the sidewalls of the

electrode contact converge toward the storage element.

14



10. The nenory cell of claim9, wherein a remaining portion of the second
el ectrode is fornmed over the contact portion of a second electrode within
t he val | eyo=odnosdsat t he remai ning portion of the seconecelusetzodsshas
angl ed sidewal |l s defined by the valley. 11. The nmenory cell of claim?9,
wherein the first electrode is a bottomel ectrode and a second diel ectric

material §.s foFirademnoryecellalflceiimw, Whermghegotbicdeyiah bxsﬂfe%éfﬁ&ytt%n\e@en the
bottom el ectrode and 31 adj acent bottom el ectrode. 12. The nenory cell of
&

any one OFE¥FeR; WO 9 vﬁfétrf'é‘?cﬁrot’iﬁéﬂdiﬂﬁémexeqféb@ eleefeodesontagbpartom ef ect r ode
conduct oryl kNG efkdt &Iéhe menory cell of claim12, wherein the second
electrode I1s a top e?ectrode conductor |ine non- paraIIeI with the bottom

el ectrode conductor line. 14. A nenory cell, conprising: a

resi stance varjabl e rrat rial formed on a peak of a first el ectrode having
angl ed si‘dewal? DERAEK CelhLOMPRENEesi st ance variabl e material includes a peak

and angl ed si depgiktadce variable rﬁatf:hél%nﬂé(?&ﬁgbﬁﬁnfegg}%%ﬁﬁf Q%r{t%[egﬁgdé) n the

resi stance variable material and having a va or e herern; and
a cont acthagmgtrionrveticahsidewaltsd el ectrode formed in the valley such that the

contact portion i ode has angl ed |devval I s defined by the
val ley. 15. frs{r%ﬁ@mlc@éﬁ‘q?”%f Olé’il%ﬂr‘?ﬂ '%ﬁ re gl"ﬁ“ﬁ Pl apatsrial And BatiRg on of

t he secoradvaellegaq:‘(srhgdehérgmf gidred on the contact within the valley such that
the remaining portion of the second el ectrode has angl ed sidewal | s defi ned
by the vall ey.d copgct mpjélopefasgeond el ectipde foamnad imthewhaBeyesushttha toont act

portion %ana@?ha%%%ﬂrl%n?éa?gfiéﬂﬂ? E’méﬁ?égﬁlﬁ‘fa t he peak of the resistance

c
vari abl e materi al over Of the resistance variable
mat eri al .

10. The memory cell of claim 9, wherein a remaining portion of the second
electrode is formed over the contact portion of a second electrode within the vatley
such that the remaining portion of the second electrode has angled sidewalls defined

by the valley.

11.  The memory cell of claim 9, wherein the first electrode is a bottom electrode
and a second dielectric material is formed in a valley with angled sidewalls formed

between the bottom electrode and an adjacent bottom electrode.

12. The memory cell of any one of claims 9-11, wherein the first electrode is a

bottom electrode conducior line.

13, The memory cell of claim 12, wherein the second electrode is a top electrode

conductor line non-parallel with the bottom electrode conductor line.

14, A memory cell, comprising:

a resistance variable material formed on a peak of a first electrode having
angled sidewalls such that the resistance variable material includes a peak and angled
sidewalls;

a first dielectric material formed on the resistance variable material and having

a valley formed therein; and
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17. The menory cell of any one of clains 14-16, wherein a surface area of
contact between the contact portion of the second el ectrode and the

resi stancwovarimbice naterial is defined by the sidewal | #Cofusede/onsssi st ance
variable material. 18. The nenory cell of any one of clains 14-16, wherein
t he angl ed sidewalls of the contact portion of the second el ectrode are

angl ed about EC&WQ%iOhQ)f@Q.@éHnd&:@ec@%Gi £8 el In {1 A1k BudnQh ROt tom surface

of the first dielectric material. 19. nmenory cell,” conprising: a first

el ect r ode*OREF PRYUAN ohthgisecanggilentrode has angled dddvelisrdeEinedaby tislvallemt er i al
formed in the saddle region and having a portion in contact with the first
el ectrode; and a second el ectrode having a portion in contact with
the resi stsancellaniablyecettatfetdial 14, “&fel:eirgmmmtgpoﬁmnlomﬁe %chahdn t19, _ Wlhe_r ﬁ' n
an interfacial, area of the portion of the resistance varjiable material i
cont act vﬁ?‘fcﬁmfiﬁég E’EHE‘; gn ﬂl@@%&ﬁ%‘f’mbﬁéh? vallay surle thaf gaemsingtecparion phan an

area of afe Bad eleLRbRY ﬂdgtapglga?ﬂﬂe@aﬁ??ei?rﬂeg(ﬂ gP% gaiQn. 21. The menory cel |

of claim 19, wherein a sur e area o i on”-of t_he resi st ance
variable material in contact with the second electrode is ﬁreatgtrjlthan a
surface area a surfac f.the first, K el ectrode beneath the saddl e region.
22. The ﬁlef’?mrgﬁbeerp?m%y%? %SF?émo]’r‘lE’ gteifsthe gontict Rgrdomp hésﬁé’ﬂl@om surface of
the secondedtlodé iy fogfied 5n BRYchk 8NEM rBG AW atidPle 1 RE An@ bvdrtps kild St

el ectrode. ) i .
sidewalls of the resistance variable material.

17. The memory cell of any one of claims 14-16, wherein a surface area of contact
between the contact portion of the second electrode and the resistance variable

material is defined by the sidewalls of the resistance variable material.

18, The memory cell of any one of claims 14-16, wherein the angled sidewalls of
the contact portion of the second electrode are angled about 10 degrees to about 80

degrees in relation to a bottom surface of the first dielectric material.

19. A memory cell, comprising:

a first electrode having a saddle region;

a resistance variable material formed in the saddle region and having a portion
in contact with the first electrode; and

a second electrode having a portion in contact with the resistance variable

material.

20. The memory cell of claim 19, wherein an interfacial area of the portion of the
resistance variable material in contact with the saddle region of the first electrode is

greater than an area of an areal footprint beneath the saddle region.
21. The memory cell of claim 19, wherein a surface area of the portion of the

resistance variable material in contact with the second electrode is greater than a

surface area of a surface of the first electrode beneath the saddle region.
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23. The nenory cell of any one of clains 19-21, wherein the first and
second el ectrodes are oriented non-parallel to each other. 24. The nenory
cell of awmg20ma06d63cl ai ns 19-21, wherein the first and eetarsdoieloesssr odes
are surrounded by a dielectric material. 25. The nenory cell of any one of
clainms 19-21, wherein the nenory cell is a resistive random access nenory
(RRAM cel2.. 2@he Aeniiy ayll Of anyRsiRIof chfthk $9-2¢ OWREeR IBbttom surfac of IHSt nunber
of el ectrodes_each having sidewalls angled | ess than 90 degrees in relation
to bot t on$aPE gleetgodsris ppatieradshelow ater swface pétherfustadsctrode.  a second nunber
of el ectrodes, each including an el ectrode contact portion of the first
el ectrode, having sidewalls angled | ess than 90 degrees in relation to the
bot t om su23.aceSheomentvey £l st anywmeei chimell 0t | 9HasIn MBBFRkAd thengecond
nunber of el ecfrodes, are over the first nunber of electrodes; and a
nunber of SIEEtEReE areTismisdonRaraliel fp ¢ask otherst nunber of el ectrodes and the
el ectrode contact portions of the second nunber of electrodes. 27. The
array of claim 26, wherein each of the first nunber of electrodes are
separ at ed24.r omlbanienorhesl! dfeny onemifelaims 19Al | whersinahe rst afid becdh@! ectri c

26, wherein each of the second nunber of

terial. 8., Th f. clal
g? eg':Irgde@%@é%&%&?ﬁ%ﬁ@%@?ﬁ@g@ﬁtrﬁtlﬁ@iﬁ“ﬂy a nunber of portions of a

second dielectric material. 29. The array of any one of clainms 26-28,
wherein the array of nmenory cells are configured in a cross-point nenory
cel | arra%-  Thémemory cell of any one of claims 19-21, wherein the memory cell is a

resistive random access memory (RRAM) cell.

26.  Anarray of memory cells, comprising:

a first number of electrodes each having sidewalls angled less than 90 degrees
in relation to bottom surfaces of the first number of electrodes;

a second number of electrodes, each including an electrode contact portion of
the first electrode, having sidewalls angled less than 90 degrees in relation to the
bottom surfaces of the first number of electrodes, whetein the second number of
electrodes are over the first number of electrodes; and

a number of storage elements between the first number of electrodes and the

electrode contact portions of the second number of electrodes.

27.  The array of claim 26, wherein each of the first number of electrodes are

separated from each other by a number of portions of a first dielectric material.

28.  The array of claim 26, wherein each of the second number of electrodes are

separated from each other by a number of portions of a second dielectric material.

29.  The array of any one of claims 26-28, wherein the array of memory cells are

configured in a cross-point memory cell array.

30.  An array of memory cells, comprising:
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30. An array of nenory cells, conprising: a nunber of saddl e regions
formed in a nunber of portions of a first contact nmaterial, wherein each of
t he nunbewoabi3posiesons of the first contact material arecsapsariavedsby a
first dielectric material; a resistance vari abl e storage el enent
formed in each of the nunber of saddle regions; and a nunber of

portions of a sa6@ber CFARAEE tediBisabiradd nQl ARELP W boftidls HES find ahgsctvar i abl e
storage elenment in each of the nunber of saddle regions. 31. The array of

cl ai m 30, Mksaiab whergia eaplrid dhe mmbgsiof pertions pf hedustmodtacomatecinl arat eri al are
separ at ed?1 Vs %paoﬁ%t gfef‘talcﬁFc:trBLt%¥iQPt erial. 32. The array of claim 30,
r-of p

wherein t nu ortirons of a first contact materi al and the nunber

of portions of atdistisee omihbdostoagt ehbtept fodmedlicehiBetninpasaldiel to each
other. 33..The %rray of any one of clains 30-32, wherein the array of
menory cef"B¥"r®%onfigured in a cross-point menory cell array. 34. The

array of any Oﬁ‘ﬁmﬂf)elcdfﬁjogﬁoré%f%%ec%ﬁgﬁ{a& eSS REA g rt]ﬁ/ esidh& St orage

el ement includes a resistance vari storage el enen an access
devi ce. variable storage element in each of the number of saddle regions.

31.  The array of claim 30, wherein the number of portions of a second contact

material are separated by a second dielectric material.
32.  The array of claim 30, wherein the number of portions of a first contact
material and the number of portions of the second contact material are oriented non-

parallel to each other.

33, The array of any one of claims 30-32, wherein the array of memory cells are

configured in a cross-point memory cell array.

34.  The array of any one of claims 30-32, wherein the resistance variable storage

element includes a resistance variable storage element and an access device.
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