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| NVENTI ON [ 0001] Enbodi nents of the invention relate

to sem conductor devices and, in particular, to

progranmabl e resi stance nenory el enents and net hods of

form ng and using the same. BACKGROUND COF THE

| NVENTI ON [ 0002] Non-vol atil e nenories are useful

StPROGRAMMEBLERESISTARICE SEMOK YIOEVITEY ANDGASTEMS

absent a power supply. Mterial s have been

i NVeSINGETHES AME AND MEFHORS iOE FORMING a'HE.SAME
One cl ass of programmabl e resistance materials are
phase change materials, such as chal cogeni de all oys,

whi ch are capabl e GIEEDLORTHEENMVENTH?Ng bet ween

[000 GO Ehatisdianehts bY SlidirvientioneERS to FaeicontRzeoeddVibéd #nd, in -

a particular resistance state and the resistance
partisthireto picgrangoalsle resistaneginermatyelenudnts andenethods of forming
el ement fornmed with such nmaterials. Specifically, an
and usipgphegamst ate exhibits a relatively high
resi stance, and a crystalline state exhibits a

hace change nBACKGREAISD OFTRE AFEREVN Tos 1
[000Znd bB?n-@p?aéﬂe memaripsges ussfubstasagecderioes due to thdir gbility to
. between first and secon el ectrodes 2, 4. The: fir )
mainiqin 43ty a@sert 3, PPHieR SHPHFX%I erials g‘ﬁf’@%ﬁ%’f‘ ‘%Yesﬁﬁ@t%ié%félse In
C e ri i S t to a parti,cul ar. resistance,
non—g{)‘l%ﬁge me'm})rgrl %egist gbljt‘%%lgg%%g PLOgL rnérl}?t? & sxs{gﬁlﬁﬁné erials are

accor U
phas@ %B&‘ﬁﬁé‘ midierifis! %c@&@cﬁﬂ&&g& &b SH&%%?:@ﬁigﬁ ’raéé g?gé’%lfe >s)f stably

obtain an anorphous state. (lFI. G
transitiGhingrbeitereeti lahediphoulssed @ysiiate thé‘e@) Hagh 3itlsk @fthibits a

through the phase change nenory elenment .1 to nelt at
partitlas resistaore state andfthe hesigthnsestetenrdjstingmisbthallogic values of a

covering the first electrode 2 for a first period of
memoryglemept formedwithsuchanpfesiglss ipecHicaliiaan astermeus state

exhib[B' S %ellgéivgiycfgg Felid aln(cjztla,yar{do a %r);s?aqﬁrelre asEalHe %xgﬁalitosvg Eeligtively low

resistance.

[0003] A conventional phase change memory element 1, illustrated in FIGS. 1A
and 1B, often has a layer of phase change material 8 between first and second
electrodes 2, 4. The first electrode is within a dielectric material 6. The phase change
material 8 is set to a particular resistance state according to the amount of current
applied between the first and second electrodes 2, 4. To obtain an amorphous state.
(FIG. 1B), a relatively high write current puise (a reset pulse) is applied through the
phase change memory element 1 to melt at least a portion 9 of the phase change
material 8 covering the first electrode 2 for a first period of time. The current is
removed and the phaée change material 8 cools rapidly to a temperature below the
crystallization temiaerature, which results in the portion 9 of the phase change

material 8 covering the first electrode 2 having the amorphous state. To obtain a



crystallization tenperature, which results in the

portion 9 of the phase change material 8 covering the
wd rdosh2@bect rode 2 having the anorphous st at e.pdEUS2007/018242

obtain a WD 2008/ 027209 PCT/ US2007/ 018242 crystalline

state (FIG 1A), a lower current wite pulse (a set

pul se) is applied to the phase change nenory el enent

1 for a second period of tine (typically longer in

duration than the first period of tinme and

crysi@iling spte G 3A)1a lawer curmentoNete pylsa ée setopralsghis applied to the
material) to heat t nmor phous partiagn, 9 of the phase .
phastAaHE mpBPrAF ema Lo acrgond perecsd e (bwival onger in
' QVe.. | rys | izati.on. tepperature. This
curafithanHt ARG B Biear) el o D RBRL S faf ol phase
_ - ¢ ) , , ‘
chanfEifateTal totat TG RRBhORE Boltfon & BF Y YOG Al eThfetial 6 to
tempéiagfe behAnge mermfgf?@ilr@,rmmabbvb&s@pé@mzaﬁm tef§S@ature. This
‘ change nenory elenent 1 is read by applying a read »
causethecayror plivwshpoidizn 9 of thehplape dhhagp hasterial 8ite rétryidisllize to
phase change nmaterial 8. [0004] One drawback of
the crystolbinei staigithphisseaigtiaingd ansethe cuzrenhis teaaqyed and the phase
gro r anm n‘geggurre,nt needed to, achi eve the phase .
changg meraoryglegnent duiscopisst Theiphasechange saemgery glement 1 is read by
LSt es] . hi e adequat e current .drive.
appl{rBE Lol hiLR el Bt s VR PrShsIe af S hfage change
materalBoor reliability due to uncontrollable mxing of
anor phous and pol ycrystalline states at the edges of
t he progranmable volune (i.e., portion 9).
[0004)c c ofiendpayyback ofsotwentiahblephiase lkhurg@hearophivthe large
menory devices with reduced programm ng current
prograguling gurtent aggded te agkieve the phive dhapgeBihiFrequirement leads
DESCRI PTI ON,. OF THE DRAW NGS [ 0005] FIGS.. 1A and 113
to large ageessdransiston Aeeign; %%R%ﬁ@@qeawrwve-eﬁa%n problem

esod 4R b RIS 3 B 0T Bt

mixis@BPSERBhoad ahd bl Gt sth R knd bpesdiin
i Iustra?eg, at og-)- owh Vi ew of the p a&ec angeeprr?éﬁ%?ilnable
volurie\(1.egpoftior P Adddrdingly, it is desirable to have phase change memory

devices with reduced programming current requirements and increased reliability.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]  FIGS. 1A and 1B illustrate a conventional phase change memory element.

[0006]  FIG. 2A illustrates partial cross-sectional view of a phase change memory

device according to an embodiment of the invention.

[0007]  FIG. 2B illustrates a top-down view of the phase change memory device of
FIG. 2A. | |

[0008]  FIGS. 2C-2E illustrates top-down views of phase change memory devices

according to other embodiments of the invention.
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[0008] FIGS. 2C-2E illustrates top-down views of phase
change nenory devices according to other enbodi nents
w®@booklgr2bnventi on. 2 WO 2008/ 027209 PCT/ US2007pE01,82487/018242
[0009] FIGS. 3A-3F illustrate partial cross-sectiona
views depicting a nethod of fabricating the phase
change nenory device of FIGS. 2A-2B. [0010] FIG 4 is
a schenatic di agram of a phase change nenory device
for the menory device of FIGS. 2A-2B. [0011]
[000% G F§G533é %Fcﬂb&aiﬁﬁf%m%aj capssotecoppbsiewsHiaRieting aargthod of

t, f th G 2C .
fab”f%%‘llé?h éj%d?aanog:? ‘BFH&U(&&WZ&% essor system

having a nenory device incorporating a phase change

no e . .
(001 ot GeA F B phrRRGE hierth 81 BRI SRR Mebrp Hgvige circuit for
the réfRokEMEeQY FIGBO2Al2B.n the fol | owing detailed
description, reference is made to various enbodi nments
of the invention. These enbodi nents are described wth
[001 Huf f FéGehis a deieanati¢ diagnainl of 4 phase didnigearemory kievivet circuit for
to practice them It is to be understood that other
the memeny AeMice abdfGbeCenpl oyed, and that vari ous ‘
structural, | ogical and el ectrical changes may be
[001 de O 14 Th' .erm bstrate" used iﬂ t.he device
ol | B bl irEfima) Srrofter gemLippbEa mgmory device
incor?&:?n %gﬁpﬁd@‘élcﬂ%gg m@ﬂ&rf&%ﬂéﬁ{p&ﬁ&rﬁ&edQn cgordance with an

tor trate th as an expose

emb&lla&t®f the sEvarfyrjuct or substrate shoul d be
understood to include silicon, silicon-on-insul ator

(SA), silicon-on-sapphire (SOS), doped and undoped
se rri Cc o n d u CHBEAIIelﬂDtﬁESQRIPHQN Qff THE INVENTIHON t ed

o013 R H Ll L 2B S L i
embc%&égle&ﬁg gg ﬁ{é){rﬁzeghgﬁr I‘H&@E‘ eﬁ*dddﬁ%hts\@r%ndersgngg w1%h Safficient

detail to enable those skilled in the art to practice them. It is to be understood that

other embodiments may be employed, and that various structural, logical and

electrical changes méy be made.

[0014]  The term “substrate” used in the following description may include any
supporting structure including, but not limited to, a semiconductor substrate that
has an exposed substrate surface. A semiconductor substrate should be understood
to include silicon, silicon-on-insulator (SOI), silicon-on-sapphire (SOS), doped and
undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures, including those
made of semiconductors other than silicon. When reference is made toa =
semiconductor substrate or wafer in the following description, previous process

. steps may have been utilized to form regions or junctions in or over the base

semiconductor or foundation. The substrate also need not be semiconductor-based, -
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sem conduct or substrate or wafer in the follow ng
description, previous process steps nay have been
wolkdogoZegh to formregions or junctions in or omeru$dero18242
base sem conductor or foundation. The substrate al so
need not be sem conductor-based, 3 WO 2008/ 027209
PCT/ US2007/ 018242 but nmay be any support structure
suitable for supporting an integrated circuit,
including, but not Iimted to, nmetals, alloys,
but ghpdeesyy pyiporesyucese anitable fon duppyrtmg am integpated taincait,
materials as. is known in the art. [0015] Enbodi nents
mClU@fm&Hélﬁ natdimited tarmetrdes dloysaglassesypely mess csesamicy end any
ures, |n whj | i ke reference nunbers indicate
Otheﬁ‘klépcf’ L}F‘é?nqjﬁ? fgls ﬁ?)?%“ﬂlh%%’frate a portion of a

phase change nenory devi ce 200A constructed in

[001 %C €o %ﬁcﬁrﬂr{t? of‘ J H\l%htl%“ba?g "W Ex falﬁegfv)tltr?\vx%%ljeﬁge to the

ovvn VI eéw O ort

figureh, 61&%hf€?ﬂﬁfé’rél'&‘é‘n‘é@ nd@ers 'ﬁ'\&?icat%ﬁlkesfeﬂmres FIGS. 2A-2B illustrate
cross-sectional view of the device 200A along the

a poitioreof28\pRase e menfdr dedfce 200X EdnstREcted® i bycdiduhe@with a
200A i ncI udes nenory el enents 201, each for storing
first embbdimenbabthsi inventien, FIGG?R isla bop-dowTheiemeaba portion of the

el enents 201 are ugBorted bé substrate 10. A first
phasgichprge memeny device 2DAAs FilGe dAdn airessssnstiopal wienpof Hheydevice

ndu s 44 are within the first
ZOOAaalcigpgg{‘?;{'gelz%fgr% Owlf'lr“s]%ﬁér@gtrodes 14 are formed

within a second dielectric |layer 20. Each first

[00163] eciThedRerkbry det e PO AOKRIUERINEMOrf RS Ls W0l Nedth for storing
conductive plug 44. [0017] Athird dielectric layer 21

at ledss ope iy, tledllgpiel drite The stentbgcélemdats 201 seduppeetsdby a
- dielectric layer 20. Second el ectrodes 22 are provi ded
substyoter 1G: ha firki diglefitet dayterile is feryeed on the Fhlbstraterld, and conductive
di el ec}rl c |ayers 21 _and. second el ectrodes 22 ar

plugs &4 ﬁfa"d orwnad adhin the firt drela?r:?rec&@ys&l% Frigst atro?@olfsre formed
P t | ted

withf LA 55926 T Bl PUoL e i RO E n i

conta%?%ﬁﬁﬁja%bﬁehwg@pﬂ?g hhynes and third dielectric

[0017] A third dielectric layer 21is provided over the first electrodes 14 and
second dielectric layer 20. Second electrodes 22 are provided over the third dielectric
layers 21. The third dielectric layers 21 and second electrodes 22 are formed as lines

in the Y direction (FIG. 2B).

[0018]  Programmable resistance material layers, depicted as phase change
material layers 16 are on sidewalls of second electrode 22 lines and third dielectric
layer 21 lines and in contact thh respectlve ﬁrst electrodes 14. The phase change
material layers 16 may be any suitable matenal Examples of suitable phase change
materials are provided below in coninection with the description of FIG. 3D. From a
top-down perspective, the third dielectric layers 21 and second electrodes 22 are

laterally offset from the first electrodes 14 to provide a location for the phase change
' 4



| ayer 21 lines and in contact with respective first

el ectrodes 14. The phase change material |ayers 16
worBMsbeeény suitable material. Exanpl es of suip@ht€007/018242

phase change materials are provided below in

connection with the description of FIG 3D. From a

t op- down perspective, the third dielectric layers 21

and second el ectrodes 22 are laterally offset from

the first electrodes 14 to. provide a |ocation for the _
matertialdeyersditgte coritt2he SirfileaoRETIAISHD e BRAclements 201

materjal |ayers 16 to contact the first el ectrodes 14.
corrqyponhitbyrers a fisst electoade idand speontl electriode@2zrid a portion of a

h el ectrode 14, and secaond el ectrode 22 and a portion of
phasgg é“eﬁﬁ’—éwg yeztlenntarsed gtactrigallynloy Bl 2A-2B, the phase

chan%ftg\%l{ég%q :léageé? gg fgé %%WZACS B'o&ltrﬁr)]?e/rng)%%?pgrtpg g%c?oqgif elFﬁtéode 22 line
e BB RPFL PRk LR A OB BIS Fo Mcroe 1

In sugthesédsedtheléntirety) of dadh Phas@S®angB2a 16 gl &/ midin ement 201
phase change | ayer 16 in a nenory-€l enent 201 seérves

servesay the proggarmmatie & ohanerof thit meaioryei@mgnel@raEnd c20 be
and can be thoroughly phase changed during operation ,
thorgghlyephpseichanged Aurisig eperationaifithe deviceiiide AHarrgpdively, the
y cover sidewalls of the

mat eri al | .aye 16 can ful g
phasg3hehad muttisbipyesoté fambullerarmdav alepbiaseeondylactrode 22
. e . 9] in FIG 2B, froma top-down
'lmeséénrdsérg{e}%?fi{/elel?ggugela@rzzlm)e “¢ctrodes 14 are arranged in
colums along the Y direction. The second el ectrode 22

[0019]i ned\sahwh & FEU. 2B, dFodi RpLabw p&bpehird HR8IRSst bfectrodes 14
such that a |ateral edge 223 of the second el ectrodes

are apranged idicobonhy aboreg the YdlitectionofThelsechnd elecelodet22d8es are
1§. Each second electrode 22 line is associated with
formgd gveg pdjacentfirst slectrades 14 sueh thalkes lateral edge 828 ofitheysecond

ctec Bl e g R e el LA S e
- : . 0 ' th h
clecf: ZERADN SABEAIBH 85k OBl B M GRS s,

écco;%i?gz}ﬁ fea@?gﬁxﬂc %h l;Ir(é .gz%'ftﬂfp‘ghtehg{saéfgeﬁﬁﬁ%l th ik 184Fe along
portions of only one lateral edge 223 of the second electrodes 22.

[0020] Since the phase change material layer 16 for each memory element 201 is
formed only on a sidewall of a second electrode 22, the contact area of the phase
change material layer 16 to the electrodes 14, 22 for each memory element 201 is
minimized. The programming volume of the memory elements 201 and the voltage
needed to achieve the phase change for the memory elements 201 is also minimized
as compared to that required for a conventional phase change memory element 1
(FIG. 1A). Further, the programming volume can be limited to a fixed volume that is
‘ thoroughly phasé changed during each programming operation to. promote

reliability.



change material |layer 16 to the electrodes. 14, 22 for
each nenory elenent 201 is mnimzed. The progranm ng
wo/slogoe2¢f the nmenory el enents 201 and t he vol g@geEs2007/018242
needed to achi eve the phase change for the nmenory
el ements 201 is also mnimzed as conpared to that
required for a conventional phase change nenory
elenent 1 (FIG 1A). Further, the programing vol une
can be limted to a fixed volune that is thoroughly
[00213has & dditingabidigledtrig layess qonbaat amdi megtad pimveacanalsode included in
promote reliability. 5 WO 2008/ 027209
the dp@*r;e@@?é‘eﬂimwle[ ertarts A ditet and recand elestrpdes 14, 22 and

ers ont nd-nmetal |ines can al so be included
nuﬁahﬁ%e§ﬁg1§ @ d?@OA.-For exanpl e, contacts to first
and second el ectrodes 14, 22 and netal Iines can be

[002232?;!;2@(; dac [ll(i)@{tgteg 5@) %lg | 1]\ #) egfa@é oft atxﬂ evice 200C

tive o acco

accordliRg b6 "an@fﬂ&da'nﬂl%thme-ﬂle 'Iﬂ‘ﬁﬂﬁéﬁ\ \desfce2IC @f Fl'ﬂ' @C #Gimilar to

is Simlar to that shown in Fi 2A- 2B, except that

that stanin e FOGH. 2A 2B, erdeptiBRat each se:toadsmntmdmzz lin¢ Is dssociated
colums of first electrodes 14. That is, each second

with gwecoleams of ft;reteﬁallecfégdeqnb‘i t Tbﬁtslsmad\u sesond elgstragecd? qverlies

col. UmMms

pornaﬂagﬁﬁem@cér%ﬁsgﬁcé{ta}% gy AFrdingly Sohawhin BIG. 2C, the
phasf Shiheé hiiBria Q0 albhig PP%S@%‘?A%‘%@?"%‘%%?@%Z%? of the

secorlE8REModRYPge 200D according to another enbodi nent.
The nmenory device 200D of FIG 2D is simlar to that
shown in FIGS. 2A-2B, except that instead of second

[00233| ecFIGARD 2ustrates a top elover perapeetive bf advemdy devite200D
dielectric layers 21 and phase change material |ayer

accordgng £ en@mﬁgm%n@n Adevnemery ey ireA00keiFlés 2h)is similar to
that ﬁ-bq:ev%r? %EF(F? e@g gf gg%?) Lﬁlgs{%ﬂecwéséle%s S(’)%% 2% hrges, the
secor%lal%@frBﬁE? 52:2¢iPR d%@@hﬁ%?&%%l' ahd I%asae JIFa?\%reXth%Waf ?ayer 16

. are configured as individual mesa structures 23. Therefore, each second electrode

22’ is associated with one first electrode 14.

[0024] FIG. 2E illustrates a top down perspective of a memory device 200E |
according to another embodiment. The memory device 200E of FIG. 2E is similar to
that shown in FIGS. 2C, except that instead of second electrode 22 lines, the second
electrodes 22/, third dielectric layers 21 and phase change material layer 16 are
configured as individual mesa structures 23. Therefore, each second electrode 22’ is

associated with two adjacent first electrodes 14.

[0025] ©  FIGS. 3A-3F illustrate one embodiment of a method of fabricating the
phase change memory device ZQOA illustrated in FIGS. 2A-2B. No particuiar order is

required for any of the actions described herein, except for those logically requiring



according to anot her enbodi nent. The nenory device
200E of FIG 2E is simlar to that shown in FIGS. 2C
weEXegpinzéhat i nstead of second el ectrode 22 | imesusibhBois242
second electrodes 22', third dielectric |ayers 21 and
phase change material |ayer 16 are configured as
i ndi vi dual nesa structures 23. Therefore, each second
el ectrode 22' is associated with two adjacent first
el ectrodes 14, [0025] FIGS. 3A-3F illustrate one '
the resiiphirier aftiensreberpaduisly awhiledhe ngtionebelomaare described as

chan devi.ce 200A illustrated in FlGS.  2A-2B.
being R TR sl Sr% iR g bR e daisea.
actions described herein, except for those logically

[0026](:“q u 'AH Hbvén NOFREOBA 0%?1?& ele o&(&jﬁ%g?? 19 &f?q%cﬁqg&er a substrate

resul ts of prior actions.

10. B fih didletiow 1ayer DeREiiheiic&eaktoling 2094 RN dH cdhductive
specific order,” the order can be altered if desire

plugh 60264 foxmnech OTihe condh€biveplugs 44i arrétfoﬁheﬂeiﬁahy%dlt%blﬁ conductive
12 is fornmed over a substrate 10. The first
mategiad| sy@hrasdltaayen-rmmdes(hwhethmum abahinurmasdtrzde (TN,

[ conduct.i ve ugs 44 are forned. The conductive
htanwfnggnaateaﬁ Wé,rmlggn €7 o5 tpngsien (Wonamengethers.

material, such as tltanl umnitride (Ti N)
[0027t(]I t ws%ﬁ%@mlﬂ ;Sﬁré Q Cl?ng‘;&s Md(t%g l'a‘gggggm{oﬁg% over the
condLie@ved b llggsl e & tedfitdt 1E§.Lﬁ’at1§El eh ll@ fj@ goxaned over

| ayer s forned over the dUCtIVg
and alignetli with dach ebatiungve pieg 44.By AQyediiifite ﬂ&h&i?é OnpRd

over and aligned with each conductive plug 44 by any
IH“S%‘U?@ smodigemi decopaningS ard farstedbh@dngrbmdistantially square
eni glgs 15 are formed having a substantially

top dgéj‘ﬂh? P& §FY YA %%‘haﬁémnﬂé\ké\}%?y ¥e gp¥IFhAps exh mgalar

rectaflfEr Y. THERGsCetdonafld o fmrmicdhaiin s 15 afd i formed of
any sﬁ%m%dcdifducﬁw ﬁﬂeﬁb'sﬁcﬁ%@%&“u\fﬁ-xﬁm Eﬁ}\lm such as

titaniumnitride (TiN), titanium tride
tltam(lﬁl-Ahhﬁ\mLtmtrﬁﬁudm(TllAﬂEEI ﬁt’anﬁﬂ_ﬂn%ng@&@{ (MWW, bBitinuh (Pt) or

tungsten (W, anong. ot hers.
tungsten ?W) among others

[0028]  FIG. 3C illustrates the deposition of a third dielectric layer 21 and a
conductive material layer for forming second electrodes 22. The second electrodes
22 are formed of any sultable conductlve material and can be a same material as the
conductive plugs 44 and/or the first electrodes 14. Using photolithography and
trench etching, the third dielectric layer 21 and conductive material layer are
patterned into lines to form third dielectric layers 21 and second electrodes 22. The

~ etching depth is sufficient to expose an upper surface of electrodes 14. The lateral
edges 223 (not shown) of the third dielectric fayers 21 are formed in contact with first
electrodes 14. This allows lateral edges 223 (FIG. 2B) of the second electrodes 22 to

be directly over a portion of the first electrodes 14. The third dielectric layers 21 and
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[0028] FIG 3Cillustrates the deposition of a third
dielectric layer 21 and a conductive material |ayer

wo osHerew ng second el ectrodes 22. The second pcT/US2007/018242
el ectrodes 22 are formed of any suitable conductive
material and can be a same material as the conductive
pl ugs 44 and/or the first el ectrodes 14. Using
phot ol i t hography and trench etching, the third
dielectric | ayer 21 and conductive material |ayer are

secopgheletirdesi 2 are|fprragd sych dhat ans leteral edge 223 of paghesesond
elecéé@?ﬁ%aé&?é’r?%plé'ss%%é?&%?@éégo@éaﬁiééhsé?u%@de %Eﬁ{é%ﬁrst
14, T 2 . ird.
ctecfartE, 168 Fibine FSTEEnBtuiiily AR ol U b e
dielegt#ﬁﬂ]e{gf%g% a]ngi' t&ygeﬁoﬁtll (Igfsé\eggh??rlgles.edges 223 (FIG 2B)

secon ectrod e directly over a
portion of the first electrodes 14. The third

[0028) el EIGL BD ib ayeoss-sektivngl vieWooPR Por8r I8 $he memory device 200

PCT/ US2007/ 018242 second el ectrodes 22 are fornmed .
alongubé line3D-3D¢ of ¥IGr 3C. édgiepideddh FGc BDs eptiotally, the sidewalls of

el ectrode 22 is over a portion of first electrodes 14 .
the thirddiglegtielayer dangrseprpnd electioglet22dires cam bersloped instead of

e ing forns.substantially strai ght side I's, for the
straighf. e giogedaideies $SREVE 39 Prmotn o KaBR of the Sideuplls Jvith the

[ is a cross-sectional view of a

phaggor?ﬁgﬁhgé}%ﬁk%ﬁkgnsofé; device 200 along the line .

3D-3D of FIG 3C As depicted in FIG 3D, optionally,

[0030]he Hsddupsittes] iDfFIQ. BE, bk Myt dtiatdop@bdfhal bByaftially @Mormal phase
second el ectrode 22 lines can be sloped instead of
changemaatghial 16 efosireoeon thalsidaiMalls of thethiod dielaciti layer 21 and the
.~ coverage of the sidewalls wth the phase change
secong elactrades 2¢ e Peefegably dhe phase chpngematerial layer, 16 thin and has a
. .layer_ of a conforl artially confqrmal phase
thickRbe 6 o Sale, sBors 0 Rmambrt e e disame & be Heed to form
[ ' ji n | ectr S
e it L BEEAR b PEle HoPRROR, - B56RRAT ETRARS contorml
phaskthBng@thdieiaPlay P16 i @§sosted ek the 860Irit e[8B28de 39 8nes and in
A. Any suitabl e technique nmay be used to form the
contgt asith thasigewallis@fieath tayé didléctriedayex2irphé thésurface of each
. conformal or partially confornal
first electrode 14. Portions of the phase change material 16 are removed to leave
phase change material 16 on the sidewalls of each second electrode 22 line and each

third dielectric layer 21.

[0031]  In the illustrated embodiment, the deposited phase change material 16 is a
chalcogenide material, such as, for example,' germanium-antimony—telluride. The
phase change mateﬁals can also be or inciude other phase change materials, for
example, In-Se, 5b2Te3, GaSb, InSb, As-Te, Al-Te, GeTe, Te-Ge-As, In-Sb-Te, Te-Sn-
Se, Ge-Se-Ga, Bi-Se-Sb, Ga-Se-Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S, Te-Ge-Sn-O, Te-
Ge-Sn-Au, Pd-Te-Ge-Sn, In-Se-Ti-Co, Ge-Sb-Te-Pd, Ge-Sb-Te-Co, Sb-Te-Bi-Se, Ag-In-
Sb-Te, Ge-Sb-Se-Te, Ge-Sn-Sb-Te, Ge-Te-Sn-Ni, Ge-Te-Sn-Pd, and Ge-Te-Sn-Pt. |
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phase change material |ayer 16 is deposited over the
second el ectrode 22 lines and in contact wth the
woermgvehis of each third dielectric |ayer 21 arc/ts®o7/018242
surface of each first electrode 14. Portions of the
phase change material 16 are renoved to | eave phase
change material 16 on the sidewalls of each second
el ectrode 22 line and each third dielectric |ayer 21.
0031] In the illustrated enbodi nent, the deposited
[003%has Gh%geea ﬁamsepeﬁlon:@é view of thﬁmmg@hds@qarap@mfﬁm 3E along

e A
ool e MR IR Mol lperd. Pl volume of e
mem ggexﬁgmts%'l ac&l@%teﬁyegﬁggﬁgg% %féecﬁgcesgef %:Jﬁase change

mate%'l Biyeisl 16 Pl déifed; Bie phasexdrahige Gﬁate%‘l%éf@‘l@@an be left along
Ge- SB- Te- Co, Sb- Te: Bi - Se, Ag- 1 n- Sb-Te, Sh- S

the lépeztBrof $he Sirdeviadlislaf-€aoh Mecor{delbetrdde22, and
Ge-Te-Sn-Pt. 8 WO 2008/ 027209 PCT/ US2007/ 018242
0032] FIG, 3F is a cross sectl onal view of_ the nenory
[003Fevi édterpativelyrpertions of tbﬁ@ asp shange muteripl layavs mbe

e S UG o o
shongh o ifnd US?W@@W&@?& s B bR dyers 1

cont4th 3sieh Ghanest eldriRIcsal. lLAwRE etdbor 1sb é EQse e materlal
g

phase change naterial |ayers 16 can be t along ™ the
dry dteinijt perédrmnéd te relnoad tse nﬁpaaebtedmmdneloé the daseZéhange
[0033] Alternatively, portions of the phase c _
mategig] niess 16 é@/édyem thestrpeture sheovwadntiIGEe BAe2B. urth dielectric

Str ctures wn i.n Fl A—2 For this
layerpgt Shewryis ioFped %Waﬁ? P ‘1‘%‘3 ’F@t‘ifﬂ%}tléﬁ?rstlﬁem isolate the

e 583 B 008 ST BT, g e pce
chan'gé %Jt@ﬁhﬂa?@ﬁsﬁa s8Bd e d Wi éaﬁ@h £k &1&&%@&1& PRIsE %M%tween

o renmove the unprotected portions of the phase change
membBy elenadntb 2Pt isretiiced. dcdesinel, th orh the ndrRosh@esiceé ROOD (FIG.

FIGS. 2A-2B. A fourth dielectric
2D), portions of the phase change material layers 16, third dlelectrlc layer 21 and

second electrodes 22 can be removed to form individual mesa structures 23 shown in

FIG. 2D.

[0034]  After the phase change material layer 16 is formed on the sidewalls of
dielectric layer 21 and second electrodes 22, the remaining trench is filled with a
dielectric material by subsequent processing steps. Additional processing steps are
also conducted to form additional dielectric layers, contacts and metal lines. For

example, contacts to first and second electrodes 14, 22 and metal lines are formed.

[0035]  The memory device 200C is formed in a similar manner as described

above in connection with FIGS. 3A-3F. To form the memory device 200C, howéver}
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| ayer (not shown) is formed over the phase change

material layers 16 to isolate the individual phase
waehesgeomt eri al | ayers 16 from one anot her. ByCT/US2007/018242

i solating the phase change material |ayers 16

associ ated with each first electrode 14, cross talk

between nenory elenents 201 is reduced. If desired,

to formthe nmenory device 200D (FIG 2D), portions of

the phase change material |ayers 16, third dielectric
the thirgedliefertriqlayes 2 gpd oneactiya amateriat layepare patiemed wsing

N
anc LHRNSAAE 37 SRR By ) 3 o PN Ao 2

is o iofli g lrest dii |2
st ot RS L SANER e SO BRI,

al so conduct ed

Therbforbpéathasdbnd entrodiecd 266 aksScidtad 8 fth fixON¢lacirsdad 4 in two
nmetal lines. For exanple, contacts to first and

adjacart enliehs @srshoean IMFIGQ2Gn0thet thln thise pradessingrpdeeds as
[.0035] The menory device 200C is fornmed in a simlar
descrihad én cannertiory WiEFIGH: 8de3F.nThe mrmotpdeviceR0BEEEIG. 2E) is
¢ 3A-3F.. To formthe nenory device 200C, however, 9 WO
ormggsarlarlydg thememopndewirg 209C, exrept Hhatartions of the phase

. y al
chanig@Hidrefia) B8 P i sFie Rl o 2] A eeiniy ek S 02 are
. fi e . . i q
e e e SrBE e 20 HEF A AaI D28 of each
second el ectrode 22 is over a portion of first

[0036d| ecFiGde® d srhensitipdiagearhwina menforydevideadtduied 260 iok. the
Theref ore, each second electrode 22 is associated with

mempry gevige 2P ARISE G 2An2B I he angmony elesents26] aze asfanged in
1 in Fl 8 2C. rFQ Eer t han i hi s, &r ocessi ng proceeds as .
COTUTRBE BRFIaYS: FAOMREROrBF e FHlag conpeded tepeselrgiling 450 for a
: /i E . ' imlarly to th
resp BB AANE R GaAF)cdch el IR 480 T el Pk D e
electfdR e MRtRpbétivd ﬂﬁéﬁ‘i&z]@emtem 561 6} & dt?@tsuf:&ull Q¥Rtroftb line 22 for
and second el ectrodes 22 are renobved to torm
the memlowi elealentsn2Eloofa respledti es calanshoBach SelbétGine50 is connected to

column decoder circuitry 460.

[0037] Each memory element 201 is further switchably connected to a bit line 470.
In the FIG. 4 embodiment, each memory element 201 is connected to a first
source/drain region 433a of an associated access transistor 433. The second
source/drain region of each access transistor 433 is cohnected to a respective bit line
470. Each bit line 470 is connected to a voltage source or a bit line decoder circuit
462. Each gate 433c of each access transistor 433 is connected to a word line 440 for a

respective row. Each word line 440 is connected to row decoder circuitry 461.

[003 8] To select a particular element 201, the corresponding select line 450 is

selected by the column decoder 460 and the corresponding word line 440 is selected

10



[0036] FIG 4 is a schematic diagramof a nenory
device circuit 400 for the nenory device 200A of

wda 6802726y 2B. The nenory el ements 201 are arr argedsionT/o18242
colums and rows. Each nenory el enment 201 is connected
to a select line 450 for a respective colum.
Specifically, each select line 450 is connected to a
second electrode 22 of a respective nenory el enent
201 or,is ctrode Iine 22 for_ the ne

th d
by thg @mﬁ@gmé@ﬂf@f eﬁggpeé@e F4 l?/)és%lé‘l:tm*&] thespacifie ward lmerr@fl and

t t 460.
select it Ao BHEHE SR slimep iRl <\t chabi v
connected to a bit line 470 In the FIG 4
[003¢J”b0‘1‘IGEQtls a §3@n9§3€[a§r§b@6@ﬁxe%%?/ devitd Qﬁ%ﬁg&ob?o?the

first source/drain redion 433a of assocl ate

menanyaiside 2008 of BIG 4%3. TAO heéreGNdevite direaitG0DIiH sirkiBaot that
of each access transistor 433 is connected to a

showr iipElGi 4 @xbépt thahene 4dlect lacdbhistprovittedHtl évery two columns of
connected to a voltage source or a bit |ine decoder

memqry elgments@P1. Each gate 433c of each access transistor
433 is connected to a word line 440 for a respectlve

[0040)°)": FERGR A *%ibB%g#f‘%ib?gﬁ VBl ot Gt Roltage
sour8&462 shg bRAEdAR %g&cﬁﬁ 638{1 sHdWif) @g&e e SHL&AS cgreﬁ% tlzg 585. In

he col umm 0 an e correspon |ng Wor

the F4@05 lefntarlifeing the Mt Nk 2408/ c@x%ﬁ?t@? sBSThdlades Zé@éx%?ﬂﬁ line select
by the row decoder 461. For exanple, by selecting the -

transigferd 581, H8Y Thabitdihe sehatt trsekisbors|580a a5 8 Ibhere shown as n-
sp eC|f|c mam)r%/ element 430 is selected. [0039] FIG 5

type r3§ P-HRftransie Q.*IPrargFmﬁbaﬁl}a F@rnfis\ewmawlegu@ﬁ assoriatgbwith a

e O T
an n-g e‘??ﬁ?ﬂv\% stgo Errh%gglo @J%E:i%m 'cf%edéggox{\& § ovh %%3 46f§sociated with

a bit Eﬁé Blieb corRedieditd alp- %e@i@ﬁne 3418kt Grﬁnéﬂﬁf&r%?l he bit line select
connected to a voltage source 462 or a bit

circuitex 68 alsoiincluides artit lisé eede&t line 38¢t cdrirneeteibtcetie gate of each bit
circuitry 585. In

line select transi%tor 581a, 581b for selectlvely activating the bit line select trans1stors

581a, 581b.

[0041] As in the memory device circuit 400 (FIG. 4), to operate memory device
circuit 500 to select a partiéular memory element 201, the corresponding selevct line
450 is selected by the column decoder circuitry 460 and the corresponding word line
440 is selected by the row decoder circﬁitry 461. Further, bit line select line 580 is
driven high or low to selectively operéfe one type of the bit line select transistors
581a, 581b. For example, to select the specific memory element 530, the specific
word line 544 and select line 555 are selected. Further, thé i)it line select line 580 is

driven high to selectively operate the n-type bit line select transistors 581a to
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the FIG 5 enbodinent, the bit line select circuitry
585 includes several bit |line select transistors
womabsn2adlb. The bit line select transistors Saimusooois242
581b are shown as n- type and p-type transistors,
respectively. For the two colums associated with a
single select line 450, a first colum 590 is
associated with a bit line 570a connected to an n-ty
e pit line select transistor 581a and the_second
selecHiyp{inspnsest e sracifis bit diea7Dn also Brrignated 57080 the voltage
0 cted to a p-type bit line select transistor 581b.
Sour‘%ﬁ{eg%i t line select <circuitry 585 also includes a bit
line select line 580 connected to the gate of each bit
0042)i NeFEEH £ hndl 5k et My 24 ApleSdfmb itd Yebw '
[ a]wt ivating the bi't li ng sel é)ct trar?gfosﬂegﬁ&s%l%gﬁs 400, 500
inclul@rip thd Rddddry devites 709 ATR00CYardEMietfory dlémichts I dddcHbed
4), to operate nenory device circuit 500 to select a
hereipa@then|cancuitetesignsaheomruira@ig the remory devieesi200, 200C and
select line 450 is selected by the col um decoder '
memgry glaments 280 aze possiblee drlse.serohodiments tavieibeen deseribed as

sel ectﬁd bé_r_the r ow %@ggder ci rcuitrth 461. Further, .
emplgying Phasechange mpirialdp as @ pragrammable resittanesmaderial
' ohe e of the pbit line selec
Embdiniitis Hio/ aRBRIAP R SxBBrElariy ol otner pifeiamiple
istaREE hldterifRMAPla& falb L)
resis 544 and rslel ectﬂ?i_nﬁ%egﬁgng‘é@tﬁ ggﬂa&h{r:tl ?12?;( t é&g?ftomer
progtanumabid ssststhndeemabididls indiider Sichhagihetdl ESPeRrénAledgenide glass
operate the n-type bit line select transistors 58la to
- and these/prograginableogspErcesraerabidisarssed ¢h eatious|patents and
ific hit line 570a, also designated

conn?ct.the 55501 ¢ A .
patery ppplicgtippgagsighed o MigigrcEedngplogyy dngy indwlingsbuhnotlimited
i ct. onkyce S - Qf ' ci its 400, .. .
o o e R S BB LB U8R Pptication o,
09/85 y.$ t [ .8ir@. Iy . CiiF cui t
S L FANE ApBicathiNe! Rl 12520 S: PRI iR iGliEh No.
10/663,/7d1; U1 Payertt| Apphdatio?0Vo2097988)984; 05 8. PA¥e A pplication No.
enbodi nents have been descri bed as enpl oyi ndg ‘phase
10/12¢Fadde. S taritah pplcationaNpr Qo4 iidd) (18 Sr Pateat Alpgsication No.

mat er.i al . ,
10/193,529; U.S. Patent Application No. 10/100,450; U.S. Patent Application No.

10/231,779; U.S. Patent Application No. 10/893,299; U.S. Patent No. 10/077,872; U.S.
Patent Application No. 10/865,903; U.S. Patent Application No. 10/230,327; U.S.

- Patent Application No. 09/943,190; U.S. Patent Application No. 10/622,482; U.S.
Patent Application No. 10/081,594; U.S. Patent Application No. 10/819,315; U.S.
Patent Application No. 11/062,436; U.S. Patent Application No. 10/899,010; and U.S.
Patent Application No. 10/796,000, the disclosures of each of which are incorporated

herein by reference.

[0043]  FIG. 6 illustrates a simplified processor systeni 600, which includes a
_memory unit 626 including me‘niory circuit 400 having a phase change memory .

device 200A and memory elements 201 constructed in accordance with embodiments
12



Enbodi nents may al so enpl oy one or nore |ayers of
ot her programmable resistance materials in place of
wohaseemange material |ayer 16. Exanpl es of ogdwUs2007/018242
progranmmuabl e resi stance materials include such as
nmet al doped chal cogeni de gl ass and those progranmabl e
resi stance materials discussed in various patents and
pat ent applications assigned to Mcron Technol ogy,
Inc., including, but not limted to the follow ng:
of the. uSvexﬂm:enThé\ppstteuanmeId indtead Gircla€l@ memBry Riricaitt500 having a
Application No. 09/853,233; U 'S. Patent Application
phaseshange pemppp device 2086t ent  Appl i cati on No.
10/663 741; U.S. Patent Appllcatlon hb 09/ 988, 984;

100441 |1§’§Eﬁg:{1 Ot%%%%ﬁasﬂnéo%‘%m SR g%&é’fﬁs&%ﬁgﬁggﬁdwg one

or i e RS bl SRR s per

. 8 .
com &slég?égggél 729&5’1&? hﬁg a(?grﬂ %piﬂ%ﬁ%g% ﬁﬁf@pl%@&%%}, a digital

signdl @r86&ss883ir dthér pRegranimablel digial 10gid\evited, A8RicBZ6mmunicates
U S. Patent Application No. 09/943,190; U S. Patent
with ,smg graapreimpud/outpiie 320 deyices 625 oPeit 2his Aaibl Th&tmenmory unit

.10/ 081, 594 U S. Patent Application
626 Ci’m’gil@l@i? withghe GRUS22 oNgBPis £21 @{PIRE“Y thycegh agezmory

conng Pat ent Application No. 10/899, 010; and U.S.

Ent Application No. 10/796, 000, the disclosures of
each of which are incorporated herein by reference. .

0049)0048] td &ase®fial '

oot 00 e el G S s KD P R R gR Y0 may include

penphecdalmlhvﬁgesrmmhrags Leomphét died(CBY RMalive 623 8RaMed drive 624,
menory devi ce 200A and nenory el enents 201

which glen ¢aramathirate arith (GRIA 632 wiveh theninod6 2ie rif slegiteththe memory

. 20%?/ 027209 PCT/ US2007/.018242 of the invention. The
circuifbep dRaY; 86 cepthined Math the prraestas. fﬁé@awr&pﬁl’wtézzomasmgle

phase change nenory devi ce -200C. [0044] The
mtEgEEﬁéth‘ pr ocessor system 600, which can be any system

i ncluding one or nore processors, for exanple, a.
[00463 ONPTh@hb6Ve QeRIPEATARA drad i bre GNP EG bk Yonsidered illustrative

of specific embodiments, which achieve the features and advantages described
herein. Modification and substitutions to specific process conditions and structures
can be made. Accordingly, the embodiments of the invention are not to be
considered as being limited by the foregoing description and drawingé, but is only

limited by the scope of the appended claims.
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conprises a central processing unit (CPU) 622, such as
a mcroprocessor, a digital signal processor, or
wotdsn2Re0gr ammabl e digital |ogic devices, whigdr/us2007/018242
communi cates wth one or nore input/output (1/0
devi ces 625 over a bus 621. The nenory unit 626
communi cates with the CPU 622 over bus 621 typically
through a nmenory controller. [0045] In the case of a
conmput er system the processor system 600 nmay i ncl ude
peri pheral devices such ascqﬁg%act disc (CD) ROM
drive 623 and hard drive 624, ich al so conmuni cate
Whatistdhaifffld &2aew\aid dbsirddii B2proteéteddsi Letersihrentsithy United
circuit 626 may be conbined with the processor, for
Stategicanpl e CPU 622, in a single integrated circuit. O
[ 0046] The above description and drawings are only to
be considered illustrative of specific enbodinents,
iC ' y nd advant ages descri bed
#;r e?ﬂ@@&%&%l%&?p&ﬁ&éﬁ&@%ést itutions to specific
process conditions and structures can be nmde. A
Accoy girstdl¥ctrédl® enbodi ments of the invention are not
to be considered as being limted by the foregoing
description and drawi ngs, but is only |imted by the
scopa diflecthie lapgreoniadhe fiastradectrdde; WO 2008/ 027209
PCT/ US2007/ 018242 CLAI M5 What is clainmed as new and

desired to, he prqotected by lLetters Patenf of the
U tbecosLeigaTpde S7er thebinlRiriclagnp the disigring Tayer and the
| 1S s ' ric layer over the first
Secox{g %elg%trrg g?géﬁgg‘é‘(ﬁ%ﬁggg%é’g&g over the dielectric
| ayer, the dielectric layer and the second el ectrode

eacha hjer 0f pebgritiirable RBtance material in contact with the first
electrode and at least a portion of the sidewalls of the dielectric layer and the second

electrode.

2.  The memory element of claim 1, wherein the second electrode is in contact

with the dielectric layer.

3. The memory element of claim 1, wherein the sidewalls of the dielectric

layer and the second electrode are sloped.

4. The memory element of claim 1, wherein the dielectric layer and the

second electrode are laterally offset from the first electrode.

5. The memory element of claim 1, wherein the programmable resistance

material is a phase change material.
6. A memory device comprising:

a plurality of first electrodes;

14



a layer of programmabl e resistance material in contact
wth the first electrode and at | east a portion of

wo tessrdenal | s of the dielectric |ayer and thepcgoeoh/018242
el ectrode. 2. The nenory elenment of claiml1l, wherein

the second electrode is in contact wth the

dielectric layer. 3. The nenory el enent of claiml,

wherein the sidewalls of the dielectric |ayer and the
second el ectrode are sloped. 4. The nmenory el enment of .
cl ai msécondheleetnodelnyedatleast one of theepluzalityt dfefirss elrotrddes and
el ectrode are laterally offset fromthe first

spaced tharezge by a diglechiglaygrdrnshrent of claim 1, wherein

the programmabl e resistance mterial is a phase
o or G S Bera S GRS e at st one
. 4
of thE RO KOS o 2 Sl Ui il e

dielebhf! 1BYELD Q¥fiRe HipthRAft) of Mé@WSFy eRithris| ayer of
progranmabl e resistance nmateridl in contact with the

at |least one of the plurality of first electrodes and
d. si Tbeahémoty teeiceed aladmed, aghermiie thnskcoddatiedtodeis configured
| ayer to define a plurality of menmory elenments. 7. The

as a lipgyeysr the\pluralgy of fiuptelectrofdes and fuktdhes semmrising atplumdity of

proebuEREl AL R IS S R e ot
1| i i .
oy OSBS54 NSRS b ok i 85hemeryclemen

with a respective first electrode and defining a
BENDTle eh&fBRY dedice DiRlAIBI® UrlRY c6mpHsisg aipfufality of
further conprising a plurality of conductive plugs,
condaa e plugh. eacly eompd wdgi verplegl yndeylyng and incmraadt withla r@spective
. respective _
first electrr)ode. ‘

9.  The memory device of claim 6, further comprising a plurality of second
electrodes, and wherein the plurality of first electrodes are arranged in a plurality of

columns.

10. The memory device of claim 9, wherein each second electrode is directly

over a portion of at least one first electrode in a respective column.

11. The rhemory device of claim 10, further comprising a plurality of select

lines, each select line electrically connected to a respective second electrode.

12.  The memory device of claim 10, wherein the plurality of second electrodes
are configured to be select lines, each second electrode disposed directly over a

portion of each first electrode in a respective column.

13. The memory device of claim 9, wherein a first lateral edge of the second

electrode is directly over a portion of at least one first electrode in a first column and
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first electrode. 9. The nenory device of claim®6,
further conprising a plurality of second electrodes,

wessiesei n the plurality of first el ectrodesp@ies2007/018242
arranged in a plurality of colums. 10. The nenory
device of claim9, wherein each second el ectrode is
directly over a portion of at |east one first
el ectrode in a respective colum. 11. The nenory

. device of claim10, further conprising a plurality of

a secoelddateral edpgsof hececsnd etdctiddeds dlirectly iovek hypartionasftat deast one
to a respective second el ectrode. 12. The nenory

first glegtrodédn acdegpne tolumherein the plurality of second
el ectrodes are configured to be select |ines, each

co el ectrodge dis ed directly over . a portion of )
ch HherBiiarg v ect deiin Lacbite seitising & Spiect g electrically
o t\()tﬂ vsie€§ (ﬂ: e%Lr%idg] 9, wherein a first lateral edge
nrgEes; P EIeEpes

€ Secon ectrode is directly over a portion of
at least one first electrode in. a first colum and

15> WOneGR8ty H9idR 152094/ fhtited %Oﬁ“ﬁ}q‘gg @ fir3t Bitdine

edge of the second el ectrode is direct er a
swit¢taatily connécted td eadi fissteledtiddd insthe ¢irsoetstuirth 8nd @3266nd bit line
_colum. 14. The nmenory device of claim 13, further
switdwbly cennerted e kach firstedecttasts ini thelsegond oplmaenn.ed t o
the second el ectrode. 15. The nenory device of claim
4, rther conprisi: a first bit |line, swtchabl L
ondfecnene L Beme didtar o othet compRisiFg P relest circuitry
e . . , to each
for s B¢t fely REARaZ ohe BEinS s 6B Sel o B R 0 Py @iy source.
device of claim 15, further conprising bit |line select

101 r cThermyembey deelceafickiihy16,a0heein tHe 1518 tinefseldee cirbuiitty
and second bit lines to a voltage source. 17. The
comprisasra/trarsistos offa filshcomddcti wihetygierconinecteidt tol thedirsebie dine, a
’ circuitry conprises atransistor of a first
transigAp At R SeaNd eansluctisitvebreFongected tpithe se¢and bitdine and a bit

line select line connected to a gate of each of the first and second conductivity type

transistors.
18. A processor vsystem comprising:
a processor; and
a memory circuit coupled to the processor, the memory circuit comprising:
a plurality of first electrodes arranged in a plurality of columns,

a second electrode line over the pluralify of first electrodes and spaced

therefrom by a dielectric layer, and

one or more layers of programmable resistance material in contact with
each of the first electrodes and a sidewall of the second electrode line and dielectric

layer to define a plurality of memory elements; and
16



transi stor of a second conductivity type connected to
the second bit line and a bit Iline select line

weongechesd to a gate of each of the first and perogshor/018242
conductivity type transistors. 18. A processor system

conprising: a processor; and a nenory circuit coupled
to the processor, the nenory circuit conprising: a

plurality of first electrodes arranged in a plurality
of columms, a second electrode [ine over the plurality

of ipletaliey B€bitafRs, edtth iPAnedeldchOER dodReReEo each first
dielectric layer, and one or nore | ayers of

electraedgraarespbttéve esluairance material in contact with each
of the first electrodes and a sidewall of the second

el ectrode line and dielectric |ayer to define a
19p1 uThe pystent ohelaim | Sefurthericomprisinge plorabitseserond electrode

. PCT{.US2007/ 018242 ., a plurality.of bit lines,. each Qit
lines apt EBEITU Y oY Focth BB et b L ine pntdie eatric By gadhrerty
over a B ABRER Lhe 88 il odfin TAGpRUALEMAIME! 21 m 18
“further cofprising a plurality of séecond el ectrode
lines and dielectric |layers, each second el ectrode .

20! | MehéB@steirebdhirh 9] Aitterdion®iibing POYRIraBLyPef deléd livles, each
each first electrode in a respective colum. 20. The

select Kiyes elentridallyl conmet@d tour tdspectivnprdosidrglectrgdailing.i t y of
select lines, each select line electrically connected

to a respective second el ectrode line. 21. The system
21y thesystom of Haimi2l, wherginga fizgt latgral edge of the preond electrode

e is 3GEERY P S LR AR B SRR BB B0 Bleconet
lateral @8 R th & S0 el%&?o&ﬁ ﬁg@@s Slr‘é&]fli} gder é £ibs of %58?5@(
OVEér a-portion of eac I rst electro In a secon

electrodeliH@secdrd cbhigmaystem of claim 21, further conprising
bit line select circuitry for

22. The system of claim 21, further comprising bit line select circuitry for

selectively connecting the plurality of bit lines to a voltage source.

23.  The system of claim 22, wherein the bit line select circuitry combrises a
transistor of a first conductivity type connected to a first bit line, a transistor of a
second conductivity type connected to the second bit line 'and.a bit line select line
connected to a gate of each of the first and second conductivity type transistors,
wherein the first bit line is switchably connected to each first electrode in the first
columh, and wherein the second bit line is switchably connected to each first

electrode in the second column.
24. A method of forming a memory element, the method comprising:
forming a first electrode;

forming a first dielectric layer having sidewalls over the first electrode;

17



sel ectively connecting the plurality of bit lines to a
vol tage source. 23. The system of claim 22, wherein
wo bsslort2od | Ne select circuitry conprises a trpegusionf/o1s242
of a first conductivity type connected to a first bit
line, a transistor of a second conductivity type
connected to the second bit Iine and a bit |ine sel ect
line connected to a gate of each of the first and
second conductivity type transistors, wherein the
fir $ornbinig d sevendelecttddehabénthedireedietettiio laaehttd sesdnd
el ectrode in the first columm, and wherein the second
electrqslq having sidewsalls @rdbl y connected to each first
el ectrode in the second colum. 24. A nethod of

forping | ement . ethod comprising: .
For FOGn 4 et V6 PuSTADEaDIE G RpIR o8 P LRl ) Efact it the

e kUG 505 AP 035008 58 PARSLE T8 porion

of a si@bRalllRURe QUBndldIsctibdst diel ectric layer, the second
el ectrode having sidewalls; and formng a | ayer of

progranmabl e resistance material in contact -with the
25f i r The shethbdadelaint2gtwhers tite sgebhd@lefode Bifdewelllas a line.
of the dielectric layer and a portion of a sidewal
of the second el ectrode. 25. The nethod of claim 24,
26yhelbp methed b strit &, exhergieforaningrthe geeandaelectrede comprises

. The. net had of claim?25, wherejn _forpn t he second .
forming & J4e5 48 CeBipft Ee malsripl ey the fizgheticlsptric foyBE Ang tching the
. _ ¥ £i . . | t chi
st SR P4 HHR T Al BAERYeL By IR eLor
| ayer to formthe line. 27. The nmethod of claim 26,

27WheThe nth6diol @1068126, ivilesrei elthiity édtaptisésSétching the first
dielectric layer and conductive material |ayer such
dielectricdayerand coraadtive matdriad lalyei sachrthat thessjéewalls of Hee dielectric
second el ectrode are sl oped. 28. The nethod of claim

layer apl thgserndielesrogdedge slapssl e resi stance materi al

28. The method of claim 27, wherein the programmable resistance material
layer is formed in contact with all portions of the sidewalls of the dielectric layer and

the second electrode.

29. The method of claim 24,' wherein the second electrode is formed in contact

with the dielectric layer.

30.  The method of claim 24, wherein the second electrode is formed laterally

offset from the first electrode.

31. The method of claim 24, further comprising forming a second dielectric

layer, wherein the first electrode is formed within the second dielectric layer.
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| ayer is formed in contact with all portions of the
sidewalls of the dielectric |layer and the second
webshinage. 29. The net hod of cl aim 24, wher eipcit/b€007/018242

second el ectrode is formed in contact wth the
dielectric layer. 30. The nethod of, claim 24, wherein
the second electrode is forned laterally offset from
the first electrode. 31. The nethod of claim 24,
further conprising formng a second dielectric |ayer,
32her Fhe mdthod iof staiml 31 furttier cempoisinggiforintiimigra tHied dielectric layer
second dielectric layer. 18 WO 2008/ 027209 )

underlging Hrofirst elegppleznd seeendwdipledtrist layernpnd Sorming 2 genductive

conprising formng a third dielectric |ayer
plug wHkup tﬁfﬁ tigjrel sliclericlayprend iyeoniagt wittuiie et electrode.
| ayer and formng a conductive plug within the third
i el L ri.a i n agt wt i.rst. T
3 ectib plengd 6L 24 RSt e polatifatibsphistange material s
formé 895 blRhEShokange material is formed as a phase

ange materiaf. 34. A nethod of formng a nenory

devi ce, the nethod conprising: fornming a plurality of
34i r sA mbthoid efdfesmifigamamoazy dieeidec thid meklagd compeisinge
plurality of first electrodes; formng a second

el ectrode over the first dielectric layer; and form ng
a | ofprming alysplityrifirst elesiredesice material in contact
with one of the plurality of first electrodes, a

si de

he. Healing e diEfRRE AR B M Reali b CRMRLYER

met hod of claim 34, wherein the programmabl e

r esi fIraifig anRtehd alectlodeiver $hé dikswileledtri®niyagtand t h

nore than one of the plurality of first electrodes to
forma plurality of nmenory elenents. 36. The nethod of

cl ai fargring fadayércef pmgrainenahje resistange maseriakin egntagt with one of

the plurality of first elecﬁ‘odes, a sidewall of the second electrode, and a sidewall of

the dielectric layer to form a niemory element.

35. The method of claim 34, wherein the programmabile resistance material
layer is formed in contact with more than one of the plurality of first electrodes to

form a plurality of memory elements.

36. The method of claim 34, further comprising forming a plurality of
programmable resistance material layers, each programmable resistance material

layer formed in contact with a respective first electrode to form a memory element..

37. The method of claim 34, further comprising forming a plurality of second

electrodes and arranging the plurality of first electrodes in a plurality of columns.

38. The method of claim 37, further éomprisi_ngforming a plurality of second
. electrodes and dielectric layers, each second electrode and dielectric layér formed as

a line and directly over a portion of each first electrode in a respective column.
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programmuabl e resi stance material |ayers, each
progranmabl e resi stance material |ayer forned in
wEkaehooM th a respective first el ectrode to pEF0%M07/018242
menory elenment.. 37. The nethod of claim 34, further
conprising formng a plurality of second electrodes
and arranging the plurality of first electrodes in a
plurality of colums. 38. The nethod of claim 37,
further conprising formng a plurality of second
38] ecThetesthad bfl£he87, Wikerety & figst 1athl sdEO0fthe second electrode
el ectrode and dielectric |layer forned as a |line and
is fortiedediregtlpover a ppotion ofia firstsrdedtrdde bt a @irstotalooe amd a second
respective colum. 19 WO 2008/ 027209 PCT/ US2007/ 018242
laterdgdgeind the secandoelegiradeding is fomered diractly pyer a postian of a first
of the sefond electrode is forned directly over

edge
EIECUQ%gdPﬁ %5°Bf RIYPPst el ectrode in a first colum and a

second |ateral edge of the second electrode line is

L e e

device, the nethod conprising: formng a plurality of
fir sforatingta pldeslig sfangedetttoded safigéd th t6MSnns and rows;
form ng a blanket dielectric layer over the plurality

of first electrodes; formng a |layer of conductive

mat eforglingachlanket dielectriq layer pugethe plucalityfifinst electrodes;
dielectric | ayer and conductive material to forma

o1 ur QY8 Gt 1=uPEp et R Erigh 156 e eche Byer

surface of each first electrode; formng a | ayer of

Pr OGRATING diBRCEi@RGEr ARA RbhaLcVEM A BEaSRFORFh a plurality of
electrode lines and ih contact with the sidewal | s of

seconidnelectiretl e tihes overdyitigsa phdalitieof digldcaielafereand td iekase a
el ectrode; and renoving portions of the programable

surfagegf eachnfizst placknodgl to | eave programmabl e resi stance
material on a sidewall of each second el ectrode Iine

and sidewal | of each dielectric layer. .
f%rmmg avigyer off programma%le Tesistance aterial over the second

electrode lines and in contact with the sidewalls of the dielectric layers and the

surface of each first electrode; and

removing portions of the programmable resistance material to leave
programmable resistance material on a sidewall of each second electrode line and a

sidewall of each dielectric layer.

4]1. The method of claim 40, wherein the blanket dielectric layer and
conductive material layer are etched such that the second electrode line and
- dielectric layer are directly over a portion of each first electrode in a respective

column.

42. The method of claim 40, wherein the blanket dielectric layer and

conductive material layer are etched such that a first lateral edge of each second
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41. The nethod of cl aim40, wherein the bl anket
dielectric layer and conductive material |ayer are
weEtobetizeuch that the second el ectrode |ine aneCT/us2007/018242
dielectric layer are directly over a portion of each
first electrode in a respective colum. 42. The
met hod of claim40, wherein the blanket dielectric
| ayer and conductive naterial |ayer are etched such
that a first |ateral edge of each second 20 WO
electppdisline aad acicdieleoic1aparsia 4Grmed eitecty @ ver agpantisonazfadach first
dielectric layer is fornmed directly over a portion of

 electgodayiry 3 figst coliirapranshie seqondl lnters edgn ofthessegond edecbratie line is
| gt eral. edge of the second. el ectroqde.line is. forned

foms?aﬁaqt&v %‘%éra BoLSan ?fgﬁﬁ’ﬂg%‘ré%\%lﬁcﬁ‘ff’ g in asgeend grlumn,
second colum. 43. The nethod of claim40, further

4§orrpl=11'h§i§g hoh%ft@%h gb %%ggé%gg}ﬂéjllsgﬁg,l éuttM}er%ftclﬁﬁg(nEgg plurality

el ectro I nes, rali ctric layers

of seBdYas BleeraAe Hne8, Sturalityl & diEléEfPi@laZbHsf ad F}ﬁa&f c material to
.structures, a portion-of each nmesad structure overlying
format plurahist ofomesd strattuebs et pation dfleach mesa structure overlying at

least one first electrode.
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