WD 2008/ 027209PCT/ US2007/ 018242 PROGRAMVABLE RESI STANCE MEMORY
DEVI CES AND SYSTEMS USI NG THE SAME AND METHODS OF FORM NG THE SAME

FI ELD OF Ty 2bddNMENId ON [ 0001] Enbodi ment s of the i nvent ipeisalodb®2420
sem conductor devices and, in particular, to programuabl e resistance
menory el ements and net hods of form ng and using the sane. BACKGROUND
OF THE | NVENTI ON [ 0002] Non-vol atil e nenories are useful storage
devices due to their ability to maintain data absent a power supply.
Mat eri al s. have been investigated for use in non-volatile nenory

cells. One clPROGRAMMABUERESESTANGE MEMORYDEVICESANDSESTEMS

change materials, such as chal cogeni de al |l oys, which are capable of
stably transiti MSI@%BHMW@%{IHMETHQDS@EFQRMM%’E&%&AI\/H&W
phase exhibits a particular resistance state and the resistance

states distinguish the logic : ment formed with
such materials. Specificall 2/ @#@fﬁkﬁﬁ%ﬁﬁmm bits a o
rel ati velQPOhl gh Grebpdimenta of tednyentiqrstelate itp sersicandugionidsivicss and, in
relatively |low resistance. .[,0003] A conventi dnal phase_change not
rement - AR, BT RRE R ER ARG T aEy EPferli 30 7ai g s o Bl
change ngﬁ&qlgg{g[tﬁelggﬁwgen first and second el ectrodes 2, 4. The first

electrode is wwthin a dielectric material 6. The phase change

material 8 is set to a particular resistance state according to the
amount of current appli ed BReCHEROUND OF THERINIVENIION el ectrodes 2,

4. To obfoab] an RERVBRANES ndnibrges(drk GsefliBltoragd @vakds\Rle/tolthef aBhlith 8o
current pulse (a reset pulse) is applied through the phase change

menory eireimtain datecbsehta poweeaspply. pdateriak havebeeh invehtigated fiangse in

material 8 coyering the first el ctr?de 2 for a first period, of tinme.

The cur rBfR-vPLRHIEMRRAYARYS: fMnesnssof eregemaklertstance Batasialagred) y

to ate t ) .1he y.St ' B . e i C ults

in e portRoneEar At B AalchE B AL FIRTHE) U copt IS DY

el ect r odgarsiiaMinydbdthiReAMBAdPELESs 8hdtBstalBn®Phaded. Each phase exhibits a
particular resistance state and the resistance states distingu.ish the logic values of a
memory element formed with such materials. Specifically, an amorphous state -

exhibits a relatively high resistance, and a crystalline state exhibits a relatively 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 B covering the first electrode 2 for a first period of time. The currentis
removed and the phaée change material 8 cools rapidly to a temperature below the
crystallization teméerature, which results in the portion 9 of the phase change

material 8 covering the first electrode 2 having the amorphous state. To obtain a
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WO 20081027209PCT/ US2007/ 018242 crystalline state (FIG 1A), a | ower
current wite pulse (a set pulse) is applied to the phase change

menory el egenboshzf206 a second period of tine (typicall ypclraRgmtoishys
duration than the first period of tine and crystallization tinme of

anor phous phase change material) to heat the anorphous portion 9 of
t he phase change material 8 to a tenperature belowits nelting point,
but above its crystallization tenperature. This causes the anorphous

portion 9 of .the pha C material 8 to re-grystallize to the
crystal | rallisg épaf%ﬁ‘ﬁGr LA obar Roenhoats AuSe (7 1 imalsed B apmiediodhe
t he phas ' . Tory
ol omont DTer e geBeP SRR 1ol SeE 8 Frol I ARE AR IR
the phaseusitabietiin theéirff e CoRnge af8 efstalizdlior #RRH ARt rPhaubpRkseol
conventional phase change nenory is the large progranm ng current
needed t changd materiabetodieat thecdraorhoubipiostioeg of tenpindselchange tratdridl §ao a
access transi stor design to achieve adequate current drive. Another

pr obl em freBRiakireelpw AtsppeltingRaint butakaye its crygalligation &magiaturey Thie
to uncon | abl 14l ng. of A us, and,pol ycrystal]ine states at -
the edg eég‘ggfes ?Eéeg%‘%é}rl%'%ﬁ%ug g\%&t}ﬁ% PRfsE *‘pang% ﬁ%‘%‘i’lﬁ% to rﬁ'c‘éﬁ?tﬁﬁﬁﬁ 19,

it is degid @9bRIIR H18%_hRRBTRaiARAAGEARTR ' '

pr ogr amm ng&?urrent requi reme?llt ) andc,)i ncrég‘é‘gﬁmr%ﬁé%\éﬂvkﬁta&aqgﬁﬁgﬁse
DESCRI PTtimgarm@derPRRWNES if a00lei FTES phhde chacigd &éﬁbgﬁéléﬁhﬁéﬁt Ris read by
conventi onal _phase change nenory elenent. [0006] FIG 2A illustrates
partial BPRYIRgRERahYRltags viligt daesprishangmihgelivserstete dfchieghase change
accordin ARy 1N enbodi ment of the invention. [0007]FIG 2B

il lustrates a top-down view of the phase change nenory device of

[0004]  One drawback of conventional phase change memory is the large
programming current needed to achieve the phase change. This reqﬁirement leads
to large access transistor design to achieve adequate current driw.fe. Another problem
associated with the memory element 1, is poor reliability due to uncontroliable
mixing of amorphous and polycrystalline states at the edges of the programmable
volume (i.e., portioh 9). Accordingly, it is desirable to have phase change mémory

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.

f6007]  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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FIG 2A [O008]FIGS. 2C-2E illustrates tbp-dovvn vi ews of phase change
menery devi ces according to other enbodi nents of the invention. WO

2008/ 02720QBGHislds2997/ 018242 [ 0009] FI GS. 3A- 3F il | ust r giceasobiofdasz
cross-sectional views depicting a nethod of fabricating the phase
change menory device of FIGS. 2A-2B. [0010]FIG 4 is a schematic

di agram of a phase change nenory device circuit for the nenory device
of FIGS. 2A-2B. [0011]FIG 5 is a schematic diagram of a phase change
rerory d([EO\{/)IOS]e ¢ If{l&gl éAES?;iIlLQE‘at%Ep@EXI cdrggs!-s(:e%tigLalFxligws %l%picting a method of

fabricating the phase change memory device of FIGS. 2A-2B.

[0010]  FIG. 4 is a schematic diagram of a phase change memory device circuit for

the memory device of FIGS. 2A-2B.

[0011}  FIG. 5is a schematic diagram of a phase change memory device circuit for

the memory device of FIG. 2C.

[0012]  FIG. 6is ablock diagram of a processor system having a memory device
incorporating a phase change memory element constructed in accordance with an

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0013] In the following detailed description, reference is made to various
embodiments of the invention. These embodiments are described with sufficient
detail to enable those skilled in the art to practice them. Itis 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 to a
semiconductor substrate or wafer in the following descnfpﬁon, 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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[0012]FIG 6 is a block diagramof a processor system having a nmenory
devi ce-incorporating a phase change nenory el ement constructed in

accor danceymhilndRgenmbodi nent of the invention. DETAl LEPriksaohigdhON
OF THE | NVENTI ON [0013] In the foll owi ng detail ed description,

reference is made to various enbodi nents of the invention. These
enbodi nents are described with sufficient detail to enable those
skilled in the art to practice them It is to be understood that

ot her enbodi nents may be enpl oyed, and that various structural,

| ogi cal bmtimel detanycaippolbstyegursstitabland euppOOig] arhimtegrated circuit,
"substrate" used in t e fo Iomnnghdescrlptlon n% I ncl ude any
suppor t i HY§ %CPF‘ECI?‘ER‘E-Pt Fo gnetgis: alipyts, glapgescrplygrers Cg’éﬁ’i’i‘*éﬁﬁa‘ﬁlﬁrﬁr

substrat e,t hat _has. 0 urface A sem conduct or
substr at gt ShEUPRLE Vem g(e?l ? E%ﬁ#gé PSB SI | i con,
silicon-on-insul at or (SCP silicon-on-sapphire (SOS) doped and

undoped gBNEFONdibSditner®Pbt eliavelttdied® refw Skplaiwet Wik pefetade by tie
base , semnm conductor foundation, and ot her seni conductor structures,

i ncl udi nfguiessie: whith lgfe reéerencamigmberssndichter likeHantused. | FI6S, 2Fhillustrate

reference i s nad em conductor substrate or wafer in fhe
fol | owi ng PAEERR Pge Pgﬁse P SUEMBROEEESe SHpeonmi cirel/® a}fé‘éﬁ“ﬁ‘ﬁ MiYey

to form [ r C I
toundat | Bivt sk DEsIpe a1 3 1 BBk Al T,
2008/ 027 BAXRGHAHER HFH OS2 c 00 ATEFTCH @ Ads tayer S44RROA SN A tvi 446 o e dew ce
suitabl e for supporting an integrated circuit, including, but not

linited 2NA plomgl the lime|28y2A" gharwsés FIGalBiners, ceramics, and any
ot her supportive materials as is known in the art. [0015] Enbodi ments

of ‘the 1 p6g8f ! O ReMBH, BXRELOK ihihied SERIGENRAled B5Y, each for storing
at least one bit, i.e., logic 1 or 0. The memory elements 201 are supported by a
substrate 10. A first dielectric layer 12 is formed on the substrate 10, and conductive
plugs 44 are formed within the first dielectric layer 12. First electrodes 14 are formed
within a second dielectric layer 20, Each first electrode 14 is formed over and in

contact with a conductive plug 44.

[0017] A third dielectric layer 21 is 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).

f0018]  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 corinection 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



figures, in which Iike reference nunbers indicate |ike features.

FIGS. 2A-2B illustrate a portion of a phase change nenory device 200A
const r uct &glp bddsaeee dance with a first enbodi ment of theriggensismn.
FIG 25 is a top-down view of a portion of the phase change nenory
deVice 200A. FIG 2A is a cross-sectional view of the device 200A
along the line 2A-2A" shown in FIG 25. [0016] The nenory devi ce 200A
i ncludes nenory el enents 201, each for storing at |east one bit,

i.e., logic 1 or 0. The nenory el enments 201 are supported by a _
subst r at @atgrialdayersdp teicontast Hedinshgleetrades . fThermemony elementh2lr at e

:lg’ye?”‘i'2%8%%&%4%?%@%\%%3%@%Efeirrf@%Eﬁﬁaﬁ‘séﬁér{‘q Hogradh hardh areten pee
) LIetrs Fedh | . .
 Conductive ar o T EBERPAT: teisto M 5h 3G, LA BBt

over the chafigd mateend 18@es 1&4:@»@@@1@?:@3 b&HREE OF the R¥6Rd fkctro8E 9P fine
el ectrodes 22 are provided over the third dielectric |layers 21. The

third di enddhirddli¢lagteicdayper 2drlihessidonmalleihet braodiesctBowr @ firer etedtrade 14.
lines in the Y direction (FIG 25). [0018] Progranmmabl e resistance
mat eri al M 8Y€r2 Fa%e%e&%efé{sofpﬁﬁ% ehasnfyesadaerilglin papeneryl gemeat 3pil

i dewal | §,0f 2 ] d third dielectric | 21
i nes. anderie: SR o BRI SR A e Pl net s elorbE A sh Frn B s
change maidtbughly gk ehifgdPiulfg dp¥rattdn GHthe deeicehhaA . A@é%%ﬁ%}ﬁq‘me

sui t abl e phase change matérials are provided below in cortnect

wi t h t he ptlesscatiapge ometefiaHagers3B.cafifolly aotorsidiovallspetrthp eedondesledthele 22
third di ﬁl ectr| CIY,Icry_ers 21 and _second el ectrodes 22 are laterally

of fset f FBRT ERethird dieleqtdelaysa’t ings-t o provide a |ocation for the
phase change WO 2008/ 027209PCT/ US2007/ 018242 material |ayers 16 to

contact {gueof i I s ARG LPRRS. 2B frokls 1SRRG e;g%rrs g ,2&%3%&@&&&&?&%@‘14

to where a first el ectrode 14 and second el a portion
of a phase arargpe imabhnnat alomgeahe Yodiradtions atie set@td élecadde/22 hifeddrES.
2A- 2B, the phase change material |ayers 16 are shown only on portions
of the sEUBIf dresadiasant Hrst plegaode14 snohdhat @ lasenal pdge 233cf the sédond

si dewal | irect,ly over a.fir | ect,rode, 14.. 1L n such

casert haekpPledi il bR E bobicn EEMeTyEF eI druss e, Rk cordent
201 ser velsciabdd DE1iRé ROsB5HRRUSY MR L WiF10 boluidl o BAREN£hasEN 201 and
can be thoroughly phase changed during operation of the device 200A

Al t er nat fAgedrdingiheasphasa irhEly @Bntiteqrtiaak charyger mateGial biyefdild are oy
sidewal I s of th ﬂg\iecond el efHOde 22 lines and third dielectric layer
21 1i nesPO’Fb’é‘f@? YsPrrniatesral edas 223f the sgrondielentinsifg 2Ber spect i ve, the
first electrodes 14 '

[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 phas_é changed during each programming operation to promote
reliability. |



are arranged in colums along the Y direction. The second el ectrode
22 lines are-forned over adjacent first electrodes 14 such that a

| at eral edgg 6832000 t he second el ectrodes 22 are direchbyy@fody:
portion of the first electrodes 14. Each second el ectrode 22 line is
associated with a single colum of first electrodes 14. Accordingly,
as shown in FIG 25, the phase change material |ayers 16 are al ong
portions of only one |ateral edge 223 of the second el ectrodes 22.

[ 0020] Si nce the phase change material |ayer 16 for each nmenory )
el enent B9%21} s #idisanaldigleghiclaxergecontactandametal ines eanaalse byinchxded in

t he contpact, ar.ea,pf, the phase cha - erial |ayer .16 t h

el ectr odg-be C?Lef,me%ﬁf%rpoé'ae%ﬁn]@?fncf}gpagfse@ﬁ{ Msgcgﬁ%%g%oéa&t&%%eand
progr ami{agh ey Bn Bb iddigasEory el enents 201 and the vol tage needed
to achi eve the phase change for the nmenory elenments 201 is al so

m nimzed as conpared to that required for a conventional phase

change nfi@2ly elFEGe2T illugtiEtés a ol downmehgrectivé ef p mugmanyndewice/2l0Ghe
can be limted to a fixed volune that is thoroughlé phase changed

cziuri /ngzeéﬁfﬁr,%iplﬁéf’?ﬂﬁﬁ?@ ea&@;amﬁah Tla%rg\ewﬁeme.? i:quf[F‘}Gi 2Gy Stmilar to
contact  GRISHEYRIFI e 2l g19Be But At thand clrFrBzeess Somarsd,

exanpl e, wePartulihsidf bt ARG 900 TRhek! ERAGSIHH eiRérddd2 3Bt @lies
| ines can be included. [0022]FIG 2C illustrates a top down

per spect poricois of firstrabeorodiesild én 206 Cohonns. dA o@riimgiycisowenh@®IGI2O] the
The menory device 200C of FIG 2Cis simlar to that shown in FlGS.
2A- 2B, eReassichanae madennldardnde ereeirpgderdons piRothdatgsd sdea 2 ohihen

two col um gfelé‘ciﬁroﬁtsﬁéectrodes 14. That is, each second el ectrode 22

. secgn . .
overlies portions o I'rst electrodes 14 in tw columms. Accordingly,

as showmn in FIG 2C, the phase change material |ayers 16 are al ong

por ti ons{oop3bot FIGA2R ilakstedgea f3d ofntfeesietoadf & haaho90dsid200D
[0023]FIG 2D illustrates a top down perspective of a nenory device
200D acc@#icardigstte anathen embosipgntebhe memorsieyiop 2080 F1G0ID insinHlagto
2D is simlar to.t 0 in F Y 2R 2 except. that |nstead of
second. clfiah ot 15 5tes S8, exbent i iriliaetor SHBed gisctiofty pf e tnd

di el ect r{geoh@%Richrodds M IRRRSRICHANGS PP BI PhARY PN O niii & '
confi gur edoas ir?diovi Féluaf mesa struct gﬁes 23.@#her efgrr1 111%3%?3151%)6%&

el ect r odere2dnfigarabaniodtiddainein simectfiresB. dheedfong eaddsecond 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 Jayers 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
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[0024]FIG 2E illustrates a top down perspective of a nenory device
200E according to anot her enbodi nent. The nenory device 200E of FI G

2E is simyghods@iziat shown in FIGS. 2C, except that i pgtrRashe9his2e
second el ectrode 22 lines, the second el ectrodes 22', third

dielectric layers 21 and phase change nmaterial |ayer 16 are
configured as individual nesa structures 23. Therefore, each second
el ectrode 22' is associated with two adjacent first el ectrodes 14.
[0025] FI GS. 3A:3F. il lustrate one enbodi ment of a nethod of i
fabri cat ﬁpgrqugs FhREET etimlfe ARSRERDSIYe Wikle theaations prloware deperitedas,

e Sl e Bl oy P
2008/ 027209PCT/ US2007/ 018242 the results of prior actions.

Accor di ngdops] whiAeshidven acFIGIBA, baigidrictde el P2t Rembaicvar Renbsardred

in a specific order, the order can be altered if. desired. [ 0026] As

shown i n1§| The Bipst dielpptristlayfirdi2ds etched lta yeeate Pias 84 fdthiBdviiice comductive
12 is etched to create vias

substrate, 10., The firs ielectric |ayer [

24 wi t hi RMY&i %’r‘?r&g‘?ﬂﬁ%‘i‘i ﬁlée 'mftfﬁ’sffwa Phvgs 4oriedarmed of apyi guitablo copdlugiive
44 are f 0 | le ¢ ive .material ., such, .

Uit ant unfiaEdaiu e (bR e EANIHCE ol ST Bl Rincd A Triam,

tit ani untitaiget emgeliniiwWp! kiR (B or RhebATHIE : ng ot hers.
[0027] As depi ct e \grgvpg i (P81 0r Qhgbngs n)gglllng%rc’ﬂgéo@i s formed
over-the conductive plugs 44 and the first insulating |ayer 12.

openi ngs®P37hr e Avderieted i FIGNIB, & segerd inguldtinglefecdhiformed opérhe 44
by art i tahle technj qu In the illustrated enbodi nent the

opent nys B2t ASEOR B ma et Bilnunst it §F Giemest 5h exrmen aper
however &M@ BRREE REth dhohBBHdhaAYR: FIL ' le:

rect angul arf:1 etc. The first el ect@ogé%r@ﬁégfggltagrl%egﬁwn Sbgr‘]lﬂ}]egs 15

and are flimstratedoémboginserit! tiolopenimpdusStary fortRéEhivihg aSubbtadfally square

titaniumnitride (TiN), titaniumalum numnitride (Ti AIN),
titani und W heperih@pvever Hhe oRARInSt 15 maythavgsngshapy e.garimglaot her s.

rectangular, etc. The first electrodes 14 are formed in openings 15 and are formed of |
any suitable conductive material, such as titanium-nitride (TiN),
titanium-aluminum-nitride (TiAIN), titanium-tungsten (TiW), piatinum (Pt)or

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 suitable conductive material and can be a same material as the
conductive plugs 44 aﬁd/or the first ele;ctrodes 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 l;ayers 21 are formed in contact with first
electrodes 14. This allows lateral edges 223 (FIG. 2B} of the seconci 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 3C illustrates the deposition of a third dielectric |ayer
21 and a conductive material layer for form ng second el ectrodes 22.

The secondyeherispees 22 are forned of any suitabl e copgdugkbié®oiszaz
material and can be a sane material as the conductive plugs 44 and/or

the first electrodes 14. Using photolithography and trench etching,
the third dielectric |ayer 21 and conductive material |ayer are
patterned into lines to formthird dielectric |ayers 21 and second

Cur ace GPeRILRE RS 2t Mg pish Pt oske A ey serene
ol cct  oa ST pIe R £ T Bor RE A B AGRSINRE b dohht b frs o o1

el ect r odfect ded 1LCTHE @A/ foPMRsuBstRRfAI P Akht Hdelialis forahe thigdes
14. The third dielectric layers 21 and - WO

2008/ 027 268PaTic USZO QT /203 Ré 2eaciosiertsidecarlbdss 22 are formed such
that one | ateral edge 223 of each second el ectrode 22 is over a
portion rodes 14 in single colum _qf first el ectrodes

fi t {
14. The {’Q,ﬁr?hrnz ﬁlgirﬁ@lgaw%rﬁe%m vigw Bf gperiiey efiia memwry dewice BPP d

di el i , . i nes, [:0029] ELG 3D
s o or ol Eise a0, bPRIC A i AL RRb i nIC ey Bl aon B Sttty
the |ine Q&x3k} difechiGaydf21 A6d deiingt@ébtidierd2GinedRan MRl ih¥tealiBe

sidewal ls of the third dielectric |ayer 21 and 'second el ectrode 22
| i nes camtbighd] Thedlopadtsidedvalls serveatiogitomol eowdrege df Hieckidewalls with\the
to pronot coverag\g_nof _tﬂe sidewal s with the phase change materi al

| ayers 1&NpOEemBRIUSHRLREES®- FIG 3E a layer of a conforpal or

partially conformal phase change nmaterial 16 is forned on the

si dewal | %oozfoF t head Bbpileed iR/TR6! 5E,C g¥eSf Zdor@BEnbie: ﬁffﬁgti?g c&kfgﬁhspgﬁ&e

22. Preferably the phase change material layer 16 i's-t an as a
t hi cknesshafige fateriak a6 formetaut thiGiietvallArf thelthisbHielécedb iver 2l BRY the
used to formthe phase chanfge material |ayer 16. For exanple, a

8

conf or maFesndleatiades 22 Srefgrably thaphase changrematarial layer | 1gyjethin gnid has a
deposi ted .over t secand, el.ect.r 22 1in and.in contact with the
o1 dewal | EFR Gl Toh R aIecr BRI R ZFny SOFuR decriadE P B et datei
first el exd PH&L% ching PRl R 16N EoPBAIRp N2 RIRIABLELE {arti]aﬁ %ﬁfohrmax
removed to 1 eave phase change material 16 on the sidewalls of eac
second elpbese dimg? 2ndteriel laper Hais iephsitad alverlthe bedonidl dgtrod222 lines and in
contact with the sidewalls of each third dielectric layer 21'and the surface of each
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, gennarﬁum-anﬁmony—telluﬁde. The
phase change mateﬁals can also be or inciude other phase change materials, for
example, In-Se, Sb2Te3, 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, 5n-5b-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-5n-Pt. |
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[0031]In the illustrated enbodi nent, the deposited phase change
material 16 is a chalcogenide material, such as, for exanple,

ger mani umwphpieiised €l | uri de. The phase change mat eri alpgragteahsgyzbe
or include other phase change materials, for exanple, In-Se, Sb2Te3,
GaSb, I nSb, As-Te, Al -Te, GeTe, Te-Ge-As, In-Sb-Te, Te-SnSe,

Ge-Se- &, Bi-Se-Sh, Ga-Se-Te, Sn-Sb-Te, In-Sb-Ge, Te-Ge-Sb-S,

Te- Ge-Sn-0O, TeGe- Sn- Au, Pd-Te-CGe-Sn, In-Se-Ti-Co, Ge-Sh-Te-Pd,

Ge- Sb- Te- Co,  Sb-Te-Bi - Se, Ag-InSb-Te, Ge-Sb-Se-Te, Ge-Sn-Sh-Te

Ce- Te- Sn[QQP?] Ce Fe- %;q:agroaﬁgpc@nqie\ngq_cﬁtme mgmory device 200 of FIG. 3E along

of the. mEoIyE dou Ca i (e riess Ehars mardrial ik 3 rRE Hfiiie G te
the phasgeeRANGEHEHE 2 ahdltA¥ATdidEPR 140g Al Wﬂggrﬁﬁnﬁbfe SEGATDS the

el ectrodes 22 and third dielectric layer 21. ogr anmabl e vol une
of the manmnyryadiements2020dadjastad bysidpasting B thikinegs dffithe phaskdesgeof
t he phase change nmaterial |ayers 16. |If desired, the phase change

mat er i al mMadgmdzidayes danIfsdesireds thgipbwse eangeanateniablayensl Geandugleftaleng
each secqnd el ectrode, 22. .1 0033] Al ternativyely,..portions of the phase
change r‘rg}eglfgpﬁ ‘Pé\tg‘ﬁrsgfe’f%ai%é’ge ?%HB@&MF&%@% eve the structure

shown in FIGS. 2A-2B. For this, a photoresist (not shown) is forned

to protegpsghe Qﬂﬁérh@ﬁﬁel?fpéﬂ?i%n@hﬁ&fé SRABIRAAPE AlardrialllAYeRs 36 &bh b
contact with the first electrodes 14. A wet etch or isotropic phase
change nemeoval tadachietectheistrupearé shoned i FIGEMA-E@Bt Fer dihisr ©pkctioeekist (not
portions of the phase change material |ayers 16 to achieve the i

st ruct ur 8'\SHBhis formed tespratpctibe partongqfthe phpescehange material lapersdgdnn)
is fornme r - i [ isplate the. o
i vi dusrr e R IEHRREH A R ey By Bofobl biess e ool

i sol ati ngr¢ e@hraé]?@ﬂoﬁh&mg@rémé@t&leludp@me&d%ﬁﬁ%ﬁ%kﬁ{ Ak lchag@ch
first electrode 14, cross tal k between nenory el enments 201 is

r educed. materiiddayard 16 to aftieve thestmetmrehdevi indF IGSODA(IR. GA f@@th dielectric
portions, of the phase, chan materigl |layers 16, third dielectric

| ayer 21iaé(ﬁHE%‘5@gHH’“$Ffe€‘W'ggé’é’e’2§“c§W55é PREDTEERHED [aXREmte Friisolage e
nmesa stryct i : e

ot or ol MEAYERY e SRl I 187k, BB ShiBholtl?, BYIRTa G IR ppse
and secokhrijeanhicoid Phydzs 16 {teodiftel vk gadl 8¢ Blecfrolikliedow talk Between
dielectric material by subsequent processing steps. Additional

pr ocessi mgmerywiernerts 208 ivweddaed. cd desirédrtmfandithe oreahonyi devest 200D (FIG.

| ayers, tact.s and.netal |,jnes. For. exanple, .contacts to first and
setond efBLmAHRRS Guhephase hahet MateriAbeY Srd & BRFLdiclprskyer Rl and
mermory deyi : . L _ . .
o omnent PAa citiedes e SARE oo Pl on inBRIEEL ARt Sl g5 hBNA in
however , 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 200t, howéver',
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WD 2008/ 027209PCT/ US2007/ 018242 the third diel ectric |ayer 21 and
conductive material |ayer are patterned using photolithographic and

et ching taghnhEdesed Nto lines to formthird dielectricplhay@i®dikand
second el ectrodes 22 such that each | ateral edge 223 of each second

el ectrode 22 is over a portion of first electrodes in a single colum
of first electrodes 14. Therefore, each second el ectrode 22 is
associated with first electrodes 14 in two adjacent columms, as shown
in FIG 2C. Oher than this, processing proceeds as described in

connect i 8¢ thirchdrlecsic Brent! angeondunsivg meterieblagenae(mitermedysing

f d sim to . th ry devi.ce 200G, t that ti f

e phasERRIEERRRS e Sk SRS Sesinttagpabtm BT ool laers 21
g _ urarel

35 ohown = SpRARPAEAUSE RNy Ach el Bied 2EGE ek 3B UElilodeo,

devi ce Ciy®wirta pdifiohof fitstelettrtoley il ¥ingte &AM fistSlect#bdePia. The
menory el enments 201 are arranged in colums and rows. Each nenory

el ement 2bgeredfere; eanhersrentl elecaode P2 istaskoriated 50ith firsteledtspiestld e two
col umm. SB_eci fically, each select line 450 is connected to a second
el ect r odBUPSRYfCOINRE A8 SPPVE IRdiler ¢ themthan ghisgprqcessimg precesdslas

el ectrod | A nts. 201 -of r.es | | .umm.
Each sel gg%drﬁ%rc]léﬁ Aféﬁﬁ?éslggonnec? (é%%{‘%ggbltlﬁﬁnn?%gla’d@?“ﬁ ?@Eﬁ# ﬁf? %%O‘.S

[ 0037] Eagdtmi@i@iilagly@BRRé midorySddvidd J0BE, SWiept Bah! ﬁ@ﬂéﬂ@%@%ﬂﬂea
bit line 470. In thé FIG 4 enbodi nent, each nenory elenment 201 i1s
connect echangeamtieriat layors ke fidrdidielectyt biyed 2Band beamdodlsctedddsext szgcess
transi stor 433, The se Qn&dsource/drai n region of each access

transi st Ba% ftorgRditdyakmess strighees 23 shown iniBle. 280, Each bit

line 470 is connected to a voltage source or a bit |ine decoder

circuit 3¢1 Eagiicoai & nPGCE ' : '
connect eﬁﬁt o] a word Isfanéébﬁ§48@i1f‘c(§§§%gr espe%%ﬁ/%&;%yvge%réﬁﬁv?}gpgof fhr?e 440

i s connevteetbryalaviny 00 A EIGEi 2428 IThedfidmofPOREIehes 2@ &@tarfanged in
particul ar el ement 201, the corresponding select line 450 is sel ected
by the cENUmNSPEEIQEs- Fogh sprmeneelement @Pnedied to & iselectdirg 459 for a

S,el ect edfesgpct?\peoc%/h%%zl.z g}%epgyca ?2,%94:71'/1 soejigc%?i%e 450-is connected to a second

electrode 22 of a respective memory element 201 or is the second electrode line 22 for
the memory elements 201 of a respective column. Each select line 450 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 cc;nnected to a respective bit line
470. Egch 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,

[0038])  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
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by the row decoder 461. For exanple, by selecting the specific word
line 444 and select |ine 455, the specific nenory elenent 430 is

sel ect ed. \ggg&gkﬁz@ 5 is a schematic diagramof a menpeydayh6824
circuit 50 or the menory device 200C of FIG 2C. The nenory device

circuit 500 is simlar to that shown in FIG 4, except that one
select line 450 is provided for every two colums of nenory el enents
201. [0040] Further, each bit line 570a, 570b is swtchably connected

to a voltage source 462 or a bit |jne decoder circujt (not _shown) by
bit 1inebyaheaew eFe@?&"r%}‘- F95 exqmplenby erlecting Byesmecifisivord ke f#4 and ne

S0l SREB 0 BEbHSR AP o bagpseCt LT ansl S

581a, 58 Selec ansrstors nhd 581b are shown
as n-type and p-type transistors, respectively. For the two colunns

associ at ¢ed3¢4 t h FIGSbRgd scieghaiiidibgizen 4568 mendry ddvi€otitediit SEok She
associated with a bit line 570a connected to an n-type bit |ine
sel ect t mamest deviggAWCEIFIhaCs dbenmderoohuderisddirist 583 oimiledtobah a

bit line 570b .c ected to a p-type hit |line select transistor 581b.
The bit Pﬁ?l‘é’%’é%g@t‘f'@?‘FedUit{"?S/g’%%Pe&F EB@#%\mSlmegldaedbfPf ey ey W rQlumns of
l'ine SBOEE}E e gate of each bit line select:transistor
581a, 58 %c%gﬁg%@izygl y activating the bit line select transistors
581a, 581b. [0041]As in the nmenory device circuit 400 (FIG 4), to
operate {d0fy dentlee, eachrbiuline 509, 570bdebwitthablpabhhettbdio H&aﬂl&%e

el ement 201, the corresponding select line 450 is selected by the

col unm d&RWEeA6Z pr @ kitiling desodaneirqui(neb shasnpbbidbitdinesetect Finening$86s In

sel ected;b rgw deco Lrcuit 461. F her, .bit line, sel ec
e, 580ty B AR e Bl Y selefrdtoi yB it veral it hisclass
bit |ineyaakigels b8RNS . Ortse B8 fife s@B8drark Mo s8R LA 589 SE! B€n-
specific nenory el enent 530, the specific word |1 ne 544 and sel ect

| i ne 555tygrecarsbp-e¢ypettansistord eespectieelpi Fot theewsetotainnsiagod@0d viith a

driven high to selectively operate the n-type bit |ine select
t ransi st BPgleswiect fige 44ih 2lrsbadprroHtaT AsSROTY Mithephit line|5Z02 romsiagted to

connect Lhe. WY s%-t‘ i.ne b7 al desi gnated 5 .to the ,

vol t age éo_ﬁr ggﬁgzdnce[ BEEE Ié_flﬁéé)rgg}aan _ cg esﬁlc%‘?ES‘ﬁﬁ? “ééizﬂrbe’l aggocijted with

Menory dgpitdmmed70B bhteddPto 8PQype bit line select transistor 581b. The bit line select
circuitry 585 also includes a bit line select line 580 connected to the gate of each bit
line select transistor 581a, 581b for selectively activating the bit line select t"ra‘nsistors

581a, 581b.

[0041] As in the memory device circuit 400 (FIG. 4), to operate memory device
circuit 500 to select a parﬁ@lar memory element 201, the corresponding select line
450 is selected by the column decoder circuitry 460 and the corresponding word line
440 is selected by the row decoder circ-uit:ry 461. Further, bit line select line 580 is
driven high or low to selectively opere.ﬁe 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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i ncluding the nmenory devi ces 200A, 200C and nenory el ements 201
described herein. O her circuit designs incorporating the nenory

devi ces 2GPA2018R9aNnd nmenory el enents 201 are possi bl ecrAks@7/018242
enbodi ments have been descri bed as enpl oyi ng phase change naterial 16
as a progranmabl e resistance material. Enbodi nents may al so enpl oy
one or nore |ayers of other progranmable resistance materials in

pl ace of phase change material |ayer 16. Exanpl es of other
prograrmatil e. resistance mat erjﬁl)l_s.i ncl ud sgch as gEt al doped '
chal cogeff B gHAsT g theReeifs iy  sp devignaled o7 felodhe yrktage

di scusseg.id.Ygsi ous patents and patent applications assigned to

M cron Technol ogy, Inc., including, but not limted to the follow ng:
U.S. Patent Application No. 10/765,393; U S. Patent Application No.
09/ 853, 2R®#2)J. SFIGa! £ahd Bpjebic ahlyoekaheples 6f Rhof? devide Tirchith 200, 500
Application No. 10/663,741; U S. Patent Application No. 09/988, 984;
U. S. Pat ivsludipgithe memeryNisvices 200A, 2006; ard SenRay etemépp 2Dt desaibeo.
09/ 941, 544:; . U. 8 Pat ent lication No. 10/193,529; U S. Patent

Appl i cat NERFITkG ths ARGt sispigngjircorparating the Bremery; 45viees 2094/ 280C and .

0.3 Pt For BRI ARHs 30 R pdBR2A R embo BimR: B Ry ARGPOAH 0
e N ! i kA iy i oY

U.S. Pat Embodppenisanapalstemploy 818 p8iire liySrs Shbthat pryyrhinnadtilon No.

11/ 062, 436; U. S. Patent, lication No. 10/899,010; and U.S. Patent

Appl i cat TSSIFERNISE Meferials D FRce #hassehaneamaiespl laxenl e Examples af ether

i ncor por | ; L ; Ll ustrrates a .

si npl i fireg gp?‘%?ga?slgF&gs%rt?ég%hg%gﬁls\ihggég%ﬁc Gﬁsbl'g‘s? Ha{d%’ rerg%balacﬁg?mgfﬁass

i ncl udi- nghdretiose progiagiunhbkGesibantd GaterRIVER cEdan 9 vIRORE Yadaw £6&1 200A
and nenory el enents 201 constructed in accordance with enbodi nents

VO 2008/ PEFROSHRKAISRe 850 g Misron Heclinplegy,ifon, inthelisgdemoblitnited

Govi ce. 200RCFoaAAond” B Eatey: ppfeidoni Ne, Uk BoouX Ritentcarblsetianie
tem i ' O ; t

system 'Wé&ﬂtd@%&!%@ém%lgﬁ%%?@é%}bzz,?ﬁﬁ; ﬁ§§f&§ﬁt %%gﬁ%{??”rhﬁro or

other control system ge conprises @ cen cessihg - unit

(CPU) 62/6630H1; WIS, PatdrarAppsladsn Ola. 08/988.984;al.sSP&RAl APHAEARHPNo, OF
ot her programmabl e digital |ogic devices, which comunicates with one
or nor e 1Ak TSuputafent ApRiication e 88/941.8644;d) SuRateRtLA pplicatianibioy

unit 62 i wi.th the. CPU 6 i 21 typical |y through
a ms\rmrS1 %ot rof?%;'ﬁfeﬁ'ﬁlfgiﬁlﬁaf‘ﬂ‘é&,"aﬁéﬂwﬁéo'gggpﬁﬂté’t‘t. yelieaion Ne-
Pr ocess ofo/2StemUts) abdy AgKiHasn BRS. 10/895 2bo, 48] BAsSNEM @Sy ct
disc (CD) ROM drive 623 and har dndri ve 624, 'which al so co%mﬁ?%%’?gg
wi th CPUPager® Application Nosl0pgeb,908f Ude Patentl ApplieatieDoy 16/280827; 186 nay
be conbined ith the processor, for exanple CPU 622, in a si n%lje '
i nt egr at Agent Appligation 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 systerﬁ 600, which includes a
_memory unit 626 including me‘nr;ory circuit 400 having a phase change memory |

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



[ 0046] The above description and drawings are only to be considered
illustrative of specific enbodi ments, which achieve the features and
advant agesygeghlihPgsd herein. Mdification and substit U-QRRad0P018242
specific process conditions and structures can be made. Accordingly,

t he enbodi nents of the invention are not to be considered as being
limted by the foregoing description and drawi ngs, but is only
limted by the scope of the appended clains. CLAIMS 1. A nenory

el enent conprising: a first electrode having a top surface; a

di el ect r iof tmaineentibn.oVke sydtemfG00spull ipsteaddeclutibenatnehecireuic500haringla

having a top surface, a bottom surface and at | east one sidewall; a
second elPbabe ghangsveempredayier 804G ¢ material, the second el ectrode
having a top surface, a bottom surface and at Ieast one sidewal | ; and
a progra Sic@ sur

the fi rs[[‘ laLct rﬂgée ang(i’q?g‘?stggé‘lfﬁgerhpgpﬁ%n%@% al\f{\% §'?I i&mg one

si deval | 0@imdrRprotesb61e] for@xBRpes, h&buﬁﬁﬂext&eotﬁ&r J:&&?él r@ﬁ@@él

the second el ectrode, wherein the progr ammabl e resi st nce terl

not .in cgmtsemtmtaaltg:pc@anfgauut (ﬁ:P&Jh@Zdamﬁeaztar irdcroptrecdsadr, aﬁlgtélop
surface of the second el ectrode. .. The mepory el enment of claim1,
wher ei n £18ahBIRcEMCE LT ober E’]‘Ogt’?fémﬁb&%ﬁ’c&“@l logi¢ dericess whick epmmumicdtes

h 3. Th | f
ol ai m 5, MK B6EoPnd Bt LB OB R e oy nBoS s 2F oTbd Pty it
and the 816 t@asiurgageshviewakicral ai—b@ve'i%grsdl ey Skl P HEodEh SheRddy

controller.

[0045)  In the case of a computer system, the processor system 600 may include
peripheral devices such as a compact disc (CD) ROM drive 623 and hard drive 624,
which also communicate with CPU 622 gver the bus 621. If desired, the memory
circuit 626 may be combined with the processor, for example CPU 522, in a single

integrated circuit.

[0046]  The above description and drawings are only to be considered 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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4. The nmenory elenent of claiml, wherein the dielectric material and
the second electrode are laterally offset fromthe first el ectrode.

5. The nmenory elenent of claim1l, wherein the progranmabl e resistance
material is a phase change material. 6. A nenory device conprising: a
plurality of first electrodes arranged in colums; a second

el ectrode over at | east one of the plurality of first el ectrodes and
spaced therefromby a dielectric mgteximk; and a programmuabl e
resistance material in contact with the at | east one of the plurality
of first electrodes a sidemall of the dielectric material, and the

second electrgpe en%g ne.a plurality of menmory elenments, wherein a
first Ia#@?gﬁ g&%é ea@ﬁ Second el ectrode is directly over a
portion of at |east one first electrode in a first colum and a

second | at er ala fasigéconbd¢ hevirgecopdudicect rode is directly over a
portion of at |east one first electrode in a second colum. 7. The

e Y, oV o€ et B B LSRN LS e

conprising a puthdl b byttedh sp@ick hads: 1edst dsﬂbaaldtmgr ammbl e resi st ance
material, each programmabl e resistance material portion in contact

wth a respectlve first electrode and defi.nj | enment

The. mermor v devi S Hae ST e FaRe BBIHRR BRAGeaR Fesiays R g op
conductive pl Ugdfacce bR Rkt hN@aflbdddotingeidani A and in contact with
a respective first electrode. 9. The nmenory devi ce of claim 6,

further conprising a plurality of second el ectrodes, wherejn_eac
second el ect r FdBogTemgIaplecreyisiansg anateyiabBrONERt With aton wgfaee ¢fithe first @?ﬂrode

el ectrode in aana%i%ssqta'p\sﬂloﬁ%'fmyaff 1ea;f%nemgwgmpﬁlx d@@et&%aanalaﬁa et

further conprising a sel ect lines, each select line
electrically dem;nmmﬂe@b\mi odl thmp@xﬂtdmaoé@mmrethecpmgmgnablﬁleSISWlee

menory devi ce of cl ere t he secaond eIe LT
are confi gur edn?%“%és %Oé I“%fﬁma} H’&E a t%pa%‘%ac%%tl tiﬂ%lé4 F SuCaeTa o ?il &pos eC
directly over & ipodetémdeiéfirogach first electrode in a respective

col um.

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

contact with the top surface of the dielectric material.

3. The memory element of claim 1, wherein the at least one sidewall of the dielectric materzal

and the at least one sidewall of the second electrode are sloped.

4. The memory element of claim 1, wherein the dielectric material 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 arranged in columns;

a second electrode over at least one of the plurality of first electrodes and spaced

therefrom by a dielectric material; and
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12. The menory device of claim®6, further conprising a select line
el ectrically connected to the second el ectrode. -13. The nenory
device of claim 12, further conprising a first bit line switchably
connected to each first electrode in the first colum and a second
bit line switchably connected to each first electrode in the second
colum. 14. The nenory device of claim 13, further conprising bit

line sel ect circupidgyaniiRiblSRkie@hte ahitrifloNb&Rid RGthARCatéast iR dfiteSiluRRE
second bit lines to a voltage source. 15. The menory device of

clai m 14, wherdifisstelstreges ajsidewal of dedicdscheametenalediddht swandgelectrode to
transistor of pghl gg@iﬁfw‘gﬂﬁ&g&y&e éﬁ%“&%ﬂleé:ﬁﬁgl&e?alteﬁge (gferaéﬁ s%@lbﬁd
on to the

line, a transistor a secon uctrvity type connecte
second bit | i ridecande & dbettly oveea peatties bf itilemst aenfinsitdletiotioire Gat @hofin and

each of the first d second .conduct.i vi type transistors. . A
processor syst%®ft tFi'ag?‘fﬁf:Of‘g‘epsrﬁB@élsel‘i‘f%‘%dea% %nﬁct NSF § PetipR gf %ﬁeaSt one
coupl ed to thegpred&a889in,a debdBRMYy, Circuit conprising: a plurality
of first electrodes arranged in a plurality of columms, a

second el ectrode line aver the plurality of first eI?ctrodes_and
spaced 7t H8F sremony Bsvice ofickim & phereingbe pseand elggitpde is contigyred g 2 lipg ever the

| . by ;
aver s AfaIRy egﬁéggg%oﬂfﬁ GR4 R ARE oS Allula By oA B 6B pRACRAlbIe

the fi ectr e second electrode line and dielectric

mat er i ag¢sistancelefateniel, aaghl puegrhintpblefresistange yatdrighpmtien ingoatael witlaa féspentive

Iatera%_gdggrqi eg%h secon% el ectrade line is directly over a portion
of at I&a$ 06%‘3¥5r§§m3?38}Pgﬁ inafirst colum and a second

| at eral edge of the second electrode Iine is directly over a portion

of at Bed%t nenerf dedde dlckimregethencanmaogudlaelitymf comhdtivaplpgyeathi ty

O ! e RE DB i o et W e onRE HGhideBogach Tt
9. The memory device of claim 6, further comprising a plurality of second electrodes, wherein

each second electrode is directly over a portion of at least one first electrode in a respective

column.

10. The memory device of claim 9, further comprising a plurality of select lines, each select line

electrically connected to a respective second electrode.

11. The memory device of claim 9, wherein the plurality of second electrodes are configured to
be select lines, each second electrode is disposed directly over a portion of each first ¢lectrode in

a respective column.

12. The memory device of claim 6, further comprising a select line electrically connected to the

second electrode.

13. The memory device of claim 12, further comprising a first bit line switchably connected to
each first electrode in the first column and a second bit line switchably connected to each first

electrode in the second column.

14. The memory device of claim 13, further comprising bit line select circuitry for selectively

connecting one of the first and second bit lines to a voltage source.
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17. The systemof claim 16, further conprising a plurality of select
lines and a plurality of second electrode |ines, eaeh select Iine
electrically connected to a respective second el ectrode |ine. 18.
The system of claim 16, further conprising bit line select circuitry
for selectively connecting the plurality of bit lines to a voltage
source. 19. The systemof claim 18, wherein the bit line select

Ci rcui 5y TROMRosESevitelordgh 34 0hhéin thel Hif Ble seRBCHChitM doyhptivdde transistor
connected to a first bit line, a transistor of a second conductivity
type cohadiesteehdustitineypeewnertes o the fist bihling apiapsistphef agsp@tcopgdypavity
connec 1 ,0f Iy 0 b VI

type t s BB Gedut B AP E g hsietile SREANE RATLELE M M g
t 0 eaclfirdtiand tecehdcdndocesitynyiehteantistost col unm, and wherein the second
bit line is switchably connected to each first electrode in the
second golunn. 20. A nethod.of formng a nenory el enent, the method
conpr i $Pn@ PRSI T FPPRES % ect r ode having a top surface:

formng a stack on the top surface of the first electrode, the stack
havi ng si dewald go@Rsbrpanidop surface and conpri si ng: a
first dielectric material, the first dielectric material having a top

surface, and a second. el ectr qF i,n contact. with the top surface of
the first di eldCEPPY %ﬁ‘ﬂ‘éF‘?‘E’fﬁ P fe REPLFSSR S TSP OPhAr L SRPESRS i si ng

a lateral edge of the second el ectrode over and in contact with a

| ateral edge ofpltvBtyfdfifsét cthe@bds afrazedtd € pluddlity of columns, form ng a
programmabl e resi stance material in contact with the top surface of

the first electrqde and the sidewalls a g‘tﬁe t surface of the

stack: and. @ second elecidrnny LB SMTIH Obpist Hec By PE MATE A T ELTS bhAce

mat eri AeldciContant .0 th the top surface of the stack, such that the

programmabl e resi stance material is not in contact wth a top surface

of the stack. 21. The nethod of claim 20, wherein the second

el ectrode i ©n¢ gy weke laveryof gragrammable resistance material in contact with each of the first
electrodes, the second electrode line and dielectric material to define a plurality of memory
elements, wherein a first lateral edge of each second electrode line 1s directly over a portion of at

least one first electrode in a first column and a second lateral edge of the second electrode line is

directly over a portion of at least one first electrode in a second column; and

a plurality of bit lines, each bit line selectively connected to each first electrode in a

respective column.

17. The system of claim 16, further comprising a plurality of select lines and a plurality of
second electrode lines, each select line electrically connected to a respective second electrode

line.

18. The system of claim 16, further comprising bit line select circuitry for selectively connecting

the plurality of bit lines to a voltage source.

19. The system of claim 18, wherein the bit line select circuitry comprises 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
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22. The nethod of claim 21, wherein formng the second el ectrode
conprises formng a conductive material over the first-dielectric
material and etching the first dielectric material and conductive
material to formthe line. 23. The method of claim 22, wherein
etching conprises etching the first dielectric nmaterial and
conductive material such that sidewalls of the stack are sloped. 24.

The method ofd Gndhdhvis typdehsis®rsd BeeRmanE ek lige [sesichdNE coniBedted ol
is formed in contact with all portions of the sidewalls of the stack.

25. Theaddfirbiodectbdeinghefizogcolwnarasidrvherrn S cernad blidipe ivwdichably gprnseted
| at er al | ffset fromthe firs ectrode. 26. The nmethod of claim
20, thﬁ%%@ f%%ﬁ%??%#ﬁaﬂ$%$%¥ﬁé%gﬁéécond dielectric material, wherein
the first electrode is forned within the second dielectric material.
27. Theomatrhetodéf folmainga2fgmdry elehent, denpethed engnifriomegi ng a third
dielectric material underlying the first el ectrode and second
dielectric matgri al d form.ng a conduct. ve plug within the third
di el ectric mat %P?lgllg agiﬁat ﬁl?%ug%ﬁa%?g %%Pﬁmtfj?l%’ first electrode. 28. The
met hod of claim 20, wherein the programrabl e resistance material is
formed as a phaseinghange srathe tdpadurfa@f the fimt Hedrdt, thostackigvangreteoalls
device, the method conprising: formng a plurality of first

el ect r §BL8 R MHAGANY AR IEGr al ity of col umms: forming a
dielectric material over the plurality of first electrodes, the

di el ectric materj@ikst ARVdcH Bitdemahb Srsaidlcatricafatsidl hadeg a top surface, and a
formng a plurality of second electrodes in cogntact with the_éc\))f)
sur f ac6eend elgatrederin cogpet Vet the Epp|sagf@gre;of Shediirst dielectric material, the sidewalls of

the stack comprising a lateral edge of the second electrode over and in contact with a lateral edge

of the first dielectric material;

forming a programmable resistance material in contact with the top surface of the

first electrode and the sidewalls and the top surface of the stack; and

removing a portion of the programmable resistance material in contact with the top
surface of the stack, such that the programmable resistance material is not in contact with a top

surface of the stack.
21. The method of claim 20, wherein the second electrode is formed as a line.

22. The method of claim 21, wherein forming the second electrode comprises forming a
conductive material over the first dielectric material and etching the first dielectric material and

conductive material to form the line.

23. The method of claim 22, wherein etching comprises etching the first dielectric material and

conductive material such that sidewalls of the stack are sloped.

24. The method of claim 23, wherein the programmable resistance material is formed in contact

with all portions of the sidewalls of the stack.
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fram ng a programmabl e resistance material in contact with one of the
plurality of first electrodes, a sidewall of the dielectric |ayer and
a portion of a second electrode to forma nenory el enent, wherein a
first lateral edge of the second electrode is fornmed directly over a
portion of a first electrode in a first colum and a second | ateral
edge of the second electrode is formed directly over a portion of a
first ekeqyp %%ddrbf%la%ﬁqgn@h&@ih‘@ﬁ@‘secorﬂ)elec-{lﬁﬁe rEbied 19&radl aFRRt2dm the
wherein the progranmabl e resistance material is fornmed in contact
wi t h nbirs eleblagdeone of the plurality of first electrodes to forma

plurality of memory el enents. 31. The nethod of claim?29, further
conpri sgn [ [ e
Rk R A e B T A

cont ac thevﬁrsﬂbla:tméspécmnedemfhlm ite setond tdicdeberid matkoalm a nmenory el enent.
32. The nethod of claim?29, further conprising formng dielectric

mat er i rtion nd el ect.r oge and

por 1 o't Srrsatag of Efab i PuEh BT ST iRt BB by
el ect r ggefirstelécaspesid seeoialitlBiitc nﬁ&ﬁa}%ﬁd&bﬂmdo afcoﬁdmrcmquu@wnmmhwhlrd
device, the nethod conprising; formn Iurallty of first

el ect r Jislesticrpatpgaland if cofashiyih Mrﬁ‘cfg%ctmg%r mng a dielectric

material over the plurality of first el ectrodes; formng a
conduchiVenfRetiol F claitn S@RIREdn We fp*i'o %mﬁﬁﬁbl@ lﬂésﬁs@é}@e afateAPis dbraledck b ipBase
material and directly over each o e plurality of first el ectrodes;
et chi nghange nditasiabet ri c material and conductive material in a same
pattern to forma plurality of second el ectrode |lines stacked on a
top surface gf l ose a top
surface of egchq??%g%ang%?g%ﬁgh' @ﬁkgggéhgﬁgﬂggg?%ggﬁﬁgne directly
over at |least a portion of each first electrode wthin a respective
col um; formingarmuna bty fast glertpries aprenged impmabrabdy ef ¢odymasy cont act
with the top surface of the plurality of second el ectrode |ines and
in contact wt S f t S
and the top suir%’fIl gg@ *Qg%{%{%l@fegglt Meéfth%tp ro rgllnjyt&‘ﬁ el@bﬁ%d%g the @giﬁg@?ng
por t i omsatarfal hidngsidgradinrabh eprseshst ance material in contact with the
top surface of the plurality of second electrode lines to | eave
programmabl e rgsi stan I | nd
el ectrode ||ne%”PW§a-q&awal Se&?dggc%(%gl¥ %#g%ﬁ%%gépg%&ﬁgﬁgmgg%ﬁ
sur f aceiddctiealatierf iifdst el ectrode. 34. A nethod of formng a nenory
device, the nethod conprising: foimng a plurality of first

el ectrodes annf ed glc?;:’]prgg?llﬁllgj‘)fnl]l‘] E]leggi%t%g:\é\sgﬂatemaﬁ I ontadt \g!{tﬁ one thr the pluratll?y ofa

over the plura
first electrodes, a sidewall of the dielectric layer and a portion of a second electrode to form a

memory element, wherein a first lateral edge of the second electrode is formed directly over a
portion of a first electrode in a first column and a second lateral edge of the second electrode 1s

formed directly over a portion of a first electrode in a second column.

30. The method of claim 29, wherein the programmable resistance material is formed
in contact with more than one of the plurality of first electrodes to form a plurality of memory

elements.
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fonning a conductive material in contact with a top surface of the
dielectric material; etching the dielectric material -and
conductive material to forma plurality of second el ectrode |ines and
a plurality of dielectric lines and to expose a surface of each first
el ectrode, each second electrode line |ocated on a top surface of a
respective dielectric |ine; form ng programuabl e resi stance

mat eri al over (iR S&RANGH ShiLCHY At édﬁ%sﬁ@@oﬁﬂn§9@l@ﬂ&yﬁf%@ﬁ5&%f

sidewal | s of the dielectric lines and the surface of each first
el ect r puhgranaingble resistance meivtivl erghporariromeble fesistrncpmetgriakpratiprelormed in

resi stance material to Leave progr bl i stance material on a
sidemaFP%gFVQ éHeggﬁ%ﬁ%h%ﬁ%%UPS%gxﬁﬁﬁgrﬁ%éﬁgégﬁﬁggalI of each
dielectric lines, wherein the dielectric materi al and conducti ve

mat eri al ar 82et chednshehofichah 28, furthat cohatismglforedgedisleceramtged podions,

el ectrode |line and eac ielectric Jine are formed directly over a..
o L1 0AsroeE Hotp & o CHEr BaEl o LP P SO T T S ree T = portion
| at er alor e gir@feldcRedsBGOpLcBleRelhade |ine is formed directly over a
portion of each first eléctrode in a second colum. 35. The nethod

of claim33, further conprising, further a;ching,the plurality of
second 381 échebedol foraigg apmangsy JPdrsthe Bethed eMBRESNE | nes and

programuabl e resistance material to forma plurality of nesa

structures, a pELidOIShIiSAT R TRRRBuSId: URhMER iPVALhYS Gl Blvs] east one
first electrode. 36. The nethod of clalnfﬁg, wherein the

programmabl e resistance material is forned in contact wth a sidewall
of the second Brabwraghelectric material over the plurality of first electrodes;
forming a conductive material in contact with a top surface of the dielectric material

and directly over each of the plurality of first electrodes;

etching the dielectric material and conductive material in a same pattern to form a
plurality of second electrode lines stacked on a top surface of a plurality of dielectric lines and to
expose a top surface of each first electrode, each second electrode line directly over at least a

portion of each first electrode within a respective column;

forming programmable resistance material in contact with the top surface of the
plurality of second electrode lines and in contact with the sidewalls of the plurality of dielectric

lines and the top surface of each first electrode; and

removing portions of the programmable resistance material in contact with the top
surface of the plurality of second electrode lines to leave programmable resistance material only
on the sidewalls of each second electrode line, the sidewalls of each dielectric lines and the top

surface of each first electrode.
34. A method of forming a memory device, the method comprising:
forming a plurality of first electrodes arranged in columns and rows;

forming a dielectric material over the plurality of first electrodes;
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forming a conductive material in contact with a top surface of the dielectric material;

etching the dielectric material and conductive material to form a plurality of second
electrode lines and a plurality of dielectric lines and to expose a surface of each first electrode,

each second electrode line located on a top surface of a respective dielectric line;

forming programmable resistance material over the second electrode lines and in

contact with the sidewalls of the dielectric lines 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
lines, wherein the dielectric material and conductive material are etched such that a first lateral
edge of each second electrode line and each dielectric line are formed directly over a portion of
each first electrode in a first column and a second lateral edge of the second electrode line is

formed directly over a portion of each first electrode in a second column.

35. The method of claim 33, further comprising, further etching the plurality of second
electrode lines, the plurality of dielectric lines and programmable resistance material to form a
plurality of mesa structures, a portion of each mesa structure overlying at least one first

electrode.

36. The method of claim 29, wherein the programmable resistance material is formed in contact

with a sidewall of the second electrode.
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