PHASE CHANGE MEMORY CELL W TH CONSTRI CTI ON STRUCTURE
Rel ated Application This patent application clains
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filed 14 March 2008 which is incorporated herein by
reference. Background Conputers and other electronic
products, e.g., digital televisions, digital caneras,
and cel | ul ar phones, often have a nenory device to
store data and other information. Sone conventiona

menor y HBASECHANGEMEMORN LR ST SLQNSARIGITON
anount of charges on a s l?l? aqﬁgf of a nenory cell.
The storage node usual |y I'ncrudes seni conduct or
material such as silicon. Different val ues of the

charge on the storage node nmay represent different
val ues (e.g., binary vaRelatedAppligation' 1*) of a bit of

i nf or matj Q %a%nlg 5&@?_{}’5@%@ P@g{}@?@@%&y%@h&ﬁt fgrﬂ(ff S. AR%hcatmn No.

conventi on ase ange

devd/04%)56Hedsltdoviarchrf00R eticton ibaspelatd erdie kyseﬁertmee
state of a nenory elenent. of the nenory cell. The
nmenory el ement nmay have a material that can change

bet ween different phases (Bedcg%% %&yst alline and

anor phous phases) when pr D fferent phases of
t he mat Eomalitenayndeathereeltdwnieprodyciseld., d1g1tmlavbv1s1ons d1g1ta1

di fferent ce st wth different resis n
VSR, PG SO GHERE. B LYt BeBoRY SEVBY 14 Harelbf other
el ﬁ?@ﬁiauﬁﬁy SBﬁErc%ﬁ%Htloﬁhlfrﬁ%sﬂl ded@ded BtayQhore hﬁformatlon based

information stored in the menvry. Sone conventi onal
ph@sélecahmmgeofmtmgq& O@Eﬁlstm@se nede effppingmary edlk diheistoghge node

© Ak B s BBl T rriend shat POl Dt g 2 e

change dhdcRhRse: ﬁHdetIH@y FepteREntalifreent ViBud¥RBRY Yinary values

el enent. The heat from'the nmenory el enent may transfer
t 0'Wandr" 1 Dexftalrieel infrrmation stoeask indaemenoay celle coupl ed

tr anst optb ebme BPEH rporhy TR RE Bpad el nemory devices)

0Q@ﬁﬁlhﬂowlnﬁﬁtﬁld&@hfbaﬁdﬁa&ﬁ@re@fst&be stde\vdfaen8nbsf element of the
Descrlptlon of the Drawings FIG 1 shows a bl ock

di memany el aTwerﬁﬁmyrsaféemé@ X havg ARl habsanghangs h
P@éﬁe&hﬁ@&?envsﬁ%ex (8! LSsRARRTANhIrSh AR PRI IER!

programmed. Different phases of the material may cause the memory cell to
have different resistance states with different resistance values. The different
resistance states of the memory element may represent different values of the
information stored in the memory.

Some conventional phase change memory devices may apply an
electrical current during programming of the memory cell to cause the memory
element to heat to some temperature to change the phase of the material of the
memory element. The heat from the memory element may transfer to other
features such as electrodes that are coupled to the memory element. In some
cases, the heat transfer to the electrodes may affect the programming operation

and performance of the device.



invention. FIG 2 through FIG 4 show schematic
di agrans of exanples of different nenory cells having
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according to various enbodi nents of the invention.

FIG 5 shows a parii. Crass-se ti of a menory cell
having a menory ¢|«%M—%—&F&M€ﬁe PRORS ! on structure
accor di pgs t1osh s aBIScediRgdn N Be@bry f&iddLMd & hemory
FIG 6 through FIG 8 show the nenory element of FIG

5 axfaytwitlaphaseshpegesnbmeryr eedls gecondiag @ ar esibodiment of the

_carrergg)ondi ng various resistance values. FIG 9 shows

a PRI nensi onal (3D) view of the nenory el enent

and el egfq. od@foudh FIGG4 show stematiQ diggramgbapxarples of different
tenmperature versus time for the material at a
privgmarshesdis hapingtdiferent access cRBEWORGNE prcyBI§MOBY elemsntss
during.an, exal ' jon to reset the
meTrsry tgr?)éﬁ]t%égrgg?g%eg@oﬂgeaﬁgg%@ rJén‘oodi ments of the

i nvent i PIG. 5FhGws hlpaktsal @r@s-apdiiodfoftaaniaoat el chav@igamemory
time during an exanpl e programing operation to set

t FRiemeRtoYijh @ CeRiielicRsRIUS IR AREOBHNE Ty arpus |PtaagHn enteot the
8'in5én%on12 through FIG 22 show a parti al

cross-section of nmenory cells with nmenory el enents

havi ng Eht thtauigh @GS 8 shiew thieaaemonyoeleinagt ¢fdFI¢Gabsiveitls various
enbodi nents of the inventign. FIL.G 23 through FIG 56

s RSP egisanes Halss g%@esafmﬁag MRPRPSHEHSRYC NS  wi t h
menory Rl EhbeshauiRHinheRgsidl (I PReRI SRS HeBry element and
according to various enbodi nents of the invention.
Dedladttoelds BEEKS.ipti on FIG 1 shows a bl ock di agram of a

menor i.ce 101 having a menor rra 2 Wth

Change HGfys eerand Sfbtadelrar sy Snaiorahe starh el By
t NG o LAUERINIOPortiMRIIP e B8MbSy dBHeiitsf 1€, 8IduARGQH ekAmple
rows and colums along with |ines 104 (e.g., wordlines

havbggneniggapsraipote raseithtmamery glethent aecordios te vegious
bit |lines havi.ng signals BLO through BLn). Menory
dee(}’iﬂ%oéﬂ’fﬁ’ltsr?i)tpeg‘%erﬁoﬁles 104 and lines 106 to transfer
i nf or makIRN 1ti9 a @ehhfdfasmpBamE vérals tsmd Alring an example

programming operation to set the memory element 555 of one of FIG. 6 through
FIG. 8.

FIG. 12 through FIG. 22 show a partial cross-section of memory cells
with memory elements having constriction structures according to various
embodiments of the invention.

FIG. 23 through FIG. 56 show various processes of forming memory
cells with memory elements having constriction structures according to various

embodiments of the invention.

Detailed Description

FIG. 1 shows a block diagram of a memory device 101 having a memory
array 102 with phase change memory cells 100 according to an embodiment of
the invention. Memory cells 100 may be arranged in rows and columns along

with lines 104 (e.g., wordlines having signals WLO through WLm) and lines 106
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Row decoder 107 and col unm decoder 108 may decode
address signals AO through AX on lines 109 (e.g.,
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to be accessed. A sense anplifier circuit 110 may

rate to ernm ne,t u rmati,on read

P Gra s Touen s BEAEPuH Bhol MRy pRled SR may use
t hl%efs QOIaRf 1iREONGE & thhster 'ﬂﬁ‘érxﬁeﬁﬁm {S%RE FrodTRichidrgtells 100.
circuit 110 may al so use the signals on lines 106 to

deRew dieomder 87 and g@luum deaddar HAB ineny desodeadgresstsignalsoAl
‘ﬁ%%?/gprgk lf?}il%gg 10988 C}(g ev}lfglr%ﬁ;tg n[@%lelievn\\gélgg ?nemor cells

ar 1Yard @2b@RctebdeBE R idhs@ amgﬁlﬁéra:lﬂcuﬁ €3] ndHbopehitd Itkﬁhaermlne
DQO t hrough DQN on |ines 105 may represent information

r ethd valug of orfoumatianagad from memerycedls| 108 angrovidgds 105
so go:vgﬂl%kléﬁ flen @%qgﬁn \%’glgﬁﬁs szl O%egeﬁfe ei'ngéhﬁ)é'r f[ﬁ 1(1@ l'rnay

on a pa ere Vi ce

I eflidigse tht bighald oMili@es 1@6<tcﬁc[dﬁ&h11ﬁ@thﬁ‘&zﬁhfe}bfdﬁfometldxﬂtb be
a nenory controller or a processor

E;owm'sén toamemapt gellid RBr Mareery devieg 101 mqyugﬁluga Haeuitgyg 12 to
t?a ns %fﬁﬁgatlw&gergﬁ%@%&)ﬂ Y arREli AR (8 TR Ihes) 105.

operati ons such as a rea tion to read

i rﬁlgﬁﬂaDWthfrcmgm D@Nosrylins! 1105 M4Orepredernt mfocmgaawmqag from or
oper.ati on sonetlnf ref rred to as.wite ﬁhlon
prwgﬁ@mne%n@mOW? iBgsHEb Ry ingtusteme W 9 mgmory

evide mfﬂ?gg 1 g(gpgcgl@ér Hé'i‘l's} oril-é- e Q@l@?er IﬁlsmBBEdéW‘(F@f()’l may

operatlons on control gna s on lines

Exasidk.c Otledr devieecortemal tosngnatiysle(vrcel lidds.g1 zonmayry controller
i ncl ude one or nore cl.ock s€ nal s and.other. Si g

| i DR SreaperaH oS vatgnem ekt 8P TrEad0s
opgrjRLAPN20.t hat nenory device 101 may perform O her
devices external to nenory device 101 (e.g., a menory
cont r ol Memooy dawgfr Rlewey pyripmy menmry eperaens/gichas agead

AR R e e D
C OP¥Rifbn((SorfetimP keTairéd s RGvidte eﬂﬁoﬁpmﬂgx)ant (ead., wme)
cause nenory device 101lé§0§ orn1a corresPond

Wéﬁmaﬁﬂé i MANQUE Cglls Wrﬁgogﬁro]rlgag 18 may control the
0 pﬁE@BM&Bere%d%%ﬁ %flé)efd STERERS1 &%Al? o& %ge bﬁ)fﬁﬁaﬁs £

ormation represefiting a va
b i don€rbl sighials bh lihet2(amug incdudef ondlor mgrk eldcktssgxmlscimdaﬂher
two, three, four, or other nunber of bjts. For
exsamﬂl%to 1§%ﬁtedf 1%W§tl% €18 2RF@Eramming or read operation, that

memory device 101 may perform. Other devices external to memory device 101
(e.g., a memory controller or a processor) may control the values of the control
signals on lines 120. Specific values of a combination of the signals on lines
may produce a command (e.g., programming or read command) that may cause
memory device 101 to perform a corresponding memory operation (e.g.,
programming or read operation).

Each of memory cells 100 may be programmed to store information
representing a value of a single bit (binary bit) or a value of multiple bits such as
two, three, four, or other number of bits. For example, each of memory cells 100

may be programmed to store information representing a binary value "0" or "1"
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may be programmed to store information representing a
bi nary value "0" or "1"of a single bit. In another

we@apl4a;7 each of nenory cells 100 nay be progP@RIBH09/a01599
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store information representing a value of nmultiple

bt ch.as one,of four possi I ,

b sifelg i 3n ARG gistiie BARALREOBLATRd Bgnavhy
r eﬁ%giﬁ%rﬁe@tm&é iMRIrfnaa6h rophEkatei (%ngzﬂi,ﬂ@ﬁf MultiJlé BOE such as
signals Vcc and Vss, on lines 13 132,

r eatpeafifoviepassibBupaines "8I t'9s "0 Gmad "Vk's OfrtW kiferate at

apir oxi ety Sy 10 pryyeclg A”%PW PilEs e ludine yppy

MBYolta36 kigeels Anccetidev 3abn Uads BBPengupp] teeplechoerye rBupyply voltage
device 101 from an external power source such as_ a

bafll?ﬂéﬁl Y semarPpgrate phagiongd eptenisi(e o héVWB@tva@EF‘r ofent

t
qepreati G 2o ous, (b sk Skl Vi Rl dPAR el
( | Vltalgé @wftpﬂiﬂl)to Gightaty delit 10 Bébacin eitertul }tovilérfsouﬁsyb such as a
respond to signals SELI through SELn faq select the

si l@qﬁférssorow JlferpatingRITsALoKirsct UrenkEAYCXp) earpsttet fgeuitry.
i nf or r91'ﬁt 9349 Jr éI %&%& d@bf&gﬁ@m | Ve{lh@e %H@Etycn(‘cﬁi I1515 and

100. Co eco sel ec activate
SEid I/@f(rrrpughutﬁﬁt) risugnab.s Sbiastenircon 115 ma@ﬁbtpormigb s@ials

ek et sclee i enslos i LPPanig 19 B0 fepresent

C oI Yo R YR RARESY ﬁ'fggﬁhl\fnéi‘ﬁhﬁym@,l@l%r}%’éjlsh/o@ Qi d16mht

116 during read and progranmm ng operations.
skddcbdet 108 mimesededtivayyactizatodird SBL1 thaoughebibly sxg@alscb@sed on

10 [ h t h h

oA RS AAHRS® SRBUnPRArS kTS SHHER bt Fred Hlect
Nbﬂﬁemgnd@\bhqalem% BRY 11 e prdeide chMafificiian BRtWEMIh¥mory
devi ce such that each of nenory cells 100 may i ncl ude

a aregyek(2andi LD wirpeih 1 b duriegstead apd progounising ¢RET#HANST i al
b
ot weerOt PHIFLR udBLP|og A ROREIRLY e E0Pfhay

anpelpbe vthep b@ﬁFSﬁentsQ whiEhnge nbheho@Sto Slepneusbatie of
the menory cel The val ue of the information stored
i renebpdinapts dgsceibefl bgggin. depend on whi ch resi st ance

state t L
. corELeEngeisE £ plfTnciide d LEPLyARRALARR ISR o
stthatsdich of eratorptelieiir may alchsle hiHatefaldh vdﬁchnameagt a portion
ce 100 ylncludearre cell wth a nmenor

ol atray 1 gy Deqp@pmmad, b Fauipg i RSUIOR 4 R0 o gaeeen
Ofdlfféféﬁf Y8 (5o 465 €aiIREAnd amorphous phases) to change the resistance

state of the memory cell. The value of the information stored in the memory cell

may depend on which resistance state the memory cell has. Different resistance
states may correspond to different values of information stored in each of
memory cells 100.

Each of memory cells 100 may include a memory cell with a memory
element having a constriction structure such as those of memory cells described
below with reference to FIG. 2 through FIG. 56.

FIG. 2 through FIG. 4 show schematic diagrams of examples of different
memory cells 200, 300, and 400 having different access components 211, 311,
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below with reference to FIG 2 through FIG 56. FIG 2
through FIG 4 show schematic di agrans of exanples of

walpdobaraamt nmenory cells 200, 300, and 400 havi PgI/US2009/001599
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di fferent access conponents 2 11, 3 11 and 4 11 and

meno el enments 222 444 rd ng, to vari ous
R RSk Snidanit dor.ohd, s PEihidibhy s b0

Of erfibdiméntIRY thd gk e FacRbf m%mzfr%l c@l@é 160 SO0G. 3Qﬂay include
and 400 of FIG 2 through FIG 4

Fi o mempoisels 20910, o LD G ahioasb ESa. $1L THELG. 2
roe]%?ﬂ:ﬁﬁ;_ %1 e la%Fleg \’Pgsa{}égéh Q%f%he Bﬂfmew &?{Sesé%l% Bfone

Acsfisifes ¢ 04RAd6Nné¢ §f Bdek,108 o FIGan dIn4FIt1 4QiabElsG?VL?and BL may be
through FIG 4 nay include netal -oxide- sem cond

f i BYappeqd.f Aseess camppranty 2 ivBskemy 418 qf dilgy 2 mrﬁaglp BIG '4 may

ORI R B0 9 AL R
4 _]ﬁhﬁW)rMETQI‘ (BJT), anddiddiepedepetsivelyatplceesacnansry elements
co onent s.. Ot her types of _access cor(rjoonent S_may

, 333 A FAGH diroveh Rl dgthom MOSFET £ and dde as
3
B P e
el eAs shm’asnﬁEI:G anﬂroaga F([Gl 4. cadh pf orenwire elenmaess2225333,

and FIG 4 FI G through FIG 4 sch tical.l
0 7 i Sineld baectb iy Claotbazsucl 45 glodiEs 23 Al 252
do(‘F?G Bt EretouR13sY an838H (PiG. t3:§’e%§r%l&ltr%%§@ﬂe§ndw ('gIG 4).

i ncl udé a conductive nmateri 2 through
4 FIébéeh@ugbﬁbGnémlmn@t@ale Showi¢leetruiled 251,252, éﬁhtﬁSé 451,

a%g%ﬁfa%gﬁf}g b-‘t E]?)gﬁgﬁ} é: r en @%egﬁ@%ﬁcﬂ é/ %conductlve
e' Astefidga F2812 tedgh BRd. 4, 38ckss éo'iﬁ':por%ﬁﬂs 29230Uran@ %11 may

progranmm ng and read oper ati ons or exarrpl e, in a
pr@gblamﬁna (6igervaltpgmor airgntlte be transfmredito ad frommensary

2 g%@?nstg ?g@%’%@ M 344\1\913 fe?éct"r%(ilesf]‘zgq Bgsz1L l_ssli;’%fzo 9|5¥1:a[ng 453

ordlﬂn@prdgramlﬁgamyeaa@phﬁuaﬁ)ﬂ 300, and 400 to create
a current flow ng through nmenory el enents 222, 333,

and 444orexamplgs rrzeﬁpr%%m@wea%tl%agﬂa 15 op dinei gk tegy turn
t N JRLE' TBTPr M (CLERN R Al li
heat up ang-1 ﬂér}}ggool own, theraéé Sl%;i%g eﬁ% SIﬁnafo ase e
of BL ireFI@&t2 FiGl 3, s kd6. dl)stofmﬂmng/ cetly 206, 300n en(ph@&‘e) c(rez[te a
crystal in,esate to an anor phgus ase (or ous
StCHPERt dgping! ﬁf%eglornef%ngﬁqfﬁpﬁgg@dw brent thay
MEAREYat SRR Psﬁlo%%%,the’iﬁétenamk Moty CelBRY s Qaﬁfﬁze Bhd 444 to
resi stance states with ferent reésistance

heat up and then cool down, thereby changing the phase of the material, such as

from a crystalline phase (or crystalline state) to an amorphous phase (or

amorphous state) and vice versa. Different phases may cause memory elements

222, 333, and 444 to have different resistance states with different resistance

values corresponding to different values of the information that is being stored in

memory elements 222, 333, and 444 by the programming operation.

In a read operation, signals on line WL may turn on access components

211, 311, and 411 to apply signals (e.g., signals from line BL in FIG. 2 FIG. 3,
or FIG. 4) to memory cells 200, 300, and 400 to create a current flowing through
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val ues corresponding to different values of the
information that is being stored in nenory el enents
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read operation, signals on line W. may turn on access

( SPRRORL EmanG 2P0t e At dndthehdo B BY 19" g1

4) 4} an BEPS FmebhpcARR003960, 280 d0d,QRe tignsls allie BL may have
current flow ng throughnenory el ements 222, 333, and

44diffgreant valaes, deperiding 1 thempdstancetvalun @fithememory element of the

gDy B oot BB Pty S0 e B off i1y SR nEmOR,

I e8dvadeABGE, i SuéeH ad 1@ difetiid Y6 of BIGNT) ody ddiemiimattie/value of
cell. Based on the signals on_line BL, other circuitr

of informagiensiojediavnemopeelgments 222,333, autfthstoregample, the

Ic:étﬁgxl éi{cl%t?y xg{ag Ellsgathe]slg{{éﬂ;n ﬂﬁé ﬁi@nﬁ%é%ﬁrﬁ’tﬁ% ggs’ié?%}ch value of

ormat| red In nory el ements
44hembpy cleent|2e2, 338; and Hé4 tecdatamiihe thenmjueusfanfdmmation.
signal on line BL and neasure the resistance. yal ue ?f
menory Eheswrent usedduriiga regd gperaion gay dyaye aidifferepgvalue (e.g.,
V . a r ] ~n
ot b s fc (A1) Rl EOLyHERACY Birhie 2pfBRdtnming
or opierativgi. tHooexarnpie, ired preprdnimimgtdperationy thatvalised thiisigng

B oS P HHC, AATIGE it P 4y et cRRE FsAT
i ﬁ@wﬁ? tffn{@)g%} Ghe Rembhledenthay b&sufibichhRf catb&MeqRatdrial of

curren ng through the nenory el enent rmé be

s udtfleast & portion afdusmetrioey plement talchafigebetiveers diftergs phases to
of the nmeno el ement .t o _chan bet ween di fferent
prateE G5 R afes v IREOF e acif I ey LG b Yafiias the

el grgHatiBA S e HorddiA Nah&§ Mmérie32211438 n@id 1. t1a dread
stored in nmenory elenents 322, 433, and 544. |In a read

opepezationn thervaduecf the sighalt(re.. siggabfromding, BL én §Ha) 2.H1Gm3, or

[i in Fl 2, Fl , 4
e FF A0 e gl aurstiioVing pshalrineChebR) oA Ry B
s ufufficieginb ck@teheautrehttut GauFfdiént o tauss anf poeticandf the
cause any portion of the nenory el ement to change

\iaﬁg of the

begery elFmeettevhapsrdesyeandifieant phasey sp that B1° o
: nfnﬁ({rﬁﬁhgﬁ Igtnoi%cﬁﬁletﬂe g‘ger%(%g elSnint %agggtﬁgigudgngﬁl TR 1k read

unchange ere ration. y cells
10éperaim, 300, and 400 of FIG 1 through FIG 4 nmay

i nclude_a nenpory el ene | th constrictiqn struct
descri b@%Fho%tjl‘[‘g#%ﬁ ¢ells 3?@%& é&?’&ngﬁé‘ﬁ og%ﬁ?h bﬁ“ﬁﬂué} Eli{(? 4
56Wﬂr@1unﬁ SR RelBRchi @lth GeOSSriSES HRRNAE dBsHRRBbKlow
ce 500 having &

with reference to FIG. 5 through FIG. 56.

FIG. 5 shows a partial cross-section of a memory cell 500 having a
memory element 555 with a constriction structure according to various
embodiments of the invention. Memory cell 500 may correspond to memory
cell 100, 200, 300, or 400 (FIG. 1 through FIG. 4). As shown on FIG. 5 memory
cell 500 may include memory element 555 and electrodes 551 and 552. For
clarity, FIG. 5 shows memory element 555 with cross-section lines (shading

lines) and electrodes 551 and 552 without cross-section lines. Memory cell 500

may include insulation material surrounding memory element 555 and electrodes
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menory el ement 555 with a constriction structure
according to various enbodi nents of the invention.

woveeonyicel | 500 may correspond to nenory cel | PAD0$2009/001599
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200, 300, or 400 (FIG 1 through FIG 4). As shown on

e Poe S it e Daglatinh piatial T iatief MRy 3H so0
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lines) and el ectrodes 551 ‘and 552 wi t hout
c ranmslalst@crtrumnticahe@ccm gomponasit 21500 1n95/41 IndilGdé through

e e e e T

NBdr@Fdddnehtd diselisdell hireidvenory cell 500 may al so i ncl ude
ot her conponents, such as an access conponent that nay

be si miFagh afelesirofershili anl 55@@11@)(:@@5@6@&%6%% rpat¢rial and
311 1
orit &b @40 rie SushabREBNES (i by A e 5. ©

enmiestkdRe 551 dhd 653 &agi dagresjond t&étebtrodesezse cind @3e{FE5.12),
i ncl ude a conductive material and act as

and 552 :
areleqteodes ? dafeand3 1% QHGH &) O Plsﬁta%%ﬁél &hd 462 GRlGrehoyich are

! STEMLEED o EVE5409055 S B FERCTSY 0EgRpSHyhoss:

alhﬁiia)( clude 3aterddl thdteﬁ:zt)r @sﬂhﬂﬁt 4 Belativietly Wre(sﬁtlﬁty (k) g., relative to
ich are schematic wn as s.in FIG
t HPEgwY qi?@entzﬁﬁt%‘@ BS?Eaté‘f‘ng g’@? tﬁ%eraﬂﬁ gagation
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) to nenory enent W t hst'and
r edfaaléctmetigs 56 lgindt SiZpeapinehele opfeacaeryonetal nitrade, carbides and

e breesielnerhitn 20X, HRCTMoRR Sell T B2 ey Ve KPS

rTIefNJ@g rZrE%‘H%B w%mﬂmf %cql;@g Mtq(:bwc o@@zsufdaBas

TaWsH, E QmpZulBi_B such B TiAIBR Tlmznwra}gsm @g@@ sl%a@ 'WSix,

V%g? yé,ﬁug%fi%\l (%4?:&9 )%nt%kl/ﬁ'gt aséllsTsI s dﬁ)e% Mlcon,

S Uakbod$ plﬁhﬁiim Aidliueh, e Bt nfwﬂﬁlkh@rhs I8 @6rhe aSse@ Oﬂe(drode
silicon, carbon, platlnun1 nIOqunh tungsten,
8

mo1Sy b 82 @irboihmay e ludsdealtiple) layars edifiseent mpgerialpwithot h
t |
AL IS b GG, Bty W RO PARRLA By
W difectly hblﬂhﬁrmdsrﬁsﬂyseﬂd:meﬂt)ﬁ 568y peiinicte idcalicahhaating femmemory
el ement 555 to pronote |ocalized heatlng for menory

el Sd¢ragRt 5554 gedgrmg BIASFHBMPIRNERHANSY oper ations). I n
FI G 5, [ FREDS YmEB RPAEmers S58Hhay [Heludde: forRof 56 PRirelily

directly
contactlng electrode 551, a portion 502 directly contacting electrode 552, and a

portion 503 between portions 501 and 502. FIG. 5 shows portion 503 being
located at a general area indicated by a broken circle to indicate that portion 503
may include a part of portion 501, a part of portion 502, or both. As shown in
FIG. 5, portion 503 may indirectly contact electrodes 551 and 552 such that it
may be isolated from electrode 551 by portion 501 and isolated from electrode
552 by portion 502. Memory element 555 may be programmed to one of
multiple possible resistance states to store information representing a value of a

single bit or multiple bits. The value of the information may be based on which
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contacting electrode 55 1, a portion 502 directly
contacting el ectrode 552, and a portion 503 between
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it E@ra@@%ﬁ‘{ |m££ri£§’fﬁaz%b1§&3cha e la2sRIN with S afiBis

ude the same matérial or different materials for
pocdmiingtidB bf gefRaniamdarsigonyT tedlunimme andipthenginttar materials.

copfigured.to change between mul ti pl.e phases,. e. g..,

b oELaleS o aiast PARGE e UIE Pttt SR WofiRinfiiphs such as
el gé}ﬁﬁ Rl [ didaunk Balasid€ (TaBeg an@iehy adlludide (SbTe),
mul t i pflgl%ghalggmiggéé%ég’ mat eri al s. tSlgrreg)ephase %hang,ee( ?

negaliumlagtimepider(6a§hk indiamesgaenife (s sragnic {gliupide (AsTe),

RN Gy i gimony

phREeriehERGDd TRRE.8l, IR, SbsTey), iellatiutechnmminmn asetida (FdGurs),

such as germaniumtel | uride e%geTe), i ndi,um sel enj de

( | mdiwym avipempisliutide (In5b e, tetiymu tinyealenided Lawnp b gegRanium
2o LTGRSLG TP Ll ALSEAG GA8L36) Gt
c ogdbéniarh itelhsideGaS eFe)gen oatimnony tetitiide (SnSbdle),lindiden antimony

GeSbTe,. e, qg., Ge2Sb Teb), telluri.um germni ym .
ér&f‘émaa@e(( ;)a,ngi Jrat r&ﬁ?ﬁﬂhﬂﬁyowe c @?aféf’uauasgﬁ*g)a,mum

LD RS Pt

I de (&GS I stuth sel eni um anti nmoni _
( BilBoSbY fellyaiutn gammseivemiingoid(TeGeSudu), Gatbadian, telymum

anéeinrrrlgﬁm telrlx l(lycli”fe%eesglir}rslgiﬁg‘? éelcl,nri]lgrin irtnanélllrl]rtnico A (InSeTiCo),
germanium antimony tellurium palladium (GeSbTePd), germanium antimony
tellurium cobalt (GeSbTeCo), antimony tellurium bismuth selenium (SbTeBiSe),
silver indium antimony tellurium (AgInSbTe), germanium antimony selenium
tellurium (GeSbSeTe), germanium tin antimony tellurium (GeSnSbTe),
germanium tellurium tin nickel (GeTeSnNi), germanium tellurium tin palladium
(GeTeSnPd), and germanium tellurium tin platinum (GeTeSnPt), among others.

Some material compositions in this description list only the component elements.
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FI PTOSEATREHED }éﬁYe&(SHﬂP@C%@F difRIpRi o resiapRoes e pd of FIG.
10 Nayeg, Qofeelﬁ 81; réﬁ@sﬁﬁ %é}é’@}%@retd?ﬁer%i&% loth sﬁ{gle or

portions 5 material of menory elenment
5551)11ttpasb11§1e sane crystalline phase 513. Resistance

state 5 corr to a t f. .
e Bl e SBERDBo} Sl HEh 5 S s
5, ofRBYs¥ibEl RERAhcORNBY3, 87t39r gnd ﬁ%dﬁt%b&[ﬂlﬁé’to various
represent a specific val ue of single or multiple bits.

I\/Ermmymed! valnes. A PEogrammives ppem@tmmeﬂ causemeareory element 555 of

1 L % 8 5 ] SIS PR L LS v

”DFIG & dhetv foat Beinpsles whére MkrGorgleldibiit iSE5 endyi Have GG 6
through FIG 8 show nenory el enent 555 of FIG 5 with

v aesislaBcostalep 5%5653%7%3 raéé 833 oosiespangingstogpiprmation  and
831% Pe%{tﬁl%gf%[hd%&‘s% btlé)célxﬁtglhgtlljo%s o?‘ﬂv3 ﬁ)ﬁggéa V%d"’eSOIE_;'A"lO" or
8 ' & 55 of

cause nenor P enment

FI G1"R Merheryelanent <5f55 Jlﬁﬁv@éﬂmﬁ/ tsdt @infigufed 3o bé Pogrddaed to
and 833.. FIG 5 through FIG 8 show four exanples
20 whiave arftiffgrept BurBhe{e 25 @Eh‘ras}"tﬁ% or pHeF nibed OhprsiStance states

14 e AR A o e
t wibuhidr ®ti{ee@ ngmbet)00", " 01" 10 or 11 "). Menory
o e s S e e smar.lt, S35y have o
Si e TttioR strRdtBRY subk AR e Ainch§sh 8t F¥Hi6n SORIES., a cross-section
25  of portion 503, as shown in details in FIG. 9) may be narrower than that of each
of portions 501 and 502. Because of the constriction structure of memory
element 555, the material at portions 501, 502, and 503 may behave differently
when memory element 555 is programmed. For example, during a programming
operation, the material at portions 501 and 502 may remain at the same
30  crystalline phase 513 (FIG. 5 through FIG. 8) while the material at portion 503
may change from a crystalline phase 513 (FIG. 5) to an amorphous phase (FIG.
6 through FIG. 8).



corresponding to information representing a val ue of
nore than two bits (three, four, or other nunber). As
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crystalline phase 513 (FIG 5 through FIG 8) while
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of differnphciuses egihatiffefehBthickhadsseatid, §13, araly8 ide phementiored

region that the material. at portion 50 y change
f rdeverthe Fesistanee S]@Ff‘a%téwfsilgntealoaﬁe‘&%rlbg%ﬂ’g pypgrapmed may
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al the charactefistios ed pprioms508 maginolude thepsize ofoama&pBoutrggion 613,

ER TN
Am{lﬁh@%%esriﬁgﬂa&f@f?at@ %@% , fesidtan@d Gtafed §3 BEy33n8Y 833) dt harient

sizes, e.g., different volunmes wth different

t hnenesdeme®1sS i7 programuaed miy dependeon thersie efisbe emormwus
resi st e, St at t which nenory el enment 555 is
pﬂ8€f§2ﬁgd7ﬁ%§rgégend mainly on the characteristics of
por ti onDRRMe a pfbgdrirfemife dper&Ue) bide@on& vdlieof information to be
characteristics of portion 503 may include the size of

arfterpd dumemeyy elenenBs S5 iy valve @13, ErRlifnde PukserwigHy rise time,

a - r e

- da1Ze S04 cPlblifoR oP I BRI IRT Mgl RBea 10,
833bgrain by eementys 33 AR bé agibpiistelyroogtraltedth coayrol the
depend on the size of the anorphous region 613, 713,
orsizp1ef theymateripl at partgn abhhagmay emerpyse (eo%sg‘ﬂ SHie

L3y ot SRR I PP SBAH RN S5 v o

t i appropiriatd resistace satedo stnbinfatmationofith thesetepdedavedter A

o R I e e b TR BT i
than that of each of amorphous region 713 or 813. Different values of the signal
used to programming memory element 555 may cause portion 503 to have
different sizes. For example, during programming, a first amount of current may
be used to obtain amorphized region 613 (FIG. 6) so that memory element 555
may have resistance state 633 (FIG. 6) to store information with a first value. A
second amount of current greater than the first amount of current may be used to
obtain resistance state 733 (FIG. 7) so that memory element 555 may have
resistance state 733 to store information with a second value. A third amount of
current greater than the second amount of current may be use to obtain resistance

state 833 (FIG. 8) so that memory element 555 may have resistance state 833 to
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size of the material at portion 503 that may anorphize
(e.g., the size of anorphous region 613, 713, or 813)
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menory el ement 555 al |.ow easi er_.con I he
va‘P‘ifr'B%/r_S‘F"et é %ﬁt@ﬁg}egl%?&@a&bt)?tw_@e%v?ﬁ@a? éﬁﬁea@?oi may be
Opl%ﬁﬁ‘&édg’fhe{fé?)ﬁbﬁz'e '}elYaﬁﬁl'itgléﬁlrth pedgr@naRAg bfredding (or both) of
t hi ckness 614, 714, and 814) for the various
amoephiyzedmertfiSdrmay be gnprosiedr phi zed regi on 613, 713,

or 813) ry espaondj {0 various resi ce f

15 ferory, EGrEp Va5 DIty of My slefiind a8 g EleBh6es 51 and
I es3 254 AN&Rost BV FIENS! Wsehewh it FEG.D), em&le element 555
achi eved, thereby the reliability val ues of

i nhasrarrenpioigtipe stigucturgsucle happortign 50 meayhave p cone-like shape

corr on resist : . T
o ETINLR GE P SR TSRS 8% [ g e
Si 9oear@abperod p&® Goriti) 1908 Ak eifig hetrvreectimt irea 863 .50 osarsdction
502, the anmprphized region 613, 713, or 813 of port idon

20 50meHBYl may Rclcomarga elpordan Sphilt fiﬁs?ﬂwta%%em ¢ >3l
b ' T g
PSR D251 S, U el o e dgssif g
mayortien @2 thme diredtlysronkactsodedtode 5621 Rbitlant 503duay mglude at

progranm ng. or reading (qr Jboth) of ry el enment 55
el§ @ PRH Sregpcief @3 dh shia SorlE e, ch S, area 903
el QAP Bt smaPeraish SlRUIRASScavh £84 Fr2nafoonenory cel |
500 of FIG 5. As shown in FIG 9, nenory el enent 555
25 has a cDnsbg A programstingioparateors astgnahased o progAM3NAMPRYy
hae gméant%%lgerflellyll é(a%sg Q%Blerent I (symbolically shown in FIG. 9 as an arrow
labeled "I,") to flow between electrodes 551 and 552 (e.g., from electrode 551 to
electrode 552) through memory element 555. Since cross-section area 903 may
be smaller than each of cross-section areas 901 and 902, the current density at
30  cross-section area 903 may be higher than the current density at each of cross-
section areas 901 and 902. Different current densities may cause the material at
portions 501, 502, and 503 to behave differently during the programming

operation, resulting in memory element 555 having an amorphous region 913
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with a larger part (or base) having a cross-section
area (areas wth shading lines) 901 and tapered part

W@ 2009t1i41y7 913 havi ng a cross-section area 903. PCT/US2009/001599

10

15

20

25

30

Cross-section area 901 may incI ude an area of portion

901, that. directly act rode 551. rtio
ayithdguickness 5547 ThERnGR 91 8 FBo gy eiressn) Ofe, O i hesses

ang @, 034 ofndRAuidrenGo8 @hrbﬂ%ﬁ FIG.rsecA EVOS@-@Bétﬂﬁlto? amorphous

el ecfrode 552. Portion 50 include at |east a part

of regioa G13[(takenl ipadire@i pep;sendm\}m t¢ hoth eect@des 551 and 552 or

RECHTIETR £ AR T T R

OpSY AhdrBRoustesiod sl 3,ua8dadds I SEFIETG TRiGREY FeGegrehe Eafawor
may cause a current nbol i caI]IE%ishown in FIG 9

asofdhe araterigl ppustiens 501/,\%5)5/ and 50Daf B e HiGe Srdusinga
551 and 552 5
oo e Rg s Riioh i AREHERFEUEE VAP RtertRecSo 396, Bfang FiG.

arga 903 may be smaller than each of cross-section
areas 901 and 902, the current density at

c r oss- sBEii18ris argsaphogfemagraiEe Herghelime erithe aterial appertion
&1}{‘1 Lané %%Hlﬁ)?g %r%ﬁg ?@ﬁﬁl?&#%&tl@ﬁ?@f‘esgﬂﬂmﬁﬁgy e ent 555 of

er ent curre cause the nmateria
DOIFIG Gniecoding toGArioas deSdinteﬁtshﬁhm/mvdmtidre r Bl foj/lowmg

during the ro ranm ng ope Iting in ry

el @ﬁmtl%@ - aﬁnt%wa% Eg!‘e 184 Ifrﬂwg%%?

ot REERY %30&5;22 iR 91cibh S hor R e G phase

FI tG.anGimotphosghase cAs siovaf indfitr fhgnse patonh0d idy(taaken

in a direction, perpendicular to both e s.5

e CEes BRI AR (o RbSer Bt 5 90 Do B! B ot
showondsd1l £ad $02t FHeQHSBri ! a@%)or%o%% 03 r}ﬁa}%haﬁﬁg RO §rystalhne

regions 613, 713, and 813 FI G t hr oug

Thehabe treari amomhoumlehasaménlﬁ she matepel atumntsorscﬁi)l a@déoamay

o oerdin gl sanE B tals nhafd iR, feRifl " 3 copeentrpips on

angle Wrperdthre vorbas tife | fé“r tRe BafPRl AfpdresisoRAt ure versus
time for the material i%ézrtlon 03 duréh% an exanple

pr ogr am¥ Higediik Paﬂlo@ﬁ 59b, sand hel pempehelpmensE Son

FI G accor di
sSSP 2 TR P g
t hh@M@i’y EbfaentlsBs5 Ihﬁly hhve a rk@l,staﬁéb athteauc BOfesistance state 533

synbolically shows the material at portion 503
ch&kgi My froma crystalline phase to an anmorphous

phase. A SHEWArd 3 tth&r3 $h FRG. nl(be a @fgntcll %ﬁﬁnlhﬁ\’[s or
a smal l'er cross-section area (e. ss Section area

9013§:ntidahto thb aignaf fremdimedL of FIG 2 FIG. 3 or FIG. 4) may be applied
to memory element 555 to program it. A current (e.g., current I of FIG. 9) may
flow through memory element 555 and cause the material at portion 503 to self-
heat. Between times TO and T1, the value of the signal may be controlled such
that the temperature of the material at portion 503 may rise, exceed its
crystallization (or glass transition) temperature Tc, and then reach or exceed its

melting point temperature Tm. At time T1, the material at portion 503 may melt

and become liquid.
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portions 501 and 502, the material at portion 503 may
change froma crystalline phase to an anorphous phase
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et roug shown in FIG "9, each
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than that of E@?rtl on 503. Thus, duri n%‘Oa progra

opeenamklmffebteo eqiradienss T @eth a5 2Ton pRrtion 803 TRy hawelasivedow
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phase because the current density at portlons 501 and
50Dhenh fhab porties YO  generdtes betvwagn disnasnkd #h EF fmaFl Catlo may stay

p%a§d19 g?pg}ggin 503 and allow it to quickly reach the melting point

temperature. Therefore, programming time may be reduced, a relatively lower

amount of current may be used, and power may be saved. Moreover, since
portion 503 indirectly contacts electrodes 551 and 552, these electrodes may stay
at a relatively lower temperature in comparison with the case where electrode
551 or 552, or both, directly contacts portion 503, thereby device reliability may
be improved. Further, the smaller cross-section 903 (FIG. 9) of portion 503
relative to cross-section areas 901 and 902 of portions 501 and 502 may also

lower current and power used during a programming operation.
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Mor eover, since portion 503 indirectly contacts
ebefore 880551 and 552, these el ectrodes my stay at a

rel ativgl XeJe X\a Vlﬁ%r%gé?; a%ggcg nﬁg?o 2 (CH hldﬁ’ﬁy be

case where e directly
c @Weﬁ&bﬂ&)ypﬂhdrlabnvﬁl@s (e.t. héreétacnd&ms):ﬂlchehatahn teststancaytate

(it S GPhos e (563 PUNBRE PRI oy 015 SAT SR G- 6
a&l’f‘r@§ 199136 &f %@n&g R drt 855 mY beRRen DR Yo ah&dstance

| owerocurre t and power used dufing a progranmm ng
optateawltbout'ﬁhemmphoustrpgsn kgt msistaaicé satn $33nef BIG:- 0)ti nme

T3|nF eferred to a et act|V|t|es
o EIE 1 TP IpR O leBeras e efbug B gt dhioné
%Fc%’rinﬁhm?é oﬁérath&ﬁt%tseﬁmﬁﬁfow 8l8meht I ohe I FIENG t}ﬁ’éﬁgh
froma crystalline phase to an anor phous phase). Afte

t FEGr &sEhe fdlowing dessription refersfie EFGt3 theough) FIGnéﬂmrIy FIG. 11,

- e rEpu 0 v mpaleBuAobaIne LIReELE Bhont BoPehapBlt fpm an
Flafaorghout PBisel ascriéthili@e htsef rom i ts resistance state
before tine TO (resi st ance state 533 of FI G 5¥ Thus,

t he i nfAgrtivag Térthe matertal aheash pb portions AR hand 882 gf memory
f
v Seh? sSRUEIC SRR, b hivepd e ph R A e
desatéridd atip@rtion §08vinidy lra@é an anoepHoas phése siich they nizenory element
reversed by other activities set" act S
sdeh n%qa(ahaVF RécTIHancssipe sucdy aétOio W f%l%wcaﬁ{ﬁf‘ﬁrﬁr? s%i tha
I 898 QY d.% #rouch§gskpnce states 633, 733, or 833 of
g thr ouéli% Flgs g) of menory el enment 555 may be
C hangedn FEG K] 1t, Groam tiesi B4 wrtoee T7, a signal (e.g., signal similar to or
identical to the signal from line BL of FIG. 2, FIG. 3, or FIG. 4) may be applied
to memory element 555 to program it. A current (e.g., current I of FIG. 9) may
flow through memory element 555 and cause the material at portions 501, 502,
and 503 to heat. Between times T4 and TS, the value of the signal may be
controlled such that the temperature of the material at portion 503 may rise,

exceed its crystallization temperature Tc, but stay below the melting point

temperature Tm. For example, the signal may be controlled such that its
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state wi thout an anorphous region (e.g., resistance
state 533 of FIG 5). FIG 11 is a graph of

W@ eovpar4rure versus tinme during an exanpl e pr oRCHIBI0NZ001599
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operation to set nenory el enent 555 of one of FIG 6

th FIG 8. The fol i i pt i f
B G o PEPRCISISRA LS B8 B TAD o
SXiEHQiﬁs@é'bleb(ve%H%ﬁ@est”ﬂ‘Iﬁmﬂﬂtlefdﬂb ap, portion 503

changi ng from an anor phous Phg@g a crystal line phase.

é\g 2t|;r@eﬁ4eertthmesf§5 end &b naF h thef vabes of tha sigalimanbe
5 h.
T R R S TR

5@y Bk B¥dhseint BIFRUPAMMRIIPRBESas)! CUnH&&hlsff%ﬁﬁﬁg’ condition,
el ement 555 may have a resistance state such as one of

r & wetgriakofqostensSEBGavirg N ammplyas phesaat tang hitbugl “re-
Flgr(%‘/sta%)me" Fleg‘/e t}lf]f amo%@mgts pH%seT dteg e ltl{@ r%&allﬁe%'h?&al

, S|gna1 Sini |ca

f Tas, IbetveeeBltimé Thlafd T8, (o fr&m tdne 06 ahd @ﬁeﬁ}) aﬂ‘@;&o@ﬁous reglon
pplled to nenory el enent 555 to programit. A curre

( 6f portion 3PP esheh paope oftheampyPhewy e8RS 4 33 *ﬁ%ﬁ M.
3Rk RS, Sy UG Seckfife 1B R Pin Ak 4000 Hllwitn

37t 0 ‘hea then ti
v abitipne 501 5925 gh 503 hmmyngde camt cotstadlinespicise sindt astdrgstalline
errperature f the material at portion 503 nay rise,
eRBesP 31d FPydtal 1 i zati on tenperature Tc, but stay

bel ow tripg aeﬁ‘lfﬁlhﬂger?&h{éh BRIt 4 HoRinlET7RR 'FIGXF‘ITHJa? be

t he signal controll ed such that itsanplitude
be¢ferredhtot asmet;ac'ﬁdvltmsdo T&etT meﬁio@ eleent§5 ﬂoée g. e’@sphahgﬁna

that o he si bet ween tjnes

- eaterih of TR e 55518 i e PRATC Bt 254 Eryp it ghse)-
ofa fleh %§695@1V1We a‘ﬁ@f‘ﬁfn@"ﬂ?? OnéM6H, &1BRAknt 485 may have a
tenperature of the mat eri al portions 501, 502, and

50B1stange stk eptistannestain 33 of F%tﬁﬁ@ws durffeyem &iost Ut ).

Under th t

OOl B BT B AT o, POY M8 o
FEG! ¢ Sirahdh FIEy. ,8PI TRus, thesia¥dniakien amdaimuanpf}aaanmdsss

enter the crystalline phase. Thus, between tine T5 and

Teftegime T6rmay ey e povaircthalis differenfromshe rruasit hegPeferofime
p%rt ion 503, such as one of the anorphous regions 613,

é and 813 of FIG 6 through FIG 8, nay
r e- cr y Shaltérngerese@sandt isery inm thisréesoriptial eantd bbly for t h
portions 501, 502, and 503 having the sane crystalline
pReRvenisieh tojaelp distipgishing thapesixitics dugpg g pgpgraming operation

such as a programming operation described above with reference to FIG. 10 and
FIG. 11. The terms “reset” and “set” may be exchanged such that activities
associated with the description of FIG. 10 may be referred to as “set” (instead of
“reset”) and the activities associated with the description of FIG. 11 may be
referred to as “reset” (instead of “set”).

The description above with reference to FIG. 5 through FIG. 11 refers to
memory cell, such as memory cell 500, including its structure, material, and
operations. FIG. 12 through FIG. 22 show various other memory cells.

FIG. 12 and FIG. 13 show a partial cross-section of a memory cell 1200

with a memory element 1222 having a constriction structure and an intermediate

15



The activities perforned fromtine T4 to tine T7 in
FIG 11 may be referred to as set activities to "set"

woreovonyie! enent 555 (e.g., to change a mat eri aPCD1S2009/001599
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nenDry el enent 555 to the sane phase such as a

taII e). After. the set ac |es oot
311226 VBN biou o B mieliory ElemRL 1 2474 88udi B various
r %ﬁib%ﬂﬁlﬁ’&ﬁs &t Ak envenfsh.S Ve SEIR T 20Oy dchidGtrf}urthat
is different fromits resistance state before tinme T4

( enajerialoand apferations £¢-gnp@gEamME @emtiopgBsimalartogddentical to

Fl.G t hr ou e

"ty SR SO 2 e G AT A0
t hdteri#l 126 bEFERL 1, r@mﬁdm Meﬂlaeli tmhﬁérybﬁémélet 222enay
T4. The terns "reset" " "in this description

arrclydsipetioy 126} dg@ﬁlyewnéq%l@g P@CH%‘llepl%ﬁlsﬁpﬁ&Lﬂns]rﬁO@g
t v r

I?l?re@tg)s &oﬂtédt&% e‘f'é%:"tﬂgtﬁg égsig élggr ik OveE%f p‘ri:{)‘%r% o eb?%%e
t @oftidn) nidi)reaﬂyl c&ht&:tlﬁg]ﬂleéffbelei EIfn’[Bandr Bsetstclatidht beﬁtoh 1203
may be exchanged such that activities as

¢ Faychecp st T Gecpés % egpriien 1 7 mrbo oM slgbirode
('ﬁgﬁ ﬁg%tgltme(ﬂﬁé ‘fﬁatérlael‘ %?dq&&lbﬂ i1 bHESWARRQRERES Llement

scription o e referred to as
" neszis'prograsiread] tlod mats:aal z)t .pofiiom h?é)§ona)pamorphMeprw1dh

S EERTNION T TR s
S :pBHan'é N901 9Rd €50 Phay 2étHaiAREH @i}ls&ﬂﬁle ﬂ‘_ﬂa@ 12 through

show various™ ot her nenory cells. FIG 12 and
FI G 13nshuoediatepnateiiall 1220 owy-indude amelstirigaliy ondnctise |

e e

PAKE 11905 BiterfRARY mateeiAe M20lAay inklifdeHlAtegall somilar foQuis
enbodi ments of the invention. Menory cell 1200 nay

i nddntigal tetthesetof etectradeseySland 533 @f EHar atar okker eentéuctlve
progr

R BT80S el Sl R PR o
eﬁ:ﬁﬁ@ﬁt dea'g:llty ﬁltlﬁj’rffﬁd IlZﬂZEdL[ﬁiilgeaf ﬂaragra;ilrggiglgofpeatien td PrevAst
shown | n el enent may .1 n

p GFIATRIPUS FeioRy .1?’&@?19 ééhfra@thff@ agelm ' %@’? eZﬁlus

P

Dbl PR LY o BR AR LA 0 g B sl
c ebhfigiringgmeinecy ¢loniest 1333 ]fommdltib%ﬁltSpﬂIhnftIhalty gedirtasechon

1203 nay e isolated fro ect 1251 by portion
13rrsizhaf § §&P’§F%‘H’“PF?§+?%%§%& © P98Iy i ht er nedi at e

mat er i gliG122An@ PG PO dHoWa P8Rl cr¥ieRkcHBABE ¥ nRIn&IF9RELL 1400

with a memory element 1444 having a constriction structure and an intermediate

material 1420 between portions of element 1444 according to various
embodiments of the invention. Memory cell 1400 may include structure,
material, and operations (e.g., programming operations) similar to or identical to
that of memory cell 1200 of FIG. 12 and FIG. 13 except for intermediate
material 1420 of FIG. 14. As shown in FIG. 14, memory element 1444 may
include a portion 1401 directly contacting electrode 1451, a portion 1402
directly contacting electrode 1452, and a portion (e.g., programmable portion)

1403 indirectly contacting electrodes 1451 and 1452 such that portion 1403 may
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1222 is progranmed, the material at portion 1203 may
anor phi ze to provi de anorphous region 1313 (FIG 13)

wowaok/1asirhi ckness 1314 while the material at peeCT/US2989/001599
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1201 and 1202 nay remai n at a crystalline phase.
I nterne

ST B B T 40 T B
| quss v} ﬂﬁ&n‘ié@l‘%te ﬂ'fateﬁﬁil ﬁh%‘%dl;?&ﬂxon 1202, waied nleifidry element

Internediate material 1220 may include materi al
silA#4 srprograpymédd éet theteriak ad porfismel 498 avamephiss tg P10VAdY

B B 1SR PTG TS8R

t PBrtfdhk 1201 afle 1502 MafpterRfh tat @Brylt%ﬂﬂleqiﬂabélg a
progranm ng operation to prevent anorphous re%ygn 1313

(FIG I@t)errmque@xatgmi.lﬁéo mayanglude # part pp @ maskhag has been
1§?§P %&E’?}ggtﬁggr OIat1 n of Egrtlé)lgﬁl%O? in %?chqggnégﬁ %T'fh rrﬁgékotﬂay

13&RaihGh niahdrly léldihdmlt 184488 mf&lliiiedmteaﬁhﬂerlblam a@mhb\hﬂ in FIG.
si ze of the anorphous region 1313 nmay. be obtai ned.

Fllé&, th?HatFF@terl@ 1430 way ipeluds @F‘teéllab%lglﬂé‘é& Prodepgical to
MBI Yo ERLro 38 1 Wi 3 58 of F1GB! Y ot ﬁi@?@gmi]u%ﬁ%e H‘?a‘(érfh@ # FIG.

constric |on str&c uré and an’internedi ate materi al
1420sihed ineeimegiate m@ﬂeﬁabmmlr&znselm a fhdrd 4f theanasii tmg additional
vari ous enbodi nents of the in

vention. [1.1400
n@yoqeﬁﬁzst@w@ St HER f%‘ieé""’ﬁélff‘e‘?lﬁﬂs may; %ﬁb‘é‘?ng’: therdy, y(tBe grocess

identical to
?%&Py%enory§%% eggg%)‘b o?gliﬁlél%dﬁ%b&gnd FIG 13 except

f or i ntfEGTEE aad EI(Era]t7eshoa1 a patfal agbsshde@ion df a memorywell il 600

o ihewbey bt O o RS B8 BEf ] i
140411686 bé‘n&:@ﬁﬁ)aﬁ{dnﬁ B Blefifeht PEBS akdSRIing@4dtvagiondr t i on

(e.g., programmable portion) 1403 indirectl
c entbadimengs ef the invention. 1 ¥Emarydell 4600 may hnqlh%ft SIRSEYTE-0N

OB BT b B R B R P

MRl lolf 8 et Qe RNTU DA FRION 144@&F1Mmmpmfby iretrenaelivte
1444 is progranmmed, the material at portion 1403 {601

amtmﬂuéw @f BHovitd Mamerpeiensnt g snay meide pnartian
1 EHfCt? é&{i%@% Tec%r?éﬁé@@f la%ogl?cglr g&g (H'é%'tlg%ﬁ)ﬂf&@tgﬁé Qeetrode
| n6s2 f@dlaqicﬁ:tl@m(dsg | plogiaitfiabtaportion) L1663 mdpactﬂy cxfntacting

TRULN N R T DR TN M-
gglégﬁg@v\n{] Y?%ll %&10&4&61 aRd {sBl R Bsth A& 3BL €65 8by Iftéfhediate
material 1620 and portion 1602. Intermediate material 1620 may include sub-

materials 1621 and 1622. When memory element 1666 is programmed, the
material at portion 1603 may amorphize to provide amorphous region 1713
(FIG. 17) with a thickness 1714 while the material at portions 1601 and 1602
may remain at a crystalline phase.

Sub-materials 1621 and 1622 may include an electrically conductive
material and may have a resistance value lower than that of portions 1601, 1602,

and 1603. Both sub-materials 1621 and 1622 may include the same material, in

which the material may be material similar to or identical to those of electrodes
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14. Internediate material 1420 may include material
simlar to or identical to those of el ectrodes 551 and

W(55®9/oi41FIG 5, or other conductive material. PECI/BE$1809/001599
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since internediate material 1420 may be a part of

Qﬁd@%‘tkﬁ?%%@d“ i BRATE A Sy PR 58 and

of 16‘29r cfﬁﬁ%#e&il@ﬂﬁ&?erﬁ% ey dtieers MiBlihdlugen oFsub-
16 and FIG 17 show a partial cross-section of a

nenaterialsd621 2600624 may @rm%mméneﬁbm@ntﬂe@é Wil berpfus

oo st T o R B N R IO £ b memory

V adl bRk 1ar4‘q:@qjﬂ@n14s of the i nvention. Menory cell 1600
may include structure, material, and operati
pr ogr arﬂGwdebmuah lFéﬁsgl ghaw p pRrtiehergps- ?QSF@H{‘ p§g|mqn@)or cell

ex X eBtWI]thnE n¥ er? % 4‘9298 Jevrl : %&%}é%&{b?k Erlug‘turé- gccordmg to

Mey@ioyis eﬂnﬁﬁ@lﬁienisﬁ&f&hmehﬁ’mﬂ udéenaoryaetli1l800 G lalso include
directly contacting electrode 1651, a portion 1602
di dlesérodps £l ik 18&3 ta|tEapbiengnalg ipyand fHem Moy ement 1888.

( eElgctr 6 995 RIS 28y 468nd IRRREH! in¥lude material
fec‘ %es 1 é gn

contact Ing e 1652 such "that portion
1 6@ilamthe idanicak edhbésearfetdctrodesed dcanddde, aigbrhetmpry element

P s ahiPos e Mo ol 1508 sy JALIReS Tishpiign gidria Yurrounding
1g%%hﬂﬁgél%ént“@s%fahé'ele%%@es%1'aﬁalmgﬁ AYRABK A BIG. 18,

1622. Wen nenory el ement 1666 is programmed,
t heematyeslembntalt88Banay innludeaportion b&@drqomcﬂn cmtamrcg/q:la@rode

hous re 171 FILG,. 17 1
A RarlsciaPR airestly ot leripae R A 5 Hokgor' 865
I egEl BerAborflofd Y&U1adndi 11802 PIFas €18 shdhvsoiresn 8863 ﬂ&ﬂé lad at a
1622 may include an electrically conductive materi al

argenaey ateavedieated By gtbavkea oirglate Inderie thas pArtianat80grmay
ﬁégﬂféﬁﬁ pé& f%;pﬂtlt 9131 803 ngj pé’? g?’po ?h ITS@?J lQ)r %h{a rAQ %}1’?0\%@ fFIG.

he"'sane nma

mat & hoAlonERY3 bﬁamtlﬁémw comitdtt blaétrdidbs (1I85 l dﬂdll i BEZH fudhathat it
those of el ectrodes551 and 552 of or o

¢ onavbe isplaterhirem; ehectroda 8 rhbE prEIod lféi fn% h%?lafeé gowa‘ilectfode
1P
| T TR 8 S804 o AREIBRA, B Rftred B,
Ug;il’@tgl}anﬁilmzﬂ{mp%mtbﬁQG? proganbeatié ol of irsmcrp elgment 1888.
identical to both of ne t 1
and menYG 18/sbawaan fli%{’r]gw}ﬁ?ﬁ%geﬁpg’ry = e@uen‘ig&ﬁw%aﬁ éﬁve a
Fl &isnde SHRWs83 Rield @k ntdt&$al aBF&tibAN 1801, 3 80 Y1 808! |

(material of memory element 1888) has the same crystalline phase 1813.

Memory element 1888 may be programmed to have other resistance states such
as resistance states 1933, 2033, and 2133 (FIG. 19 through FIG. 21). A
programming operation similar to or identical to those described above with
reference to FIG. 5 through FIG. 11 may cause memory element 1888 of FIG. 18
to have one of resistance states 1833, 1933, 2033, and 2133 corresponding to
information representing a value of two bits. Memory element 1888 may be

configured to be programmed to have other number (e.g., eight, sixteen, or other
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1800 with a nmenory el enment 1888 having a constriction
structure according to various enbodi nents of the

wOo pwent41on. Menory cell 1800 nay al so i ncl ude PCT/US2009/001599
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el ectrodes 1851 and 1852 to transfer signals to and

f t, _1888. El d d
AT e e i e R
| 4ROl A twPbik e%uﬁ'o@@fh%@ﬁl&ﬁbé§l and 552, and

menory el enent FIG 5. Menory cell 1800 may
i ncl udeAs stmwramlﬂﬁﬁ drﬁttlenoiugh Fé@ﬂlom elapgnt |} 888 BpyAave a

1888 el ectrode d 1852 n F
TeponsERPy R i Bp e e gﬁ@%ﬁm Feghioss
di go@i§drl of ;S‘d?fibla%@ﬁ s Sh&eh odkeaik8h FIGa2pomnby b ndB&&er than
directly contacting el ectrode 1852, and a portion 1803

?gg@tégﬂaﬁbﬁf pertiens Byl andd 8930 @ecq.qseof 113: (yﬁlév\'}é)tlﬁa strugipre of
3

eto1n|ca

| ndifretéatia “ﬂﬁhﬁn@ﬁorpwdmm 188@ﬂs praglﬁﬁrmed)chpcuthpte during a
1802, or both. As shown in FIG 18, portion 1803 may
| rmpgr@mnrnpg operatien, the Batsrighalpordens 1aﬁ>d angsB04 gy fFW&tn at

E@Ym 9 e%ﬂ#r% d)% {ég]t@r@égpfl &@1 5. by) RALE 'tl‘flar‘m%t%g%l at

I'SO portion 180
PQ)"drlle 1 Q@Iﬁiajbf:heﬁ'ig@frolﬁ caallbe phatet 8 BARIG. &8) ta an amorphous

P o gHigh Bmpsplpus ot 19 CRUN (g V°ai§?% G SRE)

v\,her(;eri‘{l {6 grzﬁgg%é@%%%ﬁgﬁ? Orllgg , 1802, andrﬁliSOS gion

(rﬁitlémmiadﬁclnﬁamzywe(lFéGEM) 1888) has the sane

crystalLi ase 18 t 18
pr ogr anlll':nll(gg %%Eﬂ‘%é]j %H@PSIP@r‘i?‘%ﬂggnggloﬂ & %egi%(sgfmd
I egiRHoABe g8t ﬁideﬁBSEkQ;ﬁ“IGZQSBAs a2 i3RI P2 GCmebdbry element

through FIG 21). A progranm ng operation simlar to
or1&8<8ehas a@ansttl@thmstwtluesmh tb@topcm@v &8 miay haves tapgeed part

1o pdllof 802 Fhadda BB RAR B HORiGH PERYay inciude

19a33eas?&i’6—’0f t@ﬁﬁecﬂ%ﬁ@s ZZlea&h&L’ZQBﬂI lMeﬂh@ry ¢lemennBl§88may have
repr esentl ng a value of two bits. el ement 1888
meincawal capesTSgehaRTERs (BEcap Matdrshadiag hﬁl@S)r%/?@é Bt pnd 2203.

n l&@{-sé&log Sa%'eaeiz%q tmall)ﬁlhéltuﬁg gn afth o?tplaﬁid?lufm rtilatorflay directly

resrStance states corresponding to information
r ephesedettgleal 85al Wrosfseniorearehan02 nmyhnd¢lsd€ athare of portion

s S D) S S0 B ELC 18 Loyl

StlBUlﬁHé’ b€ a4 O pbAfh 1808, NsBOWh N FRG. POCtds8Redi®iBarea 2203

(e.g., a crossgectl on of portion 1803, '‘as shown in

dahay bs smalléFitiain &2 offeyoshecatmnrapsas 220hand 2202. During a
programming operation, a signal used to program memory element 1888 may
cause a current Iz (symbolically shown in FIG. 22 as an arrow labeled "Ig") to
flow between electrodes 1851 and 1852 (e.g., from electrode 1851 to electrode
1852) through memory element 1888. Since cross-section area 2203 may be
smaller than each of cross-section areas 2201 and 2202, the current density at
cross-section areas 2203 may be higher than the current density at each of cross-

section areas 2201 and 2203. Different current densities may cause the material

at portions 1801, 1802, and 1803 to behave differently during the programming
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that of each of portions 1801 and 1802. Because of the
constriction structure of nenory el enent 1888, the

woradoeni4l7 at portions 1801 and 1802 may behavePCT/US2009/001599
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differently when nenory el enent 1888 is programed.

For exanpl e, during a progranmi operation, .the .

e QRSF AL RSB BPRIIORY G TSN 13 A s, &) amdiRRoMy regign 2213
S a@Rh G tiisk@dst DD 4. PPRISRNES 2314 51 1GG. 28 rhiy Rpedieft! dae 012)
while the material at portion 1803 qg% change from

crthickabdsent9 ¥h 2814, 284 211 £pEFIG 8P thepugh Hgp? phdugopneestion

(FriniorohSusTHBRRRANE ERH BYisgdh HhbRndobi} BRT B {des
(F1431 24@)1852) isahBwR MO VG \ Boihedugh FIG32Wat bnéof dthédphess
2 114 (FIG 21% FIG 22 shows a 3-dinensional view of

metesiops 4P bhdfil 3 1802 1A &G ct$ Baenghighs 2dnd 1852 of
e Merg RO Aoy 3061488, 14T TR RO 1 HBuPRFIG.

a const 1CH ucéture such portion

hay® neayt ipRHaed Paptoc2ssed singild tgor identical 8bde daycribad delw
tapered part 2262. Portion 1803 may include at | east
onwitbreferepes wdE16n 28 dhropgh FiEP®262. Menory el enent

1888 nmm -seet '

shadi ngt 16 magyHEH 0, SR SERYI5GH0RRBDIEEAR athéiory
ar @il Wiz 2 nrayorly Ridnuthe having meangfictpmr stiuwuré 80dordimgtto vagious
direct]y contact. electr 51. Cross-sect] ea
2200bofifpents Of thesnyentione Gr %/S a‘aqwsoﬁqelils@fz“{iﬁ%?dbﬁ{?r
g'z%o%?ﬁIEtYOIPMa?l‘égs g{&ggsreg’ qgsfcﬁ%é@witﬁrr%g%%@% FR®. 29 @fough

may 1 nclu n area of portion 1 . As shown in

FIBG.233, FiGo33thseatli DIG. 38show208s nhmepwry aell B4Q0 (Hen 34)

. of . - t.i 0] d '
PSRNt Pene et o SRR 56 A BRI oB R el
el &RsneA8%8 g.,n’%z/en‘i(ﬁ'y%ﬁen%lﬁé) WighdrodEsectiyaiatd &l dome other

shown in FIG 22 as an arrow | abeled "IB") to flow
b ecomements avithout| exoss-g® tion diges. gBarthes, tg helpf Yosus en tet r ode
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FIG 19 throug A cross-section .
on substrate 2310. Substrate 2310 may include other circuit elements, which

may form at least a part of one or more access components that may couple to
conductive material 2351. Forming conductive material 2351 may include
depositing a conductive material on substrate 2310. The material of conductive
material 2351 may include conductive material similar to or identical to those of
electrode 551 or 552 of FIG. §S.

In FIG. 24, an electrode 2451 and insulators 2411 and 2412 may be
formed through technique known in the art. Forming electrode 2451 may

include removing a part of conductive material 2351. Forming electrode 2451
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or other material similar to or identical to that of electrodes 551 and 552 of FIG.

5, such as titanium nitride. Mask 2511 and photoresist 2512 may be used to
remove (e.g., etch) a part of material 2501 as described below with reference to
FIG. 27.

In FIG. 26, a remaining part of mask 2511 and a remaining part of
photoresist 2512 are formed after some part of mask 2511 and some part of
photoresist 2512 of FIG. 25 are removed, e.g., by patterning mask 2511 and
photoresist 2512 of FIG. 25, using techniques such as photoligraphy and etch. In
FIG. 26, the remaining part of mask 2511 and the remaining part of photoresist
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renmoved, e.g., by patterning mask
2912 may be used to remove a part of material 2902 as descrlbed below with

reference to FIG. 31.

In FIG. 30, a remaining part of mask 2911 and a remaining part of
photoresist 2912 are formed after some part of mask 2911 and photoresist 2912
(FIG. 29) is removed, e.g., by patterning mask 2911 and photoresist 2912 using
techniques such as photoligraphy and etch. In FIG. 30, the remaining part of
mask 2911 and the remaining part of photoresist 2912 may be used as a masking
structure for removing some part of material 2902 by techniques such as etching,

as represented by arrows 3010.
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photoresi st 2512 of FIG 25, using techni ques such as
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sequentially depositing a conductive material (e.g., conductive material 3352) on

material 2902 of FIG. 29 before mask 2911 and photoresist 2912 are formed, and

25

then forming mask 2911 and photoresist 2912 over both the conductive material
and material 2902. Thus, the alternative technique may use the same mask 2911
and photoresist 2912 (FIG. 29) to pattern both the conductive material (to

produce electrode 3452 of FIG. 34) and material 2902 (to produce portion 3102
of FIG. 34). In the alternative technique, insulators 3211, 3212, 3411, and 3412
(FIG. 34) may be formed after electrode 3452 and portion 3102 are formed, €.g.,

30

by depositing an insulation material over electrode 3452 and insulators 2811 and
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techni ques such as photoligraphy and etch. In FIG 30,
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substrate 2310. Forming intermediate material 3520 may include depositing a
material on portion 2701 and insulators 2811 and 2812. Intermediate material
3520 may be similar to or identical to that of intermediate material 1220 of FIG.
13, or other conductive material.
In FIG. 36, material 2902, mask 2911, and photoresist 2912 may be

formed on and/or over intermediate material 3520 using processes similar to or

identical to those described above with reference to FIG. 29 and FIG. 30.
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memory cell 4200 after various processes described with reference to FIG. 39
through FIG. 42. Thus, FIG. 39 through FIG. 42 only shows some part of
memory cell 4200 of FIG. 42

The processes described with reference to FIG. 39 through FIG. 42 may
include processes that are similar to or identical to those described above with
reference to FIG. 23 through FIG. 38, except for the processes of leaving a part
of mask 2511 (FIG. 40 through FIG. 42) in memory cell 4200 (FIG. 42) after
memory cell 4200 is formed. For simplicity, similar or identical processes and

components in FIG. 28 through FIG. 42 are given the same reference numbers.
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material on portion 2701 and insulators 281 1 and
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FIG 13, or other conductive material In FIG 36,
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components shown in FIG. 41 are formed. Processes similar to or 1dent1ca1 to

those described above with reference to FIG. 29 through FIG. 34 may be used to

form additional components of memory cell 4200 of FIG. 42. As shown in FIG.
42, memory cell 4200 may include a memory element 4222 and a remaining
portion of a mask such as mask 2511. In FIG. 42, memory element 4222 may
include a portion 2701, a portion 3102, and a portion 4203. Portion 4203 may
include at least a part of portion 2701 or portion 3102, or both. Portion 4203
may correspond to portion 1403 of FIG. 14 and may be referred to as a
programmable portion of memory element 4222 of FIG. 42. Memory cell 4200

may correspond to memory cell 1400 of FIG. 14. Thus, processes similar to or
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menory cell 4200 of FIG 42 The processes descri bed
wth reference to FIG 39 through FIG 42 may include
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descri bed above with reference to FIG 23 through FIG

t f th I rt
25HEGE B thae (4P ORBY AR e 2R Hahe Ry SorouduBie 22
( Fllnga{ b# &leBbiSim FRIMLY cER |1h0(?ﬂ8@1®1@ 34f or med. For
sinplicity, simlar of identical processes and

c onpon eEI& 43rand|RIG. 26 sh¢w aag@usmr@;esa@ csfrfengim@nn@mery cell

reference nu 9,.shows (elely1s)
S PHTih ain S Tl Pakbie et SRS Hg vagous
megkbdfitbntsRTMOMOSHtEIn. AhkdrodBBées desdrib2dGilith ﬁf@eﬁmﬁ@m
2451, insulators 241 1 and 2412, and substrate 2310,

wa&arzbﬁlq 44rmaaypineluge @soossses thap ammblér tosrddenicgl to those

LG G f r@é
IB oﬁﬁl q%lers?geg%r%: e%gg‘ﬁé??}hl ng, giiq gg’r ese ﬂL
afﬁr@ﬁéss@@éﬁonhihgﬁhl@rm&ﬁate@ﬁﬁtémﬂ 4322 Hows irf BIGE(3. aIf Husr for
sone Eart of material 2501 (FIG_  39) is rennpved.

FI G

A0STRIP éltféﬁma@fpé?ftﬂcélfpfﬁﬁ@ﬁes%@ conpengR{a IHF1G A through
th f t

PPEIC. 39 4 Bien B AR R T oy be Lsed
as the llﬁri%?gaygowﬁ_ ﬁﬁ@lﬁtﬂﬂﬁedi:ﬂ'e ?Tm naglhamim mficrtne(dfate
mat eri a e renoy ) t chi
Dapeterhl fBemsuleis LT ) b b4 Faatiedt 2050 Srda
enstdbgll‘?atg el Or ffdrite ?a?é-l%a%gl 5% bt silildFRe Br ﬁéﬁtlé‘al to the

e renove uring t e etching), l|eaving
t h;mrp@ﬁmash‘zmsi«f F16141. Shusp orterinmadidd paterial K321 pbFIG.¢iB3 may

k.251 FI G 40 in i [l 4200 .
(Prectorissy by Repcieiys SEMILT 1t PEReneab o fadn peeeiPed gaapin
Of refé?é&rerf@ @t @9 R6EH AG. 4420 g0intbintadidé maldiid 430Balay

51 1 of FIG 39 may include material simlar to or
| dlenhldcalrem@mtngatarb@f a maéfrsmbuaan@slnﬁﬁé} PEFIG.4390 &1 FIG. 43,

r con ve F
i pGraelE mSH AR S BB Bopontthd dngliive
| %Uﬂeﬁhlﬁtﬁe%ﬁi‘po@@ﬂts%i FRG ey Ilnrh@ﬂ A tnatiop Odyl botl intermediate
insulation material on_ and/or over other conponents.

sw@mnalﬁ 4pRGand 4323 wey baiforgneghad th etw@wptan@ i pgGEesBion step.
%Qaﬁnge” rPi)-‘ﬁ?%' thé} 192701' 1{1&# e%sulators 2811 and
’on form

p| anarl z | ns | on
I nEIRahay be fbrﬂn]:d wiiild n4ask]231 1 bt ﬁloté&ssh QWEZ roe o thy ntagl remain

4200 with co nts formed after the CQ onents gvvn
i rOVier gortipn2 79 e BRLAERTOCESS § P %ﬁlarﬂzlaﬁ PN PECGRS may

' C&?eﬁlfdrﬁl@h td Planarize insulators 2811 and 2812. The planarization process may
stop at mask 2511. After the planarization process, mask 2511 may be removed,
leaving an opening above portion 2701 (e.g., the opening occupied by
intermediate material 4321 in FIG. 43). A conductive material (e.g., material to
form both intermediate materials 4321 and 4322 of FIG. 43) may be deposited in
one step over portion 2701 and insulators 4111 and 4112 to fill the opening and
also cover insulators 4111 and 4112. Thus, in FIG. 43, intermediate materials
4321 and 4322 may be formed at the same time in one deposition step. Both
intermediate materials 4321 and 4322 may include the same material in which

the material may be similar to or identical to that of sub-materials 1621 and 1622
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t hose descri bed above with reference to FIG 29
through FIG 34 may be used to form additi onal
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FIG 42, nenory cell 4200 may include a nenory el enent

42 nd_a remainin ortion.,of a ma such. as S
SREFI0] N6 farcathey sonfitbsf a0 Inepiiite B CtidP4 TR Hha 4322
POhhY 9Ro Zicide Bateflhls iddferddidzom @Rch &hBOT A ip@A of 2it8rmediate
Portion 4203 nmay i nclude at | east aggart of portiaon

2 70dtenal 4332 manbamedmved (¢.Bo bl Pattespingd fp alrtei® Ggynaining part of

carrespend to rti,gn_1403 o 14 and may be

r elflgeml%%a%c}nﬁtgggl ‘t)‘;rzgg?saéﬁ%kl)ll lé ﬁg(lg%‘}'on of nmenory

el ementFUZ 23 sabwkfematy celVanol withebinpéréils fayned after the
correspond to rrerm{% cell 1400 of FIG 14. Thus

prasoeposents shown it FIG 43rarg &rmedalProcssses sunilarde oF idsagcal to

a iLh re : t

S5 S RERENR e i Pl B G, S
Fl form44dioast soaiponusts of aness e seld#40mofiidy 44. Messhioyn in FIG.
cell with a nenory el ement having a constriction

st44eamay seld 4700 mgiinclyds ¢ BIgTosY BlsBIcREFA Ravingyeortion 2701,

| Bt 1o, KRG aRLAFSOARS. BopGsd BRA by tholuRbGt RACEa bt of

44 may i nc e processes that are
sipdrtiat 270 @rpdrdenBi@lor botht Fostiordés1Sr mbe dora¢spoad v pértion
reference to FIG 23 through FIG 42, except for the
or SR8 LEIGof® pis e e nFeRF Rt SA BORGIURPIF DRSS BHOTY
| Ne1&h&ie 4434 of UGS 44, OVeftioRPLAIFE400 mgy Bork@bod td Meforyadll
processes and conponents in FIG 28 through FIG 44
ar0giof &Gt e Thuss prasksaee sioslan trbeidsntical @ thoge desgnbediabove
i nternedi ate rial 21 and an.ipternediate
ot 8 Flrefiepis Fich 41 g 43 2y S 6 RSt MEROR) EelL g of FIG
amegl ectrode 2451, and a substrate 23 10. Internedi ate

material 4321 may be simlar to or identical to the

part of FlikadR though FE. 49 showjyariops psocepses ef freing @ memory
materi.al 4321 of . Fl 4 . .
TR 53 S RSl A R REREBSRTS i

I efngfRINGentk of fHe@nvelfiohhFIG o4O Hows dembs: @ll, 4900 after
internmediate material 4321 may_include a remainjn
paompletion efg@rious Prpcassendeskribed with geferones to3lihG. 4y t%mugh
A . . . : .

(ISR YIS MBS IRAE ST erul ofiZRarpicl fedating, o0
Flvdhiledid is beingforaletier nat i ve way, both internediate

materials 4321 and, 432 y be fornmed at th ti

in one Hh 4sishowh eleclapde ‘rg—%r1 @Ea{ﬂiﬂl@?mi %1I1—'Iaf‘§ 2§$ﬁme§over

p%‘)%tpeﬂ? 370 TRYpidCedsed FBEmIn3SHE 88ApsSneadlshbvand 8145

may be fornmed while nmask 251 or photoresist 2512, or

batéy bersiynilae homidentical to those described above with reference to FI1G. 23
and FIG. 24.

In FIG. 46, a portion 4601, insulators, 4605, 4611, 4612, and 4621, 4622
may be formed. Portion 4601 may include a conductive material similar to or
identical to those of portion 501 of memory cell 500 of FIG. 5, such as the
material (e.g., chalcogenide-based material) that may be configured to change
between different phases. Insulator 4605 of FIG. 46 may include insulation

material such as silicon nitride. Insulators 4611 and 4612 may include insulation

material such as silicon oxide. Insulators 4621 and 4622 may include insulation
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may stop at mask 251 1. After the planarization

9B bR B O P SR o kbl 835 0%
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1 8 iR hene Ruad heBnany. chouicaycor bt e,
413-idped) duri ZfabH&Hﬁ%n é;lr&egieg':‘ I Somé B4s88, TREIALA 4621 and 4622

materi al's 43721 and fornmed at the same tine
i nmayibe dapided. t bbﬁl@t@p foann&pmmlpeﬁﬁﬁlj and elsnhatt@r%@ﬁ gnay

4321 d
B e trl YoEtive FraleREL S P Birbh Ao oV Efedypac
sup4ITedrrihall oSl 1 and 2462 2Rbodiifg ard fhsuRtiofniérial (to form

conductive material. Internediate materials 4321 and
43msulpigy 460 Spvien tlesgadweiivemaiersal qardf ther FRm9 ving @ae by

T

papdrtioh 4601 eddimeulatos 4605 .clnsalato#sS2¢11, a613MBM, arid 4623. may be
44, FI G 44 shows nenory cell 4400 wi th corrponents

f ofomsgd aft@ré?orﬂ%%(blnﬁm@mlétogﬂ@%anerfow@- 43 are

f or med

descri bezﬁ Rﬁo #‘% e er nl():‘gfotdgggllﬁglﬁg%t r%r@ﬁ Qﬁ @)'gfo&e 2
42parafe.dea pla?redf i surfame rareadl df pmmnnl460hrrﬁommngs>peﬂmgt4ﬁﬁi ynay
cell. 4400 of. FI G hown in F no [
P A A SR A Rt T R AR
2785 BQ, t\hé)%%ilgt?a e 4B Ha0M WA 5be er‘JéhBWﬁrln‘F‘i@3 47.

may i ncl-ude “at east a ‘part of portl on 2701 or portion
3102, oln 6t M8, pation 680244RY bnﬁqmmdr rmp@md%brrw nndlede

1603 ,of . FI G, 16 and may bhe r.ef rred t

oG RHE T ReRE TG o sy T iSiRe of pRRR 4501 et r portion
4450 1INREMoSAdel] 5H0QF FIBY 5 GRER %ﬂ@nﬁat&@alr@@orsﬁal@sgémde based
1600 of FIG 16. Thus, processes simlar to or

| d@hﬂenelanhatt mmnﬂ%@dlt%ébﬂ%btb@évmntdhffﬁl’@fl@@ﬁ@% IndIG.
fq_%lggsﬁﬁ%ﬂ5 be u %igepfg{tlrn ”éec%%}ic eI Jllat%ggpoxper

SROW V

P rmaﬂs&e%@a‘ 1nf:ﬁfdiﬁg’\@1hag raspaiﬁﬁg 4763 Withithé c@dﬁeﬁw matenal to
el enent haV|n3 a constrlctlon structure according to
v HOVELC EHPRE r?éﬁ@é pertian SOl panshem Femaying a portoh

desc??{%tﬁgl téﬁzgf %. 4 rCM?{BP&% d ?@agttat Va?fén?dﬁm@ '3

r nce rou
conductive material, which corresponds to portion 4802 of FIG. 48. As shown

in FIG. 48, since opening 4705 of FIG. 47 includes a tapered part (e.g., tapered
part 4713 in FIG. 47), portion 4802 may also include a tapered part that may
conform to the tapered part of opening 4705.

In FIG. 49, an electrode 4952 and insulators 4911 and 4912 may be
formed. Electrode 4952 may include conductive material similar to or identical
to those of electrode 551 or 552 of FIG. 5. Insulators 4911 and 4912 may
include material similar to or identical to that of insulators of 4611 and 4612.

Forming electrode 4952 may include depositing a conductive material over other
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FIG 49. FIG 45 through FIG 48 show parts of nenory
cell 4900 (FIG 49) while it is being forned. FIG 45
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fornmed over substrate 2310. The processes of form ng

th FIG 45 | t
| o) K28 haeBer e ik s et & B
Fl Ganddstivdafeli toZdbtaih Rleclr&e 4552, F Rl 1g fig PBul4RPd4911 and 4912
i nsul ators, 4605, 461 1, 4612, and 462 4622 may be

f ommé abnchmvrdqusitine en imiationcnaj@ealan@éﬁmodc A9%2 and msklators

t ntical o t.h rtlon 501
{ g S pnaer e % JiERTE OB bl e o
chﬁuk@l@ﬁ@rnhﬁeeﬁaaﬁﬁﬁ)nﬁahanma}s)49t1Inahd rzrayz.be configured to
change between different phases. |nsulator 4605 of

FI G 46Asshowman Be 49n semery eell A2A%mpy incdyderp memory element
Si Jlé Q{L]vo rgﬂdrﬁ&u 4!3 o%rz?6 ”Ju} @&‘gx' 2@83 BYrtlolddedFnay

i NnSu erla as s Tnsulat ors
4A6iatlvdedt BAA2 partyofl pwh@tdesomﬁoam(bmmt of bath. Poetiorng903
silicon nitride or alum num oxide. |Insulators 4621 and
4692y hayelemed © 382 pragrammehle Pprtion &L mmespory sleapent 3899 of FIG.
oxyglen or hydrogen barrier |ayers) that may

encapsul ate portion 4601 and insul ator 4605 to protect
porti onFKB GD a‘ndd?IGi Shdhew tvan‘id)liswrbeﬁsm ofIfomniad a memory cell
ther rncal

, or both ., oxidi zed)
duvit “F ‘?W& hﬁ%&&é‘s‘%%mcﬁ‘?fl %tﬁi%éuré gseqrding t° various
' ”e?h'l%&ﬁﬁ%ﬁts 29 &k iR0Eh 2 ZFHEﬁﬁsfo&ﬁseQ We&ér[%@d with x%ké?enébeto FIG.

formng portion 4601 and ul at or 4605 may 1 ncl ude
deffbaid Fltg 53 neaynichobide peoaesdes that hre(similantornrpderiticalto those

4601 | 24 d,d psul at 41 1 and
2sbithdgbere Py RiFrrivedt EIoh BEERIID. 60oegp: the
! %Hé@b&fof%%hg%ﬁénmsowmﬂz\(ﬂ@m tadlportasdls toresmd

renovi ng i %ﬂ ﬁé patterning) a part each of the
c olentode va SANIG. 531l Bhuso forrmimphicityl, smllﬁrfomdﬂnpgaltprwsses and

4601%%2gnts s i’%@ t{l% %Glgl%} t ga?eu' 1‘%1% he sa %diferélg%%Um%% 5.

I nsul atBIG. 456@50@5 enat@ia1sdo2 hid ﬁh@nalﬁl?osmaﬁe@gvél%ﬁé other
be formed in insulator 4605 to expose a part

??coglponsntgafflefsca Migier b 8003 ay sfuds gy aomgRctsoRaterial
o o Gl Ul pb R L FARKIIZ0SE xlley nPlhge o

( ecogduyctivieanatedidlisimiliaper édenpiasltto 4t 3f bievirade 4052 afifdGado.
showp In FILG 48 aortion 480

£ e Sedprnis - mgenalsa0? ard BN lePaties A firs
Si aashheauv%qnaénmctﬁalmador&& 515 M96. BP) §3 e Biikd QdmPBbn&His of

portio
FIG. 49 and depositing a second conductive material (to form electrode 5152)

over the first conductive material.

In FIG. 51, portion 5102, electrode 5152, and insulators 5111, 5112,
5121, and 5122 may be formed. Forming portion 5102 and electrode 5152 may
include removing (e.g., patterning in situ) a part of each of the materials 5002
and 5052 (FIG. 50) in one removing step to obtain a remaining part of each of
materials 5002 and 5052, which may correspond to portion 5102 and electrode
5152 of FIG. 51. Insulators 5111, 5112, 5121, and 5122 may be formed after
portion 5102 and electrode 5152 are formed. Insulators 5111 and 5112 may
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501 of nmenory cell 500 of FIG 5, such as the nateri al
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weowbiigured to change between different phasesPCT/HSIDL01599

10

15

20

25

30

48, form ng portion 4802 may include depositing a
conducti.ve nmat eri al rin at or, 460 nc in

£ 1 efuds inspiationgnarsral ek & SR ot crvatdieo bt ft 1192 may
c OM%fudE hEsuBRASERcRAlicPhs ARESH Mt FaR hludiMdnt §6de. Insulators
removing a part of the conductive material, e.

g., by
CI\/PI Yranded22 may m@aﬂaddltmnhinﬁulngorpﬁethat sy enqapsulate portion

ﬂ#ét.nl crtrr%tggréh%o 268 e'gF portig %? Qf %’drsn 1tno 9 %enhg $8é)%02
FI Sxidfréd difhg eBsicatidrapoteded élhtso{n@ c@ses in@@lafoegis PEIr 4nd 5122

4713 in FIG 47), portion 4802 may al so include a
tam@ybéopaﬁ@dthat may conformto the tapered part of

o0 1951 iy T 5, B 5P LG R B

49515 S ingsdrti 6 4601) Goionvi 02piet a portidn 15il DA Pbﬂlo\an 1 03 may
identical to those of electrode 551 or 552 of

| nigluge gt leastgpart %fmpmm%%v RO A 2Rt B?tihmPogtil?ﬁ flé}3
' S o SRIES B od LorDAbn Il BSHIGRI? er ey Amd 3195 of FIG.

orm ng el |nc epositing a
cofducti ve rmterl aI over ot hercorrponents of FIG 49,

and then renoving (e.g., t rning). a part of t
conduct I'lf& PR aimegoumselli b Berbisaatanen eHRlp iy
I Nind u%‘é FStedodd sﬂm@aﬂ% élngd%nﬁ@a\f td m%&&@@oﬂ@ BP&icldrbEsdy

i nsu on material on electrode 4952 and insul ators
46dsasd;rllmﬁab©®& Nithareferpicana FIG @th@m@ FIG H8] extiepigfoCR

pl anari z t he .i suI t|on material. to for

P Bares Tl B5hing Hhhrbadte e Ry 2P in Foety lemggh 5237 of
ceplG. 520G opRihg 1ﬂf3n§i@@iafé HRERAD5 200 @B inc A8 Aepaditinifa material
portion 4802, portion 4601, and a portion 4903.

Pobatveen petian #6491 pnd insdletoad6P e e, éurptw prog¢sspodescahed above

¢ oV b PGS LA BB il oL SN G Y i inchude

el parnhl 4999 &f orfilléatic4Pto thbde oﬁﬁkeﬁﬂéﬂlﬂb @atéridl 18|20Wf FIG. 12,
vari ous processes of formng a nenory cell with a

medfcttherelopreitveiBateid)- a constriction structure

accordi t S @r% ];%91,
pr ocessgfsh ds% s‘c{}?w %gﬁ eﬁw%gg;%pgngg IE)IEE?&(E\HH 0 a%g()%

5 ihchmdy provebsedl einpilzpe@ssrisntiduito atrleass sort af theprocesses
identical to those descrlbig above th referggce to

FI dgscited ahoye gthpetsrengg to & G iid. preseRLE die pypoesses
gg fg‘og}%%{é%%ieﬂhédégqgatéﬂﬂ 55395%f (ﬂ%h%ry &R Y3 PP6E FRY 53.

Forming intermediate material 5320 may include depositing a material between

portion 4601 and insulator 4605 (e.g., during processes described above with
reference to FIG. 46). Intermediate material 5320 in FIG. 53 may include
material similar to or identical to those of intermediate material 1220 of FIG. 12.
FIG. 54 through FIG. 56 show various processes of forming a memory
cell with a memory element having a constriction structure according to various
embodiments of the invention. The processes described with reference to FIG.
54 through FIG. 56 may include processes that are similar to or identical to at

least some of the processes described above with reference to FIG. 28 through
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el ectrode 5152 (FIG 51). Thus, for sinplicity,

simlar or identical processes and conponents in FIG
waantiFl G 5 1 are given the sane reference PCIHg2089/001599

FIG 50 shows material 5002 and material 5052 forned

oV t.he oth onmponent s Fl G 50, teri 0

e Gtk ERREPCLoE SRRIOERORS S P g mETom Binmiy 3573 WPFIG. 55.

| deRtd, €l sirthplidifiQ SBnildr of @dentiodl pf&ddses Mat e6inpbn&iS#h Ty, 28

include a conductive material simlar to or identical

t othrongh FG. 34 end FideS4thsoughfFIG, &6 arogivemthe|sgmeggference

forur{}lg Srmteri al s 5002 and 5052 may i ncl ude depositing
Y conduct i ve materi al (to form portion 5102 of

5 FI G 51FI®sarshotvBamsaskiiaanant a phbtordsist 5492 ansterial 5401,
depositing a second conductive nmateri al

O eatrasla a6 T Gy Iapes SAMandiIALS, Haranecity 23 Maresial 5400
= 51 i . , i
£ vy e Ob@Ra DS fifftar B FIEAEE 1R ordilerif] 2807 LOFFG. 26.

pOThé eoimpokRAtsafFI6l 84 hayde stihfia towy identitalde theseof FibG. 26
(e.

. patterning in sif t of each of the .
refeh sk G001 et 207 anltang! 201 GHEreEeRgnatlafprs

10 L ARt Rl D43 rﬁﬁ%‘ﬂgw pg{¢ of each of materials 5002
and 5052, V\%’I may c%rrespond to portion 5102 and

el ect r oFKG.555Dowk afhénorylelerherg B5a8,0vlsich nlayhe formmédby a
5121, and 5122 be faormed after porti d

ol bssa e BE Sl e rapnane « prcar Besre) s+dher it B nesory
By EREh B85S gbgir?g%g 1115%51%1'5&{)1 SPFIG 25%) SEbi 6Q4MpAI%] H&east

I nsulators 5121 may include insulation .
mesosnd eart eflmatersl $401i afdilGnb4 miagdegemarethbyeichiogi(es:, using

Insul at.ors, 5121 and.51 erve as addit]j .

15 | iatedF SRoE R ARy oA [ R Wi Sied 35 it
el gitioRisEs 08 15503, an@ 580 BCThRQpbitions SIOL 550D 8nd 5503 may be
i nadvertent|y being oxidized during fabrication

priosaed by on¢ matesiab rep@ERg step diat maynsclsdoremayinga fipst ggipunt

.beofcmé }nta?e‘iiial @Pmﬁ& %54@1 t%l E iofEy5B5 Yre vlmg5 ofl§Y
9'I ehent n 4601,

i ncl'ude a nenory e avi ng portio

podrhduid ob HZmatarial i rpatetial 3405 IO BrmRwrtiow 8561, @dd retoving a
include at least a part of portion 4601 or porti

20 51ibird agrougetihe peTa et mRtFEaaY0 8 fPERBPriaH 119 2ad b firs
T s DT
c etht 26D sech thatcdach ef firss @ed sesnd poiticas 5601 end 5502 may have
oLk OgaL Least Sos, 21 Hie & scerses descrLoRd.
ex@aFRtd bk 55E portion 5502 may include a tapered part 5562, and portion

25 5503 may include at least one of tapered part 5561 and 5562.

FIG. 56 shows memory cell 5600 with components formed after the
components shown in FIG. 55 are formed. Processes similar to or identical to
those described above with reference to FIG. 32 through FIG. 34 may be used to
form additional components of memory cell 5600 of FIG. 56 such as electrode

30 5652 and insulators 5611 and 5612. Electrode 5652 may also be formed by an
alternative technique. For example, in the alternative technique, mask 5411
(FIG. 54 and FIG. 55) may include a conductive mask such that electrode 5652
(FIG. 56) may be a remainder part of mask 5411 after memory element 5555 is
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processes of formng an internediate material 5220 in
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bet ween portion 4601 and insul ator 4605 (e.g., during
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For i . . . :

RS TGRS R PR I8 and s may b

I Nsget ad ermdmemotecell 180dDWwiRIG. pg.ocesses descri bed above
wth reference to FIG 46).. Internediate material_ 5320
in FI G OBgslllgd imat oy reeoepizedhatdheygriguspgogssses of forming

i i Ofir b hat '
SEhEP L oRgelaid R inta shod 48
pr dssedissisaboive frathniefegerae e FiG 2 cthidughi KIKy. 46 meayoinglude other

el enent hﬁvi ng. a constriction structure accordin

L
v RTPETCS TG LT SPMPRESTIT PR GHCCST RABP RIS Sifar to or
deRiehti e b Mcbd oafRhens 211,311 Sd #11 HowWeLaFIE. Bthifigh FIG.

may include processes that are simlar to or identical
t o4.aTh¢ desstipamnkerein ariés the desssiption o therprbeassesorf\ferming pther

f FIG._ 28 th FILG 34 for the.
or STRARESs o (RJRTRGY Sy OB G B8 SE BBl ddribed

Thiygeinfor sinplicity, simlar or identical processes

and components in FIG 28 through FIG 34 and FIG 54

t hr oughTig Hussgionsef gppasptus (g smsmoneflevient@l padipemery cells
FI S k 1 t S} ,

et 3050300 4780, 140 6hE 807 2800 B Lk, 3496000,
244120, 826D, 3806, tahdt560@)3k0 intbfidedrto providdd gemeyali undetstmding of

material simlar to or identical to_.that of naterial
25be serctimef vagousTeiabedimsaisare sregrot itendasitorpagvige a complete

B L o T

24 lthe stnethrat dessriBdd heraind 24 12, and substrate 2310.

ST W A AL T —

Of o fREVRT inludRfEsimAfatih Gia RAWIE MPRYs, apparatus (e.g., memory
device 101 and memory cells 200, 300, 400, 500, 1200, 1400, 1600, 1800, 3400,
3800, 4200, 4400, 4900, 5100, 5200, 5300, and 5600) described above may all
be characterized as "modules” (or "module") herein. Such modules may include
hardware circuitry, single and/or multi-processor circuits, memory circuits,
software program modules and objects and/or firmware, and combinations
thereof, as desired by the architect of the apparatus (e.g., memory device 101 and
memory cells 200, 300, 400, 500, 1200, 1400, 1600, 1800, 3400, 3800, 4200,
4400, 4900, 5100, 5200, 5300, and 5600) and as appropriate for particular

implementations of various embodiments. For example, such modules may be
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el ement 5555 is a portion of material 5401 of FIG
54). For exanple, at |east sone part of material 5401

W@B00p131764 may be renoved by etching (e.g., UBCTHES2009/001599
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i sotropic etchi ng in directions 5510) to form nenory

ele t ., 5555 t| ons .5501 502 d 55Q3.

© oFETgd oagystent BpRtion STRABE A KR psS £ i ipnd Béirical
MBd; Sl @imﬁlﬁt"@ﬁ/if)z{!ﬂlagé e@ow@ahse@xanura@dtﬁ@kﬁldnesmmamgn@ackage a
first amount the material of material 5401 to form

pmm)a@mreemgiucta@ﬁ@ema@rsmbm apowst/hest dissiatign simylption

e s R S T R e

po¢drhisifatidOer softRard aridharéwaiénisedfo opRirfe bakinitdyte ke Ofuration
than each of the second and third anounts of the

ne®ferarigus pelentialipmbodipentsyf first and second portions

5501 an
chown | SnERRerRYob B oS chBRERRAARRY incFie PIRTRUGdc(PR
pagltctbdnd cirquitiy uswal inIgh-speed icomputies, aoﬂn&pmlicmﬂiopanﬂ signal

5562, and portion 5503 i ncl u & | east one of
t ARFOFBGINGFICUTYE MEFHUY grelesppaga WORSSIREARS 5 Vices (e-8-»

Isﬁt(ﬂ%ﬂg &rgfgg)o %g%ed}tlﬁléﬁl%rﬂggs&f th&duléd)Sin gm&ﬁbfe ShoMRied

are®tornmed. 'Processes siml to or
i derotéssads, multt-bms ratessrs, ath ssbitwhes, and hpplefatiorspecifio

FIG 32 the F b tof di t
c OHBBHEn Gy s <E i TEE0 MR e oS RAE U ghed arther
eI l?ecltnEqugd §§5§ﬁ) %?deﬂeﬁtél v@a‘ﬂﬁﬁ% v%ﬁéty%f%‘l&tr@ﬁﬂe%ystems such as

El ectrode 5652 may al so be forned by an alternative
t etelenisiprs, cdxkuﬂareedanlmres, fiensonhlecompusers &¢- Bv apteireampjiiers,
1 ncl ud

CoTmtiop comhisste handneld foupb B I EvmpiEH R vogsstatigrs.

beragios eviBbdpRYen 3Jdd1(9f)la§f&§ Ke. f€w4MI§L3 @bén PRIGE Exp@OEAdup,
5555 isformed. Furt her , i nsul ati on

medediodlayer 3 pgayerﬁavdnpls:s gneh@ﬁl dayiceso(ec hegetrinprpitar, blgod
?2}?1‘%%5&96 mom‘%’r gtt 36%.{%(3? %P)%g {]16o%l¥er9 fF G 46) may be

in-areas 2% Bricapsul at e’ menory

el enent Oh&obmbee @hbddififenistdesdribeliherein ﬁlchmeretplpmttfs%ﬁ
may corr espond to portjon 1803 of FIG 18 and n'aly be
r engthpdyhavdngsa menyiry Ge4 Nl Brspelpetreds aod ar?@ﬁ%?%/ ectrode, and

el
PP SER 4L, SRech R 800 . o
prac@ssedement hay irictudera prd gramrmblle p«:rtlbh mamngeasmauetieh

abov wth refer ceto Fl ma be sedt
IgHFRIG cR@nge Defierngnuisp phi %ﬂy ﬁpal?kon may

rmé/e 1%@1%%9%&1@ tHe@ist &Q&rd’(ﬁr Qpé‘ﬁrspﬁ&@l%ﬁ%?%é)ﬁ‘leﬁl‘éf Bfhent and

menory cells 3400, 00, 4400, 4900, 5100, 5200,

5300@latedrftbny &&Osecond electrode bya second portion of the memory element.
Other embodiments including additional apparatus and methods are described
above with reference to FIG. 1 through FIG. 56.

The above description and the drawings illustrate some embodiments of
the invention to enable those skilled in the art to practice the embodiments of the
invention. Other embodiments may incorporate structural, logical, electrical,
process, and other changes. In the drawings, like features or like numerals

describe substantially similar features throughout the several views. Examples

merely typify possible variations. Portions and features of some embodiments
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descri bed above with reference to FIG 23 through FIG

56 may i nclude ot her processes of form ng other
w@orponamt s such as access conponents sim |l ar BCI/G82009/001599

identical to access conponents 2 11, 3 11, and 4 11

h 2 th d her ei.
R PR S A T
ot \K}ﬁfb& RRNE N Gro8d of dXG11 IEfHR vt Lﬁ)%wréadu@% Bl Bndepstatadi@iNthe

|

t he enbodi nents descri bed herein. The iTlustrati ons of
apqmrvatdgs:rméog Thengfare.ythel ssape of vanowsembadiments of thesinvention

200 (Slefg 400 4{%%5)91%4?&%6&)% 140%&5 680 éﬁﬁ) n{%%gggbvalents to

5 ar@hkﬁkﬁaﬂgdumﬂnQEQﬁﬂaﬁ a general understanding of the
structure of various enbodi ments and are not i ntended

to proviaeAbsteashis prowidad sceamply avitho37 Gil-Rt §k72(b) requiring an
co e
CIRGRSTAR AR iRl RO TR Whplind e
C ofplan&d) tisscliﬁﬁfer IMrdAbnaves samivediwiil tierntiedtanding that it
number of ways,. including simulation via software.
Thtidl ngihsaised tesinteaprgt or mm@sceee PEBIeaping of therlaigsy
cells 200, 300, 400, 500, 1200, 1400, 1600, 1800,

3400, 3800, 4200, 4400, 4900, 5100, 5200, 5300, and
5600) descri bed above nmay all be characterized as
"nmodul es” (or "nodul e") herein. Such nodul es nay

i nclude hardware circuitry, single and/or

mul ti-processor circuits, menory circuits, software
program nodul es and objects and/or firmware, and

conbi nations thereof, as desired by the architect of
the apparatus (e.g., nenory device 101 and nenory
cells 200, 300, 400, 500, 1200, 1400, 1600, 1800,

3400, 3800, 4200, 4400, 4900, 5100, 5200, 5300, and
5600) and as appropriate for particul ar

i mpl ement ati ons of various enbodi ments. For exanpl e,
such nodul es may bei ncluded in a system operation

si mul ati on package, such as a software electrica
signal simulation package, a power usage and

di stribution sinulation package, a

capaci tance-i nductance sinul ati on package, a
power / heat di ssipation sinulation package, a signha
transm ssi on-reception simulation package, and/or a
conmbi nation of software and hardware used to operate
or sinulate the operation of various potenti al

enbodi nents. The apparatus of various enbodi nents may
include or be included in electronic circuitry used in
hi gh- speed conputers, communication and signa
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processing circuitry, menory nodul es, portable nenory
storage devices (e.g., thunb drives), single or
woriovitiqgarocessor nodul es, single or multiple ePEUS®A/001599
processors, multi-core processors, data sw tches, and
apgl.i cati.on- specific nodul es including nultilayer,
nuﬁhpfgﬂﬂﬂnﬁadﬂles. Such apparatus may further be
i ncl uded as sub-conponents within a variety of
el ectronic systens, such as televisions, cellular
t el .ephofedevigsaomprisingsonput ers (e.g., |aptop
conput er deskt C ut er,s andhel.d conputers,
t abl et Eg’ﬁ%ﬁ%@h&,gga“gg%coﬁgFl?g{}g??’c?ﬂ , radios, video
5 pl ayer sa nadnelir9 eRin@dhe diedtBr @ntachs tHeMrst it Rc6hdiERctrodes, the

Experts G oup, Audio Layer 3) players), vehicles,
neewary elementiaciuding a pieggammaiipa pprion havagd paksiapenfigured

nmoni . . r 0r e
B e R L BRI
meisblackd e itigfist sles®sde Wed firstpbdhioa dfitlisinerloeg tleardat, and
and a second el ectrode, .and a nenory elenent directly

a. y
cowheretn thg preggammable paidorsisdsniated Siormtbesecondeelertradepy a
el i gmebl e portion having a
“)na%%?ﬁ%?gﬁéﬂp?g&ﬁggn?gngﬁgégé bet ween mul ti pl e phases.
The programmabl e portion nmay be isolated fromthe

first electrqde a first portion of the nenor
el %nent e devieophglaim h%h?r‘?‘ﬁéﬁ%@@&?&y glement t?ofé’n)éﬁ“r&d to

SEGRRE RN AR fFfthd gx%g{"@ﬂfﬁﬁﬁﬂe ﬁbﬁf@ﬁrﬂ) ha$d Dekst phase of the

enbodi nents 1 ncludi’hg addi ti onal apparatus and net hods

armultipdcphdsesiarabtowausd ¢ mategihbofgack of theHIr§ artd schowdigértions to
15 FIG 56. Th abovEg%es .i@tion and the draw ngs

i | RS AsEER € BHISINHEREPIBFSS: he i nvention to enabl e

those skilled in the art to practice the enbodi nents

of the invention. Qther enbodi ments may incorporate
stF-uct uFl¢ devieggefcdaim 2| whareindbg magseriot ekprogeangmat g @ertion and

¢ W‘%Q %1% eer]aiéi él{s Qzﬁ;hdorfét‘f{\é glgs? ’éill’,lﬁll :segcﬁpcill %g}tijor SRci0be lcfix%?oe%enide material.

nummer a ¢ribe ‘su simlar Ted

t hroughout the several views. Exanples nerely typify

possi bl e variations. Portions and features of sone )
20 ertbodi mEhe devase ofeclaipe | oesgeinthe wategighak the pregramgyable portion

: _ _ : . ‘
B PR e P i OF R RAG i it Bond portion
urtderastraaallingphdse. above description. Therefore, the

scope of various enbodi nents of the i-nvention is
determ ned by the appended clains, along with the ful

raqge ofhequidAd &ilim 1, QyNéin Rt feg&rbn%loﬁfitﬁ@ﬁéf &nd second
entitled. The Abstract is provided to conply with 37
25 C.perfionslingiddés) a rapeued piartgaraithe programmable portion include at least a

part of the tapered part.

6. The device of claim 1, wherein the memory element includes an
intermediate material between the first and second portions, and wherein the
30 intermediate material is different from a material of each of the first portion, the

second portion, and the programmable portion.
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abstract that will allow the reader to quickly
ascertain the nature and gi st of the technical

wolp®eliogdTr e. The Abstract is subnmtted with thRCT/US2009/001599
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understanding that it will not be used to interpret or
I| scope or. nmeaning of the clains.Wat is
med %e“cf COMPISNE e conprising: a first electrode

and a sgeeNdIRireas hRfLscRNd cRciBID M el ement directly
contacting the first and second el ectrodes, the nenory

el enent a nresiary elegnent prebigtiegaraiatasiap g(pr;ﬁgymedthagggbetween

ma ial confi ed to cha e bet o)
et pRE PR I<sh 8 cEPRTE RS BE Pedind afofa BRERRles, e

frﬁ@ﬁloeya@ﬁleﬂdgcml@ first portion of the nmenory

el ement, and wherein the E;o grammabl e portion is

i sol ated farfdst porEios eevied the firgglecrpdaandbaying poirsticerss-
of setcﬁgn %E%E)Xﬁ rgﬁr?cp%liovg tl}eTJL]l‘Ia'regFt\ol pass fo dlfét pai m 1,

whererl n I's confilgure 0 cause the

materi al  ofsetdiel portigh acuped ® the sédooﬂ cledtrbay endhdvingh second
phase of the nultiple phases and to cause a nmateri al
of cregscsechien area apd configiied tdllonnths suireatis pags hequehyand

second ph ﬁlrﬁ ohpﬁl Jo:‘drgfed Rle &HQﬁg first 3nd I&%Pg ‘%hﬁﬁs Ahd

claim 2, ere teri progranmmabl e“portion
anichvifea thaddeorosstseatioearch coﬁﬁgdred fd zrlhiw ﬂled:uﬂentmd)ass through,

or ion | nclude chal cogeni de erj al devi ce
Pbe) q (hifgherp st FrotiAg AFFAITHT et ey ggh of g‘lfrférm sgeond
pqﬁgﬁg&cﬁ&§m§gsanorphous phase, and a material of each
e first and second portion has a crystalline
phase. 5. The deV|ce of claim1, wherein at Ieast one

of ,the rst .and ort|on i ncl u e per ed
et ahhe SR e Y R Sereticndnd R ens,
pantlu@é ah entidnehseripart . 6. The device of cI aiml,
wherein the nmenory el enment includes an internediate

mat eri al betmeen the first and second portions and

V"rﬁfref: MThe e\/ilpé(ﬁfrcg?elgt ﬂt&e@h‘?héx% n%l 1‘%' [ dgs S@S ppa i 8

eac r St

pogéin@munﬂﬁﬂtlmbﬁy,m@gélam@bl e portl on. 7. A deV| ce
conprising: a first electrode and a second el ectrode;

and a menory eIenent including a material configured

h
cu rdr: eﬁ?ﬁg (?V\Be n h{ I’r S éln S egﬁﬁygF%g?fi%g@g?s %Ih e

intermediate materlal between the ﬁrst and second portions, the intermediate
material having a resistance value lower than a resistance value of each of the

first, second, and third portions.

11. The device of claim 7, wherein the memory element includes an
intermediate material between the first and second portions, the intermediate
material including one of TiN, ZrN, HfN, VN, NbN, TaN, TiC, ZrC, HfC, VC,
NbC, TaC,TiB,, ZrB,, HfB,, VB;, NbB,, TaB,, Cr;C,, Mo,C, WC, CrB,,
Mo,BS, W;,Bs, TiAIN, TiSiN, TiW, TaSiN, TiCN, SiC, B,C, WSix, MoSi,,

NiCr, doped silicon, carbon, platinum, niobium, tungsten, and molybdenum.
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menory el enment including: a first portion coupled to
the first electrode and having a first crosssection

wae@aicanfi gured to allow the current to pass Par/osmng/001599
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a second portion coupled to the second el ectrode and

hayj ng a second crass-section area and configured to
al ﬁow t%é“%tﬁ?agﬂflpf‘ﬂnﬁass through; and a third portion

coupl edaﬁﬂ%ﬁi@ ARigdAetd 4 meinoRNEeIFECLRMEmBEY 86REStoA 6ate a current
having a third cross-section area configured to allow
t hBowungrthrough @ memerytdieroenjlof theraempry eefle thetmergory element

o §Rblagngs PRy efecBe pila B SREVYR ol BE gl cstt
7, theenedry eldient ifchiding & pestamablelgdirtich PAiLg @ Asaterial

include an identical material. 9. The device of claim
7, conffigpesidrio changeghesy ean mpliipla rhasess wdigiays thepregrammable
ger mani un idron R : V,
OFATIPY W R e Ao o B bR

I nélednbmdhigd @hemiethie prodiginwRBle goitor isrisdlated drome dendcond
portions, the internedi ate material having a

r edlpaftosis by asgcord PoHen of igrmemeyssleheice val ue of each
of the first, second, and third portions. 11. The
device of claim7, wherein the nmenory el enent includes
anli.nt eThenictiod afelami 12, wheteivethe signal fsiapplieddarizgaond

portions,. the internediate material |ncluding on '
Ti INCSTARNDINGORCTajRN O%Eﬁrq, MERLY GEVEse o ,naqft%? H%&ﬂaﬁlsghe
TZ&J %lr%nanal;é ggrtioh'ffﬁ%n a\{ﬁgtmhmz thd ﬁ‘ﬁﬁztllrpl Bbels 1B %&;ond

, B2, Mb2B5, WeB5, TiAIN, TiSIN Ti TaSi N, Ti CN,
Si fhasB4{ahe WBiltiplelihs, to Bio@r infetupéidn sitbitbeomenmsay belh,
pl ati num niobium tungsten, and nol ybdenum 12. A
nmet hod conprising: applying a signal to a nenory cell
of 18 MEPRE MeBRMIoTRIHM 18] QAkRifthe lé[%‘n@ms abp¥d Beridds pdadh

a menory el ement of the nmenory cell, the nenory
el eperationdifitee mieyory Aevdes forrgadiinformation|stred vuihie apemery cell.
second el ectrode of the nenory cell, the nenory

el ement including a programmabl e portion having a

materi ah wanRdd &wﬁﬁﬂsih% change between multipl e phases,
wherei n_the programmabl e portion is isolated fromthe

first efosmingrirsbglegreds st portion of the menory
el enent%)r@ﬁ%ﬁ/%gg& Qle&l?cgdé%&gr ammabl e portion is
i sol ate r e secon
forming a memory element directly contacting the first and second
electrodes, wherein forming the memory element includes forming a
programmable portion of the memory element isolated from the first electrode
by a first portion of the memory element and isolated from the second electrode

by a second portion of the memory element.

16.  The method of claim 15, wherein forming the memory element includes:
depositing a material over the first electrode; and
removing a part of the material to obtain a remaining part of the material,
the remaining part of the material having a tapered part, and the first portion

including at least a part of the remaining part of the material.
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el ectrode by a second portion of the nenory el enent.
13. The nmethod of claim 12, wherein the signal is

wappbited7duri ng a progranmm ng operati on of thePEEO®2099/001599

10

15

20

25

30

device to change the material of the progrannable

ion_froma fir he mul ti gses

bnd E{ﬁ%%ﬂ}?ﬁ of g IWL}IEWS]F@HI) IEQIB? ement 1nc1udes
I n&éﬁb&%g% auaffuenmﬁat@ﬁw\%r ﬁelrlema&ﬁln PAEoBb ROfer?dl, the
claim 13, wherein the signal is appl |ed during a read
opscaind mrtloﬁ indheding abolegst departod theaddatachal nf tandrthe
stored in . th nor ell. . 15 A nethod
F o REgREA pofeBratpiaal 1615 o0 od S A s S Bl D Ba of
ant%efrlihrtéﬁdﬂﬁn@tlfégfﬁ?ﬁd’ftﬁé gd@tbndini#&idly contacting the
first and seco | ectrodes, wherein formng the
menory el enent |ncludes forn1ng a programmabl e portion
of . 4 he ed f h
ol leéc tro e}ﬁo?i m lgl, gelrb ?or{n%{n tth %gm rirleéenr%ex}t mcl\édes
i sol at e@bp‘oemgtahﬁatslem%r ﬂieemttrsnaﬁrow amdsecond portion
of the nmenory elenent. 16. The nethod of claim15,
wher ei nrerrmvme@parhef thempatgrial (i gpmmaterial raeoying step to form the
de [ ve and
- Eborkog, e BB bBlcH B MirdgraminIaRABRE PN
part of the naterlal the remaining part of the

naterial having a tapered part, and the first portloE
i nk udi R method ed elaimd gy Whegein ieenovingihsipag 94k materighe

[ I f
Fﬁé%%%nﬁe%’%g e pAGf 1o Balriabto BRRIRL rosihane
megotiom Irernueing talsecorenmnoim gf hermatefialtth domma ther firat portibe, and

second l n i ncl udin | east a f t he

SOy i D emaugt o b dhaferia 5 BymoR aptondor i and wherein
| ek et Afhoaht &ﬁﬁ%ﬂ@ﬂ@ nf¥re %haﬂ%&h 6f thieR8cdnAINdRhiNG aRBhts of
of the material and the part of the additional
methemiagdrial. 18. The net hod of claim 15, wherein forning

the nmenory el enent includes depositing a nmaterial over
the first electrode; and renoving a part of the

Meder i athd MeBE offBlagh 18] wherRBiondirfyt tAE niedndry elenidif includes
first portion, the second gortlon and the

priogringrannierpedistesnajerial betwaca thefirs and second paitigs, the
t I
PO By AR R el B Lol 48R porcons

priagludimgaldeeond material different from the first material.

21.  The method of claim 20, wherein forming the memory element includes:

depositing the second material over the first electrode; and

forming a mask over the second material; and

using the mask to remove a part of the second material to obtain a
remaining part of the second material, wherein the first portion include at least a
part of the remaining part of the second material, and the intermediate material
includes at least a part of the mask after the part of the second material is

removed.
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portion, renoving a second anount of the material to
formthe first portion, and renoving a third anmount of

wo b@otretierial to formthe second portion, and REEDS1009/001599
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15

the first anount of material is nobre than each of the

d and third ts of the material . 20. The. .
method ‘bhe wedhorof Sty PRI BRI R NSRRI fRshydes:

i ncl udeg, ei&iﬂga%re{ma@ﬁﬁrmguﬁtfﬁstr@wfdd_@! whéleneae firfie
first and second portions, the internediate materia

i ndrtioh ofjthe nismaety eheent iimdlydeanatilcaster gart oft the Aidst seatemal; and
portiong including a secog% q&%erial di fferent f”%m

the fir Qg% NFFIatcs oYer tag Brshppriog vofh & GpeBgm the
WhaERhBr {PEXPoSGatt B IIBAPATY oﬁ‘!h? 'Iﬁﬁtpo'rﬂiﬁﬂ; Lﬁ]fl_@S :

depositing the second material over the first
el ect r odpposising afsecaridryatarialkete iillthe operting st epier the exposed

mat erial ; ~.and ysin he mask to renove a part of the
sé%%ﬂﬂﬂh%pg?P8#Kng%%tain a remaining part of the
second feR{oRirgd par\BetheisBednendtbridlto PBfaid HFerhdifinggrrtaif the
| east a part of the remaining part of the second

neseeoridamateriall whseein thessepensl pardonaf beimgmenylemen ipgludes at
| eas rt, of th ter .1 of the second
rey 7 B R e eplalingBat opteSecdim BB, 21 1 TS

wherein formng the nenory el enent incl udes:

depositing a first material over the first el ectrode
m&- ei nThqyaetipd of clain22oWherein foemingihe yecond gissfrode includes
| . .

f o AGg 3 thitd Bpler) Bk uhocb P maldral sk e g part of
opthe bevgnd madtéréalj aglieaibeingtapae@fdbe thanl maeoskr ghdait aof

the first poriion;. and depositing.a _second terjal t

£ IMEmaiias BBA S BiREMGISTE) 201 o R0 Ypepoind C 6y adraneludes a
fieskha Egﬁto'f A reffachih & PRY bPthedhiP@hfatfal t N€ second

material to obtain a“remaining part of the second
material, wherein the second portion of the nenory

el ement includes at |east a part of the remaining part

of the second material. 23. The nethod of claim 22,
wherein form ng the second el ectrode includes

depositing a third material over the second nmateria
before renoving the part of the second material, and
renoving a part of the third material to obtain a

remai ning part of the third material, and wherein the
second el ectrode includes at |east a part of the

remai ning part of the third material.
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