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ARCHI TECTURES W TH MULTI PLE MEMORY CELLS PER ACCESS DEVI CE FI ELD OF
THE | NVENTWON008/150583 [ 0001] The enbodi nents of the i nvErwusmosnedsat e
generally to the field of sem conductor devices and, nore
particularly, to resistive nenory devices, e.g., phase change nenory
devi ces. BACKGROUND OF THE | NVENTI ON [ 0002]

M cr opr ocessor-accessi bl e nenory devi ces have traditionally been

classified as either non-vol ati TPFL@(BYWEN’I@OW”DW devi ces.
e of

Non-vol atil e nenory devices are capa retaining stored

i nf or mat RESISTEVEWIEM ORYEAR CHITRE TUHES WITEVMUSL TIPIIEMEMOTY CELLS PER
Traditionally, however, non-volatile nenory devices occupy a |l arge
amount of space and consune | ar geAQCESSIDEYECBf power, naking these
devi ces unsuitable for use in portable devices or as substitutes for

frequently-accessed volatile nenory devices. On the other hand,
vol atile menmory devices tend FBELR Vi 3EE BNYENIAON or age capability

and programmin ions than non-volati] e nenory devices. Vol at.il.e
menory devi S it ggﬁmﬁr%\%@fﬂ%ﬁaﬁﬁﬁﬁ? BVEnERN e e ErREReTI. Shielgiot
devi ces,

supply PP RRcpEdPuRe L PR FE e SR LR 8 g PSR

change memory devices.

BACKGROUND OF THE INVENTION

[0002]  Microprocessor-accessible memory devices have traditionally been
clagsified as either non-volatile or volatile memory devices. Non-volatile memory devices
are capable of retaining stored information even when power to the memory device is
turned off. Traditionally, however, non-volatile memory devices occupy a large amount of
space and consume large quantities of power, making these devices unsuitable for use in
portable devices or as substitutes for frequently-accessed volatile memory devices. On the
other hand, volatile memory devices tend to provide greater storage capability and
programming options than non-volatile memory devices. Volatile memory devices also
generally consume less power than non-volatile devices. However, volatile memory

devices require a continuous power supply in order to retain stored memory content.

[0003] Research and development of commercially viable memory devices
that are randomly accessed, have relatively low power consumption, and are non-volatile
is ongoing. One ongoing area of research is in resistive memory cells where resistance
states can be programmably changed. One avenue of research relates to devices that store
data in memory cells by structurally or chemically changing a physical property of the

memory cells in response to applied programming voltages, which in turn change cell
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[ 0003] Research and devel opnment of commercially viable nenory devices
that are randomy accessed, have relatively | ow power consunption,
and are nowoOvuobsatstise i s ongoi ng. One ongoi ng area of r erEEUS2008/0G039H
resistive menory cells where resistance states can be programmably
changed. One avenue of research relates to devices that store data in
menory cells by structurally or chem cally changing a physi cal
property of the nenory cells in response to applied progranm ng

vol t agesesisiimceh Bxamipldsibfeiasiabe resbtancd¥Re2 PP ME0REIBHAT IliB20006Q GOHR
resi stance. Exanples of variable resistance nenory devices being

i nvest i gereotié¢snoingleanaiordsistarnus ipotymens) pdrbeskites depaheamopmiousesili:on,
perovskite, doped anorphous silicon, phase-changing gl asses, and
doped chBRsodengtg grases andnpgdehrkpgenifiogbyy RIENZIOEABWSs a basi ¢
conposition of a typical variable resistance nenory cell such as a

h h d ov. b . 12, havi
Variabi o 1o SURNY S T ahoES bsE LSpBuEon AR b ANare ke e R e
Det Weeno okl SITLELOEL L B\ h RNl Ro1H0 coh S5 LR oS 0GB,

vari abl € T'es¥stance rial” ma ous silrTcon

Co, N, hgﬁng%eva@%mé\ﬁés@%n% ftaea%. %.P? gh_§se @éhgé‘ IndNial 26 Porin &Pt

en a
Rose et al.“Anot her type of vari abl sistance material may 1 ncl ude

per ovs| BoRomBdlettodles 454@h @9 dicerodk@8. W3y p&PEMAriabllafbsitmchibierial may
(LCMD), LaSrwh03 (LSMO), GdBaCo.Oy (GBCO) as disclosed in U S. Patent

No. 6, 4B8aBd2phaus gl dopedtwish V, So, Ni, B Fehead My pe distlosed irablSe Patent No.

resistance material may be a doped chal cogeni de gl ass of the formula
A By, whE£b36%R Resepspbchnethey iipepivagable repstance matesabimay indvés

EAE,” gbf ioe;;?%m“é“ﬁip%éa?%ﬂ‘fﬁfés%ﬁg&i@?@cﬁ&iﬁ%ﬁ%@ @;&ﬁ@&‘i@ﬁs}vﬁ@
ona it RO deeoDe RCh e dbsteerd P B Ne aTPE Slefaidn®
or e SR gfTEARL By dialiifeoan i oRhial Sy Hes ddied Rdlcgffni igtac B the

Canpbel forgtulla.Banchetarmphigbdlecté € 6RECAINGAL B, Said B ehd alixtiteetheteof, and
vari abl e resistance material includes a carbon-polynmer film

conpr i sihgre'ak'hianlubkaaklepstrdne eldnadra Sraan Groap Bilte (B, fAdy GeXanPl) eGraupddeA
into a plastic polyner, such as that disclosed in U S. Patent No.

6, 072, 7(6 Si.d58 SvoBehferevp M-A (FE, ety Bil oucrein Bk & (PnGlhRr, &1 A0 of Bites
14, 18 can be selected froma variety of conductive t?\?t eéi al s, .suc

as t ungBeRedicgligand withthe dapant being seiRcted ramiamang ferngale |eigh

plati NUandtior inlle\:{z?lrs,’ in%ﬂl%%gg Rtg,h &Py, C\IG\PC%PH‘?{{&, c?, rl?ﬁ_\r/lsc%r § /aso g?s%lgozsed in
U.S. Patent Nos. 6,881,623 and 6,888,155 to Campbell et al. and Campbell, respectively. Yet
another type of variable resistance material includes a carbon-polymer film comprising
carbon black particulates or graphite, for example, mixed into a plastic polymer, such as
that disclosed in U.S. Patent No. 6,072,716 to Jacobson et al. The material used to form the
electrodes 14, 18 can be selected from a variety of conductive materials, such as tungsten,

nickel, tantalum, titanium, Htanium nitride, aluminum, platinum, or silver, among others.



[ 0005] Much research has focused on nenory devi ces using nenory

el ements conposed of chal cogeni des. Chal cogeni des are all oys of G oup
VI el enment WOnog/15658peri odi ¢ table, such as Te or Se. A mpEUs2008(060592
chal cogenide currently used in rewiteabl e conpact discs ("CD RW")

is Ge2Sb2Tes. In addition to having val uable optical properties that
are utilized in CD-RWdiscs, Ge2Sh2Tes al so has desirabl e physical
properties as a variable resistance material. Various conbi nations of
Ge, Sb and Te nagodje udedh assexrhitablfecused oatnadmerydvides alstganeamohy ch
are herein collectively referred to as GST materials. Specifically,
GSTs canlesteatgeorsposectafchhlcpgers des. Sehtalergenites anoalpiys wd qahapéflalmhetmﬁ)of
crystal line phases. The resistance of the anorphous phase ("a-GST")
and t he theRgriadi ible 6rch peleobbe Asnesitic dipdeeg enidey@reantyrisep frseriteable

'S st afuEPEst Jiﬁ(ﬂ‘%}%ﬁ%@c téﬂl@?iéﬁ 3r Belion thanr i C%]%QgB‘FJBFQR?éPQS
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crystalline GST), wth each state having a érent resistance that
can be e¢gtigHiedeaMthiredmaREHERIRENGHIY Jé Rateln ES1REBvelPrafarredlh 8s GST materials.
resi stance material such as GST whose resi stance changes according to

i ts nat BpedicallyaSETs sart elfamige et uturalpleasphbetereeh angearpheus pitase and two

[ 0006] The transition fromone GST phase to another occurs in

r espons erystallinephasas. ke rﬂa@tﬁgeg ob thet amogbpuaphess (Aa-GSThHpand Hmleasﬁanees of

changes e heating cooling, can be caused by pass
rkide ﬂgecéﬁmcﬁ Reoweenshdris e g e CESt i Bval Ry ban differ

Cur  ont “BAVISER T N e ek 2 Feno PRt Co s Wee ot Rncd -l ot 1%}193

tenper apiie G@ﬁq{r(ﬂeglagor%ﬂ X;"?StlaWthS Re%ﬁs&%ﬁﬁe’s‘ hfe é’fB}‘lFQ#o Sch éﬁl-ﬁetrr ?‘Hﬂ

nelting current is materral for su euen

cool | ngcérﬁ?ﬁ”n el ﬂéBi@té@xc@iéﬁtﬁe v&ﬁoﬁ@ﬁhés)é@bF@BTI@@Pﬁxa?%%ﬁsﬁ%f@&r dtwo-
cell uses the Crystalline state to represent one |ogical state

bi nary, stetegmatetih] (anaggphbhe GTanphovistalinatGST) Waith each state having a different
2008/ 150583PCT/ 11S2008/ 060592 to represent another |ogical state

bi nary, resisgance’ ﬂ@at' canfire eqrytetlarith 2icatyespanding birary sthisr rf-‘euam@lases&tm
current Ism an 8 nelting current is referred to as an erase

st CTVRGI S5s75 Cohavhaer Peueianes HBERT Accaiding tma?emteaﬁaphqtf@mmrred
t hat thF assugaé;rreglt of agt ates to binary values may be switched if
desired:. t CUPFEREEPSET and the erase or reset currents |Rsr
are typically large, often in the order of a few hundred m croanps.

[0007] A typi cabogegsi %‘e‘f@arﬁﬁf@?{ﬂ% aneseswg égre%aﬂ&ﬁae@écc@rm% onse to
change menory bit Structure 315 t I ncorporates a phase chan

nMenory getgerdiire Hngey afHeaGST mateile Ta8 t@fpaaharRhark) i, ithe Eéa@n 2ihd
In FIG 2 the nmenory cell 10 is connected to a cell” select line 320
via ei thmlmgh@ndm tdused bp passibg tiffarirg @ndundef ciitentdhpoaghtle 85&ahateriel.
is connected to an access device 350 such as an access_transistor.

The accEheGiEwaterighg plaredan adrysjallinoeiate by pessggm crpstpllizing arerad through
provi de urce@&y t he accesa}fgég ce 350 and is connected to the

menor y 1@% thHE WRETuRg tenatgnlite adenpyratEa VHFTeRe Gptiglline

iL”Saii%m@%ﬁ%i%%ﬁzS b RSt e L B e
cel l

be arran bs%q (():Ol')om %rray of @{emn%%;c/ﬁ tf‘%@#ﬁ@% gf{;}s@é:gg?% ?1%%( Ef%}/ o

FI G 2Bﬂ1e'&yﬁél§negﬁte%1‘é RUBAE bR EShRIINS yTBEDF Y~ dRY ite€aftBfbhous state
i ncl udes an” array of ry bit structures 31ba-315h. The nmenory bit

structures 315a-315h are arranged in roys and colums. The rows and



WO 2008/ 150583PCT/ US2008/ 060592 Iine to which the gate of the nenory
cell access device 350a-350h is connected, and the cell select l|ine
to which tWe 2enms03g3cell is connected. [ 0009] weacins2083r080sb2 ne
330a-330d is connected to a word line driver in the formof a row
decoder 460 for selecting the respective word line for an access
operation. Simlarly, each cell select |line 320a-320d is coupled to a
driver in the formof a colum decoder 450. [ 0010] For

si npl i citd yepredetit adGihiet logidal staeshbinane 81, Y 02 thayry3aliAgy eftr¥nf i WefeF QW80 as
of menory bit structures 315 on four cell select |ines 320a-320d and

f our coksahsiroénideneng the mekinguetrene & Bidraintofasan enmedr lrésee surrent Isst. One
330a-330d. However, it should be understood that in practical
appl i catki¥sd In theariaib mpdgesiand: haoeven shatithe adsigranentpf (ST statesttsr yinkimt

Tl ude GRFRFAY Y T HSiSIEHER b e Ser DTGNS 4 ST (BF PETR EBreeR! ghrrents i
nunber S. QlLijSignificantly, FEIGS. .2A and 2B illustrate
how eac %%@’#E‘%?S@%%Ff %‘gﬂ\ 1?] @8%5%%@&8%‘3@“9@%%?8“&3& i ndi vi dual
access device 350. As was described above, in resistive menory cells

such as the phaggong ha%%ﬁ;@ﬂ?@ﬁstﬁ% r_h@mg)ggf bit @&u@tﬁ?@ﬂc}ﬁ;s r?ggg{arﬁg?%arl?g(ﬁ

necessary to changé at st a portion t he phase cha

16 i nt onEmaywiphausust AEehitSnédtbatdties yhiteGhatgrememaky Yelk1(6, @9¢ example, is
hundred m croanps). As a result, the access device 350 for each

menory epreseh@ed scheomatieslpoindilagRys. A FfE. 2A, thareomtertll 8 & cophasted to a cell
change nmenory bit structure with a one-to-one correspondence between
menory edeqtdingRd0 yiaceither des relléstoptardotippt dattredendimy dpiposiagededtrodeds2,
meani ng_an a equal to 16 E2, where F is the fabrication . )
ool u Fomeclseiadatoms deHice A5 A Arac s ERE, 115 gomaievice 350 s

f oot pri f .Dj t t th ' t / .

Foot pri BBV ERPY 1t ol MO0 Aol ol e Rk g el ana i

Menory RirinettedUs ke BmorYRed 96 AR 2REL HRAA0HASQ3R A ed by the word line
330. The access device 350 must be sufficiently large in order to pass the large phase

changing currents Iser and Irst to the memory cell 10.

[0008]  The memory bit structure 315 of FIG. 2A may be arranged into an
array of memory bit structures, as illustrated in FIG. 2B, In FIG. 2B, a conventional
resistive memory device 400 includes an array of memory bit structures 315a-315h. The
memory bit structures 315a-315h are arranged in rows and columns. The rows and
columns may be partially staggered, as in FIG. 2B, or may be aligned in parallel. The
mernory bit structures 315a-315h along any given cell select line 320a-320d do not share a
common word line 330a-330d. Additionally, the memory bit structures 315a-315h along
any given word line 330a-330d do not share a common bit line 340a-340d. In this manner,

each memory bit structure is uniquely identified by the combined selection of the word



BRI EF DESCRI PTI ON OF THE DRAW NGS [0012]FIG 1 illustrates a typical
phase change nenory cell. [0013] FIGS. 2A, 2B and 2C are
schemat i c WRARpANBI88al representati ons of a phase changeTmEsrosyeisp1
structure and a corresponding nenory devi ce. [0014] FIG 3
is a schematic representation of a phase change nenory bit structure
according to a disclosed enbodi nent. [0015] FIGS. 4A, 413,
4C and 4D are schematic and physical representations of a phase
change rnedeoywibch thet gaie vlihe maemdory eracesp davica §5Gwedfidhyis demnereed, and the cell
according to_ a disclosed enmbodi ment. [0016] FIGS. 5A, 5B, 5C
and 5D #&Fkectling osehichithememasyrcelhis cepedtedbweharts of the formation of
a rectifying device in a phase change nenory bit structure according

[ [ . , d 6C . '
Co e ot 21 ot crpeet v LORIELES, B b ot eC i sclemmtl ¢
and a c ?{)}{rﬁ BPQ RGN BBLDIGY FSEMIE BB HELT S divE Wit adtRFhPEE docess operation.

enbodi ne
Similarly, each cell select line 320a-320d is coupled to a driver in the form of a column

decoder 450,

[0010]  For simplicity, FIG. 2B illustrates a memory array having only four
rows of memory bit structures 315 on four cell select lines 320a-320d and four columns of
memory bit structures 315 on four word lines 330a-330d. However, it should be
understood that in practical applications, the memory device 400 has significantly more
memory bit structures in an array. For example, an actual memory device may include

several million memory bit structures 315 arranged in a number of subarrays.

[0011]  Significantly, FIGS. 2A and 2B illustrate how each memory cell 10 is
connected to a separate and individual access device 350. As was described above, in
resistive memory cells such as the phase change memory cells 10, the amount of current
necessary to change at least a portion of the phase change material 16 into an amorphous
state is relatively high (generally a few hundred microamps). As a result, the access device
350 for each memory cell 10 is correspondingly large. In a conventional phase change
memory bit structure with a one-to-one correspondence between memory cells and access
devices, the typical memory bit area is 16F2, meaning an area equal to 16 F2, where F is the
fabrication resolution. Because of continued desire to reduce the overall footprint of
memory bit structures, there is a need to reduce the footprint of resistive memory bit

structures, e.g., phase change memory bit structures.



[0018] FIGS. 7A, 713 and 7C are schematic and physical representations
of a phase change nmenory bit structure and a correspondi ng nenory
devi ce accwiORRgIses3a di scl osed enbodi nent. [0019] FlI GS. PGAS28WBRS08L
and 8D are schematic and physical representations of a phase change
menory bit structure and a correspondi ng nmenory device according to a
di scl osed enbodi rent. WO 2008/ 150583PCT/ US2008/ 060592

[0020] FIGS. 9A, 9B and 9C are schemati c and physical representations
of a phase change nenor yBRIEF BESURTHIAONOE TATE BRASYNNGS ng nmenory
devi ce according to a disclosed enbodi nent. [0021] FIGS

10A, 10B and 10%033% sidke fraligraderh pipjeil phiserdbpngemerzyeall. of a
phase change nenory bit structure and a correspondi ng nenory device

according to a l%bfiﬁl os&%se.,‘ HR?% and EC are schematic and physical representations of a

phase change memory bit structure and a corresponding memory device.

[0014]  FIG. 3 is a schematic representation of a phase change memory bit

structure according to a disclosed embodiment.

[0015]  FIGS. 4A, 4B, 4C and 4D are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment.

[0016]  FIGS. bA, 5B, 5C and 5D are representative diagrams and flowcharts
of the formation of a rectifying device in a phase change memory bit structure according to

a disclosed embodiment.

[0017]  FIGS. 6A, 6B and 6C are schematic and physical representations of a
phase change memory bit structure and a correspbnding memory device according to a

disclosed embodiment.

[0018]  FIGS.7A, 7B and 7C are schematic and physical representations of a
phase change memory bif structure and a corresponding memory device according to a

disclosed embodiment.

[(0019]  FIGS. 8A, 8B, 8C and 8D are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment.



[0022] FIGS. 11A, 11B, 11C and 11D are schematic and physi cal
representations of a phase change nenory bit structure and a

cor r espondWiOr0eRaI¥eIsy devi ce according to a di scl osed ernbBIiUSTes060592
[0023]FIG 12 illustrates a processor systemthat includes a nmenory
devi ce according to a disclosed enbodi nent. [0024] FIGS. 13A, 13B and
13C are schematic and physical representations of a phase change
menory bit structure and a correspondi ng nenory device according to a
di scl osed enbodDe@ét . FIGS. 9A, 9B &GDAC hrddcB@mafid And phisisaldepebferatnons of a
schemati c and physical representations of a phase change nenory bit

st r uct upbaserdhange oremeyyditstrirtumeramdya @:ev&sgfen%@g@nﬁmg eyice atceusling tra
enbodi nent, [0026] FI GS. 15A, 15B and 15C are schenmatic and physi cal
represeﬁF@kﬁ%%?nQPdﬁnﬁﬁase change nmenory bit structure and a
correspondi ng nenory device according to a disclosed enbodi nent.

[0021]  FIGS. 10A, 10B and 10C are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment,

[0022]  FIGS. 114, 11B, 11C and 11D are schematic and physical
representations of a phase change memory bit structure and a corresponding memory

device according to a disclosed embodiment.

[0023]  FIG. 12 illustrates a processor system that includes a memory device

according to a disclosed embodiment.

[0024]  FIGS. 13A, 13B and 13C are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment.

[0025]  FIGS. 14A, 14B and 14C are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment.

[0026]  FIGS. 154, 15B and 15C are schematic and physical representations of
a phase change memory bit structure and a corresponding memory device according to a

disclosed embodiment.
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[0027] The large current requirenents in variable resistance nenory
cel | s resumo 2008/15838ge access devi ces. When a vari abl e rEg/Es2003M60592
menory bit structure has a one-to-one pairing of nenory cells to
access devices, the nenory bit structure has a large footprint. An
exanpl e of the physical structure of a one-to-one nenory cell to
access device pairing is shown in FIG 2C, which relates to portions
of nmenory device 400 (PEGAIRHY DESCHPEORCOF AEFDECENEIDNonal vi ew of
the physical organi zation of two conventional nenory bit structures
315c, 315e is dBJREk edTherasgsempm requirasnenie inyasinbla meistaws enemenyecells
t he same clggl sel ect line, 320‘8@and bi t J§i ne 340b. Each_nenory bit

st r uct urEB B argeacgess depices. Whep aciariqble rasifanes JieRry bstrughire has a one-

Fonr s oS Sns palit o REROLYCHHAS ARk Re At e e by ol sttty e arse
el ectr oqsag%ﬁt. Aﬁ-exzﬂ%lls{' &ggls@ygiea%&%%g& geh&t&%ﬁy Heqqgﬂc%gaﬁwb

is connected to the c 'l ne he bottom e r of

each merfekice¢Riring Qahowdlin FGCRANAAGER telhQs thBoHonk B8 mftin SYRAN 08 G,

i ndi vi dual access devices 350c, 350e. The opposing source$S of the
access @8y reli330ra adbOecdivnaldawer tesiphysicnl shgnethHontof tivdeod4ettional
The access devi ces 350c, 350e are gated by separate word |ines 330b,
330c, waRIROTYORifsigutteresaflSa St lsis de¢pidask STIRS0enoBE b stj10026] Bduct1ak share
the two access eviceﬁESSOC, 350e are | ocated in a single active area

552 of thesarReEslselrchline 3Afuanddpipline 340b: Fagh memenyditieiyneture 35g 315e in

| d.i i ghbor | i 552. Act | 5 i

of - devi B Ao AT R Ebn i Ee b, B3ec ity et iacido m o ISR 10
Gonmands S ReEVelESchE and dGhaBE dtA BRSLALRTE PSRN fr BlIBH I ERbctroges

the accegsigd Q‘l{eoc@? efeRoqang Fhﬁ&ﬁ%nérhsqﬁéeﬂg 104, 10P % @flne¥iRdab 8RS cePilect

are correspondingly |l arge. [0029] The I"arge access devi ces and active
areas héive 3fie Ted lesttaralelectrode $41bf edch rhehgsy weEinDa Y10bi ik coimdéeddifotthe drains
footprints and sparsely popul ated nenory devi ces, as
of separate and individual access devices 350c, 350e. The opposing sources of the access
devices 350c, 350e are connected to a shared bit line 340b. The access devices 350¢, 350e

are gated by separate word lines 330b, 330c, which form gates of access devices 350¢, 350e.

[0028]  Generally, the two access devices 350c, 350e are located in a single
active area 552 of the memory device 400. Other pairs of access devices are located in
neighboring active areas 552. Active areas 552 are regions of device 400 that have been
doped so as to allow formation of one or more access devices 350, such as transistors.
Because the current demands of resistive memory cells 10 are relatively high, the size of

the access devices 350, and hence the size of the active areas 552 are correspondingly large.

(0029]  The large access devices and active areas have the potential to result in

large memory bit structure footprints and sparsely populated memory devices, as



WO 2008/ 150583PCMS52008/ 060592 il lustrated in FIG 26. An inproved
resistive menory bit structure with a reduction in the nenory bit
structure WOPHISMS3woul d al | ow the fabrication of denST/URSISHEOSYE
menory devi ces. [ 0030] Enbodi nents of the invention are now
di scl osed which provide different ways of reducing the resistive
menory bit structure footprint. One nethod of reducing the area
required b%/wﬁgghase change nenory bit structure and yet still

utilizi Ay Eedls. 4By ivdemmpyed wasistiyh menomyHt ghvagtaracwithgi leduction in the
currents used .i.n a phase change r ell |s to use nore_than one
menory CRFROREt a‘%%@t&%e fgamfeﬁ*’qt’g& gﬁ?é’n%? éabrepion 3’? Aenses Fesigtive mgemory

phase c@g&gs menory bit structure 615 that incorporates two phase

change nenory cells 10a, 10b. Menory cells 10a, 10b are both coupl ed
to an access device 350 such as a transistor. Each nenory cell 10a,

10b i s al so conpggdled BALSHISRAR ke _ﬁ%}elnﬁ%ﬁ'a?&ﬁoévid}&lgs%ﬁ%hiéﬁggowtéﬁe

in the typical phase change nenory bit structure 315 of FIG

access défférent Wafk ofregating thyresiswos thandt§ b3druduitbolprid®. 4 method of
provi des a source to the access device 350 and is connected to the

menory tedudng e ard¢diequired byheplace esangbanémer8bid siraciaet andiyerstiyutiling
word |ine 330 and when one of the nenory cells 10a, 10b is sel ected
by the &BRfESpeaTrakrgeenouph forthe phiseghagingeotrenisaspdin i pbhse change

[ 0031] The nenory bit struciure 615 al so jncludes two rectifyin

devi ces 880 BEGHIOKFEMAE, ?‘b?n%’k“ﬁﬁiﬂr&,CGIHP%%?SWi%@PF?WIHQ?& FIG. 3

devi ces. 6 h iall d_bet t

Cor r oop it tes Sl B Rt ine il B hudBRl §E GRr BCeiRidiet Ba phasedtanse
tifyi i 6 , t

e NGy Ceae T a0 ARy BHRYOR 1B AT A art Wb IR0

sel ect egudlya@LtrhvadtbRELh h@hbry *el 108! 10058 Eﬁékoﬁé@ecﬁﬁpﬁs%t\é@él@ select
line 330, the resultant current that flows through nenory cell 10a iIs

pr event Bue 82GprB20bowhaig tha tymigh phesodiange lerdddy Biystteatuid Y5y FOEVIA ghe
660b. As will be explained below, the rectifying devices 660a, 660b
may be pefesyderieaiOns gateddydruprsd ingB300 08bit 508 S3COTPWSED8HOBO BOe access

regi ons .of, t access device 350 when access device 350 is a . )
transi sfoyce §0 quilslg@n.g%gf toy the mameryceils 10a, 10b when the access device 350 is

activated by the word line 330 and when one of the memory cells 10a, 10b is selected by

the corresponding cell select line 320a, 320b, respectively.

[0031]  The memory bit structure 615 also includes two rectifying devices
660a, 660b such as, for example, diodes. The rectifying devices 660a, 660b are each serially
connected between the corresponding memory cells 10a, 10b and the access device 350.
The rectifying devices 660a, 660b prevent parallel leakage current among the memory cells
10a, 10b. In other words, when memory cell 10a is selected by activation of both the cell
select line 320a and word line 330, the resultant current that flows through memory cell
10a is prevented from flowing through memory cell 10b by rectifying device 660b. As will
be explained below, the rectifying devices 660a, 660b may be integrated into the drain



[0032] Multiple nmenory bit structures 615 may be organi zed into an
array. FIG 4A illustrates a nenory device 700 in which nenory bit

st ruct ur eswOBes/150B1 are organi zed as parall el structurmsiassepEesed
to the staggered arrangenent illustrated in FIG 2B). As in the
menory device depicted in FIG 2B, device 700 includes word |ines
330a-330d, each connected to a word line driver in the formof a row
decoder 460 for selecting the respective word |ine for an access

oper at i oegiofts of tharakgess device 850 @Beh acdessidsviceddl is altatkistirn@sm3z Ba s@§zlhte
whi ch are each coupled to a driver in the formof a colum decoder
450. Fode®igeh menory bit structure, two cell select lines and one
word line are required, since each nenory bit structure includes two

Il's. F , N FIG 4A bi Ire_ 615d
Connettod 1o boBH el [MAsDit PFReiad SIDI A S Bey b CHEGL TG e Ay,
dli 3 der t | . ) |1 1 f | | |
el cct M s hid uprory AEUESERI IR patered Seer il S o 4%

current j ‘
roasur od by Aa P LMoL B PHhY o ired AR ARl HFated in
oper at i IG, 2B). Wien EasSReford dMick AePREIFBMITIG, 28 dRhiRVI8 indki RS A6 104ks
current is applied to the nenory cell. A wite operation for nenory
cel | 10830as330dneadhyconabeted ithg wardnine diblek il 8@ fhhh @i ghodcidcyddr 480 f6f
both the cell select |line 320a and the word |ine 330b. A voltage

di f f er eptleetingabewespectivewond ling &rent adcess@p820mna Sintlimdy, i avidei7Ae i h@des
sufficieqt to generate a current to programthe nenory cell 10c is

cr eat edCelr#fdecs SnendadiZ0f which argleaghagourded ien e the fap o edthamn

o e et 8 S S o P20 o Dol Mo B o
ot vi aoai T sadr cened ey Bool st BsheF ry Rl s B ST bclifple in i
[0033] AACHRERYS %%Mﬂre%ﬁ@&"i@onh@&&@ HZ%&)&%H%EI@MI?&?%%@%P@S@ 3200%s well

menory bit structures 615a, 615d (FI ) 1 n device

r epr eseas cthieRvdrldGne 3BBbandorter td-bdhest nddin@yttel Q0E, €0F €&@M}1e 108N select line
different cross sectional views over a single active area 852, as

i 11 ust r 32achndwotklineopstowasttiatvbe factir@d.4The dineerdipassng dvbugnhe selected
vi ews appear simlar, however each view includes a different cel

sel ect PieRoryzel 10emay thesy be grasirer by sene amphifigrs {frofishawmb ity hegase of a

N
bi FI I f Fl . 48
S S Ly TPl B

for act jialdr)GeRE0LEToEEY b adiolas bWAEMRER 89813813964 3P Bhel Word line 330b.
activated, bit line 340a is coupled to both nmenory cells 10a (FI G

4B) andAkitagEdtferdfialWetvbandie @R salkect! 13eeR0d and ke BioEnEEMRatshegertfio
menory cell 10a is connected to cell select line 320a (FIG 48). The
top el egemayate agfurreevnts pragrhin the merhaweeB (¢ issreasep| Bk valtageldiffaehgaltmay
line 320b (FIG 4C2._Thus, menory cells 10a and 10b share the sane

wor d | i heceagd bymlteringfie 3atiagesd eitberithe caldvélet 1im8330a putheditdinecidpp.aat

to different, cell select, |lines 320a 20b. Simlarly, npenory, bit

st r uct ufBOBER e F@F‘Lmﬁopn g%ﬁ‘&%ég’mq lings S4daidycgire §gﬁ?r\%qdi teground or
access devi.ce d. n cess_device.350d is activated, bit line
340a i sgoc%fdﬁ?deggl?a ebg\}h%gh é‘aé’gﬂellg&fﬁ%ua?%a&%r%?é'and 10d (FIG 40

via lower netal layer 1. Menory cell 10d is coupled to cell select
line 320b (FIG 4C) and nenory cell 10c is coupled to cell select
line 320a (FIG 48). [0034] Each nenory celllOa-10d is coupled to an

access device 350a, 350d via a respective rectifying device
660a- 660d. The rectifying devices 660a1§60d may be p-n or Schottky



physically separate fromeach other, as indicated in FIG 4D, or they
may share a doped region. In either case, however, the rectifying

devi ces 66W8 2066658588 uncti on as two separate devices. SiEATESF2DIS/060592
rectifying devices 660c, 660d are |ocated within the drain of access
devi ce 350d and may include doped regions that are physically

separate from each other or that are shared. [0035] FIG 4D
is a top-view schematic di agram of active area 852. FIG 4D

i | lustrates thel0983ki cAlcrewsrseetions wigy of thelphysicalsnganizatiomaf two mesnaf bit

FIG 4B _and 4C Bot h. s-sectional vi t ak
Ebove ¢ REeties bber B LG Len desick 709 Guiepesen Farin FIGH 4 1rel 4GB 4B
t i t t t.of .th tifyi devi
S60a. 66071 ReferERLPRTq biliraf FaRRbHidtal Fivalaehe e adixesnen BB, e
ti . deyi 50d. A .
ovi co SEEAOF | thalpiadvth YR GHIESED0 TG R Sa Rl Vit ApPeatSyian
area 85Rowedet Sadhi viewtiRdulYs B1FErbA 1R 330& 1irRe06S BB YBYE gzg:ggﬁca;in i),

illustrated as including the ower portion of active aréa

bi sect ediffgrenomeridrpeeld3lila, 1BAFIG AB) 0D, URMFIEGHHad dFRIE SRS Y ¢
| i ne 340a as a source. [ 0036] As stated above, the

recti fydaygiceeditoeec0gdBYs.cBN®b5Mby6608 (FISG.AEY wisidglentdnsorgriai steucdifiretdisa,
access g &j&r 350a, 350d. For exanple, FIG 5Aillustrates a
rectify %A £4) Bebiges etasens obbeth FIGH gdearidd G hiMlegnariy bipftritiere $d 5a

N e 5T A e
i : . 4

Sour oo CRASERBTRed I gk SRR S SRR R bon Sip BB TR TG, At iy .

formed agylvilewePga¥llNy&ap eﬁlle%% BiechBEe Sfélge?lﬁlc:)gr gégﬁ?xgls ?o%ec&ed to cell select

phosphorous (step 503).” After the access or med,

| nt er - | BueB2@H @IOCLB)i The (bp Blech8&e stisbmasy sdll 10BPRHERN, B ofbRd to cell select
deposited in preparation for nmetal trace ‘deposition and excess

deposi t inep20l @ilG\47). iteuscineniocy kelieithantidab shakitshidge (VR )ine 354 bit
504). A.via 588 is then etched through the deposited WO
2008/ 150883taEndSIoess/ drtBsFR 0w bt ate riupledigaliffesens nell sejedt tineh320ac320bs

CHE T X I R
he. ont IS E RartareBe WP Ao Qi fee oS58 o R Y P2 e Bpfat o bomn
15 e 1 Tt e AR 4 R

thin deposited |ayer of titaniumnitri n tu

(step Sajpledito eulineiict lige BROMEES. 4 aadahembsesi] ToRiscdupi®l tPceliQemrt fine
titaniumsuicide (TiSii) 593 fromthe initially deposited |ayer of
titani WRBIBIGHB)he bottom of the via 588, thus reducing the contact
resi stance (step 524). Finally, tungsten chem cal - mechani cal

polishing is uigd to formthe tungsten contacts 594 (step 524).

[0037] The rectilfthg dedh aanagseidfa-a0d i5 suplditorniagcess dgeice 358, 350d

il . o .
I ust rw?i%%q'espechve rectifying device 660a-660d. The rectifying devices 660a-660d may be p-n

or Schottky diodes formed in the drains of the access devices 350. Multiple rectifying
devices are located within a single access device drain. For example, both memory cells
10a, 10b are coupled to rectifying devices 660a, 660b located within the drain of access

device 350a. The rectifying devices 660a, 660b may include doped regions that are
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in FIG 5C and nmethod 512 of FIG 5D. A Schottky diode fornmation
method is simlar to the p-n diode formation. In order to forma
Schot t ky dWORE08MSe3Bn t he drain 582 of an access devi ce@CIAE2008060592
portions of the access device 350 are fornmed and the access device
drain 582 heavily doped with, for exanple, arsenic or phosphorous
(step 503). After the access device 350 is fornmed, inter-Ievel
dielectrics (ILD) 586 such as silicon dioxide are deposited in

pr epar atphysicaldy separate ftomaezchdethers it iraticaed ireRiEe 4B, defiosithay sligve a doped
removed via cheni cal - mechani cal polishing (CW) (step 504). A via 588

i s t hen Te§ieRein eifhes FgPe hRwedep i W@Y&&g@dmﬁ §3,568b furxttomdisrty/ ot sgparate

t he access. devj.ce drain.582 (ste 06),. Boron inplantation is used to
ant i dop?zmss-b%f‘?@ﬁfi’ofecflg%%é‘sv% 006 6006 \pxe lacatedyvishiny the draiams eateshg

process 4.S: se .t n-type.doping to .di ffuse side S SO a
o covelFis 38 pPa SRR RahE rophl P b AP pshtiyically Sestrate o sagh plber
then filleathewd Shgeposited platinum 595 (step 532). An anneal ing
process Is agaln used, this time to formplatinumsilicide (PtSi) 596
at the bottomof the via 588 to formthe Schottky diode (step 532).
Finally, a dry [e0s3] bauk, @D(?@@ﬁ@-ﬁfev\ﬁﬁﬁﬁir@ﬁbd%ﬂﬁ%f%@ﬁv@@ﬂeh%@tﬁﬁ@ﬁD
used to formthe platinumcontacts 597 (step 508). WO
20081150888REFthSPhodtd6ela8anship of the créGO@8iiorms véeud of 16 4BRAMEC to each
menory device 700 is one nethod of inplenenting menory bit structure
615 (FI ethesy Bpih goss-saskenal viewagte trksneahsve the same étive arpa 85 Faghsross-

t hat conserve n:em)r¥ bit. area my bg used. For example, FIG 6A

i |1 ust r 39EONaLVISWdS {9caiediovive i foped segiams Srharennat ofctherectifying devices

structu a- fi_..n narray, Int deyice 800, nenory. .
el I's 1 DB GHbR 2P Gk B A Beondh blE FIPESA ridhs Tnéekivdmgaste s
Wi th cehbsi$8iRblackdsd BviselRn N ' RAGKb Q2P AG !
cells. Phsi/si cal Iafl:, Sgﬁgwgack- %’(Z)C{%ggc %%%&i%gppggrlggégagéﬁﬁ P&‘v?gl (ﬁgg?hey
st ackedy Ot tioAldf Sctivh drba BHEad DR HIRERMDLERLE] 118é 51 an&&s&%v?&%' 508 i
down, asﬁ?iml?I lustrated in FIG 6B, descriylged bel ow. aOne exanpl e c?g&ls
back- t oillustratest adkelddingrtbe yowed partianef aetir ytes 651 snd Rdbisekel byAwokdline
the nmenpry devices described above, device 800 includes word'lines
330a- 33 Pt arqessdedens 3pPnS§0d slere d0ihe 340n asacburrenory bi t
structure 615a-615f, two cell select Iines and one word line are

ired, si h bj 615a- 615f i d
renory cel s, RATRLanm A AbprerRetliEng A ines cobeoRid thes snisamed
t : tyll 2 32 | h d
ne sofn gt ineiolaq BE o0 I E o EEoRE BE. 20 Rk Heste
320a angechBjifle lkite 8801 rMda tas lﬁlcﬁl-ﬁ fﬂﬁiéﬁﬁtﬂlﬁ at£f of I108s &%Ji@é@SO%?@& BPword

t hrough thé sel ected nenory ce Oa is then nmeasured by sen

anpl i f i Bes330nd¢lethbddnd (FIG) 5B)is e84 €0 fifrmathegRfl deRRY iBllibidted iR FIh& £ 2B

of a wite operation, a stronger programmng current is applied to

t he nmenempents ofthaaictess dpdradilare fomnerb(stapy508 sticH Batlieszadeob®t dyd the
sel ecting nmenory cell 10a through activation of both the cell select

|i ne 32898rehidot pleowm iy FiG. $8). 3Blopaccassdavicaydraift 58245 alsp ifatmerban drentteavily
cel | seéect | i ne. 320a aﬂig the bit I%%MO@ sufficient to generate a .
cur r ent SQRE LY G R EYHBP (e FYC Q5 PRoSRIPrpYs (SteptiSy. AftRethpacersgdlevice 350 is

LA R R TS Rl LT
c o bl 8 240an 300k BB A0l GpANRYi i

2008/ 150683 PSAS084 @@10@%@9%) WnyiB 88 iHBen BichE BRroRBA thOAG osttbE W

of the physical "organization o

12



menory bit structures 615a, 615d (FIG 6A) in device 800 is
represented, in addition to partial depictions of other nenory bit
struct ur esWOPh@/150588 i on of FI G 6B represented by dashedTisies/osesonot
in the sane cross-sectional plane as the portions of FIG 6B
represented by solid lines, as also depicted in FIG 6C. Menory bit
structure 615a (FIG 6A) includes word |line 330b for activating

access device 350a. Wen access device 350a is activated, bit line
340b i s dielegries 586 ekentingsothy acebd deviGadrati0B2(s@pEHIpE rBoveh aihpRindatibn is
| ower metal 1, respectively. Menory cell 10a is an upsi de-down nmenory
cel | st asRé&o dape Bjs hsittom ﬁ%’ﬁ@r‘?ﬁ 2% to p-tpef (siem5a0o tAve Arngalin g yrbfetss is used

share the sane top el ectrqode 18a

structure. The, two megorg\&(}el . ) ! .
vvh: chti I§f> &?%Z@ﬁazl@ai eyltﬂ Woga@vh 5 %ﬁ%wasfltsgafég Cﬁf&h%z%%quﬁt;e?pf the via
ec . .
Zfﬁ:t ' oGEB feseE S0 TROSH et b TR ieR S i %TPQP%d e R B
105 . . O .
et oI R SOHRLE Ry o 5 e T U Uty S9P (e 52)

i ncl ude A WBXirtkalinB ®re@98isf@hirAedely aid ifeY & IR T
access device 358? IS actalg\gllat ed, %flét’ ﬂﬁeﬁ%@%g%{%ﬁﬁ@%&pl ed(Flﬂtl%%%gtsrf\mm the
menory deitialy Hepositeddapdravf ltivavetmso0adt tHe Botebrt PP Efe WRE8S, tRus reducing the
respectively. Menory cell 10d is an upside-down nenory cell stacl%ed

on top ebritachussistance &itep 38N, Finally amogbien chembri/mechargtal polisiieg it tieed to
two nemgry cells 10d, 10h sharing a top el ectrode 18c. Cell select
line 3200TR thafeegstenicontagispdt (stereb?4)10d via the shared top el ectrode
18c. Menory cell 10c is the |l ower of two stacked nenory cells 10g,

150 Cr00RR T et Ao Realty ik 8P fod ESHGrgares

in FlGS; RBmeBakds 1 = r : LI

18a- 180”5%1&;‘%%%'[ |eng ce: I sg?éggtg' %LI neogggﬁ?%fgﬁngmhérﬁ%eﬁlﬂg% 8 Zarr to
menory  eed ps dibde Borii@ohf 16 ofd@h Féum HBIRSHLAbES wifin tHOrainl K of 400
share top el ectrode 18b and are all connectéd to cell select |ine
320b. Hevesedevienddd, tie pdréiofipof themrodsy deeicé 350b4re faghed atdthelytcdss device
different word line (e.g., 330a-330d). Each WO

2008/ 156548587 hemsibyos sl fat exarspigesiseric 35 phosidBBoupepaiias Afser the

al l ow current f.low throu two different, ry cells 10Qa-10d | ocated
Sbove dPTeeT SpNCo S Eoran g B bGoaricd (L) S rech arcies dlevideare

3520 andchaieryeame Gy el Fas dodaer e B dBait i iy
S | 108" 6¢: _
L ans oo icERERR pRISARK FCVETIRED SO0, 21 P2 28811\l el PRt

nenory dgbdﬁtedfﬁiéleélﬂ@é sw@meﬁaﬁ?to_thQQ&%bsE&&;&ermaﬁf 582005ep SOOI HIHER
615a, 615d al so has rectifying devices 660a- 660d which, in this

enbodi ninplantedicn ibesxd foomieidpeithdibottdrhef dicvia 568 td heypcErRPSHIIRVARES
350a, 350d. As in device 700 of FIGS. 4A-4D, the rectifying devices
660a- 668aNeRiyIgITotass aeddp neiseftbe ndypegbpingpo diffiisedédevorysSohete kyver the
di odes, as %xpl ai nfeg‘ei nrelation to FIGS.. 5A and 5B

entire bottom o via 588 (step 530). The via 588 is then filled with deposited platinum
595 (step 532). An annealing process is again used, this time to form platinum silicide
(PtS1) 596 at the bottom of the via 588 to form the Schottky diode (step 532). Finally, a dry

etch back process or chemical-mechanical polishing is used to form the platinum contacts

597 (step 508).
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[0042] FIG 6C represents a top-down view of a portion of nenory
device 800. In FIG 6C, each active area 852a-852c includes two
access devwoesis/Bomss exanpl e, access devi ces 350a and 35frrresesionosbhe
active area 852b. Wthin active area 852b, access device 350a is
gated by word |ine 330b and, when activated, couples bit line 340b to
menory cells 10a (FIG 6B), |ocated above active area 852a and nenory
cell 10b (FIG 6B), l|ocated above active area 852b. Simlarly, access
devi ce 350d is (f¥68H byswephkidddrebo3dGnemor; davien708ds buakrehoLOUP! €s
bit line 340b to nenory cells 10c, 10d, | ocated above active areas
852b, 83PPlemeating repdry bif stusturh 622 §8G. Blistaontenuityiangyadiesavetanbre
3504, 35?€.con r ol srtgccess to menory cells that are_| ocated above two
adj acent BUETACSHEIETRY QOFsTYE MG hikarga magdpaiseds Pey exampmerEIGe 64| s
ent to the active

arca wndb ettt RORAPR kBt BBl BF Mol i alrosec pIaht o an
hei I i - - . Al
dovi ce ARGY: Ga0TERE TP SR BT TuhinRelF bl dibai i Cnut fryuis e

devi ce @6RARESBHCH-fo-bAIWEN Wl Bliskcti L9208 - A ess
devi ce 350a,g 350?1 and is re\grzegﬁé%:ttg%g?%@I%Oeé%&g%cﬁ%%ggufg%bgﬁg

660a- 66@akmory cells. Phj664A8) thybaatidbbacodlenttel beits @brRegZdtitkelitfemo
menmory bit structures 615 into an array is illustrated in FIG 7A |
FI G 7Acelifenbiythedop areraoty del beingpararerd rupsiiel dsvd, ae e itlubfretedih FIG, 6B,
menory hit struyctures 615a-615d that are arranged back-to-back with
cel | sedgqribefdheloveo Piepxamplanidaskde-bagk stackedxoamory tells Rramenroyy cells

Govi ce 405 ko Ri 46 FsBorL dosee %Pe'fsgﬁh%s{" %q%?&%%ezﬁ?%%@%eﬁg%ﬁw 3300
615a- 61 } i i .

128285 BSOS, B AR R 20, S O
ti ght er sde@as®s 4R 058 w8298 rd ﬁ%g:[ siné:eneag_h%ﬁéemér&yﬁg%}%&s retéq a-615f

parall el l|ayout, the two nenory c In eac no ructure

are arr anjedbsabomtestioag ealnl For ket ah BIQWA, Wb S it AL SR8 1S
illustrated in FIG 7C. [0044]FIG 7B represents & cross-sectional

vi ew of cennecisdytoibwdh celt spdenit iaes $0achdt3z0b aewall s bid wetd litd 380DS 16 bBder to
615c in qevi ce 900. The 8orti on of FIG 7B represented by dashed

li nes i ®lethe memprycaldla cell seleeidinedRta and wived lise 83b wost hahdeattivated.
FIG 7 represent ed solitﬁlines. Menor y ﬁit structure 615a (FI G
7A) i nct e RESPRGSEeHEh the selacted (namony call das therymeaswssd Ry semin

eccees SENEEIA0RRAPH RS ol b bBERS0EY, B OUBLA R B5kdon o
Pt naige RO il A AN PR S A

two menmeynarglckl 1008, dcH®ysdahkang hensaiRell 90 8h6&EK 8482888 of BHICRe ksl
al so shared by two additi gflégl stgacked menory cél Igs 100,5l 108. Cel | ©

sel ect salent 1i32Ga0xamh gt womd life 380bo yvaleige differeniial Heheeshlerdll b&pct line
el ectrode 18a. Menory cell 10b is the |ower of two stacked nenory
cel | s 13302 apdutha kit ling 348h puifigians tegdrierate heurrent toepragtim tieamanioop cell 10a

el ectrode 18b imlarly, memory bit structure 615¢c (FIG 7A
i ncl udes cg@?%d| 'ﬁheev@mydﬁferentm may be created by altering ﬂu(a voltages o)f either the cell

select line 320a or the bit line 340b, or through some combination. The bit lines 340a-340d

may be tied to ground or to a fixed voltage, or may be individually addressed.
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WO 20081150583PCT/ US2008/ 060592 for activating access device 350c.
When access device 350c is activated, bit line 340b is coupled to
bot h menorywoceddsossdc, 10d via |lower nmetal 1 and upper poates2008/060592
respectively. Menory cell 10c is an upside-down nenory cell stacked
on top of a nenory cell 1Qg fromanother nmenory bit structure, the
two nenory cells 10c, 1 Qg sharing a top el ectrode 18a. Cell select

| ine 320a connects with nenory cell 10d via the shared top el ectrode
18a. Menory cel {00BOY | &n FI® MWOSQEE&MaMi@ﬁ@%@p i&’al%@éé:ﬁzal-%’of two
10d and is coupled to cell select line 320b via its top el ectrode

18b. Bi tmemnges b340mcBuext Waet I5ddFIG.duglih devidel8@sisedpresented, in addaf#bb
The arrangenent of the nmenory bit structures 615a-615d in device 900
di f f er s Rarah dapictimy st ether anerapuydribsiruasireshEherportion of BIGs 6B vepraserded by

device 8P0, in.that the two nenory bit structures 615a, 615c depi cted
in FIG d%é“%&@“?ﬁéé‘?&bf‘ éﬁ&é@ecﬁﬁ?%ﬁ'sﬁ‘&&ﬂf&épla@é ag thenportiomy of FE 61 represented

dei oo OGS, ASHLS 8% B A SshSpt TRLETEIL PN ARL e Mg
o SR BB E100 BRGS0 PLLOIG LA 0L 1%

st agger ¢theG4DE M @ilt:ﬂ[pﬂéﬁ RSB %&ﬁ&?t(%el\}lsé f(ﬁa@lO@@a-u&aper metal 4 %ﬁgﬁ}wér@nétg'lel,

t op- down vi ew of 7C, each a area 852a-852d 1 nc es two

access aespiectiselyTMeracgael 108V acap3d&doaninSnisy td1pdtad@AldrObpas 6 88Emory
to the nmenory bit structures 615a and 615c are both |ocated inh active

area 852€ll 1V fremmanathenmemornbB3dstuse CBestvdemierorg 5ol stargttesdnzytop
word |ine 33Qc _and, when activated, couples bit |ine 340b to nenor

col | 1081ecRPa 168)whigh i 90 ehsed by v pdditicnal gadeedandmeryroelis. éfliselpotiine
S50c i 0 S EuRRE ey esba0aRa Rereede vhrale B Meson 'ee‘iﬁgaés
340b t ted . ti .
and 8525 PR EBMOS ] ety TR RE Y R00: A6 o4 Be T RRp 20 viaa
cont ol tGeEKRegodo 18R BNIaRg! hSldiabirdbBkE HRARA XD IfeELRA line 330c

active areas 852a, 852d. 20087 150583PCT/ US2

[0047] FhGBtivaBhg 43Esy @priesddtd. AVRérmadcass daviceBs0d (SRmavedBiilge 33301
in FIG 13A), organization and arrangenent as shown in FIGS. 7A-7C

However coupleditGBothiBanarceltrtle, 10daria bneermeetal y ané kippeharesd 2f teepeaively.
cell se|ect Iin? and word line. For exanple, in FIG 13A, nenory bit

st r uct uMsEesldNd isan yppiderdarer memsry celbstpekerom topoef, a mempey ¢l Hhyfrom
oo TRt R 508, %1550 b L ool b
{eaul Bkl i ok AR SR o AASE RNl WAL At SRt for
N i o e e e L R s
line 338deanihecDb vieitewp dlédaedda8h, and by appropriately biasing the
bit line 340c.

[6040]  In the arrangement of memory bit structures 615 in FIGS. 6A and 6B,
each memory cell 10a-10d shares a top electrode 18a-18¢ and connecting cell select line
320a, 320b with three other memory cells. As a specific example, memory cells 10b, 10c,
10f, 10g share top electrode 18b and are all connected to cell select line 320b. However,

each of the four memory cells are activated by a different word line (e.g., 330a-330d). Each
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[ 0048] Another inproved nenory bit structure that results in reduced
menory bit area is illustrated in FIG 8A. FIG 8A represents a
menory bi twetawescisesse 1015 that is simlar to the nmenoryedings2edsiosisbir e
615 of FIG 3 except that the rectifying devices 660a, 660b have been
noved so as to be positioned in between the nenory cells 10a, 10b and
the cell select lines 320a, 320b. The rectifying devices 660a, 660b
are preferably silicon p-n diodes or Schottky diodes but are, in this

enbodi meetess evick 650 350d bpératdshe atlodi dagredt flaw tﬁ@@@g&ﬁhﬂ?&iffé@er&@emggz
t he rrermrf/ bit structure 1015, one rectifying device can service t
I

menory ¢él$ $0a-Hutlocatedwboed differémtortize didhb 852:n852e For yxadohplesddcesstdenie
1015. ngs the reduction in co onents results .| n an overall
reduct i GRVR FOHEMD AGCeps to mewary relblil lprated 8Bov4 aative asracib2a amd mogmpory cell

St 7 uct urde o RBLe st gégraeﬁﬁgflﬁg%&g%ﬁ%%ahgﬁz?% IgDemoBOR! ST v
I1s i T t
ol cot | ITOEERIAAENEE %%%%Set? o St Phing el PRy - e el pihg scking

660a- 66Qg 28804 % 3}9%%4 ectrodes of the stacked nenory cells
10a-10h. WD 2008/ 1505 3PCT/ US2008/ 060592 [0050] FIG 8C illustrates a

cross-sectional view of the physical organization of two nenory bit

structures 10150804701 5gachinetavtychit 806uré S15a06i5d Q8 has Radfig devn:es 660a-
depictions of other menory bit structures. The dashed lineS in FIG

8C r epr 68@chwhialy, ircthis e@bbﬁmerﬁrlm\radieemﬁomimi witinn tHealvingofithaAecegsdevices
t hose deglcted using_solid Iines. However, by referencing the

t op- dowdoA éaPd Axiredeges 7Q0of; Fg@%%ﬁ&ﬂmq 1eqtifyingrdeviee! 6684-660d maiylhees
are in diffe ent Ianes tlhan %]t’l r de c%tﬁ_jé "solid" structures.

si mi | ar "EFHenE ﬁ’é?‘%’ép freli@ 8@%\?%% diqgleshsexplaired ’é‘tfrel?@toﬂrtégms
In othegawprsy the structures depicted in FIG 8C are |ocated within
mul tiple view ng planes; hence FIG 8C should be viewed in -
conjunction with FIG 8D. [0051] One of the significant differences

bet ween the crqes423ectRIGNEC rapr@¥er a top-down view of a portion of memory device
800. In FIG. 6C, each active area 852a-852¢ includes two access devices. For example,
access devices 350a and 350d are in the active area 852b. Within active area 852b, access
device 350a is gated by word line 330b and, when activated, couples bit line 340b to
memory cells 10a (FIG. 6B), located above active area 852a and memory cell 10b (FIG. 6B),
located above active area 852b. Similarly, access device 350d is gated by word line 330c
and, when activated, couples bit line 340b to memory cells 10c, 10d, located above active
areas 852b, 852¢, respectively. In each case, the controlling access device 350a, 350d
controls access to memory cells that are located above two adjacent but staggered active
areas (e.g., 852a, 852c). Memory cells that are located above active areas that are adjacent

to the active area wherein the controlling access device is located are coupled to their

controlling access devices via a metal 2 trace and a rectifying device 660a-660d. The
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menory devi ce 1000 shown in FIG 8C and the cross-sectional view of
menory device 800 in FIG 6B is the absence of the rectifying devices
660a- 660d WO wésasesess devi ce drains and the presence mfrmsaedsibosbng
devi ces 660a-660d connected to the cell select |lines 320a, 320b. The
rectifying devices 660a-660d are forned by the junction of materi al

| ayers 661, 662. Material layer 661 is forned within the vias
connecting the cell select lines 320a, 320b to the nenory cells

10a- 10h. rentifyéng dévibagila-656d is forfrexdnmithiagha dbgy of tid doesidibng AdessnRIid
the cell_select lines 320a, 320b. The junction between materi al

| ayers 6BV2a1deed ib sepresamtes irdfil(h 6C\ws erddped regipn $662660doped
regions. Material |ayers 661, 662 may be formed of various materials

such as doped p jlicon and titanjumor platinum as long as the
junction of t he?cwﬁgj I aé@r%d%p%?rﬂﬁs[ I%ett\g@pf PigaRiFirEfiedeesenabi sauctmrs 615
as a p- | : t k Lode. 0052], Sim | ar to, that
expl ai ngﬂwa%ggré‘% ﬁsaiggg#%%%# ]o:gl"%hh‘f—ﬁl& 7‘%BmLH‘€r% ls 4 E@Jtn,c § Feemory

1015b  ( fcef®s 18R aieRebiidRsmyRr o L&ﬂ&u?&%g%giaﬁﬁai 4R arp%g%ggﬁ.égggif@gim

350b. When access devi ce IS activa I ne

t o bot h ceBEwleyt 1as13304.820c iﬁ&@secﬁﬁg‘ﬁﬁé’bé‘t@tbl—b]a?%n{e?n MBS P Ay
e

menory cell stacked on top of a nenory cel

2008115058801+ higAReR AEOARI A oMo dER1ER 1800 Bhdl nSdrh&§! dviee 906K that
sel ect |ine 320a connects with nenory cell 10a via rectifying device
660a. Mihomemay bitigidieres ht5d-glherinafevica®08 aeckrexhgedinmypatalld] snakber and
10b and is coupled to cell select line 320b via rectifying device

660b. SEhY P%fr%tggg in dpvicei0Py dbe parallpl sauqtrragesgl) in midghidescorssdevice

line 33 i vati . devi ce 350d. W devi ce 350d
s ot vatea OBy B SRR SR e oty oemoD e somn

Menory L i,de- r | stacked on to

e A L el R TR
320a cornettasedMriFtgreaory cell 10d via rectifying device 660d. Menory
cell 10c is the lower of two stacked nenory cells 10g, 10c and is
coupled to cell select line 320b via rectifying device 660c.

[0053] FIG 8D [fegtlesdiiGs 7B rempsatona cidsevecionh hdewrsTohy phjdical organization
structures 1015b and 1015d deg)i cted in FIG 8C._As in devices 700,
800 and©Hbno meaRdry vt sictanes £1520 §2%¢ inglriceidne| Thiepottion fFIEsE represented

devi ces ver, active areas 1052a-1052¢ are different fromthe
active Qy?‘é\éﬁi@&eqlﬁni}% t@gga%@{osg@gc%l plane phtherpartiges piGarBas

8D, acoiaeagiited 8y sELHAC AR aR) R RIRRLFE Elon R AT ol Semmied ok aacs
active afieRH+ARPac@ECRSIcedPoh CWVIRDOR b3 d%@ﬁ@@s@é/is}ﬁ?ﬁ%g&,@f %@eoge%qg :

when activated, Ccouples bit |ine 340b to nenory ce

| ocat edcalysivé t@bbihacRoepcART2a, WBAARPPEYmER) b 28R & rﬁeta@@)reééﬂ%ﬁb@&.
y

above active area 1052b. Simlarly, access device 350d I1s gate

word | i Men3@goeldfa isvrenpside-doametemosppdlestadket] dnitop 084 GherhOry@ITID¥ from
cell 10c (FIG 8C) |ocated above active area 1052b and nenory cell
10d ( FI @otBey megay & shivsiaeadhe vwo aremory0sile 10aNd0@starathamnesop electrode

devi ces_ 350h,. .350d contr access. to nenmgry cells that are located in

two adj 5@‘@ ﬁ‘fq"lf}h’cs ai%%%@é?‘ﬁ%}’ hee pdditionabstacdkyg raemeysgells 10¢, 10g. Cell select line
320a connects with memory cell 10a via the shared top electrode 18a. Memory cell 10b is
the lower of two stacked memory cells 10f, 10b and is coupled to cell select line 320b via a

top electrode 18b. Similarly, memory bit structure 615¢ (FIG. 7A) includes word line 330d
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[0054] Simlar to nenory devices 900 and 2300, the bit |ines

340a- 340d in device 1000 nust be appropriately biased in order to

sel ect a nWOR0eL/1SeBE. | n ot her words, WO PCT/US2008/060592
20081150583PCT/ US2008/ 060592 sel ection of a nenory cell requires

sel ecting the corresponding word line, cell select Iine and bit |ine.
Al so, the rectifying devices 660b and 660c nmay al so be nerged into
one rectifying device connecting a conmon top electrode simlar to
menory devadivagiog access device 35000 ¥hentaareshi deviat35Onistaati deted clsit KA B40bsis
depicted in FIG 9A In FIG 9A nenory device 1100 includes a

par al | elCO4Pledrgbrthmestornepids 1Pcpild waleweimetal 1018 appen BietalRacdspectively.

menory Ri,t stru e 1015a-,1015i includes a single access device
350a- 358‘98188’&’ fﬁiﬁbrﬁé%‘? yPededowremgmory gell ataelsed orHiephi Rgremery rell Hgdrom

S sk e R S SN SR FEIRE Sk AL VeSSBSt
menory ¢elilsaietPlne érﬁﬁe%hﬁeecﬁé V\gagtrkllsﬂétgxglﬁﬁdcelﬁ(fdeﬁ& F}fey %%%cfﬁg éégcfl']goedsegm’a.

660a- 660c) i s connect nmenory ce

cor r espdMisthog @@l 10458 Heclowlek BEtw? Hacid0demsb P Rifsi 10RMddand cgﬁiﬂeﬁletf) cell

1100, only one rectifying device is used for up to four nenory-cells.
Each of selhet lirma20beiwity topedléaroderisb c Berdinies 34023452 AR ingetitilnilyp 8d druicde
is froma different nenory bit structure. The rectifying devices

660a- 660c, as described in relation to FIG SC, are forned fromthe
junctions of mePB#3lal Thaarangseensafithespemerchibstmatheesioibetiihin device 900

represeﬁt a boupdar be} ween two oppositely doped regions. For
exam ¢ iffers g tscetim WW*&EB}W?O%W%HFW%F&#%ES&@Q inthet
. . 2 . . ) 1
thus. forhs e el e REES 08 o OB Herlalf i HIE- SRR By Rbe Ry v
al so beadiardhdas, B%%fd% tf%%iéelﬁoy,%f@etﬁ'gvgaféagﬁf‘é és%ﬁtti)%%%gear}{&rﬁ%i[%&air of

t he physical organization of two nenory bit structures

in devi nend@Oit dtrudales! Thordduce@ntider deittkipss wEd o 1Rs il t
structures. The dashed lines in FIG 9B represent structures that are
not in stiectvzesdloa-6hicin géared@nlivhasbe depiecires 85228524 € beatrbhgsd in a
Al so, the structure indicated over active area 1052b in FIG 98 has
been shPf¥adgl erientatienas@rpasgsoioeasstagaered gripnfation as depicted in FIG. 6C).

[0046]  In the top-down view of FIG. 7C, each active area 852a-852d includes
two access devices. The access devices 350a and 350¢ that control access to the memory bit
structures 615a and 615c are both located in active area 852d. Within active area 852d,
access device 350a is gated by word line 330c and, when activated, couples bit line 340b to
memory cell 10a (FIG. 7B} located above active area 852a and memory cell 10b (FIG. 7B)
Iocated above active area 852d. Similarly, access device 350c is gated by word line 330d
and, when activated, couples bit line 340b to memory cells 10c, 10d, also located above

active areas 852d and 852a, respectively. In both cases, access devices 350a, 350c control

access to memory cells that are located in two different active areas 852a, 852d.
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WO 2008/ 150583PCT/ US2008/ 060592 reality | ocated behind the structure
| ocat ed over active area 1052a (refer to FIG 9C for further
clarity). WOOBS®1s058F G 9B, cell select |ines 320a, 320CTAIR008/060592
connected to the nmenory cell top el ectrodes 18a-18c via rectifying
devi ces 660a-660c. Each rectifying device 660a-660c couples a cell
select line 320a, 320b to four nenory cells. For exanple, the
structure above active area 1052a depicts cell select |line 320a

coupl ed to menof0g4del | HGBO#BA-18€ refReentla@imilafcik @t irhath &g di&¥IeB00 in FIG.
660a. In this way, the nunber of physical conmponents or structures

per each3fpmagsnibationsandiatramgeniantre dugwed in EHES.t7He7Cy Eloatdves tin BIGHITBA-

of device 1100 is sinplified. The reduction in structures also allows
the memd?yr BPFe dapgresresomcelsharpsshe sanexelbsejeqt finpand o dimee onor e

P enPHmhfe ML 134 g PR Bt pes s pha oG tndlide s riag b, 10c
d i i . i 504 |

hott v PR, BORTHBROR) LR 1880 Al S BEGER LR UNE P (18t g g20b and

Menory Rkl 111@2308 AR aYEsidss g rcgﬁgaéé/ﬁcﬁﬁe'&ugifg&{%grf&g %ﬁéeécs@[]?,asmcbe

menory cell 10e from anot her It stru ine

320a cofmiteidsalll atdresad. YFarekhmba nvdnioryeetli Ty ink1ded Beadilang MORoYd
cell 10b is the I ower of two stacked nmenory cells 10f, "10b and”is

coupl edlite33E dndsidleeell stibctdir@B26b dra byegpprbptiatlybiasiog thébi line 340b.
Simlarly, menory bit structure 1015d (FIG 9A) includes word |ine
330c f opirgidarly snemery=relld s ischeldctad Igsantivating iwerddibes3temd eclBHbat lise 320b,

Verory S0 PY SBERORI ARy PSR COAHIRIFy col | Stacked on Lop of &
menory cell Gy fromanother menory bit structure. Cell select line
3202 comect s ool TN GEllprh0Es K 8541 LIRS B0 BT
gg 3 gllig%tgg\?)cgg?iltuagg% %gilhééé&o%tg% PG A2 FIECBAT P RGeS Y IkEM BB strdilive 1015
that is similar to the memory bit structure 615 of FIG. 3 except that the rectifying devices
660a, 660b have been moved so as to be positioned in between the memory cells 10a, 10b
and the cell select lines 320a, 320b. The rectifying devices 660a, 660b are preferably silicon
p-n diodes or Schottky diodes but are, in this embodiment, not formed within the drains of
an access device 350. In the memory bit structure 1015, one rectifying device can service

two memory cells, each of which is from a different memory bit structure 1015, Thus, the

reduction in components results in an overall reduction in memory bit area.

[0049]  FIG. 8B illustrates a memory device 1000 that includes a staggered
arrangement of the memory bit structures 1015a-1015f. As in the memory devices 800, 900,
the memory cells in memory device 1000 are stacked. This time, however, the cell select
lines 320a-320d connect first to a rectifying device (e.g., 660a-660d) and then to the top
electrodes of the stacked memory cells 10a-10h.
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[0059] FIG 9C represents a top-down view of the nenory bit
structures 1015a, 1015d depicted in FIG 9B. Each active area

1052a- 1052%0i0ed/330688 t wo access devices. In FIG 9C, acmeIses20s6ese?
350a is in the active area 1052b Access device 350d is in the active
area 1052d. Wthin active area 1052b, access device 350a is gated by
word |ine 330b and, when activated, couples bit [ine 340b to nmenory
cell 10a (FIG 9B) |ocated above active area 1052a and nenory cell

10b (FI G 9B) |[0030]ed Hh8E iHuitrates Areds-3&kidaal Bew dfahé phyAet 8sganization
device 350d is gated by word Iine 330c and, when activated, couples
bit |i nef B4omarsonydibstyudtetds 1008b, (1156 E&B@mded@ﬁﬂadadﬂmﬁm taqialrtrd depiztions
1052a and nenory cell 10d (FIG_9B) |ocated above active area 1052d.
The par &f pEier E‘Eﬁlﬁi@rdlhlé$¢%u€ﬂs e dashgd dinegrie FiG. 186 reprawnp strvduigstthatiane

the. act FUDTPE e e Gy aret MOBDaOTFas el %”qu i B
a1 angerast s hE TP e Mg Srs et RelR AR R e gre m
Lhan 0ngiffBzBml afill thaf 0 Udpied B L BucALE A {ﬂ@& SRGrBE Bal H0Gnade

For exanple, 1'n FIG 14A nenory bit structures
i ncl uder mr% thie " Hashbddinet Qehuch e St dii&l %ﬁ@m%%h%@a Cpiafaafinmc. 8C

menory ce 10d are activated by ut|I|2|ng cell sele i ne
320b andradorated iwithia Bdaltiphsviawtes planes; encs KIQ: 8Cshealdbd viewedequi r es
that the bit |ines 340b, 340c be i1ndividually addressed. For exanpl e,
menor y eajinatnn withddGesPed by activating the word |ine 330a and the
cell select line 320b, and by appropriately b|a5|ng the bit line

530a and cel | JURHT (OheSataptertfintEtiBigbeden Bheidr e oFo o
T SOy AR A PSR ol e
o S0t S R RS B PG ot s nd
20081150 H5aksehl/oR 0&t8itfHia g 9%ices 660a-660d connected to the cell select lines 320a, 320b.
The rectifying devices 660a-660d are formed by the junction of material layers 661, 662.
Material layer 661 is formed within the vias connecting the cell select lines 320a, 320b to
the memory cells 10a-10h. Material layér 662 is formed as a layer directly underneath the
cell select lines 320a, 320b. The junction between material layers 661 and 662 is a junction
between two oppositely doped regions. Material layers 661, 662 may be formed of various

materials such as doped polysilicon and titanium or platinum, as long as the junction of

the two layers forms a rectifying device 660a-660d such as a p-n diode or a Schottky diode.

[0052]  Similar to that explained above in conjunction with FIG. 6B, memory
bit structure 1015b (FIG. 8B) includes word line 330b for activating access device 350b.
When access device 350D is activated, bit line 340b is coupled to both memory cells 10a,

10b. Memory cell 10a is an upside-down memory cell stacked on top of a memory cell 10e
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spacing the two nmenory cells controlled by the sanme access devi ce at

| east two access devices apart, as illustrated in FIGS. 10A and 10C.

FI G 108 depioessisesser oss-secti onal view of the physi cal ptusroisusesonf

two nenory bit structures 1015a, 1015d from device 1200. FIG 10C

depicts the top-down view of the structures in FIG 10B. In each of

these figures, a nenory cell 10a-10d shares a rectifying device

660a- 660d with one other nenory cell. For exanple, nenory cell 10a

shares rfachiahyiteg ntenbghibiba e CANRIREIEBMRIbnAGS wilEmbReRy Wi i

menory cell 10a is stacked. Menory cell 10c al so shares access ‘device

350d wi tvie rashibring celice 56¢k. Memgryre¢lhlOb is tler lnover et two caRked mk célls 10f,

connect renote nenory cells 10a and 10c to the access devices 350a

and 350d40bpagd p@@qun}@cﬁl {o cetinglecbling 320bt Wa cenifigog slegive 40b. 1SiarithrB) nremkary bit
portions of the menmory bit structure 1015a,

Ilt)lggsf Iéprlb‘gté{fg ﬁ&i‘é@egﬁﬂ%ﬁgd%‘{v&@ ling330efor ativaling wedeps devige 3. dWhen
conpact AGEE BpviaE ARl el Vet et S S atited b abemOtpes Toc lod. ©
nccor di AaTOp et pEs A AP R enlof 2 Kok b 5o eRopy gell 108 from
r epr eseghsthr FRARSDY e E@uRD QI Rkt fise 081 cbﬁﬁe&Qw%@{é%nxgg? ¥iffodlalo

of FIG 10A. FIGS. "15B and 15C represent the correspo

or gani za&dtiﬁyingIﬁiﬂzv&feréa(’l@.emmﬁoz?fceﬂﬂo“@fs)ﬂlé'ﬁjﬂré}'ﬁbf%@@(@;tackﬂdK%H?(B REYIGE 10c
2500, nore than one nenory cell shares the sane cell select Iine a
wor d | i Aed isesrupdechtrpted seleat khe320b5Aa revtifiying deidce 60dict ur es 1015a and
1015b i nclude nenory cells 10b, 10c, respectively (anong others).

Bot h nmenory ceuhs Ob, égg are activated by utilizing cell select

line 320b and wBYP!| i FEC38BePesents pdaprdowWnnemwof themempry ditstoretures

i it 1 4Qc be. i ndivi dual dd ed. F
! e TotsBnd sl depi R BIGY Be, A506 oRiced e bithhd o e 2ative assron
am. L : : €W e
e BahRa 088 icludds Mol dB0H BRI ADHIRESedas 0B NN Bidrent
| i ne 33femand eevt afkasdd I A&iaddop @0%@909&9&%@B&ﬂe%lr)éfsgg%%ﬂ%ée&%

bit line 340c. WD 20081150583Per/ US20081060592

gener al noidnclege ondics cuseadctifhimged avides bin Bligh BDededess Aok €s@BOP LA 350d are in
menory hit structures. For exanple, in FIG 11A the concepts of
menory Hietacsive arqauh0sb.cWEthix pativesyreahdb2bpadedsila@iceaPb & pated byviad lire

a one a %ssfge ice/three mempry cell nenory bit structure 1315. In

St ruct (PP Rk WheRcligeiers St il e 30660 Mere wild0s Ghke ChIpehted above
bet l,l s 10a-1 ' tive, cell | ect

T nes. soesIBRt Sienaly Al gB TG Ao o B e sCuttrmnay Sl - o

th = : i: i 50
cont ol ey sl Aot BalcBy v R e B e 2P b

basi ¢ | ay®o340bIBeMEbFy &GO . AR vO L
arranged in a rrermry@dgévi cg%%{éﬂog@g)sc repreggh%%‘%tai&g&?:?gé% %%leﬁelﬁg%ﬁ?%
11B, a U (FIGed@lbcdtbd ab8Rdectz@res1053¢. SNORY thaesddestRIRId%s 880, 3500 Edfrol
menory bit structure 1315a-13151. Al though each nenory bit structure
1315a- 1818 th meineiyceslls G0 aomlogawdpn dwe atljucest hestaggere dctive ageasd052a,
menory c%l | s as desired may be added with correspondi ng cell select

li nes. 1052¢. [0064] FIG 11C depicts one possi bl e nethod of

physi cally arranging the nenory bit structures 1315a, 1315d. For

3?3?‘3265552, " RorRly St hgEre S Fees R Sed HAL AR SnrOatudin
Che ol Py 0B kiR PEREPHSRNA D biftaR i prder 16 SRERRSHh RPNl Mgy Vhoras

cell select line (e.g., 320a-320x) via a rectifying device (e.qg.,
660a- 660x). Menory cell 10a is connectS{i to cell select |line 320a.



[ 0065] Each of the inproved phase change nenory devi ces 700-1300

i nproves the spatial efficiency of phase change nenory bit structures
by utilizi W 200/np088e access device for nultiple nenoryraredd2608/060592
Spatial efficiency is also inproved by stacking nmenory cells on top
of each other and by sharing rectifying devices between nenory cells.
A parallel arrangenment of nenory bit structures also results in

i nproved spatial efficiency. [0066] It shoul d be appreciated
that theeletRoRved nitha6§ eN2BQArARERENNE B @R s FORHihS WbrdBheD&II select line
fabricated as part of an integrated citcuit. e. correspondi ng

i nt egr ateewd it Hneli Akonthy rbetifyingl devids 660Batd P60zahayp4les BE BRrged Hit6 Bhe
For exanple, FIG 12 illustrates a sinplified processor system 1500

whi ch i rettifsrig devienmmnyeding « comn0d tomelasiriodg siomijar do etkrpdwysievide800 e
menory bit structures such as structures 615, 1015 and 1315 in

accordance wth_t abgve descri bed, enbodi nents. A _processor_system
such as a corrpu{o(ggg]sys‘?‘éﬁ?glg‘éﬁé‘?lhﬁq deviesmsop picted it FiG- 94 o‘@é%@r fd

or e Sﬁxibéméfyl%méefﬁg}pg%g%%agﬁgx%ggl;q%fag}%repbe&t g ety i)%t%lcgﬁes 10152-1015i,

The momre suithory BEsck ARl SR e S 6B oGRS §¥be S5Ol B oo
typi cal verhBFP&II (@ananmd).c aRE HRhEy cells are stack{e@%iﬁll rrhe'?né ReAPREOf
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i nprove current flow through whatever resi'stance variable materia

used. relation t¢ BRESIC, dieefoahed érofte o juntticas cinchteligaygs 6shawd 6620 herein
be considered illustrative of exenplary enbodi nents that achieve the

f eat ur eshejveicion serrazpads albsundany detvesen two dyutisitelyatdped regidns. For example,
substitutions to specific process caonditions and _structures can be

made. AERSYOH PRIKPN of materialdater 6A1 ravidde rrdoprs. abd diaipemioncd ninderigf layer
: : m t 23 G%n%%gthfg g%fggghggpﬁigps-glblggél&gﬁs @%}lﬁé gv};n_rlil 8i$ddep %S c!esscr%gc%/ above, a
Schottky diode may also be formed.

[0056]  FIG. 9B illustrates a cross-sectional view of the physical organization
of two memory bit structures 10152, 1015d in device 1100, in addition to partial depictions
of other memory bit structures. The dashed lines in FIG. 9B represent structures that are
not in the same viewing plane as those depicted using solid lines. Also, the structure

indicated over active area 1052b in FIG. 9B has been shifted for viewing purposes, but isin
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CLAIMS What is clainmed is: 1. Aresistive nenory structure,

conprising: an access devi ce; at | east two resistive nenory
cells, eacwocwbd/15e:88pl ed to the access device and to a mElUS288l06E52
signal line and each configured to pass current when selected via a

cell select signal on a said |line and upon activation of the access
devi ce, each cell being accessed via only one access device that
provi des shared access to nore than one nenory cell; and at

| east t weald tf?dchfe\’i' Muﬁ’&ﬁ{ecs%ﬁmhﬁ@Q&a%H‘G@&ta@Hv%ﬁeﬁ 1@51ae(§aelcsd ME. 90¢o0f
the at 1east two nenory cel

further clarity).

[0057]  InFIG. 9B, cell select lines 320a, 320b are connected to the memory cell
top electrodes 18a-18¢ via rectifying devices 660a-660c. Each rectifying device 660a-660c
couples a cell select line 320a, 320b to four memory cells. For example, the structure above
active area 1052a depicts cell select line 320a coupled to memory cells 10a, 10e, 10c, 10g via
rectifying device 660a. In this way, the number of physical components or structures per
each memory bit structure is reduced, and the overall structure of device 1100 is
simplified. The reduction in structures also allows the memory bit structures 1015a-10151

(FIG. 9A) to be fabricated more compactly.

[0058] InFIG. 9B, memory bit structures 1015a and 1015d are depicted. In
memory bit structure 1015a, word line 330b may be used to activate access device 350a.
When access device 350a is activated, bit line 340b is coupled to both memory cells 10a,
10b. Memory cell 10a is an upside-down memory cell stacked on top of a memory cell 10e
from another memory bit structure. Cell select line 320a connects with memory cell 10a
via rectifying device 660a, Memory cell 10b is the lower of two stacked memory cells 10f,
10b and is coupled to cell select line 320b via rectifying device 660b. Similarly, memory bit
structure 1015d (FIG. 9A) includes word line 330c for activating access device 350d. When
access device 350d is activated, bit line 340D is coupled to both memory cells 10¢, 10d.
Memory cell 10c is an upside-down memory cell stacked on top of a memory cell 10g from
another memory bit structure. Cell select line 320a connects with memory cell 10¢ via
rectifying device 660a. Memory cell 10d is the lower of two stacked memory cells 10h, 10d
and is coupled to cell select line 320b via rectifying device 660c.
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2. The structure of claim1l, wherein the rectifying devices prevent
paral l el |eak currents between a selected nenory cell and

non- sel ect W@ 2608150383 cel | s. 3. The structure of clai m IeCTsnaioaosbhe
rectifying devices are coupl ed between the nmenory cells and the
access device. 4. The structure of claim3, wherein the nenory cells
are each coupled to respective cell select lines. 5. The structure
of claim3, wherein the nenory cells are in a single plane above the

access device. [0059]TheFES. OUCiepFeth aGbRidemay vmﬂ%ﬁh@n{éﬂ%rﬁz%ﬁs}tﬂéﬂl@s
devices are fornmed at least partially within the access devi ces. :

The str d61%s, 80Hd dépittertn FiBdteiBach hetiveareh fi052gl (324 mc&ﬂdartezomcﬂess

o " Sehdlevicgs-inlles 9C, access device 3508 5 in the active areh 10525, Ackess devied 350 s in
the active area 1052d. Within active area 1052b, access device 350a is gated by word line
330b and, when activated, couples bit line 340b to memory cell 10a (FIG. 9B) located above
active area 1052a and memory cell 10b (FIG. 9B) located above active area 1052b.
Similarly, access device 350d is gated by word line 330c and, when activated, couples bit
line 340b to memory cell 10c (FIG. 9B) located above active area 1052a and memory cell
104 (FIG. 9B) located above active area 1052d. The parallel configuration of the active

areas 1052a-1052d results in device 1100 being more dense and area efficient than devices

where the active areas are staggered.

[0060]  FIGS. 14A-14C represent a similar circuit {memory device 2400 in FIG.
14A), organization and arrangement as shown in FIGS. 9A-9C. However, in FIGS. 14A-
14C, more than one memory cell shares the same celi select line and word line. For
example, in FIG. 14A, memory bit structures 1015a and 1015b include memory cells 10c,
10d, respectively (among others). Both memory cells 10c, 10d are activated by utilizing cell
select line 320b and word line 330a. As a result, memory cell selection requires that the bit
lines 340b, 340c be individually addressed. For example, memory cell 10¢ is selected by
activating the word line 330a and the cell select line 320b, and by appropriately biasing the
bit line 340b. Similarly, memory cell 10d is selected by activating word line 330a and cell
select line 320b, and by appropriately biasing the bit line 340c.

[0061]  FIG. 10A depicts a memory device 1200 that includes a parallel
arrangement of memory bit structures 1015a-1015f, organized in a way that only two

memory cells are coupled to a rectifying device. Device 1200 makes this possible by
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9. The structure of claim3, wherein the nenory cells are stacked in
pairs wwth menory cells from other adjacent nmenory structures. 10.
The st ruct Wi0Oe2008156388i m 9, wherein the stacked pairs of mEmIS2908060303
share a comon el ectrode. 11. The structure of claim10, wherein the
stacked pairs of nmenory cells are coupled to the cell select line via
the common el ectrode. 12. The structure of claim9, wherein the
structure is organized in a staggered arrangenent with the other

adj acentspHBiNBtMe Blrd Udnkdr§ells controlled by the same access device at least two access
devices apatt, as illustrated in FIGS. 10A and 10C. FIG. 10B depicts a cross-sectional view
of the physical structure of two memory bit structures 1015a, 1015d from device 1200. FIG.
10C depicts the top-down view of the structures in FIG. 10B. In each of these figures, a
memory cell 10a-10d shares a rectifying device 660a-660d with one other memory cell. For
example, memory cell 10a shares rectifying device 660a with another memory cell 10e
upon which memory cell 10a is stacked. Memory cell 10c also shares access device 350d
with memory cell 10d. Long metal interconnects (metal 1 and 2) connect remote memory
cells 10a and 10c to the access devices 350a and 350d, respectively. The metal
interconnects (metal 1 and 2) make it possible to distribute portions of the memory bit
structure 1015a, 1015d to distant active areas (e.g., 1052a). Effectively, the device 1200
combines the benefits of a staggered active area layout with the compaciness of a parallel
active area layout. In device 1200, individual bit lines 340a-340d may be individually

addressed accordingly to the cell to be selected.

[0062]  FIG. 15A represents a memory device 2500 that is similar to memory
device 1200 of FIG. 10A. FIGS. 15B and 15C represent the corresponding organization and
arrangement of memory device 2500. In memory device 2500, more than one memory cell
shares the same cell select line and word line. For example, in FIG. 15A, memory bit
structures 1015a and 1015b include memory cells 10b, 10c, respectively (among others).
Both memory cells 10b, 10c are activated by utilizing cell select line 320b and word line
330a. As aresult, memory cell selection requires that the bit lines 340b, 340c be
individually addressed. For example, memory cell 10b is selected by activating the word
line 330a and the cell select line 320b, and by appropriately biasing the bit line 340b.
Similarly, memory cell 10c is selected by activating word line 330a and cell select line 320b,

and by appropriately biasing the bit line 340c.
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13. The structure of claim 12, wherein the other adjacent nenory
structures are organi zed above respective access devices. 14. The
structure w0 2008i503839, wherein the structure i s organi zegCT/1Us2808/060592
paral |l el arrangenent with the other adjacent nenory structures. 15.
The structure of claim 14, wherein the other adjacent nenory
structures are organi zed above shared access devices. 16. The
structure of claiml1l, wherein the nenory cells are coupl ed between

the rectifying gheyscesTRgerll BREGS AREYdsEE above can be applied to more complex
memory bit structures. For example, in FIG. 11A, the concepts of memory bit structures
615 (FIG. 3) and 1015 (FIG. 8A) are extended to a one access device/three memory cell
memory bit structure 1315. In structure 1315, the rectifying devices 660a-660c are
connected in between the memory cells 10a-10c and their respective cell select lines 320a-
320c¢. In this way, a single access device 350 may control three memory cells 10a-10c. In
fact, a single access device 350 could control access to as many memory cells as desired
using the same basic layout shown in FIG. 11A. The memory bit structure 1315 may be
arranged in a memory device 1300, as represented in FIG. 11B. In FIG. 11B, a cell select
line 320a-320i exists for each memory cell in the memory bit structure 1315a-13151.
Although each memory bit structure 1315a-13151 in device 1300 only depicts three memory

cells, as many memory cells as desired may be added with corresponding cell select lines.

[0064]  FIG. 11C depicts one possible method of physically arranging the
memory bit structures 1315a, 1315d. For example, in FIG. 11C, word line 330a is used to
activate access device 350a, thereby coupling bit line 340a to the bottom electrodes of
memory cells 10a through 10x, where ‘X represents any letter of the alphabet. Each
memory cell’s top electrode is also coupled to a cell select line (e.g., 320a-320x) via a
rectifying device (e.g., 660a-660x). Memory cell 10a is connected to cell select line 320a.
Memory cell 10x is connected to cell select line 320x. The memory bit structures 1315a,
1315d illustrated in in FIG. 11C are also shown in a top-down view in FIG. 11D. In FIG.
11D, it is apparent that a pair of the memory bit structures (e.g., 13153, 1315d) are
staggered onto a single active area 1052, In this way, as many memory cells as desired

may be located above a single active area 1052 and access device 350a, 350d.
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17. The structure of claim 16, wherein the nenory cells are each
coupled to respective cell select lines. 18. The structure of claim
17, wher ei WO ISPRSAory cell shares a rectifying devi cePGRYEIR0W06958A st
one other nenory cell, and wherein the nenory cells sharing the sane
rectifying device are each coupled to a different access device. 19.
The structure of claim 17, wherein the nmenory cells are stacked in

pairs with rrerm%/ cells fromother adjacent nemory structures. 20.
The structure of008bhai nfach ofithe fraprpved prhage thange ordrherysteyices 76@136he

rectify iipn%roves the spatial efficiency of phase change memory bit structures by utilizing only
one access device for multiple memory cells. Spatial efficiency is also improved by
stacking memory cells on top of each other and by sharing rectifying devices between
memory cells. A parallel arrangement of memory bit structures also results in improved

spatial efficiency.

[0066] It should be appreciated that the improved phase change memory
devices 700-1300 may be fabricated as part of an integrated circuit. The corresponding
integrated circuits may be utilized in a typical processor system. For example, FIG. 12

illustrates a simplified processor system 1500 which includes a memory device 1400

employing improved phase change memory bit siructures such as structures 615, 1015 and

1315 in accordance with the above described embodiments. A processor system, such as a

computer system, generally comprises a central processing unit (CPU) 1510, such as a

microprocessor, a digital signal processor, or other programmable digital logic devices,

which communicates with an input/output (I/O) device 1520 over a bus 1590. The memory

device 1400 communicates with the CPU 1510 over bus 1590 typically through a memory

confroller,

[0067]  In the case of a computer system, the processor system 1500 may

include peripheral devices such as removable media devices 1550 (e.g., CD-ROM drive or

DVD drive) which communicate with CPU 1510 over the bus 1590. Memory device 1400 is

preferably constructed as an integrated circuit, which includes one or more phase change
memory devices. If desired, the memory device 1400 may be combined with the

processor, for example CPU 1510, as a single integrated circuit.
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device. 21. The structure of claim20, wherein the different access
devices are organized in a parallel arrangenent. 22. The structure
of clai m I1womhex1e0383t he rectifyi ng devices are sel ect ecPdwus@B/0605021P
conprising of p-n junction diodes and Schottky di odes. 23. The
structure of claiml, wherein the rectifying devices are forned
within the access device. 24. The structure of claim1l, wherein the
menory cells are arranged vertically with

{0068] It should also be appreciated that various embodiments have been

described as using a phase change material as an exemplary resistance variable material.
The invention may also be used in other types of resistive memory to improve current flow

through whatever resistance variable material is used.

[0069]  The above description and drawings should only be considered
illustrative of exemplary embodiments that achieve the features and advantages described
herein. Modification and substitutions to specific process conditions and structures can be
made. Accordingly, the invention is not to be considered as being limited by the foregoing

description and drawings, but is only limited by the scope of the appended claims.
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respect to the access device and each other. 25. The structure of
claim1l1, wherein the nenory cells are in a single plane above the
access device. 26. The structure of claiml1l, wherein the nenory
cell s are phase change nenory cells. 27. A phase change nenory
device, conprising: an array of access devi ces; at |east two
phase change nmenory cells coupled to each access device, each cel
bei ng configured to pass current when selected via a cell select
signal froma coupled cell CLAIMS

What is claimed is:

1. A resistive memory structure, comprising:

an access device;

at least two resistive memory cells, each cell coupled to the access device and to a
cell select signal line and each configured to pass current when selected via a cell select
signal on a said line and upon activation of the access device, each cell being accessed
via only one access device that provides shared access to more than one memory cell; and

at Jeast two rectifying devices, each connected with a respective one of the at least

two memory cells.

2. The structure of claim 1, wherein the rectifying devices prevent parallel leak

currents between a selected memory cell and non-selected memory cells.

3. The structure of claim 1, wherein the rectifying devices are coupled between the

memory cells and the access device.

4, The structure of claim 3, wherein the memory cells are each coupled to respective

cell select lines.

5. The structure of claim 3, wherein the memory cells are in a single plane above the

access device.

6. The structure of claim 3, wherein the rectifying devices are formed at least

partially within the access devices.
7. The structure of claim 6, wherein the rectifying devices are p-n diodes.

8. The structure of claim 6, wherein the rectifying devices are Schottky diodes.
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select line and upon activation of an associ ated coupl ed access
device, each cell being accessed via only one access device that
provi des shared access to nore than one nenory cell; and a
rectifying device connected to each nmenory cell, each being
configured to prevent parallel |eak currents between a sel ected
menory cell and non-sel ected nenory cells. 28. The device of claim
27, wherein the rectifying device for each cell is coupled between
the nenory cell and the access device. 29. The device of claim 28,
wherein the nmenory cells are each coupled to respective cell select

lines. 39). ThEned@MbaR Ficldthdi MheBin b BlRioR ¢dN8 afefCdckEyinairdethece for
each cell is within the respective access device. 31. The device of

cl ai m 30, MgReVIEs frpa otlse edipganh gremeny gBIchigss. each cel | is sel ected
froma group conprising a p-n junction diode and a Schottky di ode.
32. The device of claim28, wherein the nmenory cells are in a single
pl ane aboMe t HEhemtmetyreoff chdinds whekein thestacked airsTtemetemiycellodharelaai m 27,
wherein each meno cell is coupled between the correspondi ng access

devi ce aﬁ@qqﬁﬂ??é¥ﬁ8 devi ce

11.  The structure of claim 10, wherein the stacked pairs of memory cells are coupled

to the cell select line via the common electrode.

12. The structure of claim 9, wherein the structure is organized in a staggered

arrangement with the other adjacent memory structures.

13.  The structure of claim 12, wherein the other adjacent memory structures are

organized above respective access devices,

14, The structure of claim 9, wherein the structure is organized in a parallel

arrangement with the other adjacent memory structures.

15, The structure of claim 14, wherein the other adjacent memory structures are

organized above shared access devices.

16.  The structure of claim I, wherein the memory cells are coupled between the

rectifying devices and the access device.

17.  The structure of claim 16, wherein the memory cells are each coupled to

respective cell select lines.

18.  The structure of claim 17, wherein each memory cell shares a rectifying device

with at least one other memory cell, and wherein the memory cells sharing the same
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34. The device of claim 33, wherein each nenory cell shares a
rectifying device with at | east one other nenory cell, and wherein
the nmenory cells sharing the sane rectifying device are each coupl ed
to a different access device. 35.The device of claim 34, wherein four
menory cells share the sanme rectifying device. 36. The device of
claim 34, wherein the nmenory cells sharing the sane rectifying device
are stacked in pairs conprising a lower nmenory cell and an inverted
upper nennrgfcekf.. 37. The d %icedqf_clain13 . .Wherein for each
stacked part;y e ngSW?Faﬂ%ﬂBW§338FIlgﬂﬁnﬁﬁﬁm% & nmenory cell share a
first electrode coupled to the shared rectifying device. 38. The

device of claim 36, wherein two stacked pairs of nmenory cells share a
first el ethroddrectuperiichrindd, hereddhe wemprxeHe agesiacked in pais withe

devi ce Ofm%&weﬁgﬁom&iaej(?&éa}lgm%{F‘%ﬁlréé coupled to the sane

access device are positione rent access devices. 40. The
devi ce of claim 36, wherein the access devices are arranged as a

stagger E'\dZ(f1 T &Y structure of claim 17, wherein four memory cells share the same rectifying

device.

21.  The structure of claim 20, wherein the different access devices are organized in a

parallel arrangement.

22.  The structure of claim 1, wherein the rectifying devices are selected from a group

comprising of p-n junction diodes and Schottky diodes.

23.  The structure of claim 1, wherein the rectifying devices are formed within the

access device.

24.  The structure of claim 1, wherein the memory cells are arranged vertically with

respect to the access device and each other.

25.  The structure of claim 1, wherein the memory cells are in a single plane above the

access device.

26.  The structure of claim 1, wherein the memory cells are phase change memory

cells.

27. A phase change memory device, comprising:
an array of access devices;
at least two phase change memory cells coupled to each access device, each cell

being configured to pass current when selected via a cell select signal from a coupled cell
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41. The device of claim 36, wherein the access devices are arranged
as a parallel array. 42. The device of claim 33, wherein the
rectifying devices are selected froma group conprising p-n junction
di odes and Schottky di odes. 43. The device of claim 27, wherein the
menory cells are arranged vertically with respect to the access

devi ce and each other. 44. The device of claim43, wherein at | east
two nenory cells are coupled to each access devi ce. 45. The devi ce

cor  eaponttiirh AcleBof S5 abSMRE SRS sAolD e Sovid, g frikbene
change mesegedieMiofl, one@bRMss Sdvitd thaPraidedhstd AceQI6 nRYIHeL Sne
memory cell; and
a rectifying device connected to each memory cell, each being configured to
prevent parallel leak currents between a selected memory cell and non-selected memory

cells.

28.  The device of claim 27, wherein the rectifying device for each cell is coupled

between the memory cell and the access device.

29.  The device of claim 28, wherein the memory cells are each coupled to respective

cell select lines.

30.  The device of claim 28, wherein the rectifying device for each cell is within the

respective access device.

31.  The device of claim 30, wherein the rectifying device for each cell is selected

from a group comprising a p-n junction diode and a Schottky diode.

32.  The device of claim 28, wherein the memory cells are in a single plane above the

array of access devices.

33. The device of claim 27, wherein each memory cell is coupled between the

corresponding access device and rectifying device.

34, The device of claim 33, wherein each memory cell shares a rectifying device with
at least one other memory cell, and wherein the memory cells sharing the same rectifying

device are each coupled to a different access device.

35.  The device of claim 34, wherein four memory cells share the same rectifying
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a first and a second phase change nenory cell coupled to each access
devi ce, each cell being configured to pass current when selected via
a cell select signal froma coupled cell select |ine and upon
activation of an associ ated coupl ed access device, the first cel
being a lower cell of a first pair of stacked nmenory cells, the
second cell being an upper cell of a second pair of stacked menory
cells; and a rectifying device connected to each nenory cell,
each bein%%ponfigured to prevent parallel |leak currents between a
sel ected Hﬁry cell and non-selected nenory cells. 47. The device
of claim46, wherein the first pair is positioned above the access
device and the second pair is positioned above a different access
device. #B. THe dseice e€clam 34, avheream thevprmary selisdadngbr ssmareqblyingel |
pairs are bl : i i Is |.Ist
Pai bt et FEE BANE oLRpARE SRRy oo LRk St T e
wher ei n tmembiyrestl. pair and the second pair are positioned above
access devices that are activated by a same word |ine. 50. The
device of claim46, wherein the first pair and the second pair are

posi ti onex. abope ReressclaRy 36 ashetdhaforaheh kb pdit thdwel @6 Sel Wy d

lines. 51. A processinp system conprising: a processor; )
the upper memory cell'share a first electrode coupled to the shared rectifying device.

38.  The device of claim 36, wherein two stacked pairs of memory cells share a first

electrode coupled to the shared rectifying device.

39.  The device of claim 36, wherein the memory cells coupled to the same access

device are positioned above different access devices.

40.  The device of claim 36, wherein the access devices are arranged as a staggered

array.

41.  The device of claim 36, wherein the access devices are arranged as a parallel

array.

42.  The device of claim 33, wherein the rectifying devices are selected from a group

comprising p-n junction diodes and Schottky diodes.

43.  The device of claim 27, wherein the memory cells are arranged vertically with

respect to the access device and each other.

44.  The device of claim 43, wherein at least two memory cells are coupled to each

access device.
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a resistive nenory coupled to the processor, the resistive nenory
conprising: at |east one array of access devi ces; at | east
two resistive nenory cells coupled to each access device, each cel
bei ng configured to pass current when selected via a cell select
signal and upon activation of an associ ated coupl ed access devi ce,
each cell being accessed via only one access device that provides
shared access to nore than one nenory cell; and a rectifying

devi ce connect.ed 0. ea nmenpry, cell, .each bei configured to
prevent ﬁgﬁall e<%ggﬁ°§ﬁ?v%%€g%gg?aggﬂngmggyg@fg&ow@ﬁ%ﬁ§W@g} €and
non- sel ecdop@spombnig)acesh Hsvice &d rectifng ¥&di@m of clai m 51, wherein the

rectifying device for each cell is coupled between the nenory cel
and the associ ated access device. 53. The system of claim51,

wherein egeh MBRRLY Gk metndtPHRED ) the correspondi ng access
devi ce and rect??yiﬁg éééicégy 55.’%ﬁgﬁsys em of claimb53, wherein

each menory cetnlaghaf eses degoes;f yi ng device with at | east one other
menory cell, and wherein the nenory cells s@arin t he ,sane rectifying
device are eac%%%%%%s cqng piascﬁ ﬁllﬁfégééﬂ??%{é’é:& §°‘H’é‘% € &2 aEeSSFRYUCG y ot em
of cl ai mdih celhievigy donEigeid EPIE Yuredh whes setosdaa sl a Vbl felétt sibfAFonPhe
ot her nenory gell. i . X i

coupled cell select line and upon activation of an associated coupled access device, the

first cell being a lower cell of a first pair of stacked memory cells, the second cell being

an upper cell of a second pair of stacked memory cells; and

a rectifying device connected to each memory cell, each being configured to
prevent parallel leak currents between a selected memory cell and non-selected memory

cells.

47.  The device of claim 46, wherein the first pair is positioned above the access

device and the second pair is positioned above a different access device.

48.  The device of claim 46, wherein two stacked memory cell pairs are positioned

above the access device, including the first pair but not including the second pair.

49.  The device of claim 46, wherein the first pair and the second pair are positioned

above access devices that are activated by a same word line.

50.  The device of claim 46, wherein the first pair and the second pair are positioned

above access devices that are activated by different word lines.

51. A processing system, comprising;
a processor;
a resistive memory coupled to the processor, the resistive memory comprising:

at least one array of access devices;
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56. The system of claim55, wherein each stacked pair of nmenory cells
shares a common rectifying device. 57. The system of claim 55,
wherei n each stacked pair of nenory cells shares a common el ectrode.

at least two resistive memory cells coupled to each access device, each cell being
configured to pass current when selected via a cell select signal and upon activation of an
associated coupled access device, each cell being accessed via only one access device
that provides shared access to more than one memory cell; and

a rectifying device connected to each memory cell, each being configured to
prevent parallel leak currents between a selected memory cell and non-selected memory

cells.

52, The system of claim 51, wherein the rectifying device for each cell is coupled

between the memory cell and the associated access device.

53. The system of claim 51, wherein each memory cell is coupled between the

corresponding access device and rectifying device.
54.  The system of claim 53, wherein each memory cell shares a rectifying device with
at least one other memory cell, and wherein the memory cells sharing the same rectifying

device are each coupled to a different access device.

55.  The system of claim 51, wherein each memory cell is stacked with at Ieast one

other memory cell.

56.  The system of claim 55, wherein each stacked pair of memory cells shares a

common rectifying device.

57.  The system of claim 55, wherein each stacked pair of memory cells shares a

common electrode.
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