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MULTI PLE MEMORY CELLS PER ACCESS DEVI CE FI ELD OF THE

WO MENFUSEN [ 0001] The enbodi ments of the i nvenP¢DIS2008/060592
rel ate generally to the field of sem conductor devices
and, nore particularly, to resistive nmenory devices,
e.g., phase change nenory devi ces. BACKGROUND OF THE
I NVENTI ON [ 0002] M croprocessor-accessi bl e nmenory

devi ces have traditi ﬁaﬂeé E@lﬁ\@@}fi ed as either
non-vol atil e or vol ati evices. Non-vol atile
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on even n power e nenory device |
turned of f. Traditionahloerd®Mmerige non-vol atile
menory devices occupy a large anount of space and
consune |arge quantities of power, making these

devi ces unsui t abl epfrp reTHE POVERITENIevi ces or as
substitutes for frequently-accessed volatile nenory

devig®g] OTH@nbbdigkeraptithedahadtiderdliengonctaly aethe field of
tend to provide greater storage capability and

semicdldgtanievigesontd, ensretfraticularlyy tl bsistiee meemoyy deviceg®.g., phase
Vol atil e nmenory devices al so generally consune | ess
chang@avenotyhdeviosn- vol ati | e devi ces. However, volatile
menory devices require a continuous power supply in
order to retain stored rrem)EQ){: content. [0003] Research
I

and devel opmentBAEKERHENE? &lH THEIAH/ N y devi ces
that are randonly accessed, have relativel I
Y %&s&@y@%%ﬁaﬂy been

cond@¥3l | odVlicaARraEPESORTRCaPBIDA MEBNGTY
classif%%g;%q airrgga%é{ﬂeeso%avro(igﬁlle?nergog? 8&3\%&'&3\/ ‘El\lgg%rlgﬁl%%elzr%ory 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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states can be programmably changed. One avenue of
research relates to devices that store data in nenory

w@edoBas(sy3 structural ly or chem cally changi ng BCT/US2008/060592
physi cal property of the nenory cells in response to
appl i ed progranmm ng vol tages, which in turn change
cellresistance. Exanples of variable resistance nenory
devi ces being investigated include nmenories using

resistati@é| @%rﬁg[e%%f%ﬁﬁﬁfé RS VHRE %erﬂ@f}ﬁ)&é\hbésebaﬂgmstlgated include
anor phou i con, phase-changi ng gl asses, doped
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basi ¢ conposition of a typi cal varlable resi stance
phase-'@fﬁﬂii’% Ghdses uell @spal hacggenihdagassrantong citlets. 10
onstructed over a substrate 12, having a variable

resi stance material, e.g., a phase change material 16

f or fikad4bet dEen1 ahowt hdrasil o pariigor 4f atypigaltgpiable resistance

el ectrode 18. One type of variable resistance materia
memomayelbsudnar phbas Giange orerdopedeliv @ eongtructed pver aeibstrate 12,

and Mh as disclosed in U S. Patent No. 5,541,869 to
hawng?@ szerleblemesmme ﬁé&t@ﬂ?}p@ gofa Masesbrage Byitetialdédormed between a

rial nay i ncl ude perovsklte materi al § such as

bottonp,e};cggp fregdx m@yctrcl @ frRe QY Y € TqSLIERINGE 1aa§3r1al may

be amw%wﬁsco?@%&@ Wm@ﬁ% Fe ShVn 25 5&%%&985?9335 §¢Patent No.
5,541 Eiﬁ% e ! eg 15 eF gfn;?et \Irq?rl E%¥ 152&%;3’ eélraéma@.mlc%ude
perovéﬂ{f d}eaflﬁr %;tr@ )%&12?&?3 ;1(5?%)22%&@. tx 3 t&?@gLLESrMnOa
(Lsmay, G%ni(@oﬂy \Fgégzl a@ ’rglsTA/&ssed%Wg. ;’élteﬁF g%gg 3o %}gﬁev et al.

Still a thegfy el of VAAbRS rebREarREmh AdHG1 FBRIR a MR Dcdd@iide glass of the
opant be| ng sel ected from anong the noble netals and

formuld Aﬁ%%‘}@@e Mt idlsslecleBGtotdi A0MYS, RlandPTe abld mBBuresthereof, and
Ru, , Cr, M or N, as disclosed in U S. Patent Nos.

whereB8'4884¢1643s ankabt G&Sidibvent frocaGpdep 11X (Bl Al &adIn, T1), Group IV-A
Campbel I, respectively. Yet another type of variable
(C, Si, 1Gs Baf By Groaper-Aa(N,ih A 6bsBy, eaGhmrp Folgirtr CL Birnd, At) of the
penodc;g gl)jrlelz Salnrcligwmh the dopant being selected from among the noble metals and
transition metals, including Ag, Au, Pt, Cu, Cd, Ir, Ru, Co, Cr, Mn or Nj, as disclosed 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, titanium nitride, aluminum, platinum, or silver, among others.



carbon bl ack particulates or graphite, for exanple,
m xed into a plastic polyner, such as that discl osed
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material used to formthe el ectrodes 14, 18 can be
selected froma variety of conductive materials, such
as tungsten, nickel, tantalum titanium titanium
nitride, alum num platinum or silver, anong
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that agerofizetiieCIARW diacs, ebSb-T esdlst hag desizabde physicAlgriopendies as a
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variabjergisistanreanatgriel.i ¥hsousdombirnstticasef Kea, banddid mey bgalsgd as
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Speaﬁaﬁsypﬁmgﬁ% %Q@%ﬁ@%ﬂ@@ﬁ PhASESfEWiess PR ERMI@EOHF Phage and two
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cubie G A e e el Ry S ey, s i
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a correspondi ng binary st A vari abl e reésistance

state thAkARI @ImSiptbus &I3SInAbeseallifs GInwRheaang@se having a different
according to its material phase is referred to as a

resistapbasieatchangequatel wath a (Q08gontiveg birmmg istat@ nAfvasiablnesistance
GST phase to anot her occurs in response to
material such as GST whose resistance changes according to its material phase is referred

to as a phase change material.

[0006]  The transition from one GST phase to another occurs in response to
temperature changes of the GST material. The temperature changes, i.e., the heating and
cooling, can be caused by passing differing amounts of current through the GST material.
The GST material is placed in a crystalline state by passing a crystallizing current through
the GST material, thus warming the GST material to a temperature wherein a crystalline
structure may grow. A stronger melting current is used to melt the GST material for
subsequent cooling to an amorphous state. As the typical phase change memory cell uses

the crystalline state to represent one logical state binary, e.g., “1,” and the amorphous state
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tenperature changes of the GST material. The
tenperature changes, i.e., the heating and cooli ng,

w@ a0shsoseaused by passing differing amounts of PCTYUSIN$/060592
through the GST material. The GST material is placed
in a crystalline state by passing a crystalli zing
current through the GST material, thus warm ng the GST
material to a tenperature wherein a crystalline

to repRlseHEANS BRI G QWite Birdlry, ANGET0,Mehd 'txgr@ta%‘iihg Rirdeht Rferred to as
to nelt the GST material”for subsequént cooling to an

a set cafRhPNeUSnS Hal Relthfy &dieeritiPiréfalreAN8 96 afi RO IRERI dirrent Irst. One
cell uses the crystalline state to represent one
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stateto represent another |ogical state binary, e.g.,
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current | SET and the nelting current is referred to as
are typicaly dggeoorfteregethecuderof a fershundrasl sidrohegsi n the art
wi | | understand, however, that the assignnment of GST
states to binary val ues may be switched if desired.
The [8&¥] curs éywisal rspiptisg sarheryebiasEueiire gadh acuphasg dhange

| RST are typically large, often in the order of a few .
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0O and is connected to the nmenory cell 10 when t

330. TReGRESs Wi @353 ustheadiffividhad I¢eiRerd@td Jdshens3BPge phase
The access device 350 nust be sufficiently large in

changirgdarrréras passnd her toathgen@hasecelhBhgi ng currents | SET

and IRST to the nenory cell 10. [0008] The nenory bit

structure 315 of FIG 2A may b e arranged into an

[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
memory 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



array of nmenory bit structures, as illustrated in FIG
2B. In FIG 2B, a conventional resistive nenory device
wao@sitmsBides an array of nenory bit structur eBCT/US2008/060592
315a- 315h. The nmenory bit structures 315a-315h are
arranged in rows and colums. The rows and col ums may
be partially staggered, as in FIG 2B, or may b e
aligned in parallel. The nenory bit structures
line tB3¥dach3iholpaa 6ntheaf¥moly el 6@kts 8&)ie€850d-850h38Ranadfed, and the cell
do not share a common word |ine 330a-330d.
select Additd ivatniah ltie nidneoryrietiny cdrirtectddr uct ur es 315a- 315h
al ong any given word |line 330a-330d d o not share a
conmon bit |ine 340a-340d. In this manner, each nenory
bi t [§00Uct ukach worrhlige 888a-3Hkhisicbirectby to hevamhtaddver in the
sel ection of the wordline to which the gate of the
form efermrw despderdbddes salestingethgs03pegEUh Warddormios taadiccegsdperation.
. ..the cell select line to which the nenory cell is
Similarbpgach eel! sqlogdie 28eR20@ isrqupled §308raBodn the form of a column
conpected to a word line driver in the formof a row
decodggdedter 460 for selecting the respective word line for
an access operation. Simlarly, each cell select |ine

col dRTHec obrereiigHEtly digort Ef;saYs?éat%%ﬁ frr‘é%@r?yr Fry h%@'fng only four
rowes (LRI PR oL 35BN A By 001 B 1 B cotumnsof
memafg e A 15 S 0B s Tn 3RO Sl Ve TL MR e
underB®odNAGE i pa@ﬁwaaggﬁ;uea@é@s?meq% ldeottd @@%astskgrﬁicanay more

menory device 400 has significantly nore nmenory

memcYyHHICStHE @B rdsin @R @Fdy2YForeRRm@a Bl Ltu A E&SbHAHIRERRY include
device may include several million nenory bit

severd tohlléb FRSn iastracgess 315 adramgetien atlurBboasf Alfurrays.
[0011] Significantly, FIGS. 2A and 2B illustrate how

each nenory cell 10 is connected to a separate and

! ndif00djal SigodssndeHICS. 386ndASB ilbstrésbowhadh abewery cell 10 is
connelctrged 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 F?, 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.



resistive nmenory cells such as the phase change nenory
cells 10, the anount of current necessary to change at
wo e@stis@Esporti on of the phase change naterial REI/U81008/060592

an anorphous state is relatively high (generally a few

hundred m croanps). As a result, the access device 350

for each nenory cell 10 is correspondingly large. In a

conventional phase change nmenory bit structure with a

one-to- one COBRESPORIERILTIRGNOE THEPRAWERES and

access devices, the typlcal nenDry bit area is 16F2,

mearfome]an FGea iBqstddtet 8 he\&b%h@nge e cell.

fabrication resol ution. ecause of continued desire to

reduce the overall footprint of nmenory bit structures,

t her{@01% a F&&d2A02B edd@€ steeschemific bntl phiysicabiegtresemtations of a

menory bit structures, e.g., phase change nenory bit
phaseshange treesoBRIERTDESCRURT  ONrEEpIHENDRANNNGS dE0E2.2]

FIG 1 illustrates a typical phase change nenory cel

[0013] FIGS. 2A, 2B and 2C are schematic and phyS|ca

r eprle&kit athlons ipp sehesnatierepnaseyéatiamel 3 Phase dange pugreory bit

and a cgrresponpdi ng nme device. [0014] FIG 3 is a
structdransegt legﬁ%ﬁrcg‘éféﬂ%f‘éltff% O%Hm%‘tphase change nenory bit

structure according to a dlsclosed enbodlnent [ 0015]

oot R BTG g
o oo SRR Sgﬁfﬁ%ﬁ%ce%'f%%s’f‘@?&%rr%'@f'}%g%%aeﬁace@swrdmg

dmdo%{ o ?Bﬁﬁﬁ ative diagrans and flowcharts of the
ormation of a rectifying device in a phase change
menory bit structure according to a disclosed

enbqgh1egnt . FIG808 L] 58 4€San&BD zﬁ% r@ﬁfés@x@aﬁb@ ds&YamRtdr@l flowcharts
and physi cal representations of
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 bit 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.



phase change nmenory bit structure and a correspondi ng
menory device according to a disclosed enbodi nent.

w(Q 02850583 GS. 7A, 7B and 7C are schemati c and pOy/Esma8/060592
representations of a phase change nenory bit structure
and a correspondi ng nmenory device according to a
di scl osed enbodi nent. [0019] FIGS. 8A, 8B, 8C and 8D
are schematic and physical representations of a phase

changoeN;SPo A, S hHE YUY GedBReRaGORAE PR Qi@bl%gﬂ@s@ﬁfa\ﬁons of a
device according to a disclosed enbodi nent.[0020]

phase thésze AMAP BNSrQCuas end alherREpending mamstEaévice according to a
representations of a phase change nmenory bit structure

disclogderabedini@gpondi ng nmenory devi ce according to a
di scl osed enbodi nent. [0021] FIGS. 10A, 10B and 10C
are schematic and physical representations of a phase
chaf@21ire mdilGSb1AA st0Buatdit @C anglschepmticesylaritishgl nepresentations of
devi ce according to a disclosed enbodi nent. [0022] i
a phasglcsngemeniany, biHsiCueltide pnazgosresphedig memody gRyist eggording to a
i representati ons of a phase change nmenory bit structure
discloggderabedimmesfpondi ng nmenory devi ce according to a
di scl osed enbodi nent. [0023] FIG 12 illustrates a

colithg T8 WA 5SS aRoa e o p e B RaEsics A
represgRa40Bhaba FERAR G HEBRY 57 D SRy G L BOEEDding Memory
devicec%éﬁﬁgﬁgiar}ﬂséfg&%réﬁnggaiin‘?eent?ccor ding to a disclosed

e | .

[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. 15A, 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.



[0025] FIGS. 14A, 14B and 14C are schematic and
physi cal representati ons of a phase change nenory bit
wa@roogasesse and a correspondi ng nenory devi ce aBCDUS1008/060592

to a disclosed enbodi nent. [0026] FIGS. 15A, 15B and
15C are schematic and physical representations of a
phase change nenory bit structure and a correspondi ng
menory device according to a discl osed
enbodi ment . DETAILED IDESCRIFPTODNNCGBFTHEEN WWENTOSN
[0027] The large current requirenments in variable
r esi[02ifice Timeirye cetrbst regairements inavayéabde eessstance memory cells
devi ces. Wien a variabl e resi stance nenory bit

resultgh largewceesh e virean¥ilen anerigde resiglante menoory hikbtracttioe has a one-
access devices, the nmenory bit structure has a | arge

to-ong pairing eftmemere gelffpioa cegsstderiqehytie gagmery btctsmh@fegraas alarge
one-to-one nenpry cell to access device pairing is
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a bott%%ﬂe@tr@&nﬂﬁ, Ghath ;%Pas‘éh:ﬁaﬁ %eg&ll €6 bols':ﬁfb%ea%q Betyhb& the electrodes

ottom el ectrode 14 of each nory-ce 10a, 10b is

14, 18CaRRE6H elbchrodehs cﬂ'b@lmﬁxe%or?@ﬂé ab£ 188ds caehadtetied the cell select
access devi ces 350c, 35Ce. The opposing sources of the

line 320t €H % e etedide 135 Peadl en leldal D0Risdomhedtelditd the drains
| ine 340b. The access devices 350c, 35Ce are gated by

of sepasparaténdividiudli avesss @@res 330 350¢hi The dpposiggsesraes of the access
access devi ces 350c, 35Ce.

devices 350¢, 350e are connected to a shared bit line 340b. The access devices 350c¢, 350e

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

[0028]  Generally, the two access devices 350¢, 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



[0028] Cenerally, the two access devices 350c, 35Ce
are |ocated in a single active area 552 of the nenory
waleosasosdD0. Ot her pairs of access devi ces ar eP¢DUSL0081060592
i n neighboring active areas 552. Active areas 552 are
regi ons of device 400 that have been doped so as to
all ow formati on of one or nore access devices 350,
such as transistors. Because the current denands of
illustratesi istF1(Ge 2Be dor ynmeived rédstdventeatatyibiebtyudtughwitrhe reduction in the
si ze of the access devices 350, and hence the size of
memaryiditatticrereafioefyi52oaldealbor tes pbnitatigh pf densm. repi@tig®memory
~ The | arge access devices and active areas have the
dEVW%%tential toresult in large nmenory bit structure
footprints and sparsely popul ated nenory devi ces,

asillustrated in FIG . An inproved resistive nenory
bi t [Q4ct Uabadimenss Pé g‘t?c‘#‘i"éﬂﬂ% af%owiﬁfflw% hich provide
nt would allow the fabrication
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ase-changi ng currents ase change

illustrﬂf%@@?a%@ bharge he DIt Ru A6 19182 PRIFBEYora ’ls! hase change
access device. For exanple, FIG 3 illustrates a ase

memdiﬁ QB 07 106y MRinhor§tdeli§ 104,61 06 hize bBa! cdui}s16d RO hAeSsk Wevice 350
phase change nenory cells 10a, 10b. Menory cells 10a,

such atQfraiststbnt Bacdomphetly ell 40a,a0bds slsdevhaectdd@o aueparise ell select
transi stor. Each nenory cell 10a, 10b is al so

line 320Nt ek inotha tgpical plt@eckhhgs eleedryl binetrd2@e 3BR20DHFIG. 2A, the
As in the typical phase change nmenory bit structure
access3eyif350liGgaed byt hwoad dees33fe i bit 138340 prgwtded atspuace to the access
~word line 330. A bit line 340 provides a source to the )
devicet¥esl igepnuected do Hredmesraryrabe 1@ 10b vhnn therasesssahgviee 350 is

. 10a, 10b when the access device 350 is i
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



activated by the word Iine 330 and when one of the
menory cells 10a, 10b is selected by the correspondi ng
wa@elos/1sesBect | i ne 320a, 320b, respectively. [OPGLPSIg060592

menory bit structure 615 al so includes two rectifying

devi ces 660a, 660b such as, for exanple, diodes. The

rectifying devices 660a, 660b are each serially

connect ed between the corresponding nenory cells 10a,
regionsQl¥ tREEcdele 48618 350 AR S UeviResgoas bitkatsi@orl 8¥ ntSsbe separate

660a, 660b prevent parallel |eakage current anong the
devicggenory cells 10a, 10b. In other words, when nenory

cell 10a is selected by activation of both the cel

select line 320a and word line 330, the resultant

cur r{eed2]t haviultiplesnémpowpbht strewbrrgs 685 maldse érganized into an array.

prevented fromflow ng through nenory cell 10b by
FIG. 4Acitluisfrgtesq mewiory de6iie.708dn wihith beeresupt it sledctive¢oalba-6151 are

the rectifying devices 660a, 660b may be integrated )
organizgd@stpasalipl stmctgies (a5 efpashe tadhesteggeredseramenwing Hlustrated in

cess device 350 is a_transistor, may be separate

FIG. 2fpvAsaa thq megmryMavisedepisterdn ¥l i PB.glaviga Idaclodss migyd lines

20 B0 SIS ol 1 A 3Lt e e o
eS8 AR AT IE0 S PRLEL Ll FHBAMIES (L35 r0 mctces
ot s g AR R ETBUH LTt BB
accoafPBSEH R R AN R 60 ) LI LRERR el e
e OFGESRIORECH 90 S L e TR LOEL P, i G

4A, m@m@&j} BRI sthtth e 15A B eOhndt &Pt PRthd@AQdREt Rk 3208 an8320b as well
menory bit structure, two cell select |lines and one

as to tHOkebrUiliie 3B0B. NMe Gudéed, seldchERne@cellEllRf fvr kdmple, cell select line
structure includes two nmenory cells. For exanple, in

320a ahHGvorARineBBl shust botdt beiadtivated 1Blde csrrentnpessirgdthtough the selected
both cell select lines 320a and 320b as wel |
memory cell 10c may then be measured by sense amplifiers (not shown), in the case of a
read operation. In the case of a write operation, a stronger programming current is
applied to the memory cell. A write operation for memory cell 10c is done by selecting
memory cell 10c through activation of both the cell select line 320a and the word line 330b.
A voltage differential between the cell select line 320a and the bit line 340a sufficient to
generate a current to program the memory cell 10c is created. The voltage differential may
be created by altering the voltages of either the cell select line 320a or the bit line 340a, or

through some combination. Generally, the bit lines 340a-340c are either tied to ground or

to a fixed voltage, though they may be individually addressed.

10



as to the word line 330b. In order to select nenory
cell 10c, for exanple, cell select |line 320a and word
wo 2008/1388H nust both be activated. The current POEES1008/060592
t hrough the selected nmenory cell 10c nmay then be
nmeasured by sense anplifiers (not shown), in the case
of a read operation. In the case of a wite operation,
a stronger programmng current is applied to the
mengogssiel | A dosydectionpleriaivi (thé phy SRSt afiflatiohQF tivd memory bit
done by selecting nenory cell 10c Fhroug activation
structofedsith, ¢1bel (FEG| 4Apireddvite NE i328preaattet i FMOS B bR 4C. FIGS. 4B
330b. A voltage differential between the cell select
and 4Cirapre3eoiatvendiffdrenbirbss savtioBdDaessfdvier k 8itgle actjengieatss?, as
) a current to programthe nmenory cell 10c is created.
illustrytes ipghe dge-doivitt sresnof BIG.fY) Blee croemsentiomyp! wlever apympar similar,
the voltages of either the cell select |ine 320a or
howeyereaghview jaclgdesna different erlbselecs hime 33An (& Bh.320b (FIG. 4C),
Gbnerally,lggg)bit | i nes_340a-340c _are either tied to

differeptgnpmosy cells 1o {Qed1GotBhdb, WHdEEh 4Plegnuljfforent rectifying
sl U SSeer PERR) A ctepsert ol v o
50 B AT P S L g B e
R i T
0 BT G RN g 0
R 8 ) 5 A B
line BMQFﬁBﬁg%Vj e tféﬁ @ldctaoidashf Q%Gﬁﬁce@%, ]8_@@%%1(, fd uiBito cell select

660b, 6 (FI 4C). A singlenenory bit structure

line 3WbAIG 645 TiHdsGmettYryi ik Udesne1ebeRi® thE shelehvbld3®ne 3302, bit
4B and 4C Menory bit "structure 615a (FIG 4A) includes

line 34farachd daeess3BOacd FH0aploh i matdongleaicioati ferteit icelt sSoOEinddB20a, 320b.
- access device 350a is activated, bit line 340a is
Similagkyu presdotycbibetrtictmeert 5d (8. $A) dacliddsGyorBlina B0 By activating
(FIG 4C) via lower netal layer 1. The top el ectrode
accessgtevigerdSg. d¥hen ageess devisnRbed ichatiyatagl bitdaiegtd0a is coupled to both
memory cells 10c (FIG. 4B) and 10d (FIG. 4C) via lower metal layer 1. Memory cell 10d is
coupled to cell select line 320b (FIG. 4C) and memory cell 10c is coupled to cell select line

320a (FIG. 4B).

[0034]  Each memory cell 10a-10d is coupled to an access device 350a, 350d
via a respective 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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line 320a (FIG 4B). The top el ectrode of nenory cell
10b, however, is coupled to cell select |ine 320b
W@ B0&1505€) . Thus, nenory cells 10a and 10b shaP€T/UR®08/060592
same word line 330a, bit Iine 340a and access device
350a, but are coupled to different cell select |ines
320a, 320b. Simlarly, nenory bit structure 615d (FI G
4A) includes word Iine 330b for activating access
physi€li %padtorVberh 88ee S iH@thtR] S5O 14D, 36 ttlhé’)ﬁﬁ%?n shkd a doped
line 340a is coupled to both nmenory cells 10c (FIG
regiordt B)n elfttbr bk, hbWeved Ghe Vécaif*i@l\gﬁievi@ésa%()b,a%@b flincMBABE Yo separate
cell 1CQd is coupled to cell select Iine 320b (FIG 40
devicesn Gimelanlyy reveifying Gevices 660p b60d hee kehtedselthit tHe dv@in of access
320a (FIG 4B). [0034] Each nenory cell 1Ca-1Qd is
devicedhildl &l raydncladeekpedeaegions3bPoare3FGaicaila saparate from each other
respective rectifying device 660a-660d. The rectifying
or thatjess $eged60a- 660d may be p-n or Schottky di odes forned
in the drains of the access devices 350. Miultiple

rectifying devices are | ocated within a single access

devilter aiiG. Ehris eXaRpIEy SHoTRAHE fieraeen ivgarca 8. FIG. 4D
lluste e o RS el Bl O h e CoRbroeR i S aienar FIey T §1ch4C to cach
other SRAb 5 2R Rom 808 BB WIS RS ORE S S5 bl fach cross
sctiolfl P Ao ST ANREER, HRPEAL 150 P Wling devices

660a-6868Pad é&&ﬁéihg& L3R Y&gg%?&%gg@ﬁﬁﬁ«ﬁgi% 2551\53? [#I"H’ne active area 852 is

rectifyi‘ng devices are

host t&1H2b Bc&ss AEFRESIBIRY BEGL. SRE S BQV%YBSU? & iﬂﬂ@trgﬁeﬁg%ﬁgﬁluding the

regions that are physically separate from eac

upper@ortibalof at@vShran 882 ahBGSbiseftt@by ok § lifle BIPa VABYEss device 350d is
schemati c di agram of active area 852. FIG 4D

illustrafetustinetding the 1pWes ipoation of adtivenaBh B5Rhnd iebisected by word line
cross-sectional views of FIG 4B and 4C to each ot heér.

330b. Botlhaciessdeweest 350aa85040 dhase bitdirtecdddn agahavertdie sane
active area 852. Each crosssectional

| [0036]  As stated above, the rectifying devices 660a-660d may be formed
within the drains of the access devices 350a, 350d. For example, FIG. 5A illustrates a
rectifying device 660 formed as a p-n diode in the drain of access device 350 gated by word
line 330. Method 510 (FIG. 5B) is used to form the p-n diode illustrated in FIG. 5A. The
components of the access device 350 are formed (step 503), such as the gate 584 and the
source (not shown in FIG. 5B). The access device drain 582 is also formed and then heavily
doped with, for example, arsenic or phosphorous (step 503). After the access device 350 is
formed, inter-level dielectrics (ILD) 586 such as silicon dioxide are deposited in

preparation for metal trace deposition and excess deposits are removed via chemical-

mechanical polishing (CMP) (step 504). A via 588 is then etched through the deposited
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view is | ocated over two doped regions that are part

of the rectifying devices 660a-660d, as expl ai ned
whedosmsises connection with FIGS. 5A and 5B. TheP@r/UB2068/060592

area 852 is host to two access devi ces 350a, 350d.

Access device 350a is illustrated as including the
upper portion of active area 852 and is bisected by
word |ine 330a. Access device 35(d is illustrated as

dieledtA€d 388 BetehBfg @WRE aB&IsE ideRiRfdraft 5809 sRpBVEPSBoRIinSlantation is
bi sect ed by word |ine 330b. Both access devices 3504,

used @5@besthartiont of tirevid488 tap-Fpedstep 620). 0086hnéslirsd piREss is used
above, the rectifying devices 660a-660d nmay be forned

to cause tie p-type ddpaigis diffusseideeesssods\to coserdh@antiddbbttom of the via
For exanple, FIG S5A illustrates a rectifying device

588 (s&0bA00r hel vies588 ip-therdfildé with & teinditegiosited lar ef $itanium 590
devi ce 350 gated by word |ine 330. Method 510 (FIG

follovsR) by 8 thisatepositeddayier ioé titamiugh piddde FPLend dhen turrgsrer@% (step 522).
5A. The conponents of the access device 350 are forne

An an(f@ﬂh@g BOFLsS Bragtinysechéhigdie S8 forantitariersalicide (T 1&@& 535 from the

wn in FIG 5B). The _access device drain 582 is alsq

1mﬂa1f§68?@l§“§ﬁdal’?¥é# tHramiyn 594 ab%@ mttqan of Hie wiraitpl hus reducing the

contadrasintetielstin o2y fucally, hieseR chthisakmachenical| zc?lt%}ng is used to
i d ted

form (e GBaEn Bintisl Rl Grront i on snd excess

dep03| ts are renoved via cherri cal mechani cal polishing

CN§S| t gg?g;‘seg’i‘%cﬁ g g%gﬁ% d&iﬁ gSCF b€ ?ﬁl%&l{@{:(gfsbgl%s,te@qﬂustrated

in FICH 9(’3‘ £R1 Sedidy §182201(ﬁt}3 BDP Oﬁbchgﬁfiv\? RiddBohagbh Methdd i s similar to
used to dope the bottomof the via 588 to p-type (step

the p-R0dde AiinaiRalThREdBF RERSM 4 SchttBY, HiBde HTRIntthe dRait)8®e of an
doping to diffuse sideways so as t'o cover the entire

accesshivieyB50f thidpontionso88hd atceps 8&A}e 35&re\foemd8&ntithé Bedess device
filled with a thin deposited layer of titanium 590

drain 81 heanely dypeal whihn fatepasiytlechrkayieor phosplicous @tep 603)deAfter the
591 and then tungsten 592 (step 522). An annealing
accessptayiessIHliis fagaed inteedeval Wigectrive (HL))B86 suth paniligon dioxide are
suicide (TiSL ) 593 fromthe
deposited in preparation for metal trace deposition and excess deposits are removed via
chemical-mechanical polishing (CMP) (step 504). A via 588 is then etched through the
deposited dielectrics 586, extending to the access device drain 582 (step 506). Boron
implantation is used to antidope the bottom of the via 588 to n-type (step 530). An
annealing process is used to cause the n-type doping to diffuse sideways so as to cover the
entire bottom of the 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
(PtSi) 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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initially deposited |layer of titanium 590 at the
bott om of the via 588, thus reducing the contact
WO e®Bas@EsEe (step 524). Finally, tungsten PCT/US2008/060592
chem cal - mechani cal polishing is used to formthe
tungsten contacts 594 (step 524). [0037] The
rectifying devices 660 may al so be Schottky di odes, as
illustrated in FIG 5C and nethod 512 of FIG 5D. A
Schoupy] di adexpriin@t hiswyeBidiaskyi devitdTdoak ohe rhdi8ol-d7
di ode formation. In order to forma Schottky di ode
implemdriting tnleency i NsthERuaf 6 BNFRC HSHtddewietorg2rayt. Mowever, more
portions of the access device 350 are formed and the
efficient designd ¢hva toendeviem&ddrnbitardymadg edisedt For brample, FIG. 6A
exanpl e, arsenic or phosphorous (step 503). After the
illustratasessaditiviovel B8thddsoff agaeiting theaneineve bitditel cberes i685a-615f into an
(I1LD) 586 such as silicon dioxide are deposited in
array phegwrmemsyy idevioes08) mermaey cddplyein didferentdnexoes bit structures are
deposits are repoved via chem cal - mechani cal polishin
arranggp) gack

cketa-barksguh celd splest Bmes 320213384 intersesting robegk-ta
memcgGPTe REHFIBEINT B QL ik HBaOsH CRHpIcaReErs Brioscked memory
cls, SRR S eL 151 8,278 L 8y YRS G, e
cescrg RO ol R LR 5 B e oy s
10a, lé)es. }—\Q?r[? t}(é }nlgeﬁg)rr &e@iégg Qi%ﬁ‘égrh;l»ee% %Jo%g,' (ﬁ]e'tijxﬂ}:eg g(?)l i%\éfuf OesfSVgc% lines 330a-

An anneal1n cess 1S aga sed,

o R U0 S iR 6,8,
select Bh¥s 8HE f@)n@@@(Ifrd:’l'h%&%Sfegﬁirﬁ&eé@\&aéa'cﬂ‘?ﬁ&ﬁm%p?ﬂst tsggtlchﬁg l618a-615f

is used to formthe plati numcontacts 59

include® 8volH62Bky AellL ¥Bt akNBPlaROFES. 1€ MdMoBeYit 6B uiRReib5a is
one met hod of inplenenting nenory bit structure 615

conne(tietiGo bd)th icell selactiiarmBROanna@B20b-asveietras whe &o2fiflin@i330b. In order to
desi gns that conserve nenory bit area may be used. For
select &xameheyryReld106Acell select line 320a and word line 330b must both be activated.
The current passing through the selected memory cell 10a is then measured by sense
amplifiers (not shown), in the case of a read operation. In the case of a write operation, a
stronger programming current is applied to the memory cell. A write operation for
memory cell 10a is done by selecting memory cell 10a through activation of both the cell
select line 320a and the word line 330b. A voltage differential between the cell select line
320a and the bit line 340b sufficient to generate a current to program the memory cell 10a
is created. The voltage differential may be created by altering the voltages of 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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illustrates an additional nmethod of organizing the

menory bit structures 615a-615f into an array. In the
woreossnyosgdevi ce 800, nenory cells from differenPCHERING060592

bit structures are arranged back-to-back with cell

sel ect lines 320a-320d intersecting the back-to-back

menory cells. Physically, the back-to-back nenory

cells represent two stacked nmenory cells, with the top

nenofiyase! | Iﬁ?l@%@%@@&%@cﬁ@ﬁél%ey@%e Oxbi%al or amzatxon of two
illTustrated in 6B, descri bed bel ow. e exa

mem@%' 151@§1K't11:t621'r@§6?1<5a3 EM@Gn@mﬁyd@\ahé gocﬁfsefeg?%g@médc ﬁ{ laédmon to
e

1Ce. As in the nenory devi ces descri above,

partiad el‘épi‘ctho&@ Qf brtdrutesonpbil stiurasred30Re p3akdh anHIC.HB represented by
sel ect lines 320a-320d. For each nenDry bit structure

dashegilliimestGi bibt irt e szedd creed-sationahplnand tapovwsrts dfi €. 6B @epresented
required, since each nmenory bit structure 615a-615f

by soliddinesles alseod epinedyinddGl 6C. BemerabiplseructuredlEa (HA. 6A) includes
menory bit structure 615a is connected to both cell

word él@leeS@Qb fonecivaRDg awness3ROiredd0ae Whersaaches dewide B5Greis activated, bit

In order to select the nenory cell 10a, cell
line 3%@ @aoupﬂedetoswa rapRIowD Fells §03e 103l YRRar eteh2isad lower metal 1,
g through the selected

reSPe%Y%ﬁf/; 5@1\@&%&?@@ Et@ ﬁlﬂ%@i‘%@@w Romesy sall gigked patep of a memory
R e L L
elects 8 1L i Rha Pl aﬁ?gﬁ%ﬁ&hﬁvﬁﬁg%naﬁﬁfs%{ﬁ e, s Coll selct e
s2n GETBEY 8 ) B SERL YL LRSI, Sty co 0

the loq)e‘.‘r Btsga?cjkeg ‘?ﬁ%if\@gf EQE 1@?|1|0b5a%|de1§ ohpX8 t%zc%ﬁ s@ﬂe@t £iR€320b via a

I|n 40b su generate a curr

t 1@&&9&1@@ Yn&Rb} G BPEE TQY
ope di ff eeraenl{ [ alrrﬂﬁé‘;ﬂ;f beéh?r ga%ggtrhima [teri %(Gt Ee ) ngﬁlggsg%mrd line 330c

for acBba@hd hedess HevieeBb0&eWarh ddca BRAR IB0AtiBactVdteli] Bi€line 340b is
340b, or through sone conbination. The bit |ines

coupléd Gab3dDthermayrylrells 1@gl 106 viy lowng métal © addfipire mekl Agespectively.
or may be individually addressed.[0039] In FIG 6B, a

Memayass-19dds aongisidd-dowafméemery el saakedogamp pab noemofy cell 10h from
t wo

another memory bit structure, the two memory cells 10d, 10h sharing a top electrode 18c.

Cell select line 320a connects with memory cell 10d via the shared top electrode 18c.

Memory cell 10c is the lower of two stacked memory cells 10g, 10c and is coupled to cell

select line 320b via its top electrode 18b.

[0040]  In the arrangement of memory bit structures 615 in FIGS. 6A and 6B,
each memory cell 10a-10d shares a top electrode 18a-18c 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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menory bit structures 615a, 615d (FIG 6A) in device
800 is represented, in addition to partial depictions
w@boostihss3 menory bit structures. The portion oPCHUR00E@B0592

represented by dashed lines is not 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

accesd d8a@ 3380, Bood @g&ﬂa\(é;t tonHI R e€SenHRY VRS2t Y 8ferent memory
access device 350a is activated, bit |ine 340b is

cells Waupdddcited bbbhe deffaret s&iVeSardBag57H0852¢ FodRR@MpIEhtess device
2 and lower netal 1, respectively. Menory cell EOa i's

3502 @mtrgiskctesdimmemenpicyll d8h loctatKiesh eoartivepred 832an@tbmémory cell
cell 1Ce from another nmenory bit structure. The two

10b locetedrapovelacve herae85he Iis dints wagp teé evtmadideerhBay bittirednis reduced
is al so shared by two additi onal stacked nmenory cells.

through bptlsasingle hiases Ba0sistos sastcisgwimocmenoy yeldedd wellas the stacking
via the shared top el ectrode 18a. Menory cell 10b is

Ofmem%YICé%iaﬂé@PPﬁ\ban\t%Rbd menory cells 10f, 10b and is
coupled to cell select line 320b via a top el ectrode

menory.bit structur FIG 6A

.1ﬁg| [B@Q? lwaﬁ%)ﬁ PREOTYE &fmchém%tg : a?lg% é%r%e‘/yi)ag devices 660a-
co0d SR 1R R oM R ROt A aielh b M Secess devices
s, U A Rlvids A5 BRS, 4T e EBRRE b ERL s Ry
formne R B Tisis P SR8 R By mrggon o FIGS.

5A an8lgpctrode 18c. Cell select |ine 320a connects with

menory cell 10d via the shared top el ectrode 18c. -
Menory cell 10c is the Iower of two stacked nenory

cel I[804y, HIOK sa@nd f@eﬁgstao&?ddmn%bw o¥el sitiohi JFend&ABRy devi
viaits top el ectrgde 18b. [0040] In the arrangenent Py vice

800. InfFIGeAO) ¢achidctise it 8H2as858¢ ndliid&d Gro abrdsaaeviods. BRGXample,
menory cell 10a-10d shares a top el ectrode 18a-18c and
accessatavnest3big andI3604d el @it theiartive 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 10¢, 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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320a, 320b with three other menory cells. As a
specific exanple, nenory cells 10b, 10c, 1O, 1Qg
webh@sastsep el ectrode 18b and are all connect edP€DUSIN$/060592
sel ect line 320b. However, each of the four nmenory
cells are activated by a different word line (e.qg.,
330a-330d). Eachaccess device 350a, 350d operates to
allow current flow through two different nenory cells
recﬁfﬁ%—d@fi‘cé coatamddabayendt (ighs Me @tlih Ve ud! @cﬁfﬁroﬂin% access device
857Za-852c. For exanpl e, access device 350a controls
350a, 360¢ andtiorepravurited eh FIQ. (BT hog abped abave c804-byed ar ea
852a and nenory cell 10b | ocated above active area
852b. In this way, the overall nmenory bit area is
r edul®@d3}t hr dmggd ditibhalansihgl & argarizing thansk bit structures 615
servicing two nenory cells as well as the stacking of
into aﬁwmyyisdgusstsated in 6GoT A edi F1Gt Hermefnody Hevicadhio imetodys memory
bit structure 615a, 615d al so has rectifying devices
cells fepmediffesmt mgmeny bitstmisheres fbtdé Hehthat heaarrbeged barknieeback with
within the drain of the access devices 350a, 350d. As
cell Sﬁil?FtEJé\?? e&largddnterpestingghe ppck tobaclk samgiyesllde The ggimary
... 660a- 660d be formed using, for exanple, p-n diodes )
differgpcedzhiieR Jh P ERAENZAtRR ShBPAPRBAeVireA0) dpAsRemerFrlesce 900 is that

e T 5 S BRAD  E l areran
e 5 RS ERTE LAELUITE AVRBEE S0 e B devic
350a—%§‘g§: l‘égog{s gg o%?gg to %ﬁ&%?@&%ﬁe%ggggﬁgééﬁr&oac gnf]OSW cells in each

mem?ﬁﬁéﬁ’%@&ur&%ﬁfﬁ it aﬂdv@%ﬁé&épaél&ggg@g@ﬁ% a“tglv%réﬁ%a%?}&a%&d, as

6B), | ocated above acti a an
illustreedd inli@le;. ¢El G 6B), | ocated above active area 852b.
Simlarly, access device 350d is gated by word |ine
330c and, when activated, couples bit line 340b to

nmengof4diel | HGLOB, reptdentsacabedsabioval viel yethar?gsical organization

852b, 852c, respectively. In each case, the
of twemematyl hihgiraduesssideyé 1be i35@aice 35MThe portion of FIG. 7B represented
by dashed lines is not in the same cross-sectional plane as the portions of FIG. 7B
represented by solid lines. Memory bit structure 615a (FIG. 7A) includes word line 330¢
for activating access device 350a. When acéess device 350a is activated, bit line 340b is
coupled to both memory cells 10a, 10b via upper metal 2 and lower metal 1, respectively.
Memory cell 10a is an upside-down memory cell stacked on top of a memory cell 10e from
another memory bit structure. The two memory cells 10a, 10e share the same top electrode
18a, which is also shared by two additional stacked memory cells 10c, 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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controls access to nenory cells that are | ocated above
two adj acent but staggered active areas (e.g., 852a,
w@as)150skenory cells that are | ocated above acPCTES2008/060592
areas that are adjacent to the active area wherein the
controlling access device is |ocated are coupled to
their controlling access devices via a netal 2 trace
and a rectifying device 660a-660d. Therectifying
for actieytitg a60ad66iod 356. fheR dcwdst dietick Be0Esaicivated, Bé line 340b is
control ling access device 350a, 350d and is
couplee ps betintnethdry cBllE106 Wadsialodopadetabiaad IRAb&QU2, respectively.
[0043] An additional method of organizing the nenory
Memdpiytcedti0uds am epsiglesddwih anemogr callystacked| drustpr @t @thenmory cell 10g from
FIG 7A . In FIG 7A, nenory device 900 includes
anothgemenyorydlit sirfietom, dhé fvee emtmengneslly 18¢,t10gtshacingre®p electrode 18a.
615a-615d that are arranged back-to-back with cell
Cell selgrtdite 330asonseds vatomeanmyrasddOdiga threshsaed top elestiode 18a.
y cells. The primary _difference between the

h
Memcgg’g?g_ﬁﬂ?éﬂﬁ Hie Iﬁweﬁ@rﬁéwy W@@@Defbfﬁilsgfﬁol? glgdgi@; goupled to cell
seect 30 o ek i aF R o LRt addressed.
not staggered as in device 800. The parallel structure
oS0 T BR3P AR5 7B00 AR bt imcevice 500
. alzl al .
iierd R S8 oA BRI B UL 2550880 in o
the twid Ihklﬁ{cﬁ'gtb@tds . lﬁEﬂe@&%}ﬂ%ﬁ géétlﬁtéa {7 FICB7BSRE GRS a@?ve only two

cross-sectional view of YSI cal or gani zation o

active@fad BRI, B52 L IS HEHES B $hiet2:RiivEARGs afe (83 £Fin¥9ment any pair of
The portion of FIG 7B represented by dashed lines is v

memdﬂ?lbiﬂ' ArddieresamMpe¢edssedsieeihbensdd adiivaigefsudelePBicheADry bit
of FIG 7B represented by solid lines. Menory bit

structstesbd baH6e56 b de(iee G00 ZWYwh tied st avedi832arg52dI0b e @fanged in a
activating access device 350a. Wien access devi ce 350a

parallglooraattation éab, oficsed itme s8g@erédsogentptien at depatéd ireRitE.y6C).
cells 10a, 10b via upper netal 2 and |ower netal 1,

respectivelly. ) ) )
[0046] n the top-down view of FIG. 7C, each active area 852a-852d includes

two access devices. The access devices 350a and 350c 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)
located 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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Menory cell 10a is an upside-down nenory cell stacked

on top of a nenory cell 10e from another nenory bit
w@reaasesse. The two menory cells 10a, 10e sharBCT/H82008/060592

sanme top el ectrode 18a, which is also shared by two

addi tional stacked nenory cells 10c, 1Qg. Cell sel ect

line 320a connects with nenory cell 10a via the shared

top electrode 18a. Menory cell 10b is the |ower of two

st aqege 1 ermeg. AL ClbrestiPa aNHilhScifQHPIRSMbAy 86Yike 2300 in FIG.
select line 320b via a top electrode 18b. Simlarly,

134), %%tﬁm arfd AehEeReRIBCHOGN FIRJS. I7chadesowed, il FIES. 13A-

or activating access device 350c. \Wen access

13C, n@ierei then 3n0endraoActdlVaisees theidantd cdl s246Hp ling agdupbeblih@ For
both menory cells 10c, 1Qd via |ower netal 1 and upper

examptetialFIZ, 18 &smeatarydiystriinmsyo16elandBlébiisclade memory cells 10b, 10c,
upsi de-down nenory cell stacked on top of a nenory

respeatiziely. I&prhfmemmoay o¢lleiObrédoane dvitivated o titifigingtded selsot line 320b and
menory cells 10c, 10Og sharing a top el ectrode 18a.

word Ia¢ [33(¥Bel Aga regule nezoarceRhwetection iequirestiraf thebit lingg 340b, 340c be

. .. .via the shared_top electrode 18a, Menory cell 1Qd is

individyally addressgd.+ fer eeaurledmggmsy el d0bds satprted by aghuating the word

) oupled to, cell select line 320b via its top el ectrode
line 33ggindgife cpll selectial Dhpend Py ATRAPDTAIAY fvgﬂsgtgoﬁ?@é@ene 340b.
. .. [0045] The arrangenent .of the nor it ruct.ures .
SimilafySHREIGY G o0t SRCQ DN EREnF PR s Sy Sesel select ine 320,
arrange t of .th A1y Wt structures in device 800
and b)f ﬁpﬁ?g)trgt?%é’ W@%ﬂ%&n%nﬁg?@lgtﬁ@f‘r uctures 615a, 615c
depicted in FIG 7B are | ocated above only two active

ar e?@o48ﬁ52%m§cﬁ%gimf%fb\}%ﬁvﬁxgﬁo Qg%t strtrgfncgt?ryqut%% Ysufth Gfreduced

are used to i npl'ement any pair’ o

memo?%bi’c%tré'a( R31ludhetelsH ¥eEds AU 'ﬂ?@.r&ereg%sEI\(t% a%@ﬁ-ﬁ)rg%ﬁ%tmemre 1015
the nenory bit structures 615a-615d in device 900

that is@irhD¥std the rehbYebaiseart8e2a53B2UGL 9 eia@tpar‘dﬁma@ gedtityidg devices
parall el orientation (as opposed to a staggered

660a, 660b ¢iatvabieon nasvediel ot tote postiidhedD) betiv@@A bhe hienidr§ cells 10a, 10b
top-down view of FIG 7C, each active area 852a-852d

and themell selest lines 3Foe 320bd dhieaestifyiine dacices66Mhe o6 Gheare3F0ferably silicon
and 350c that control access to the nenory bit

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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structures 615a and 615c are both |ocated in active

area 852d. Wthin active area 852d, access device 350a
w0 200gasw@a3 by word |ine 330c and, when acti vat ePiCT/US2008/060592

couples bit line 340b to nenory cell 10a (FIG 7B)

| ocat ed above active area 852a and nenory cell 10b

(FIG 7B) |ocated above active area 852d. Simlarly,

access device 350c is gated by word |ine 330Qd and,

whenogsy i vatred BCQQH%%%s Bl drods- ¥R 13AN bR JBRAR gfiﬁ;&%ﬁﬂ Srganization

10c, 1Qd, al so located above active areas 852

of m&%%ﬁlorg%?pﬁﬁidﬁiﬁésﬂow@ 158 iR WO 1000 98 2N &Ppartial depictions
350a, 350c control access to nenory cells that are

of othéog@ ibit $tvectdidst emRdashedilives &f BES. &5 28present structures that are
852d.[0047] FIGS. 13A-13C represent a simlar circuit

not in thesanhy vilevingeplad®as thoseldapididdsingr @did Inadst dfloaader, by
arrangenent as shown in FIGS. 7A-7C. However, in FIGS.

refered@Ag th8@p-Honer vieanofdfié:. BBt iy apphters hhatepndiésodidifestructures are in
cell select line and word |line. For exanple, in FIG

differerg plamasrtbay ober dapicted (isebd 6 $Guctames. 6A Shmilacstatienent may be made
menory cells 10b, 10c, respectively. Both menory cells

regarding tha fdased ling’i s\vm@@reﬁy Iy pther 77 erglschie steutheres dlep}féed in FIG. 8C
320b and word |ine 330a. resul t ry. cell

are locaiepiihon mgdgiple @@Wlﬁgtplﬂf‘é‘ gmcq bl §C§@H}(¥ Bagiewgd in
i ndi vi y addressed. For exanple, nenory cell 10b

COHJUW@O%W%%{% %@ activating the word line 330a and the
cell select Iine 320b, and by appropriately biasing

sor {810 oPae s Bt RSt C e BT Sapgtonat vew o
memo, 43’%V*%(%8§2%%Q5Aj‘ﬁmﬂer@! 80t e%rcpésgs%htg&élhﬁevp' ?rﬂézﬂ&*y device 800

i proved menory Struc

t
inFIG! B8} 05354 A UCERLPIO el 2 L) Oians

the pré&ﬁa@e bhadctifping dBvi @ d60a6BOd FBARENfedtd tHl delGel1iRdDB20a, 320b.
of FIG 3 except that the rectifying devices 660a,

The reéfi8infa¢eides 6604¥0sRUas Yo et bydthe pRsdtidrosadiatetiab BliyeBL6 1, 662.
the nenory cells 10a, 10b and the cell select lines

Mater32 Geyer 880l fofhredreithirf t;henxgasietmrmang Ghacelbsdéctdimes 320a, 320b to
preferably silicon

the memory cells 10a-10h. Material layer 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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p-n di odes or Schottky di odes but are, in this

enbodi nent, not fornmed within the drains of an access
waolewsasos850. I n the nenory bit structure 1015, POTES2008/060592

rectifying device can service two nenory cells, each

of which is froma different menory bit structure

1015. Thus, the reduction in conponents results in an

overal | reduction in nenory bit area. [0049] FIG 8B

from AndtHet fré&x?&y%ﬁ?c?@&ﬁr@ Ll §elé9cqg1et é@@ta bRRLUEGF R memory cell 10a

staggered arrangenent of the nenory bit structures

via redfl ey 40iet 6608 MRnidt9 BRMOHYs GRMLARS 08B0 s%&edtrﬂ@mory cells 10f,

menory cells in nenory device 1000 are stacked. This

10b arid Rcoulptvduetell delet tiak 326l heciectifyifg d32Ra6880JSEANARE !memory bit
first to a rectifying device (e.g 660a- 660d) and

structtiteelD15d (FH@. 8B)fineluees mdilr@f%()béoxsetcaﬁﬁaadgmemﬂe@@dd 350d. When
10a-1Ch.[0050] FIG 8Cillustrates a cross-sectional

accesswi eviceodShchis aptiystiedabit ding@dDl &t daarpled td bothmeentory leells 10, 10d.
structures 1015b, 1015d in device 1000, in addition to

Memqgircell épddéphcmsniesd«zwnonh@oryreﬁbﬂydmd os top of amesnomfhesll 10h from
dashed lines in FIG 8C represent structures that are

ano ﬁromenmrwbét sfapetuie. duelheelpstdine Rba cppsectsivpitcmetharyi qeg 10d via

lid Ilnes However, b referenC| the top-down vie
rectifying deice é@o i Mfiléo%‘f?élr tis {healo twoGtacked memory cells 10g, 10c

and isicppPfegt et efest Bl SAST st e%{s‘%‘ foy be made
regarding the "dashed line" structures. In other
oo e T ABME RG] ool ot B RE ftuctures
1015b diogxe Qifepfbt&&ﬂ{ FREISCONAN fetit& 70RPs0d 03 Sbo, Aen Ative area
e signiftcant d erences

1052aQ09§c3m%R§§és% ackb QWY KficdIE xxy‘f&@vé&ﬁ/e]rﬂggs fd?:@ﬁ’gl()"éﬁc are different

C and the cross-sectional view of menory devic

from tﬁ@ Qch{ﬂe Ftdas 1B 1S dEPiRe APREBOG aRE 9D & HRRLIFiVE REbas 1052a-1052¢ do
devi ces 660a-660d in the access device drains and the

not inglde @ne@rahoreaetiifyyhd devievd. CRSFICH 8B, 864ds a@ﬂ6@§35{ﬁ) 4 350d are in
the cell select lines 320a, 320b.
the active area 1052b. Within active area 1052b, access device 350b is gated by word line
330b and, when activated, couples bit line 340b to memory cell 10a (FIG. 8C) located above
active area 1052a and memory cell 10b (FIG. 8C) 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. 8C) located above active area 1052b and memory cell
10d (FIG. 8C) located above active area 1052c. Note that access devices 350b, 350d control

access to memory cells that are located in two adjacent but staggered active areas 1052a,

1052c.

[0054]  Similar to memory devices 900 and 2300, the bit lines 340a-340d in

device 1000 must be appropriately biased in order to select a memory cell. In other words,
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The rectifying devices 660a-660d are fornmed by the
junction of material |ayers 661, 662. Mterial |ayer

WG Wsi1s0s8Hr med within the vias connecting the BPEI/US2008/060592
sel ect lines 320a, 320b to the nenory cells 1QCa-10Ch.
Material |layer 662 is formed as a |layer directly
underneath the cell select |ines 320a, 320b. The
junction between material |ayers 661 and 662 is a

select] gitr s% %@x&ﬁ?‘é@?%ﬁ%ﬂeé’%@n ¥ cgggﬁ;gcgﬁcﬁgg\(}g%dold%e, cell select line
and bf’ﬁ}r?er | RS, &%Q@cﬁé&ﬁ%@@ﬂc&%éﬁ%‘ | LoD bish %‘ IHQ?' H into one

at1 num" as ejunctlon of the t

rectlf}fqﬁgrﬁ“ev?cerc%%hb@tﬂ\%@ cHRh&e t5ORREQE sipntd t@%n@m@r;ﬂ dewce 900.
di ode or a Schottky diode. [0052] Simlar to that

expl ai ned above in conjunction with FIG 6B, nenory

bi t [@USsIct UAemdBitiatiOhtédeBidp 100CIsuigsctadia FIGN@A3BRBIG. 9A,

for activating access devi ce 350b. Wen access device
mem@§0device HoODiimetdds alpatalldl neradgeinensofmeplarg Hibstbotthres 1015a-1015i.

menory cells 10a, 10b. Menory cell 10a is an
Each mesiate-tdbstnuctenntdlSeelOl Ssingbided asinglepcafss dermedba-350i and two

cell 1QCefrom another nenory bit structure. Cell select
memqnyreellg fog., denhedr sIh mnm@émpl}s el stacked wntb m@@pry gellsgrom

devi ce 660a. Menory cell 10b.is_the | ower
ad}&ﬂ@t%ﬁ@@fhbﬁéwcaaeﬁ@sxbpmtq@E:n HHe 95 lawaqaé@l@dné@qry cells 10a,

10e ars?s'ﬁ%e isfi} %1@%@%%?95 Bq §§t@%ﬁfc¥f69 gtafga%d?\(rg iggylevice (e.g., 660a-

B

320a-§>fq%§i SouRLe - hathope 100 1o b WBIEN 1o
AR e PRERLE dn Rrs ol hek ey inE s il YRRH up to four

mem r%g ﬁ?{l'.y%gﬁelfoel% Enfuc?r&] ﬂgggﬁr\connec e@a}nehrecn%né device is

from & %t{fen]z%jm‘éh?org%f btkydenge, OB £l 1% deMac@E’ 630;9@!5(50 ;g)eescrlbed in
is the 10y,

ower of two stacked nmenory- cel

relatidi® t S PMPISEY ok Ofdifildd F6IaEE élhﬁa{@)r@,%@ ﬂla\&éﬂallﬁ?éfsf%fl %d 662 wherein
devi ce 660c. [0053] FIG 8D represents a top-down view

the junttidrh eepresaty a botindbryticdtirees aaitdlylddisell thppores ebr example,
) in Fl GlﬂgG As in dew}ges 700, 800 and 900, each active P

the toprpmation of material layer 661 could be n-doped, and the portion of material layer

662 near the junction could p-doped, thus forming a p-n diode. As described 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 1015a, 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 is in
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1052a-1052c i ncludes two access devi ces. However,

active areas 1052a-1052c are different fromthe active
wae@agsessed i n devices 700, 800 and 900 i n t haPCHUBI008060592

areas 1052a-1052c do not include one or nore

rectifying devices. In FIG 8D, access devices 350b

and 35Qd are in the active area 1052b. Wthin active

area 1052b, access device 350b is gated by word |ine

reahtyelégspt?a %%E\f:}@%a% tlg)g%te?%@ ‘?1 ;;rirela il@@?@@@r Y@FIG. 9C for

ocate ove act € area

furthe%@l%gﬁ}é)and menory cell 10b (FIG 8C) | ocat ed above
ctive area 1052b. Simlarly, access device 35d is

gated by word |ine 330c and, when activated, couples

bi t [hd57e 3‘1Q¢IG09HBd§WS\é1&€hhe§-@ZDa( BB a8@bnhegad &6 the memory cell
above active area 1052b and menory cell 10d (FIG 80

top eldcoes d8al0Y eirtiifieng deaickdbata-660t Eachatctdgimgsdevice 660a-660c
devi ces 350b, 35Cd control access to nenory cells that

coupleareecdllomidce dini 320ay3281 jta éeunt mletrtory traljy eF @cxaotpile,dhastasture above
1052a, 1052c. [0054] Simlar to nenory devices 900 and

active 28601052h eleppidts kélhgde@4m-Bhadoirpledeivimemoop cellsida, Hee, 10¢, 10g via
appropriately biased in order to select a nenory cell.

rectifyimg deviee 660 ds thid weyi e rmmberr@rﬁhygm@é F¢mpé@|%ntﬁ@§ structures per
selecting the corresponding word |jne, cell sele

each memeryabid spuctyre peredajced, an @%%‘&rﬁhytrﬁgﬂ%@f é%%m%é%ﬁcﬁ) is

Oc nay_ al so be ner t .
mmph@gﬁngg@rﬁ@uél%%%ﬁu%besgﬁw s e wemy Hﬁ’r@&vgcﬁﬁa‘mﬁl

055 A nodification to device 1000 is
(FIG. %g)pﬁog?eefg‘gfﬁa ano Nomﬂa?fIYG 9A, nenory device 1100
i ncludes a parallel arrangenent of menory bit

str g@d#ges Iﬁ%éaQ% &%Mor?%?{ktﬁ%@féé 1}6 5, shd ?g%gf frgﬂﬁplcted In

1015a-"1015i ncél udes a s access eV|ce

memo‘?f Bt v?itsﬁ albii fiffe 83 l? ﬂ\% HeQbed tHREHIRERLYess ‘%i'ekr&e 350a.

e stacke nNenory ce rom adj acent nenory bit
When3kbdis td‘é(/f‘c% 35@§ idepivated viflifd $0638 cofrPled @8 BB fhemory cells 10a,

nenory cel 10a, 1Ce are stacked; nenory cells 10c,
10b. M&Bhogy @el@'l@@zssdrﬁ@ﬁﬁﬂe d@bWr@ﬁielnftdﬂyr@H(iea/dk@& ohetop-of aGfi@ory 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 340b is coupled to both memory cells 10c, 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 10c 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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660c) is connected between each nenory cell and the

cell's corresponding cell select Iine 320a-320d.
wee@aitsiseant |y, in device 1100, only one rectiP@I/N§008/060592

device is used for up to four nenory cells. Each of

the four nmenory cells connected to the same rectifying

device is froma different nmenory bit structure. The

rectifying devices 660a-660c, as described in relation

to gb@%gf FI@% @%%??%h@ntsr @m}{-ﬁgwjnm%! dHfe ﬁ(exﬁ&é}e&it Sfructures

| ayers an erein‘the junction represéents a

10153,%‘8@141@%1&@&%?[G.t 9% PRPCSIHR e 0Pl 10890 SRS udEPFwo access
exanpl e, the top portion of material |ayer 661 could

devicd¥e INTICPed, a@Bsh A& cPBlal 19 e AMtverdred 105erA&Bds d@ake 350d is in
the junction could p-doped, thus formng a p-n diode.

the acAse desc10526d WihhittactiveSeB1030p, diededswiye abGnispated by word line
formed. [0056] FIG 9B illustrates a cross-sectional
330b aridewlan ddtivapddy sbaples bitgard 340bi tormerhotywoelede(RIGbPB) located above
structures 1015a, 1015d in device 1100, in addition to
activepaed 16H2adeyi mwerony cefl 16b HEIG. 9Bbroptdsi abasteractiveraesa 1062b.
. _dashed lines in FIG 9B represent structures that are )
Similaghy, areess HevisadbOdiiegitad by wawl bise 8Hisandiaphasnt adivasadhgouples bit
) solid lines. Al so, the structure indicated over active
line 34(jbetg memony cell HHFIGRIBLOCHEE RbONP pEdYE fig PP aang memory cell

10a (G B Grwedbareactvereadtsed Thewertsaopigiitiongf the active
s G5By MRR5 L Hp RHh Res ) b
LI 1 | ect -18c vi tifyi devi
whergBisackiBBaR-B i SEE2e11 g dev| ce 6608 660c coupl os a
cell select line 320a 320b to four nmenory cells. For

exammy ! hac w&twcereggp B 3SIrhiig: aF&A 40528raRdiEL 8400 in FIG.

cell" sel'ect I1ne 320a c ed to nmenory c 10a,

14A), fEnidffon Maz\ﬂaﬁgéﬁ%i SRy ERVERSS, 6600C. Hbwbies, MEHIGS. 14A-
t he nunmber of phySical conponents or structures per

14C, re@ehth AR Rk Yn&inbr bélUSHAIEStHeSsabdtitbitlect iele hRE wyRY Jahd. For
structure of device 1100 is
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 10c 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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sinmplified. The reduction in structures also all ows
the nmenory bit structures 1015a-1015i (FIG 9A) to be

wo adwsi1sEBed nore conpactly. [0058] In FI G 9B, POEIB2098/060592
bit structures 1015a and 1015d are depicted. In nenory
bit structure 1015a, word line 330b may be used to
activate access device 350a. Wien access devi ce 350a
is activated, bit line 340b is coupled to both nenory

At c P by M A0S 00 o s
devic%eﬁ? fas @H&Eﬁe@ tid F?@ﬂ‘:.lﬁl‘@)}l\u%gd 16¢! Flé.el!O%Ccﬁeﬂngga 36898sectional view
corfnects Wt ce a evi ce

nenory via rectifying Vi

of theﬁgﬁgicaml&ﬁr&gf twd-BRenh Hi?stk@é’tﬁfesoifOltSé{\Pl(ﬁta‘éCf@ﬁ device 1200. FIG.

ry cells 10, 10b and is coupled to cell select

10C depites @%Q,@{Jlﬂcﬁvﬁ Ofchir b HIRGstA QW@ iR 60D, 108. Minl dlchYof these figures, a
nenory bit structure 1015d (FIG 9A) includes word

memdriytell338d 0tichatstd natifyigg decies 560e96ME w3t dne YW@ memory cell. For
access device 35Qd is activated, bit |ine 340b is

examleppleatbryaeldOh shame ryctifeingsdehics 66D@dvitiVanotherasémnotPcell 10e
I's an upsi de-down nenory cell stacked on top of a

upon merion yneredly edglOaisstaaket. Neemvepsel} 10¢ plsstshartsiaceess device 350d

~ Cell select line 320a connects with nenory cell 10c

with memargeell fQdnfongmeasel is6gsonmsto@yetab] hnd @) cornedsgemote memory

| oner of two stacked nmenory cells 10h, 10d and is

cells 19gapredctte thepgeeseiesdees 35a and G504 respectivelyyi hhe asinke
intercqghesty (PRl §eRAc) ek 1 ppEabie 1o QEimHus Boipe i Bresmemory bit
sructg, G S A AR S SRR RS B8vice 1200
comb i 4S80 (73 APpedBer s R RaBB RVt Dbl B o parae
s SRR e RS TR0 D oM B sty
addre%%ﬁ%é&ggmg tofth icé% t&bE3eitleda and nmenory cell 10b

cate ove active area 1052b. Simlarly,
access device 350d is gated by word |ine 330c and,

wheroest]i varesl 1580ipte@snhid 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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line 340b to nmenory cell 10c (FIG 9B) | ocated above
active area 1052a and nenory cell 10d (FIG 9B)

wo cwatisfsnbove active area 1052d. The par al | el PCT/US2008/060592
configuration of the active areas 1052a-1052d results
in device 1100 being nore dense and area efficient
than devices where the active areas are staggered.
[0060] FIGS. 14A-14C represent a simlar circuit

(TeTR 0 e S430 e BORLEOH A Ml e ompe

memo]rg/ﬁlt éstéﬁ Ir ?Ir?ié l@g'%xgﬁ IgF{@rMA: gjc\)% cérﬁ(%hgﬁsoffﬁgn%%t structures
615 (Fiéﬁ%) dTRIMRI1Y (pIG @Yéf@te%e?ﬁieac%é%%Mcé&%dé?@r@@ﬁlemory cell

cells , , respectively (anong others

memo%atbht Mﬁb@ I%ﬁ'sl $n 3@86ctded3 88, Qh@@édumhgdiek}yceg %BDA—EG(Btgare
cell select line 320b and word I|ine 330a. As a resul t,

connefRAGhYbetRbén 88 Rehid) ceRWA-8Gc drlidthdifRspbdtivel deliSelect lines 320a-
340b, 340c be individually addressed. For exanple,

320c. (i 6iwis WL |a|s1r:1§lé at&ss dbeict 850 hyayaatritied tthieg mhéraovpedls 10a-10c. In
line 330a and the cell select line 320b, and by

fact, azppgleprieat deyichi3as icogld: domtivil tactdsa o 34 Miany Shemnbay kells as desired
menory cell 10d is selected by activating word |ine

using 830samabagieldyoséishown inddG32bh, Thrdndporphit epup@tr@ n§15 may be
bi asing the bit |ine 340c. [Oog:gl; FIG 10A deP

arranggshisy 3 meanty«lerd@ol 30Aeas tepeesgated i Har d1Be[n FIG. 118, a cell select

arr angenent  of nmory bit _structures 10Q15a- 1015f
line 3%{jagati euigts fRr saﬁy\efrm/ cgH gy ty weﬁmﬁ@t FEqtere g 5a-1315L

B o BB B AR R OB e
cls, SR R 0 S A R M SRR TBH gy et s

depicts a cross-sectional view of the physical

str e |

fr oieéc)iég}i cgﬁlﬁggc%tg f%%bgggl?%% o &gﬂ@gm&ﬁ}éﬁ ngg the
mem&? i @redthi 8188 1'3@5(‘1: | for Odpl'enmeiq@ 19¢, %?& fine 330a is used to

figures, a nenory cell 1Ca-| shares a rectif yi ng
activa@e¥de8s §&Hae §5d twartalsy BREp1AidTSH iR IBA0Y t@lel botfdh 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., 1315a, 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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exanpl e, nenory cell 10a shares rectifying device 660a
wi th another nmenory cell 10e upon which nenory cell
wAamsi1s0583 acked. Menory cell 10c al so shares aPCEES2008/060592
device 350d with nmenory cell 10d. Long netal
i nterconnects (nmetal 1 and 2) connect renote nenory
cells 10a and 10c to the access devices 350a and 35(d,
respectively. The netal interconnects (nmetal 1 and 2)
nmakeopés]POSEAdH & the iﬂfﬁb&é@?h%dl%\hﬁ@ ?&erﬁ&y‘ A&/iBRMIY1300
bit structure 1015a, 1015d to distant active areas
imprdves the spd2 alficibidyastphseb Yhah Semdorg ®itlAQ t6REDIyN@Hizing only
the benefits of a’staggered active area |layout with
one addass @@ﬁ‘@@ﬁirﬁﬁ’aﬂgﬂé neerferyaddigl Spatialgfisiendy Isayiimpidved by
devi ce 1200, individual bit |ines 340a-340d may be
stackinganemduoatdlis adthpesisadh atharaidigy yhdring teetifehp devides between
sel ected. [0062] FIG 15A represents a nenory device
mem@§aells.hAtparslleli arrdregententrod moerpogelit seuti206s albo FésBlts in improved
~10CA. FIGS. 15B and 15C represent the correspondi ng
spatiabeffigignesit i on and arrangenent of nmenory device 2500. In
menory devi ce 2500, nore than one nenory cell shares
word |ine. For exanple,

i Ee@%ﬁﬁlgiﬂt s S\i@?@ ‘L*ﬁ!’lit‘f%gita? b it dhe HRRISed hase Qpnee memory
R DT I
e 44508 8 B SRR AL S 6 ER O 1 1
5 R L S Gl
e IR 0 9 B Byt 15
1315 ig%g&fr}iaﬁgé WitO@el ab09€ laesdrfsh MBS inVedlts.ng Fﬁﬁ%@’.ﬁsbi’ gfstem, such as a

a and cell select Iine 320b, and by ap priately

compBieasi§tem! Ben&allyl dofepritda. deBBaBprothssige naralPeNnsedistch as a
di scussed above” can 'be applied to nore conpl ex nmenory

micropidcesdor g tiigies sigral pex@sgireor othel-ptagrithmalle digiredpgis devices,

of menory bit structures
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

controller.

[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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615 (FIG 3) and 1015 (FIG 8A) are extended to a one

access device/three nenory cell nenory bit structure
wQ3W3/150583 struct ure 1315, the rectifying devi CBGI/US2008/060592

660a- 660c are connected in between the nenory cells

1Ca-1Cc and their respective cell select |ines 320a-

320c. In this way, a single access device 350 nay

control three nenory cells |Ca-1Cc. In fact, a single

accqages]eVigehSd Abe appricladbd BGE828i0U0 edthdBAYkNts have been
menory cells as desired using the sane basic | ayout

describb@WB usthgHd Fhaskldhangh endter®lras 4 éxedhipley teststdiddebvdrigble material.
be arranged in a nmenory device 1300, as represented in
The infveftiotiBnay alsbbe.usk in atlag !ty peedfaetistive enddd®ar Bdhprove current flow
exi sts for each nenory cell in the nmenory bit
through wiciterer régitaacd 84:154ble Ahdthoalgk uvsadh menory bit
structure 1315a-13151 in device 1300 only depicts
three nenory cells, as many nmenory cells as desired
may [Be6Hddethawhdvecdasedppionandglrawingsdicadd onlynbe considered
. [0064] FIG_ H C depicts one possible nmethod of .
illustrafiye PEgramPary sHgiodiments thahwshyeys thedestyges ansad gangages described
. 1315d. . For example, in FIG HC,. word |ine 330a
hereiry Madificzaos tigiAns o speRitic Prersb§ORSEoRs A

e 552850, o BB S TSR e TP AT e s
.al. E ] i .
cesr BURHARG org AR TR g R g i

rectifying device (e.g., 660a-660x). Menory cell 10a
is connected to cell select line 320a. Menory cell 10x
is connected to cell select |ine 320x. The nmenory bit
structures 1315a, 1315d illustrated inin FIG H C are
al so shown in a top-down viewin FIG HD. In FIG HD,
it is apparent that a pair of the nmenory bit
structures (e.g., 1315a, 1315d) are staggered onto a
single active area 1052. In this way, as nmany nenory
cells as desired may be | ocated above a single active
area 1052 and access devi ce 350a, 350Cd.[0065] Each of
t he i nproved phase change nenory devices 700- 1300

used
mitfuctures can be
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i nproves the spatial efficiency of phase change nenory
bit structures by utilizing only one access device for
woreiositpises menory cells. Spatial efficiency i s BEBUS2008/060592
i nproved by stacking nmenory cells on top of each other
and by sharing rectifying devices between nenory
cells. A parallel arrangenent of nenory bit structures
also results in inproved spatial efficiency. [0066] It
shoul d be appreci ated thatcthagnmgmproved phase change
menory devices 700-1300 may be fabricated as part of
an i[0DEYr at What iy daiinied ddRew AindaddpeRdi tdbel poeditéd Byl Letters Patent
circuits may be utilized in a typical processor
of thedysitehbtakerisexanpl e, FIG 12 illustrates a sinplified
processor system 1500 whi ch includes a nenory device
1400 enpl oyi ng i nproved phase change nenory bit
st r bet HregisEve mearorytststuneesoBpEsing015 and 1315 in
accordance with the above descri bed enbodi nents. A
pr oces SYSk such as a conputer system generally
conﬁﬁ}%%é&gxiéﬁ ral processing unit (CPU 1510, such
as a microprocessor, a digital signal processor, or
ot heat lgaso gwamesiftive megidralcellygach daV tagsledwbithdraccess device and to
conmuni cates with an input/output (1/0O device 1520
over. a b 159Q. The nory, devi ce 140 ommuni cat es
a cell 38t it Bp Aa g el BB e BSE STEEnl MPCTRF R e a cell select
menory controller. [0067] In the case of a conmputer
signalsyreé edid lirfeeariel @p@:s Sevaayst ethd 20 sEayvicacindle
peri pheral devices such as renovabl e nedi a devi ces

1550 (e.qg,, CD drive or DVD drive) which )
o shko GEHY S SRS, GG CREUBa B 6 seste pre of the at
device 1400 is preferably constructed as an integrated

1easttwdlg1@h{0ry\@gn§h i ncl udes one or nore phase change
menory devices. |If desired, the nmenory device 1400 nay

be coqﬂined with the , oy ,
2. e 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.
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processor, for exanple CPU 1510, as a single
integrated circuit.[0068] It should al so be

wappsasisat ed t hat vari ous enbodi ments have beePCT/US2008/060592
descri bed as using a phase change nmaterial as an
exenpl ary resistance variable material. The invention
may al so be used in other types of resistive nenory to
i mprove current flow through whatever resistance
vard a . . . .
des%r P%?el %ﬁﬁgﬁ%ﬁa‘aggfﬁn g’s é‘ﬁ%egﬂqg@%ﬁz@ ?%S‘Eg‘\éﬁéﬁe% ered diodes.
illustrative of exenplary enbodi nents that achieve the
f ead.urBee gnectacvaindaige §, wesoain biselrdvtifding deves hieSdhiodtky diodes.
and substitutions to specific process conditions and

stryctyres can be de., Accor.dingl the j,nventign s . .
nott o He KAl dHTLE SRR Temp By e Br sl iRgpairs with
description and drawi ngs, but is only limted by the

memoe?z@plés fibnt biheapppocROnehRIrpBLGLAIrMS [ 0070] Wat is
clai mred as new and desired to be protected by Letters

Pat ent._of the United States is: 1. resi.stiyve nmenor

eI Ge TRt i Do bR e sraghddfbaiss of BeloTp ils share a

resistive nenory cells, each cell coupled to the
commaBGessrdiryi ce and to a cell select signal |line and

each configured to pass current when selected via a
cell select signal on a sajd [ine and upon activation

of 1} helhecttBaduteet daim Ahdvherein i stadksdrRaiis etyneggory cells are

devi ces, each connected wth a respective one of the

couplél td BRIEIBRABADGH $8ldbfhmdn elddofkr uct ure of claim
1, wherein the rectifying devices prevent parall el

| eak currents between a selected nenory cell and_ .
nok2-s electtar twenefrgaise P whemin theestsgeturs igosgatized & amstaggered
1, wherein the rectifying devices are coupl ed between
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 1, wherein the memory cells are coupled between the

rectifying devices and the access device.
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the nenory cells and the access device. 4. The
structure of claim3, wherein the nenory cells are
weawh/1568p| ed to respective cell sel ect |ines.PE&I/UTNE8/060592
structure of claim3, wherein the nenory cells are in
a single plane above the access device. 6. The
structure of claim3, wherein the rectifying devices
are forned at |east partially within the access
de\i?__c S$hd strg&%rébf H‘é}rﬂrl%, h féhg'tﬂ% %rﬁ(ﬁ?xﬁrc il a{‘en?ach coupled to
rectifying devices are p- di odes. '8, e st ructure of
claim6, wherein the rectifying devices are Schottky
respectivededl se@ect Fhes.st ruct ure of claim 3 wherein the nenory
cells are stacked in pairs with nenory cells from

o e 4 RGP B B ) G g

share a comon el ectrode. 11. The structure of claim

devicd Osithnitdegitoriehehet mekesty Rall rshoivheriR tye fRM G yadells sharing the same
coupled to the cell select line via the conmon

..electrode. 12., The structure of clai 9, wherein the
rectifydpg depifeare sadh 5%’1%@&0 ?rﬁﬁge@f‘é@g@%gé‘ﬁff?'angenent wi t h

the other adjacent nmenory structures. 13. The

STt 19ICt TR@stPfictek@bMtlddn WISHBERIA B RlehRiryadilaaRNtacked in pairs with
menory structures are organi zed above reéspective

access devices. 14. The structure of claim9, wherein
memariicels fro gfheriagjasenbmiersdyisugtyas-al | el arr angement
with the other adjacent nenory structures. 15. The

St 5§ICU I EsPhctakbMidtn 191G hEeIdn ING AERREy RANAGEEL the same

menory structures are

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.
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or gani zed above shared access devices. 16. The
structure of claiml1l, wherein the nenory cells are
waeouplisdshet ween the rectifying devices and t heCHUSH9%060592
device. 17. The structure of claim 16, wherein the
menory cells are each coupled to respective cel
select lines. 18. The structure of claim 17, wherein
each menory cell shares a rectifying device with at
St SRR
ce Tq%erlng ‘e saﬁglﬁgé%mpaﬁga&%eV| gegggrgg Ee%hangenwnmmy
coupled to a dlfferent access deV|ce 19. The
cells. structure of claim 17, wherein the nenory cells are
stacked in pairs with nmenory cells from ot her adjacent
ruct.ures e structure of claim17,
%‘Siﬁd}?&%&e%ﬂf ge?ﬁ%rcé”%réﬂ?&ne rectifying
device. 21. The structure of claim 20, wherein the

di f barery dcress devdeses are organi zed in a parall el
arrangerrent 22. The structure of claim1, wherein the

recti deV|c are selecteq, fro
ool G Pl hake oot Salsomiris AR e sisaice, each cell
23. The structure of claim1, wherein the rectifying

being EQViEH8dab PabOEREN W hbh Belbhteda6€ 828l @@l\ét@ﬁﬁnﬂ‘hoﬁ@coupled cell
structure of claim1l, wherein the nenory cells are

arranged vertically with respect to the access device
select Bpejapd dpoprasivatonOf Thassadaied Greplse acressidericaiaBelei n
the nmenory cells are in a single plane above the

tac g%ﬁéct‘i’f?ﬂ%%\%@% g(?—rg?egﬁégs gﬁéa‘ﬁgﬁgg&ggﬂr ngtlﬁlg‘elich BRRIEIdhfigured 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.
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cells. 27. A phase change nenory device, conprising:
an array of access devices; at |east tw phase change
woreossnyseel | s coupl ed to each access device, eBCTTUSHIN$/060592
bei ng configured to pass current when selected via a
cell select signal froma coupled cell select Iine and
upon activation of an associ ated coupl ed access
device; and a rectifying device connected to each
msgg_r YTIe8HLyice EPHaﬁﬁ'zﬁgwﬁefﬁm% R SryeBY GRS irPREiRkleEblane above
| eak currents between a selected nenory cell and
non-sel ected nenory cells. 28. The device of claim?27,
the arpheefeiagesstieviieast i f yi ng device for each cell is coupled
between the nenory cell and the access device. 29. The
deyi C .al ; erein. celsl.
ot ol 6viEE Ot B @SR Feih dCRTRAdE Y8 iRl Betiveen the
device of claim28, wherein the rectifying device for
correspantirgehdcesssdevwitdand réutifyimgpdotitere access device. 31.
The device of claim 30, wherein the rectifying device

f h cel.l i I fr i si oo .
oA o feveab BTy SreiSPrd Mty AT e Bhelitving device
of claim 28, wherein the nenory cells are in a single

with filleeond @ﬂ&arﬁﬁ@m@%}‘ aoll, ehdackessn devinegtory 38lls diging the same
device of claim 27, wherein each nenory cell is

..coupl ed between th orrespondi ng access device and
rectifyipg deyire ige 8@31 %%%P?%‘iffo FHEGTEDE egcegsf €Y'8%m 33 wherein

each nmenory cell shares a rectifying device
35. The device of claim 34, wherein four memory cells share the same rectifying

device.

36. The device of claim 34, wherein the memory cells sharing the same rectifying
device are stacked in pairs comprising a lower memory cell and an inverted upper
memory cell.

37. The device of claim 36, wherein for each stacked pair, the lower memory cell
and 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.
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with at | east one other nenory cell, and wherein the

menory cells sharing the sane rectifying device are
weawh/158pl ed to a different access devi ce. 35PCTN82008/060592

device of claim 34, wherein four nmenory cells share

the sane rectifying device. 36. The device of claim

34, wherein the nenory cells sharing the sane

rectifying device are stacked in pairs conprising a

| ower TREVEYiE®) 'cla%?x%@%ﬂe@é’iﬁrth@Q_céégé)&évi@?m&aﬁ?&%eél asa

37. The device of claim 36, wherein for each stac

pair, the |lower nenory cell and the upper nenory cell
staggenesrasray.first el ectrode coupled to the shared

rectifying device. 38. The device of claim 36, wherein

twg st ‘ggg ady ioréf gla% I8 W&ﬁeiﬁethé rﬁcec%??{igvi%eg A est;{rrangeéige}s a parallel

el ect rode coupl to the share yl ng devi ce.

The device of claim 36, wherein the nenory cells
arraycoupl ed to the sanme access device are positioned above

di fferent access devices.40. The device of claim 36,

o 2y Ty 984 RE R G, PR R n S ARER i B SR E from

devices are arranged as a parallel array. 42. The
grouplesthpeisiolg shgunttddh diddes ahd Schettkgdiddegi ng devi ces are
sel ected froma group conprising p-n junction di odes

and,, Schot t ky. di odes. . .The device of cl.aim 27, )
ahdsor B¢ HEVicB el Efnal? wnbran J6Y et Rl A rgngpd pertically
respect to the access device and each other. 44. The

with #epe@eo the 8é@bitddce WhgBNoRer| east two menory cell's

are coupled to each
44. The device of claim 43, wherein at least two memory cells are coupled to each
access device.
45. The device of claim 43, wherein each memory cell is coupled between the
corresponding access device and rectifying device.
46. A phase change memory device, comprising:
an array of access devices;
a first and a second phase change memory cell coupled to each access device,
each cell being configured to pass current when selected via a cell select signal from a
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
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access device. 45. The device of claim43, wherein

each nenory cell is coupled between the correspondi ng
waec@wsdsosdevi ce and rectifying device. 46. A phBSEUS2008/060592

change nenory device, conprising: an array of access

devices; a first and a second phase change nenory cel

coupl ed to each access device, each cell being

configured to pass current when selected via a cel

sel ' ly fr [
act PoseTBRE Pk D ERUPLE et P Bl e e ediffired o
first cell being a lower cell of a first pair of
preverst parkBd leekonyrens Hesweee sslec@ddnemidry bell agd avoncgebeted memory
cell of a second pair of stacked nmenory cells; anda
rectifying device connected to each nenory cell, each
bei ng configured to prevent parallel |eak currents
bet ween a sel ected nmenory cell and non-sel ected nenory
cedl. s . THeldevibeogying €6,0Fhedeint thelfirst phriepositibaed abste the access
pair is positioned above the access device and the

. second pair is. positione bove di fferent ,access
deviceyl Bie Ragnd PRETABOFERNES 2BP5F mABBoreh B ERHAF TGS

stacked nenory cell pairs are positioned above the
acL®s STHEY G € of d15ink 86 RGhédedh Fvb StacRed ndiHbry @l pairs are positioned
i ncludi ng the second pair. 49. The device of claim 46,
wherein the first pair and the second pair are

above the peqeshdavigpdnelugding te finst paisdut mat inglediagithe secomdgpair.

a sane word line. 50. The device of claim46, wherein

they f it qRAE ofASint BE WRERNI R st BLE gaa%& !s@‘;zggie air are

above access devices that are activated by dif

_word lines. 51. A processing system conprising:
positioned above access devices that are activated by a same word line.

cells.

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;
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; and
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a processor; a resistive nenory coupled to the

processor, the resistive nenory conprising: at |east
wor@sasrsay of access devices; at | east two resPGI/USH8/060592

menory 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 at ed coupl ed access device; anda rectifying

oo SOUGEA L0, SRR 0 b 850 IR s orrd

sel ected nenory cell and non-sel ected nenory cells.
toZreTért payrsiletedf cetrants etweah e selentethmenecy ickl iand non-selected

device for each cell is coupled between the nenory
c h{ agggthe associ ated access device. 53. The system
&M B1, wherein each menory cell is coupled

bet ween the correspondi ng access device and rectifying

dey2.ceThddlstdhef ekstnedn, ofheazbiad e 28ctifyrgs @évice ateach cell is coupled
menory cell shares a rectifying device with at | east

one, ot her nenmmr 1, and erein the nenory cells
betwegRdh? o ElAnd B ais  dere S K@ oach soupl ed to
a different access device. 55. The system of claim 51,
whgs.ei ThegabeTRITRI M, Wwheteint ek efeibi cdl isl @apledPP@ween the
ot her nmenory cell. 56. The system of clai m55, wherein
each, stacked _pair of nenory cells shares a common
correspgg }&&@%@SW%@%WC%&%@% of claim55, wherein
each stacked pair of nenory cells shares a common

el 81 r'itesystem 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 least 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.

58. A method of fabricating a resistive memory structure, the method

comprising;:
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58. A nethod of fabricating a resistive nmenory
structure, the nethod conprising:formng an access
waelewsasosss th a source, drain and gate, the sSouPCEHUSI08/060592
drain being doped to a first dopant type; depositing
inter-level dielectrics on top of the access device;
etching a via through the inter-level dielectrics to
ei ther the doped source or drain; doping a bottom of
t he pyiinl 4l @eSCAOTe JARPRSOLBE] L ARl Fard, HRCEb e BEd d
devi ce at %XE% bot f om %%Hﬁe C\)/llﬁa ’ f{aﬁ?ﬁg%?%e I\g/‘él:a Tand rain
formng a resistive nenory cell above the via so that
being dhped & k first &pasttitypel |y coupl ed to the access device
t hr ough the via and the rectifying device. 59. The
met I I e Jeh fying
dovitioRing RieRielhl JRERGE kP o GRS A8GH Ve
access deV| ce. 60. The nmet hod of claim59, wherei n
dopietchihpe wathromgbfthe acter-ldve] diededttiss foreithed dhedoped source or
regi on shared by nore than one via. 61. The nethod of
dra; claimb58, wherein the rectifying device forned is
TAllei ther a p-n junction diode or a Schottky diode.
doping a bottom of the via with a second dopant type to form a rectifying device
at the bottom of the via;
filling the via; and
forming a resistive memory cell above the via so that the cell is electrically
coupled to the access device through the via and the rectifying device.
59. The method of claim 58, wherein more than one rectifying device is formed
within the source or drain of the access device.
60. The method of claim 59, wherein doping the bottom of each via results in a
doped region shared by more than one via.
61. The method of claim 58, wherein the rectifying device formed is either a p-n

junction diode or a Schottky diode.
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