WD 2004/ 105039 PCT/ US2004/ 015078 STACKED 1T- nMEMORY
CELL STRUCTURE [0001] This application is a
W@ooi1ngeas i on-in-part of U S. Patent ApplicatiBOT/US2004/015078
10/ 146, 113, entitled 1T-nMIJ MRAM STRUCTURE, filed May
16, 2002, the entirety of which is hereby
i ncorporated by reference. FIELD OF THE | NVENTI ON
[ 0002] The present invention relates to nenory devices
enpl oyi ng stacked nenory cell arrays including, but
not limted to, nonvolatile and sem -vol atile
progranmabl e resi stance nenory cells such as MRAM and
PCRAM and, nore particularly, to read circuitry for
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the ideal sem conductor nenory: a device that is
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i ncl ude Magnet oresi stive Random Access Menory (MRAM),
Pr ogr ammabl e Conrgygtyi Eﬁ%’ﬁm nory ( PCRAM ,
Ferroel ectric r#olrbn\kglgcess rmryﬁ‘? M, polyner

menory, and chal cogeni de nenory. Each of these nenory
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BACKGROUND OF THE INVENTION

[0003] Integrated circuit designers have always sought the ideal semiconductor
memory: a device that is randomly accessible, can be written or read very quickly, is
non-volatile, but indefinitely alterable, and consumes little power. Emerging
technologies are increasingly viewed as offering these advantages. Some nonvolatile or
semi-volatile memory technologies include Magnetoresistive Random Access Memory
(MRAM), Programmable Conductive Random Access Memory (PCRAM), Ferroelectric
Random Access Memory (FERAM), polymer memory, and chalcogenide memory.

Each of these memory types can be employed in stacked arrays of memory cells for

increased memory density.

[0004] One type of MRAM memory element has a structure which includes
ferromagnetic layers separated by a non-magnetic barrier layer that forms a tunnel

junction. A typical MRAM device is described in U.S. Patent No. 6,358,756 to Sandhu



et al., entitled Self-Aligned Magnetoresistive Random
Access Menory (MRAM) Structure Uilizing a Spacer
w@eowaoseaent Scheme, filed February 7, 2001. PCT/US2004/015078
Information can be stored as a digital "1" or a "0"
as directions of magnetization vectors in these
ferromagnetic | ayers. Magnetic vectors in one
ferromagnetic | ayer are magnetically fixed or pinned,
whil e the magnetic vectors of the other ferromagnetic
| ayer are not fixed so that the magnetization
directionis free to swtch between "parallel” and
"antiparallel" states relative to the pinned |ayer.
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nonvol atile or sem-volatile nenory cells since their
programed resistance state can be retained for g
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possible with PCRAM. MRAM and PCRAM cells an be considered nonvolatile or

semi-volatile memory cells since their programmed resistance state can be retained for a
considerable period of time without requiring a refresh operation. They have much
lower volatility than a conventional Dynamic Random Access Memory (DRAM) cell,

which requires frequent refresh operations to maintain a stored logic state.

[0006] FERAM memory, another nonvolatile memory type, utilizes ferroelectric
crystals integrated into the memory cells. These crystals react in response to an applied

electric field by shifting the central atom in the direction of the field. The voltage
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the central atons of the crystals of the cells can be
w@emgaasoas programred data. [0007] Pol yner neP@r/yS2004/015078
utilizes a polyner-based | ayer having ions dispersed
therein or, alternatively, the ions may be in an
adj acent | ayer. The polyner nenory elenent is based
on pol ar conductive pol ymer nol ecul es. The pol yner
| ayer and ions are between two el ectrodes such that
upon application of a voltage or electric field the
ions mgrate toward the negative el ectrode, thereby
changing the resistivity of the nmenory cell. This
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heati ng. The two phases corresponding to the two
resistivity states include a polycrystalline state and
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technology to read memory cells. For instance, one architecture used is the so-called

one transistor — one cell (“1T-1Cell”) architecture. This structure is based on a single
access transistor for controlling read access to a single memory element. Another
architecture is the cross-point architecture, where the read operation is performed
without using an access transistor to control individual memory cells. This type of
system uses row and column lines set to predetermined voltages levels to read a selected
cell. Each system has its advantages and disadvantages. The cross-point system is
somewhat slower in reading than the 1T-1Cell system, as well as being “noisy” during a
read operation; however, the cross-point array has the advantage in that it can be casily

stacked for higher density. Additionally, a 1T-1Cell array is faster, but necessarily less



WO 2004/ 105039 PCT/ US2004/ 015078 densely integrated
than a cross-point array because additional space is
woewdaasosd supply the 1-to-1 access transi st oPCT/0S2004/015078
menory cell ratio. [0010] It would be desirable to
have a nenory read architecture that could wutilize
advantages fromboth the 1T-1Cell and cross-point
architectures while mnimzing the di sadvant ages of
each. SUMMARY [0011] This invention provides a nenory
cell array read architecture which incorporates
certain advantages from both cross-point and 1T-i Cel |
architectures. The fast read-tinme and high
' i difit fay Beatide dtibnarsphid ie aieeder] andipply
dcnselyffﬁlgé%a%eklgtpﬁﬁsﬁﬁfsﬁ% densi}ty of the cr oss-ppoi nt FP
the 1-tafX hddesctrasistar e tmettorgxpll oitieed in the i nvention by
uni quely conbining certain characteristics of each. A
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minim®ing B¢ dRAdahtddey ofesdry cell's essentially share a
co n sense line, though each nenory cell can be

read individually. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0012] FIG 1 is a two-SHMMARY¥al cross-sectional

view of a portion of a menory array, constructed in
accordance with an exenpl ary enbqdi nent of .
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[0014] FIG™ 3 1s a block diagram and repr es,enqtl?gt,i onal
packing damstty aff ilon crofs-paintRrapiteskie prebeth epigifsehing the invention by

uniqui@lgr:cg)gn Ci{ai;}%ncc?teagnmﬁuear}agtgr?stllcg% rcg’chqutsﬂleglg Sldesdh Rt OELan be used
to operate the reading of multiple memory cells, which can be stacked vertically above
one another in a plurality of memory cell array layers. In this architecture, the plurality
of low volatility memory cells essentially share a common sense line, though each

memory cell can be read individually.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a two-dimensional cross-sectional view of a portion of a memory

array, constructed in accordance with an exemplary embodiment of the invention;

[0013] FIG. 2 is a perspective cross-sectional illustration of a portion of a

memory array, constructed in accordance with the embodiment shown in FIG. 1;



and [0015] FIG 4 is a block diagramrepresentation of
a processor-based system incorporating a nenory
waleosaesoBn accordance with the invention. DETAPCEDS2004/015078
DESCRI PTI ON [0016] In the follow ng detailed
description, reference is made to various specific
enbodi nents in which the invention may be practiced.
These enbodi nents are described with sufficient
detail to enable those skilled in the art to practice
the invention, and it is to be understood that other
enbodi nents may be enpl oyed, and that structural and
el ectrical changes may be made w t hout departing from
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The ternms "substrate™ and "wafer" can be used
memoiytal shvavigg abé interactibe betwdenahic dayedesttheell and athemgiscuitry;
i ncl ude any sem conduct or - based structure. The
and structure shoul d be understood to include silicon,
silicon-on insulator (SO), silicon-on- sapphire
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sem conduct or need not be silicon-based. The
sem conduct or could be silicon- gernmani um gernmani um
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substrate in the follow ng description, previous
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sem cond ased, but ‘may be any structure suitable

describ&d withURBidiéntdetail Y@ehsd ehaseskiiedhe ehammns praticayhe
such as polyner, ceramc, netal, glass, and other

inventien,eniddt s. tosbanmdosodobasehpranbsdonants 15978 cpplpysd, and
that s%&&qtéqj{agfi ; a«{:al cbgqglcgtn%gr ecdmta e Iv&gtchlo%% %cggrttin%ryrgm the spirit or

scope of the present invention.

[0017] The terms “substrate” and “wafer” can be used interchangeably in the
following description and may include any semiconductor-based structure. The
structure should be understood to include silicon, silicon-on insulator (SOT), silicon-on-
sapphire (SOS), doped and undoped semiconductors, epitaxial layers of silicon
supported by 2 base semiconductor foundation, and other semiconductor structures.
The semiconductor need not be silicon-based. The semiconductor could be silicon-
germanium, germanium, or gallium arsenide. When reference is made to the substrate
in the following description, previous process steps may have been utilized to form
regions or junctions in or over the base semiconductor or foundation. Additionally, the
substrate need not be semiconductor-based, but may be any structure suitable for
supporting a variable resistance memory array, such as polymer, ceramic, metal, glass,

and other materials.



can include netal with other trace netals or in
various alloyed conbinations with other netals as
whe@mnoiod t he sem conductor art, as |ong as suptm/abio0y015078
retains the physical and chem cal properties of a
metal. The term"netal"” is also intended to include
conductive oxides of such netals. [0019] This
invention relates to low volatility nmenory technol ogy
(e.g., WWRAM PCRAM FERAM polynmer nenory, and
chal cogeni de nmenory) and new vari ati ons on nenory
array architecture to incorporate certain advantages
fromboth cross-point and 1T-1Cell architectures. The
f.ast ¢ L i
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conmbi ning certain characteristics of each | ayout.
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d é)& i li,ze Algher Cross-point or 1T 1Ce|| r ead
oxides 8“?11510 Utre and is described generally in relation to
such devices (in particular those discussed in the
[001@10 kgroug hventiba reRvatbilew vottiipe aichneml teghridsgy (dhgd MRAM,
rel ati on to MRAM devi ces for exenplary. leposes
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pol yner nenory, chal cogeni de nmenory, or other
both axpluitediizt ¢anbining cértynshetictesicierf cach knougc EESs and FIG. 2
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cells 38 inthis "Z" direction will essenti Lﬁ/ Share
particalas einsse discnssedintihe bagkgreund), she iysatipn fpspscifically described in

relation to MRAM devices for exemplary purposes.

[0020] In the invention an access transistor 16 is used to control the reading of
multiple memory cells 38, which are stacked substantially above one another in a
plurality of memory array layers 34 that are arranged in the “Z” axis direction. The
memory cells 38 can be low volatility cells of MRAM, PCRAM, FERAM, polymer
memory, chalcogenide memory, or other memory construction. In this architecture,
each access transistor 16 in a two-dimensional array in the access transistor layer 12 can
be connected to a substantially vertical stack of a plurality of memory cells 38 fabricated
substantially over each single access transistor 16 so that the plurality of memory cells 38

in this “Z” direction will essentially share a sense line 33 by virtue of a sense line
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(expl ai ned below). This architecture is represented in
W@ 2404005089 mensi onal cross-section in FIG 1 anBCT/DNSE04/015078

t hr ee- di nensi onal cross-section in FIG 2. The "X "

"Y," and "Z" axes are shown in both figures. [0021]

Now referring to the figures, where |ike reference

nunbers designate |ike elenents, FIG 1 shows that

the structure of a nenory device of the invention

i ncludes an access transistor layer 12 over a

sem conduct or substrate 10. The access transistor

| ayer 12 includes at |east a two-dinensional array (in
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for explicative purposes and there can be other

access _.transi stors ,16.over the subst [ 0 0 .
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cross-RetYS lof iﬂ@@ﬂlchﬁ)kg idevid® ofihdinzentioe faryixplicativeiptirpescs apdthere
22, all topped by a nitride cap 24. The qupé,]& Id%?,p )
can bd ather a@@ssimahsistoisdidievdr ahe subsrateindp o the o Xm ap axis
. wordline 23 (that continues in the 1YY [ 8: €7D gt o
directigpp o AlieoARaItPHE SiciBaruPEe v sesbf fofildin e " direcrion if
desiredO" dline 23 are insulated and protected by insulating
Sidewal | s 26, typically made of an oxide or nitride

material. The wordline 23 of the access transistor 16
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MOSEET o ataloride uiconaustor Seidiesoirions e peh the specific
structure of the access transistors 16 is not crucial to the invention. The transistors 16
include source/drain 14 active areas in the substrate 10. Over the substrate 10, th§
transistor 16 includes a gate oxide 18, and over this there is typically a polysilicon layer
20 with an ovetlying silicide layer 22, all topped by a nitride cap 24. The polysilicon
layer 20 and silicide layer 22 together form a wordline 23 (that continues in the “Y” axis
direction). The sides of the access transistor 16 wordline 23 are insulated and protected
by insulating sidewalls 26, typically made of an oxide or nitride material. The wordline
23 of the access transistor 16 can be connected to peripheral circuitry 48 (depicted in
FIG. 3), such as decoding devices and logic circuitry. Access transistors 16 for use in

this invention can be fabricated by any techniques well known to those of skill in the art.



this invention can be fabricated by any techniques
wel | known to those of skill in the art. 7 WO
wWQo@41005039 PCT/ US2004/ 015078 [0023] Still redPUs1004015078
to FIG 1, the access transistor |ayer 12 also
includes an insulating dielectric |layer 28 over and
around the access transistors 16. Through this
insulating dielectric |ayer 28 conductive plugs 30 can
be fabricated to connect to the source/drain regions
14 of the access transistors 16. The insul ating
dielectric 28 can be any material known in the art,
such as an oxide or BPSG and can be formed according
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38 of €t friRBcy lafral hgemrd4 aswell aaforlvenhectivetitdperipiwwal circuitry 48,

met hods. [0024] As nentioned in the preceding,.
such asdrinkimesH, leadiagtiptsenserpanplifierg ap awcd dliripg e Erding of e
sens ifier 50, i oupl t
memdry 4203 290 soupgetions BrEPHR 8 et dRnBSRES TG and she memory
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[0024] As mentioned in the preceding paragraph, the bit line 31, which is
connected to the sense amplifier 50, is coupled to the access transistors 16 by the metal
interconnects 36 and a metal plug 30. As shown in FIG. 1, arranged in “stacked”
memory array layers 34 are memory cells 38. These cells 38 are arranged in two-
dimensional atrays (in the “X,Y” plane) in each layer 34, where each cell 38 is defined at
the intersection of a common line 44 and a sense line 33, which can be, and generally
are, orthogonal to each other. This can also be seen in a three-dimensional perspective
in FIG. 2. The sense line 33 for each planar layer 34 for a given vertical stack of

memory cells 38 are interconnected by a metal interconnect 32. FIGs. 1 and 2 also



are, orthogonal to each other. This can al so be seen
in a three-di nensi onal perspective in FIG 2. The
waengaoiodne 33 for each planar | ayer 34 for a BCTER2004/015078
vertical stack of nenory cells 38 are interconnected
by a netal interconnect 32. FIGs. 1 and 2 also 8 WO
2004/ 105039 PCT/ US2004/ 015078 show wite only lines
40, which nay be provided to assist in witing a
menory cell 38 when cells 38 are MRAM cells. Wite
only lines 40, such as those shown in FIGs. 1 and 2,
woul d not be necessary in nenory schenes other than
MRAM where they are used to produce a crossing
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of the invention as an
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the witing functl on (again, only for MRAM, which is
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di el'ectri € l'ayer 46. The nenory region 42 includes a
an excxfnplm'y MRAMragh e:tacln: cd:lh98 rcad 3ncladd, wn ite Im¢st pasic canfigymtion, a

and a pinned ferronagnetic | aye In the
comme liné ratsed foMPHHERE FAGBERPE TG é%&ﬁ%fnacmﬁawc bigas a

i s above,the ne 9
memol B E2 S ARG 71760 5% O st e FNEont ind Ml bty line
40 uscﬁlﬂ)?{hct DAk FARIRTE kR, ohlefe MRAALE vaﬁch % sJ@ Piefed flom the
he art. In°the prefeéerréd embodi ment’, cells 38
sense lﬁiba?»s by tiee providing iofie dldtmlcdme é6. theamemiony segionMdrintludes a
that is vertical relative t ss.transi stor
free fexr@mawm@yer ﬁ,r?ewn@s Gead %ﬁ 5 a0 wgg}% ferronagngtic layer
of f set
41, T fieqpr¥ferted i i BE e pbiiReffe Byel4 g MUY b Binned

ferrorrﬁg }tﬁc ia?erpziﬁ%h‘éﬁ bs icﬁa&:ﬁ"t‘ RS SerBe HROBS; hb'ﬂ'@vé’r31tQ§ pé&ble to
P per I ayer to the sane sense |ine

alter thoieigenies tof 3Rese[1HRPH]s i¥ kaowniinehoaity Inithe pfeutdt he

MRAM) cel | 38 can be conposed of
embociu'rmnlgD cells 38 sharing a sense hnr;r:pmtcrconnect 32 are in a “column” that is

vertical relative to the access transistor 16. However, other configurations are possible,
such as, for instance, offsetting the cells 38 sharing the sense line interconnect 32 from
one another, so long as it is practical to connect a sense line 33 of one cell 38 per layer

34 to the same sense line interconnect 32.

[0026] The write-only line 40 of the (MRAM) cell 38 can be composed of
conductive materials as known in the art; the particular combination of materials making
up the write-only line is not a critical element of the invention; however, as an example
this line 40 can be copper, aluminum, or other conductive materials. The write-only
line 40 is insulated from its surroundings by a dielectric layer 46, which also insulates
other elements of the memory cell 38 and the memory array layer 34. Though shown



conductive materials as known in the art; the
particul ar conbination of materials nmaking up the
wowitaesmsd y line is not a critical elenent of PEEUS2004/015078
i nvention; however, as an exanple this |line 40 can be
copper, alum num or other conductive materials. The
wite-only line 40 is insulated fromits surroundi ngs
by a dielectric |layer 46, which also insulates other
el ements of the nmenory cell 38 and the nenory array
| ayer 34. Though shown 9 WO 2004/ 105039
PCT/ US2004/ 015078 in segnents associated with the
menory cells 38 in FIG 1 and FIG 2, the wite-only
in scgrhélﬁ?%s 0,80 With! the ¥ 119984 FaQd 1tndVEIG. &, @H@ dritb@nly
3en2&> " Re T nterconnect s 32 as  shown by the dashed ,
lines 46/atQllyiafe Ebrinubus 288 27velSiround nhe scrst dac liyteraonBkGs 33, as
above the wite-only line 40 is the sense |ine 33,
shown\lyi thie desh¢d agowsin Ee. bescri bed bel ow, and the
magnetic bit (nmenory region) 42, which is in contact
i-th the common Jine.44.~ Jh ' 15 I
(0031} o ‘Bt L s E i B1G 31 s G R P BTEAn gD pfthe sense
line 3%%& (R be THANG) desHBEY BElok, @A MRe gaRAEE: bit\hiettory region)
eeps the magnetic orientation of this [ayer 41 fixed,
42, whicleis in"qinnaedvith feecommyoatline 4at Ehe pinnstl feiremppnefiglayer 41
ferromagnetic | ayer 41 can be sel ected fromyari ous
includamam piseFigtesy ansfeisg@agnetic v d nRE SRR L SHrb o} Qanganese,
.. such as nickel iron caob . | oK I: 1.ONg »
which P e Pasbaidic ey AL iy B B, g puARH” The

magn%ﬁcgtgﬁﬁ!ﬂap of tHeeihMed feRFdrRaEie Tiyer 41 axate stlecaddrdi vafidus

es the storage of nenory as a magnetic )
materialsi axndliiys ofith( good maghétiapiopartiss, srhrasmickel en spbilt an aickel
resul ting resistance. ,-The _tunnel junction 45 can. be .
iron, fog guscatcondy: RPE) NAFHon 45 if § TRHBCR e LR R 70 refomagnetic
t.he erred terial i ' ' -
overs 3 £4 SHASTARS 1 B e AT By Tl
comb@gpﬁgsg’fgﬂéganch!a MR UhdtrBSIMAL r@iktadteMI e fhenel junMRAMLS can

S 1s known in the art. Over the tunnel
be maidensirhaty #atdrials; heisflewnf iarthorsy bat the prefesredspaterial ish

._can be made of the sane paterial aving nmagneti ,
alumippeperids.ed bgsupne anﬁr%kj‘l%wb %ﬁé?ﬁ%ﬁ%ﬁ%‘r"%ﬂl ang gonsistent
throughout the various memory (¢.g., MRAM) cells 38, as is known in the art. Over

—

the tunnel junction 45 is the free ferromagnetic layer 43, which can be made of the
same materials having magnetic properties as the pinned fcrromaghctic layer 41. As
opposed to the pinned ferromagnetic layer 41, the free ferromagnetic layer 43 is free to
shift it magnetic orientation for the writing of the MRAM cell 38 and has no associated
antiferromagnetic layer. The free ferromagnetic layer 43 is in electrical contact with a

common line 44 (read /write), substantially completing the MRAM memory cell 38.

[0028] Referring again to FIG. 1 and FIG. 2, multiple memory array layers 34
can be stacked over one another in the “Z” axis direction, thereby increasing the density

of the memory device. Over the uppermost memory array layer 34 a nitride passivation
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opposed to the pinned ferromagnetic |ayer 41, the free
ferromagnetic layer 43 is free to shift it magnetic
w@eioenvasd on for the witing of the MRAM cel | BBI/asmo4/015078
has no associated antiferromagnetic |ayer. The free
ferromagnetic layer 43 is in electrical contact wwth a
comon |line 44 (read/wite), substantially conpleting
the MRAM nenory cell 38. [0028] Referring again to
FIG 1 and FIG 2, multiple nmenory array |ayers 34
can be stacked over one another in the "Z" axis
direction, thereby increasing the density of the
menory device. Over the uppernost nmenory array |ayer

) . . . . . .1 . . . limi
v e SRR ML AR G300 e v
to the RAMbLEE bf fltendrndray lajews 3 of divanemiosy devicesf thecinvertion, other

limt to the nunber of nmenmory array |layers 34 of the
than theepraetjcaligyetphysical siee phihendiigiate devies It gepergdpen or more

actical.it f physi.cal size ofsthe ylti evi.ge.
tayers P55 el Qe el fuier ispBr ot deallasg Wt
course, a |lesser nunber of layers 34 can al so be used.
029] 228 19fer BACHRs!iBYSHn S¢hsb disic| hich i
[002{)9&1 sglaggqﬁ?rggﬁgééﬂ gv\flb{étl:ﬁ [ sgcéonnecstled tot hse sgngsszw e
connedtéd €o ki ﬁmse linﬁ dtteRDnnedti 3% wm_clh issiaeifGe&cemadJch@nnyctcd to the
connected to the  access tr i st , as shown in
access Fpuzister 3Agayhowpin Fi(a ]séwi%?&"r 280@? €5 BRe E,gd;gnae made of
a conduct.i mat er i-al [ fer :
any cofHgSEaRE reh bt RSBty Pitestdy BYRHE Bhbmm in FIG, L (and
FIG. 22 GRS Serlsk Mo 3B AHRSLBROMR WhHE-Bhly R0, ¥epdriRd4berefrom by the
eparated therefromby the dielectric 46, and below
diclcctiiﬁ dd, and Cbigi(a? tandiit bottaet withyrtbe mafim:tlc bﬁh‘i% b‘@c?ﬁtdb'la tye pinned
t he pi nne ferromagnetic | ayer n the preferred
ferromagnerds legert 41 in the pric r%ﬁdaﬁn{)%%mn@- ahé fiHg %%&E‘&%a single
transi stor 16 ul.d be share :
sccess BRRRIOR 0y REILRS MEESEoT LRI SRRl Bt 5 .
MRA l@t )rficéﬂsdég ffton7 8 ubis HaBtdaH $ubsthRiBy hBevatatSess transistor 16, as

ansistor 16, as shown in FIG 2. That is, each
shownd@@IG: 2.r Bhat s each hécessetrapsstar 1 6spercs pvespeetive @8l 3&in each of

each of the nmenory array layers 34. FLG .2 shows
the mermerst sreaRy s de 1o ﬁmraglém@@f gengs lipg (RGGESRPeES AR
cxtcncgag ﬁ%ﬁg %c@ﬁéér%‘&%bg% (258 C0r B SndRBRY Yo afhs 38Y Sftiese
sense line interconnects 32 are in contact with other memory cells 38 and other access

transistors 16 below.

[0030] FIG. 3 shows a block-diagram and a representation of an MRAM-type
memory cell 38 and depicts the interactions of the cell 38 elements with associated
circuitry during reading and writing of the cell 38. During the write operation a
memory cell 38 is addressed by the coinciding stimulation of the common line 44 and a
write-only line 40 of that cell 38 by peripheral circuitry, and the actual writing of |
memory is performed as is known in the art in the exemplary MRAM as a function of

magnetic orientations of the ferromagnetic layers 41 and 43, the later of which should
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sense |line interconnects 32 are in contact wi th other
menory cells 38 and other access transistors 16
W edtamosopH030] FIG 3 shows a bl ock-di agr am anBCEUS2004/015078

representation of an MRAMtype nenory cell 38 and
depicts the interactions of the cell 38 elenents with
associated circuitry during reading and witing of
the cell 38. During the wite operation a nenory cell
38 is addressed by the coinciding stinulation of the
conmon line 44 and a wite-only line 40 of that cell
38 by peripheral circuitry, and the actual witing of
menory is perfornmed as is known in the art in the
exe ar f I

be bas§f SERAE el isbR 3¢ foe MaGo R TeRls o ETR0 IR Rgrlg elBed by

the clc%ﬁi@éhr?é?ﬂé*hﬂ&ﬂe@c mm 4/d2603% R@a[/stdﬁﬁa(iﬂfo@ﬂ}'éﬂaﬁ in & memory
based on the interactions of the magnetic fields of

cell 38t blee talb38 lsmkirdssedib@i thQcaindiding imulafengifacit lige 31 in contact

currents_in these i nes, 44 and 40, To st or ed
with ausm%rmhﬁ?ﬁ 50 28 agsogiast rcesdransigior ]t%é’ngg*‘f: cgmmon line 44

associ gc? %1%% etng&& ct%ﬁ'S%‘? - HlNGIS34 Fﬁ‘#lﬁ ﬂh?& ﬁfm@hsﬁiﬁal hiri\e(as

a sense anpl i

showrﬁﬁ% 3§98l ad@ressed fbf Pading!iarthd 6X andh dlbatmﬁrbm ddcos
associated with that nmenory cell 38. The cell 38
trans1s|tasr 16\dntche 882 ctmse;hmcunalbyethﬁ bt lings31 élncﬁl\%tﬂ?ﬁl FP@CCZ‘)OH with a

i s _address the X' axi,s direction
periphgr a%sssa@pelﬂiea%&mr@? diteprid iy il EUpBE Rf e of
heg 45)% ﬂ.(ln electrlcal connectlon wth a
Oneo{) BSHEY atY “Sehse anplifier 50), and in the "Z" axis
direction by the common line 44 of one of the planar
[005BY er SASH illhPREY iASIGS3] pdriphicra tcarduitry 48 Gill &imulate the

peripheral circuitry 48 wll stinmulate the wordli
wordli@, 23, tbereby texning og the agdess warsistar 16 a¥het Brned onvﬂwccess

transiggog LRSEVEh iR FOTEHEL B 0RE AIEEE SO 6 RIS b it Ll by i 14
of melotlfr#sﬂ?ort i@gg 5 Bl ].%lg ﬂ? tbN&eid dhﬂé ﬁ?cr%é)mé& 3@ &6hA8& ted to the

I'nter nnec onnecte

other SOEHcE Z4FhiR1 A &%@Ecdeb@tr&i&ﬂtﬁﬁlé)ﬁ@ﬁdmtdmﬂﬁ)hc sense lines 33 of a
associated with the sense |ines 33 of a
plurality memory cells 38 in the associated “Z” axis direction over that transistor 16.

There can be a separate access transistor 16 (in electrical connection with a bit line 31)
for each “column” of memory cells 38 in the “Z” axis direction through each of the
memory array layers 34. Each of the “columns” of memory cells 34 can be represented
by its association with a sense line interconnect 32 (FIGs. 2 and 3). When the
appropriate access transistor is turned on, the cell is read when the peripheral circuitry
48 stimulates the common line 44 and a sense amplifier 50 connected to that same
access transistor 16 senses the memory stored in the cell as a resistance (or voltage or

current, depending on the memory type) by any method well known in the art.

[0032] The access transistors 16 can be connected to read-circuitry in various

ways. For instance, each access transistor 16 can be in electrical contact with a single
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plurality menory cells 38 in the associated "Z" axis
direction over that transistor 16. There can be a
W@ epaneios) access transistor 16 (in electrical PCT/US2004/015078
connection with a bit line 31) for each "colum" of
menory cells 38 in the "Z" axis direction through each
of the nenory array |layers 34. Each of the "col ums"
of menory cells 34 can be represented by its
association with a sense |line interconnect 32 (FIGs. 2
and 3). When the appropriate access transistor is
turned on, the cell is read when the periphera
circuitry 48 stinmulates the common |ine 44 and a
respective it ﬁﬁ?@ll'a%l'éielﬂlat? BirIARNACLLLd B db@ticSaPhtaRGAES S single
ransi st or senses the.nmenory stored in the cell as
respecivd R8bSiaphfer(30 ov,allteageively, nuiktiple it linkespdEinii ssghom t he
menory type) by any nethod well known in the aft. .
arrangf10e8LyitiThesosinted sespeciivsi aseas srangistoahlpsan ﬁﬁ%&‘féerl%coﬂtact

) read-circuitry in vario ways.. For inst .
with afd SisE e D AmBB RSO AN Ot SR AU Bl
sy g G RSOED ST SONRNE 31 o
clectri€ll eehfacedlerewith akingyicd lengths i Baihebit liee 3ddni this typasf
amplifier 50 or, alternati_vely, nultiple bit lings g%
arrangemesticin bsin @lﬁ@féﬁglefr%ma\mﬂﬂhlt&%’@cﬁcﬁﬁfé&VF ESPEATRAICT oV Of,

access transistors. 16 .can _he .in, el ectrical t
e R RIS kS T e EAEh AR S0 Al
single gf&& ar lifitr Bb U difi¥ngly 8ss JftAP aBhEBed oty

nt wordlines 23°¢ar share a single bit line 31
transistéd 1€ bitrlinee 32 ¢ tid saise annlificts 3haherw ¢an & mwgrmdadiate devices
l ength. Each bit line 31 in this type of arrangenment .
(such endedodingdesiiess) aloag) the shctriqal GpraecHion Rapyes tieocripdransistors

ense anpl jfier. 50 or, |ternatively, nultiple such
16 an@i “IP?tﬁgEa e Y s ﬁsﬁ”eéllal?cqw Pa{fhcc%%t act with and
share a single sense anplifier 50. Additionally,

ar BF LA gRERAbN PhoBEELRY a thARRBSAMed (the
[00%%? b?’!thﬁ?lﬁ%ﬁte%élﬁeand sense alrlrglci)fi ers go, t here can(

accessiarisitar T dbatlee radinpefincisn omdsclower sdibogh dew imeazgry cell 38
along the electrical connection between the acce .
and they g amphser Bl (orrathr KPARETUE) SOf o § Fipter geaq Gunction.

This pvx\'gldlllcc% g%@hérnsiéﬁlﬁ-tg-rr{dise ratio during the read function than would a

conventional cross-point architecture. In this arrangement, the memory three-
dimensional array essentially consists of an 1T-#Cell architecture, where # is equal to
the number of memory array layers 34 or cells 38 in the “Z” axis direction.
Accordingly, fewer access transistors 16 are required than is needed in the 1T-1Cell

architecture known in the art.

[0034] FIG. 4 illustrates an exemplary processing system 900 which may utilize
the memory device 100 of the present invention. The processing system 900 includes
one or more processors 901 coupled to a local bus 904. A memory controller 902 and

a primary bus bridge 903 are also coupled the local bus 904. The processing system
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[0033] The architecture of this invention provides for
a transistor driver (the access transistor 16) for
wo b@4nesmadd ng functi on nuch closer to both the PENDE3004/015078

cell 38 and the sense anplifier 50 (or other reading

device) enabling a faster read function. This

produces a higher signal-to-noise ratio during the

read function than would a conventional cross-point

architecture. In this arrangenent, the nenory three-

di mensi onal array essentially consists of an 1T-nCel

architecture, where n is equal to the nunber of

menory array layers 34 or cells 38 in the "Z" axis

LiRoh i ' 1RMD02GH8 261 I e privfify bas bridges
0 O Fam - Dy bl bricg
903. Thehhémotyuantiollen@ORmnidhhe grimary 08 bridee @034may be integrated as

_illustrates an exenplary processing system 900 which
a singleedeviqei906ze  the nenory device 100 of the present

i nvention. The processing system 900 includes one or
e prpcessors |
(007 R} » TBE AR ResOrs it 203 s biSo oufibat o HE o doredemory buses

07. Tabh SO @%lgﬂ? ddeepts 35&ho enth20P dtesBichgle at least
207 A ERI3TWO 20047 165039 P Y TR T Ry

one riditbycievive | 1100pdfthrpmosent tokotion) dhs MaRrogheraponents 908 may

mul tiple primary bus bridges 903..The nenor . .
be 2 RBROROIAT O SORCRAEY MIRER | FEIYPIS, ST BEMAE Tersiipclyge single

T i | i
i S PP S5 et PR e

&’gﬁ;%% HMHehts IGF halenEhdle BHE 09 dloreadditichaldemites 909. For
Incmc npoA%ntsébOS whi ch include at | east one nenory

exampley irce ST of DIMEMyrthe edditiomakdevicer? 0rmégltebro# gonfiguration

conponents 908 may be a y card a _nenory
memeyel SR aSEegRpl RISsHICe ekt ﬁﬁﬁé meraory, [Fheme XY cgntroller 902

may i SolTRRF Rt Bemioni o5 TR nchfyy SRETRAPbY the only
CR b o oy DI WM o a1 onal - dovi co 308
procesiarh D0benay demirichideaticban memories, which may form a cache hierarchy
with cache memory 905. If the processing system 900 include peripherals or controllers
which are bus masters or which support direct memory access (DMA), the memory
controller 902 may implement a cache coherency protocol. If the memory controller
902 is coupled to a plurality of memory buses 907, each memory bus 907 may be
operated in parallel, or different address ranges may be mapped to different memory

buses 907.

[0036] The primary bus bridge 903 is coupled to at least one peripheral bus 910.
Various devices, such as peripherals or additional bus bridges may be coupled to the
peripheral bus 910. These devices may include a storage controller 911, an
miscellaneous 1/0 device 914, a secondary bus bridge 915, a multimedia processor

918, and an legacy device interface 920. The primary bus bridge 903 may also coupled
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menory, such as a serial presence detect (SPD) nenory.
The nmenory controller 902 may al so be coupled to a
weawhaoswenory 905. The cache nenory 905 may bePtheSmnd/gi5078
cache nmenory in the processing system Alternatively,
ot her devices, for exanple, processors 901 may al so
i ncl ude cache nenories, which nmay forma cache
hierarchy wth cache nenory 905. |If the processing
system 900 i nclude peripherals or controllers which
are bus masters or which support direct nenory access
(DMA), the nmenory controller 902 may inplenent a
cache coherency protocol. If the nmenory controller
' | b&: RighlsBedd pbits 902 manwy perboisd solPater, for
to oncg)g%ﬁbﬁes eérig Iﬁ%g 907 gﬁag bep operated i Iyn par al | ?Iib, or
exampld fiegproial paighoss portaniphs brethe Hecolamed Graphics Partd AGP), used
menory buses 907. [0036] The prinaré bu%ng%gyge 903
to couple aclighipstformange Yidee rarghi® heRrprSHaB SEYE )
Vari ous devices, such as peripherals or additional bus
i dg ' [ I ;
(00378 ThlTed sGOLPUE 018 Llfcs BAE LPASHE uftife es 913, via
storagdTbas 915 a0l petipEeAeBus 9101 Foraxample) dad srobage domixbiler 911
915, a multimedia processor 918, and an_| egacy device
may bé nS@SIaontdiler arthgoprgerdaviceb 93 3maydae SG8B disas; %h@ d/0 device

014 ol e 02D 10RO, ECTL VSO0 L5078 14120 B8 o
nal ; b Bl .
area nI SR AR BN ol BEheo ECERITHCIECOREE) Bl RHRORRY be

used t8 38 rfal CadBHBh A RvitegbiapabtidranRae thie peccessing sysoerhhdior
processi ng system 900. [0037] The storage controller

exampll the seqoindarydnes tridgromey Seanagverealiserdal porg(USB 3 cantroller used
storage bus 912, .to the peripheral b 910. Fof. .

to couplabisBedevigse 9;’:7 IR gising system 5@&/’1@1@ rgufg&?dia processor
controller. ang st. L.£Aas S5iShediaSherface,

918 My ela/‘s@uﬁlgvﬁ%gg? . @%&g@&g&g&%ﬁyogﬁyt Hg?‘érp ri phereala. Foracc

whichGYARES be tBEpled @ dni¢ litddrdul kieyicbesueh as epaikersf? b The legacy
network interface, such as an Ethernet card. The

devicesiaenfita 92 0kis asdst icigmiplalegaey devices, for example, older styled keyboards

and mice, to the processing system 900.

[0038] The processing system 900 illustrated in FIG. 4 is only an exemplary
processing system with which the invention may be used. While FIG. 4 illustrates a
processing architecture especially suitable for a general purpose computer, such as a
personal computer or a workstation, it should be recognized that well known
modifications can be made to configure the processing system 900 to become more
suitable for use in a variety of applications. For example, many electronic devices which
require processing may be implemented using a simpler architecture which relies on a
CPU 901 coupled to memory components 908 and/or memory devices 100. These
electronic devices may include, but are not limited to audio/video processors and

recorders, gaming consoles, digital television sets, wired or wireless telephones,
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used to interface additional devices via another bus
to the processing system For exanple, the secondary
whoem4hoiodge may be an universal serial port (USBI/US2004/015078
controller used to couple USB devices 917 via to the
processi ng system 900. The nul ti nmedi a processor 918
may be a sound card, a video capture card, or any
ot her type of nedia interface, which nay al so be
coupl ed to one additional devices such as speakers
919. The legacy device interface 920 is used to
coupl e | egacy devices, for exanple, older styled
keyboards and mice, to the processing system 900.
navigafiBR RVicd @l Qiegsyitesh baed om B Globdl pstitishas systehi (GP8)
I's only an exenplary processing systemw th which_ the
and /ok invetitli owigatipn hendsdigitalwaimesasmind,/ox reqardesy dihesmgdifications
_processing architecture gspecially suitable fqr.a
may inglss f9r eaamifs @Le%%}ﬁ%?f,e ey RMRU L é‘fﬁ%%ﬁf[ er
. 0r a,work LON, . i [
speciaffedieRi oF P b G B PFERATIS bl dtlcete
processing system 900 to become nore suitable for use
[00397] & VER¢ ghoveadesafiptiore aid acomfanyingxdmpiegs areonly illustrative of

el'ectroni c devices which require proces |n% may be
exemgilarplcententimdntss whichecasi aehiese the frrures and advartages of thepresent
. on a_ .CPU 901 coupl ed to nenor 0
venoFs bt PosetBhe U CoTERL e FRTREGR B PRAR shown
and diAbEAS: abih 18R " Theih deRA & 1R4ALA(ACIIBINRsPRERE AR

an recorders, gamng consoles, digital television

numb&LbSvarktioas alierations] atstititiozpergaivalbnd aih @O0 S 05039
PCT/ US2004/ 015078 navi gati on devi ces (i ncl uding

heretafyst deschbed buswhitte argl essamepanie with Hae spiEt and pegps)of the
d/ gr inertjal. nayigation),,and digital .
inven gy Gine Biai9Brs OMFHETHADY e R ophe R RERE Ghimp,

exanpl e, elimnation of unnecessary conponents,
[0028§11 Ui hfis CISRRK A idedhd BlifaSoWe Siokéded by IR8@fOPatent of
integration of a plurality of devices. [0039] The
the Uabedstgesri pti on and acconpanyi ng drawi ngs are only
illustrative of exenplary enbodi nents, which can
achi eve the features and advantages of the present
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invention. It is not intended that the invention be
l[imted to the enbodi nents shown and described in
waledoailbsober ei n. The invention can be nodi fied POT/US2004/015078
i ncorporate any nunber of variations, alterations,
substitutions or equival ent arrangenments not
her et of ore descri bed, but which are comensurate with
the spirit and scope of the invention. The invention
is only limted by the scope of the follow ng clains.
[ 0040] What is clainmed as new and desired to be
protected by Letters Patent of the United States is:
16 WO 2004/ 105039 PCT/ US2004/ 015078 CLAIMS 1. A
sem conductor device, cogpAM89: a first access
transistor; a plurality of first nenory cells, each
associated with a respective plane of nenory cells;
ahd a Aplsemalondycafr devicst campegingi nes, each
respectively coupled to said plurality of nenory

cell's,, gat dedebsrahdideyr;0f first sense lines being
electrically coupled through said first access

transi gc'g]?lracl%tg otf%iststﬂmﬁﬁr g Lells! X h 80c1alggd tﬁq £l gg&{v?lplane of

devi ce n sal anes nenDr
are arra@gﬁﬂohnxgswﬁkilcal stack 3. The sem conduct or
device of claim1, wherein said first menory cells

eac h fgfﬂ?{ﬂtgg)f #riG0E&% BiddCeacht rg 1{; g&%}e&g&?s aid S'plurahty of

erern sai tonnon

| i ne ar e pdrh 6G/oel @'saIcD}f)E@é]hy@ﬂﬁﬁsﬁ: scrilsc 1iH2€ bein ing electrically
sem conduct or device of claim 3, wherein said nenory

bi t conprpepkd thrgigingdd fisst morragitrendisot ty ghe same bittiak.
junction, and a free ferromagnetic |ayer.
2. The semiconductor device of claim 1, wherein said planes of memory cells

are arranged in a vertical stack.

3. The semiconductor device of claim 1, wherein said first memory cells each
comprise a sense line, a common line, and a memory bit, wherein said

common line and said sense line are orthogonal to each other.

4. The semiconductor device of claim 3, wherein said memory bit comprises
a pinned ferromagnetic layer, a tunnel junction, and a free

ferromagnetic layer.

5. The semiconductor device of claim 3, wherein said memory bit is a
PCRAM bit.
6. The semiconductor device of claim 5, wherein said PCRAM bit comprises

a layer of Ge,Se, ., a layer of silver, and a layer of silver selenide.
7. The semiconductor device of claim 6where x is about 17-28 or 39-42.

8. The semiconductor device of claim 3, wherein said memory bit comprises

a ferroelectric memory element.
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5. The sem conductor device of claim3, wherein said

menory bit is a PCRAMbit. 6. The sem conduct or
waleniaesosd claimb5, wherein said PCRAM bit conpei/Es8m04/615078

| ayer of GeSelOo- X~ a | ayer of silver, and a | ayer of

silver selenide. 7. The sem conductor device of claim

6 where x is about 17-28 or 39-42. 8. The

sem conduct or device of claim3, wherein said nenory

bit conprises a ferroelectric nmenory elenent. 17 WO

2004/ 105039 PCT/ US2004/ 015078 9. The sem conduct or

device of claim3, wherein said nenory bit conprises

a polymer-based nenory el enment. 10. The seni conduct or

Vi ceq0f cl.aj . 8] |0 i ﬂg&%ﬂ i

??phas -Ccﬁ%gé%‘?%ﬂ%%géeﬁfl %%irbsa’g{g r}dﬁ\h rr%{rugl el e nl?.ﬁéompnses

11. The seBlyndbetemdRyiycderféntc! ai m 3, wherein one

of said first nenory cells is addressed during a

rEgdi ngpd %%Eblg@u&& gavid of 51?1}& Bewh&RiH sdifl hdmoRAie 86mprises

trdnsistor, and salrd conmon [i1ne of sald one of "said

first mepRadk-ERdnping dalcobaideedsed mimonyreldaence of

claim 11, "wherein said bit lineis in electrical

g)gﬂ.t aofh%’%éq%c@n&?&ﬁgﬁ@ﬂpé bf U8in 3 1Wherdi® o€ B sAA k&t REmOory
Vice of clarml1, erein said first sense lines are

in el ectelisiabhddmsicdcdurinvig drading fanction byrsaidshis tine, said first

a sense line interconnect. 14. The sem conducjor

devi ce ofac@lsatrmlsmpr,mérselmccgamnsléws@fm sicheae gf sid first

formed of netal.  15. The sem conductor device of claim

14, wher @50 et al conpri ses

12.  The semiconductor device of claim 11, wherein said bit line is in electrical

contact with a sense amplifier.

13. The semiconductor device of claim 1, wherein said first sense lines are in
clectrical contact with said access transistor by a sense line

interconnect.

14. The semiconductor device of claim 13, wherein said sense lines are

formed of metal.

15. The semiconductor device of claim 14, wherein said metal comprises

tungsten.
16. The semiconductor device of claim 1, further comprising:
a second access transistor;

a plurality of second memory cells, each associated with one said

respective plane of memory cells; and

a plurality of second sense lines, each respectively coupled to said plurality

of second memory cells, said plurality of second sense lines being
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tungsten. 16. The sem conductor device of claim1,
further conprising: a second access transistor; a
w@bkamabiosy of second nmenory cells, each associ BEBUSH04/015078
one said respective plane of nenory cells; and a
plurality of second sense |ines, each respectively
coupled to said plurality of second nenory cells,
said plurality of second sense lines being 18 WO
2004/ 105039 PCT/ US2004/ 015078 electrically coupl ed
t hrough sai d second access transistor to a sane
second bit line. 17. A sem conductor device,
conprising: an access transistor |ayer conprising a

plurality of. access .t ransi stor. 9991. j

cont act %/\lneftﬁlcgﬁx ‘é%??é%‘i ?Wé’ i tsa% S%e; a %Ieﬂs?déﬁs%&g@ a same
menory afd-gud/ayBas. each provided vertically over

said access transistor layer, said nenory array

l.ayers, conpri Si lural ity.of menory cells and a

speﬁf%cgnéggtg’é%le?iﬁg’ %&é%sér?' of said plurality of
menory cells, sajd gennry cells bein .arraqggd W thin hi
the araleAFCEss FEANSIStQrdayrECPRPrSISs pr f §CES) frangitor; each in
di rection [ ' . L .0l rection of said
array Ia?%?%?ggﬁghéabﬁﬁP%ﬁ?ﬁ?e%?pgé%%g’Iine
i nt erconnect wher ei n eaﬁh sai d ,sense, |

[

LS, i ne . .
| nt or GoPHERHY io§ Mem Ity T8uers>£a5f B Pfgically over said access

respectiye r ' | dihd Y offrality of
access tﬁgﬁgggsg%g&ﬁﬁgfggbﬁﬁ%ﬁgﬁéggggéghg% Iﬁ%epof v
each of $adrHoREMENE ¥ndhradpekayes Sensd Bine Theeach of said plurality of
sem conduct or “devi ce of claim 17, wherein when said
respect i weemory cells, said memory cells being arranged within the array layers -
to define sets of memory cells in a direction perpendicular to a planar

direction of said array layers; and

a plurality of sense line interconnects, wherein each said sense line
interconnect is in electrical contact with a respective access transistor
of said plurality of access transistors and with one said sense line of

each of said memory array layers.

18. The semiconductor device of claim 17, wherein when said respective
access transistor of said plurality of access transistors is turned on said
bit line in electrical contact with said respective access transistor is also
in electrical contact with said sense lines that are in electrical contact
with said sense line interconnect in electrical contact with same said

respective access transistor.

19. The semiconductor device of claim 17, wherein each of said memory cells

is an MRAM cell.
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access transistor of said plurality of access

transistors is turned on said bit line in electrical
w@eowaeio3ai t h sai d respective access transi st oOPCT/BESENE015078

in electrical contact with said sense lines that are

in electrical contact wth said sense line

i nterconnect in electrical contact wth sane said

respective access transistor. 19. The seni conduct or

device of claim 17, wherein each of said nenory cells

is an MRAM cell. 19 WD 2004/ 105039 PCT/ US2004/ 015078

20. The sem conduct or device of claim 17, wherein each

of said nmenory cells is a PCRAMcell. 21. The

c u cells
Bhor y R feoR RGP aRiop R 17, OHEICE! Bachithall mefichy
devi ce o{sé:P@kacu,\/\herm n each of said nenory cells

i's a poI ynmer menory cell. 23. The seni conductor device
(21 geﬂuc&ﬁ&tﬁ&FPd@ﬁ@opélaﬁ?iﬁ WRERALY c£3) J)fssmd feshory cells
phase- c angi ng c cogeni de nmenory cell. 24. The

sem condyciroFER@Wicellof claim 17, wherein sai d bi t
line in electrical contact with said access

tZ%?nS' PLO Eerhi%oﬁléﬁ@coi‘ BeRieNbAQbinMl  hwhe @i efch f9Ald fiegfory cells

The sem conductor device of claim 17, wherein each
of said Mg@lyind’ﬂ&ﬁcrﬁb@ccﬂln electrical contact with a
sense anplifier. 26. A nenory device, conprising: a

fi S t fﬁ@&?ﬁc@ﬁaﬁ&oh‘ A¥Gke 6PARIh I7NFhardih kath 6EeRd yhemory cells
sard first nenory cell bei ng associated with a

f | r st sefsephageechanging chalcogenide memory cell.

24. The semiconductor device of claim 17, wherein said bit line in electrical

contact with said access transistor is also in contact with a sense
amplifier.
95.  The semiconductor device of claim 17, wherein each of said sense lines are

in electrical contact with a sense amplifier.
26. A memory device, comprising:
a first memory array layer comprising a first memory cell, said first

memory cell being associated with a first sense line;

a second memory array layer over said first memory array layer and
comprising a second memory cell, wherein said second memory cell is

located above said first memory cell and is associated with a second

sense line; and

an access transistor layer comprising a first access transistor, said first
access transistor, when turned on, coupling a first bit line with said

first and second sense lines.

20



a second nmenory array |layer over said first nmenory
array layer and conprising a second nenory cell
wobk@raoiedsai d second nmenory cell is | ocated abOwESmai/ 015078
first menory cell and is associated with a second
sense |ine; and an access transistor |ayer conprising
a first access transistor, said first access
transi stor, when turned on, coupling a first bit line
with said first and second sense lines. 20 WO
2004/ 105039 PCT/ US2004/ 015078 27. The nenory device
of claim 26, wherein said first and second sense |ines
are in electrical contact with said first access

ransi-st or _through a fir S 1 i nter :
99" " TH e dEveE of Yot 26y RSRL IS At BLRBBARE bonse lnes
first angeSRcMgricAIRoRAY: withlsgid firsedldegasadiseBirthhdgh a first
a-read function by a respective comon line, said

first acswseliheamsisnaect.and said first bit line. 29.
The menory device of claim26, further conprising a

pigur alTHe/medriidedice GEBRINY 28 hvirdi ek of eviefirsiaind second
second nenory array |ayer, each of said plurality of

third menmemyoryraellyisladdessseccdmpng sireryl AncHER By reigspagtive
cell, each saigd third nenory cell is |qcat hoye

said firSPmEmRR g@%o“ﬂ%ﬁl %Féh%ﬁcﬁggééarf}sﬁ% ansl §m§§’g§§3?15ﬁ%"d
with a third sense line, said third sense line being
i29.el éEhe neatonyalevine tof whaith 26a fierthérrapmprising 8 plurality of third

transistor. 30. The nenory device of claim 29, wheref'lnf id
said fir g}(’:m%lé(c%":?d" ay&ﬁaosf iS ch glqniu?f'éfsarlg]y éaYiCF], cacn o1 saln

el ectric . M ' ' o tr : .
e et By LA 88 el s GBS A Sheor el

menory dexdf&i@khied aidh&§ celMicloeatdd abevetaid dird ahidrsstond
second, and
memory cells and is associated with a third sense line, said third sense

line being in electrical contact with said first access transistor.

30. The memory device of claim 29, wherein said first, second, and third
sense lines are in electrical contact with said first access transistor

through a first sense line interconnect.

31. The memory device of claim 30, wherein one of said first, second, and
third memory cells is addressed during a read function by said
respective common line, said first access transistor, and said first bit
line.

32. The memory device of claim 29, wherein said access transistor layer

comprises a plurality of second access transistors.

33. The memory device of claim 32, wherein each of said first memory array
layer, said second memory array layer, and said plurality of third

memory array layers comprise a fourth memory cell, wherein each said
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third menory cells is addressed during a read function
by said respective common line, said first access

wo e@ado®sor, and said first bit |ine. 32. TheP@EDBI094/015078
devi ce of claim 29, wherein said access transistor
| ayer conprises a plurality of second access
transistors. 33. The nenory device of claim 32,
wherein each of said first nmenory array |ayer, said
second nmenory array |layer, and said plurality of third
menory array |layers conprise a fourth nenory cell
wherein each said 2.1 WD 2004/ 105039
PCT/ US2004/ 015078 fourth nenory cell conprises a
fourth sense, e'?l?oﬂgﬂ:c lcSﬁtEprrisgsaA ﬁ&ﬁﬂ{ &Gise 1ivk ik cRadrféal contact
second access transistor through a second sense |ine
i Nt er confgy said Setond a8&s% eransdstot dirotghiacecond sprse dinag:
a first access transistor |layer conprising a plurality
of accessmttrcamgreetors; a first nenmory array | ayer
conprising a plurality of first nenory cells, each of
s3i.d pAyemldondueforfderizt, comprising:el | s bei ng defined at
one of a plurality of first intersection points of a

plural] fy Q&iegg EhsiGOP DS &drggﬁsia@q pluraBtyls@icésy tRinsistors;

first sense l1nes; a sectond nory array | ayer

provi ded over said first menory. a

conpr i %fd"'% nécrgpmagﬁyt%yc(gfcogggg#& %réﬁn%%&)ég:ﬁrg,mcelgg cocfll s, cach
sai d pl urglshiing18falins SCARENERIBY e BShdifig RRfiNgd ebnd16fla plurality
at one of a plurality of second intersection points

of a pl urdfifirstinedrsezdonpoims wiaphiiahesoffingt compionr lindstapd a

of second sense |ines; and a plurality of sense line

i nt er conrdetadity ebiinst sanse §nesaj d plurality of sense

a second memory array layer provided over said first memory array layer,
comprising a plurality of second memory cells, each of said plurality of
second memory cells being defined at one of a plurality of second
intersection points of a plurality of second common lines and a

plurality of second sense lines; and

a plurality of sense line interconnects, each one of said plurality of sense
line interconnects being in electrical contact with the respective first
sense line, the respective second sense line, and with one of said

plurality of first access transistors.
35. A memory read architecture, comprising:
an access transiétor;

a series of #» memory bits each being associated with a respective sense
line, said series of 7z memory bits being in a substantially columnar
stack over said access transistor, # being equal to or greater than 2;

and
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line interconnects being in electrical contact with
the respective first sense line, the respective
wa@ewanasosense line, and with one of said pluretT/U§2004/015078
first access transistors. 35. A nenory read
architecture, conprising: an access transistor; a
series of n nenory bits each being associated with a
respective sense |ine, said series of n nmenory bits
being in a substantially columar stack over said
access transistor, n being equal to or greater than 2;
and 22 WD 2004/ 105039 PCT/ US2004/ 015078 an
i nterconnect in electrical contact with each said

res Pe.%%#ﬁ&?eré%ﬂ%&t b BRRfal SRk SREL ERhOhid rIBeBRFVY s@iskdine of

and w sal'd access transistor. 36. A processor
system godREfE ¢ty methddy bixe aad wittasudd accessrompysistor.
circuit, conprising: a first nmenory array |ayer

g%r.rlpr itﬁ:pp&c@scfris §£Emnggi\%P¥iﬁﬁ 1, said first nenory

efng assocl at éd first sense line; a
second nenory array |ayer over said first nmenory array
| ayer BRHPC¥BAY%Si ng a second nemory cel |, wherein
said second nenory cell ,is |ocated above said first
menor ya WEMOry gicny, RIRpRYRged with a second sense
line; and an access transistor |ayer conprising a
first afisessmognsiaytlorr comipdisivigrafirst semeeyy cell, said first
transi stor, when _turned on, coup| i a firﬁ&_bit i ne
with sai aemppys¢elldiipgasorat e nse ine;

a second memory array layer over said first memory array layer and
comprising a second memory cell, wherein said second memory cell is
located above said first memory cell and is associated with a second

sense line; and

an access transistor layer comprising a first access transistor, said first
access transistor, when turned on, coupling a first bit line with said

first and second sense lines.

37.  The processor system of claim 36, wherein said first and second sense lines

are in electrical contact with said first access transistor through a first
sense line interconnect.
38.  The processor system of claim 36, wherein one of said first and second

memory cells is addressed during a read function by a respective

common line, said first access transistor, and said first bit line.

39. The processor system of claim 36, further comprising a plurality of third
memory array layers over said second memory array layer, each of said

plurality of third memory array layers comprising a third memory cell,
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37. The processor system of claim 36, wherein said

first and second sense lines are in electrica
wa@oeowaeiosai t h said first access transistor thrpOmOSHE04/015078

first sense line interconnect. 38. The processor

system of claim 36, wherein one of said first and

second nenory cells is addressed during a read

function by a respective conmon line, said first

access transistor, and said first bit line. 39. The

processor systemof claim 36, further conprising a

plurality of third nenory array |ayers over said

second nmenory array |ayer, each of said plurality of

third ey sfd tRiYd hiness eRPlocatcdgibave baid dirstiil second

cell, 23 WD 2004/105039° PCT/ US2004/ 015078 each sai d

third memengonetdlsasd ismstaatedivitea shird séisedineassid third sense

second nenpry cells a g IS assQ with a third

Sense. | | MBE bespain SIRetHod SRBEE MALWE RS PSR PE ol

contact with said first access transistor. 40. The

pt@cesThe psycsamspitem| afichiso39, vmbﬂemaghﬁﬁt,fﬁeﬁ@,md “nd third

second, and third sense lines are.in ctri

contact WFRSE lings @re inyclectgieal contack %@?ﬂ rStlaﬁ"rﬁB%Efﬁnsésmr
first Se%gquﬁhne%@g%gmgqﬁ&rco cdhe processor

syst em of erern one sal d first, second,

d d || dd . d
Fhot | SheByosarY HEREARTEIboRRn Pibof Si ¥ Feend, and
access tranpyi E&Bg?&ﬂgléﬂcﬁ szskﬂﬂhr {3 rehil Benctfbdr by §8d

processor sys n sal d access

transi st QespcROE comait lirks Said fltbtucatdsttyarnistareand shid first bit
access transistors. 43. The processor systemof claim
42, wherdine.each of said first nenory array |ayer

said second nenory array |layer, and said plurality of

thdrd The processor system of claim 39, wherein said access transistor layer

comprises a plurality of second access transistors.

43.  The processor system of claim 42, wherein each of said first memory array
layer, said second memory array layer, and said plurality of third
memory array layers comprise a fourth memory cell, wherein each said
fourth memory cell comprises a fourth sense line in electrical contact
with said second access transistor through a second sense line

interconnect.
44. A method of fabricating a memory device, comprising:
providing a substrate;

forming an access transistor on said substrate, said access transistor having

a first and a second active area;

providing a bit line in electrical contact with said access transistor at said

first active area;
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menory array |layers conprise a fourth nenory cell
wherein each said fourth nenory cell conprises a

wo oatibsosense line in electrical contact w thPeHUS2004/015078
second access transistor through a second sense line
i nterconnect. 44. A nethod of fabricating a nenory
devi ce, conprising: providing a substrate; formng an
access transistor on said substrate, said access
transi stor having a first and a second active area;
providing a bit line in electrical contact wth said
access transistor at said first active area; 24 WO
2004/ 105039 PCT/ US2004/ 015078 provi di ng an
I nter ¢ 9{}5}8&} ik ASSﬁﬁéc‘E clei@FtotthhwitRiséld 36ERS ransistor at
transi & " sard second active area; formng a

first megadYeddind Ryiee akaj d access transistor; formng
a first sense |line associated with said first nmenory

bi t, vrt;hﬁﬂlé éﬁif—s@ mEhES it 6/ saiINdcasds thinkRrorai d

|nterconne ormng a second nenDry bit over said
first arlabl resi st.ance merm TR
seconoty sﬁémggi”él |a3§°§bat ssz?\%ddﬁ %gglg&g{rg:sbﬂtgﬁu chis in

it Whicgelerca) dehglifit walm&eaml«eu with said
i nt er connect.. he nethod of claim 44, where each

respe yftolﬁﬁnv eﬂ gac %%g)f érﬁ‘oggbﬁ A g ga%dé ﬁfsft v@ﬂﬁjoéé ?&E@ﬂxcc memory

menor rmng sal d sens
l'ines; fei,pg a menmory storage regi on over sald sense
line; an

forming a second sense line associated with said second memory bit,

which is in electrical contact with said interconnect.

45. The method of claim 44, where each respective act of forming said first

and second memory bits comprises:
forming one of said sense lines;
forming a memory storage region over said sense line; and
providing a common line over said memory storage region.

46. ‘The method of claim 45, where said common line is formed orthogonal

to said sense line.
47.  The method of claim 45, where said common line is formed orthogonal
to a write-only line.

48. The method of claim 45, further comprising providing a sense amplifier in

electrical contact with said bit line.

49.  The method of claim 44, where said forming said access transistor

comprises:
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providing a conmon |ine over said nenory storage
region. 46. The nethod of claim45, where said comobn
wo 2ove/10®39 or med ort hogonal to said sense | i nePCHUS20041@15078
met hod of claim 45, where said conmon line is forned
orthogonal to a wite-only Iine. 48. The nethod of
claim45, further conprising providing a sense
anplifier in electrical contact with said bit |ine.
49. The nethod of claim44, where said form ng said
access transistor conprises: 25 WD 2004/ 105039
PCT/ US2004/ 015078 form ng source and drain regions
and a gate structure between said source and drain

regi oNgyrm@iElsdrirey held aemﬁ@egum hivd a phttgaricousbetwsausaie source
and drain regions, said b line Dbeing in electrica

cont act \anthirgineregionsimdl conducti ve plugs and said
i nterconnect being in electrical contact with the

ot her ofoviRhg c6RMEUELIpegPIoasd sdlice mam Beglond, said bit line
claim49, further conprising: providin lurality of

third nmereing i dectricdlcontce widnore of csize Gheps and said
menory bits; and QVI din urallt t hj

li nes, ea\%ﬁf‘é@?&’t‘}é 8¢ %%ﬁ“&fﬁlecorfté%tp W%OQ’S?F é)%tsﬂ rd
menory bit and.be in electrical contact wwth said

i nter conngc?ug%‘pc ﬁlﬁlgse nmet hod of cI ai m 44, wherein said

fl rst [}Ercmngé/ bldtof cfc’alrgr)édv% I\dlcr cornp eI errent

providing a plurality of third memory bits, each over said first and second

memory bits; and

providing a plurality of third sense lines, each associated with one
respective said third memory bit and being in electrical contact with

said interconnect.

51. The method of claim 44, wherein said first memory bit is an MRAM

memory element.

52. The method of claim 44, wherein said first memory bit is a PCRAM

memory element.

53. ‘The method of claim 44, wherein said first memory bit is an FERAM

memory element.

f

54. The method of claim 44, wherein said first memory bit is a polymer

memory element.

55. ‘The method of claim 44, wherein said first memory bit is a phase-

changing chalcogenide memory element.

56. A method of forming a memory device, comprising:
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52. The nethod of claim44, wherein said first nenory
bit is a PCRAM nenory elenent. 53. The net hod of
w@b@umxdy wherein said first menory bit i s anPEEBRS04/015078
menory el enment. 54. The nmethod of claim44, wherein
said first menory bit is a polyner nenory elenent.
55. The nethod of claim44, wherein said first nenory
bit is a phase- changi ng chal cogeni de nenory el enent.
56. A nethod of formng a nmenory device, conprising:
26 WD 2004/ 105039 PCT/ US2004/ 015078 providing a sense
anplifier; providing an interconnect; providing an
access transi stor capable of electrically connecting

sai d sg@@@dm@mnkh&iﬁﬁ gmg said interconnect; providing
n array planes over sald access transistor, each of

sai d ngg‘?‘éﬂﬁaﬁ‘ﬁ%%ﬁw“ sing at | east.- one nenory

cell, ast one menory cell conprising a
and

conmon ereinnis e to,.2 or eat er;
pr oVi i W§n§| aa'ramwa&ﬁwg%?@gablﬁ REglechigtlly sQunsctingsid sense
with a regp émcir\éﬁd%ﬂd coﬁr?&?t one menory cell of

said n arra anes an e| ng in electrical contact

with said.i.nterconn A et hod of. readi frenory

ot or ed % %‘%ﬁﬁf Sihes Stesamren tfané’é‘ioéc‘?%cﬁgo fzaid 7 dreay
common | | r

a plur aI of %ﬁ’s‘r?% ti’)‘l!eﬁé% Ozﬁ\%hlgtrﬁglg ead ﬁﬁggqé&fs pbﬁc gfemory

pluralit ycdufcomiqmmg a bbinendis lihe, whdrespe it dqual fi arg giéatcr and
menory bits and is associated with a

providing a plurality of sense lines, each associated with a respective said at
least one memory cell of said # array planes and being in electrical

contact with said interconnect.
57. A method of reading memory stored in a memory cell, comprising:

selecting a common line associated with a respective memory bit of a
plurality of memory bits, wherein each one of said plurality of memory
bits is in a respective plane of memory bits and is associated with a

respective sense line;

selecting a wordline of an access transistor, said access transistor being

electrically coupled to each said respective sense line; and

sensing a memory state of said respective memory bit associated with said

common line at a bit line coupled to said access transistor.

58.  The method of claim 57, wherein said respective memory bit of said
plurality of memory bits has a read address consisting of an X, Y, and

Z coordinate, where X, Y and Z are axes in three dimensions.
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respective sense line; selecting a wordline of an

access transistor, said access transistor being
web@atinjoeal | y coupl ed to each said respective BENES2004/015078

line; and sensing a nenory state of said respective

menory bit associated with said common |line at a bit

line coupled to said access transistor. 58. The net hod

of claim57, wherein said respective nmenory bit of

said plurality of menory bits has a read address

consisting of an X, Y, and Z coordinate, where X Y

and Z are axes in three dinensions. 27 WO 2004/ 105039

PCT/ US2004/ 015078 59. The net hod of claim 58, wherein

S@ d s¢henidtRed df Blaim 58] viiiesh SRAlsBRcAAE 2 B h@d&lgﬁatcs one

Y, 'and Z coordi nates of 'sai d address of said

respect i \of said Y, anidtZ c66rdiitires ofsaivbdddressodfzsaid E8pective

wherein said selecting a word |ine designates another

of said XeOIyBE 7 coordi nates. 61. The method of

claim 60, wherein said selecting a common |ine

dési g n&he snethod loif cHim i ,othegeindaid, seléctingd wordline designates

coordi nates. 62. T rret hod_of c|aim57, wherein said

pl ural i t pngthesiofsai 5 Ve ZeppEdinaigs. The net hod of

claim57, wherein sal d plurality of bits are PCRAM

célls. Th64nctﬁihé qfetahooﬁ(hfwltﬂramrm@%clameg@l qongmpd line designates

plurality blts 65. The net hod of

claim57,2 @?eno CbﬁpEﬁAi’%‘&%SP%fmﬁFqss are pol yner

menory cells. 66. The nethod of claimb55, wherein said

pb2r al Thy mo¢thbiltaf cliim Phawecreinzaist plyralich of bisgyarei MRAM cells.

menory cells. 28

63. The method of claim 57, wherein said plurality of bits are PCRAM cells.

64. The method of claim 57, wherein said plurality of bits are FERAM cells.

65. The method of claim 57, wherein said plurality of bits are polymer

memory cells.

66. The method of claim 55, wherein said plurality of bits are phase-changing

chalcogenide memory cells.
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