STACKED 1T- nMEMORY CELL STRUCTURE [ 0001] This

application is aTOTT’(*I‘ﬁtlaf—l—e-H-—l—n—palt of U S. Patent
Application 10/146 @%’u entitled 1T-nMIJ MRAM

STRUCTURE, filed mmmm"the entirety of which
i s hereby |ncorpor ence. FIELD OF THE
| NVENTI ON [ 0002] The present invention relates to
menory devi ces enploying stacked nenory cell arrays
including, but not Iimted to, nonvol atile and
sem -vol atile progranmabl e resistance nenory cells
such as MRAM and PCRAM and, nore particularly, to
read circuitry for _stacked nmeno cells. BACKGROUND OF
THE | \VENSTACRERD AT MEMQRI: CBLL STRUGTYRS s have
al ways sought t he |deal sem conductor nenory: a
i ce f4nat randomni acceSS|b e, _C wWitten,.or
(0G4 PR gblcafa i & bpBRSTET - pare G Rilspt ApBUFfion
10/13ld, ﬂ@@nﬁﬂcarmﬂmm*f MRAMS*I*HJGQW%E fmf% 2002, the
: t'e¢hnol ogi es are increasingly viewed as offefriny théese
entiraghofivldde . hdsoby invonyahedd byereferenseni - vol atil e nmenory
technol ogi es i nclude Magnetoresistive Random Access
Memory (MRAM, Programmabl e Conductive Random Access
Mermory (PCRAN), FEELRQETHE INVENIIANess Menory
( FERAM , polyner menory, and chal cogeni de nenory. Each

[enmr es_can be_enpl oyed, i n stacked
(06431« B RERER Bt flsees 1 BRuAE bt FblRtng s

mcmbp,oeaiaxgymma , NN IBfRENoSh 6RO RARARCAE AR ©

whi ch i ncl udes @rronagnetic | ayers separat ed
progranmmabigretistandamentsry lcalfsesuchha tMRANMBnd RORAM, and more

junction. A typical MRAM device is_described in u's.

partigulardy,topgad swgssryfeest%@amumry eellsa] ., entitled

Sel f-Al'i gned Magnet oresi stive Random Access Menory

(MRAM 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
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Structure Utilizing a Spacer Contai nnent Schene, filed
February 7, 2001. Information can be stored as a
digital "1" or a "0" as directions of nagnetization
vectors in these ferromagnetic |ayers. Mgnetic
vectors in one. ferromagnetic |ayer are magnetically
fixed or pinned, while the magnetic vectors of the

ot her ferromagnetic layer are not fixed so that the
magnetization direction is free to switch between

"parallel"™ and "antiparallel"” states relative to the
pi nned | ayer. In response to parallel and antiparall el
states, the magnetic nenory el epent represents t

et al. dentitladeSalf-Aligned Magmetorgsistive Randam dycgessMamepy (%M)

me .Glrcylt as-either a o1" or O I .
Strucite QI ORE GRS Cop e B Shegia i Pyl 200F. Information
[ adyi» i i _0NRS :
can ) A0R1535 RS LU MmN 0 U
ferrottiaghtéiehyers. Magictionecedtaloge fircanigeetit logyasse magpetically fixed
between two el ectrodes. For an_exanple of a typical
or pipaRlWwhils the magnsticivscrorsof thrpethsr fappmagnetis lages argnot fixed so
ore and G lton. .A PCRAM cell ,operat esc N Dbi &) »
that the magnetizgupg é?‘?fﬁ% éscgéic Foe%‘f?sgcwgcgn P %%‘?? e%udvvr ;Hi%amud'
' a¥hId st
s U405 PSSO R0 I end BIHEUN b,
maghiéid memoegeleitne seprbsemts RaRdAiffarait resistanbestatsswilichrute read by

read as data. Anal of programmng states are_also .
the rpomorptiscuis asreitherANL MR @ dItpstheAdeterrian of thgse resistance states

o] dered nonvol atile or 1 - VOl 3l . .
for (65 ARt e e rame et Al e R TR R ifBhibiion.
retained for a considerable period of tinme w thout
(0089} T i APERARE hESHoPRAERENORHLIZES QY 1dAsVEndTtitdicode@idd-based glass
volatility than a conventional Dynam ¢ Random Access
layerNberoveyn (BReMctrodks., Fomtn ckamplg if agypicalcfGBAM rcglly xefdr to U.S.

operations_t i ntain tore Lc,State. [0Q06],.,..
Patcpfgmw%%%g 2 APPEr AN R R|ﬂé91§éﬁ%F P%@,CSQDY dehibiting a
i ferroel ' S, J r ' t
o g T 4y s U L N0 v b
reveARiY HRGholMi§Ufithe writelvélthye.Shiketthe MRAM et resibtantosmates of a
in the direction of the freld. The voltage 2
PCRAM cell can be sensed and read as data. Analog programming states are also
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



required to shift the central atons of the crystals of

the cells can be sensed as programed data. [0007]

Pol yner menory utilizes a polymner-based | ayer having

ions dispersed therein or, alternatively, the ions

may be in an adjacent |ayer. The polyner nenory

el emrent is based on pol ar conductive pol yner

nol ecul es. The polynmer layer 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

_menory cell. This altered resistivity can be sensed as
requirgdtormbify the eansral psuset dsarvsyeof the callssay bsrrse

resitjyity states by undergoi ng a phase change in
FWquqQQﬂELéﬂﬂto resistive heating. The two phases

corresponding to the two resistivity states include a

[00R9TYCT Yolyahds Memvrphflindith polydepbalklibyér iniving 1AS dispersed

andr phous state i's a higher resistive state, which

thereinaor, bitemativelpsthetioneshag bean ahGof@enThyer Bhepolyfhies memory

array architectures that are used w thin nmepor )
clemensinheed Gp RIaF eendustine pylEanmolepeles.i Abe aobmeérdager and ions
architecture u [1Sal - cal. e ' . <
are bR P LR R s n oS M fed he
jons RAREE PWaPd BhdBéSiriva eleREDdE] AREdHS é!fan?ﬁ(g deikiatvitysf the
read access to a single nmenory el enment. Another

memaryctull €thisinkered resisivityees besiensedaaschinepuiry sate.wher e
the read operation is perfornmed w thout using an
ccess fransistor to contraol individual nenory cells.
[00RTs ¢ yealestgenide memont sxitrlag TEEVIED Fares B sierggipe aiphase
d ] e ]
chan g i R R G e B 1B Il BB bR o the two
resistiligyatatainglinie. a poigcrystaliine poite tnd ya taemrphous stawewtibiie amorphous
slower in reading than the 1T-1Cell system as well as
state fised highten stsisfive atats, vghieh carebel redeasstemsa dabvwever , t he
cross-point array has the advantage in that it can be
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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 clement. 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 easily

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



densely integrated than a cross-point array because
addi tional space is needed to supply the 1-to-1
access transistor to nenory cell ratio. [0010] It
woul d be desirable to have a nenory read architecture
that could wutilize advantages from both the
1T-1Cel l and cross-point architectures while

m ni m zi ng the di sadvant ages of each. SUMMARY [0011]
This invention provides a nenory cell array read
architecture which incorporates certain advantages
fromboth cross-point and 1T-1Cell architectures. The

fast read-tine i ' - £.Q-y0) '
censcl ik b RES T cBRY Py HREhn SRS S bkt sppy
the 1-%1%&&5%&3&9&6%%5@écﬁqtaube are both exploited in

the 1nvention by uniquely conbining certain

characteristics of each. A single access transistor
[00LGh beltusenld bodesieblatte have armeamonyrest aschitacpire thatgomld

cells, whiich ca e d vertically above one,.
utilizeadyan@ges from Epa’r 'gr—i ﬁﬁgﬁl 9593568?%“)( &f‘%é cugcseyaile |
.. this architec , plurality of lowvolatility
m“““ﬂ%‘ﬁﬁr‘%%%@?‘%%é%nﬁ%ﬁ?'y share a conmon sense |i ne,
t hough each nenory cell can be read individually.
BRI EF DESCRI PTI ON OF THSUMMAMARGS [0012] FIG 1 is a
t wo- di nensi onal cross-sectional view of a portion of a
menory array, constructed in accordance with an )
[002%3npi Sihjs Ewbodompravidds a memaiy sall agay regdpgahypechyrg which
) is a perspective cross-sectional illustrati ofy .
incorpRiRtSsGRTIaH SEHREEY RRT Byt BONSPPIREARY § 1 eh fciffsgres. The
wisth th |dHto- i oF 12 1F:1CAl 10Rédrule dad the higher
fast I‘Tag %mﬁla%gk%ggg%toanggygﬁ@egent ational i1llustration gh
packiRf; d@fsi¥RAMhe BB poiiCichitbavrdgret bugthiexphitadtin ohe invention by

between the | ayers of the cell and ot her ci rcuit,ré/;
uniqueetticombining certain characteristics of each. A single access transistor can 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 esscntially 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 atray, constructed in accordance with the embodiment shown in FIG. 1;



[0015] FIG 4 is a block diagramrepresentation of a
processor-based system incorporating a nenory device
in accordance with the invention. DETAI LED DESCRI PTI ON
[0016] In the foll ow ng detail ed description,

reference is made to various specific enbodinents in
whi ch the invention nay be practiced. These

enbodi nents are described with sufficient detail to
enabl e 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
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mcmgﬁ‘accﬂ%haﬁlm %ﬁh%&%&orﬁﬁ&wc‘éﬁftﬁé lay€@bftRe ¥ElEEnd other circuitry;
erchangeably in the follow ng descrl pti on and may

and i nclude any seni conductor-based structure. The
structure should be understood to include silicon,

01 s a3

Si | su conduct or

mcorpg%ﬁg t3 ﬁmoékggﬁf%&g&ggﬁia%%ﬁgxdfgg ruc ures. The
sem conductor need not be silicon-based. The

sem conduct or CcOUHETRIIHED PDESCREFTEDNUM ger mani um

or gallium arsenide. Wen reference is made to the
substrate in the follow ng description, previous

[0Qh6dcesdnghe rﬂeumgr@wldde@scm@mm,ze&rqmcﬂbmdc te yaumews specific
ek POTRLCIAR EHEPR eV Hrcbrocies r e SEupdigEapare
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C
supporting a varia e reS|s ance MeNory- array,

mvcn‘éidﬁh aAd ith9 kd Befundefst66d that Hehérl smBbdififents g belehgiloyed, and
materials. 5 [0018] The term"netal"™ is intended to

that atrmmn;bambtlcomoyl changenmay beanade wishout departing fnpae the spirit or

with other, trace netals or in various alloyed

SCOP"C chch?Cé‘ﬁ INGOERDt her

—pd

[0017] The terms “substrate” and “wafer” can be used interchangeably in the
following description and may include aﬂy semiconductor-based structure. The
structure should be understood to include silicon, silicon-on insulator (SOI), silicon-on-
sapphire (SOS), doped and undoped semiconductors, epitaxial layers of silicon
supported by a base semiconductor foundation, and other semiconductor structures.
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.



metal s as known in the sem conductor art, as |long as
such alloy retains the physical and chem ca
properties of a netal. The term"netal" is also

i ntended to include conductive oxides of such netals.
[0019] This invention relates to low volatility nmenory
technol ogy (e.g., MRAM PCRAM FERAM pol yner nenory,
and chal cogeni de nmenory) and new vari ati ons on nenory
array architecture to incorporate certain advant ages
fromboth cross-point and 1T-1Cell architectures. The
f ast read time and high signal -to-noise ratio of the

[00H4] ¢ neThs o perl” & iopstee granclaflE Sop R UBRe Rl Bk, but
can mglelgg ﬁ@%mﬁg o@{hﬁ{}r I By Jﬁt\}aﬁéPQ Eu&%afkdxﬁmﬁ&ﬁonﬁ& other

ate an exenplary ‘enbodi nent of
metald 26 WAERT the et dritiegbr drb@isong bs archhillogattaires thefphytieal and
invention is applicable to any nenory devjce than can
chemiusliproperties bfie matalo SEhetirmt “metal” i5-alsodprendeg o include conductive
archlci}ect e and is described generally in relation to
oxides;pfcs s (in particular those discussed in the
background) the invention is specifically described
[00[‘81) Zf e d\@ww?dflo‘e@§olsﬁﬁt¥%&%kﬁ&hﬁaro%95(e§ MRAM,
e I nvention an acces$ transi stor
PCRMGXe @EJKAMO polyalertriembey dndghalcogenitie mpdmory) mud ynepevarigtions on
8, which are stacked substanti aIIy above o tﬁnot her
mcmmny aarayptqhmar:tqry tofineasporaje eertaiy a gaytgagcs ﬁ%ﬁ &Fess-point and

17-1850 SRR Gerrenn Ty Got Ratnt ARE b el ot s ARE 1T
1CeUBRE e TRARAY highl? R PORR dAsiRPOIL cr6ks- 9biPArcRRERA. arc
fr 1 oNn arc | tect'ure, each access

- both Eilﬂaﬁb&by‘ﬁ codibinihgacektaii chiarenedinioabf ambalyyout t &3 dcaekEIG. 2
transi stor layer 12 can _ be  connect

illustrgtshan axqudwwvb@mt ofthel PVGPt‘ﬁn'p %P%%?@tccme
38. f ab |
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1T- 1€%h'réad3§chit&rhfa snd % dedériieet gmrmyllh relaﬁeﬁtto alutly detiess €in
a sense line 33 by virtue of a sense line 6

particular those discussed in the background), the invention is specifically 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



i nterconnect 32 (explained below). This architecture
is represented in a two- dinensional cross-section in
FIG 1 and in a three-di nensional cross-section in
FIG 2. The "X/" "Y," and "Z" axes are shown in both
figures. [0021] Now referring to the figures, where

i ke reference nunbers designate |ike elenents, FIG
1 shows that the structure of a nmenory device of the

i nvention includes an access transistor |ayer 12 over
a sem conductor substrate 10. The access transistor

| ayer 12 includes at |east a two-dinensional array (in

) the "X _Y' plane), of access (t.ransistors 16 shown
intercppneat @2 (explaiedhalent ﬁ“ﬁ&r?g"%‘lﬂw‘éf% I?FESCQF?QSH&‘EV‘EW
. the U . n €, 1 ' j bR ection i
cimerifa) S0 R AR, b By il Rt pchicion n FIG. 2
The ‘K 28¥; 58] “BM afés 4rBShoWHRA bl Higaeesof the invention

tor explicative purposes and there can be other

access transistors 16 over the substrate in both the .
[002X] aniNdwrteferting todthedigures svhese bike refergnee sumbegscdesignate like

e e R T Ay LSBT e
t i Ni .
an ac%c)%? g—éﬁﬁsit% Bgé]xgﬁllj% {%g’?lb$ Iséer%ﬁgbg@ctui' chasened 10 VBBEEL cdsietadbistor

em ¢ ect transistor), though

layer 1DEn@RE& dtildast & twbditesiohall dreaya(ts eises “X/YEpiant)wfacdds
is not crucial to the invention. The transistors 16
transistors 162 Asshows/inEBlG 11 sherascessctransissarsi 1o ap aranged pygrahe

N
crossgsgc’:ﬁ/g'ar* {)f @%g'glé%%g{/ devile ¥F {12 iBVeRY fdf'_lgﬁ he;dgvs ?hﬂfoslzﬁﬁi‘d there

a nitride cap 24. i 1" con
can Uceatgl&l &ch'zgsligh nsiﬁtdre 1deovienyley sxﬂﬁtrhﬁgiﬁttk\;&h theKi’and “Y™ axis
wor dl i ne that continues in the "Y' axis, € Aot s
directions cAlsgnaddit(mealgica@s tpnsiston 2aereean be forgeg;ig the §77 direction if
.wordline 23 are insulated and protected by insulating
dcs“g&dewal |'s 26, typically nade of an oxide or nitride
material. The wordline 23 of the access transistor 16

0680 b SPQERG BUEIS bt 16 e g o o
. MOSFET (ivieta} oxidecessconduwsdsiicd sfite transisten), theugh 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, the
transistor 16 includes a gate oxide 18, and over this there is typically a polysilicon léycr
20 with an overlying 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
well known to those of skill in the art. 7 [0023]

Still referring to FIG 1, the access transistor |ayer
12 also includes an insulating dielectric |ayer 28
over and around the access transistors 16. Through
this insulating dielectric |layer 28 conductive plugs
30 can be fabricated to connect to the source/drain
regions 14 of the access transistors 16. The
insulating dielectric 28 can be any material known in
the art, such as an oxide or BPSG and can be forned

(0033 oo sl selsPridle FO BTG £ DR hesneehpfRie e 2 SR ekt an
msulaygg BbfectritUby R R SV Ehg g%xﬁla HOsdceR AR REbrs 28 nggugs this

med by known nmetho These conductive plugs
insulatiag dieleveicdaydr@8ntomtustios phgsr3fotandresfabricated to connect to the
el ectrically_ connecting the, underlyi ng access

source,/ drain segiers 14 of the arscssreansisiory 16e nbig/inselpfing diglectric 28 can be

the.menory array |ayers 34 as wel for_cqnnectign .
sny Al AR 1 A Bt 4502 e RSl G HRBG et hccording
' i el dondheanOpki3s B04ihil e, Ediebd £RPAGral
to méotﬁatd%wggo‘%rrgrlrﬁo:ﬁ??él I'I}ycgg.ha'{l!h% c%}r‘é%gcti onsﬁ%’et vveenﬁ?'lli]e "
well lagoas in theadrs) nttgrefefadblypad thhesterrmsed, andrcan bedpemed B¢ known
and the bit |ines 31 are typically forned as netal
methpds.e dbesmeandscars plugh 0| cansgrvesasitrmpinalyer cAnpgionsior

cecebi B SR TRV b el ThE 0B b memory el
58 o BNy Sl BUGH I B oML SepALA Lty s,
such aebitlores 3 lileadihe tpsase dinplifipss 50 nsaohdurinpethei readingeof3the

which is connected to the sense anplifier Sﬁ%iulﬁ
memegy eS8 oL EORRSELES beavRSPIOg RECEPBLIBYSISAES the memory

. . I .
sy 9 SURAGHS RS0y Bl s A5l SR pREL e,

insul ARARIs¥s REdWS iBthe b ¢4t £ &ielttdS makdiad (et Hedn) N TheOmetal
di mensional arrays (in the "X Y' plane) in each |ayer

inter@dnnace36 and bir lines 3138nite etppeneduminum hey dnytathsentetd known

as sug:;lal%dgo £ apq, |§{|1<¥ gan4€c ?or}gle% gye ESEWI[I Irrrxlcethggs’. whi ch can be,

- [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 arrays (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
sense line 33 for each planar |ayer 34 for a given
vertical stack of nenory cells 38 are interconnected
by a netal interconnect 32. FIGs. 1 and 2 also 8 show
wite only lines 40, which may be provided to assi st
inwiting a nenory cell 38 when cells 38 are MRAM
cells. Wite only lines 40, such as those shown in
PIG. 1 and 2, would not be necessary in nenory
schemes other than MRAM where they are used to

show R o517 65 40, SRALIEN e PRGBS BFicgA memaoty cel 38

when C%X %%%r%wac@mémg%ﬁéy W%ﬁbg af ﬁ'&;}c %ﬁuvnglﬁ IFI@Q 1and
2, wolld' otk M&esbafydin xﬁ@ﬁx@r% bhehRBdther thad Mll’dAH\ﬁD@rhcrc thcy are used

functions, a ragnetic bit as a nenory region 42, a
toproshnsectosamg&ﬁaglmﬁcdd the reading function, and a
wite-only line 40 used for the vvriting function

(003872 "Refride kpFiEa: phist %x%%'%f ESERap Rl Gk Y OF g pention s
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comniiflife £it MB@Lfdrdioth The Reldig had eritinglfunttiond)a magicicr s a
enbodi ment, the free ferromaagnetl c layer 43 is above

memarygegionridd a stescr ssdccforghe reading finicgpn; andia metemnly line

th l
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sense nnect In a

free féi@éﬁllagﬂéud it43ya thanéljanadoe ket 45,n&ldsd pinntf.ferromagnetic layer
However , er configurations are p033| bl e such as,
41. Imhcupmsﬁcand emhediment, mhg frep dereampgnetss sm’r‘i%qlg apgye the pinned

ferrorj@Bagtiq vt Al Pitiel BAOAsGREL e B a3 iSles, 12 pRle to
alter 4 Jrrﬁ%cﬁﬁﬁt bPM%rsc l sl i REoWA IR SRS E Th ithe Hrcfcrrcd

I nterconnect 32. 26] The wite-only line 40 of the
embddiinéi, celid 38 3Ram-fg’1a bense dinp dseedcapinect 32 are in a “column” that is

vertical relative to the access transistor 16. Fowever, other configurations are possible,

such as, for instance, offsetting the cells 38 sharing the sense lin¢ 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
wite-only line is not a critical elenent of the

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 in segnments associated wth
the nmenory ceIIs 38in FIG 1 and FIG 2, the

i scRcBAAS ARGV BB FHs P Kok 8y £1G, Zpthe wrte-only
lines %?C\gﬁ%lﬁéar Ib“? nﬁﬁﬁgﬁ%&g&%\% ove 41@ v\irl P%Je% r??%&}lso

showrl By thedsshedarrdwsia B&. Iwhich will be further described
Yow and the magnetic bit (menory region) 42, which
|s in contact wwth the common |ine 44., The pi nned

[0022} r onBhewnimotesleatlysn FIh @, abete the writcoenlyisg 40 is the sense

nt et.i C t sho such.

i o A A A
Sis h??f@ﬂtfa@ﬂ{th)%ﬁg colnmfon lin®4AN&%he pifh&d f@i‘&ﬁﬁigrfcm laycr 41
eria e pi nne erronagnetlc layer 41 can

mclu&c@aﬁca{sﬁdhﬁfté@ ahiforicimagnetnlayer Ghot showal)| auch asiiton Igamghncsc

magnetic properties, such as nickel iron cobalt

whichnkesipe the magneti¢ orientasioarRshis tayer thfixer, | e CPIRaRd J5The

a.regio t he t t
e R R S SV BERE! L it s
B P R
iron, m(iﬁs@hc«fm'ﬂi‘hc ahedlijahcionds issa i’elgmmsaparalblmg the two kfcnromagncuc

the preferred material is | um num oxi de. ,The tunnel
layery 4hend 43 axl enables f siaresa e TRRQTY %&aﬂnswdommﬂon (or

consi st throu
combipgyon ggmaggctfl%v c%%%xgmtl P?sﬁm% J%k'ﬁté}'@ el LL[P@I%MMS can
be mhdd sf 4RatkSals "B if kfSwh o I BE it the Ipeaiefrcdl Znatevidl ¢

can n’gde of the sane materials havi ng magnetic
alumjrruep enddce SThes turre! pinttied 45clayarshgnist be thinysmoath andsconsistent
throughout the various memory (e.g., MRAM) cells 38, as is known in the art. Over
the tunnel junction 45 is the frec ferromagnetic layer 43, which can be made of the
same materials having magnetic properties as the pinned ferromagnetic 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 t6 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
orientation for the witing of the MRAM cell 38 and
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

Layer (ot b WHL RIS P tech MR R O, LR R holgBHfeve limi
to thcﬁ%@?ﬁ&] %P’mgfq%m%rrﬁ ch{lﬁo‘eloénfyutrlrag%éxﬁﬁry dBiEEof thelfivention, other

rrctive er or nmenory array

than the YeicicatyQf pHySicRIBIEY of the ultiacd ddvie. | Invgetierad) ten@riaore
than the practicality of physical size of the ultimte

layers Bdvire deasibie.q Ofaomirse, & dasseymumalper oflayesy 34 gan alse be used.
feasi ble. O course, a |esser nunber of |ayers 34 can

e TR Pl A
connéechgiC fbeﬁ'féeﬁcbkyﬁné th@:rc‘agﬂ&% 3D Ihich'RiitRiflefecti@RY tonnected to the

rical Ty connected to the access transistor 16,

accesP a1 6 NasishownlindFig. Al 46d PIGTRe Tierseasd lime3 33arc ha made of

be nade of .an)é conductive material, but is pr,eferablzl
any condysivemasasiald bupds preferbly mumsn-basedndis shopn in)FIGyel (and

se line 33 _runs above the wite-only Line

FIG. 3335 st ipp SRS APBYF BRIt Qb e a0’ sepetind thesefim by the
. o . . LB . I ]
lo 457 SRR LD RO, kB BPOpL et o ponce
ferrogapeetidiagdr)41 imthidprafeareddnitendittent)y Bi thid &rchincressa single

transi stor 16 would be shared b ;fach %f,_t he | ow
accesy bhRgistor 1§ wewsrbe shares by sachngf the low voftiliyy msmory(e.g.,

MRAN b A 2 S5 it sBREB) Yok B SR pransistor 16, s

* showdGATIE. 1, aPRASE Oach Gc&Bd MOSsistor ESRER/ES ¥ SespBltivedBILi3B in each of
each of the nenory array |layers 34. FIG 2 shows

the nactnloty arrayl lagers 8¢. |FIGe 2i shbws additional se3ge lipg inmrtiongetts 3
cxtcréi?x_?g #i%gg rﬂnloﬁéégrrgggg-sﬁg% gc c%foft tpxg mrrgnrlrgl[}y ar?aryrl%}/cré 3L These

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

11



sense |line interconnects 32 are in contact w th other
menory cells 38 and other access transistors 16

bel ow. [0030] FIG 3 shows a bl ock-di agram and a
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 cel
38 is addressed by the coinciding stinulation of the
conmon line 44 and a wite-only line 40 of that cel

38 by peripheral 'circuitry, and the actual witing of
menory is perfornmed as is known. i

) h { inth
be basscbapithe intaretipasobtheunagnesic fislds qra]%f&ﬁgw%@u&'ﬁ et Ak 4Q fraused by
f the f [ 4 h
the c{fFirlTHON B ECEGALIR20; S Tt SroreltBtonfafion . v memory
cell 3%39{@{611035 {s8lddPes8éd b ehd ¥ntiditRSstitdulafion 47 a4t BRE3D¥n contact

the electric currents in these lines 44 and 40. To )
with & eéithe Shplifidr 50f an awbiiated arcessitramsiswryl 6, aatIthé 8ominian line 44

cell 38 is addressed by the coinciding stimnmulatiop of
associattd withi that giemary cel88e tThegalhs %%&ﬁgf%ﬁﬂmm%}mgway (as

an iated, acc transi.stor «16, .an
showpiip 5% 2) S SPREaTor pARBiR B A0 Rt B Roeys
k.5 B bR B! (315 (ine¥¢¥ical Bofmhéetion with
e e bl i el Ko eion vith 2
peripb¥rad Berde aagdifict 50N sinsl iarthd 67" axist dieectivh byxthe cdmmaon lipn 44 of
bé the bit line 31 (in electrical connection with a
onec i

layeesnd® anplifier 50), and in the "Z" axis
direction by the common line 44 of one of the planar

rs 34. .[L0031] , ASu{S &l r i 1Bt
gt Al BB S A B B
wordlie 231Rh&RYy kikrith 1 8nhe hbRsPEa@tof I8N WisdrDturhéd olehie access
tur ned on, ¥he access transistor 16 serves to connect

transistor b6 eervaptd ¢omerect s¢nsonmpdifier 50 dcennecteshitadiedonrqs/drin 14

o e T B a5 e g s 2B et i
kLSS T 8, BE50 ORISR vl e e s 3 o
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
separate access transistor 16 (in electrica

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

eSS4 51 BT B 05 SRR g PR s
' : . - |
e R1E4 SR SSRGS 21 S

arran twitly R dciltedarypdotivh actestrhndistomrl 6 cart be i electrical contact
0032] The access transistors 16 can be connected to

with anshshard 2 singlersgnseamplifien 0. Aaypsothepexampleaapburaligycef access
.acce transigstor 16 can in electrical .contgct with
transiffogy B beving SHGsepLEordes 2o o Bag A iR biE RGBT ke bn
i e ical t i is .
clectrigl ERllact bt AILABRE iR G, A5 Ui F S TIRE ype of
arrang@thémnyda@ Heiit dldotfical Tbntadt sikbhitodwn aespeotensamise winplifier 50 or,
associ ated respective access transistors 16 can be in

alternatively s insltiple suababit lings 8k cam e dm glestricakcopfaet Withgad share a

. .amplifier.5 not her exanpl e, lural ity of

singlCqeBe amplfich R <AGREIORR o FENELGH Pf EMCHE R R R decpss

iy GRURS ST i LbPEARS S0AE i b SRS, dovics

(suchi 43 deldbding)deeices) aleug alngeleetdicalccomnbetiom betveety thealccess transistors
contact with its own respective sense anplifier 50 or,

16 angl wlgimase readreircuifiy tasis well kapweiip the a8s 31 can be in

el ectrical contact with and share a single sense
[ifigr, 50.. iti . .

[OGH g e ABPA R ERR ipbend SRR Yo h apBsnor diiper (the
acces8 B4nSigas 2 67 Y their@iding FunddHl MuchRider td'befa@ @kMory cell 38
devices (such as decodi ng devices) along the )
and th setseiaplifico Aot otherireadiogrdevice) emabliog  fastes readdupction.

This pepcites & hights signal o noise fatio dliting the fead function than would a
conventional cross-point architecture. In this arrangement, the memory three-
dimensional array essentially corisists of an 1 T-nCell architecture, where # is equal to
the number of mcmoi'y 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
the readi ng function nmuch |oser to both the nenory
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 mhere nis equal to the nunber of

nenp rray ers 34 or_cel the,.: axi s
900 6¥ & 1}6@3@ I8 hiemiony prereiog 07 nd for Piisfe pBaRy s brdges
rlll( 3 d
903. gfr'lg hderiid rzr%gn%agarm 9?2n gl?ﬁ‘iﬁéd h&a%%ggigni&:%@bb may be integrated as
a singlé ldesice Q06s an exenpl ary processing system 900 which
may utilize the menmory device 100 of the present

I nvention. The processi ng system 90 %Ancl udes one or
[00dR]e pr'Hzee@sm@ygelztr@BQrp Qistadsocqupled t)gme gpmorg memory buses

07 B e 5 7 o B R e s
- one @%éfogﬂg%\gé:t ?g?t e e pRSEMSRVERHdd. PTRe ﬁﬁﬂi‘i’éﬁg c@ﬁ[ﬁdrﬁhts@@ may

e primary bus bridges 03. The
be a PGty carhdr oiesnoryGRodnid. tEramplésnefimemmosy modidps i8d8de single

i hons oo G012 el e DS TN T
07. E
men B BhoRHERS 054 0F e R HAEOY e 4o B EAchs SOV
mgﬂef 116§ SIROMOE: DIRINI BSeidiliBNAvRE 900 Righe merayconﬁgmauon

mMponents 908 may 'be a nenory card or a menory
memvrgBueh akx amﬂqucmhcﬂdmcy(smpmmomc Mhe¢ensinngt eontroller 902

may #;lg:hrég‘@rlrlg[m rq)&\pg?fc%: cr&gg%%, @’g I IR nsprgsnay Be the only
cachi Bicelo 81fe §*§W%?¢%#ﬂw9ﬁ%ﬂ%ft T e

proceisafy 90 may aRbfihelutaichélie 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 I/O 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
cache nmenmory 905. The cache nmenory 905 may be the only
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

R
cxampg Ccper'gg ﬂ?&%ﬂ&siﬁg ang Sc tﬁ@ﬂc@él@thdd‘GP@hi’d |Fdrt (RGP), used

[ es be rmppedto di fferent
to coupte®hygh perfersndité viddOaed tEB h:hc processiyg ks 8i08ge 903
i's coupled to at |east one peripheral bus 910.

Vari ous devices, such as peripherals or addltlcgéj Lﬁ
[0087] dgeThewtorage confsplisr H1d eonples,ens pnmosg storagegdeyices 913, viaa

o SR HENs PR, L IRR R b chmuaron

@ s ePices 918 rtd:msn &6@9‘)’1‘16’@1/ o&d
may #ﬁ?gag&eﬁ%gm%he pl‘ralggrrg'ry %?,IS bﬁmgge 903 may al so /ORevice

914 neatipd enly sott bbpearigharal. rﬁnrecmpqﬂc,athc By Dpds»accrﬁ’]gﬁnwdmchn local

ports 922. In a_persqnal conpute for t he

area nepwerkaintgriacsouichizsen Eﬁhsmctb‘éf ebaserondant @%&we& be

used sty iRl debPorGHd Bufufle 848 o PR ASEERAE YL or

exam EnmcoéclcSﬁda%g bus B §n®n6c Qﬁ uiNeBsab E&Ia'ﬁﬁ@rtC(UGE)eé‘ontrqllcr used

, via a orage 912, to the peripheral bus

to cofgle. USB rdeences@lré watﬂmethstpmoag:angcsmtcml 9(8} Tha multignedin processor
SCS| contr I'le stora e devi ces

918 mgaybg a sppRd ;.ré aé@qg%ca Gbreang X 6’? mcsdcl:smtcrfacc,

whic_lf) §{ gpa'fs ' co@%c&\g(?( EH@ Ia&dldtd?ﬁl Héx@cég%ﬁkﬁ &s 6@39 10€ Bk legacy

ar ea Interface, such as an Et hernet
devicé #itérfadd1926 acaedabyobpk legaciodeviaey, foe 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
bus bridge nay be an universal serial port (USB)
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

. keybqar.ds ,. .10 [ ' ;
navigf gy grvion i siBk S RE o SBE et o tbAGE e (GTS)
 SirfdR ﬁgﬁ&whﬁam iRl QeReFdsRAdF WS keorddrs.h Thieimbdifiberions
and/?ﬁg%ﬁ%?g%ﬁ y beé useJ? Wi | e FICi?X iIIus:rates.a
e onmur o ot ot bt on ot r
specialized dRBicRS@LETHIS, 30d/Qfdpregraen %%%ah‘r";’é& o flsyicsse) |
known nodifications can be nade to configure the
cessikng Syst t i ri ;
Lo ) RS HERaiidc D REORDAEE il UL ohBilltfucive of
cxcm?la?f bhiboldfm&RY) whith\Wah Gbhieve gt ferupésoarbaivagtagey obthe present
fnmpl emented using a sinpler architecture which relies
invermiona It@Phbuiftendedhatithednvention/be bmitsAdathe opposiments shown
menpry. devi c 100., These .el ectronic,deyices m
and doseneAbin a5l BFi6ithoThF FePEOn AR REdnaRiEd 58 i dmie Py
nd - rec erg ' : el hSH
nomBor REERGHE ery i \pRANTERE Br GURLA st SlRNGHS ot
here@FSieCRIcrbeas bufliwhithSats (comressgate witthehegipiitadnd scope of the

positioning system (GPS) and/or inertial navigation),
invemtivch. dThe imlentiamis owly dmitest by sewscope of thifollowing claims.

nodi fications may include, for exanple, elimnation
f_unn ssary.component s | L peci at |
(of01 Cos ARt BolaifitRas Aemstit Aftel B hetsr PRLLPEAER Pasent of
dmf@ﬁkgfgﬁﬁééb:[0039] The above description and
acconmpanyi ng drawings are only illustrative of

exenpl ary enbodi nents, which can achi eve the features
and advant ages of the present

16



invention. It is not intended that the invention be
l[imted to the enbodi nents shown and described in
detail herein. The invention can be nodified to

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 CLAIMS 1. A seniconqe£} gevice, conprising: a
first access transistor;.aAgpﬁ ality of first nmenory
cells, each associated with a respective plane of

MENTOT YA 6&hicondacer dchice] @mpising: first sense |ines,
each respectively coupled to said plurality of nenory

cel | s,a%g*%cgés%&lsisggdr;of first sense |lines being

el ectri y  coup t hrough said first access

transi stor .to e sane bit |ine, 2. The, sem conduct or
devi c et Bfraling phfust mgraes; oellssagh aﬁsé’ﬁl?éc%?"“g]éﬁﬁgc%% plane of

are arra "Ec Mentical stack. 3. The sem conduct or
devi ce o?&??%ﬂym %’ erein said first nmenory cells

common.,line

each ¢ rise sense .l i ne, ,, and a .
menor A BIRFALCY AE et e ines cdashrper ety failed do sadlurality of

line are I af:‘j ?GE?HV : . .
sem condﬁlﬁo&;’g}gg?’& 1c a %}.gﬁs ésreéllggggglln cr'lr%Cr%FaS/uy
bit conpebgsied thrduighnil fift betegisidistor &Y e sagnd bif Ak,
junction, and a free ferronagnetic |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; 0.4, 2 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
device of claim5, wherein said PCRAM bit conprises a
| ayer of Ge., Seloo,, a layer of silver, and a | ayer of
silver selenide. 7. The sem conductor device of claim
6where x is about 17-28 or 39-42. 8. The sem conduct or
device of claim3, wherein said nmenory bit conprises

a ferroelectric nenory elenment. 17 9. The

sem conduct or device of claim3, wherein said nenory
bit conprises a polyner-based nenory elenent. 10. The

sem conduct or device_ of claim 3 erein.said ne .
Bt Cobhs FERRondCH Ao R P EBL A By agt Lompriscs
menory el o ' uctor device of claim

3, wher e?ﬁ%cro%%%%%%ﬁg&%gﬁbry cells is

addressed dyring a reading.funcfion by sai,d bit li.ne .
S-d fihestemi o deics Qf dpm ém‘ﬂﬂ%‘&{fas b RO EC%IPP“SCS
sai d one aj '

sem condﬁgﬁ%s%'%%\l}yé{g %*%ﬂ{:ﬁ?émr%% _161%?&\%\13“&[% c;l_gﬁgn i t

line is in electrical .contact wth a.sense.anpldfier.

B rirthe oMt oA ot Shsdis SBE REFR firt gfggnory
first se g ' [ : k1 '
nccess Pt dERsElitdrhe Aoy BACGRTY 6 W lifie Midhint
The sem gaiaskieindist6 \and aidf coshrabmlihd, ofshil enaofaidifirst -
sense lines are formed of netal. 15. The

senm condusmmorydells.ce of claim 14, wherein said netal

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
electrical 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
plurality of second nenory cells, each associated with
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

el ectrically coupled through said second access
transistor to a sanme second bit line. 17. A

sem conduct or devi ce, conprising: an access transistor

| ayer conprising a ?Iurality of access transistors

each i n elegteeally campledothrangh fid geco gttrapsisarito a same
line; a plurality of menory array |ayers, each
provide&QVQW?bggﬁ}' over said access transistor

| ayer, said nenory array |ayers conprising a plurality

37. mbrsmicerdyctonderice, caBIPESMIS e a sense |ine for

each of said plurality of nenory cells, said nenory .
cel | sabhatcegs amnsistpe tayei tdrnprising azplnrality of agcess transistors cach in
define sets of menory cells in a direction

per pendi Aestacak eonzacsiviHL? respestieBbinGF said array

| ayers; and a plurality of sense |line interconnects,

wher eiarplentity efindnzey aeray layers, eacheprovidedovertically over said access

electrical contact with a respectjve access. transistor
of said PRESIHPF laycpsaiddpemery é’fi%‘agfffé COTRIG & ﬁsuﬁa’éy of

sai d sense | ine_ pnf . Saj .

18 the Semersrai e & iplty SofE IR el r A Blifality of

sai d respRretdryRells, 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 electrica
contact with said respective access transistor is also
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 20. The sem conductor device of
claim 17, wherein each of said nenory cells is a

Aor o Thessimicoduipr ARG IR L2 WhEtelheiepribiory cels
22. Th gr}% d f cl 17, wh h
of saig %ea%é el %ﬁ)r igviacgoloyrrgralmrsnnory celelrel 23 ¢
e SERRIEaRctor St s h AP ﬁ%ﬁ%&# Hgitory cell

menory c II %M sem conductor device of claim17,
wher ei n saldF I'né in electrical contact with said

ol T semicondneiot 4R S leRO L7 qupritin 81t SERHT memory cell
wher ei n X Cﬁol L‘°§%8néa‘ﬁpqﬁ%ﬁ lines are in electrical ’

cont act W sense fier. 26. A nenory deV| ce

TPt Bunghayenthtor dPaek o a7, BhSteif SRLOF P rbmory ccls

associ at gd, Whid GahpihglchikBgEnide Hemory 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.

25. 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
i

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.
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a second nmenory array |layer over said first nmenory
array layer and conprising a second nenory cell
wherein said second nenory cell is |ocated above said
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 27. The
menory device of claim 26, wherein said first and
second sense lines are in electrical contact wth
said first access tranS|stor t rouggya first

R7ne iTheanemenedevicoof claime 26 Fl;ﬁua Sestandcsecond sagse lines

wherein one o a S
addr esseﬁtcdﬂlﬁﬁ‘iﬁzgnﬁiif%%t&c? C qf“@ﬁﬁ}gy gcgrlg:g;aec c?r\?!leﬁ: éuéhaﬁISt
common | jge hﬁ@mcfddhﬁgaaccess transi stor, and said

first bit Iine. 29. The nenory devi ce of cI ai m 26,

|2£t hey e&%?ﬂ-é 'ﬁ 81@%8% 8§ éllﬂfxﬁ bist YiRfeih Bhf: &f sﬁﬁ'ﬂﬁty:ﬁéf %c@é{nd

ers nenory-arra

said pl H{cﬁidt?)écﬁi 1staﬁkifé§sd83ﬂiﬂﬁﬂg ﬁliéaii\/ﬁlln@biﬁﬁ% 2 respective
conprising a menory cell,” each said third

menory cebmmaen hmahﬂcﬁmbmmessstmrmstor; and aaid fss:duhhnc
menory cells and is associated with a third sense

1391e, B fhehltiry @R DE clalrh 2%, Beiier domnpishieg & E)mbmy of third

contact with said first access transi stor.
nmenory dewinterycirrayl layens @:r saidsscednd gwimpryiaresy 1a}§emanhl of said

R E&@&ﬁf&vﬂiﬁgﬁéﬁyﬁaﬁﬁ% R RrFPER Do {Bmbry cell,
line '“t AGPO0E %ﬁng %cﬂ?me%;ca%ge@ sl f5drah@s3%nd
0] sal rs

wher ei n secon
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.

3l. 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
transistor, and said first bit I|ine. 32. The nenory
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 fourth nenory cell conprises a

fourth sgnse line in electr.ical,.contact .wth i
second MEMOTE icgl? S?mPFhs?‘?L?g%’ BN dng é%g%_gﬁgﬁleconma
| nt er conQafleidteod EBERRNELLthreE¥h GoecSRIRdsE Lifg:
a first access transistor layer conprising a plurality
of accesmtédcenaeqtors; a first nmenory array | ayer
conprising a plurality of first nenory cells, each of
i d ' ot el s being defined at
4, ?&gérgicbhﬂhégo)rlfd'cgl?&fdiﬁ@ sIYn :

one o ura I ntersection points of a

lural j f first. |i nes. L o
P ror it et edbuis SRR coReifi S pfhealle dectést odhsistors

provi ded over said first nmenory array |ay

r.,
conpr | Sty memenyraaTay gycs FOmpEsing hRlivElY GZﬁr%,mféaew Gils, each

id plurali.ty of d . 3 ' :
ot one. ot s plfapint R Rl el iy SERREL B50ad Gt plurlicy
of a pl ug?h}sttxn&frs_caﬁsa pRirftd BR PlirhgSoffisk comidlonllites bitd a

of second sense lines; "and a plurality of sense |line
i nt er conphatality effirst senee hfiessai d plurality of sense

a second memory array layer provided over said first memory array layer,
comprising 2 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 transistor;

a series of # memory bits each being associated with a respective sense
line, said series of # 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
second sense line, and with one of said plurality of
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 an interconnect in electrical contact with each
sai d respective sense |ine of sai

bt ARBEpRacRt o Sopwedl Gatspes B P s B 5ER fine of
system cAARELS] 8, mc?nc?? P56 320 wit2 Beld AcEB Bdistor.

circuit, corrpr nenory array |ayer
cCoNTpri aflrst nmenor eII said first nenory
cid”'rlp |Pﬁ cé%%‘o‘é’Ftﬁ’EneGOWi[‘ﬁmg first sense line: a
second nenory array |layer over said first nmenory array
| ayer apepcessonpanidsi ng a second nenory cel |, wherein
said second nenory cell is |ocated above said first
MENDr ya gRblogrikcuit, aanpdsiag:ed Wi th a second sense
line; and an access transistor |ayer conprising a
First ARLes% Bﬂ"'ﬁ'{' ! SRiptisirg’ $first AEHEST cell, said first
transi stor, vl\# a?nggrc Pgloup%lrlng afirst bit line
with sai dncmonstclbbdngwoudtm alfirstessnse 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 transistér 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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el

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

d . Ll | er | f ; Li
e ra moRBe e G e e SRR ed 380 1l e lihcBbnd
cell, Z%éﬁsig &tk nd R Js6bRED RIS £ third Serse Giak sdidEaMEsense

said first and second nenory cells and is associ ated
with a t linedeignneclédtrien contadt withr sdidsBrss eccebs wansitong

in elgctrical contact with said first access

4@nsIpho g_l-oéé@soﬁ R eREH039, SWisdreim safd fisgisBtcifl, and third
wherein said first, second, and third sense lines are

i n el ect semsellines atesiatelasidi¢al santhct witht saigbfirst access transistor
transi stor throygh a first sense line interconnect.

41. The ﬁhﬁﬁ&%b%§m§?§ﬁ% HINEIQOREHD, wherein one of
said first, second, and third nenory cells is

adlr esThe pdoressuy spsteraand claimc4§,ovhdrginsenaiof said st tsegend, and
conmmon | ipe, said first cess,transisto and said.
first bitthirfjimgmogyc ﬁé@‘%&%éﬁnﬁﬁéwﬂa“}m%,
wherei n saj t I st-qr < .S : :
oo ot 11 FefediE Emb AR, SRl ORISR i A i

processorjjgeyst em of claim 42, wherein each of said
first nmenory array |ayer, said second nenory array

lgyer. g %rgéésgorpgy&[:@xl 6f{c¥aJH{ 3§,h\.5vf19rcin 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 dc;,vicc, 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
fourth sense line in electrical contact wth said
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

Car o BB apipGrccE o SEoriEoniid vl R Sigell ednsisor a
form ng ﬁdée?gﬁdmﬁfpi t over said access

transistor; formng a fiI'rst sense line associated with
said first nmegory bit, which i.g in | ectrical contact

Wit h §%‘F%lﬂgﬁt$‘i:%'ﬁﬁ’é’6¥ Pltf%’Fﬁfﬂé aﬁ“‘é%ﬁ’&ﬂ?}s%r y bit

over said first variable resistance nenory bit; anglli ..
f or i ferraingadirstsensmliee asspeiatedowich siddirgh mpmeogy hit, which is in

second nmor.y .bit whi.ch.is . in electrical contact
Wi th sai SeTFFRrcORAE Rt id IR d of of ai m 44,

where each respective act of formng-said first and
secondormingra/scspRd MERRYY| @’é@‘."‘*ffsé\dn‘i[:fﬁbv lgyresistange memory
sense lipes; formng a nenory storage region over said
sense |i A& d

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
line is forned orthogonal to said sense line. 47. The
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 method of claim44, where said formng said
access transistor -conprises: 2.5 forning source and
drain regions and a gate structure between said source

and drgau n. resgl onM 6@1}%&%%%&36@6 tﬁlld source

said ns sal I'ne ern

el ectricglg gpﬁﬁgg%om talﬁdone of said conductive plugs
and said interconnect being in electrical contact

with the . her al d

et oS oiE Foraps T P el el 48P s eogldl, sid bit line
pluralit Bga% ih Rl iR EBAM cDivkeh, orRAGH saRY Ebncitive I)qugS tand said
and secon menory bits; and providing a plurality of
third seiserdonnes, behag m elsamichlxtamtactiwith dreeother of said
respective said third nenory bit and being in

el ectri caPn@itivERIUgS t h  said interconnect. 51. The

met hod of claim44, wherein said first nenory bit is
a50.VRAThe metinod of tlaine 4P, further comprising:

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 clement.

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.

{

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
claim44, wherein said first nenory bit is an FERAM
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 nmenory el enent.

56. A nethod of formng a nmenory device, conprising:

26 providing a sense anplifier; providing an

i nterconnect; providing an access transistor capable

of ele kgl |y ing said sense anplifier and
said i Pg?§§%ﬁ€%%§n%%%y%%1ng n array planes over said
access transistqor, each of said n array _pl anes

conpri BF & P AErCoEclenpry cell, said at |east one
menory cell conprising a common line, wherein nis

equal ~Pproviding agrasegse transistor gapable ofigleatrivhlly ednretinf said sense
sense |ines,.each ,associated with a respective said at

| east on ﬁnéé?lalﬁ?cr%%r%fcﬁ array planes and bei ng
in electrical contact with said interconnect. 57. A

net hodPEIvidiagdt agpyrRlaassyover saiddctass transistoryeack|df said » array

conprising: .selectin common | i ne associ,ated with a

ngge_ct | s A5PPTBIG 25ileast op apempr ol sif ﬁﬁfﬁ?j“‘“{ﬁ“%f;s{ncmow
erein . . al i

inares S%g? v Sﬁigni@% nedri%@%? llilctrgi&laﬁg Ig a%°2%8|§ g{%‘éﬁf; and

W th

aproviding 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 eath 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 coﬁplcd 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

el ectrically coupled to each said respective sense
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 59. The met hod

S| gﬁggge Bth(\éﬁ]ogf chélggt ! g“:@%‘% % bﬁ %S]Lgnatcs one

sai d addpesdd o, ¥ %hEi Z ‘é‘é@ﬁﬁﬁét&@of SRR el OF saﬁpr

met hod of claimB59, wherein said selecting a wor |ne
desi gnat mcmmydhher of said X, Y, and Z coordi nat es.
61. The nethod of claim 60, wherein said selecting a

COOTONThé Rfetklss bgBRIR $9, %VHcli‘éthMgrbﬁlc@ﬁn%Q'vﬁbrmmé( dedpfhtes

Z coordinates. 62. The nethod of claimb7, wherein
sai d pl unnbtiey offaildiX,sY,and ZRobtdisdtts. 63. The net hod
of claim57, wherein said plurality of bits are PCRAM

C6l.! S. ThEthetIH& ofelaft 00 widréinFatd selcthiff QicdnEAbA line dcs1gnatcs
plurality of bits are FERAM cells. 65. The nethod of

cl ai m 57 ,a thivdrazienofsaiddXp¥yamd 7t gooodinbiess are pol yner
menory cells. 66. The nethod of claim55, wherein said

P6YI al ThY nith&H lof cRif 7 aifereinaaid plaraliehaf B@gml 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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