STACKED 1T-nMEMORY CELL STRUCTURE [0001]This application is a continuation-in-part of U.S.
Patent Application 10/146,113, entitled 1T-aMTJ MRAM STRUCTURE, filed May 16, 2002, die entirety
of which is hereby incorporated by reference. FIELD OF THE INVENTION [0002]The present invention
relates to memory devices employing stacked memory cell arrays including, but not limited to,
nonvolatile and semi-volatile programmable resistance memory cells such as iVIRA/v1 and PCRAM,
and, more particularly, to read circuitry for stacked memory cells. 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 litt i i re.d ' viewed as offering these
advantages. Some nonvolati e%ﬁ%ﬁ@%%&%%§%%l§%@%agnetoresistive
Random Access Memory (MRA.M), Programmable Conductive Random Access Memory (PCRAM),
Ferroelectric R&A%bim Acteisprlisrsign FRRAN wEipRie-premefl SnBattrképeinisomemory. Each
of these mempry ypesscante STPIAXeE KAk YT O TCRORAR!S dob Fsegged memory

density. [0004]0One t)épe of MIRAM memory element has a structure which'int
entirety of which is hereby incorporated by reference.

FIELD OF THE INVENTION

[6002] The present invention relates to memory devices employing stacked
memory cell arrays including, but not limited to, nonvolatile and semi-volatile
programmable resistance memory cells such as MRAM and PCRAM, and, more

particularly, to read circuitry for stacked memory cells.
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

Jrod



ferromagnetic layers separated by a non-magnetic barrier layer that forms a tunnel junction. A typical
MRANI device is described in U.S. Patent No 6,358,756 to Sandhu et al., entitled Self-Aligned
Magnetoresistive Random Access Memory (MRAM) Structure Utilizing a Spacer Containment
Scheme, filed February 7, 2001. Information can be stored as a digital "1" or a "0" as directions of
magnetization vectors in these ferromagnetic layers. Magnetic vectors in one ferromagnetic layer are
magnetically fixed or pinned, while the magnetic vectors of the other ferromagnetic layer are not fixed
so that the magnetization direction is free to switch between "parallel" and "antiparallel” states relative
to the pinned layer. In response to parallel and antiparallel states, the magnetic memory element

representsdyvg different seisisliancal Seigse twhisisreeRaadbhy Akecnaviunpsirguik ad®ither a "1" or a "0."

It is the detection of these resistance states for the differe etic orientations that allows the
MRAM to regHHs HaisHE8 fﬁrﬁ%ﬂw&%%c%&ﬁ?ﬁ?ﬁ%ﬁ%ﬁe%éégn@@%ﬁ?@&ﬁé‘nide-based
glass layeratwesid i ehedignaies] For a@xamtectbasypieabReizidd celctafeintehelsS. Patent No.
6,348,365 to Moore and Gilton. A PCRAM cell c&erat(?s b(}/ exhibgin%{a reduced resigﬁa%fecin response
to an applidHXMASASHSJE i d AERS Tarr B TR P PR BT TROERS R TS SoramAPBF id Wit Voltage.
Like the MRAMnifed resistaneensipiesofaiBis BAtcetheafthorsegseait dantreadtnas fiaid sénalog
programming states are aJso possible, with PCRAM. MRAM and PCRAM,cells an be considered
nonvolatile‘él;ag INORERAREHEM R, TA9. 1dtss IRV &%Wﬁ%ld Pé‘%@[%n@él gstaat%ugﬁflﬁtf)g(eﬁ retained for
a consideraple-pesioghottime piithedtispauiingapefireso ppeikiiand Enepdralld saret) thwer volatility
than a conventional Dynamic Random Access Memary (DRAM) cell, which requires frequent refresh
operations PBYFRFHETCH LTS RIS HH R THOTH S}%fé%ﬁ}f SR e RS et

Aiemory. anottrer NONVOTatie memory type,
utilizes ferreplasisiasrysialsdategrated 110 tha fremaryisatlisddthesencofstale nesistineasponse to an

applied elercﬁtric fielg hy shifting the central atom.in tlé%dire tiWetéi%da% voAta e required to
shift the ceRtfaitt §r8’f1‘iﬁéaég¥§§’t%l%flgﬁﬁ8°é§||§l%% Sehsid a8 programmed dats. [0007]Polymer
memory utilizes a polymer-based layer having ions dispersed therein or, alternatively, the ions may be

in an adjaceni089él TheApideyimsmeony clemnitusiiinesad lorspony durnaaniecgsat&lasiolecules.

The p.O'V.mga'%%%%9&&%@%%&&%%@?@céwgne&&}ﬁ%@eeéﬁ%&%mw@m&eﬂg@é&@ptef@.sf.oItage or
electric fiel 1¥1e lons migrate toward the negative electrode, herebz changing the resistivity of the

memory celRaTris Nitebdd®sichivnMaorbend fEkdamsa gperates by exhibiting a

reduced resistance in response to an applied write voltage. This state can be reversed by
reversing the polafity of the write voltage. Like the MRAM, the resistance states of a
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
serni-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



[0008]Chalcogenide memory switches resitivity states by undergoing a phase change in response to
resistive heating. The two phases corresponding to the two resistivity states include a polycrystalline
state and an amorphous state. The amorphous state is a higher resistive state, which can be read as
stored data. [0009]There are different array architectures that are used within memory 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 sysieqisesJ oeeRr cOMILINgS Selo aredsterined NDliaoes ayels fp read a selected cell

Each system~has Iits advantages and disadvantagés The cross-point system is somewhat slower in
reading thamapwamedditsystem, 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 arrguimigster, sl nreessatly @ssdenselynricsise kihanfiaoampaigtaseay because
additional space is needed to supply the -to-1 accesséfrﬁnsist r to memory. cell ratio. It would be

desirable t9E8 QLriliORRYER RS CRIERA R ABARIATHI Kt ah R RIHPOTH BEWAMe 1T-1Cell and
cross-pointpigkRie s Was g shinimhengthe pHisadablages OTBARcHo PMMAR ¥nd ioddis invention

provides a memory cell array read archjtecture which iﬁ‘_::o_rporates certain advantages from both

cross-poinfEn B TRV Are hE AR Y CPHEBFRLP PR RIS O R L itpaRiG hores RaltbtBE the 1T-I1Cell
architecturg,apentbesigbenrd QHRackingve ensityodt [haceosiRaiptar ehitealiviriaro both exploited in the
invention by uniquely combining c&rtai_n characteristics of each. A single access transistor can be used

to operate AEPESHRTY of MARIFTE SIS RS DiTERSEA AL LERREFiftically above one another in

a plurality of memory cell array layers. In this architecture, the plurality of low volatility memory cells
essentially sHa&]comGbasersedimesthonygiwitches resitivity states by undergoing a phase

change in response to resistive heating. The two phases corresponding to the two
resistivity states include a polycrystalline state and an amorphous state. The amorphous

state is a higher resistive state, which can be read as stored data.

{0009] There are different array architectures that are used within memory
technology to read memory cells. For instance, one architecture used is the so-called
one transistor — one cell (“1'T-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 easily

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



15each memory cell can be read individually. In a first aspect, the present invention provides a
semiconductor device, comprising; a first access transistor; a plurality of first memory cells, each
associated with a respective plane of memory cells; and a plurality of first sense lines, each
respectively coupled to said plurality of memory cells, said plurality of first sense lines 20being
electrically coupled through said first access transistor to a same bit line. In a second aspect, the
present invention provides a semiconductor device, comprising: an access transistor layer comprising
a plurality of acgess transistors each in electrical contact with a respective bit line; a plurality of

memory array SSSFY SHERTBILSIARD YEHRRRY Bt A anRe sl SPasg ds nesip e Brray

layers comprising;aplyraliy Ot MY SIS A[ERRRClive a sense line for each of said plurality of
memory 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, whereif &ehdseidissingeddifehBirtercemmestisihatditrivatctntastiuldthtdizespective

access transistor of said pluraljty of ac ransistors and with one said sense line of each of said
memory array ﬁa{yéllxg.ages %ﬁn&l t!ﬁé#g %piﬁ?é??ﬁ@s@ﬂﬁ%ﬂﬁﬁﬁﬁS%ﬂ% whilsmipeeingdhe
comprising a fighMameL¥sraydayer 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 10array layer
and comprising a second memory cell, wherein said second memory cell is

SUMMARY
This invention provides a memory cell array read architecture which

incorporates certain advantages from both cross-point and 1T-1Cell architectures. The

fast read-time and high signal-to-noise ratio of the 1T-ICell architecture and the higher
10 packing density of the cross-point architecture are both exploited in the invention by

uniquely combining 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 essentially share a common sense line, though

15  each memory cell can be read individually.

In a first aspect, the present invention provides a semiconductor device,
comprising: a first access transistor; a plurality of first memory cells, each associated
with a respective plane of memory cells; and a plurality of first sense lines, each
respectively coupled to said plurality of memory cells, said plurality of first sense lines

20 being electrically coupled through said first access transistor to a same bit line.

In a second aspect, the present invention provides a semiconductor device,
comprising: an access transistor layer comprising a plurality of access transistors each
in electrical contact with a respective bit line; a plurality of memory array layers, each

provided vertically over said access transistor layer, said memory array layers

4



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. In a fourth aspect, the present invention
provides a semiconductor device, 15comprising: a first access transistor layer comprising a plurality of
access transistors; a first memory array layer comprising a plurality of first memory cells, each of said
plurality of first memory cells being defined at one of a plurality of first intersection points of a plurality
of first common lines and a plurality of first sense lines; a second memory array layer provided over
said first memd@@ﬁ%ﬁ%&?é’ﬂu&@ﬁ%ﬂgm@f&oﬁhﬁ@lﬁﬁya%éﬁwwwmlééﬁlﬁme%?&h @f 8aildl plurality of
second memor % be%rgg deflned at it one of of a %ura lﬁé gf second inters t|o 0|nts %)Iurallty of

|

second comm nullne ap uyaf":f‘y o Second sense ngén%ngan%?urall ity' 0 seer‘]rsf%yhn &fconnects,

each one of sait phdralitygfsenseylinglitielcanneds heinadcalacticap eantastvithhe sgapective first
sense line, the respective second sense line, and with one of said 25plurality of first access transistors.

In a fifth aspec@fthié19V@§%m@miﬂmﬁ§§r©ﬁmg€din€eimrmmtawﬁimm@Cb@ﬁiér&sm lne access
transistor; %sengs of n memory bits ea&ch beln%yV ‘?&OCIated with a respective sense lin sald series of
S

n memory bits BAThg eSS IERIg L SRR LI AR SPSF LEFPSss SPINGIRS S ARG B} 34l to or
greater than 2; a%@é’s@&dﬂ&%&%ﬁﬁ&%@lﬁ@@%‘ SoRAG MiihacBsai Eﬁéﬁ%??‘é%?%%&”e of said

series of n memory bits and with said access transistor. In a sixth aspect, the presént invention
provides a processor system, comprising: a processor; and a memory circuit, comprising: a first
memory array layer confpiididgspiesttheaprisgnciall eséiehfirst vivemoparetirpeieg @ssoviatédngith a first
sense line; 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

10 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.

In a fourth aspect, the present invention provides a semiconductor device,

15 comprising: a first access transistor layer comprising a plurality of access transistors; a
first memory array layer comprising a plurality of first memory cells, each of said
plurality of first memory cells being defined at one of a plurality of first intersection
points of a plurality of first common lines and a plurality of first sense lines; a second
memory array layer provided over said first memory array layer, comprising a plurality

20 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

25 plurality of first access transistors.



10second 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. 15BRIEF
DESCRIPTION OF THE DRAWINGS 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;

FIG. 2is a perspectivmm%%g@ea%é'%&%@a{{qwfa&%&m@&aa%@ﬁ%&{g I%Q@xr&ﬁ{é%gmated in

accordance with the embodiment shown'in FIG. 1; [0014]FIG. 3 is a block diagram an
representationabithipsisatipaohare v RAM smwemcrriee b Shaveing thbitnteractiondetweendhe jayers of the
cell and other circuitry; and [0015]FIG. 4 is a block diagram representation of a processor-based
system incorpdfSiRef A SR N Getrid prigs oS sroaowithith b%\ﬁe‘ﬁtﬁﬁi}@@mﬁE B BESERIPTION

stack over said access transistor, n being equal to or greater than 2; and an interconnect
5 inelectrical contact with each said respective sense line of said series of n memory bits

and with said access transistor.

In a sixth aspect, the present invention provides a processor system, comprising:
a processor; and a memory circuit, comprising: a first memory array layer comprising a
first memory cell, said first memory cell being associated with a first sense line; a
10 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.
15 BRIEF DESCRIPTION OF THE DRAWINGS

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;

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;



[0016]In the following detailed description, reference is made to various specific embodiments in which
the invention may be practiced. These embodiments are described with sufficient detail to enable
those skilled in the art to practice the invention, and it is to be understood that other embodiments may
be employed, and that structural and electrical changes may be made without departing from 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 (SOI), silicon-onsapphire (SOS),
doped and undoped semiconductors, epitaxial layers of silicon supported by a base semiconductor

foundation, ajgbether SEIMIEONRUCINGSH GRS aﬁaec@eeammpma@a@hmtmﬁmmased The

semiconductor could be srllcont%%rmanrum ermanium, or galliym ars When reference is made
to the subst&RIF ! SOHESE B 6&%’&35? ar?i/%ﬂbgecr‘lrﬂﬁﬁ’?’ed to form

regions or jgetions in or over the base semrconductor or foundatron Addrtronally the substrate need
not be semiconductor-based, but may be any structure suitable for supporting a variable resistance

memory arra as f:y r, C ig, metal ass, nd oth r materials, [0Q18]The term "metal” is
intended to | qaﬁéﬁlﬂot ('?r('lB rr‘aieme% rﬂ%i%gfaglﬁ%laﬁ% mcucc)i% tg With ott P%Lrs t%aé% fetals or in
various allayedrpomhnmtlumnmmhdnhec metaisrdankn ovith nhlcthemmmmonductor art, as long as such

alloy retains the physical and chemical properties of a metal. The term "metal” is also intended to

include conductive oxides of such metaisy [0 ¥3hHis deventiegaalates to low volatility memory
technology (e.g., MRAIVI, PCRAIvI, FERAM, polymer memory, and chalcogenide memory) and new

variations on mem ry array ar cture to in orate, certal advantages from both cross-point and
1T-1Cell archﬂf&]t es. Thels mé’ %ﬁ?ﬁ%?‘f%%’r% {6 ﬁ’i?ﬂ%%cfﬁﬁﬁag?’d'fg TP % thitecture

and the hlgeﬁb@aﬁﬁ&lﬁsdﬁwmmﬁea@mﬁmw@bwe arabetbnsxpdeiteddyreombining certain
characteristics of each layout. FIG 1 §§§ ex mplareynEmbodl ent of the invention.
Although thBSHTRRIGPEHS SRyHEEREE than can utilize

either crossopeifniex, lﬁﬁcﬂ@@kdse&dtﬁf@aiﬁfddr@xﬁfwlﬁxd@ﬁﬁﬂaﬁddj@ﬁﬁf@|ydf&rfqilﬂy@ﬁ t;guch devices
(in particular those discus |n the bac the | n IS specific escribed in relation to
AN dev B T GREA S L SLRG B HicTAE TR AR R LA A o PR hsed to

control the sgagingr efdpudipie memeny 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 Vj! Ce” M‘sﬁﬁw » SRR PUYMG! HIEMBRL: g&%gﬂ&jm ghemory, or

other memor ructlon ©In this architecture, each access transistor 16 in ensional array

in the accesfslimgttﬁsmommm imshrstscaey Q@@M@@l@ﬁﬂé)%&ﬁbﬁ@&ﬁ@t@rcﬁbﬁf a plurality of
memory ce -3 IbIERIE BRiRIa 93%&?&{ IBGe FRESERI e oo, gt ghepplurality of
memory cel In this "Z" |rect|on WI| essentlal are a sense line 33 by virt a sense line
sapphire (SOS), doped and undoped scrmconductors 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.



interconnect 32 (explained below). This architecture is represented in a two-dimensional cross-section
in PIG. 1 and in a three-dimensional cross-section in FIG. 2. The "X," "Y," and "Z" axes are shown in
both figures. [0021]Now referring to the figures, where like reference numbers designate like elements,
FIG. 1 shows that the structure of a memory device of the invention includes an access transistor layer
12 over a semiconductor substrate 10. The access transistor layer 12 includes at least a
two-dimensional array (in the "X,Y" plane) of access transistors 16. As shown in FIG. 1, the access
transistors 16 are arranged over the substrate 10 along the "X" axis direction. However, what is shown
is merely a small cross-section of the memory device of the invention for explicative purposes and

there can beyqfhriaccons. (A0S iALLAS PYELINE SSIARILBPbDRI AR bt directons.
al ac

Also, additio cess transistor arrays can be formed in the "Z" direction if desired. [0022]As shown

in FIG. 1, thendockids rardisishsotBes srape masiepNIeHifis MoSE comhistsirssiviseflirionductor
field effect %@&ﬂ%&@w%@&ﬁﬁ@sﬁ&ﬂ&%ﬁ% RAGECASIAPRSIRISAS pagLeingial to the

invention. The transistors 16 include source/drain 14 active areas in the substrate 10. Over the
substrate khehisararepstoestefinanstels Lhatsmoxitactd. anyssvBrendehididugpiemyusisiysilicon

layer 20 WiH}?@g%‘f‘%ﬂXﬂ‘:Q&dee 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, sidewall LLypically made

of an oxide okdftTde matBiiARvERBIRH S %%Vtﬁé?@f&&?%%@&%@%@n%@tﬁé‘%d to

peripheral gitcritiy A8fdepictadyiméd Gredlosy e dstdkeediiiddevisesnadagie eirdaiions Aacess

transistors 16 for use in this.invention can be fabricated é)é’ an tgc%ni?u‘gs well known to those of skill
(I a

in the art. [OSPSEAASRRTRGIBEIE PRP IR SEPEhASHIRRR SOSERTIES SR HRSulating
dielectric laygr2&pvethaserarauniib G aceadsdiansistidighl fighhraogivihisadns vidirgldielectric layer 28
conductive flu%s 30 can be fabricated to connect g) the s(l%ﬁge/draip r?gionsmm g}‘r the access
transistors 16 FRE RSP dithschiehss RGN AR AFRPR LIS RESHRIHTHRE-BESHEES an oxide o
BPSG, andiean bglarades) acadbding:todmneaih olisdoaivtdnaheasit laybarcdfidu dtiweddfigs 30 similarly
can be any material well knqwn in the art, but preferably.are tungsten-based, and can be formed by
known metﬂsﬁgaﬁ%@éé’%’é‘ﬁ%ﬁf&% f%?% egﬁ‘%é?%&ég ’%eri%Ptg SiRas &Fc

INalSor connections o?%llrecctrically
connecting iendngdenlyiog iaappsdbinsisiassniéorhdeaive tyirgcaemiine eaber38wt yheirmemory array
layers 34 as j\eljell a]%for connection to ri%era&ggcuit%aﬁ%suc aggnbtiglisngﬁ é%éLViICeC% iirﬁg to sense
amplifiers 5D UL LR t?&%ﬁ@’%ﬁt% TRERTOry CEns 3™ The connections between the access
transistors Haréiadhehoaedianyssatia leyetaddranddhathittinasidh drepryiically dosonbddz metal
interconnects, 36, inswsagis, kn(r)an in thelart with a dielectric material (not shown). The metal
interconnec’i%l%%o’élﬁ‘a i Ve eeﬁ%%lﬁearr?ﬁﬁrrﬁ?ﬁﬁsm, or any other metal known as suitable in dm
an, and can be formed by known methods. [0024]As mentioned in the preceding paragraph, the bit line
31, which is cDMi?édted thutthe seyrsiomplifescso fiansistpdd i Bedaoceuiiph fissmding By the metal
interconnects 6. A melal 114 30,45 SHOWIHAFIG LAANIBE0 SaAGkRE e ory array layers

34 are memory cells ese cells 38 are arranged in two-_dimen“sm’nal.arr_ays‘(in the "XX" plane) in
each layer Piymlityref sachose h3ayidapetsmd thetie inmapgsctibhtbe 4 20miHs S HFtoR2 BRE a sense line

33, which can. e, 20088 G, YSigaanaLio sk Al e ERARERAIGARSRaRd 2

three-dimensional‘perspective in FIG. 2. The'sense line 33 for each planar Iayér 34 for a given vertical
stack of memomofiptehtB egenidrercomastiad piher meraPITtIEsiHeien2 I (bis archifermtgso

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



show write only lines 40, which may be provided to assist in writing a memory cell 38 when cells 38
are MRAM cells. Write only lines 40, such as those shown in FIGs. 1 and 2, would not be necessary in
memory schemes other than '"ARAM, where they are used to produce a crossing magnetic field.
[0025]Referring to FIG. 3, which shows the memory cell 38 of the invention as an exemplary MRAM
cell, each cell 38 can include, at its most basic configuration, a common line 44 used for both the
reading and writing functions, a magnetic bit as a memory region 42, a sense line 33 used for the
reading function, and a write-only line 40 used for the writing function (again, only for MI:RANI), which
is separated from the sense line 33 by the providing of a dielectric layer 46. The memory region 42

includes a freg. femamaneticiaves 431aMUNPeRldnation daxes 45 rRagha dianeskerromagnetic layer 41.
In the preferred embodiment, the free ferromagnetic layer 43 is above the pinned ferromagnetic layer

41, which idimfadentFossssEqmidiG i f ssSimentieanbrens SHrEARdmENE o these layers

as is Knowr-ip t&‘g;ar«ty,lﬂggga@@fg{@qﬁmgb@pﬁgﬁgssharing a sense line interconnect 32 are
in a "column” that is vertical relative to the access transistor 16. However, other configurations are

possible, sucih 5 jor instance offsettin%éth cells 3 shaé"gcg t e sense qujeclgtr«fgsclonr}i% 32 from one
another, so | §c—} it is %‘ngﬁ%%lrfg%éﬁn R USRS TIRE 3501 One cail'38' 8r [Byer 3410 The same
sense line KterennnNBIG3R sHRAGHhewritesonlyelna40cnhdoe (MRAM)tbe ird8mram echehyposed of
conductive materials as .kQO\;lvn inige art; trge n%"é{)ti%ﬂé‘{ con %@%é%ofﬂgtgcrciaég maki&grup the
write-only IS RS A e mén %Cfrt?’]eclnver?non; OWEVEr, as an exampfle fhisTine 40 can be
copper, alumiatn, iatlothenconstuctive-diatenstsal herayrite-orly i 4leiscinsidatess from its
surroundings by a dielectric | yer 46, icp %Ilséoa(i:rclgggat%ssgtcg%r ements ofgg%vngre{ggry cell 38 and
the memorg%‘r1 éﬁ?ﬁ’é\s r'3‘3‘.°’ ww%r‘?s own’in segments associate With th memory cells 38 in FIG. 1
and FIG. 2 stitetwiria-0alydines4Xaattdabdyrerécronkinowsgrchitayehavauisditbelgerssaaline
interconnects 32 as.sho?vﬁyglby the dashed Arrows invlé{1 .01. q:0627 cho‘\;\én mogescglg%ql iQmF'G- 3, above
the Write-orﬂﬁf’ HE AR NESEREE The §1,C\(I:VRIC Wil be Turther scrlged%ue%w, and the magnetic bit
(memory reginie42hevhiclsstinmontact @itdahthe sniwmatdine bbth it EX5irmmeld WEtromaagnetic layer 41
includes an assaciated antiferromagnetic layer (not shown), s as.iron mangane hich keeps the
magnetic or USEAGOR o ﬁsalgaéiglr% Xec s ?iéans pr)%lﬂﬁélgay ﬁ'g%nrﬁgg%retl%grr%%%a of t gcpﬁ,ﬁ%é%
ferromagnediesiayker 41 can be selected from various materials or alloys with good magnetic properties,
such as nickel iron cobalt or nickel iron, for instance. The tunnel junction 45 is a region separating the

two ferromagpggisiayersdlianshds and anahles ihe: Sr3eR AT THRMORK B RANRGNRIGQrientation (or

combination of magnetic vectors) and resulting resistance. The tunnel junction 45 can be made of

many matePARSEE Ts(Risw arideremicondpaser fie b A hmRispr AhpnsucoRedishe wnnel
junction 45 layer shouiehbe thig, SMeRtbrand GonsiHRRIANO uIhprERR NSRBI (6., MRANVI)

cells 38, as is known in the art. Over the tunnel junction 45 is the free ferromagnetic layer 43, which

can be mad@@rtse i HrifefifRHHT NGRS BIBREE0s SRS AR h&Bhetic layer 41.
As opposed g he pinges-fesemagnetiadryes 4hdtbecd eafenmaanatiaipy pofdiedicrye shift it

magnetic orientation for the writing of the MRAM cell 38 and has no associated antiferromagnetic

layer. The TR ithovmauFidTiagainidslgeh HlealHoRrRshbEa WS c8hifor tR@AHsHER write),
substantially,comy %Ha&ﬂ&%ﬁk?é”ﬂmsg&a%%ﬂﬁ% IRQaBIRefe(HRg agRimiesTiGhi andakiG. 2,
multiple membory array layers 3 ) _

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.



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 layer (not shown)
will typically protect the memory device. There is no restrictive limit to the number of memory array
layers 34 of the memory device of the invention, other than the practicality of physical size of the
ultimate device. In general, ten or more layers 34 are feasible. Of course, a lesser number of layers 34
can also be used. [0029]Each memory cell 38 of each layer 34 has its own sense line 33, which is
connected to the sense line interconnect 32, which is itself electrically connected to the access
transistor-16, as shown in FIG. 1 and FIG. 2. The sense line 33 can be made of any conductive
material, but[igqrgferabiiupgstenshasad: As shoxdds BGsiddangdrIi Apdiacdedsetine 33 runs

above the write-gnly line 40, separated therefrom by the dielectric 46, anfléb w angd ip.contact with
the magnetSHAHS s V%%Sp?ﬁ%ﬁ‘f%%ﬁ%}é iR ETR AR RS referféd&mB6diment). In
this architegiyimihsidele acrdasel a8 sishdid fvepligos0sharbed faitactlabthenovevolatitity memory
(e.g., MRAM) cells 38 in the "Z" axis direction substantiall ove the access transisior 16, as shown
in HG. 2. THANRS/Slhgif 4681988 ﬁ%ﬁfﬁ%?f@%éf@&lsﬁ%?{o&ég&g E?égﬁl%gl}ﬁ %%g}:?f%?ct?é Fnarel%%ry array
layers 34. Gl a0 Raddtitionakser seding intesednecBY8Z exidndingfifommitbadppeingost-shown
surface of the memory array layers 34. These sense ling interconnects 32 are in contact with other
memory ce‘f%@gtﬁﬂaséiﬂgmé’éég %ngigfo?gxfg“ﬁ%%\ﬁﬁt%géﬁ@%ysﬁ%lwgscam%}i(%ﬁt-%ﬁﬁigram and a
representakieil @haw MR ANM-iy & erefyiielhdSrangsdepiots dhendtenabitdibsnoédty talb@8 elements
with associated circujtry during readigpi an%ﬁlriting of the cell 38 During&he.writ? cr)peration a memory

cell 38 is adiff & TR PR B BT e e B iR S H ite-only line 40 of that

cell 38 by pariphesal ciesitetinnthihaaatyal yuiing ofamimnesy &pafommedyasisknoyncidithe art in
the exemplary MRAM as a functign of netic, orientations of the ferromagnetic layers 41 and 43, the
later of whi QgéhfdeEIBﬁ’s%r&aB?l.aYﬁés r%?g‘ga%ﬁ%l as% HHRIRAG eSS m&%ﬁ%ﬁ% n@s’ 44 and 40

ns of the magnetic

caused by #irielaaticierkrsDisdditiiasadineadphifel B0 Tedohutisiprbd midingatibrnin a v memory cell
38, the cell 38 is add%@%%j the coinciding stimulgé{i%nagcggs l:t)rigrljsne 31 '%ca%gt%gﬁt: with a sense
amplifier 50P& 8556 atCBSPSHIERDOFTE anc

tOrs men
Y Ahd the TSmmon fine 44 associated with that memory
cell 38. Theagel B8 dis the thiegrdindinsictiabarnapitatishomndndtiGad jissaddresseddor reading in the

"X" axis directign by an access transistor 16, inthe "Y." aids direction,by th b%lline (in electrical
connection Wﬁﬁaﬁ%e?‘fp‘ﬁ ‘%’ér‘%@&ﬁfﬁﬁﬁ‘éﬁ? g(ﬁj)l,cger‘f llﬁlfhaecxfl g%(?% %}%“é%gn yctﬁlg%(g:lommon line 44 of
one of the plarardayers 34. and bit lines 31 can be copper, aluminum, or any other metal known

as suitable in the art, and can be formed by known methods.

[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,¥” 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
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[0031]As is illustrated in FIG. 3, peripheral circuitry 48 will stimulate the wordline 23, thereby turning on
the access transistor 16. When turned on, the access transistor 16 serves to connect a sense amplifier
50 (connected to the source/drain 14 of the transistor 16 by the bit line 31) to a sense line interconnect
32 (connected to the other source/drain 14 of the access transistor 16) associated with the sense lines
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 agslR) Withesdheirpnroprateraeas B Fhaosiater ds duned anidhe sellds sepewhgn the
peripheral circuitry 48 stimulates the common line 44 and a sense amplifier 50 connected to that same

access tral&eiorels 32 AteMiaMh erlon Sisserniin Histdf, such asdiapsh shqur s BIGE o @drent,
dependingpoRthiedRRMBENEBa RYREMSH schwalt kbR HerRIMOQ3RIEhe fcsesadransistors 16

can be connected to read-circuitry in various ways. For instance, each access transistor 16 can be in
electrical COREREVRERLQMYE TEERELE RS Bit line 31 and that bit line 31 can be in electrical contact
with a single respective sense amplifier 50 or, alternatively, multiple bit lines 31 in such an

arrangement iftb dssoRatfedirespeElite Hoebsh trhnsistbrsrdGreay belidletdatiicalvenrtachwvith and
share a single sen arRﬁgRE&S As noqé1 exampl plurality of access transistors 16 having
different Wao%c?ffﬁxél%can S arceg%i g?ﬁglgc i? ﬁn%mé é:ﬁié%ea iR elee rtlcba Con %é%%%trlg\r/\liitah along its
length. Eachrhintindigg #4 thisdypeboftArtizngediegtashvbéingdlestioas contaghanittbitaoun respective
sense amplifier 50 or..alternativel ultiple such bit lines I’nl’l can be in electrical contact with and
share a sir%?én s?é'%g%gé?ﬁlp ifet (5I¥ ?&%]%?ttl‘??rlgﬁ@f{:%f]% e85 0 fﬁéné)'ﬁ%%gagrﬁcérﬁ'%?a%rc& s?én fransistors 16,
bit lines 314 Gnskscios elgmplifieg B0 e (egeam, balinferivERiidwe) delick 3s(suehaasidennding devices)
along the electrical ection hetween the,access transistors. 16 and ultimate read-circuitry, as is well
known in tﬁ%ng?t.ﬁfﬁ% h%%?éﬁﬁleé%%&rg%f%ﬁ%?%érg%%ﬁ prb\'/%ecsn%glrngggﬁglg%g%ﬂﬁ/cei}léjﬁ%ex access
transistor I@cfénthepgaditgdymictidn mucilgiosgico byth 45e anémpiyned fi@8andstiveisyse amplifier
50 (or othey yeading devi nabling a faster read function. This pr es.a hi &rer signal-to-noise
ratio duriné£ t ‘:igle%g@f Rjrr?(%:%t%wgtﬁ%ln (\)N%Iﬁc ai%cngegtggﬁgf%%é%qﬁzﬁﬁggcﬁfté%ﬁjvrﬁg. 3 Hl%x%%rrangement,
the memoretinerglintansiondlamwhick ssadidadiytcbrsistsedinard 3 Tho@eitcay chitgeiesiblathere n is equal

to the numper of m ry.ar X g 8.in the 77" axis di cti9 cé,g ordingly, fewer
access trar%)s@éligftrls? %%%c%é%{é?ﬁir? i %\re(&e%ggé%r? J?%net%%é%ﬁ %algc{%e%t%};e kgown in the art.
[0034]F|G.mh9§ﬂmce$,anlb>@nbﬁhgm@@@e§smg sysenne60 Fhich imayadlizenfiebaemory device 100
O e PresSLSan. The acaselug SYSIP T S0 NEICH Q0P L IS BIREGRPISARE coupled o

a local bus 904. A'memory controller 902 and a primary bu$ also coupled the local bus
904. The psockgsifgraystanae, offsctting 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
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900 may include multiple memory controllers 902 and/or multiple primary bus bridges 903. The
memory controller 902 and the primary bus bridge 903 may be integrated as a single device 906.
[0035]The memory controller 902 is also coupled to one or more memory buses 907. Each memory
bus 907 accepts memory components 908 which include at least one memory device 100 of the
present invention. The memory components 908 may be a memory card or a memory module.
Examples of memory modules include single Milne memory modules (SIMMs) and dual inline memory
modules (DIMMs). The memory components 908 may include one or more additional devices 909. For
example, in a SWIM or DIM_M, the additional device 909 might be a configuration memory, such as a

serial presgnges detReh{SRN-NaMR e thedpareny sentelier, 30 aB5RIshe wauplesito a cache
memory 905. The cache memory 905 may be the only cache memory in the processing system.

Alternativelijich e AaedTes c 1P RPN SR SR G R S5 R BRR SRS RS FreAories, which

may form gieagheigtaiehewith-saehernemory 905. If the processing system 900 include peripherals
or controllers which are bus masters or which support direct memory access (DMA), the memory

controller 90 implement a cache cohergpey protocol.If the. m y. captrolier 9 is coupled to a
plurality of n@m busgg1 f%%:gh&?%aé%&yg %S%(%%%y C%%%rga% parallgli o?%ﬁ?ferent address

ranges majidec3tayirien toldifécfienbondmonpdalibes @07od0bdeaTRERepK it yrisoobyitip®03 is coupled

to at least gne peripheral bus 910. Various devices, such.as peri Qg Rl ditional bys bridges may
be couple(?‘?d fﬁ%lcggelﬁﬁﬁé%%ﬁts‘@%gfhcgs% %%%%%%ayﬁﬁ%ﬁ ea é%!)r%géggontrol er 911, an
miscellanenibudes devico@i4d asdtonsagniotis layicio@ ot $1cmm)itire didrprotBasenets, and an
legacy devicg. interface,920. The primary bus bridge  COU Jjo-0Rg Or more special
purpose hié”fg1 §§eiecapﬁc}ﬁ§ 9o Fr?%cp%cr%%gg c%gn%’gﬁtig‘%%i 2%5%?&3'&' ’th% spcec'ial purpose port might be
the AccelematesGiraphicsidP oft tha@Rners Sururegnpisc dalitg 4 berfohn stleesddeoncardovshe processing
system 900. [0037]The,storage controller 911 coupl Qne of mare: farage deyicss 943y Via a storage
bus 912, tonﬁ%tecrﬁer;iBﬁ%ygl@%l%%gg?&%%ﬁﬁlégﬁz s%o’rage contrcl)%er 911 may be a SCSI controller
and storagéraeyfoem@i8ama¥ e 8O8] liscsoTHE @ thaitcesenatanay the try SsrowRpaeigheral. For
example, the I/O devic 4 ma an.lo re twork int r&@g%?[ suchias-angthernet card. The
secondary%ggrﬁm é‘gﬁ% (g] Sgg ?%(Sj%%esr%%%ca%fgﬁona dewgces ig ano%her bgs t%ﬁ{he processing
system. Forexhinptartihs segondansdos brghembinbacsistanivers it suriatijorciossEbcsatroller used
to couple USE deyces Aty Malalie piosesting skt 300 Abe mullaadia pipgessor 918 may be a
pture ot I

sound card, ax\%%o ca card, or any other type of média interface, which may also be coupled to
one additionairvives:sdeh Beespeaich jargtion Faddpershpulsl rsetitite sace 2ok 986l tE couple

legacy deviges, 1ot SYAPIS, OSL a5 KeyDIHISANIIIER, 8 INRORGS OSSO0

[0038]The processing system ustrate is only an exemplary processing system with

which the irntertionahjapdsmn detisWisilkcr Eranigorticdsys 8 cedimg isetfrelddsecially suitable
for a general purposs eRTIRYISE  SHe.A° Apsrsrnal sTAHIRK Qe ARk AT AR ot sftould be
ificat h be made to con

recognized? at well known m lons'ca figure the processing system 900 to
become mosemusitaistetior pisadd Exarvtgnetiafyyicdtioitbe Bise ssapmasneris gy aiddrisifecddvices which
require procgssing may: he Implemented sinassimplaLERige e HNiGh felen ARAGRY 901
coupled to memory components and/or memory devices 100. These electronic devices may
include, butamiferotriagitedi¢damuichid Gogpiutensars thtivectide i, desmiey corssiadtiiital

television S%tc')smvl}/:j(r)%qigg %r%lfg%}%rlg&r??&%&anmﬂy 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

12



navigation devices (including system based on the global positioning system (GPS) and/or inertial
navigation), and digital cameras and/or recorders. The modifications may include, for example,
elimination of unnecessary components, addition of specialized devices or circuits, rind/or integration
of a plurality of devices. [0039]The above description and accompanying drawings are only illustrative
of exemplary embodiments, which can achieve the features and advantages of the present invention It
IS not intended that the invention be limited to the embodiments shown and described in detail herein.
The invention can be modified to incorporate any number of variations, alterations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate with the spirit and

scope of t%&Yﬁ&'%ﬁWﬂN@@ﬁ@ﬂjﬁp@&&ch@&&&ﬁ@ﬂdﬂﬁd&me ofhdie followisgilrinian{0040]What is
claimed as new and desired to be protected b ett rs Patent o d[ﬁthe Uni éfd States is. MCSLLP
CLAIMS 10ARSHIBBRHACIF BN B0 RS it A f PR A Qgpe iovention, other

than the practicality of physical size of the ulnmatc device. In general, ten or more

layers 34 are feasible. Of course, a lesser number of layers 34 can also be used.

[0029] Each memory cell 38 of each layer 34 has its own sense line 33, which is
connected to the sense line interconnect 32, which is itself electrically connected to the
access transistor 16, as shown in FIG. 1 and FIG. 2. The sense line 33 can be made of
any conductive material, but is preferably tungsten-based. As shown in FIG. 1 (and
FIG. 2) the sense line 33 runs above the write-only line 40, separated therefrom by the
dielectric 46, and below and in contact with the magnetic bit 45 (specifically, the pinned
ferromagnetic layer 41 in the preferred embodiment). In this architecture a single
access transistor 16 would be shared by each of the low volatility memory (e.g.,
MRAM) cells 38 in the “Z” axis direction substantially above the access transistor 16, as
shown in FIG. 2. That is, each access transistor 16 serves a respective cell 38 in each of
the memory array layers 34. FIG. 2 shows additional sense line interconnects 32
extending from the uppermost-shown surface of the memory array layers 34. 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 2
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 2 function of

magnetic orientations of the ferromagnetic layers 41 and 43, the later of which should
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5a plurality of first memory cells, each associated with a respective plane of memory cells; and a
plurality of first sense lines, each respectively coupled to said plurality of memory cells, said plurality of
first sense lines being electrically coupled through said first access transistor to the same bit line. 10 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 15comprise 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. 20 5. The

SemicondugtCO{xgg igg ggccllgtigr}agﬁgvrpseor? It%cs rarlxggrrrl]c%y%gdks) i&s tﬁe%g{ ﬁ%sblj}é and 40 caused by
the electric currents in these lines 44 and 40. To read stored information in a v memory
cell 38, the cell 38 is addressed by the coinciding stimulation of a bit line 31 in contact
with a sense amplifier 50, an associated access transistor 16, and the common line 44
associated with that memory cell 38. The cell 38 in the three-dimensional array (as
shown in FIG. 2) is addressed for reading in the “X” axis direction by an access
transistor 16, in the “Y” axis direction by the bit line 31 (in electrical connection with a
peripheral sense amplifier 50), and in the “Z” axis direction by the common line 44 of
one of the planar layers 34.

[0031] As is illustrated in FIG. 3, peripheral circuitry 48 will stimulate the
wordline 23, thereby turning on the access transistor 16. When turned on, the access
transistor 16 serves to connect a sense amplifier 50 (connected to the source /drain 14
of the transistor 16 by the bit line 31) to a sense line interconnect 32 (connected to the
other source/drain 14 of the access transistor 16) associated with the sense lines 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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6. The semiconductor device of claim 5, wherein said PCRAM bit comprises a 25layer of Ge"Seloo-x,
a layer of silver, and a layer of silver selenide. 7. The semiconductor device of claim 6 where x is
about 17-28 or 39-42. 8. The semiconductor device of claim 3, wherein said memory bit comprises a
ferroelectric memory element. 5 9. The semiconductor device of claim 3, wherein said memory bit
comprises a polymer-based memory element.  10. The semiconductor device of claim 3, wherein
said memory bit comprises a 10 phase-changing chalcogenide-based memory element. Il. The
semiconductor device of claim 3, wherein one of said first memory cells is addressed during a reading
function by said bit line, said first access transistor, and said common line of said one of said first

memory C@@pééivc bit line 31 and that bit line 31 can be in electrical contact with a single
respective sense amplifier 50 or, altcrnaﬁvciy, multiple bit lines 31 in such an
arrangement with associated respective access transistors 16 can be in electrical contact
with and share a single sense amplifier 50. As another example, a plurality of access
transistors 16 having different wordlines 23 can share a single bit line 31 and be in
clectrical contact therewith along its length. Fach bit line 31 in this type of
arrangement can be in electrical contact with its own respective sense amplifier 50 or,
alternatively, multiple such bit lines 31 can be in electrical contact with and share a
single sense amplifier 50. Additionally, regardless of the arrangement of access
transistors 16, bit lines 31, and sense amplifiers 50, there can be intermediate devices
(such as decoding devices) along the electrical connection between the access transistors

16 and ultimate read-circuitry, as is well known in the art.

[0033] The architecture of this invention provides for a transistor driver (the
access transisr:or 16) for the reading function much closer to both the memory cell 38
and the sense amplifier 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 arrangement, the memory three-
dimensional array essentially corsists of an 1T-#Cell architccturc,'whcrc # 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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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 L, wherein said first sense lines are in 20electrical
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. 2515.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 5a plurality of second sense lines, each respectively coupled to
said plurality of second memory cells, said plurality of second sense lines being electrically coupled

through saigypeEand, ARGES HITRIHISIREIR A SBMEREPDINILANS: multiple primary bus bridges
903. The memory controller 902 and the primary bus bridge 903 may be integrated as
a single device 906.

[0035] The memory controller 902 is also coupled to one or more memory buses
907. Each memory bus 907 accepts memory components 908 which include at least
one memory device 100 of the present invention. The memory components 908 may
be a memory card or a memory module. Examples of memory modules include single
inline memory modules (SIMMs) and dual inline memory modules (DIMMs). The
memory components 908 may include one or more additional devices 909. For
example, in a SIMM or DIMM, the additional device 909 might be a configuration
memory, such as a serial presence detect (SPD) memory. The memory controller 902
may also be coupled to a cache memory 905. The cache memory 905 may be the only
cache memory in the processing system. Alternatively, other devices, for example,
processors 901 may also include cache 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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17. A semiconductor device, comprising; 10an access transistor layer comprising a plurality of access
transistors each in electrical contact with a respective bit line; a plurality of memory array layers,
each provided vertically over said access transistor layer, said memory array layers comprising a
plurality of memory cells and a respective a sense line for each of said plurality of memory cells, said
memory cells 15being 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.

20 18. Th%oSSHy'%9@95&%%&%@&9&94@&5@&29&@9?@& wien sald reshetiverateassdransistor of said

plurality of access transistors is turned on said bit line in electrical contact with said respective access

transistor is%aepln tecnisial cowpase B saighsdssthndssalsmtadcGrahistRart 4668 et Wawh said sense
line intercopngg i eIREIHGRLRIMARL 2ANLD SRENE SHY SRREGHYS REGRSDaNSIStor.

[0037]  The stofage controller 911 couples one or more storage devices 913, via a
storage bus 912, to the peripheral bus 910. For example, the storage controller 911
may be a SCSI controller and storage devices 913 may be SCSI discs. The I/0 device
914 may be any sort of peripheral. For example, the I/O device 914 may be an local
area network interface, such as an Ethernet card. The secondary bus bridge mdy be
used to interface additional devices via another bus to the processing system. For
example, the secondary bus bridge may be an universal serial port (USB) controller used
to couple USB devices 917 via to the processing system 900. The multimedia processor
918 may be a sound card, a video capture card, or any other type of media interface,
which may also be coupled to one additional devices such as speakers 919. The legacy
device interface 920 is used to couple legacy 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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MCSLLP 19. The semiconductor device of claim 17, wherein each of said memory cells is an MRAM
cell.  20. The semiconductor device of claim 17, wherein each of said memory cells is a 5 PCRAM
cell. 21. The semiconductor device of claim 17, wherein each of said memory cells is an FER_AM
cell. 10 22.The semiconductor device of claim 17, wherein each of said memory cells is a polymer
memory cell. 23.The semiconductor device of claim 17, wherein each of said memory cells is a
phase-changing chalcogenide memory cell. 15 24. The semiconductor device of claim 17, wherein
said bit tine 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

navigation devices (including system based on the global positioning system (GPS)
and/or inertial navigation), and digital cameras and/or recorders. The modifications
may include, for example, elimination of unnecessary components, addition of

specialized devices or circuits, and/or integration of a plurality of devices.

[0039] The above description and accompanying drawings are only illustrative of
exemplary embodiments, which can achieve the features and advantages of the present
invention. It is not intended that the invention be limited to the embodiments shown
and described in detail herein. The invention can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not
heretofore described, but which are commensurate with the spirit and scope of the

invention. The invention is only limited by the scope of the following claims.

[0040] What is claimed as new and desired to be protected by Letters Patent of
the United States is:
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20electrical 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;
MCSLLP a second memory array layer over said first memory array layer and compeisipgm@ 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 5transistor, when turned on, coupling a first bit line with said first and
second sense lines. 27.The memory device of claipRgygRerein said first and second sense lines are
in electrical contact with said first access transistor through a first sense line interconnect.

10

15

20

25

1. A semiconductor device, comprising:

a first access transistor;

a plurality of first memory cells, each associated with a respective plane of
memory cells; and

a plurality of first sense lines, each respectively coupled to said plurality of
memory cells, said plurality of first sense lines being electrically coupled through said

first access transistor to the same bit line.

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 GeySejoo-x, a layer of silver, and a layer of silver selenide.
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1028.The memory device of claim 26, 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 it line.
29.The memory device of claim 26, further comprising a plurality of third memory 15arr§§/clgi75rs over
said second memory array layer, each of said plurality of third memory array layers comprising a third
memory cell, each said third memory cell is located above said first and second memory cells and is
associated with a third sense line, said third sense line being in electrical contact with said first access

transistor. 2030;The memenyAKiSs O eI 2% WIRIFN RRIG rstySRopdogg it 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 25memory cells is addressed
during a read function by said respective common line, said first access transistor, and said first bit
line. 8. hie semiconductor device of claim 3, wherein said memory bit comprises a

ferroelectric memory element.

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

polymer-based memory element.

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

10 phase-changing chalcogenide-based memory element.

11. The semiconductor device of claim 3, wherein one of said first memory cells is
addressed during a reading function by said bit line, said first access transistor, and said
common line of said one of said first memory cells.

15
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

20  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.
25 15, The semiconductor device of claim 14, wherein said metal comprises tungsten.
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MCSLLP 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 eﬁ%ﬂﬁaid first
memory array layer, 5said 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. 10 34.A
semiconductor device, comprising: a first access transistor layer comprising a plurality of access

transistors; @ first MO AFaYdRYRISROBHSIRgA PUFalty QffiFsismgmory cells, each of said

plurality of first memory cells being defined at one of a plurality of first intérsection points of a plurality
of first common lines andcamplualitys ofafisttsense lines; 15a 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 beIHEF UM SHESRa pitilkiitgach sssoriataddrdb S HEiFEPes & plurality of
second comm elﬁ%eo?%%&l% lity, of second sense lines; and a plurality of sense line
interconnects, each one of said plurality of sense line 20interconnects being in electrical contact with

the respective first seaggingisthe€ second sense lines, each respectively coupled to said plurality of
second memory cells, said plurality of second sense lines being electrically coupled

through said second access transistor to a same second bit line,

17. A semiconductor device, comprising:
10 an access transistor layer comprising a plurality of access transistors each in
electrical contact with a respective bit line;
a plurality of memory array layers, each provided vertically over said access
transistor layer, said memory array layers comprising a plurality of memory cells and a
respective a sense line for each of said plurality of memory cells, said memory cells
15  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.
20
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

25  with same said respective access transistor.
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respective second sense line, and with one of said plurality of first access transistors. 35.A memory
read architecture, comprising: an access transistor; MC S LI. F a series of n memory bits each
being associated with a respective sense line, said series of n memory bits being in %g%ﬁ:?ntially
columnar stack over said access transistor, n being equal to or greater than 2; and

interconnect in electrical contact with each said respective sense line of said 5series of n memory bits
and with said access transistor. 36. A processor system, comprising: a processor; and a memory

circuit, COmprisigg:  The semiconductor device of claim 17, wherein each of said memory cells is an

MRAM cell.

20.  The semiconductor device of claim 17, wherein each of said memory cells is a

5 PCRAM cell.

21.  The semiconductor device of claim 17, wherein each of said memory cells is an
FERAM cell.
10 22, The semiconductor device of claim 17, wherein each of said memory cells is a

polymer memory cell.

23.  The semiconductor device of claim 17, wherein each of said memory cells is a
phase-changing chalcogenide memory cell.

15
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

20  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;
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10a 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 m%éh}“ ell and is
associated with a second sense line; and 15an access transistor layer comprising a first access
transistor, said first access transistor, when turned on, coupling a lirst bit tine with said first and second
sense lines. 37. The processor system of claim 36, wherein said first and second sense lines are in

electical contact with sic{IFhAsASSPAT IS diousl A Ishasse g A0IEIRORSRl A The

processor system of claim 36, wherein one of said first and secon addre
a read functiorbym@iidspeciive cdinmicrrdineashidcirat aceess tcansisiarataddisaid dirst Bitdine. 25  39.
The processor system of claim 36, further comprising a plurality of third
memory cell and is associated with a second sense line; and
an access transistor layer comprising a first access transistor, said first access

5  transistor, when turned on, coupling a first bit line with said first and second sense lines.

27.  The memory device of claim 26, wherein said first and second sense lines are in

electrical contact with said first access transistor through a first sense line interconnect.

10 28.  The memory device of claim 26, 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.

29.  The memory device of claim 26, further comprising a plurality of third memory
15 array layers over said second memory array layer, each of said plurality of third

memory array layers comprising a third memory cell, each said third memory cell is

located above said first and second memory cells and is associated with a third sense

line, said third sense line being in electrical contact with said first access transistor.

20 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

25  memory cells is addressed during a read function by said respective common line, said

first access transistor, and said first bit line.
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MCSLLP memory array layers over said second memory array layer, each of said plurality of third
memory array layers comprising a third memory cell, each said third memory cell is located above said
first and second memory cells and is associated with a third sense line, said third senge dingrbeing in
electrical contact with said first access transistor, 5 40.The processor system of claim 39, wherein said
first, second, and third sense lines are in electrical contact with said first access transistor through a
first sense line interconnect. 1041.The processor system of claim 40, wherein one of said first, second,

and third memary celly 2 ardiseae i pe. AR Rlion b ald Leepasive eammman. e, sad firs
access transistor, and said first Bit line. 42. The processor system of claim 39, wherein said access
transistor layerpdomiptyseSst&enlaceddy iodisgaond access transistors.

33. The memory device of claim 32, wherein each of said first memory array layer,
5  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.

10 34, A semiconductor device, comprising:

a first access transistor layer comprising a plurality of access transistors;

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

15 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

20  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;
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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 Mewery cell,
wherein each said fourth memory cell comprises a 20fourth sense line in electrical contact with said
second access transistor through a second sense line interconnect.

10

15

20

25

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

an interconnect in electrical contact with each said respective sense line of said

series of n memory bits and with said access transistor.

36. A processor system, comprising:

a processor; and

a memory circuit, 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.
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
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MCSLLP

memory array layers over said second memory array layer, each of said plurality of
third memory array layers comprising a third memory cell, each said third memory cell
is located above said first and second memory cells and is associated with a third sense

line, said third sense line being in electrical contact with said first access transistor.

40. The processor system of claim 39, wherein said first, second, and third sense
lines are in electrical contact with said first access transistor through a first sense line

interconnect.

41.  The processor system of claim 40, 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.

42.  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.
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