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Field of the Invention 5 This invention relates to appar @disFahdgfet hod for
i ncreagidg,big density of MRAMcells in a nenory array. ackground of

t he Invéﬁ%{gﬁﬁThe architecture for Nhgnetoresistive'Raﬁﬁ%ﬁygkéﬂgg Meror y

(MRAM is conposed of a plurality or array of menory cells and a plurality
of digit and bit line 15 intersections. The magnetoresi stive nenory cel

generally wused is conposed of a magnétic tunnel junction (MFJ), an
isolation transistor, and the intersection of digit and bit lines. The

i sol ation transistor isH§eHePBNEyTH NRAMhaRhel ARRBKd ef fect transistor
(FET). An interconnect 20 stack connects the isolation transistor to the
MIJ device, to the bit line, and to the digit line used to create part of
the magnetic field for programming the MRAM cell. A standard CMOS process
that utilizes a planar interconnect backend is generally used for the
integration of the MRAM 25 cel Ls. Plana{ backend i nterconnect schenes are
found in architectures u§§%%i§ﬂ%€s¥%%—s¥%%9%¥gaanascene copper

i nt erconnects. The interconnect stack of the CMOS process 2 3 FEB 2005 WO
02/ 19386 PCT/ USOL/ 25004 2 can be either Al -Cu or copper based interconnect

materials. The:UTBEL@f JNtencoedt, Layers dt the MBioa for

increasing the density of MRAM cells in a memory array.

10 Background of the Invention

The architecture for Magnetoresistive'Random Access

Memory (MRAM) is composed of a plurality or array of
memory cells and a plurality of digit and bit line

15 intersections. The magnetoresistive memory cell generally
used is composed of a magnetic tunnel junction (MTJ), an
isolation transistor, and the intersection of digit and
bit lines. The isolation transistor is generally a N-
channel field effect transistor (FET). An interconnect

20 stack connects the isolation transistor to the MTJ device,
to the bit line, and to the digit line used to create part
of the magnetic field for programming the MRAM cell. A
standard CMOS process that utilizes a planar interconnect
backend is generally used for the integration of the MRAM

25 cells. Planar backend interconnect schemes are found in
architectures using tungsten stud or damascene copper

interconnects. The interconnect stack of the CMOS process



process may vary, depending upon the specific nenory amdj degi gﬁg
associated with the nenory which are fabricated on 5 the sane chip. Because
the nenory includes hundreds of thousands of cells, even snall area

savi ngVPH2E%8ER cell can result in najor advantages inP&&ASHYE t he
menory. Accordingly it is highly desirable to provide apparatus and a

nmet hod of inproving the density of MRAM 10 cells in a nenory array by
reduci ng the area of individual MRAM cgells. Brief Description of the
Drawings i5 Referring to the drawings: FIG | is a sectional view of an

i nt erconnegl HeoreiatheNAM@el dr i Ebpisér abasgd t hetarseomfieat st andard CMOS
process in the line and stack formation; 20 FIG 2 is a sectional view,
simlar tatddrGall. ofTtan nuniter cofinectefornaec VRN et | 11 | tlust €42$ ng t he
use of novel steps in accordance with the present invention in the |ine
and st ackroorasst imary, VG, Jldmeiadvegtimival thve eswesi i ¢ anenerFl@d2, 25
illustrating further steps in the stack formation in a novel process in .
accor danewicets eiseqeriedamsdt Wive ntheo memyy 0 #NoE38 R T US07F 2590473 FI GS.
4, 5, and 6 are a series of sectignal views of an MIJ rrermré{ cel l

i || ush r atheg SERE ChPErt aRES a3t it MRYpadiHy wiet Hehd 9%t he magneti ¢
| ayers; FIGS. 7 through_13 are secti %1 al and to | an. views, 5 i'lllustrati ng

sequent i &PO8FEPES RTatHrldesSVSF it 4t Ty SavVings 1n each ce

can result in major advantages in density of the memory.

Accordingly it is highly desirable to provide
apparatus and a method of improving the density of MRAM
10 cells in a memory array by reducing the area of individual

MRAM cells.

Brief Description cf the Drawings

15
Referring to the drawings:
FIG. 1 is a sectional view of an interconnect for an
MRAM cell illustrating the use of & standard CMOS process
in the line and stack formation;
20 FIG. 2 is a sectional view, similar to FIG. 1, of an

interconnect for an MRAM cell illustrating the use of
novel steps in accordance with the present invention in
the line and stack formation;
FIG. 3 is a sectional view, similar to FIG. 2,
25 illustrating further steps in the stack formation in a

novel process in accordance with the present invention;



an MIJ nenory cell in accordance with the present invention; ' JF - 14 is a
sectional view as seen fromthe line 14- 14 in FIG 13; 4nd E6RHE” 15 is a
sinplified sectional view of a conplete conpact nmagnetoresistive random
access WBMHStel | in accordance with the present inveRETARI/2AHM
Description of the Preferred Enbodi nents Referring specifically to FIG 1,
a sectional view of an interconnect for a MRAMcell 10 is illustrated using
a standard CMOS process in the line asd stack formation. 20 Cell 10

i ncl udes a sem conductor substrate 11 having an isolation transistor 12
formed thereo®Idh atcdr dange 6 wireh & heesteandat daand onelll Krown GMOS
process, an interconnect stack 13 of vias and netallization |ayers are
formed tenpMiVi dentdiey i elelr ddinectriagnisnd drha hienponttegreat ed 25 idicoui t and
the menory cell array in which cell 10 is included. Interconnect stack 13
i s forned@Pbygipgowilditite aiids edt tile Inpmresiqrdskiansiand et ching, and netal 2
3 FEB 2005 WO 02/ 19386 PCT/ US01/ 25004 4 deposition all in a well known
manner. Al so fAG&ccdr daweaghwileh afite sqcdidard amd webl PRedwiiigiecess, the
metal_ including the first vias on the source and drain term nals of

S0l 4t | on L REREFEAGE EETEnTAFar FEERFD 1k & ¥ CCHRELE IEOrd¢at1PENT) . The

nmetal izati olnga er form gﬂ the first. | ayer : i %erconnects is referred to
as the ffts n%L?QPir%’afjle I8y BF CPRIORR ?fs*qhort dPoRFRYer M are
invention;
'FIG. 14 is a sectional view as seen from the line 14-
14 in FIG. 13; and
10 FIG. 15 is a simplified secticnal view of a complete
compact magnetoresistive random access memory cell in

accordance with the present invention.

15 Description of the Preferred Embodiments

Referring specifically to FIG. 1, a sectional view of
an interconnect for a MRAM cell 10 is illustrated using a
standard CMOS process in the line and stack formation.

20 Cell 10 includes a semiconductor substrate 11 having an
isolation transistor 12 formed thereon. In accordance
with the standard and well known CMOS process, an
interconnect stack 13 of vias and metallization layers are
formed to provide the interconnections for the integrated

25 circuit and the memory cell array in which cell 10 is
included. 1Interconnect stack 13 is formed by providing

dielectric layers, masking and etching, and metal



referred to.as the first via layer (Vial), the next net lai EEBimsl ayer is
the second netalization |layer (M2) 10 foll owed sequential4y by a via |ayer
Vial, a third netalization |ayer M3, and as many, nore or |ess,

addi t i oWR V%P6 ayers and metalization layers as are n&&dé@SHE W ovi de the
desired interconnect for the specific apparatus and application. 15 A
final via 14, in a layer designated BVia, is provided for connecting
isolation transistor 12 to a magnetic4tunnel junction (MIJ) bit cell, to
be explained presently. Another netalization |ayer, designated ML,

i ncl udes aepbgltibnnell5imssoeehl ednavnt hndtmw=mMIJ Aido cehl a208cftdahcehown) .

At this point it is standard practice to provide a netalization connection
16 to vi awildh ande ds gatdatd nend Swehl Netain zatewored aydre NBetasi ng t he sanme

| i thography step. The major problemw th this procedure is that the size
or area ofnchenyiohe 161 els widovwn @85 |Sqrincorand mprim areamyabye within
the lithography process, since it is printed with digit line 15. In
gener al , ¥he sA¥areR | emah o 13 nes tafemied mmag dilte vernt2et o386 2 3

FE B 2005 PCT/ USQ1/ 25004 5 when |lines and connectjions are_jncluded in the
sane °| i thfeGFrapty st ep-The K8t idifddidon e I e S gdtedt B SHi ni mum

di st ance,. desi ted 17, fromdigit |line .. The 1 ni um area val ue of
connect i 0RYEE g)géne §F SRS & slgs‘orrafqrirrﬁ]qsé:ot re dit%e {:;r%i ch MRAM cel | 10
can be r%%%%ﬁ%zégy%n layer (M1l). Viag formed on layér M1l are
referred to.as the first via layer (Vial}, the next
metallization layer is the second metalization laver (M2),
10 followed sequentially by a via layer Via2, a third
metalization layer MB,.and as many, more or less,
additional via layers and metalization layers as are
needed to provide the desired interconnect for the
specific apparatus and application.
15 A final wvia 14, in a laver designated BVia, is
provided for conhecting isolation transistor 12 to a
magnetic tunnel junction (MTJ) bit cell, to be explained
presently. Another metalization layer,‘designated MDIL,,
includes a digit line 15 associated with the MTJ bit cell
20 {not shownj). At this point it is standard practice to
provide a metélization connection 16 to via 14 and digit
line 15 in metalization layer MDL using the same
lithography step. The major problem with this procedure
is that the size or area of connection 16 has a lower
. 25 limit or minimum area value within the lithography .
process, since it is printed with digit line 15. 1In

general, the minimum length is 2 times the minimum width



m ni mrum di stance spacing of features printed on the sane |ayer is better
than the spacing between features on different |ithogrdpByFEBy2H05. The
fundanental reason is that there is no overlay error between features
printedV@HZ1B80 t he same layer. Turning now to FIG 2, &LERMGHYY view,
simlar to FIG 1, of an interconnect for an MRAM cell 10" is illustrated
in accordance with the present invention. In FIG 2, conponents simlar to
conponents in FIG 1 are 15 designatedwith simlar nunbers and a prine is
added to all nunmbers to indicate the different enbodinment. in this
enbodi meRiherd Mindsl4ndatchhecuppes end ohcindedcomnebt sstack 13" is
included in connection with netalization [|ayer M3, but netalization
connect i dni thoiklbBy Erebs nafls2) cnohadedonnlt heuptobesspafeferory via 18
also designated MVia, is forned through. a. 1l of the intervening |ayers
t 0 connectinvimiin iiatadce, Digetghihedl1b7, | Srémrapditi Adependent THE
interconnect stack 13'. Since the mninum area value of via 18" is not
i ncl uded miintihumhergirgivelienef26on8ectipRof apfiyesedy B6ERTACESt ©Fi ne 15
and via 18 can be made to be mninumlithography. Therefore, the only
limit>islémithetBEstaneete7vhi ehRMt eF@bhnkltC3t gk 189128 - FEB"S005 WO
02/ 19386 PCT/US01,/25004 6 Wen via_18' is printed ingeﬁegden%eof l'ine 15
t he !engF%n*WBmmﬁaﬁﬁa?aFiﬁpﬁﬁhn%eo_ng?aTTﬁE?rﬁ¥ﬁ?ﬁ§?na‘t 8%aP&d
requi rement of ;Lhe featurg, WAL digitod 10 J8n cPIRLELED. o7 final
different lithography layers. The fundamental reason 1is
that there is no overlay error between features printed on
10 the saﬁe layer.
Turning now to FIG. 2, a sectional view, similar to
FIG. 1, of an interconnect for an MRAM cell 10' is
illustrated in accordance with the present invention. In
FIG. 2, components similar to components in FIG. 1 are
15 designated with similar numbers and a prime is added to
all numbers to indicate the different embodiment. In this
embodiment, a via 14' at the upper end of interconnect
stack 13' is included in connection with metalization
layer M3, but metalization comnection 16 (FIG. 1) is not
20 included in the process. A memory via 18', also
designated M-Via, is formed through all of the intervening
layers to comnect with via 14'. Digit line 15' is formed

independent of interconnect stack 13'. Since the minimum

area value of via 18' is not included with the digit line

25 15' lithography step both digit line 15' and via 18' can
be made to be minimum lithography. Therefore, the only

1limit is on the distance 17' from interconnect stack 13°'.



5 layer 20" is deposited and the upper surface is snoothed_ _by sone
conveni ent nethod, such as nechani cal polishing or th@ 3i kBB 28081 ectric

| ayer 20" is nmade nuch thinner than standard interlayer dielectric in
order MO INHEBRase magnetic coupling between digit |ine RPET/USOI/BPeEment
deposited on the top surface of Since dielectric layer 20" is thin, the
the via 18 is substantially naintained to the nagnetic dielectric 20'.
aspect ratio of at the standard m ni mgm aspect ratio, therefore making it
possible to print and fill mninmmgeonetry via 18 . Digit line 15 15

still regiidies i3 agnnect irgh A0y i thddberderdt her 1patd s19f the Tdigun t,
outside the nenory core (not shown) . Via 18 (Mia) cannot connect to M

because ido wWaulth ¢=3GeNReE! bdVDInd I AU eniotihgrzpar tishofatde circuit. .
Because via 18 (MWia) is restricted in its use and feature size (feature

20 si ze irzchekdmeamnsibdnthe tfwstdutdography process can be optimzed to
print this small feature, simlar to a via. The |ithography process cannot
be optim zed Wothr dhtitnilieumS eatampdetadd lkafgasflealiglsctoomcurrently.
Continuing in the process of fabricating MRAMcell 25 10', a blanket |ayer
of el erilaleirs28eposi teposvidred lrad o tumeeruFpaifaas faeesefodiasd ectric
layer 20', in a first step of the fabrication process of the MIJ bit cel
(not 2 3bEEBCREOSOMRED2ERY3SE theH UsSOcipsgopechanical polishing or

the like. Dielectxic layer 20' is made much thinner than
standard interlayer dielectric in order to increase
magnetic coupling between digit line 15' to the magnetic
i0 element deposited on the top surface of dielectric 20'.
Since dielectric layer 20' is thin, the aspect ratio of
the via 18' is substantially maintained at the standard
minimum aspect ratio, therefore meking it possible to
print and £ill minimum geometry via 18'. Digit line 15"
15 still requires a connection to wvia 14' in other parts of
the circuit, outside the memory core (not shown). Via 18
(MVia) cennot connect to M3 because it would disconnect
MDL from the other parts of the circuit. Because via 18'
(Mvia) is restricted in its use and feature size (feature
20 size is held constant), the lithography process can be
optimized to print this small feature, similar to a via.
The lithography process cannot be optimized to print
minimum features and large features concurrently.
Continuing in the process of fabricating MRAM cell
25 10', a blanket layer of material is deposited over the
smoothed upper surface of dielectric layer 20', in a first

step of the fabrication process of the MIJ bit cell (not



7 shown). Cenerally the blanket |ayer will be a netalli$q§ipp%ng onnect
i nterconnect via 18; of stack 13' to the MIJ bit cell. If the bl anket

| ayer is deposited and snmoothed to allow deposition of the MIJ bit cell 5
conponefiP421%38¢re al i gnnent key or feature nust be pl aceBCTHRIYIO ayer to
al l ow proper alignment for subsequent masking and etching steps. The
provision of the alignnment Kkeys in this fashion requires additional steps
and introduces additional alignnent tplerances which can 10 increase

m sal i gnment i n subsequent steps. To overcome this problem a novel

process taho@xpQse GalriegRment tkeyslhskepr Dy dedwinlit be present invention as
illustrated in FIG 3. Referring specifically to FIG 3, a thin |ayer of

15 upper mditeliédtzmitd chayer c2dhecs temyvednsecthat aaliisgnmeEntstakéyd3pri nt ed
and processed in the same netallization |layer as via 18 protrude slightly
above t heoupper M§Ur batecelWi | 8ft hbeabbanket hatyerait8'depostitades above the
surface of dielectric layer 20" is nostly dependent upon the 20 processes
used i n radovaposhadstbseqdent Cabpghbeat, of t thasMTBebn tf oghd t hat

approxi mately 300A is an adequate ampunt to get a clear alignnent signal
for thiscpuppesetsTheomsmalisameuhtkef of efeztrre Mugér beorlegrcbhe renoved
by any conveni ent nethod_jncluding sel ective etching, nechanical 25

pol i shi ng? BR. 19¥ER 5OpeHt PBrPBIPT ot BedHTROT afjeF 2BPSSPERBYed so that via
18 Drotpudes S| ASH LY. 8 bl ankst - opnesting. metallzapion, LaNer 22 1

keys in this fashion requires additional steps and
introduces additiocnal alignment tolerances which can

10 increase misalignment in subsequent steps. To overcome
this problem, a movel process to expose alignment keys is
provided in the present invention as illustrated in FIG.
3.

Referring specifically to FIG. 3, a thin layer of

15  upper dielectric layer 20' is removed so that alignment
keys printed and processed in the same metallization layer
as via 18' protrude slightly above the upper surface.
While the amount that wvia 18' protrudes above the surface
of dielectric layer 20' is mostly dependent upon the

20 processes used in removal and subsequent alignment, it has
bgen found that approximately 300A is an adeguate amount
to get a clear alignment signal for this purpose. The
small amount of dielectric layer 20' can be removed by any
convenient method including selective etching, mechanical

25 polishing, etc. With a portion of dielectric layer 20°

removed so that wvia 18' protrudes slightly, a blanket

connecting metalization layer 22' is deposited. Via 18



WD 02/ 19386 PCT/ US01/ 25004 8 produces a bunp 23" in layer 22' which is
used as an alignnent key in subsequent steps. By keyi n§ 3orff ipggd ng
subsequent steps to via 18, the alignnment is nore accurate than it would
be by fNPARMYSAN additional 5 alignment key in layer 23PCTASEEZSPhe
addition of the step to renpve a portion of |ayer 20" does not add
substantially to the conplexity of the fabrication process, since a
polishing or snoothing step is alreadygi ncluded for layer 20' and this step
is sinply perforned 10 for an additional short period of tine. Turning now

to FIGS. dhodmcen® Gund SEF | 68, 0faySe i oRaliah ews wfed@a Mish menory cel | 30
are illustrated to explain the inportance of uniform spacing of the ends
of the negretinertayens.iAssibdapidat etapeci fixcdtdying ol Hdming MIJ
menory cell 30 includes a non-magnetic conductor 32 formng a | ower

el ect ri caubeentactt: farepMl Joo nerpry8 'celthe3G 1 iNotneertthats niare he above
description, layer 23" of FIG 3 is generally the sane as conductor 32 in
FIG 4. EEdumermsrheel |1t30vduird ey bndlosddsicn g1 s 2@nsegneti c | ayer 34,
a tunnel barrier layer 35 positioned on layer 34, and a free magnetic

| ayer5 36apoghmicafiedcon inayl@yer3s3 'AddiPtisshal then Psidigtish ofs ¥ t he
fabrication and operation of MIJ nenory cells can be found in Patent No.
5, 702, 833LeBnEPt FEROVRUR: PR MEgreried Phndasiy ™% Attti on Menory

ol | =° i ssued 31 Mrch 1998 and, |norporaied Jersin by ref erence. w0

process, since a polishing or smoothing step is already
included for layer 20' and this step is simply periormed
10 for an adaitional short period of time.

Turning now to FIGS. 4, 5, and 6, a series of
sectional views of an MTJ memory cell 30 are illustrated
to explain the importance of uniform spacing of the ends
of the magnetic layers. As illustrated gpecifically in

i5 TFIG. 4, MTJ memory cell 30 includes a non-magnetic
conductor 32 forming a lowexr electrical contact for MTJ
memory cell 30. Note that, in the aboﬁe description,
layer 23' of FIG. 3 is generally the same as conductor 32
in FIG. 4. MTJ memory cell 30 further includes a pinned

20 magnetic layer 34, a tunnel barrier layer 35 positioned on
layer 34, and a free magnetic layer 36 positioned on layer
35. Additional information as to the fabrication and
operation of MTJ memory cells can be found in Patent No.
5,702,83i, entitled "Multi-Layer Magnetic Tunneling

25 Junction Memory Cells", issued 31 March 1928, and

incorporated herein by reference.



2 3 FEB 2005 PCT/USO1 /25004 9 It should be noted that the pattern
transfer of free nagnetic |ayer 36 and pi nned nmagnetic Ipw&gg 3409 s

inportant to the paranmeters of MIJ nenory cell 30. Tha when the ends
of fredVHtgh&Pfc |ayer 36 are positioned 5 substanti al If/’CEHS‘é!V*’ﬁ'Pstances
fromthe ends of pinned magnetic layer 34, as illustrated in FIG 5, the

magnetic flux lines (illustrated by arrows 37 in FIG 5) are equal,

i ndi cating a bal anced coupling betweenSfree nagnetic |ayer 36 and pi nned
magnetic | ayer 34. Wen the distances 10 between the ends are unequal, as
illustrated i THlsBof,d Huendtedudrdtayher prtsrey streatifer ddr ifnget he
fabrication process, an unbal anced magnetic coupling results. The effect
of the umbghnariced Iragnetifc egoupiined swegrshiiic liayert Hé Hygsteresis | oop for
the MIJ menory cell which, as will 15 be understood by those skilled in the
art, prodopes taniditit eirfem (e Hiamertiey s eddiMiy asaowni ciedg Pével $HEor the cel .
Turn| ng nowto FIG 7 through FIG 14, a series of sectional and top views
are showhsSi | MHSEY afien Erskg@entivgle MeEEes it 1@VeahBitc L0 ROFAGASEES or an

MIJ menmory_ cell in__20 accqrdance with the present |nvent| on.. Here it
should béuﬁnﬁéi“é;ﬂ@&&yt r‘?é{”a&nfjﬁsaaﬁcﬁﬁl & TBmy 5’3? @@Fils P PI-FEi?fjr ated for
conveni ence but gﬁﬁereal Ly, llgZ arr yl%f FrQLf% § arr%é% .of cells)
will be P3PREGSI mart §n5’61l5|sl3§ F?l ng specificall t'=o "Ef 7 and 8,
MIJ nenog ;%eh'm%? 19,1 '1%599%&&%9%#%%9%‘7‘31?10@95“ 95 é%ef QL9 a |ower
el ectri ca confta nenor via 4
indicating a balanced coupling between free magnetic laver
36 and pinned magnetic layer 34. When the distances
10 between the ends are unequal, as illustrated in FIG. 6,
due to overlay or misregistration during the fabrication
process, an unbalanced magnetic coupling results. The
effect of the unbalanced magnetic coupling is a shift in
the hysteresis loop for the MTJ memory cell which, as will
15 be understood by those skilled in the art, produces a
difference in the reading and writing levels for the cell.
Turning now to FIG. 7 through FIG. 14, a series of
sectional and top views are shown illustrating sequential
steps in a fabrication process for an MTJ memory cell in
20 accordance with the present invention. Here it should be
understood that only a single memory cell is illustrated
for convenience but generally a complete array of cells
(or arrays of cells) will be formed simultaneously.
Referring specifically te FIGS. 7 and 8, MTJ memory cell
25 40 includes a non-magnetic conductor 42 forming a lower

electrical contact for MTJ memory cell 40 to a via 41. A

digit line 43 extends perpendicular to FIG. 7, into and



digit line 43 extends perpendicular to FIG 7, into and 2 3 F E B 2005 WO

02/19386 PCT/US01/25004 10 out of the paper with via 4l9and g gog5 | ine 43
formed in a dielectric layer 47 generally as descri bed above. MIJ nenory

cell 40vouwetit®s i ncl udes a pi nned nagnetic |ayer 44, aPCUARSI2Wa#ri er

| ayer 45 positioned on layer 44, and 5 a free nmagnetic | ayer 46 positioned
on |l ayer 45. Layers 42, 44, and 45 are each deposited as bl anket |ayers
and free ?Magnetic laver 46 is pattermmed onto bl anket layer 45 in a well
known manner. Free magnetic layer 46 is illustrated in end viewin FIG 7

and i s ratat egr niRet Yol degrieesid it hend ep plam Mew i | fosheat e &n FI G
8. Wth free magnetic | ayer 46 deposited in a desired position relative

to via dgascbeigid lipner 43 Sdrdewally =spangicribds dfwywed awmnal | four
sides of top netal layer 46, as illustrated in the sectional viewof FIG"

9 and t hendifmtwp-¢l and ¥i w ferFliGc Jifle sSied evialrle & paceretSilc nbyydre f or ned
using any of the well known processes for the formation of sidewalls and,

as i s knawn ian tureneal thathher thivekndss porsispaciaty gy cveided 4y, sdAnkéwal | 50
can be adjusted in a variety of ways during the process. A thin 20 etch

stop $ayer 24 snadpposic davay & Sirasikiét drggeorod@yen He enthid 2% ea of MIJ
menory cell 40, as illustrated in FIG 11. A sectional view, as seen from

a line 1221244 and545 BYes sachusieraséd sich ap BlapXetRIPIFT h@peci fi cal | y
to FIGS. 13 and 14, a bl anket 25 har%gaskdl% %% iiahi:%gggfhggqygver t he
entire akégSofagmetic laver 46 1s pattexrne e v
in a well known manner. Free magnetic layer 46 is
illustrated in end view in FIG. 7 and is rotated ninety
10 degrees in the top plan view illustrated in FIG. 8.

With free magnetic layer 46 deposited in a desired
position relative to via 41 and digit line 43, sidewall
spacer 50 is formed on all four sides of top metal laver
46, as illustrated in the sectional view of FIG. 9 and the

i5 top plan view of FIG. 10. Sidewall spacer 50 may be
formed using any of the well known processes for the
formation of sidewalls and, as is known in the art, the
thickness or spacing provided by sidewall 50 can be
adjusted in a variety of ways during the process. A thin

20 etch stop layer 52 is deposited as a blanket layer over
the entire area of MTJ memory cell 40, as illustrated in
FIG. 11. A sectional view, as seen from a line 12-12 in
FIG. 11 is illustrated in FIG. 12.

Referring specifically to FIGS. 13 and 14, a blanket
25  hardmask layer 55 is deposited over the entire area of MTJ

memory cell 40 on etch stop layer 52. Using standard mask

and etch technicgues, hardmask layer 55 is formed to



menory cell 40 on etch stop |ayer 52. Using standard mask and etch
techni ques, hardmask layer 55 is fornmed to 2 3 F EB 20953%@22%5386

PCT/USQ1 /2004 11 overlie or define only a desired portion of menory
cel | 40¥O¥Pd% t will be understood that hardmask IayerpCTS'BS"é’é?f"'r‘ncl ude any
material which is capable of being selectively etched relative to etch
stop layer 52. For 5 exanple, hardmask |ayer 55 can include al um num
nitride (ALN) or the |ike which can b conveniently etched with a wet
etch or a chlorine chemstry etch that will have little or no effect on
et ch st opvieayere 52. dEffchestopy kayesib@dcanrinchudé MTSi hewomyoxi de or the
| i ke which can 10 be conveniently etched, along with bl anket |ayers 45, 44,
and 42 byedd dtlch Heae Wl Wihavkel indezsbpodotes f cbexromaskatdwgsk | ayer 55.
Thus, hardmask | ayer 55 is deposited and etched to define the limts of
MIJ nemofp €arl i#glafdd any FREATH8EdWABCH h%r@m%hzlﬁooaét BRilgyers 52, 45,

44, and 15 42 to actually form MIJ nenory cell I n thls process,
si dewal | SEpSEEF-VEDY| §t9§@a relapberfFead @@%%W@ﬁé Z2end€°8f free

magnetic | aye 465 S aII ual ces. fromthe,ends of pinned
mgnﬁic%é@ﬁw SRareth Lavey S B PR ENE TR h O "G PRERECL P 00
secti onal wW_0 Iete rra 0_of cor act el.ls 4 each cel |
bei ng si r(nAikf r &8 ?% ‘f’hﬁalésca\(ligje and ‘17 ¢entiVR§(l\)4r: gn!(i:e nghg

present \‘,.rQLfeQEbHr‘or EQC&1 MRAM. Ccﬂjlémﬁg‘ﬂase&ﬁ?%@é &g iherguLth an

i nt er connect
little or no effect on etch stop layer 52. Etch stop

laver 52 can include a silicon oxide or the like which can
10  be conveniently etched, along with blanket layers 45, 44,
and 42 by an etch that will have little or no effect on
hardmask layer 55. Thus, hardmask laver 55 is deposited
and etched to define the limits of MTJ memory cell 40 and
ig then used as a hardmask to etch Lavers 52, 45, 44, and
15 42 to actually form MTJ memory cell 40. In this process,
sidewall spacex 50 is used to specifically position the
ends of free magnetic layver 46 substantially equal
distances from the ends of pinned magnetic layer 44.
Referring specifically to FIG. 15, & simplified
20 sectional view of a complete array 60 of compact MRAM
cells 40 (each cell being similar to cell 40 of FIGS. 13
and 14) in accordance with the present invention. Each
MRAM cell 40 has associated therewith an interconnect
stack 13' and an isolation tramsistor 12', all formed on
25 and supported by a substrate 11', as explained above.
Each interconnect stack 13' is terminated in an extended

via 14' {generally as described above)} that extends



stack 13' and an isolation transistor 12', all fornmed on 25 and supported
by a substrate 11', as explained above. Each interconnecy 3StFa@K2d® is
termnated in an extended via 14' (generally as describe abovg? t hat
ext ends¥9 "33 B 2005 WO 02/ 19386 PCT/ USO1/ 254004 12 PGTHYYHGHAt | east

two |layers of material and elimnates the netalization connection or |ine
termnation normally used. A bit line 62, associated with each row (or
colum) of array 60 is connected through an extended via and 5

i nterconnect stack 64 to one of the isolation transistors 12'. Here it
shoul d behnudertstedod aetsdt tome ldiggts |dhen#3erizl agsdceaiminatbeh vheh col um
(or row) of array 60. Wiile lines 43 are referred to herein as "digit
lines" amgtalilvedien soenesftdaredn oliase "erminaieson fperoohbenieade in 10
this explanation, it will be understood that these titles could be reversed
or chang@dbif dpE6 file aFplricéaticshy’ e fpch proyr &9 | FaEs)andf are not
intended to in any way linmt the invention. Thus, a nethod of fabricating
a conpacBrTEYmidnéfolesrseries MATHIa h e S HRERFY €5t 123Ad/ or an array of
cells is.disclosed. The t hqd i ncl udes_termnatjng, interconnect stacks

W th S Vit CRRPONCER BLaCK: Aotsh et A1 PG ACIE: oF F M e need
for aligs, tepmination,or,getalization connseli on, Since. the, 20,
net al i zatfon connectiofi 0 i B e Tati on Fequires 29T owet " TiTit or

m Nl mum 2LeasKBENE WL DL Pyt BECh LAEREPVG: RN Aoyl use of the
While lines 43 are referred to herein as "digit lines" and
lines 62 are referred to as "bit lines” for convenience in

10 this explanation, it will e understood that these titles
could be reversed or changed in specific applications
{fe.g., program lines) and are not intended to in any way
limit the invention.

Thus, a method of fabricating a compact

15 magnetoresigstive random accegss memory cell and/or an array
of cells is disclosed. The method includes terminating
interconnect stacks with a via, which extends through
several layvers, to eliminate the need for a line
termination or metalization connection. -Since the

20 metalization connection or line termination reguires a
lower limit or minimum area value within the Iithography
process, the novel use of the extended via reduces the
area of each memory cell and, therefore, substantially
reduces the overall area of an array of memory cells.

25 _Also! the upper end of the wvia is exposed and used to form
an alignment key, which eliminates a number of steps

normally required for the formation of alignment keys and



area of each nenory cell and, therefore, substantially d?§d¥%ﬁfz over al
area of an array of nenory cells. 25 Al so, the upper en f "tire ais

exposeq,. used to form an alignment key, which elim pynber  of
YEMLpe, Pt B8 By

steps n equired for the formation of alignnent keys and 2 3 FEB
2005 WO 02/ 19386 PCT/ USO01/ 25004 13 reduces alignnent tol erances for better
al i gnnent of conponents within each nenory cell. Further, the ends of the
free magnetic layer in each MIJ nenoryicell are positioned substantially
equal distances fromthe ends of 5 the pinned magnetic layer so that a

bal anced resiysieisng 1 lgemeedn tidieefanse srdge bied teay érl igmanerite i nned nmagneti ¢
| ayer is consistently achieved. The equal distances of the ends are
acconpl | Swe@orenGEgithe s @t msngewaldel ispaferdtgid $81%ePidFecét ching. 10
Wi | e we have shown and described specific_enbodi nents of the present

i nvent i oflef frEReFEIREEIN daMiednd Paf@inProv BREREY WSt §€€ur to those

skilled in.the art. W desire.it to 3e under st ood, the eforg, that this
i nvent i oROF4 thBRe RPPEF RS iPH Yp &ARCUPAF CREFRS 15 °%h SH"we~i ntend in

h d_cl ai N dificati hat. do_nat_d f h
Spir 1 aniCSEONAC oRREL FdaNEFo 3 3 FRECBLabos W BB/ idsse

PCT/USO1Y,L23004 LA VWLl §28L@kTRA1LSer and the pirmed magnetic

layer is consistently achieved. The egual distances of
the ends are accomplished through the use of sidewall
spacers and selective etching.

10 Whiie we have shown and described specific
embodiments of the present invention, further
modifications and improvements will occur to those skilled
in the art. We desire it to be understood, therefore, that
this invention is not limited to the particular forms

15 shown and we intend in the appended claims to cover all
modifications that do not depart from the spirit and scope

of this invention.



1. A nethod of fabricating a conpact magnetoresistive
cell conprising the steps of:
al isolation transistor thereon;

subst r a® 2493 omuni cation with one term nal of the trdifsi/8sdszsons
positioning a bit |ine adjacent an upper end of the 10 interconnect stack;

and formng a via on the upper end of the interconnect
extend froma position belowthe bit |ime to a position above the bit
15 2. A method of fabricating a conpact nagnetoresistive

i ne.

stack so as to

random

access nepmay teltiasmelatiged in claim|l wherein the step of forming the
via includes extending the via through at least two |ayers of material.
3. A nethod of fabricating a conpact magnetoresistive random access nmenory

cell as clained in claim1 wherein

provi ding a | ayera ofietidpél eft falor hetieinicla covepdaly mheneForeEhetane

surrounding an upper end of the via, the |layer of dielectric materi al

the step of form ng the via includes

rapdprifR ¢ads nenory
5 providing a sem conductor substrate having
form ng an interconnect stack on the

20

havi ng anrapder seF¢a8eneR@rFER: PDOSWY 0HID3Igee PeTpe)Sois 25004 15 Q A
met hod of fabricating a conpact nagnetoresistive random access nenory cel
as cl & nmed i n RIHIAB G r @Phl COHEIGE WD BPHRAYI M1 Re Fayer of

dielectric materi al

that 5 tHEUGHerCORNF HF51 RV G Bhds above the upper surface

15

forming an interconnect stack on the substrate in
communication with one terminal of the transistor;
positioning a bit line adjacent an upper end of the

interconnect stack; and

forming a via on the upper end of the interconnect
stack so as to extend from a position below the bit line

to & position above the bit line.

2. A method of fabricating a compact magnetoresistive
random access memory cell as claimed in claim 1 wherein
the step of forming the via includes extending the via

through at least two lavers of material.

3. A method of fabricating a compact magnetoresistive
random access memory cell as claimed in claim 1 wherein
the step of forming the via includes providing a layver of
dielectric material covering the bit line and surrounding
an upper end of the via, the layer of dielectric material

having an upper surface.

i ncludes formng the |layer of dielectric materi al

SO



of the layer of dielectric material to provide an ali 5. A
nmet hod of fabricating a conpact magnetoresistive 10 r%ggm[zzﬁigg%ss menory

cell as clained in claim4 including in addition a step of positioning a
magnet i ¥ QUARE® j unction menory cell on the upper surfaggwd’rs"’c/ﬁ‘éw ayer of
dielectric material. 15 6. A nmethod of fabricating a conpact

magnet oresi stive random access nenory cell as clained in claim5 wherein

t he magnetic tunnel junction nenory celd is forned in a stack of |ayers
and a progranming line is formed in a |ayer below the magnetic tunnel
junction. 20 74. Aamethiodd of f f&dhdicatding & compacit megreiterresistiivtes random
access nenory cell as clained in claim®6 wherein the step of positioning

t he magnetamddmnaetefanoenarny geibras celdinm tihe algper ZSwifaos of the | ayer
of 25 dielectric material includes positioning a non-nmagnetic conductor on
t he uppertlsurdtaere of rhevidier t@fe dicaleactaf ¢ligtmadmiial materielcontact with
the via. 2 3 FEB 2005 WD 02/19386 16 PCT/ US01/ 25004 8. A method of

f abri cat iiftf laldwphernirg idteo rédisst iofe disdmfdmise dedemerorsP ddiat as
claimed in claim7 wherein_ the step of_ positioning the nagnetic tunnel

j unct Pon BBRRRSE FIF Oh T WFp S ISR FaceTr (HE UBRST GRTIdS ectric

mat eri al further, i ncludes,.the steps of . ,
of Qhe layer of die ec%x%% material to provide an

alignment key.

5. A method of.fabricating a compact magnetoresistive

10 random access memory cell asg claimed in claim 4 including
in addition a step of positioning a magnetic tunnel

junction memory cell on the upper surface of the layer of

dielectric material.

15 6. A method of fabricating a compact magnetoresistive
random access memory cell as claimed in claim 5 wherein
the magnetic tunnel junction memory cell is formed in a
stack of lavers and a programming line is formed in a

layer below the magnetic tunnel junction.

20

7. A method of fabricating a compact magnetoresistive
random access memory cell as claimed in claim 6 wherein
the step of positioning the magnetic tunnel junction
memory cell on the upper surface of the layer of

25 dielectric material includes positioning a non-magnetic
conductor on the upper surface of the layer of dielectric

material and in contact with the via.



positioning a pinned |ayer of magnetic material on the B iC
conductor, positioning a tunnel barrier on the pinned Qgﬁgﬁgggﬁﬁ%gnetic

material, and positioning a 10 free |layer of magnetic material on the
tunnel WEMRIEHe 9. A nethod of fabricating a conpact nad€avdinesiumti ve
random access nenory cell as clainmed in claim5 wherein the step of
positioning the nmagnetic tunnel junction 15 nenory cell on the upper
surface of the layer of dielectric matgerial includes the steps of:
depositing a bl anket | ayer of conductive non-nmagnetic material on the
upper surface of the layer of dielectric material and in contact with the
via; 20 depositing a blanket |ayer of nagnetic nmaterial on the bl anket
| ayer of condact hveeBddnBgnekbeitatehbak; cod@pes hidtthax dtanketivayer of
tunnel barrier material on the blanket |ayer of nmagnetic material; formng
a | ayer ebnbibeearegset rempaieceall e theim2bd Bharketin &y ethafetaunnel
barrier material and a top netal |ayer of top of the free magnetic |ayer,
t he | ayethef stepeofnagsétionimyethal mbgineg ipositnaiediunmtomer| ying 2 3 FEB
2005 WO 02/ 19386 PCT/ USO01/ 25004 17 relationship to the bit line, the top
met al> | apemohgvicagl birsheandpseceondfendscdndheddeyedefdini ng an extent for
an area of the magnetic tunnel Lunction nennrﬁ cell; form ng sidewal
spacers @neldetedgenaberink fepthsrpgpglupggerhef 6ty of hard nask
overlying the top netal | ayer_and X .

positioning a pinnéd laver of magnetic material on the

non-magnetic conductor, positioning a tunnel barrier on

the pinned laver of magnetic material, and positioning a

10 free layer of magnetic material on the tunnel barrier.

9. A method of fabricating a compact magnetoresistive
random access memory cell as claimed in claim 5 wherein
the step of positioning the magnetic tunnel junction

15 memory cell on the uppér surface of the layer of
dielectric material includes the steps of:

depositing a blanket layer of conductive non-magnetic
material on the upper surface of the layer of dielectric
material and in contact with the via;

20 depositing a blanket layver of magnetic material on
the blanket layer of conductive non-magnetic material;
depositing a blanket layer of tunnel barrier materizl
on the blanket laver of magnetic material;

forming a layer of free magnetic material on the

25 Dblanket layer of tunnel barrier material and a top metal
laver of top of the free magnetic laver, the layer of free

magnetic material being positioned in overlying



at |least portions of the sidewall spacers, the hard sé Eéfgn%ing beyond
the edges of the |ayer of free magnetic nmaterial; an oFad @] he hard

mask, 8¥8hiq t he bl anket | ayer of tunnel barrier material, the blanket
| ayer Héb%@?ic material, and the bl anket |ayer of cbhHYE{HEM

non- magnetic material to provide the blanket |ayer of magnetic materi al

wi th edges which extend beyond the first and second ends 15 of the | ayer

of free magnetic material substantial llyy equal distances. 10. A nethod of
fabricating a conmpact nagnetoresistive random access nenory cell as

cl ai mred inel2C icainpm twhéhei bitthd istepp tdfe fropninedatlthd everd hesikig nel udes
the steps of depositing a blanket |ayer of etch stop material in overlying
rel ati on$hErptt @rchedcayer eoflsf pag edggvetied ipaner ipdl sartEnthdosi @dwal |
spacers, depositing a blanket layer of hard mask material, and masking and
25 et chi B§SEhEOT &\i6r MGPNRELE FHER CHRUBICAR ClisTRH O e C&tldi  stop | ayer to
protect the sidewal| spacers, 2 3 FEB 2005 WO 02/ 19386 PCT/ USOI / 25004 18
11. A method 6PTPABFi EaflFYgla EBAPSEE RBRgHRBEOFESFSt Pie SP8ndoM access menory
cell as clgigeg in_claim10 wherein the step of etching the blanket |ayer
of tunn®F“Bar rf€F faterial includes using the hard mask to 5 etch the etch

Ztcggs'saﬁg:rbry%ﬁﬁlgtsg‘gﬂ%fﬁe %aalg%i §8LLRY; A cenpact,, magust 9Lgslskhye random

at least portions of the sidewall spacers, the hard mask
extending beyond the edges of the layer of free magnetic
material; and

10 uging the hard mask, etching the blanket layer of
tunnel barrier material, the blanket layer of magnetic
material, and the blanket layer of conductive non-magnetic
material to provide the blanket layer of magnetic material
with edges which extend beyond the first and second ends

15 of the layer of free magnetic material substantially equal

distances.

10. A method of fabricating a compact
magnetoresistive random access memory cell as claimed in
20 claim 9 wherein the step of forming the hard mask includes
the steps of depositing a blanket layer of etch stop
material in overiying relationship to the layer of free
magnetic material and the sidewall spacers, depositing a
blanket layer of hard mask material, and masking and
25 etching the layer of hard mask material using the etch

stop layer to protect the sidewall spacers.



claim 10 wherein the step of form ng the |ayer of free }‘gJEBgnetic mat eri al
i ncl udes depositing a contact |ayer of non-magnetic cd (haterial on
an upper surface of the |ayer of free magnetic material. 13. A method of
fabri c¥PHg1®3tonpact 15 magnet or esi stive random accessPEEMSHY2WR! | as
claimed in claim12 including in addition the steps of formng a via

t hrough the hard nask and form ng another of a bit line and a digit line
in overlying relationship to the hard jgmask and in contact with the contact
| ayer of non-nmagnetic 20 conductive material through the via. 14. A nethod

of fabricatingia gompatiodagnetdisridimely a Wegiizenr nmenory cell conprising
the steps of: providing a blanket |ayer of magnetic material; 25 depositing

a bl anketmdgayaorefs itatined tarddmeraded=r mimorgn cehd. ankedidayem of
magnetic material; WO 02/19386 2 3 FEB 2005 PCT/USO1/2 004 19 formng a*’
| ayer of dleeen d@gmétereimattdrd & tam dihethhankethleaydrmrifet vrnelr loerri er
material, the laver of free magnetic material having first and second ends
and edgésngefli biamgizr evtentisfloriradudesausfinghélwadmerd ekt tionel j uncti on
menory cell; formng a top netal |ayer with edges on the free nmagnetic

| ayer3 f&FRn§hsi 86®Al Etopadéeron the edges of the top netal |ayer;

12. A method of fabricating a compact
magnetoresistive random access memory cell as claimed in
claim 10 wherein the step of forming the layer of free

10 magnetic material includes depositing a contact layer of
non-magnetic conductive material on an upper surface of

the layer of free magnetic material.

13. A method of fabricating a compact
15 magnetoresistive random access memory cell as claimed in
claim 12 inciuding in addition the steps of forming a via
through the hard mask and forming another of a bit line
and a digit line in overlying relationship to the hard
mask and in contact with the contact layver of non-magnetic

20 conductive material through the via.

14. A method of fabricating a compact magnetic tunnel
junction memory cell comprising the steps of:
providing a blanket layer of magnetic material;
25; depositing a blanket layver of tunnel barrier material

on the blanket laver of magnetic material;



10 formng a hard mask overlying the free magnetic |ayer and at | east
portions of the sidewall spacers, the hard nask extenf8ihd bEysba t he edges

of the\%ﬁpanytal | ayer; and using the hard nmask, etching the blanket |ayer
of 15 A& Hbrrier naterial and the bl anket |ayer of HelgH&E"™nateri al
to provide the blanket |ayer of nmagnetic material wth edges which extend
beyond the first and second ends of the layer of free nagnetic naterial
substantially equal distances. 20 1512A nethod of fabricating a conpact
magnet or esi stive random access nenory cell conprising the steps of:
provi di ng a sémmomduet deysubstr drechawingtan mabBerselabvhohher ansi st or
thereon; formng an interconnect stack on the substrate in conmunication
wi th onebilenkiatallagfent g ttransilsberyiehemiDe02A1938BePCFVEB02£25004 20

i nterconnect stack being fornmed at least partially in_dielectric material;
posi t i onEAgeamBignatine madjeaéent haringpéirehdasf sheonfneBfi€ofREct stack in
the dielectric material; 5 depositing a bl anket | ayer of conductive

non- magn8EPES AEEAFILED 6R &FCGRper CEuPFadEe®f Ot hEPPaeF 6F1di el ectric
materjal _in comunication with the_interconnect stack; depositing a bl anket
| ayer® of “HBYA tPEHHEEQPiQ?mBHY Fﬁglblanket | ayer of conductive non-nagnetic

material; forming a top metal layer with edges on the free
magnetic laver;
forming sidewall spacers on the edges of the top
metal laver;

10 forming a hard mask overlying the free magnetic layer
and at least portions of the sidewall spacers, the hard
mask extending beyond the edges of the top metal laver;
and

using the hard mask, etching the blanket laver of

15 tunnel barrier material and the blanket laver of magnetic
material to provide the blanket laver of magnetic material
with edges which extend beyond the first and second ends
of the layer of free magnetic material substantially equal
distances.

20

15. A methed of fabricating a compact
magnetoresistive random access memory cell comprising the
steps of:

providing & semiconductor substrate having an

25  igolation transistor thereon;

forming an interconnect stack on the substrate in

communication with one terminal of the transistor, the



10 depositing a bl anket |ayer of tunnel barrier material on the bl anket

| ayer of magnetic material; formng a layer of free dragnetyics material on
the blanket |ayer of tunnel barrier material and a'top netal |ayer on the
free nBGhE(1P86 ayer, the |ayer of free 15 magnetic nat fGTEVSIBEFNY
positioned in overlying relationship to the bit line, the top netal |ayer
having first and second ends and edges defining an extent for an area of
the magnetic tunnel junction nmenory cebl; form ng sidewall spacers on the
edges of the top 20 netal layer; formng a hard nask overlying the free
magnet i Ciheyetonade: atti€ashe Pof t{Osedfat heest depattiapagets, the hard
mask extendi ng beyond the edges of the |ayer of free nagnetic material;
and 11 2%5iektetrs it maberise; bl anket |ayer of conductive non-magnetic using
t he hard mask, etching the blanket |layer of tunnel barrier material, the
bl-anket | ayerpafi tnegnietd ;¢ \WO t02Z/1183 861 23~ FEB 00 pPCTEUS04f 26064 21
material to provide the blanket |ayer of magnetic material wth edges

whi ch extrerr dreyeet thieadk rist tdml deadmerehedsnaetridei | ayer of free
magnetic material substantially equal distances. 5 16. A conpact

nmagnét or esi stda.w&iéﬁd&naaétl@@&c%ﬂw r of conductive non-magnetic

material on an upper surface of the layer of dielectric
material in communication with the interconnect stack;
depositing a blanket layer of magnetic material on
the blanket layer of conductive non-magnetic material;
10 depositing a blanket layer of tunnel barrier material
on the blanket lajer of magnetic material;
forming a layer of free magnetic material on the
bilanket layer of tunnel barrier material a@d a top metal
layer on the free magnetic layer, the layer of £ree
15 magnetic material being positioned in overlying
relationship to the bit line, the top metal layer havinq
first and second ends and edges defining an extent for an
area of the magnetic tunnel junction memory cell;
forming sidewall spacers on the edges of the top
20 ﬁetal lavyer;
forming a hard mask overlying the free magnetic layer
rand at least portions of the sidewall spacers, the hard
mask extending beyond the edges of the layer of free
magnetic material; and
25 uging the hard mask, etching the blanket layer of
tunnel barrier material, the blanket laver of magnetic

material, and the blanket layer of conductive non-magnetic



cell conprising: a sem conductor substrate having an is I?gkgﬁ transi stor
therein; 10 an interconnect stack formed on the subst Zat e Géoupled to

one termnal of the transistor; a bit line positioned ' . upper end
of theRﬂ¢H§b?%bnnect stack; and a via formed on the upggbgéﬁﬁbgﬁqthe
I nterconnect 15 stack and extending froma position belowthe bit line to

a position above the bit I|ine.
21

material to provide the blanket layer of magnetic material
with edges which extend beyond the first and second ends

of the layer of free magnetic material substantially equal

distances.
5
16. A compact magnetoresistive random access memory
cell comprising:
a semiconductér substrate having an isclation
transistor therein;
10 an interconnect stack formed on the substrate and

coupled to one terminal of the transistor;

a bit line positioned adjacent an upper end of the

"interconnect stack; and

a via formed on the upper end of the interconnect
15 stack and extending from a position below the bit line to

a position above the bit line.



