;e3eD zZ[ 4\ T] f~6”~TD_\r; 200205989 BURI ED MAGNETI C TUNNEL- JUNCTI ON MEMORY 5
CELL AND METHODS TECHNICAL FI ELD This invention relates to magnetic tunnel
junction devices and nore 10 particularly to information storage devices
such as mageidsesg andom access nmenory (1" MRAM') devices incorporating buried
magnetic tunnel -junction devices, and to nethods for making and using such
devi ces. BACKGROUND A typical MRAM device includes an array of nenory
cells, word lines 15 extending along rows of the nenory cells, and bit

| i nes extending along columms of the nenory cells. Each nenory cell is
| ocated at a cross point of a word line and a bit line. In one type of MRAM
devi ce, each nenory cell includes a tunnel junction such as a

spi n-dependent tunneling ("SDT") junction. The nagnetization of an SDT
junction assunes one of two stable orientations at 20 any given tine. These
two stable magnetic orientations, parallel and antiparallel, represent

| ogi ¢ values of "0" and "1." The nagneti zation orientation, in turn,

af fects the resi st anBORIED MAGNETIGC TUNNELJURETION MEMORY t he SDT junction
has a first value (Rp) if the magnetization orientation is parallel and has
a higherssecond value (Ra) if tGELIMANDMETHODS) orientation is
anti-parallel. The 25 nmagneti zation orientation of a SDT junction and,
therefore, its logic state may be read by sensing its resistance state.
MRAM i ntegrated circuits using magnetic tunnel junctions can provide

nonvol atile informati on storage especially useful in extending the
applications of CMOS integrated circuit technol ogy. 200205989 Defective
SDT junctions can be created durTEQHNICAL BELDr e by vari ous mechani sns, such
as electrostatic discharges, handling errors, and circuit anomalies such as
vol t age spi kes. Thicihvelstioratiates toiagnetic tunpel-uattichadsices dpidtmerer or. I n a

crosspoi pt AM arr a hat . do S not, use transistor switches or 5 diodes to
ot at o HerA YU S ePBRr I Giags reMcon st Medhetf reRdOBBPCoS ot | on can
al so renderm@ﬁn'ag/(r yd@ﬁbé§|nbarpbmun§wﬁe@ﬁiagﬁeu@ﬂuanaqwmsabl e. Thus, a
single shorted SDT junction can cause colum-w de and roww de errors as

wel . When 9g¥icesj an @dﬂeﬁﬁéqurmmgw@‘wm&‘&h@%"ceérror correcting codes

(ECC) may be used to recover data from conplete rows and col ums of 10
unusabl e SDT junctions. However, BACKGROWNDhousand or nore bits in a
single colum or rowis costly, both froma tine standpoint and a

conput ational strygieal MRAMBEREY Btludas aVBAYY dementory sellsl Wetd/life@ have nore
t han onﬁgshorte SDT junction. |If an MRAM devi ce contai ns many unusabl e SDT

junctio PfieRdingalrpa rews ?@P@é@eéﬁpr&tcey%@“ﬁﬁﬁﬁf‘ﬁ%?ﬁ%d@gé’&?‘g Thus,

el ectrost atd&urﬁh§6m59ﬁemér§ c@ﬂé‘dtéﬂgméﬁfoﬂf Sell i8Wtafdd &Y droSS\PHRI dfes can
reduce manufacturi ng yield. Prevention of° damage fromthese nmechanisns is
L)

expensi ve aMerddinemangd kit lin. i Imene e of MIRAM davices eachamemonyeelbwi t ches or
| solating_dhQdass & Lt PhALONEIER'S £k aeﬁgrw(?nggmgrag%gm ﬁ?ﬁﬁ?ﬁﬂﬂ In the

art, but such devices I ncr ease conp ity prc arger than
t he ni ni nunfha magnetizatioyebarcBPY junation @esumesdne ohiwossitakie onentatlons at
20 any given time. These two stable magnetic orientations, parallel and anti-
parallel, represent logic values of “0” and “1.” The magnetization orientation, in

turn, affects the resistance of the SDT junction. Resistance of the SDT junction
has a first value (R;) if the magnetization orientation is parallel and has a higher

second value (R;) if the magnetization orientation is anti-parallel. The

25 magnetization orientation of a SDT junction and, therefore, its logic state may be
read by sensing its resistance state. MRAM integrated circuits using magnetic
tunnel junctions can provide nonvolatile information storage especially useful in

extending the applications of CMOS integrated circuit technology.



of menory cell arrays. Inproved isolation of nmagnetic tunnel junction
menory cells is needed, and magnetic tunnel junction nenory cells that can
be manufactured by relatively sinple processes with di mnished incidence of
junction defoggisgssar e 25 especi al |y desiarabl e. BRI EF DESCRI PTI ON OF THE
DRAW NGS The features and advantages of the disclosure will readily be
appreci ated by persons skilled in the art fromthe follow ng detail ed
description when read in conjunction with the drawi ngs, wherein: 30 FIG 1

is a top plan view of an enbodi mrent of a crosspoint nmenory. 200205989
FIGS. 2 and 3 armaf&ftwésmemhbmlcaaiuéa:reéteuauhn@mhemtmé b@wagsdzodi ment  of
a menory cell. FLGS an are Gross- sectlonal side elevation views of a

portion of rgecprpa,rgstm%,%glapﬁ@}ﬁctrg?tagc RiEcRATgesRRdIINg elErsr AUl th t he

i nvention. andrdnes s@c@ﬂgvgltaye%dﬂ(egs%‘E‘a%ﬁ%fé&ﬂ@é s@rrq@n&.bﬁ\eahlcausé/a%ws of a
portion of a second enbodi ment of a menory made in accordance with the

i nvention. €T, IBajcsosgppinblRANM afray FhQ!lgP?%B‘PtereéW‘islséqr swiiEles Aent of a
met hod for dighd asdiag n]?? e“s froff (frfér dfRfthdrNa SRGREREIHEE SKT finklith

invention. FIG 9 1s a art ustrating a second enbodi nent of a
met hod for ceED dlshrandat pthgr memmﬁglls Ip&qmdolumnmdpwmablﬁth t he

vent on. fidls, BlsHold dhdlao 15T IERA5H Bl Sllee BN MR BfBREL draun to 2

uni form sc r Ica hor1 zont al may differ
from each ocerhs aaneline¥headptd is seacdbackdramthegMRANM dexite: rerroDETAGALIED

DESCRI PTI G\&r%}ogéa @ %%%sjeé t{) '?eéo%r 3515 lf@m ?cg'n@g%grjo%/vg%nqec%ﬁfrﬁr@ 6f0 n,

nunber of accordance wt h t he
i nventi a0 aurmsdblecS[D'bmducde; Holmeyerr Emljfor altioougand oh moeerbits imsa singler por at i ng

them In a nor vy _enbodi nt e in.acc anc ith the | ntion, row
bortuct or o SERRA bGP BT ol S s SREABRECaNLS CabbiahBd T | o™ hrnel s,
and i ndi vi okxamd;ﬂﬁhtnmmwvewéd Mmrmde(ddé Bdikely tbyrave mondthantonershotted r ow

CTTUEEOT o Saflinglony arBRMd icsbar iR Bagy Hnusane SRE idictioRsuiht of r ow

conduct or s @idtas FejbétBE it ﬂiéqnﬁﬁlifé'éfﬂrecsﬂa@BJWESelécﬁrd%'tétlddlébh%rge's arbitrary,
and ot her aSS|Fc;nrrents %; be made instead. Siml ar t he assignnents of
I

conduct 3Ps RandiegeBprse and AFcUiGHEMmAlI? sapEdygg Man 4ring.vield- t he fol | owi ng
descri pti onspevERondS a8 fRIRS tHeke MWhEREmS is expensive and difficult to

implement.
The use of transistor switches or isolating diodes to isolate memory cells
from one another is known in the art, but such devices increase complexity and
20 are typically larger than the minimum attainable geometry and thus limit the size
of memory cell arrays.

Improved isolation of magnetic tunnel-junction memory cells is needed,
and magnetic tunnel-junction memory cells that can be manufactured by
relatively simple processes with diminished incidence of junction defects are

25 especially desirable.
BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the disclosure will readily be appreciated
by persons skilled in the art from the following detailed description when read in
conjunction with the drawings, wherein:

30 FIG. 1 is a top plan view of an embodiment of a crosspoint memory.



col um conductors may be interchanged throughout. In the enbodi nents
illustrated, a magnetic nenory cell nmade on a substrate has a first netal
conductor, a first ferromagnetic |ayer disposed on the first netal

conduct or, oJgofebggoar interlayer dielectric (ILD) having a via opening
extending 30 through it to the first ferromagnetic |ayer, a buried tunnel
junction over the first 200205989 ferromagnetic layer within the via
openi ng, a second ferronmagnetic layer filling the via opening and burying
the tunnel junction, and a second netal conductor coupled to the second
ferromagnetic | ®@S. 2 And8rawé YrosbSRcishahside efsvation viewsefian gmbodimersi ng an
array of such magnetic tunnel junction nenory cells 5 nmay be made. FIG 1
shows a topf@maemenesflof an enbodi nent of a crosspoint nmemory array 10
havi ng nenory cells 20 at the intersections of row |lines 30 anq col um

lines 40. For eXXAp!4and paresrosamecisidl sige flevatienVieyva ot aputiofd'@d al ong
the x-di r eqjrsQimpdlife ,&%%%8[&3{}%?&& facbrdahte With 8@ RivBAtigrenOry cel | array
|

10. 10 Traces functioning as Ines may extend along the y-direction in

a plane gn an oppASi § &nd 7dfe efostRRcliBHEPEe CRIVatiaH Vidws bPa pbhfineofrRy be one
word line for each row of the array and one hit |ine faor each colum of the

array. Wi |second gmiodisentehd menety maderipgceyAance Wik thedRertisNum conduct or s
are shown in FIG 1, it will be understood that nenory cell array 10 nay

consi st of many FeGchisiaflew shamilustrating & frst epbegdimentefia mefogdifey
schemat | Ca'ﬁ%riédﬁnﬁ'a%eéggﬁbeﬁ&n@@iﬁ%@@&d?ﬁéé%&mtﬂehﬁvéﬁ%@ndi rections (e.g.,

al ong conventi ona y-axes parallel to each plane) and along a z-axis

per pendi cul arl y fi8, 9id%fiow icRhtk MusPatiyeSsedond embdRIMé ofdlmétRb@fdpl anes.
Expressed in general |anguage, one aspect of the invention includes a 20

nmagnet i 80t Uah@sating aonemanmpabeRneddn acgpdance,with BedBveptieBnbi nat i on of
functions: storing a bit of information in a ferromagnetic | ayer, sw tching
the bit of inforfeaclasty afiteedesariphien|the diawingsnare etdE¥R to@ YNt he t unnel

J uncti on. Téb%let.qﬂ%ghidulﬁ?%é | hitd ROMRIned s IE‘?rﬁ RGP bAcH Sther mati on
storage el enent and may be buried under the ferronagnetic layer. In

parti cul ar ,andveay arydromy aae drawiag feegnatheray be forned directly over the
tunnel junction to prevent intervening process steps fromaffecting the

tunnel junction. A nmenpeyaf®d pRavReTONBESENBODIENGGE €l enent and a
b e

. : . I .
tunnel junction sensing elenment nmay be used in a cross-point nenory
structure havi nq colum |ines and row lines as shown in FIG 1, by coupling
R

a first 1Pine of 1 He foliowing detaiied deseription. aumberptesbogdiagMeCf ¢ mat eri al

di sposed t%égﬁéﬁctrhﬁné M8 PnRleGiBBor@incRakith hBTRVANti6E hle désriBed ng the
remaining line of the row and colum lines to 200205989 a buried tunnel

j uncti on unarstillysteateds alangawittemienonias incoedorgtingdhemy In 8MEMYt he sensi ng
cel cct vel y ORI AEAPEGS i adoordif e AHE IvERrt B HRNEIRIS 2BO MO L D e
rowcol unm  canidrnn @bnductorsifero amoskagumal $eirmﬁwirirjgmhahhda, and inditiduader a second
5 e TR P BolBAE ek SLFOY B goc) R R e
mat eri al atlire, aed acbbany conductannag ¢ ertitilinat i lowill Hel rieSogriizexhioly thoae e
Cross-secti &rﬂﬁeld in itﬁjeeaﬁ lthea\fﬁ%ei gs%ig\ﬁin%?ﬁ of Jom?cér?é%t%?é as word lines and

column conductors as bit lines is arbitrary, and other assignments may be made

instead. Similarly, the assignments of conductors as row or column conductors

25 may be varied. In the following descriptions, the designations of row and

column conductors may be interchanged throughout.

In the embodiments illustrated, a magnetic memory cell made on a substrate

has a first metal conductor, a first ferromagnetic layer disposed on the first metal

conductor, a planar interlayer dielectric (ILD) having a via opening extending

30 through it to the first ferromagnetic layer, a buried tunnel junction over the first



enbodi ment of a row colum aligned nenory cell 20 built up on a substrate
50. 10 Substrate 50 has an insulating surface, such as a | ayer of oxide or
glass on a silicon wafer. As shown in FIGS. 2 and 3, each nenory cell 20 of
t hi s enbodijgesygsedss f ormed between row l4sine 30 and colum |ine 40. Each
menory cell includes a |layer of soft ferromagnetic material 60 separated
froma layer of hard ferronmagnetic nmaterial 80 by a thin tunnel junction
oxi de layer 70. (Here, 15 "soft" has its conventional neaning in this
context, referring to a magnetic material relatively easy to reverse in
magnet i zat i fReRroftabR6tid layer vthh theavislopérind; asseconé ferrgnagnietic layeefilling
relatively difficult to reverse in nmagnetjzation directi %51. Th%a

t hr ee- | ayerth§vjaeRaning 3id Ryyingthe Mﬁﬁ@H%@ﬂO& a seegndgpet E&lﬁ’éﬂc 9functi on
oxi de | ?‘yercqzﬂledale‘i‘hé‘%&nﬁ%ﬁ&ﬂﬁ@rﬂﬁk%&géﬁahﬂﬁéﬁbr&cﬁQ.fer_Scr@séfBSiﬂ?t! ¢ 20
tunnel junction 90. The arrows ih FIGS. 2 and 3 schematically indicate
magnet i ¢ f i OPENOTY CQIOPrisiNg any array,ef syehirmagnetie ngeEiunstignamemernéglisy | ayer 100
andMM vegti gal peghdgest ructures shown in FIGS. 2 and 3 may be formed wi thout
enpl oyi ng the” present invention. 25 FIGS. 4 and 5 are cross-sectional side
el evation views L el f ABIGH ein
accordance with Pt?ﬁé?isﬂ%%\th ?%,Bfagglévv? éﬁmind%ﬁgﬁhﬁgéfoférﬁgzonal %rin??gti ons. As
shown i n Fla@gsay 10 badng merrosy pellso20/atdbé interaectipnsiof saw linasa30 ard/eqlumat t er ned

Sui 1 abl e i LAt o CHREBles raBGUPeuohi AOMrER R eenyd dohg w0 TTF, 10 ©

remai nder of-diréétenspagildriecart ormsida of thietcaddspoint bemay eelbarranti@r | yi ng each of
the ne y cell struct. i i 9 6 not
shown 1107 nE/Bses BRGNS S BETRSBY kiiehd oforefE SiliskudTin 4 408 8RR, 25 0v e
thedfi ;st Z?mi_siteeidéLtrlftlgarrinemwe?Vafrth(f.iTrmr?_nﬂiyabl emmﬁumtlg@\ue fl()lceaqh\rm
conduct or is coupled to firs err net i ayer .

interlayer Qﬂz"’e‘?ng? all V@Pﬂsf‘eg% ligg &g e@8ﬁ§ﬁﬂ”@oﬂ3ﬁ%?%?y'4gﬁw3§n§ ﬂ%@ openi ng
ﬁS exltendijnglegmrpﬁﬂts, i%cdﬂﬁubfb@s,%n_ﬂr&mmt lubio\'%latferﬁfo&ﬁht_ l,i?wiua.l 1_1|meni]I ng ?ﬁ
the first nitike wuisierdihal momenoebgactmay preist & mAmISElnct i on 75

ext ends 1gvegleflentscaRdl thie Medrigetiendliepittedischemamiamg iekIic: 11mygbe 80 Wi thin the
vi a openi ng. The regi on of tur_mel_qi{%unctl ?n 75 is lndhcat ed b%/Pa dashed

el lipse in ertended bl insthetyp directionsdeidorplong sanveplian@t* AN \ifXPS unnel 10

j unction oxp&laiéIdy 8hct PlafB) dritfalbRP a T HXiFESpahdibllam) tof @hérparet i ¢ | ayer 80.
Optionally, a netal electrode 66 nay cover tunnel junction 75 to forma top

el ectrode fpANesingslhayingdoyltnle pnegs shown in FIGS. 4 and 5). Metal
el ectrode 66 may_al so cover the side walls of via opening 65 as shown. A
second f er r onagrietaressegdye gewgral languagenens pspasp ehthadnvention incluses @unnel

junctioma75 ] i:anal i e erromagnetic

| ayer G%Ona?agé?ﬂ%gﬂg&g@g&épe%@% %E%F@&%@ﬁn%érﬁﬁb&i@g:&A second net al

| ayer, pat tfanotishst stofing m hitoof/infomaationdn agerromagnsticllayes switehingdhe Pital i gned
with the vig. Lpg. i ] i wher eby t he
Second et o' SRAGRTLt pahrth HARE R sbRtSREERRRbR! \EEEn, Fhe

f er r omagnet tunneldyectiofls c@dpléchwith e magraticinformatipnsiiomge letengnt@odi on of

magnetic figl ] » J hig% I i . short arrow
in colum c%ﬁglsj%tb g"rngﬁblﬁglé{lﬁg)tf?ﬂﬁ%%w&%3}1‘3 P't Jﬁ%%ﬁg%eﬁggﬁﬁaéﬁ%§ed arrow
130 sho@$ t lagedinap btiformenf direetiy everché turind! jdoetiondo preveahintérvédiog ng i n t he
direction of the short{ arrow.in.r wcqn&ijcﬁtor 30 (parallel to the plane of

the drawi ngPR585% BRRP Foraitectipg the Wnghiulifon.  n 'F1 G 5, 25 arrows 130 show
the direction of ,magnetic field due to current | fl]ow in, .direction
of the short ar r%wq%?]orygﬁ}l Eg\ﬂ%gﬁﬁgnggc ffér[ﬁ%e ?Iﬁrgem %r}‘geggpn? Héngt}oavw ng),
sensing element may be used in a cross-point memory structure having column
lines and row lines as shown in FIG. 1, by coupling a first line of the row and
30 column lines to a ferromagnetic material disposed to form the storage element

of each memory cell, coupling the remaining line of the row and column lines to



and curved arrow 120 shows the direction of magnetic field due to current |
flowwng in the direction of the short arrow in colum conductor 40
(parallel to the plane of the drawing and toward the right). Al so shown in
FIGS. 4 andggog@esy the 30 optional |ayerss, seed nmagnetic |ayer 110 over the
first netal layer and anti ferromagnetic (AF) pinning |ayer 100 over the
seed magnetic | ayer. 200205989 FIGS. 6 and 7 are cross-sectional side

el evation views of a portion of a second enbodi nent of a nmenory made in
accordance with the invention, as viewed fromtwo orthogonal directions.
Again, a suj badtuhReIYlitioR UnGEDBE fdtdmaghetie niierTeetsbyFoiingthet he menory
cell enbodinent and 1S not shown in the menory cell drfaw ngs. As shown in
FI GS. 6 andsensingeeleraemirof eaeh memoasy gelf)i ard corsiodingleagh sepsing element i form a
first netal I : A pl anar
first int erﬁeg%eﬁrgglg}sgﬁse%@%wloﬁgéﬁgbgégﬁ&?%ﬁﬁtﬁhgﬁgn uc%%?a ﬁ’é’v has a first
vi a openi ngcodine gomhination.t Alsoug ke¢and temned jungtion byrgd ynfega sesopd | east

parti al | i i r ! j pon 145 10
(formed by ElBASEndhd e Aot bRy Henglarooind Eiud BRAEN MAFRE "

col um condeontroliedi®) sededtively switole theastatiead the fermpmagnetic matecigl alren conduct or 40

Wghﬂie{‘ i 3ﬁc%fé'%ﬁiéﬁfégﬁfﬁlﬁﬁﬁ:ﬁ%ﬂ?i%hgPZ"Cl rode or tunnel | unct ?Snr?iscfé?
in FIG 6 . J i i
opening 65, as EGRE R 7€ S Sblo R el ai Thnb A alilf " S %) ' ©

openi ng 65 @nbodimentesf & tonstoltimn adgngdmemonncell42D. built up phiaosuldstratet §4.

el ectro 66 is onmtted, ferramagnetic |ayer 80 may act a el ectrode
For tuntd) SeipRoR hasan kShBAE S0dades sl a el Bl ofift pEdeSt &7B) Iy 35
over first diktonaweafgneAs shdvayiarFiGS. Dand 3, eacromémonacai2lofithis65 ext endi ng
through it. The second via opening 65 is,at |east partialy aligned with 20
the T rst WHOSHRRTS feiedsahvrer fv s 30, fashodnandnp ap. ek Rofit: ¢ | ayer
80. A secorwltihk_ﬂlrmﬂsalé?_éltb@bﬁ?férramb@haic_trh@eﬁamrségmaae@ﬁsmamay@msfends over
at least a portion of first ferromagnetic | ayer 80. Second tunnel junction

75 is for melprdjerromagnetia material §8tayshthisuiunaeltignation paidgraxeid O dHetur f ace of
first fesr ogB@Rld ifs dAVBRtIRRI n’t@aﬁiﬁg(ﬂ?ﬂ'\ig SMSABLRefihGtd é‘bfrﬁgn@& fills the
second via opening and buries 25 sécond tunnel junction /5. A second netal
| ayer is pangterigbiglatively @agy tp wwersadn magaetizagaa direetion aody hashdetersr 30) in
at | east pagt] i ok qp@dﬂ ol wth
second fer ?%réa@hgﬁétg:qﬁ%gél rggwev!il g ?ﬁe‘ﬁ‘@q‘? (F;évi\;egéoeﬁlg uct™o reﬂ%%t@i%sénlce%ﬁ%ﬁ)ed to
second ferronmag i a j . : 1 7, the
optional |ayer sﬁ%fﬁi?lgq%‘ Crlsﬁgtéﬁ’%{)fr%ﬁ&o@?@é@nc‘trﬂ%@bﬁ%ﬁjarﬂ'%for second 30
f er r omagnetjuoctiomyaxide lagerg/0, asd bdrdrigromagoeticapateriali8d forms atrhagrfeticst net al

| ayer a i - ferr. net ot I : seed nagnetic
| ayer. 5928@%@@%@%@ ﬁ@ca%fﬁﬁ%'rn&ol%s@ ' ?%Gdg’ﬁ%%eh%g"@w*é%@gn of magnetic
field due tmagneticdieldsl Optimnalhg theranthferdmagoeiio(F) pirtring laiier 100sandw i n

col um conductor_40 .(into e, pl ane he Wi ng)., .a V, row 130
chowst he eI aNeGIAeR N B W ER sl By Moo 85 ottt e

di recti on overtidat celhstrictares stown i BMES @rachdcd oray D@ fornfexbwithdue! t o t he pl ane
of the draw a oward the lLeft). Simlarly, in FIG 7, arrows 130 show
the di rect;A%'ﬁglwlﬂgré%%ﬁfélsgmf'P\Z‘Tn&BHUe to current | flowng in the direction
of the ort arr, in_r conduct or .30 (into the plane.of th raw ng), and
curved 2prow 120 a8 ARG RBO Sl felen PeBRr de it i Tent |

f1 ow ng in firseerdbodinientof sdinetrioey miade in acoorvancs withl thenventich) &k viewdd
(parallel to the 10 pl ane of .the draw ng. oward{g,the right). It will be
nder st od B9 dp SENBRGTA gfestiane n&s SPowi eSS, Aestist s HRgieBBNEdL byt or i ng
?n array ofhamemrﬂI :lrsyrrwlllayeaadttérhea to?lflorm|atédltﬁﬁ|$boﬁmmk in_nam. mherrgadel by
ormng several |ayers of. nenory cell arrays stac [ ertica

i rect Pon (TN CRVGITeAR Tk » subid HeuBtit s syt (6t A8 | ayers i
15 necesgarip)FIGBo4 ahb &).s kribe demaihdetdraRigspotifitAAl & soitable Substriatea§®r nenory,
the insulatin s_ubstrgtg IS grovi deﬁ% b¥ an i Bﬁt@rl ayer diel eé:tri ¢ (ILD
formed overURGREYIRO&ACHE 95 thedpemorycehatrupiues embadiments inegeumed 88¢ & dance with
the invention nay be used in a nmass storage device and nmay be fabricated in
the formof an integrated 20 circuit, as a substrate carrying

m croel ectronics, and/or incorporated in an el ectronic device. FABRI CATI ON
A crosspoint nmenory array 10 may be fabricated by specially adapted
fabrication nethods of which various enbodinents are illustrated by the
flow 25 charts of FIGS. 8 and 9. FIG 8 includes sone "optional" steps that

are perfornmed in sonme nmethod enbodi nents but not in other enbodi nents,
depending on the specific properties of materials used and on specific

Y " o o o, o Y b1 o N Y L




30 FIG 8 is a flowchart illustrating a first enbodi mrent of a nethod for
fabricating a nenory, performed in accordance with the invention. As shown
in 200205989 9 FIG 8, such a nethod includes providing a suitable
substrate S5oisbep S10), depositing a fgirst netal |ayer, and patterning and
etching a first nmetal conductor (e.g., colum lines 40) (step S20). In step
S30, a first ferromagnetic layer 80 is deposited, patterned, and etched. A
first interlayer dielectric (ILD) layer 35 is 5 deposited in step S40. In
step S50, an opening is patterned and forned, by etching a via opening 65

through t hendtRhewh#y e rﬁémb@caeulmwmg@t Alfmsmrrmgnemb |l@jer GOMBSOVAY th the
first metal conduct or m conduct , uncoverl%‘guf;tp ortion of

the first ftaerfrﬁmgq%@ltqoedu%%wvwbyabe ﬂf%meéaléﬁn%cf@n{%wgw ¢
fe”oﬁagneu@rué led 1d/¥ir f@ﬁorﬁggu\etﬁ Iéf@r%()t Shar leéﬂEyé}rH@ébtﬂ@ ILB)(er 70 is

formed 10 ov east t I on rst ferromagnetic | ayer that
was uncover¥over CQtl@U\ mucmdoms,@n@a peeningrBY axtending dyrenglsd. isthgeposi t ed,

at | east f'é%béitﬂmhﬁﬁuﬂég%t%ds’ﬁziy ﬁ%mr{ﬁ}é‘héé’&ﬂ@éd |H5W£||s°“rrfé?ﬂhé}'8p$s@b{§r 70 may

beforrre by direc I N OxI aer In st
deposi ti ng isfat I!aasbpm’tlalb'rallgna@;mﬁhltf@e fi raymetaﬂiOommrdctﬂemp@oﬂ@lmi@r&mmred| ately

after form exposi ng
thin tunnel'}S]jglfﬁl”}(‘]fzée 4 gfl%x?%gﬂgg?/éew%ék % %sﬂ%g&’ﬁup ﬁ%gh%gfégoz%gn?{or%??% n tunnel
junction ox8@withiaytkes vua(hpealmgl Mheregidn af ’emnettjamctioayérls iraljcated bie@osi t ed and
oxi di zed. the surface
of the int eﬁ%\?g%nﬁsgm'&{&f '?gg guﬁ\e?ﬂwﬁﬁl&h-,#n% fglll”fi“%]e{316 gﬁ?@é poI i shi ng
(CwP). St)eguﬁ&ﬁ:n?cﬁqdeslapeﬂfmm tbgsdﬁmf]esoftrvstgermmegrmld Iamarag I ayerI St ep
S90 i s per a n et chi C conductor |ines
Covg - Fow Oofitintycn Belayslechiods 86 ot ayer Entriidittorivate ifTA e i &

openi ng 65 élbatodWr funhklgdnation! 75 (as sﬁ@ﬂ@nﬂFm m(m‘mgﬁ)etl\naalle:waroder%st ep S60.
Up to this point, the nethod epbad| nent { farlcatgsasmgle 25

menory cel | éyasﬁd%oéeﬁo‘ihﬁéiqec‘&?usﬁfvlf‘?%}gﬁ $SPPYPNg 269089 r ay of menory

cell's (i.e. ferr@m?a'gﬂgﬂlt?lavm ﬁlls'tﬁé’@fa)opeﬁlnlb dFRIBUrEs ‘ﬁﬁ{rﬂeﬁjuﬂ&tldm al'fr ay are
fabricated sinul taneousl additional” nenory | ayers are to be

f abri cat!@d, opfiosatmatal PHP%‘PQ’Q&%I’S Q!F'@P@J?'FP@aQ'PQ_tD)laYQi)ﬁ@rmﬁéa@éb‘cﬁsioped in step
S100 and p'a@aFa%%h{Jnnegﬁﬁam% LR SBEGYd ﬁi@tdatu Iageﬁgﬁﬁﬁn%%?&h foe next

menory | ayer cess 30 is repeate fromstep S20 as
many ti mes eendueten 38, IS@t [eagtipartially %Igae,qkwna\mmgapn@nlagﬂlet?éwthéﬁw\d of

| ayers. r lines
may b al t oA Egnes: BLERD. WHRredy Ry dloaine oMy E RN ErRRBOESOP” ' Mhe
second et ais doapled totecdnel feasmagreticrigydr®@el provi des either row or col um

conductor lines for the last nenory |level as appropriate. If seed magnetic
| ayer 120 is to Ib&lGntIanMﬂﬂﬂﬁomlhb direetipn3FInagnetie fieldrdvedo icorreidosi t t hat

optonal st s e bl fuhe PSR EE Byt tPtghcior o, A, BEREL
enbodi nent of thesitawihg)l aby ciived adowbiB0sheivaise m&tmnabf sgnetiefigld diier ned
]E) g'; Vrr\?ﬁg Zt ,f'\ ﬁwgl%(r)\ ﬂ?ﬂ%ql‘%ow the dlrlecr:]tEoEF‘\ onhee ghoCrP Ql:[rcr)v\? I|n rei‘)lwe(r:Toenrc]ituc{nlf'1 Y&Obe made by
(parallel to the plane of the drawing and toward the left). Similarly, in FIG. 5,
25 arrows 130 show the direction of magnetic field due to current | flowing in the
direction of the short arrow in row conductor 30 (into the plane of the drawing),
and curved arrow 120 shows the direction of magnetic field due to current |
flowing in the direction of the short arrow in column conductor 40 (parallel to the
plane of the drawing and toward the right). Also shown in FIGS. 4 and 5 are the
30 optional layers, seed magnetic layer 110 over the first metal layer and anti-

ferromagnetic (AF) pinning layer 100 over the seed magnetic layer.



control elenment 75 in a via opening 65 before performng step S50 of 10
depositing, patterning, and etching first ferromagnetic |ayer 80. In such a
nmet hod, a second interlayer dielectric (ILD) is deposited, a second via
openi ng is Jeioasd t hrough the second I ED (the second via opening extending
down to the first netal |ayer under the second ILD), and a thin tunnel
junction oxide layer is fornmed in the second via opening. This thin

tunnel -junction oxide layer nmay 15 be forned by oxidizing the first netal

| ayer, e.g., by thermal oxidation of the first netal |ayer. Alternatively,

the thin tunnel Fggcs bR 7@ré dRskaxelion@Ryideeldvatiordels oflaposticniofa a thin
oxide on the first nmetal layer. In another alternative nmethod, the thin

tunnel | uncaecend exibadimeny ef a mamans Masierie @cesrdargso¥ith thednentiRnes nt er nedi at e
metal |ayer; @p&sﬂ&h%'&mog&%mm&oﬁqet %?E%db%hﬁam@ir%hlaltlﬁ?%bst%@e G 9 is a

flow chart 1 trating a second enbodi a nethod ftor fabrlcatlng a
menory, perié @ssurded undarlyingdhe cremery isell pebpdimant aeghis nef skawin thg F1 G o,

this metp Odrggmﬂﬂsééggﬂé\ghggl HQ%ﬁ?ﬁﬁﬁPH%?sl% &a ﬁgfévrh&haﬂ: GlIHEstARse

substrate Ists o eposi t Irst netal |ayer and
patterni ng raetal layehpattprrzed forfetm aﬁrrsilmeialrmmdu@tar (cobimmepnsuistai4Pben | i ne 40).

St ep. <pao, o efpStets; S bah it @yt iy BEE LEDL 33 Shertuln EBRARIGEC, 11

partial aliqpnasna fimit Via dpeeini65séxteredireg thoaugiit tForst viasipeningd@dridatt or |ine
40), by etchl through fjrst interlayer djel i ing a
portion of ‘g Waﬁ%’?e:ﬂW@%ﬁ@ﬂ@f‘cﬁpr‘%@?}%rrh?cgﬁf#ﬁﬁr&%ﬁ @pgﬁ\ilﬁ?n 40), but
not etC|10ng(fdrhfe@ltgfhhmhenrﬁélﬂ&rtctiaebaibe(tatyedddﬂon thetoprsurfiane 80cgump S250, a
first thin tunnel nction oxide |ayer 140 js.for t the
portion of $INEUFP Fgﬁ) %?f&f %Vﬁﬁaﬁlg?gl)r/a P‘Hﬁ? %°'%B§§ﬂ?‘g:§g 4@@'}?

200205989 1ﬁrsﬂh§o]¢amuhguepqaﬁalwn§ el dleutmeésﬁmy cover m“ndbjuharamtﬁon step
S250 are essentia

hose ri bed abo rence to FI G
8, step Seoto ?‘P'i‘i‘ﬁt?%ﬁ'r‘?éim‘i"’u tyres JHQ?ttPé‘ 1‘@’3}@?3 AN I%ogslf M%F'Pzd by directly

deposi ting @etthdde 66d§ ais%YC%‘i/eloﬂheQiﬁe‘WéH%'o?'vfé)oﬁdni@GSY%%%lhoWﬁndlmEtOr (col um
conductor line 40). For 5 exanple, the oxidation ‘y be accwggl i shed by
it lnpel dungt

t her mal 16xi fgomagnetic lawer §9 ﬁ'&f'fﬁé’d%wmﬁ%@m burigs @M et hod for
formng thifyg uj lohﬂqﬁétgpéleéiﬁidé%d |§Y3ﬁ’ﬁttéd4@erro?fné iefic IdVeP BOBHyadce net al

| ayer may be de oxidi zed. In step S a first ferromgnetic
subst ance |ats/ertorselectsodﬁefpbmnnebunqtonl1é§stA IP'?WHW&OE‘%E‘WM%E diglegtrigpeni ng 65.

In step Szeﬂweg ?ﬁrtfi‘ré}g?ﬁcgm%%rﬁe?ﬁ%r%}%t f86rh'§a FRGhd Glalcﬁ%ﬁf tg% shoul d Dbe

performed i he t in tunnel junction oxide |ayer
140, wi t houextenging thrgugHit.nTheiseeaindjvimepenimg 6% iscas |@asy partialyaligned iyéth

ntor | agh tedTetofs Proriy 6f et Rl g ARt HibrigrbliE G o678 0 (TSt

acconpl i shesedoydeames functiora¥’5 wlitmmthabemhaampahng)e)ktesdm u@r(aﬂda)stal n step

15 S280, a s ond rlayer dielec L 3 S n ste
$290, a sec® OR‘/PB#T@L@ Hégﬁgt'q Iéy?roéd;mgef(’ CE%"‘ éd‘é Ct'Bﬁ?fg’ '?iforg‘lefj Hment pvm th
the first fﬂfﬁ@:ﬁﬁglfjﬁﬁd:tlbn&ixhﬁlawem&ﬁ ihe t@meuﬁadesdffwtaemmgmcuayeet chi ng

t hrough the_second | ortion o f.erromagnetic
subst ance 863 ?‘r?eg?'é‘tgﬁ"é’ﬁﬁ"g"ﬁ?%% Q@?'ﬁitﬁeﬁﬁﬁ?{@ﬂ"? BR%'? P%ﬁmi}?}'ﬁ%s |l ayer 70 is
formed @ger sedondaasiel Rﬁ\ctldsw790At9e@6nd)fnetd1lmybr rssﬁattbﬂfedduﬂ@nea isecandbst ance

d tep S290. Th t g 8. 70 b
For moa. by oW £pRCtoniERy FarBImRL R & eber AL aeng Wi e eBhd ol

oxi dation. HalopeRmgiesdlikd withGeBend fiirdnidghbd mmr rdw dongattor 0 may be
formed by de803|t|ngath|n|nterrred|ate net a er an ygg%ngthethln
ienadn &

i nt er medi at 80 iesauplgddpsecend teromagpgliciayern 6fy \e(ht“h ?it i rst

f erromagnet piq 3UBSlpRERal Reyefs my%ednénwémmﬂyzhh@erau@ﬁtsaaﬁ@/oﬁgedoad
deposited, at least filling the second via o eni nghg ﬁ 8 %J[g% The
resul t a0 slRrfomagnetic Iﬂyﬁﬁaﬁgze??efj(ﬁ“ﬁgﬁ@t'%WPh 1908‘( dhe trstimeia d@vehy er
dielectric ghéBhti-frrdnsdfietS infegtidyer 140 sver i 8édzmbpReticTayerbe
acconpl i shed by convent%na?@%mrﬁggla?necham cal 30 pol?shl ng (CwWP) A
second nmetal layer is deposited (step S330), patterned, and etched (step
S340) to provide second netal conductor l|ines (row conductors 30) in at

200205989 12 |l east partial alignment with the second via opening filled
wi th second



ferromagneti c substance 60. Again, up to this point, the nethod enbodi nent
of FIG 9 fabricates a single nenory cell or, nore practically, a nenory
conprising an array of 5 nenory cells (i.e., a single nenory |layer). All
menory cel |goffsodohe array are fabricated sinultaneously. If additional
menory | ayers are to be fabricated, the process is repeated (step 350) from
step S210 as many tines as needed to produce a stack having the desired
nunber of layers. In repeating step S210, a third interlayer dielectric
(ILD) layer is deposited and planarized if necessary to 10 provide the

substrate for therpsg, a%mrmols%wrthe Hﬁeét%ﬁ%?hiagﬁeﬁéﬁélé d6828 clkéraugh S340,
row and col utm conductor |ines may be alternat for each successive menory

| ayer, and flowéngiacbediraetionl of g/ shorbarrew i ¢aldmn ﬁ@ﬂ@@oﬂ% o fieRlatRs eit her
row or col (o] ORYN iate. 15
Those skil mhga ) £nd bm?d éﬁéﬁﬁ?@gﬁ%ﬁ%ﬁ%ﬁ%&gh ggeggﬁrrgtbnetl gﬁcf ayer 110
and an ant|tofogrreohlsfgxmgmtha;ﬂeectm@fmeesh%t areow mbnowamdugtpt%nal steps |ike
S o00 o8 BaNéfiotho Rlafts oB il awRBU olald fie 1gth, Sy @G ¥, Per o med
at appropriate correspon I Mes to e osi t fs adjacent to

f er r omagnetaroowsa g shde(DtMrdiVeotlorBOf magneitia fleldedlf&aterUU&nt WiRg lﬁ\dhe enbodi nent
illustrated,.in,.Fl ere are vari I ed by
dashed arrocw scg GWS SP8H ai"tog'r'atr?‘ﬁﬁogﬁﬁ%gsﬁQ)rgggleo@%é‘gafs{hegga@éai)roduce a
mul tilayer ammrryed diows 120 shows dendissction olinbgheticdfieldeéumtoycunent hg row and
col um conduct.or nes m fabrjcated erformn e 210 t hrough
$320 to forlAWing |"rtb? dfFEﬁ‘t?}\Plﬁ%?/g‘P rl?ré%éﬂ ?%E!%E§°E‘P‘é°6%rg@%%ﬁ'ﬁﬁ83lgﬁ S320

(al ter napi r@am@wma@rmhg@ndWQh@r|gH\ty nes for each successive nenory

| ayer) for each successive nenory |layer, and perform ng steps S330 - S340
for the second newillbel iderstedd b%oh@@kllléﬁﬂmhdahmlamhal'meryatlnylybbe | ast net al

conduct or pI’OVI ge? row or col u conduct or Nﬁg a@ required for the | ast

menory | eveNadggy forbypeysguay 95MeR § And A 3 reudifay e mon, Bay Ret he

f oregoi ng haadd g FormintEséverftidyens 8Nfembhyusdrattays Btaeked ReS Lérticalenbodi nent s

of the invention) various nodifications and changes thereto can be nade by

persons ski fireson wifthiatesiayer dielseties B tﬂt‘PfQO?%?ﬁt‘("ﬁ@“ BYSpifand spirit 5 of
the | nvqBt | beasagie! Fa1ase BloditRariuRub e fhBiBra fiatiahuamBirery, the or der of

process steps may be varied and configurations other than those shomn in

t he drawi ng'§$l|ﬂiﬁ§vng)%1h§§é¥9 is Prvidaddey aninteriayer dieleqtrig (%@r}ﬁ?rwe@eqw H’&y

reversed, to forma structure that is "upsi de down" reI ative
to the enbo rrents i Iustrated For another exanple, a hard magnet or a
synthetic 10 antA meitilayien gresonnayadedn aseatdanaewithithefinvemtiommayiheised | ayer .
The AF pi nn p stead of the
bott om of t %agyg{oré\%greg:e %ﬁcrﬁ&ﬁgf%rntrcg%géﬁe e%"f'gggﬁ rﬁ‘&d??eg pi nned

| ayer a0 tdm;uhoas alsulbsirate)nagymg micrbelgetronics, ahd/os imcerporatgd in aThe base

mat eri al of It%ﬁ turE]neII barrier is not limted to the materials described
above. O heP"®B¥'e8¥YY%Es and certain 15 seniconductor materials may be used
for the insulating tunnel barrier ﬁ@ﬁl?ﬁﬁ%’f\lthe magneti c tunnel junctions
have been described as SDT juncti (5: ey are not so limted. The nagnetic

tunnel junctions t is

cl ai ms*dJ is: (ﬁ)%@@gnt}'ﬁé"éﬁ&sﬁ}%y Hﬂi{%k&@ ﬁ% % abr |c(;%g %ﬁaMgarrermry
cell, the rriabhoatuomn%ods ngwhlhbvammpsermtbodlrayentplanmlldistr@jeabylﬂhﬁsﬂavate 5 b)
deposi ti f t u first netal
coﬁduct ) @3 ft?e%fﬁégg Gndgat t'gr ﬂﬁﬁ%%éﬁgﬁ]gt 8&5'02%9 s‘férl: I}b?p%"grrorragneti C

| ayer; d) hdﬁ@mrhteﬁn@ sanneerétbodi agﬁbcljlmeatqemltmotm(dthé?)emhc)dmbnﬂs; ngoa ?/i a
openi ng thr the ipnter er dielectric in at al i gnnent
oPEh the {1 petenlingien (e padiic proRsRies L e els fesd FEROD BRI ror o O

f er r omagnet agplicatists, offthe Hevice. NGaroushutépst sfine methotcdrmiosdimsnidearé ayer over at

east the Lo Qss o] RirbleRle Almertis 510 82d o Fqgranet i ¢ layer;

30 FIG. 8 is a flow chart illustrating a first embodiment of a method for

fabricating a memory, performed in accordance with the invention. As shown in



g) depositing a second ferromagnetic layer, at least filling the via
opening; 15 h) planarizing the resultant surface to the surface of the
interlayer dielectric; and i) depositing a second netal |ayer, and
patterni ng Rpshsedechi Nng a second nmetal e@onductor in at |east parti al
alignment with the via opening filled with the second ferromagnetic |ayer.
20 2. A nenory cell made by the nethod of claim1l. 3. The nethod of claim
1, wherein the step g) of depositing a second ferromagnetic |ayer is
performed i mediately after step f) of formng a thin tunnel-junction oxide

llayer, withgat seqR®sd matHodandildes proviamy d sUutable@ubsitate 50l (8ieprSTH, to t he
atnosphere. 4. A nethod for fabricating a nultilayer. menory having row and

col uim condifpositing arfisst metadayer; ﬁ@ﬁjpéﬁﬂm'ﬂgﬁnﬁ@tqw a fiesh etal-copaysien ni ng
steps a) theQUahinmn ﬁlfle%m ﬁi’ég%)ai s%;?lsm)la filt fe‘?rroma@néhé %E/emr y 30

| ayer; repeating steps ternating row and col urm conduct or

lines for emﬂ@S%Qd:@éggmﬁé mﬁbed drst indergpyer di D 118yes356ir ni ng st ep
i) for the qey r s ﬁﬁeshf@yﬁ'{st@ﬁ S%Pear{ @ﬁénl WaYteH’e\ﬁednd fohssepy the |ast

nmet al conduct or S row or colum con uct or lines for the |last menory
| evel . 5 5.ething ayuawomermng 65 thireugh the interayer digigaticingy leaskpatiab of formi ng

an int egratﬁﬁn&% { ufth heéﬁergprﬂ tal ?onq-mf‘orﬁbhgglumn (gnﬁhglbgglofoﬁ%&)ﬁgn%he step

of formng a egra ed con erforne
tunnel -j unca ponuonoﬁtheo‘lrste‘bmomagnetm layerigf, bat rmpet@mg throlugh éhepfinst or mi ng st ep

f d tt t.chi fIESt k6L 7. A
et hod T or - PBPREARRHEE R Sispths i el oxe AT AR RlnefLEC o
a) providi rkg/ea as lebﬁitthatpert:coht'of ithe firspfesrotriaggetic Ih?ersthatgmﬂsadmdoagmd inand
tternin r st t n rst
ntor ayer SPesBhL e kePreyeromieDhiRGT B4 ool RE MRPBARA L e
first int erda@mﬁg ditsth einel-unttionedxidesiagér T0amty bk fainegmyemteotwt h the first

nmet al conduct or, _uncoverl g a rtion.of the first 20 conductor; e)
forning a fegrositingiathi Iayqurp ﬁ@ﬁ%ﬁﬂ ggpcps(i%of@@gpncgférrogggp he

uncovered payéd 6 sHuld b éﬂférﬁfedrlﬁnhfédlé?téw %ﬁél‘ 1‘6Fm|nb)thcféi S &inhkeRginétidn I st

ferronagneti ¢ subst ance, least fil ng.t first via_opening;
pl anar i Abngoxidrelayestn, tVﬂ'?ﬁ\PUts%mOétﬂQ thip tWH@ 'ﬁb’\cﬂ%{t@“@‘? layge7@ta e i nterl ayer

di el ectric; at%sgher@eﬁ%sfbH tHin ﬁhr BER ﬁgtldnrﬁ)@dé ay&" 76j'aﬁ||ﬁ’t6ﬁﬁédiat(alrﬁ&lali i)

etching a second via opening the second interlayer dielectric in at
| east parti |aVerdhalghﬁﬁﬁDOwedwnﬂWél¢Zﬂdst ferromagnetic substance in the first

via opening, thus exposing a portion of the first ferromgnetic substance;
j) forming a sedostep$lt therassitant sudeceis pianadeed to/lbe sydfase atthpeast the

t f f
por 160, OF il i BTN bt 0 oA ), e 0o <
200205929 18 ple)'fophemhy deposifingreesecend Inataltlayarr StereS90 ist pasfosmed Hye of t he
dinter] di ' d
SR B R N e T R e
al i gnnment wattlbadtipartial aligrpesrit mdthfthé Mad)p&ninb 65Hthatowasofiittd with the second

ferromagnetic layer in step S$60.

Up to this point, the method embodiment of FIG. 8 fabricates a single
25 memory cell or, more practically, a memory comprising an array of memory cells
(i.e., a single memory layer). All memory cells of the array are fabricated
simultaneously. If additional memory layers are to be fabricated, a second
interlayer dielectric (ILD) layer is deposited in step $100 and planarized if
necessary to provide the substrate for the next memory layer, and the process
30 is repeated (step $110) from step $20 as many times as needed to produce a
stack having the desired number of layers. In repeating steps $20 through S90,

row and column conductor lines may be alternated for each successive memory



5 ferromagneti c substance. 8. The nethod of claim7, wherein the step f) of
depositing a first ferromagnetic substance is perfornmed i medi ately after
step e) of formng a first thin tunneljunction oxide |ayer, wthout
exposi ng t h@odgssspt thin tunnel -junctiom oxide |layer to 10 the atnosphere.

9. The nethod of claim7, wherein the step k) of depositing a second
ferromagneti c substance is perfornmed imediately after step j) of formng a
second thin tunnel -junction oxide | ayer, w thout exposing the second thin
tunnel 15 junction oxide layer to the atnosphere. 10. A nethod for

fabri cati ngager/and theaebnd Riged Yayaauf the 1492 Wer6hy Vel proviies dithérow drnes,  the
nmet hod conprising the steps of: @grform ng steps a) fhrough m of the

met hod of GUHTR fgnqt{?tqrdlpﬁii forghe t mEmery eyve qsaﬁ}PFOF)r!aEﬁt)eatl ng steps b)
through 1), alternating row and col um conductor |ines for each successive

menory | ayer; ahcFesdmagnetiadaver 410 iptojgringludeds optionsl aiePR2518yer of the | ast

menory | evelerforhigd ﬁbae;sd%ﬁ tlHa%SézyéF'eSﬂhlléFQnﬁl Hﬁt‘i-f&rro%é@h'eﬂ@%yépm@fs t6 UM
conductor lines for the |ast | evel mul tilayer nmenory nade

by the netHBgludad. Optipnal siepcH267i performa eiapos H}aé&éleblekﬂu the madhgst i sing the

nul tilayer émtBE{ﬁMeﬁtflllt‘fdtl%'téB é;lFlcﬁQs beth tehd S5 PEL6 afd pé&rfbrine@ONPri sing the
mul tilayer nmenory of claiml 200205989 17 14. A substrate carrying

m cr oel ect rkgfveen e@ﬁ@ﬁﬂguaﬂg Q:We mul tilayer nmenory of claimi11l. 15. An
el ectronic device conprising the multilayer nmenory of 5 claim1l. 16. A
nenory cel | conp¥igiegiptedponiral glemani may big)made by rming ayfunnglidnctiinsposed on

the SUDSt " aichirol ABmbh 74 i/EP¥g pbANG 30818 phoihy Slp¥bg @ Torm a Tirst

met al conduct or; first gfget I C over the first
met al cé@ndlﬂﬁp@s'tmm@nvng laadretehing t@rromdemlever&p dospred to the first

fe”omagnetrh&th é‘yﬁecoﬁiﬁ ﬁteR%f’eP%‘ieléé?ﬁce L@%ugrdggﬁiﬁgcé er?%ereﬂ?Peﬁn

i nterl ayer ectric having a via o I ng ougﬁ, the via
openi ng beiisfprateditereegh ther secaht JLRu(thg secortbriaopéning extendiag dewndd conduct or ;

e) a tunnel nof th f|r1 netic
Payer v ¢ nithe HRREMsRd] g p Ry hf SCorB B) s Pl ffetion didelfie g ¢ he

?/I a openi ngs &nmebljm mer@cbhevtawpeadlngl Wﬂhﬁﬂgnnﬂ@ur&iﬁolbxmesammhmt al
ayer, tter or,m econ tal con

LY e 6 Bibed Py oG BE AT et her € o bE issredl ot B i B8l 1 Lyer

wher eby themétecm@lr mémbuwdu@tm tunBeljaHEt oRthxide |taV@r rﬁ@,ﬁs@fbrﬁ@arb@rmgnet ic
| ayer. (19;‘@ lS’LE"t m?r sin @%asubstrate a first netal

| ayer d| sp BS'BHQ ?H %’B@ wsﬁmet%,l:ﬁ %?%qth?ra%}‘éfn%@?ﬁbetﬁ%q't erned to

forma firshe i &lnnePjflBsdrosxidelayéer rﬁh@ﬂélformemdy de(’sbb&'tlh@.‘éﬁtﬁlnd' electric

(ILD), the first interlayer dieleéectric havi ng first via opening

ext endi ng tiRefaediateuyetal iamer and-exidizing theslbin intgrvediate metal axsk.

20 FIG. 9 is a flow chart illustrating a second embodiment of a method for
fabricating a memory, performed in accordance with the invention. As shown in
FIG. 9, this method embodiment includes step $210 of providing a suitable
substrate. Step $220 consists of depositing a first metal layer and patterning
and etching a first metal conductor (column conductor line 40). In step $230, a

25 first interlayer dielectric (ILD) 35 is deposited. In step $240, a first via opening
65 is patterned and formed in at least partial alignment with the first metal
conductor (column conductor line 40), by etching through first interlayer
dielectric 35, uncovering a portion of the first metal conductor layer (column
conductor line 40), but not etching through the first metal conductor layer. In

30 step $250, a first thin tunnel-junction oxide layer 140 is formed over at least the
portion of the first metal conductor that was uncovered in step $240.
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second ILD, thus exposing a portion of the first ferromagnetic substance 80. In

step $300, a second thin tunnel-junction oxide layer 70 is formed over at least
20 the portion of the first ferromagnetic substance exposed in step $290. The

second thin tunnel-junction oxide layer 70 may be formed by oxidizing first

ferromagnetic substance 80, e.g., by thermal oxidation. Alternatively, second

thin tunnel-junction oxide layer 70 may be formed by depositing a thin

intermediate metal layer and oxidizing the thin intermediate metal layer or by
25 depositing a thin oxide upon first ferromagnetic substance 80.

A second ferromagnetic substance 60 is deposited, at least filling the
second via opening (step $310). The resultant surface is planarized to the
surface of second interlayer dielectric (ILD) 35 (step $320). Again, this
planarization may be accomplished by conventional chemical-mechanical

30 polishing (CMP).

A second metal layer is deposited (step $330), patterned, and etched

(step $340) to provide second metal conductor lines (row conductors 30) in at
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5 of the invention as defined by the following claims. For example, the order of
process steps may be varied and configurations other than those shown in the
drawings may be used. The order of layers in a memory cell may be reversed,
for instance, to form a structure that is “upside down” relative to the
embodiments illustrated. For another example, a hard magnet or a synthetic
10 antiferromagnet may be used instead of the AF pinning layer. The AF pinning
layer may be placed near the top of the stack instead of the bottom of the stack,
whereby the top ferromagnetic layer is the pinned layer and the bottom
ferromagnetic layer is the sense layer. The base material of the tunnel barrier is
not limited to the materials described above. Other dielectrics and certain
15 semiconductor materials may be used for the insulating tunnel barrier. Although
the magnetic tunnel junctions have been described as SDT junctions, they are
not so limited. The magnetic tunnel junctions may be Josephson junctions, for

example.

20 What is claimed is:
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1. A method for fabricating a memory cell, the method comprising the steps of:
a) providing a substrate;
5 b) depositing a first metal layer, and patterning and etching a first metal

conductor;
c) depositing, patterning, and etching a first ferromagnetic layer,
d) depositing an interlayer dielectric (ILD);
e) etching a via opening through the interlayer dielectric in at least partial

10 alignment with the first metal conductor, uncovering a portion of the first
ferromagnetic layer;
f) forming a thin tunnel-junction oxide layer over at least the uncovered portion
of the first ferromagnetic layer;
g) depositing a second ferromagnetic layer, at least filling the via opening;

15 h) planarizing the resultant surface to the surface of the interlayer dielectric; and
i) depositing a second metal layer, and patterning and etching a second metal
conductor in at least partial alignment with the via opening filled with the second

ferromagnetic layer.
20 2. A memory cell made by the method of claim 1.

3. The method of claim 1, wherein the step g) of depositing a second
ferromagnetic layer is performed immediately after step f) of forming a thin
tunnel-junction oxide layer, without exposing the thin tunnel-junction oxide layer

25 to the atmosphere.

4. A method for fabricating a multilayer memory having row and column

conductor lines, the method comprising the steps of:

performing steps a) through i) of the method of claim 1 to form a first memory
30 layer,;

repeating steps b) through h), alternating row and column conductor lines for

each successive memory layer; and
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memory level.

5 5. The method of claim 1, further comprising the step of forming an integrated

control element.

6. The method of claim 5, wherein the step of forming an integrated control
element is performed by forming a tunnel-junction control elementin a via
10 opening before performing step c) of depositing, patterning, and etching a first

ferromagnetic layer.

7. A method for fabricating a memory cell, the method comprising the steps of:
a) providing a substrate,
15  b) depositing a first metal layer, and patterning and etching a first metal
conductor;
c) depositing a first interlayer dielectric (ILD),
d) etching a first via opening through the first interlayer dielectric in at least
partial alignment with the first metal conductor, uncovering a portion of the first
20 metal conductor;
e) forming a first thin tunnel-junction oxide layer over at least the uncovered
portion of the first metal conductor;
f) depositing a first ferromagnetic substance, at least filling the first via opening;
g) planarizing the resultant surface to the surface of the first interlayer dielectric;
25 h) depositing a second interlayer dielectric (ILD);
i) etching a second via opening through the second interlayer dielectric in at
least partial alignment with the first ferromagnetic substance in the first via
opening, thus exposing a portion of the first ferromagnetic substance;
j) forming a second thin tunnel-junction oxide layer over at least the portion of
30 the first ferromagnetic substance exposed,;
k) depositing a second ferromagnetic substance, at least filling the second via
opening;
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1) planarizing the resultant surface to the surface of the second interlayer
dielectric; and
m) depositing a second metal layer, and patterning and etching a second metal
conductor in at least partial alignment with the via opening filled with the second

5 ferromagnetic substance.

8. The method of claim 7, wherein the step f) of depositing a first ferromagnetic

substance is performed immediately after step e) of forming a first thin tunnel-

junction oxide layer, without exposing the first thin tunnel-junction oxide layer to
10 the atmosphere.

9. The method of claim 7, wherein the step k) of depositing a second

ferromagnetic substance is performed immediately after step j) of forming a

second thin tunnel-junction oxide layer, without exposing the second thin tunnel-
15 junction oxide layer to the atmosphere.

10. A method for fabricating a multilayer memory having row and column

conductor lines, the method comprising the steps of:

performing steps a) through m) of the method of claim 12 to form a first memory
20 layer;

repeating steps b) through 1), alternating row and column conductor lines for

each successive memory layer; and

performing step m) for the second metal layer of the last memory level, whereby

the last metal conductor provides row or column conductor lines for the last

25 memory level.
11. A multilayer memory made by the method of claims 4 or 10.
12. A mass storage device comprising the multilayer memory of claim 11.

30

13. An integrated circuit comprising the multilayer memory of claim 11.
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14. A substrate carrying microelectronics comprising the multilayer memory of

claim 11.

15. An electronic device comprising the multilayer memory of

5 claim 11.

16. A memory cell comprising:
a) a substrate;
b) a first metal layer disposed on the substrate, the first metal layer being
10 patterned to form a first metal conductor;
c) a first ferromagnetic layer disposed over the first metal conductor, whereby
the first metal conductor is coupled to the first ferromagnetic layer;
d) a planar interlayer dielectric (ILD), the interlayer dielectric having a via
opening extending therethrough, the via opening being at least partially aligned
15 with the first metal conductor;
e) a tunnel junction over at least a portion of the first ferromagnetic layer within
the via opening;
f) a second ferromagnetic layer filling the via opening and burying the tunnel
junction; and
20 g)a second metal layer, patterned to form a second metal conductor at least
partially aligned with the via opening filled with the second ferromagnetic layer,
whereby the second metal conductor is coupled to the second ferromagnetic
layer.

25 17. A memory cell comprising:
a) a substrate;
b) a first metal layer disposed on the substrate, the first metal layer being
patterned to form a first metal conductor;,
c) a planar first interlayer dielectric (ILD), the first interlayer dielectric having a
30 first via opening extending therethrough, the first via opening being at least
partially aligned with the first metal conductor;
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e) a first ferromagnetic layer filling the first via opening and burying the tunnel
junction;

5 f)a planar second interlayer dielectric (ILD), the second interlayer dielectric
having a second via opening extending therethrough, the second via opening
being at least partially aligned with the first via opening filled with the first
ferromagnetic layer;

e) a second tunnel junction over at least a portion of the first ferromagnetic layer
10 within the second via opening;
f) a second ferromagnetic layer filling the second via opening and burying the
second tunnel junction; and
g) a second metal layer, patterned to form a second metal conductor in at least
partial alignment with the second via opening filled with the second
15 ferromagnetic layer, whereby the second metal conductor is coupled to the

second ferromagnetic layer.

18. A magnetic tunnel-junction memory cell comprising in combination:
a) means for storing a bit of information in a magnetic layer,

20 b) tunnel-junction means for switching the bit of information, the tunnel-junction
means for switching being coupled with the means for storing and being buried
under the means for storing; and

c¢) means for controlling the tunnel-junction means for switching.

25 19. A method of using a memory cell of the type having a magnetic storage
element and a tunnel-junction sensing element in a cross-point memory
structure of the type having a column line and a row line, the method comprising
the steps of:

a) coupling a first line of the row and column lines to a magnetic material

30 disposed to form the storage element of each memory cell;
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5 magnetic material at a selected row-column combination.

20. The method of claim 19, further comprising the step of:

controlling a second buried tunnel junction under a second magnetic material
and thereby forming an integrated control element, to selectively switch the
10 state of the magnetic material at a selected row-column combination.



