;\] e3eHE| " @ m\ AN 2003 FABRI CATI NG AN MIJ W TH LOW AREAL RESI STANCE
Fleld of tH ‘WWNWK, on 5 The present invention pertains to nethods of

- fabricating nagpghes esi stive tunneling junctions for nmenory cells and nore

specifically to nethods of manufacturing magnet oresi stive tunneling

junctions with 10 | ow areal resistance. $ac ground of the N %%ﬁt586315 A
magneti ¢ random access nenory (MRAM is a nonvol atil e nenory i C

basically includes a giant nagnetore3|strwe (CAEO material or magnetic
‘tunnel i ng junction MIJ) structure, ) in and_a word line. The MRAM
enpl oys the nagnetl A;%yQCﬁ%t%W% Wﬁﬁﬁr9050A§F5Pe§ES$§§ﬁ§QQ:vectors in
one or all of the layers of GVR material or MIJ are switched very quickly
fromone direction to an opposite direction when a magnetic field is A
applied to the GVR material or MIJ over a certain threshold. According to
the direction of the nmagnetic 25 vectors in the GWR material or MIJ, states

are stored, for exanple, one qi%éfﬁLﬁﬁrﬁﬁE_§§¥§5E+%id as a logic "0", and
anot her direction can be defined as a ogl C : e GVR material or MIJ
mai ntai ng these states even without a i~mr~mad 3 JAN 2003 magnetic field

bei ng applied. The states stored in the GWR material or MIJ can be read by
passi ng a sense Cukl gitle skeitoygivdie el petbadnsepsemktnedbesguse of the

di fference between the resistances of the two states. 5 Magnetic tunneling
junction ( MERbrsitcragding enagmessitessisicivedetannkédsty dupatioofs rfegnetic

| ayers with a nonmagnetic, non-conducting tunnel |ayer sandw ched
therebetweememNmM1Q§k#ﬁnﬂSQKﬂQQﬁﬁﬁP%caﬁpFPééYbépmééﬁhPﬁé @& r of magnetic
| ayers, electrical carriers travel 10 between the pair magnet i c Iayers

by tunnel i ndAWIRFGR Y RAEDRIGNERS ESTAYR- EBH&&&PFﬁgJP&ﬁﬁﬁo‘%yEF

sandmﬁcgﬁ et ween t.he ma qitlc | ayers. The resistance to the sense current
is a.m (ﬁf%ﬁh&ﬁﬁﬂﬁ% F%°Sectors of the pair of magnetic |ayers are
anti-parallel and m ni mum when the

Background of the Invention

15 A magnetic random access mzcmory (MRAM) is a non-
volatile memory which basically includes a giant
magnetoresistive (GMR) material or magnetic tunneling
junction (MTJ) structure, a sense line, and a word line.
The MRAM employs the magnetic vectors to store memory

20 states. Magnetic vectors in one or all of the layers of
GMR material or MTJ are switched very quickly from one
direction to an opposite direction when a magnetic field
is applied to the GMR material or MTJ over a certain
threshold. According to the direction of the magnetic

25 vectors in the GMR material or MTJ, states are stored, for
example, one direction can be defined as a logic “0”, and
another direction can be defined as a logic “1”. The GMR

material or MTJ maintains these states even without a

[
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15 magnetic vectors of the pair of magnetic |ayers are parallel. The
differe: ~Ce between the maxi mum and m ni nrum resi stance is commonly referred
- to as the magnetoresistance (MR) ratio. Further, the m ninmum resistance of
the MIJ cell 20 (commonly referred to as the areal resistance) is

.determ ned by the construction and materials of the MIJ cekl ;.{] ggpky, in
an ideal MIJ cell the areal resistance would be very |low or zero and the
maxi mum r esi stance woul d be very high or infinite, simlar to an ideal

'switch. 25 Prior art attenpts. to reduce the _areal resistance include
deposi ti ng BRI OfEpRte BELAY NP bheehe TBReFtARERebierpdyéP BRE then

i dizi t | um I I . A bl ith thi
brocedur & | SHERBASAE The OF bR 008 SR AP HURRRAJEE FoS0BRBsFEEASRT

i nhol t to f ially Lf the,l i.s. thin. t | um i
O di z0d,  SGRE BT Bi HRGT eL”t SnkTBer BHAEnCERE BPoRic B eI eoF A e, M)
cel | when t e Speand qROpSLice Laver b8 Bndepasi Led.qq the al uni num oxi de

| ayer. To overcone the prn € probl em “one posSible solution is to deposit

the al ungnum | ayqja@het pW é@ﬂ@@mﬁgrﬁﬁn&@ipg- (ihe)t gRpaEALYEe oef ckiqui d
nitrogen) for reducing the size of "'the grains. Sone of the problenms with

this nethod iajgddatatt 1eA¥el ¥epall 6%t pAghee ikeativeg sand caoal ndg-cycl es,
takes a long tine, costs nore and hence is not a method which can be used

i n manuf act wrdagrget AccondhAgbydutt imgutdnhe lhilglyley adwnamtiapedus if MIJ cells
could be fabricated at roomtenperature wthout the 15 probl em of pinholes
and the |ikehdztebhgtuepor poWbeof at Benpreyeit aigey erst iagp Ltiedp berivéera iev and
i nproved nethod of fabricating MIJ cells with reduced areal resistance. It
i s anot her mﬁfipl’os@fomaghétaﬁegé!ﬁ?rismvéﬁteicéﬁlF@lZ@aGr@ﬁréeta?aw@vl/ and

i nproved nethod of fabricating MIJ cells with high quality barriers or
tunnel RlyerRetyWgenstiesPpif gﬁof“ﬁ@r“eﬁﬁtcp&éé(eﬁfs g’d’e%’r’@sed'rh”q MWeRiGh to

provide a new and in rove(g.mat hod of fabrti.cat itn MTJ cells w tcp hi hd
magnet or esi svyé%c%fj?a FEESR2571 €958 YHEHET SuFBsse oF tthe P¥ e"@‘ecﬁge
| nventi on t%&E&ééﬂecﬁe”%‘é{gﬁ%@ﬂcrﬁ%‘}\é‘%@ Metrhod rcgs]cjfsaélci’dqceatﬂonQM‘]seg‘g%% fer

with thinner and continuous netal layers for the formation of the

or tunnel |ay@frent3idAN 203 nfhn twheh Srid ImayddytdherediyfosE afhd hSair
present invention to provide a new and i nproved nmethod of fabricating MIJ

cel I s whi ch dbesagaktiequiaye rexX taaes iarne: ic-qa d aigl ealn da ok ai i mignumy e atige Whi ch
is easily adaptable 5 to manufacturing. Summary of the Invention
15 magnetic vectors of the pair of magnetic layers are
parallel. The difference between the maximum and minimum
resistance is commonly referred to as the
magnetoresistance (MR) ratio.
Further, the minimum resistance of the MTJ cell
20 (commonly referred to as the areal resistance) is
determined by the construction and materials of the MTJ
cell. Clearly, in an ideal MTJ cell the areal resistance
would be very low or zero and the maximum resistance would
be very high or infinite, similar to an ideal switch.
25 Prior art attempts to reduce the areal resistance include
depositing a layer of pure aluminum on the lower magnetic

layer and then oxidizing the aluminum layer in oxygen

plasma. A problem with this procedure is that as the



" 10 The above problens and others are at |least partially solved and the
above purposes and others are realized in a ne=hod of fabricating a
" magnetoresi stive tunnel junction including formng a continuous |ayer of
material on the surface of a first nagnetic |ayer, the |ayer of material 15
-including a dom nant material and traces of materials haviggagbogﬁ Ehat are
different fromthe atons of the dom nant material to produce PN 3whi ch
are snmaller than grains of the dom nant naterial al one. The conti nuous
Tayer of material is then aoxidjzed, nitridized, or sone 20 _conbi nation of
the two to PrUBGEET, LRYEEr 16f t i DenhRlefi BFNEnECaf8ERond magnet i c
| ayer is forned onlEPe.Ea z{ f__non-conductive n&ﬁeria&. 25 Bri.ef
Descri pti on®8PSERéE 5hdﬁné *RePHF ng° t o the dPFRWFRGs*TU™3RYANT 5003 5 FIG
1 through FlL.Gy 4,ate YRl idd %%ea:}?iﬁﬁé?%Qegeﬁﬁf:%hoggka!he%d' bl-ustrat i ng
accordancée w ep

various intermediaté structures | resent “invention. S

Tur ni g nowshg phe sy aulngerd .o cylh kenEhasachar fagherdesiggated i th

simlar nunbers throughout, 10 il Tustrates a structure |ncluging a

suppor tiqg a&%%%&@éaZH%§MHé1élﬁﬁiﬂ&%i§xia¥eia§érf0f@BdobEQE%%B-tﬂki!e _
supporting substrate 10 is illustrated as a single layer for sinplicity, it

w [l be undeistheqed Rrdbiese skid IpsssiblBesalticibat ist tonepdelitde he

addi tional layers for various 15 purposes, such as buffer |ayers,

i nsul ati ng elugdmductliawed aerinw etempeantduads sech .| ager s eape ratnsieder ed
as included in supporting substrate 10. Magnetic |layer 11 has an upper
surface 12 W dHdwid gradP N snbdr hradupdssi bhe fBdret R ddvoidins -of
further |ayers thereon. 20 Magnetic |ayer 11 is formed of any of the
various mat &9 L£f Frhenpiepiens ayers bRifafetinars artge 3 endn Iy alve sar t
and mﬁl£ not bhe described in great detail hergin. Wi | e thaéﬁa netic cel
or cel | 80 de S P HerRTH-HE 1T uSPPatBE Y s&cri Frditvi%e (- ime,
conveni ence,. Jd. Shoud 29, beopder stagd Lhak ke [HAWes LERLIENG A,
portion of a ce or an array of cells and each cel can be Tec angularly

shaped or ciffHl&der SALRE e or di anond shaped, or elliptical, if desired. As
is known in the 3 JAN 2003 6

Accordingly, it would be highly advantageous if MTJ

cells could be fabricated at room temperature without the
15 problem of pinholes and the like.

It is a purpose of the present invention to provide a
new and improved method o¢of fabricating MTJ cells with
reduced areal resistance.

It is another purpose of the present invention to

20 provide a new and improved method of fabricating MTJ cells
with high quality barriers or tunnel layers.

It is a still another purpose of the present
invention to provide a new and improved method of
fabricating MTJ cells with high magnetoresistance ratios.

25 It is a further purpose of the present invention to
provide a new and improved method of fabricating MTJ cells
with thinner and continuous metal layers for the formation

of the barrier or tunnel lavyer.



“art, cells that are rectangul arly shaped have nmagneti zation vectors that
are positioned substantially along the length of the cell and naintained
“parallel to the length by the physical anisotropy. To achieve this, 5 the
width of the cell is forned to be snmaller than the width of the magnetic
-domain walls or transition width within the magnetic Iayer% Jg&pz%%gly,
widths of less than 1.0 to 1.2 mcrons result in such a constraint.
Generally, to achieve high density the width is | ess than 10 one mcron and
is as small as c y uf cturln t ech oI y, and the length is
greater than t'~e Enﬂ?hSt%}g n? Eaﬁ§s§B§ gfet R gnQFléq Wyers, e.c;

| ayer 11, are gg oxl tel¥8three to ten Q@noneters an dlfferent

for each nagh%Y fgye °i R e RO mERLs *TEE OTiRE i nce n
thi cknesses @L%??Ea&?ﬁ SM%tCQb@%ﬁp%hHE% %%%sa%%tukk'uélené$ﬂégﬁ§aéérUCt“res

for readi ng an MKItIn the aspect Trat w dth) of a
singl e magneths LaYChnkSnEbRS Aol QyANRs SN AR Pl iRl albomipr e of
di anond shaped, or elliptical sShaped cells, the smntchlng el d from shape
ani sotrogy isomnAhdgBcthRrihge case of circularly shaped ceIIs for exanpl e,
the preferred magnetization direction is determ ned by uni axi al crystal
field anisotropy (or magnetic crystalline 25 anisotropy). This preferred
magneti zation direction is set during filmdeposition by a bias field or by
annealing the filmafter deposition in a high magnetic field (e. g. several
kOe) at el evated tenperatures (e.qg. 200C to 3 JAN 2003 7 300C). In the
case of a square or di anond shagElas Sl Boveneiomi axi al cryst al

ani sotropy is set along a dlagonal dlrectlon of the square. In the case of
an elllptlcally shaped cell, the uniaxial crystal anisotropy 5 is set along

he | d i .
\tmieCho(r:lgr%“ Eut es P‘ ﬁ@vﬁ §§°bﬁa gsqltﬁn(raagc?l ﬁscg%grgftlzgetuassetats gﬁ% ggltl

wi dt hs, and il i RS t Y. t e e
e R A A

2, a continugushoay s ki d@tialg 'é;ﬁé&ﬂ%ﬂbﬁ&bfﬁ%f@%*tdéh@i fageetba | ayer

11 For purposes of this dlsclosure the term"continuous" refers to a | ayer

of material whicdudihpEFvradintLldpreoxiensi veyat tdf mepnetisl | ayethdél and

whi ch does not include any 15 pinholes or the like. ~. a~er 15 includes a

dom nant surface of a first magnetic layer, the layer of material

15 including a dominant material and traces of materials
having atoms that are different from the atoms of the
dominant material to produce grains which are smaller than
grains of the dominant material alone. The continuous
layer of material is then oxidized, nitridized, or some

20 combination of the two to produce a layer of non-
conductive material and a second magnetic layer is formed

on the layer of non-conductive material.

25 Bri i ion rawi

Referring to the drawings:



"material or elenent, which caa be easily oxidized, nitridized, or sone
conbi nati on of the two, and traces of one or nore other materials or
“elenments having atons that are different fromthe atons of the dom nant
metal. 20 CGenerally, the anmobunt of the dom nant elenent will be greater
than 90% i ncluding only an anount sufficient to produce grgggﬁmggobgyer 15
which are smaller than grains of the dom nant el enent alon t

produce a continuous |layer. In a preferred enbodi nent, the doninant 25

‘el enent is alum an C terials_c be.any _or f , Si

Ta, Ti, or the Iﬂtﬂ%‘lﬂ %ﬁgoéégc?¥€g ?e%ﬁni%ﬂggﬁlgéggngﬁp %é#g?ggﬁﬁ a trace

netal or metals, g, deposiLed) oL UULLANOUSLY; 50535 ne ArlANa2Q03 8 Lo arrive

at a mxture results Int ma gralins an the conti nuous
layer. In a secopd,teehDhadecos88H-BB BFhathdSpdeRasitt ad@nr3Wnf ace 12 of
magnetic |layer 11 by any convenient nmethod. The seed material may or may 5
not be a continuous |ayer. The dom nant material is then forned with the
use of the seed material, the presence of the seed naterial insuring a
substantisal | y t hi nner continuous |ayer of the dom nant material. In a
preferred enbodi nent, the seed material includes one or nore of Cu, 10 Si,
Ta, Ti, or the like andesbeigbibnao e cPrafed luBeboalientum | n either
of the abo~~e techni ques, layer 15 is continuous with no pinholes or the
like and with a thickness in a range of approximately 0.3 nmto 3 nmand 15
preferably approximat~: 1~ 1.5 nm It has been found, far exanple, that the

mi ni mum t hi cknessTBFM&N8oRPFNGOuS Sl BRPHERPFadBr Wis Fort o fi@HiF L tial ity
barrier layer is approximatel.y.1.5 n wi th thinner_ continuo | um num

| ayers resul?Fﬁng%lgnF %ﬁ%3&¥ﬁRsﬁ5f£éF PBWE&&P,#%%%&? %g?aﬁéég ere a
dom nant ternhal r. th | i num.i , At i %891- S
Iaygr_pdgg?b?ngEF %E?Sa%rggﬁéfﬁgk%ighfggﬂaggrgtgguﬁgyﬂggﬁ%i é?%ﬁ%egThe
addi tion of agt{ace MALEGHAR i 13l WA IYMeaRA $Od. QUK. | tim 4 unnel i ng
energy barrier and, hence, |lower the resistance 25 of the MIJ. Once

conti nuous | ayekbol? iing isuH¥tace.e A rieatiilngsstre ds Perd osimgh d ol pyeduce a
barrier or tunnel layer 16, as illustrated in FIG 3, of treated

non- conduct i fernatiewpldlcity, it will be understood by those skilled in

the art that it may include additional layers for various

15 purpcses, such as buffer layers, insulating or conducting
layers, etc., and all such layers are considered as
included in supporting substrate 10. Magnetic layer 11
has an upper surface 12 which is formed as smooth as
possible for the depecsition of further layers thereon.

20 Magnetic layer 11 is formed of any of the various
materials, or multiple layers of materials, well known in
the art and will not be described in great detail herein.

While the magnetic cell or cells described herein are
illustrated in sectional views for convenience, it should

25 Dbe understood that the figures represent a portion of a
cell or an array of cells and each cell can be

rectangularly shaped or circular, square or diamond

shaped, or elliptical, if desired. As is known in the



" 3 JAN 2003 9 The treatnment may include, for exanple, plasma oxidation,
nitridation, or both. Generally, continuous |ayer 15 can be made very thin
while still maintaining its integrity, which results in a very thin barrier
or tunnel layer 16 5 and, consequently, a substantially reduced areal
resi stance. Further, the fact that |layer 15 is continuous %u%%@%biogl |y
inproves the quality an reliability of barrier or tunnel |ayer 1
Referring to FIG 4, a magnetic |layer 18 és deposited 10 over barrier or
tunnel layer 16 and any el ectrical connectiogns, passivation, etc. (not
shown) are peFfordbls ChrtodER ReEbAPPELAredl IShepeshdyadie an array of
cells. Gbnera%%%, t he thicknesses

o

of magnetic layer 18 is approxi mptely
three to ten® ?&ﬁ%ﬁ%?%ﬂﬁ?%%@rﬁetBFFfgF@nPoﬁgqﬂﬁﬂ?qns%Qﬁﬁ) ?ﬁ?gﬁy .
tic | 11 in dj  ffP di ts., As. |.ai ned ab th
i frerence | Lo ciheskteh ThetRagnetrc 1 sy By RIPHEAT i Shft bhf g
i nt d i) [ : f f t [ d
Witing the S0P LeASTF i oag Bn s e ot lr P ey S hba ¢

(Co) apprsoxi Rk el YadQ0orlr hdi 61§ 9¢8ekalrhed B A HaNG@ 10fe A0nd® 2080 |

| ayer 16 is formed of al um num oxide (A1203) approximately 25 ~ thick
(generally ipiathapgerpé mfgnéeid088maiancramagneds - dayeit dlén i ®idenmed of
ni ckel iron 25 (N Fe) approximately 100 $~ thick (generally in a range of
10~ to 2000 withencbrageaghet£si Shgeee .verTsusi ddial ¥ esiisdiemseecf ORERY i S
generally in a range of 10 o to 30 O . Thus, the state or nmagnetic cell 20
is relativel gheasil§ to31JANN2008n%0 resnded by Ppadsingeensengentur rent
therethrough from magnetic layer 11 to nmagnetic |ayer 18 (or vice versa).
The change ofepespslinceCi ACBeRVe2B o8 S@NIZLY dehee asidtehhdigéeFR ¥BRPage
drop across cell 20 which can 5 conveniently be used in conjunction with

2 \
menory art aySP&nB1FREN PRE. 1¥hES, SP I F IR OVRY et hoB2BP T RGHFFERS ng
MIJ cells w edyced areal si.stance .has. been discl osed. 10 .The new and
i mproved net Rﬁ%&%?%\??ﬁésagﬁet %er”lseé1 tﬁlonl}gofgﬁ\?ﬁt%%' E]ilasnwtg% Hf"& plqual ity

barriers or el chaverssand Wt bl ahdmanal o golsl ancegtathge, The new

and i nproved netho rovi rication thin conti’'nuous

metal |ayers Jfr@ar apbeokemnaRbilgN tofrdd@ Dadd efaddmf ety 2R8I mhgyse in MIJ
cells is easily adaptable to manufactLring processes. Wile we have shown

and descri bediififetiehitc ferbedicte Mayraft idhel present soMenetmbddifmentiser
nodi fi cations and i nprovenents will occur to those skilled 20 in the art.
We desirkSit The ldd ffedensteodd, thiakafessss tdBfechi shensentcbhnigs pedints
limted to the particular forns shown and we intend in the appended cl ai ns
to cover all arfﬂ@iaf’-’lecalttilé%epha‘tn ROt SHEPRr T ¢ F oAPENESEFEPHt 28Fd scope of

this invention., |,
writing cells.

When the aspect ratio (length to width) of a single
magnetic layer is cleose to one, such as for circular,

20 square or diamond shaped, or elliptical shaped cells, the
switching field from shape anisotropy is minimum. In the
case of circularly shaped cells, for example, the
preferred magnetization direction is determined by
uniaxial crystal field anisotropy (or magnetic crystalline

25 anisotropy). This preferred magnetization direction is
set during film deposition by a bias field or by annealing
the film after deposition in a high magnetic field (e.g.

several kOe) at elevated temperatures (e.g. 200°C to



25 3 JAN 2003 What is clained is: 11 1. A nethod of fabricating a

magnet oresi stive tunnel junction conprising the steps of: 5 providing a

" first magnetic layer of material with a surface; form ng a continuous |ayer
of material on the surface of the first nmagnetic |ayer, the |ayer of

-material including a dom nant material having atons and tr?c?§N02069
materials having atons that are different fromthe atons o e dom nant
material; treating the continuous |ayer o7 material to produce a |ayer
consi sting of treated non-conductive material; and formng a second
magnetic | ay200Yn + heln ayee ofses5ofr easadaFen-sorbiidant snare.i afor2. A
met hod of fabricating a magnetoresistive tunnel junction as clainmed in
claim1 where*aphe, sEBp BRLAFLAILNG TS do M RAECRByEF /T ndl @RF af

i ncl udi ng the donmi nant . 20 material includes formng a continuous |ayer of
al umi num diagonal direction of the square. 1In the case of an

elliptically shaped cell, the uniaxial crystal anisotropy
5 is set along the long axis of the cell. The main idea is
to minimize the shape effect, which contributes to the
rise in required switching fields at narrow cell widths,
and to utilize crystal field anisotropy to set the
preferred magnetization direction needed by a memory cell.

10 Referring now to FIG. 2, a continuocus layer 15 of
metal is formed on surface 12 of magnetic layer 11l. For
purposes of this disclosure the term "continuous" refers
to a layer of material which is approximately coextensive
with magnetic layer 11 and which does not include any

15 pinholes or the like. Layer 15 includes a dominant
material or element, which cain be easily oxidized,
nitridized, or some combination of the two, and traces of
one or more other materials or elements having atoms that
are different from the atoms of the dominant metal.

20 Generally, the amount of the dominant element will be
greater than 90% including only an amount sufficient to
produce grains in layer 15 which are smaller than grains
of the dominant element alone so as to produce a
continuous layer. In a preferred embodiment, the dominant

25 element is aluminum and the trace materials can be any or

all of Cu, Si, Ta, Ti, or the like.
In one specific technique a dominant metal and a

trace metal or metals are deposited simultaneously so as



3. A nethod of fabricating a magnetoresistive tunnel junction as clained in
claim2 wherein the step of formng the continuous |ayer of materi al
including traces of 25 materials includes form ng a continuous |ayer of
alumnumw th traces of one of Cu, Si, Ta, or Ti. 12 3 JAN 2003 4. A
mmet hod of fabricating a magnetoresistive tunnel junction as clained._in
claim1 wherein the step of form ng the continuous |ayer of3 rEE 03
i ncluding the dom nant material having atgons and traces of materials having
atons 5 that are different fromthe atons of the domi nant material includes
the steps ofodepssiei B énmiksundr frded ofesiha S iirsttheaggmilbet ayeaims seed
materi al having atons that are different fromthe atons of the dom nant
mat eri al an@dep&SEir nGRENEAGHTHONS dtvat-al 1oh & feadl Weglriarel10 5. A
nmet hod of fabricating,a nggpetoresistive tunnel junction as clained in

tép

claim 1 wheP8FHA PRES BT HTFD IR BHREARPOUSL |Gy dha B it ef REPT

i ncl ud i di zj i tridizi mbi nat.i on, t f. 15 6. A
ot hod of 1 abr PYatr G CEVEIA b AT ve (A il T Eorr Y <P R EKe

steps ofg proyi di.ng %ofnitri%hoof@&rﬁ}'ecr.' e Uo %(é Pa vt i, 2 f#[\éeﬁ‘gﬁ; 20

form ng Ta conti nuous Tayer al'um num al [oy on e surface of I'rst

magnetic | axrfsemwdt @ignt RIFKNESS d Bhd AWy Hade AREO ShdML0ENLEYSE O

al umi num al oy 1 ncluding greater than 90~ al um num havi ng atons and traces

of material snhhagieR@ #H018 ithati e thd feramsd4om 20 § henahgas of the
al um numto produce grains which are smaller than grains of the al um num

al one; oxi depnAd nufee sC Ao disy edominattimater bdl 0y 10 prpdeceractayer
of non-conductive oxidized alum num al |l oy; and 3 JAN 2003

embodiment, the seed material includes one or more of Cu,

10 Si, Ta, Ti, or the like and the dominant material includes
aluminum.

In either of the above techniques, layer 15 is

continuous with no pinholes or the like and with a
thickness in a range of approximately 0.3 nm to 3 nm and

15 preferably approximately 1.5 nm. It has been found, for
example, that the minimum tihickness of a continuous
aluminum layer 15 for producing a quality barrier layer is
approximately 1.5 nm, with thinner continuous aluminum
layers resulting in a reduced MR ratio. However, in

20 instances where a dominant material other than aluminum is
used, the thinnest continuous layer possible without a
reduction in the MR ratio may be different. The addition
of a trace material in aluminum can also lower its
tunneling energy barrier and, hence, lower the resistance

25 of the MTJ.

Once continuous layer 15 is in place, a treating step

is performed to produce a barrier or tunnel layer 16, as

illustrated in FIG. 3, of treated non-~conductive material.



~ 13 formng a second nagnetic |ayer on the |ayer of oxidized alﬁninun1alloy.
7. A nethod of fabricating a magnetoresistive tunnel 5 junction as clained

“in claim6 wherein the step of formng the continuous |ayer of netal
including traces of materials includes formng a continuous | ayer of
alumnumw th traces of one of Cu, Si, Ta, or Ti. 10 8. A nethod of
fabricating a nagnetoresistive tunnel junction as clained i i

wherein the step of fornming the continuoud |ayer of netal includes forning

Fanr | car ng A0RagnBPoEaRa e TS R el G Fhaned TEIER 8
wh [ h .en..of. f. ' ' I f, | di
fom nant | ovi BESRETETHRPAl Haltnd: ot G S v A st nf, LAY LTORRs,

that are difber il LRt i @l o of dhe POl zable el alniggludes the

steps of depositing on e surface of I'rst magnetic |ayer

material havigg & e fihal 8 & didferedin fgom ide Gt a1 theyexi diszabl e
nmetal and depositing the dom nant oxidi zable netal on the seed material 25

10. A magnet @RS Hidneduaialy j Wt £ 1S} ndidicdd reteamgnetic | ayer
of material with a surface 3 JAN 2003 14 a continuous | ayer of one of a
non- conduct i wesitedtadnce. Further, the fact that layer 15 is continuous
substantially improves the quality an reliability of
barrier or tunnel layer 16.
Referring to FIG. 4, a magnetic layer 18 is deposited
10 over barrier or tunnel layer 16 and any electrical
connections, passivation, etc. (not shown) are performed
to provide a complete cell 20 and/or an array of cells.
Generally, the thicknesses of magnetic layer 18 is
approximately three to ten nanometers and may be different
15 than or the same as magnetic layer 11 in different
embodiments. As explained above, the difference in
thicknesses of the magnetic layers affect the switching
points and are utilized in some structures for the
functions of reading and writing the cells.
20 In a specific example, layer 11 is formed of cobalt
(Co) approximately 100 A thick (generally in a range of
10A to 200A), layer 16 is formed of aluminum oxide (Alz03)
approximately 25 A thick (generally in a range of 10A to
100A), and magnetic layer 18 is formed of nickel iron
25 (NiFe) approximately 100 A thick (generally in a range of
10A to 200A). The change of resistance versus the

resistance (AR/R) is generally in a range of 10% to 30%.

Thus, the state of magnetic cell 20 is relatively easily
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cells with reduced areal resistance has been disclosed.
10 The new and improved method provides the fabrication of
MTJ cells with high quality barriers or tunnel layers and
with high magnetoresistance ratios. The new and improved
method provides for the fabrication of thinner and
continuous metal layers for the formation of the barrier
15 or tuanel layer in MTJ cells is easily adaptable to
manufacturing processes.
While we have shown and described specific
embodiments of the present invention, further
modifications and improvements will oc¢cur to those skilled
20 in the art. We desire it to be understood, therefore, that
this invention is not limited to the particular forms
shown and we intend in the appended claims to cover all
modifications that do not depart from the spirit and scope
of this invention.

25
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1. A method of fabricating a magnetoresistive tunnel
junction comprising the steps of:
5 providing a first magnetic layer of material with a
surface;
forming a continuous layer of material on the surface
of the first magnetic layer, the layer of material
including a dominant material having atoms and traces of
10 materials having atoms that are different from the atoms
of the dominant material;
treating the continuous layer of material to produce
a layer consisting of treated non-conductive material; and
forming a second magnetic layer on the layer of

15 treated non-conductive material.

2. A method of fabricating a magnetoresistive tunnel
junction as claimed in claim 1 wherein the step of forming
the continuous layer of material including the dominant

20 material includes forming a continuous layer of aluminum.

3. A method of fabricating a magnetoresistive tunnel
junction as claimed in claim 2 wherein the step of forming
the continuous layer of material including traces of

25 materials includes forming a continuous layer of aluminum

with traces of one of Cu, Si, Ta, or Ti.
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different from the atoms of the dominant material and

depositing the dominant material on the seed material

10
5. A method of fabricating a magnetoresistive tunnel
junction as claimed in claim 1 wherein the step of
treating the continuous layer of material includes one of
oxidizing, nitridizing, or a combination thereof.
15
6. A method of fabricating a magnetoresistive tunnel
junction comprising the steps of:
providing a first magnetic layer of material with a
surface;
20 forming a continuous layer of aluminum alloy on the

surface of the first magnetic layer with a thickness in a

range of 1 nm to 3 nm, the layer of aluminum alloy

including greater than 90% aluminum having atoms and

traces of materials having atoms that are different from
25 the atoms of the aluminum to produce grains which are

smaller than grains of the aluminum alone;

oxidizing the continuous layer of aluminum alloy to
produce a layer of non-conductive oxidized aluminum alloy;

and
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7. A method of fabricating a magnetoresistive tunnel

5 junction as claimed in claim 6 wherein the step of forming
the continuous layer of metal including traces of

materials includes forming a continuous layer of aluminum

with traces of one of Cu, Si, Ta, or Ti.

10 8. A method of fabricating a magnetoresistive tunnel
junction as claimed in claim 6 wherein the step of forming
the continuous layer of metal includes forming the layer

with a thickness of approximately 1.5 nm.

15 9. A method of fabricating a magnetoresistive tunnel
junction as claimed in claim 6 wherein the step of forming
the continuous layer of metal including the dominant
oxidizable metal having atoms and traces of materials
having atoms that are different from the atoms of the

20 oxidizable metal includes the steps of depositing on the
surface of the first magnetic layer a seed material having
atoms that are different from the atoms of the oxidizable
metal and depositing the dominant oxidizable metal on the
seed material

25
10. A magnetoresistive tunnel junction comprising:

a first magnetic layer of material with a surface;
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5 materials having atoms that are different from the atoms
of the dominant metal; and
a second magnetic layer formed on the continuous

layer.



