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Field of the Invention The present invention pertains to nethods of

manuf 2WOWA7HG7hi gh density, non- volatile nagnetic nenBETASIHIA8INDr e
particularly to inproved nethods of fabricating nagnetoresistive random
access nenory (MRAM magnetic field programmng lines that include an
integrated flux concentrating |ayer;for providing shielding and reducing

bit swit.chi r OL.ou I i l1s in MRAM
devi et BEEARRE ATREEEHR N CENTRATRE L AT ER FORTRE Wl ony

carryi ng conductor. 'I&/Tpl cally two orthogonal conductors, one forned

under neat h t he M4FNETORENS WIER@‘\,N[R@WEP‘QQZES&ME@@HE& to as the digit
line, and one forned on top of the magnetic nenory bit, hereinafter
referred to as the bit line, are arranged in a cross point matrix to
provi de magnetic fields for bit programm ng. Generally, advanced

sem conductor processes use BRRPS thdBivahtidnnt erconnects. The preferred
nmet hod of formi ng the copper—Tnterconnects is by a danascene or inlaid
process. During the process of formng the device, a flux concentrating

| ayer has previously been utilized. The structure is generally fornmed by

first patterning and etching ~. ~ 3 AUG 2004 WD 01/71777 PCT/US01/ 08981 2
The present invention pertains to methods of manufacturing high density, non-

_ volatile magnetic memories and more particularly to improved methods of fabricating
magnetoresistive random access memory (MRAM) magnetic field programming lines
that include an integrated flux concentrating layer for providing shielding and reducing

bit switching current.

Background of the Invention

The memory cells in MRAM devices are programmed by the magnetic field
created from a current carrying conductor. Typically two orthogonal conductors, one
formed underneath the magnetic memory bit, hereinafter referred to as the digit line, and
one formed on top of the magnetic memory bit, hereinafier referred to as the bit line, are
arranged in a cross point matrix to provide magnetic fields for bit programming.
Generally, advanced semiconductor processes use copper metal interconnects. The
preferred method of forming the copper interconnects is by a damascene or inlaid
process. During the process of forming the device, a flux concentrating layer has

previously been utilized. The structure is generally formed by first patterning and etching



atrench in a dielectric layer, followed by the deposition of a'-"f_ig'%tUG 2004~
barrier layer, a flux ¢oncentrating |ayer, a secoind barrier |ayer, a

copper waw)/7smed | ayer, and finally a plated copper (Cypcd@osioses]he
barrier filnms are necessary for several reasons. The first barrier |ayer

acts as a diffusion barrier to fast diffusing elenments |ike copper (Cu),
and nickel iron (N Fe) alloys. This barrier is typically fornmed of.
materials such as tantalum (Ta), tahtalumnitride (TaN), tantalumsilicon
ni tride? freaghaiy aydiclgctnic javernfotiowed by thendepositivn of defirs{ HarNgr layer, at fiex
materials that act to inhibit grain boundary diffusion. This barrier film
nust  al @ocdratiog dhyet, iavseconthiearfi¢rlixyes on Copper eCi)ed RYEY, 2l Fnalhea Platéd hi gh
perneability and magnetically soft (low coercivity). Mgnetostriction nust
al 50 beops (CTHPayek.C b bhdeP Al Ee) f OFpet LSy Liux
concentrg in(g ?a;ygr. The secc;n@g %grnF?éesW??yn\%ggrtalsy%‘LsAng' gfqﬁfﬁbﬂgfgaﬁnﬁ%rri er
bet wee he .nickel..iro Ni Fe l.l.oy. and the copper (Cu). Ni ckel iron .
(Ni Fe) q%?f?%%x‘% asaﬁﬁlff%oa&@ T &%asfiﬁl?ﬁﬁg‘ﬂgfpef%’ﬁﬁi]ﬁ‘ﬁ,coel?eég@l‘iaén‘&"ﬁh@ﬁ&ﬁ ¢ dead
llayer in the high perneability material. This dead |ayer reduces the

ef f ect INVE® Allekhes This bamer fis Gipigadly nformed iof ynateride suchi as eatdalimg(Ta,s
effectiveness. This barrier material has to be conductive and should not
have atdntajimemisideTalNyitintalum siliddnsifirkie (TRSVND] ﬁiaﬂﬁmﬂf’ﬁﬁ titghib@ MM Ret he
copper (Cu) and the nickel iron (Ni Fe) alloy. Tantalum (Ta) based barriers
have SRS htd HaickiaWiat' 4% iHitit B OISR BH.CEA, s bifie? 981
barrier bgcause of th(aa1 in?:reasetltl progfa&il,]s?)ng ogrr@rugﬁlﬁt yﬂ{liﬁjgrg'ggn' barrier

mat er i 0 bal Co) or cobalt iron (CoFe) is a better mterial as it
acts a@‘luat{l)sélf%%r"%ﬁée"tv\ﬁ/‘een the nickel iron (Ni Fe) and the copper (Cu) and

has siml | i sh characteristics as nickel iron (N Fe) and copper (Cu):
The use of Px conceplyatipg layss must be ofya highmsymenbility and oragnesically eoft | ayer
al so adds to the perneability of the flux concentrating |ayer, but needs
to be dow spereivitihnMapeetestiiétisin imusd als¢ ke fey. The aickel iedn MiEe) alloys work

well for this flux concentrating Jayer. The second barrier film acts as a diffusion barrier

between the nickel iron (NiFe) alloy and the copper (Cu). Nickel iron (NiFe) alloys and

copper (Cu) intermix readily, creating a magnetic dead layer in the high permeability

material. This dead layer reduces the effective thickness of the high permeability

mate;rial reducing its effectiveness. This barrier material has to be conductive and should )

not have a higher selectivity to polishing chemistries used to remove the copper (Cu) and

the nickel iron (NiFe) alloy. Tantalum (Ta) based barriers have such selectivity and thus

are not ideal choices for the second barrier because of the increased processing

complexity. A second barrier material of cobalt (Co) or cobalt iron (CoFe) is a better

material as it acts as a barrier between the nickel iron (NiFe) and the copper (Cu) and has

similar polish characteristics as nickel iron (NiFe) and copper (Cu). The use of cobalt

(Co) or cobalt iron (CoFe) as a second barrier layer also adds to the permeability of the

flux concentrating layer, but needs to be thinner than the nickel iron (NiFe) because of the




3.AUG 2004 WO 01/ 71777 PCTIUSO /08981 3 higher coercivity. Further
information with respect to a magnetic device including a flux w 3 AUG 2004
concentrating |ayer can be found in U S. Patent No. 5,861,328, entitled

" METHOB @b1/7F74BRI CATI NG GVR DEVI CES", issued January 19pcC1/898/08e8si gned to
the sane assignee and incorporated herein by this reference. One problem
in the fabrication of MRAM devi ces such as those previously described, and
nore particularly nenory cells in general, is the interm xing at el evated
tenperatures of the cladding |ayer, 3[ypi cally nickel iron (N Fe) and the
copper highey coerotvitMcFarther inforahtion ivath, respbetitocenia@vis deviecimshidmzissiBusi ngl e or
dual inlaid copper (Cu) netal interconnects. To overcone these problens, a

techni geRcentrating RIS O BRUAORPELS. Katdnt Nd. 36861308 naflited ARMETROD @RPd on top
of the magnetic nenory bit that utilizes standard equi pnent set for inlaid

copper | ' ed. C atho -bi gh Llity

cl addi %A%Rﬁltcgéﬁﬁ(ﬁ]ﬂghg%owuﬁglgdés?%@egﬁ% ?a%fc?%n f}gﬂtﬁgr to\l/)mﬁfelrrg?ﬁ%:us t he
magneti c fl ux éovvard the bit. The cladding layer using flux concentrating
mat er i AFLVERGEAND INCQTROFAIEGRET P@éﬁ@ﬁf‘é‘%ﬁe?@nt by a factor of approximtely two
(2), as conpared to non-cladded lines. In addition, the cladding |ayer w Il
provi de shiQsedproblefrr omtlst fabyicaioneoh MRAMe ddvicesApusbr ali thgss praviawslyl d be
highly desirable to provide an inproved material stack for adding a flux

concenyestibed and\Rére (partRARAS mdrkdt)y RRSHS aRal] isnRSintdnith@aeeevdied net hod
for formng cladded inlaid copper (Cu) damascene lines which utilizes

st andagd , LAeD T8 the MUAAREORSSS Fpidatly hiber i5TRNIFED 28 thdCopperdERS COPPET
(Cu) dandscene |0 ne.

conductor. In addition, advanced CMOS processes use single or dual inlaid copper (Cu)

metal interconnects. To overcome these prbb]ems, a technique for cladding the copper

(Cu) lines formed underneath and on top of the magnetic memory bit that utilizes

standard equipment set for inlaid copper (Cu) processing is needed.

Incorporation of a high permeability cladding material on the outside faces of
each conductor will focus the magnetic flux toward the bit. The cladding layer using flux
concentrating materials wili reduce the program current by a factor of approximately two
(2), as compared to non-clad:c!ed lines. In addition, the cladding layer will provide
shielding from stray external fields. |

Accordingly it would be highly desirable to provide an improved material stack
for adding a flux concentrating layer to copper (Cu) damascene lines. Disclosed is a
metﬁod for forming cladded inlaid copper (Cu) damascene lines which utilizes standard
equipment and processes for the formation of the cladded copper (Cu) damascene line.

Therefore, it is a purpose of the present invention to provide a new and improved

method of fabricating magnetoresistive random access memories (MRAMs) containing

flux concentrating materials.




Therefore, it is a purpose of the present invention to provide a ggw @@dZUU#‘
i nproved nethod of fabnicating nmagnetoresistive random access ner r@‘

( MRAMG) wamayairmi ng  flux concentrating materials. 3 AU Gp@RAo1/0808y 01/ 71777
PCT/ US01/ 08981 4 It is another purpose of the present invention to provide
a new and i nproved nethod of fabricating nagnetoresistive random access
menori es (MRAMB) containing flux concentrating materials which includes a
techni que for cladding the bit line dh top of the magnetic menory bit as
wel | as the flabramgher gurmie af dhgiprestrtniavémiomad piovide aeadw ahbdmpi@gaet i c
menory bit, using standard inlaid processing equipnment. It is a further

pUr POS € nfhddN6F RbASAINE rhibAisREVE ?arﬂb&%&@ss%&ﬁ&ﬁ@é"mﬂ;/%gﬂqiﬁg hod - of

fabricating nmagnetoresistive random access nenori es

concent in terials.wth.inproyed structuyre r formng the cl added

[ os WPk eORsPBoe Raigrth WhighiiReI§0kS e Bioidhs drenddies the i eh 0BVE, d ¢ ne
bit for digit lines formed underneath the magnetic bit and downward toward
the bi tthegpagsetic memosy b esevellns the frboicationof andigit ding dotmiad urglemeathythof t he

I nventi on The above problens and others are at |east partially solved and

t he abomegnetic mpasay bitnasing haidardintaid pakéssing egiipmenet hod of fabricating
magneti c nenory devices in - which current carrying conductors are forned on

top of the NRGaatfuRhdPEsRbdse Vrtth@ PrbsetHGHRA Y | bit. The

nmet hod of fabricatingincl u?es ?@r r%e ng an ?nprpg{;/ﬁ%g?raq{tég ?'ﬁﬂ @E%%Ed by

addi ng r%etiul;wc'llxoic %r?c%ﬁga tr'narl] elo"f1 s?srtivteoratn gmcgg:%gsr rglec::lnjz)ries containing fiux
concentrating materials with improved structures for forming the cladded lines with )
barrier layers that focus the magnetic flux upward toward the bit for digit lines formed

underneath the magnetic bit and downward toward the bit for bit lines formed on top of

the magnetic bit.

Summary of the Invention

The above problems and others are at least partially solved and the above
purposes and others are realized in a method of fabricating magnetic memory devices in
which current carrying conductors are formed on top of the magnetic memory bit and
underneath the magnetic memory bit. The method of fabricating includes forming an
improved material stack by adding a flux concentrating layer to the copper (Cu)
damascene line. The structure inhibits diffusion beﬁveen the nickel iron (NiFe) flux
concentrating layer and the copper (Cu) bit line and adds to the permeability of the flux

concentrating layer and reduces manufacturing complexity.




damascene line. The structure inhibits diffusion between the nickel iron
(Ni Fe) flux concentratiing |ayer and the copper (Cu) bit |ine aad]ddil 2004
the perneability of the flux concentrating |layer and reduces manufacturing
conpl emig M/71ik77 3 AUG 2004 WO 01/ 71777 PCTI USOL/ 08981 5 pduusm@sdsabri cati on
of the bit line, the flux concentrating |l ayer is added on top of a copper
(Cu) danmascene line, using manufacturing techni ques consistent with copper
(Cu) damascene processes. The flux _concentrating layer is forned to cover
three (3) sides of the bit line for maxi mum ef fi ci ency. I n addition,

di scl osed i During falyicatien efithobit finethe 8nx cergentyating laxsn dreddsd ondep ef @i gi t

line, on an underneath side of the magnetic bit. The formation of the digit
| i ne i pspped 6Gu) daniddieng liag usifgmanathct@ingr teclinigiencnsisienadithegpperf(Cux
concentrating |ayer and barrier layers to the copper (Cu) damascene |ine.

Bri ef %&JCL.P& Eﬁ@eﬁgés ttlge M%Q&ﬁraﬁ@% Zﬁ\kfg} Rfohfed RCoEANRIS) STk GoF |

t hr oug are sinplrfi sect1 onal ustrating several steps in a
met hod of .fabricatin neti c menory -devices in accordance with the

pr esenth® WMTW‘"&E@&FWWW of the Preferred Enbodi nents Turning now to
the drawings, FIGS. 1 through 9 are sinplified sectional views .

i |1 ustrati nip addidomn|disslosgskisithe formation af afcusren caExing sgndusioteer 8 digihor y
devices in accordance with the present invention. Referring specifically °
t o Fl Qinel onidnl walereathdidesofahe magnetic bit. The formation of the digit line includes

forming an improved material stack by adding a flux concentrating layer and barrier

layers to the copper (Cu) damascene line.

Brief Description of the Drawings

Referring to the drawings:

FIGS. 1 through 9 are simplified sectional views illustrating several steps in a

method of fabricating magnetic memory devices in accordance with the present

invention.

Description of the Preferred Embodiments

Tumning now to the drawings, FIGS. 1 through 9 are simplified sectional views
illustrating several steps in a method of fabricating magnetic memory devices in
accordance with the present invention. Referring specifically to FI1G. 1, illustrated is a

first step in the fabrication of a magnetic random access memory (MRAM) device,



first step in the fabrication of a magnetic random access nenory (MRAM

device, WD 01/71777 1- 3 AUG 2004 PCT/USO /08981 6 includi ngﬁ-ﬁrs wh%

10. In wWaampeci fic enbodi nrent MRAM bit 10 is standard PMC?{}% ba
according to well known practices in the art. Wiile a stan arc} WMbit S
Il lustrated herein for convenience, it will be understood by those skilled:-

in the art that many ot her types of Gsem' conduct or devices coul d be

provi ded. uﬁl so, while a single MRAMbit is illustrated for convenience it
shoul d BEldmEc MRAM bt 10.1 dn thizspedific embodiorpt MRAM ity 1 bis stendaeds or
control/driver circuits around the periphery of an array of magnetic
menory MRAMnbly fosnédrnomading o t Welt knbWwip. prhctice§iGh UHE Brt2 WRIM aChasltsl | ayer
16 which connects MRAM bit 10 to a transistor (not shown). MRAM bit 10

ddi t i "y f t 12, . terial
addi U oumRAM bif B Gliulated 1R orl BRI RACET WRPEE Eﬁg{,rsétrﬁb%ﬁ‘ﬁg)ﬁe Skifledin = 2L

stack 13, and forned underneath contact ne
illustrate a

st ack d_.al so be . under st ood.t hat ile FIG. 1-9 .
met hodl‘é‘f’ ‘%E?%”ﬁ“@*yn%‘ﬁ?{evw of SPryGonAuCton devicss demer%%‘ﬂéﬁd- Al59, whileum
damascene processes, nore particularly, processes including two photo and

P
etch sts¥}gE MBAM bitis ilnsirated foreonyenienetit shoukt bemndetstodahat] for pramsiepy t hi s
di sclosure is a nmethod of form ng magnetic bit lines and digit |ines
utili ziargpmpleigheay dfidadesie cphwsiRiies cirduits Wil tﬂé‘ﬁerﬂflﬁ%ooiazﬁfjaﬂyc& step
with one plating or deposition step is involved. Accordingly, the

app! i ¢ aighericmeRdn B mafbe BIIAPARE! PREY AERALI, LSy dRRLAGERL G0 DOt

singl e and dual damascene processes. In addition, Tt s
t hat V\’thlic% é&ﬂe&g W b%tl JOU t%tzg 1:[.*::161'\si§tgle (nrgtatsng\gn)(.)fMlt-{%RE ib%talt()i Qc?digongillgl ine i- X
)
includes formed thereon an uppermost surface 12 a material stack 13, and formed
undemneath contact metal layer 16, an inlaid material stack 17. Tt should also be
understood that while FIGs. 1-9 illustrate a method of forming magnetic bit lines and
digit lines utilizing dual damascene processes, more particularly, processes including two
photo and etch steps, with one plating or deposition step, that anticipated by this
disclosure is a method of forming magnetic bit lines and digit lines utilizing single
damascene processes, in which one photo and etch step with one plating or deposition
step is involved. Accordingly, the applicants intend that the method described herein is
applicable to both single and dual damascene processes.  In addition, it should be
understood that while the drawings illustrate the method of fabricating a bit line in
physical contact with the magnetic memory bit, that it is anticipated by this disclosure to
form a bit line that is proximate, but not in physical contact, with the magnetic memory
bit.
Desired is an improved materia) stack for adding a flux concentrating layer to

copper (Cu) damascene lines formed in conjunction with MRAM bit 10. During



physi cal contact with the magnetic nenory bit, that it is anticiﬁated b
this disclosure to foryma bit line that is proximte, but notjei ﬂdlﬁ/s']ﬂéal
contact, with the magnetic nmenory bit. Desired is an inproved nateri al
stack M@ OHAdIhg a flux concentrating | ayer to copper ROYSHAEeHcene |ines
formed in conjunction with MRAM bit 10. During i H 3 AUG 2004 WO 01/ 71777
PCT/US01/08981 7 fabrication of a digit line, the structure is fornmed by
first patterning and etching atrench,in a dielectric layer 18, followed by

t he depositi.on of a.first barrier.layer 20_ a flux. conceptrating |ayer 22,
e oo onbriation of 2 Cikjting 4he Sricsin i5 fofeer b Bpd prigTine 500 COREATAT y - o

pl at ed copper (Cu) |ayer 27, together form ng a copper damascene |ine 28.
The finsta diplgeiricelay¢ral®rfoloweds by gherdepasition ofes dusit barsiemiayerl 20, kX as
tantalum (Ta), tantalumnitride (TaN), tantalumsilicon nitride (TaSi N),

or t he cbhdeitratClanet 223k seddhd IbayRf 1a2ér 243 afcoppaqCa) seed 19@b26,tand Empllyrat er i al
or a cobalt iron (CaFe) material and act as diffusion barriers to fast

di T usiNgael S Lj kgeC2RR i Qda'géif’& ' (11}1'53) Phd AP I ux
concent rrigzti?ng a3(e:rj %gei S ’ng%:é gﬁrg"ﬁ?gh B r neagk)gfﬁﬁey lgn 'magne%él?cal |y
soft (lLow coercpyit terial. Typically flux con trating Layer 22 is
ade obsHet Br 2y ihidmeR sl @ misigtor e e Brehh e bR au ey i ng
copper 'I(CU) damascene digit |line 28 and an interlayer 30 of a dielectric
mat er i §1aN)stagtaphin istlsan srinds (TadPds aothe likgr Sgeendibardergpyer 24 peforged afi '
dielectric material 18. MRAMbit 10 is next inserted on dielectric
I nt er | agekalidCo) Matdriapoif adbsbialt dioh ¢0oPd) neatéridl dndraet dsodiffasiowbartien te@fasor
proxi mate nmagnetic menory bit 10 (discussed presently), a first layer of a
y di el eclifhusingRichdrd 1ik@¥EPpeP Ch)S aA® RRREL #6h @NiFe) alloys. Flux concentrating
layer 22 is made of a high permeability and magnetically soft (low coercivity) material.
Typically flux concentrating layer 22 is made of nickel iron (NiFe). Next, plated copper
- 27 is polished forming copper (Cu) damascene digit line 28 and an interlayer 30 of a
dielectric material is deposited on an uppermost surface of digit line 28 and dielectric
material 18. MRAM bit 10 is next inserted on dielectric interlayer 30.
During fabrication of a bit line formed on top of or proximate magnetic memory
bit 10 (discussed presently), a first layer of a dielectric material layer 32 is deposited on
surface 31 of or proximate MRAM bit 10. For ease of discussion, the fabrication of a
copper (Cu) damascene bit line on a surface and in physical contact with the magnetic
memory bit will be discussed with reference to FIGs. 1-9. It should be understood that in
an alternative embodiment physical contact between the damascene bit line and magnetic
memory bit 10 is not required. Dielectric material layer 32 is typically formed of any
type of insulative material, such as a silicon oxide (SiQ,) or silicon nitride (SiN) material

that is formed on top surface 31 of MRAM device 10 in a standard deposition step

generally referred to as a cap layer. Dielectric material layer 32 is next planarized and will




surface 31 of or proximate MRAM bit 10. For ease of discussi on gh G 2002,
fabrication of a copper (Cu) danascene bit |line on a.surface d‘h H

physi ca¥0dévnt7act with the magnetic nenory bit will be @causesesdsni t h
reference to FIGs. 1A It should be understood that in an alternative
enbodi ment physical contact between the damascene bit |ine and magnetic
menory bit 10 is not requi red. Dielegtric material layer 32 is typically
formed of any i nsul ative material, such as a silicon oxide (SiQ

or sil B tpiferm ég (%ISRHSS%P'@N“&IW, thus allovingifer phygicahcangist S MRAM bit1 of NVRAM
device 10 in a standard deposition step generally referred to as a cap

| ayer . IO elteshibuldcberanderstedd thay ér a3 dlitérsathvexdémipldiment] ne phasidalvdontacBisU 2044 WO
01/ 71777 PCTIUSO /08981 8 serve to forma via (discussed presently), thus

a1 | O e RUSMRAM RN & abRAIY) ol Ui 1A Qikcd sypiigeghoo0 | hat

in an alternative enbodi nent, no physical contact IS nade b VRAM bi t

10 and I I I di

oton st SRR ki s T on 4 oY SRR SEBRSRPE ety . ™
material layer 32. Etch stop layer 34 is fornmed of a material that is

sel ect faysr ?% ﬁF‘ikoﬁt%’éY%fﬁ“)lS@awé of a paterial thapis selgetivg tonfluaring (Fpased34 may be

formed of a material that provides an endpoint signal for stopping the
et ch pchamsisgies,forsatéht stop dayet 34 neaydp fomesk ofed mbieriph thai plevides anlesdpofd et ch
selectivity is, for exanple, alum num oxide (ALQ or alumnumnitride (AN)

Wi th asighkll fok 8@PHink ﬂh@etbﬁl@ﬁﬁ:eﬁf AlQRaBreteterDbh Matebial B lolvideQRe Bésidelide (Si N)

or sili con oxynitrrde (SION) |ayer can be used to provide an end point
I f
350 SeiBEaRMG ib (6L 86 %II@ a‘ﬂIﬁ AR SE R infR sBAGECREO MR8 The

COpperﬂﬁc%%ssdi%rLaga%gg %f l?b& A to ?00 A, or a silicon nitride (SiN) or silicon oxyitride
(SiON) layer can be used to provide an end point signal.

A second dielectric layer 36 is deposited on an uppermost surface 35 of etch stop

layer 34. Dielectric layer 36 will serve to form the copper (Ci.l) damascene bit line

(discussed presently). Dielectric layer 36 is typically formed of any type of insulative

material, such as silicon oxide (Si0,) over silicon nitride (Si3Ny4), or a three layer stack
consisting of silicon oxide (Si0,) over etch stop layer 34, such as aluminum nitride

(AIN) or aluminum oxide (AlQ3), over silicon nitride (Si3Ny). In addition, dielectric

layer 36 should have properties relating to barriers for moisture and oxidation.

Referring now to FIG. 2, illustrated in simplified sectional view as seen through
line 2-2 of FIG. 1, is the next step in the fabrication of a MRAM device including a flux
concentrating layer. Dielectric layer 36 is patterned and etched to form a trench 38 for the

formation of the copper (Cu) damascene bit line. Dielectric layer 36 is etched utilizing




(discussed presently). Dielectric layer 36 is typically forned of any type
of insulative materialy such as silicon oxide (Si{2) over sili | th de
(Si3N4), or a three |ayer stack consisting of silicon oxide (éng;m&/?pbg
etch stwpol/aywer 34, such as aluminumnitride (AN or wtrptdiwgsaxi de
(A103), over silicon nitride (Si3N4). In addition, dielectric I|ayer 36
shoul d have properties relating to barriers for noisture and oxi dati on.
Referring nowto FIG 2, illustrated in sinplified sectional view as seen
through line 2-2 of FIG 1, is the hext step in the fabrication of a MRAM
devi ce standhddételyng tédhuiquesc sucbeast REE | Pigldctiye tayeiDB€ lie etched suchytbat iB6s i s
patterned and etched to forma trench 38 for the formation of the copper
(Cu) d%ff%)?é@gj«?eﬁhtstd 1B%r 31 WhiER b previbadl e Hes3AbédSis FoihtAhs @ithér Zbng of AUG 2004
WO 01/ 71777 PCTIUSO /08981 9 standard ‘etching techniques such as RIE.

Di el | - - 36. | . it b h |
a, i chouscE et s for BRI MEAIAL o b o, Gty 3 ol 87, "

material which is ngt anenable to etching, or iis sinply indicated by a
change Raterialihat stops 81"?%‘89“% do ap endpop deisctinnesigngl.g z?%’%lb‘?}&t‘?ﬂ inddGect i on
signal. As illustrated in FIG 3, a separate pattern and etch step is then
used t &, esemirate patiira andetel steRAdhon usetiOo cidaiesa viatdthtodyiBaAM dital X oFhis or trench
for the deposition-of a netal system (di scussed presently). Referring now

t 0 FI Getch crdales dSbmabeglerich £ tH® Héfosiidn SEE hieRid 8Ystath @iisduSsddFeRfy). Step in
the fabrication of a MRAM device including a flux concentrator. Mre
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illustrated, a metal system, generally referenced 29, is deposited and composed of several
layers. Initially, a first barrier layer 42 is deposited within trench 38 and via 40 formed
therein. First barrier layer 42 is formed of tantalum (Ta), tantalum nitride (TaN),
tantalum silicon nitride (TaSiN), or any other suitable material. First barrier layer 42 is
deposited using either physical vapor deposition (PVD) or ionized metal plasma (IMP)
techniques. As illustrated in FIG. 5, a seed layer 44 of copper (Cu) —is next deposited in
trench 38 and via 40 (as shown in FIG. 4) using either PVD, CVD, or IMP techniques.
Seed layer 44 of copper (Cu) if deposited by PVD or IMP techniques, will serve to form
the copper (Cu) seed layer for electroplating the damascene bit line and is defined as part
of a metal system 29. Next, a copper (Cu) material is electroplated to form plated copper
(Cu) material 46. Together seed layer 44 and plated copper material 46 form a copper

system 48. Any excess copper (Cu) is removed in the regions above trench 38 by

chemical mechanical polishing (CMP) or the like.




tantalumsilicon nitride (TaSiN), or any other suitable materi a| NF rﬁ :
barrier layer 42 is deposited using either physical vapor de?po%i boR é‘PVD)
or ioniwedimetral plasma (I MP) techniques. As illustrat agtisorthéss:d. a seed
| ayer 44 of copper (Cu) is next deposited in trench 38 and via 40 (as
shown in FIG 4) using either PVD, CV/D, or |IMP techniques. 'Seed |ayer 44
of copper (Cu) if deposited by PVD or | MP techniques, will serve to form

t he copper (Cu) seed | ayer for el ect‘roopl ating the danascene bit line and is
defined as pReferringfnow teFld. G yidlentnio BiyeB&is removed dewn(t@eichnstoptdyat i s

el ectroplated to formplated copper (Cu) material 46. Together seed -

layer 434, aBlelet@icSldyst 0RO rerRivel i b a%yfm@c@@p.w% RUFhETFY Shasdly excess
copper (Cu) is renoved in the regions above trench 38 by chem cal ,

mechani . i Shi or the like. WO 01/71777 (r) 3 AUG 2004

PCTI USO%'?@E?@@%{??&%@ erring nowto FIG 6, dielectric layer 36 is renoved
down to etch stop. ayer ,34 el ectric . layer 36 is renoved by a dry etch
process usi rﬁexf’lﬁdb‘i'%é‘e(]lﬂf'f] ak ddirst yisideskarrigrdaysr SQds denositedsn ¢oppRiext , as
illustrated in FIG 7, a first outside barrier layer 50 is deposited on

copper systymt48mFirst outidesbartiert layated Obia forimed df ayrefradioryi ipethbmiatediabbuch asef r act ory
netal material, such-as - cobalt (Co), cobalt iron (CoFe), tantalum (Ta),

t ant al ¥Bb4lt {Cd)dEotialtaldn (CUFepthRElumU(TaR Bh@ah AR hRfideA(TaN), bl Uthef Q@GR r ati ng
| ayer 52, is next deposited on the surface of first outside barrier |ayer

50. F ' S . f Wolg) L ty. ti
. | B SNG4 o o PG A et |

concentragi tic . . . -
amIer ?a%/ep?g.nﬁux concentrating layer 52 is formed of a high permeability magnetic )

material. Flux concentrating layer 52 has the characteristic of concentrating magnetic
flux produced by the current flowing in the conductor, therefore, reducing the amount of
current required to produce the desired action. Flux concentrating layer 52 is an
electrically conducting magnetic material having high permeability, such as nickel iron
(NiFe), or any suitable material having sufficiently high permeability to concentrate the
magnetic flux in the desired area and be metallurgically compatible with the remaining
material structure. |

Next, a second outside barrier layer 54 is deposited on the surface of flux
concentrating material layer 52. Second outside barrier layer 54 is preferably formed of
tantalum (Ta), tantalum nitride (TaN), tantalum silicon nitride (TaSiN), or similar
material. As illustrated in FIG. 8, first outside barrier layer 50, flux concentrating layer
52 and second outside barrier layer 54 are next p-atterned and etched to define a cladded
copper {Cu) damascene bit line 56.

Finally, as illustrated in FIG. 9, a passivation layer 58 is deposited over material

stack 56, including flux concentrating layer 52. Any conventional passivation layer can



flux produced by the current flowng in the conductor, therefore, reducing
the amount of current required to produce the desired action, ﬁ‘ligg 04
concentrating layer 52 is an electrically conducting magneti E Pi %q

havi ngwo gihmiper neabi lity, such as nickel iron (N Fe), rmor/esvy/osesit abl e
material having sufficiently high perneability to concentrate the nmagnetic
flux in the desired area and be netallurgically conpatible with the
remaining nmaterial structure. Next, a second outside barrier layer 54 is
deposited on the surface of flux céhcentrating material |ayer 52. Second
out si déebused jasrlayerys. Oppianglly meshoeidio Jayesr ot fonned phat layarnef( adjghly ant al um
nitride (TaN), tantalumsilicon nitride (TaSiN), or simlar material. As

i || ust paimehblermdtedal, 8.depositsd of phshddobRiverd 38. Shityding Ber 60 whercfonfiedt r at i ng
| ayer 52 and second outside barrier |ayer 54 are next patterned and etched

to defi QRS al § 1,041 WAl ik y S

i |l ust Pg?e@g@ka%ﬂggabg a nglsgr%]/gadtelgon I ggtra&r Iag%- Yv‘sthg’zlf)o%gil}'egpgsg’r arrlgt eri al
stack 56, Ji.ncluydi fl.ux concenjrating.layer 52.. Any.canventi gnal

nost v atKehL{ R o A1, SERBE blob A G e p ORI S B be used
as layer 58. Optionally a shielding |ayer 60, forned of a |ayer of a highly
per neabhieldingt layeraf0, fos the pomiose @f qohing snd anaking lelpptsicabgont®is & dhang | ayer
60 when fornmed of a highly perneable material includes formng a | ayer

W t h ongricnk circaike! Th&ipurpoandf shieldied lay¢ros0 (sNoFgrpvidAl additiondl eprbtegrion( not
shown) may be cut in passivation |layer 58 and shielding |layer 60, for the

bur pOsof sty Hhieh6iNEISPHE00 e 186 o pRbte Rt RGided By 1R col@hilisy Cf T oui ts.

The purpose of shielding layer 60 is to provide additional protection

layer 52.

Accordingly, an improved method of fabricating flux concentrating layers for use
with magnetoresistive random access memories is disclosed. Moreover, the present
invention provides for an improved method of fabricating a copper (Cu) damascene digit
line including flux concentrating properties and barrier properties in which the digit line
is formed underneath the magnetic memory element and the fabricating of a material
stack for adding flux concentrating propertieé to a copper (Cu) damascene bit line in
which the bit line is formed on top of the magnetic memory element The new and
improved method of fabricating memories includes incorporating a high permeability
cladding material on the outside faces of each conducting line so as to focus the magnetic
flux toward the magnetic bit. The cladding layers using flux concentrating materials will
reduce the program current by a factor of approximately two (2), as compared to non-
cladded lines. In addition, the cladding layers will provide shielding from stray external
fields.

While we have shown and described specific embodiments of the present

invention, further modifications and improvements will occur to those skilled in the art.



fromstray magnetic fields, above the |l evel of protection prgjwsqu,sbm[w ux .
concentrating |ayer 52) Accordingly, an inproved nethod of fabricating
flux cowueewriati ng | ayers for use w th rmagnetoresi sti vepepudenmsasicess
menories is disclosed. Mreover, the present invention provides for an

i nproved nethod of fabricating a copper (Cu) damascene digit |ine

i ncl ud| ng flux concentrating propert| s and barrier properties in which the
digit or.med .under.,nea neti¢ nmenory el enment and the

f abri ca ﬁﬂesé’F Lwn%ﬁ‘g'idF'ﬁ?o"d &’56’2" atgggl"h"ﬁnﬁ“l’m% '@bﬁﬁ’éﬁ?@r‘%m‘“’r@"ﬁﬁ“@ﬂéertl es
to a copper (Cu) damascene bit line in which the bit line is formed on top
of the penmadwveyinighéd irethe appendedwlaimsito donpr Al mddifientions thit doadwti cat i ng
menories includes incorporating a high perneability cladding material on .
the out depket frérd @le Piritend BedpRstuRE iM@nfidnne so as to focus the magnetic flux
toward the magnetic bit. The cladding l-ayers using flux concentrating
materials will reduce the programcurrent by a factor of approximately two
(2), as conpared to non- cladded lines. In addition, the cladding |ayers
will provide shielding fromstray external fields. Wile we have shown and
descri bed specific enbodi nents of the present invention, further
nodi fi cations and i nprovenents will occur to those skilled in the art. "~ 3
AUG 2964 WD 01/71777 PCTIUSO /08981 12 W desire it to be understood,
therefore, that this invention is not limted to the particular fornms shown
and we intend in the appended clains to cover all nodifications that do not
depart fromthe spirit and scope of this invention.




-- 3 AUG 2004 WD 01/71777 PCT/LTS01108981 13 What is clainmed is: 1.

met hod of fabricating a flux concentrator for uselin magnet i cl-nﬁa”n&lkﬁ 2004
devi ces conprising the steps of: formng a cladded digit line including a
first Wwargiymrz7l ayer, a flux concentrating |ayer, a secemdSowpssser | ayer
and a copper (Cu) conducting line; depositing a dielectric layer on an
uppernost surface of the cladded digit line providing at | east one
magneti c nenory bit on the diel ectrqc | ayer; and forming a cladded bit |ine
including a copper. (Cu) conducting I'ine, a first outside barrier |ayer, a
flux cOfmbmdaimedds:| ayer, and a second outside barrier layer. 2. A nethod
of fabricating a flux concentrator for use in nagnetic nenory devices as
claimed in claiml wherein the step of formng the cladded digit |ine
includes the step of forming the first barrier layer with a refractory
metal materyaly aghddsr %ﬁ@&iﬁx P3N é‘dnclenﬂ%%r Fér L e OReme eﬁcclﬁ@lﬂbi?y (Co)

mat eri al or acobalt Iron lg material and formng the flu

concentratin a of a nickel iron (NiFe) material. 3. A rrethod of

fabri 8T © gmﬂ'é’ggé]berféeé’ﬁf) ‘ator for use in magnetic nmenmory devices as
claimed in claim2 wherein the step of formng the cl added bit |ine

i ncl udes t hormingep C!?ﬂd%ﬂlﬁitﬂﬁletlﬂ‘éuﬁmgsatfﬁh?é‘i”&’é qY8F a4 Hyx FoRrFeptrafing, g
refractory netal material and the second outside barrier layer with one of
a cobalayer( £sdcond barmrienlayarand acopyzer {Cuyandydmgdine; mat eri al and forming the
flux concentrating layer of a nickel iron (NiFe) material. H 3 AU G 2004

depositing a dielectric layer on an uppermost surface of the cladded digit line
providing at least one magnetic memory bit on the dielectric layer; and
forming a cladded bit line including a copper (Cu) conducting line, a first outside

barrier layer, a flux concentrating layer, and a second outside barrier layer.

2. A method of fabricating a flux concentrator for use in magnetic memory
devices as claimed in claim 1 wherein the step of forming the cladded digit line includes
the step of forming the first barrier layer with a refractory metal material and the second
barrier layer with one of a cobalt (Co) material or a cobalt iron (CoFe) material and

forming the flux concentrating layer of a nickel iron (NiFe) material.

3. A method of fabric.ating a flux concentrator for use in magnefic memory
devices as claimed in claim 2 wherein the step of forming the cladded bit line includes the
step of forming the first outside barrier layer with a refractory metal material and the:
second outside barrier layer with one of a cobalt (Co) material or a cobalt iron (CoFe)

material and forming the flux concentrating layer of a nickel iron (NiFe) material.




WO 01/ 71777 PCT/USOL/ 08981 14 4. A nethod of fabricating a flg( ‘2004
concentrator for use injmagnetic nenory devices asyclained in Qi ﬁpﬁ

wher ei iwbherstep of forming the cladded digit |ine incl pdqsysel/egds ng t he
cl added bit line using a single danascene process. 5. A nethod of

fabricating a flux concentrator for use in magnetic nenory devices as
claimed in claiml| wherein the step of formng the cladded digit |ine
includes formng the cladded bit li¥e usi ng a dual damascene process. 6. A
met hod of f abrisanéthyl af fabmcatum eefitx admenfrator dereuseninmaggeéticc meavoy Yy
devices as clainmed in claiml wherein the step of formng the cl added bit

line i nddvitdess claiiadi inGldiAa whadfptie diegids fbiniifg H}%idlﬂid%d%i%miiﬁe friRecene
process. 7. A nethod of fabricating a flux concentrator Tor use in magnetic

menory i i in_chai erein the step of formng the

cl addedfoﬂ'ﬁ?tﬁhqufe?\gg?jﬁg?’ﬁé@gqs'bgPrﬁm%%%%%@?naedﬁgﬁfs%i git line using a dual
damascene process. 8. A nethod of fabricating a flux concentrator for use
in magnetic nmenory devices conprising the steps of: providing at |east one
magneti c nenory bit; depositing a bottomdielectric |layer and a top

di el ectric l%ayéy methodi efafabricdtingas flhixeewtcemtretomfognetiio magnetiz iempryf or m ng
at least one trench in the top dielectric layer and the bottomdielectric

~ layer; devicés ALIEMOM cME O MifekdiA IhPGT) BRIAHREMS cladded digit line includes

forming the cladded bit line using a dual damascene process.

6. A method of fabricating a flux concentrator for use in magnetic memory
devices as claimed in claim 1 wherein the step of forming the cladded bit line includes

forming the cladded digit line using a single damascene process.

7. A method of fabricating a flux concentrator for use in magnetic memory
devices as claimed in claim 1 wherein the step of forming the cladded bit line includes

forming the cladded digit line using a dual damascene process.

8. A method of fabricating a flux concentrator for use in magnetic memory
devices comprising the steps of:

providing at least one magnetic memory bit;

depositing a bottom dielectric layer and a top dielectric layer proximate the at
least one magnetic memory bit;

forming at least one trench in the top dielectric layer and the bottom dielectric

layer;




15 depositing a first barrier layer in the at |east one trench; depositing
a nmetal systemon a surfface of the first barrier llayer, the t@IAlH‘leB
including a flux concentrating |ayer; and patterning the netal systemto
def i neWP 6PPEr (Cu) damascene bit line. 9. A nethod ofPGTABI@8SIing a -fl ux
concentrator for use in nmagnetic nmenory devices conprising the steps of
providing a dielectric material; formng a cladded digit line including a
first barrier layer, a flux concentjyating |ayer, a second barrier |ayer

and a copper ) C cting line.wthin a portion of the dielectric

mat eri al ; dg%os%{g"fgnagfﬂg%&}%ﬁrg@’tef |"cth? ﬁt}g?StBHeﬁ ¢ ppernost surface of the

cl added digit |ine; providing at |east one nmagnetic nenory bit on the

di el ectric Aeppsitingametabyysiepyoma spriasgad thy first baraey kayerythermpetal sysiemt out si de
barrier layer, a flux concentrating |layer, a second outside barrier |ayer

and a owhpiarg 4 Dy concaaratinpdayer;and he step of formng the cladded bit |ine
i ncludes the steps of: depositing a bottomdielectric |ayer and a top

dielectric a%béﬁ{ingmeaném stéitd 86fhe?f cdphbr @RYAFhiLenPIDINe, DI t, the bottom
dielectric 1Tayer Torned of an insulated naterial and the top dielectric

| ayer fornmed of an insulated material; etching at |east one trench in the
top dielectric layer to the bottom dielectric layer to forma trench for
the formati on of a damascene bit |ine; formng at | east one via in the
bot t om di el cfrmethedyefy fabrcating adlysesangent Use tin (THagpgRe THeYRIYC al
contact with the magnetic nenory bit;

devices comprising the steps of:

providing a dielectric material;
forming a cladded digit line including a first barrier layer, a flux concentrating
layer, a second barrier layer and a copper (Cu) conducting line within a portion of the
dielectric material;
depositing a dielectric layer on an uppermost surface of the cladded digit line;
providing at least one magnetic memory bit on the dielectric layer; and
forming a cladded bit line including a first o.utside barrier layer, a flux
concentrating layer, a second outside barrier layer and a copper (Cu) line, wherein the
step of forming the cladded bit line includes the steps of:
depositing a bottom dielectric layer and a top dielectric layer on a top
surface of the magnetic memory bit, the bottom dielectric layer formed of an
insulated material and the top dielectric layer formed of an insulated material;
etching at least one trench in the top dielectric layer to the bottom
dielectric layer to form a trench for the formation of a damascene bit line;
forming at least one via in the bottom diclectric layer to the magnetic

memory bit to make physical contact with the magnetic memory bit;



3 AUG 20C WO 01/71777 PCTILJS01/08981 16 depositing a first -pgrr'y%r yer
in the at |least one trench and the at |east one via to the maé;n tf‘ n@ oty
bit; dePOMUTMHG a nmetal systemon a surface of the firstpdmusdimgogiayer, the
step of depositing the netal systemincluding the step of depositing a

copper (Cu) seed material in the at |least one trench and via, depositing &
pl ated copper (Cu) material on a SULJ ace of the copper (Cu) seed material,

and buffing and polishing_the plated copper (Cu), renoving the top
dielectric of t he‘?"d’Sf}HBg adistibarier layenindthe P‘n‘@‘fg\o“? tenghy anditheyaitleastiendar ri er

| ayer, the flux concentrating layer, and the second outside barrier layer
on a surf aceviato thaenggneticaemoppst; (Cu); and patterning the netal systemto
define-a copper (Cu) danascene bit |ine.
depositing a metal system on a surface of the first barrier layer, the step of
depositing the metal system including the step of depositing a copper (Cu) seed
material in the at least one trench and via, depositing a plated copper (Cu)
material on a surface of the copper (Cu) seed material, and buffing and polishing
the plated copper (Cu), removing the top dielectric of the copper system,
depositing of the first outside barrier layer, the flux concentrating layer, and the )

second outside barrier layer on a surface of the plated copper (Cu); and

patterning the metal system to define a copper {(Cu) damascene bit line.



