WO 01/ 71777 PCT/ US01/08981 METHOD OF FABRI CATI NG FLUX CONCENTRATI NG LAYER
FOR USE WTH MAGNETORESI STI VE RANDOM ACCESS MEMORI ES Field of the

| nventi owdhe7present invention pertains to nmethods of mapof/asenospsig hi gh
density, non- volatile nagnetic nenories and nore particularly to inproved
met hods of fabricating magnetoresistive random access nenory (VRAM
magnetic field progranmng |ines that i nclude an integrated flux

concentrati t chi ng
ComCent e Y RN RN S R QRSB ELL S,
programmed by the nmagnetic field created froma current carrying
conduct or. Typi cal MAGNETEREDGONEE RAGHIOM LS ESEMEMQRIESd under neat h t he
magneti c nenory bit, hereinafter referred to as the digit line, and one
formed on top of the nagnetic nenory bit, hereinafter referred to as the
bit line, are arranged in a cross point matrix to provide magnetic fields
for bit programmi ng. Cenerallyf;afl¥eRe Bl es6dd conduct or processes use
copper netal interconnects. The™ preferred net hod of form ng the copper

i nterconnects is by a damascene or inlaid process. During the process of
form ng the device, a flux concentrating |ayer has previously been
utilized. The structure is _generally forned by first patterning and etching
WO 01/ 71777 P&hewsmmmtm@p%m%%bwethﬁd%wﬁmé@ﬁur'eg |héglb#ensgb| Wed by

t he deposition of a first barrier layer, a flux
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, hereinafter 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



concentrating |ayer, a second barrier |ayer, a copper (Cu) seed |layer, and
finally a plated copper (Cu) layer. The barrier filns are necessary for
several me@somg77 The first barrier |ayer acts as a diffuBCDus@znsesier to
fast diffusing elements |ike copper (Cu), and nickel iron (N Fe) alloys.
This barrier is typically fornmed of materials such as tantalum (Ta),
tantalumnitride (TaN), tantalumsilicon nitride (Ta/Si/N), titanium(Ti),

titaniumnitride T er s that act_to |nh|b|t grain
boundary %ilrF'F%i“o%% e!h'#?re b .fgfowqm‘m *H‘ML‘PO%V%OE% T ripiden lover: FHBIXF | ux
concentrating layer nust be of a high perneability and magnetically soft

(1 ow coereingéntiajing laygn etsseand; barierrayansa ceppso(Gp seeshlayathenchfiodbl a platsd (NI Fe)
alloys work well for this flux concentrating |layer. The second barrier

film act scopperr(@l) fidyesi Phe bariet Gims BetnseEBary Her severdsbteasonon Thblifirer) baddidroy and
the copper (Cu). Nickel iron (Ni Fe) alloys and copper (Cu) intermx

readily, B&akisnd aiffR ey Rl hifkiSihe elbnteiR 1Ike@BHREICRARA hibkel iigt of | al

This dead Tayer reduces the effective thickness of |gh perneability

conauct i vEIENG EHsu ?ﬁ%%?*‘%%éii?iﬁ%ﬂghﬁmgﬂiﬁir' TS S Bt g TS

chem stries used to renove the copper and the ni ckel .iron (N Fe)
al | oy. Taﬁﬂ@hﬂhﬁfq%ﬁ(%%ge@“%ﬁm?F@F@’H@WE: acH MNefigatumy (T HarunHligidear e not

i deal choices for the second barrier because of the increased processing
conpl exi t {LiNA @ extlmndndienals drat aett terinkibit graio doahdary Gdjusmn. cBiualbarrier éibm ( CoFe)
is a better material as it acts as a barrier between the nickel iron

(N Fe) anguéth®oteRprducit@®!) and has simlar polish characteristics as

ni ckel iron (Ni Fe) and copper (Cu). The use of cobalt (Cb) or cobalt iron

(CoFe) as a s )p&)rnf:érﬁlratllq ¥k ﬁh&ooea&qsh.gr%%%am i Etzgngﬁ{caﬂg s% e flux

concentrating |ayer, but nee s“to be thinne Iro i Fe)

because O(TIO\RI coercivity). Magnetostriction must also be low. The nickel iron (NiFe) alloys work
well for this flux concentrating layer. 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
material 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



WO 01/ 71777 PCT/US01/08981 3 higher coercivity. Further information with
respect to a magnetic device including a flux concentrating |ayer can be
found i nWOB7Rat ent No. 5,861, 328, entitled "METHOD OF PABBSGABING GVR
DEVI CES", issued January 19, 1999, assigned to the sane assignee and

i ncorporated herein by this reference. One problemin the fabrication of
MRAM devi ces such as those previously 3 descri bed, and nore particularly
menory cells in general, is the interm xing at elevated tenperatures of
the cl addiighericasietvity ¢ Gythen informatiop ayith lfeéwcg 19 FEpeagtg devige HshidEe g Buy
conductor. In addition, advanced CMOS processes use single or dual inlaid
copper ( Qoncernmting layat eanclomfomod sn UTS. Ratent e, 8G16¥8, pntaledetdETRODeORNI que
for cladding the copper (Cu) lines forned underneath and on top of the

nmagnet i ¢ FRBRICAPING tGRIR WHVICESS, istandandneqy] poe9t assighed @6 thélsaind copper
(Cu) processing is needed. Incorporation of a high perneability cladding

mat eri al ‘ggﬂg%’%%‘“@?@%ﬁg@ﬁ%ﬁ%ﬁgghﬁ%@mﬁ%q”CtOr w Il focus the magnetic

flux towar ayer using flux concentrating materials
will reduce th rogram.current . by a f r. . of approximtely twa (2), as
Conpar ed 1o noMEPRRSY if i edebricAtamiar (TIBAM (455REt Ut g (hesy WP pr ovi de
shielding fromstray external fields. Accordindgly it would be highly
desi r abl edeseriigdogiidimornpariigiiaetemateedlisiin gencipl, 15 he intganingeaat elayated
concentrating |ayer to copper (Cu) damascene |lines. Disclosed is a nethod
for for mtampelattkdec thel dadbicopyyer, typicdllydaivksk éne (Nilfs sandhthe leoppérl (G128 s
standard equi pment and processes for the formation of the cladded copper
(Cu) damasmei®or. | IR&ddition, advanced CMOS processes use single or dual inlaid copper (Cu)
metal interconnects. To overcome these prbblems, 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 will reduce the program current by a factor of approximately two
(2), as compared to non-cladded 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
method 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 (MRAMSs) containing

flux concentrating materials.



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

i nproved nethod of fabricating magnetoresistive random access nenories
(MRAMs) owobe7rTTNg flux concentrating materials. WO 01/ 7&@7/U0S01/08981
PCT/US01/08981 4 It is another purpose of the present invention to provide
a new and i nproved nethod of fabricating nmagnetoresistive random access
menori es (MRAMB) containing flux concgnt rating materials which includes a
technique for cladding the bit line ontop of the magnetic nenory bit as
wel | as the fdbrs @aethempusposs ofi G tpresepte inveRtiasqtopraxida ca i aRd IMpEdySdt i c
menory bit, using standard inlaid processing equipnment. It is a further

pur pose ahethbd of faseating magmttoresistive andom checeas nemoainsl (MRFAMs)echbntaimmngod of
fabricating nmagnetoresistive random access nenories containing flux

concent I aflix\ébnaBitRitih@ fateMalsAvii O IRURIEs & tdcHRih e RF cla@dink MidbinGnd Hietoploadded
lines with barrier Tayers that focus the magnetic flux upward toward the

bit for digi i.ne . € i t oward
the bit s sepbftiehBh Tt ac NONEL BEAabilaNEy SFHURH ctomal fodtiimiene | 12
I nventi on The .above probl ens and qthers are at l|l.east partially solved and

t he abovema%m‘f)&eg?%h'& %i%é?aélgérrdé“]f"léiaﬁrf’“zeéﬂng RAUPTHE hod of fabri cating

magnetic menory devices in which current carrying conductors are forned on
top of the madhédt dubarauypase ©f ahedpreseid pveatioh ta REOVidsgheey anddmprveBi t . The
met hod of fabricating includes formng an inproved material stack by
addi ng a rhéthxd cefh debricatiid Nagnayoedsistioe t adaoppaess( @emories containing  flux
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 betWeen 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
(NiFe) flux concentrating |ayer and the copper (Cu) bit line and adds to
t he per meedoi/ft7y7 of the flux concentrating |ayer and redpcegsSomnsgsiact uri ng
conplexity. WD 01/ 71777 PCT/US01/08981 5 During fabrication of the bit
line, the flux concentrating |layer is added on top of a copper (Cu)
damascene line, using manufacturing teghniques consistent wth copper (Cu)
damascene processes, The fl oncentrating |ayer, is for to cover three
(3) sides of L¥lefaprgatign of e bikent i &qoeFeé?ﬁ@yvg e aigedsin (SR ERI osed
is the formation of a current carrying conductor, or a digit |line, on an
under neatdeppérd€upflamirgeneelifive ting manufadtheing techmifvasreonsistentevith efippet (Gvg
includes formng an inproved material stack by adding a flux concentrating
| ayer andidf@sdeneprodesseer Th dluk Reneapmiie laget)is dadrdae6vdrithee (Brdidds of
Description of the Drawings Referring to the drawings: FIGS. 1 through 9
are si mplh{ hRENS BRI ARRLmdsEMendy! | ustrating several steps in a nethod of
fabricating nmagnetic nenory devices in accordance with the present
i nvention. Descri,ption of the Preferred odi nents .Turning now ta the
dr v nge. - FI Gan R ot s BeCoRht R G St Bk RGP AR A PEh T ng
several steps in a nmethod of fabricating magnetic nenory devices in
accor dandienP? g0 pRderpeathy side of HiganegnsHe bgaefTéﬁerfPﬁ@at@a@é ithg digit|lipe dpplydes, 1,
illustrated is a

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

Turning 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 FIG. 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, WO 01/71777 PCT/US01/08981 6 including an MRAM bit 10. In this
speci fi c vobodi7ment MRAM bit 10 is standard MRAM bit forpedusciosesii ng to
wel | known practices in the art. Wile a standard MRAMDbit is illustrated
herein for convenience, it will be understood by those skilled in the art
that many other types of sem conductorsdevices could be provided. Also,

while a sin is il ate for nven houl d
under st oo‘BClP&‘élg a%ah’bllg Jr’a?‘t!:so tceeraPcf ?‘e@fwc@g ﬁls 194509

control/driver circuits around the perlphery of an array of nmagnetic
menory bi M&AMybibdomadnessordmg thevell Rrawn ppractie¢sutie theaarsoMhileta sanddrd| ayer
16 which connects MRAM bit 10 to a transistor (not shown). MRAM bit 10
addi ti onalIRAM ibitcik ultkessrated hereth foh es@nieace, WPPEY bGidesstisddagethdse skilkedtiar i al
stack 13, and fornmed wunderneath contact netal |ayer 16, an inlaid material

stack 17.th¢ brshA4hshy2dth&. t%‘es dm@l%rc%h&&@ortd%@key\’@édl@ bEb%ﬁﬂde@ Also! Mlﬁé Eat ea

nmet hod of form ng magneticC b | i nes and |g|t lines utilizing d

damascene, rp rle ﬁ/ﬁ%&l@ls Bit 1s|1fl stlrz)i?ehtflocu n‘%m cerlJ Isdsbeesl{n:g'igcéoog tha IfIBr ?Xé’la‘P hé) to and

etch steps or deposi Ton’ anti Yy this
di sclosure is a nethgg of fornln nagnetlc b|t | i nes and di l i nes
utilizi ng® SOPRJFIS ATgY Ph SERRS qsrceefé@@ésver FiFFUbR i2EaYng ke pitRNErY dmeatr@m ot ep
with one plating or deposition step is involved. Accordingly, the

appl i cantmsagnetie memdratbits ey rhetfhionkdd EgthdrbELG. hleingluded & coragpimetad Bayer t16 bot h
singl e and dual damascene processes. In addition, it should be understood
t hat whi | @hith@ofkieaw MGAM| Hiti$0 i@k ardnbistorEidiafiowh). IMRAIM it rigadlitiirdallyi ne in

physi cal contact with the magnetic nmenory bit, that it is anticipated by
this di sghoaydsetdrhed thereon an uppermost surface 12 a material stack 13, and formed
underneath contact metal layer 16, an inlaid material stack 17. It 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 material stack for adding a flux concentrating layer to

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



forma bit line that is proximte, but not in physical contact, with the
magnetic nenory bit. Desired is an inproved material stack for adding a
flux concemvr/at7ing | ayer to copper (Cu) damascene |ines POT/B@/(8981
conjunction with MRAM bit 10. During WO 01/71777 PCT/US01/08981 7
fabrication of a digit line, the structure is fornmed by first patterning
and etching a trench in a dielectric Jayer 18, followed by the deposition
of a firsg barrler | ayer a flux concentrating | ayer a second
barrier |#yuasationof ad&bﬁ@ﬁ 'Z“Gﬁﬁ‘“%%féds fosped bz@rstmgemmaanﬁfwhwgpthe@ copper
(Cu) layer 27, together form ng a copper damascene |ine 28. The first
barri er Iiay@diemtricsla&gtr @dfodlowad rbef tha clepesjtiorevhil, firsubirries layan2@| aifhugTa) |
tantalumnitride (TaN), tantalumsilicon nitride (TaSiN), or the liKke.

Second bagdntéitratiny Ryer??, iaset adrRetid@flayer 24,ab@pber (@) et ieydr 2b, &1d fehatipbal t
iron (CoFe) material and act as diffusion barriers to fast diffusing

el enment s C d X

concent ra% iﬁ?ed @ge (duglﬁyer %Zdté) P 5‘9}%‘”“% &lﬂﬁgpgalﬁﬁcgye;lﬁf ngwigﬁg% |ﬁ(rzsetll |y
sof t (Io COEI‘CIVI teri yfluxc ce rating layer 22 is
mde of bR b Pt S farrec L %5 cuppas WAl ThE s WEe ng
copper _l) damascene digit line 28 and an interl ayer 30 of a diel ectrl C
nat er i aI (TeNypaalumesilionn niffidgdpadinstr thebkeciecopd éﬁ'@lef laypigd is dored of
dielectric material 18. MRAMbit 10 is next inserted on dielectric

i nt erl ayeax cad@lt (Colr matgridladyrai cobali mon FoFa) materibl ned darasddfisiontbapieof todast
proximate magnetic memory bit 10 (discussed presently), a first layer of a

e 1 TSRk ) 8ReIRd 128 0] g 6 ticarng ot
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 rext 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 F1Gs. 19. It should be understood that in
an alternative embodiment physical contact between the damascene bit line énd 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 (Si0,) 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



copper (Cu) damascene bit line on a surface and in physical contact with
the magnetic nenory bit wll be discussed with reference to FIGs. 1-9. It
shoul d bavander’st ood that in an alternative enbodi nent phgBUUsalosgsint act
bet ween the damascene bit line and magnetic nenory 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 jn a standard deposition
step gen¥F4 iPyorpe ¥ (digcyssedirresently), thusplpwing;far physicpleontacbio MRAMDYE 32 i s
next planarized and will WO 01/71777 PCT/US01/08981 8 serve to forma via
(di scussetD. pitedhontd b9 undensigocattabiv ag afternatpreyernblimesnnaphysical ivRkethist  10.
It should be understood that in an alternative enbodi ment, no physical

contact imaddBdRedreMBRREV BURAVAR 4 mbOnaieallycomipdesit iad {discassedlsgshrditlt).l i ne
(di scussed separately). Next, an etch stop layer 34 is formed on an

upper nost %?,r Ieknh 3Rphyd B 8Gbmdd Wﬁr?ﬁﬂé&hnoét%ﬁﬁce?’% ?E?BQR- t?i%q]gatéﬁéf er 34

. C
is forne a material " that is selective to fluorine base

or ovi des. RercRu o os Lo Braf Hbmet imere Mt oo FEAB R EABRSH) o o cn

stop material to provide the desired etch selectivity is, for exanple,
al um num @RMasirigsaenotreh stopdpyaridfunanbe formed pfha rpatagjal Fhagpmtvme& R 8adpOir g
range of 100 A to 500 A, or a silicon nitride (SiN) or silicon oxynitride
(Si ON) | ayjgral darstdppingsthe etah pocess.de saimbéneclpsioptmaseriahad proAideabodesired
dielectric layer 36 is deposited on an uppernost surface 35 of etch stop

| ayer 34.etéh @Vt &, F¥REmBR, MuminuBEsNge (M()}}Hr@lﬁxhﬁuﬁﬂﬁﬂﬁlé (ABW)wiglpgascene

bit Iine (discussed presently). Dielectric layer 36 is typically formed of
any type gfcxhQsyh ALhY& of 100 A to 500 A, or a silicon nitride (SiN) or silicon oxy-itride
(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 (Cu) damascene bit line

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

material, such as silicon oxide (SiO,) over silicon nitride (Si3Ny), or a three layer stack
consisting of silicon oxide (SiOy) over etch stop layer 34, such as aluminum nitride

(AIN) or aluminum oxide (AlO3), over silicon nitride (Si3Ng). 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



material, such as silicon oxide (SiQ2) over silicon nitride (Si3N), or a
three layer stack consisting of silicon oxide (SiQ2) over etch stop |ayer
34, suchveg@oabum numnitride (ALN) or al um num oxi de (AlBG)/USovmspsisi|icon
nitride (Si3N4). In addition, dielectric |ayer 36 should have properties
relating to barriers for noisture and oxidation. Referring nowto FIG 2,
illustrated in sinplified sectional vi gw as seen through line 2-2 of FIG
1, is the next step in the fabrication of a MRAM devi ce i ncl udi ng_a fl ux
concent r attandgrd gigling teshaiques such asafib. dYeleetrip Jaxes 3helg ehehgd svehiat ftosf orm a
trench 38 for the formation of the copper (Cu) damascene bit I|ine.

Di el ectri stoppmygdy e8h stap layatdddwhichlas pravgpus¥® deddribed Ts7foRGAd ASHtheO8Bgdr of9
standard etching techni ques such as RIE. Dielectric layer 36 is etched such
that it is madrPRAAcYs AbCAmSAR kA ¥Rhing4 or WisEhpIRASnditavd %HSA ¥halgecsfi bed is
formed as either a layer of a material which is not anenable to etching,
or is si Lndi 0 i S i ng due
Co an endnart Rt Hoftng HAF G ndp R il don ity ChRR.haRT Flu.T
pattern and etch step is then used to create a vi.a 40 Abit 10. This
etch cr eat>dsSRAPRGRAT ‘infieeﬁcghSt‘fH)P t?‘ﬂ‘e“%ﬁgﬁ%g‘ief“ie&n"%ﬁééomg{)e 1S

(di scussed presently). Referring nowto FIG 4, illustrated in sinplified
sect i onal et¢h engatesa foym qrdsenchsfoshe ¢epositien eizbmetahsyisism @iscusskRprsersly)-ce
including a flux concentrator. Mre particularly, as illustrated, a netal
syst em gener akéfyrringfrenain dda. 29 luitmtaeipaanplifdd aadioaalinpios édthe hesateprial

| ayers. Initially, a first barrier layer 42 is deposited within trench 38

and via 4@efurton bheNRAM Bévied ileRIrged f1LRYEkceAdatbs MYrEBEHiBhIati@Msal um

(Ta), tantalumnitride (TaN), tantalumsilicon nitride (TaSiN), or any

other sui ﬁlﬂm'a‘?edj%tn%tgllasg/steﬁi, éé&era@@rrgfeﬁe'hcécﬁyf fis éle%ogﬁed 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.



deposited using either physical vapor deposition (PVD) or ionized netal
plasma (I MP) techniques. As illustrated in FIG 5, a seed |ayer 44 of
copper (®upoi/s17mext deposited in trench 38 and via 40 (aBCEUewshs1 FI G 4)
using either PVD, CVD, or |IM techniques. Seed |ayer 44 of copper (Cu) if
deposited by PVD or | MP techniques, wll serve to form the copper (Cu)
seed layer for electroplating the danggcene bit line and is defined as part
of a nmetal system 29. Next, a copper. (Cu) material js electroplated to form
pl ated copper R{iesyEemapeto EHG. és.dlerf%?g& fuer eisdremayedt domm ihatch stapday&opper
material 46 forma copper system 48. Any excess copper (Cu) is renoved in
the regi oits dhdedricrlayre B3B8 temovetheryi ealry retabhproicesal usp flsdrineg(RUCh®edor t he
like. WO 01/71777 PCT/US01/08981 10 Referring nowto FIG 6, dielectric

| ayer 36 ¢HemisthidvoedvetioMmitdy.et ch stop layer 34. Dielectric layer 36 is
renmoved by a dry etch process using fluorine (Fl) based chem stries or wet

chem stry. Ne)q‘tlext,aa% ilthdedRb riﬁ'i’?@. %'& fl:rgt%u%s?de l?arlfi%‘rl%ter 99‘533&6%'85@@ ro'hicgf)li')el,srayer 50

is deposited on copper system48. First outside barrier [ayer 5 f ormed
of a refractor t al terial, such. OO?aIt é{fo%y cobal t .i,ron, (CoFe),
Cant al um oras 48 FreCoudie et SNy B Reeni b anf e P PR A 11 U
concentrating layer 52, is next deposited on the surface of first outside
bar 11 o1 1epal (G0l coalremficalint. ariahe (Eycrnshg gitnds FERA0oPT ether wifable
perneability magnetic material. Flux concentrating |ayer 52 has the
char act ermsteiid. o& fluerworcentrating\ ryemihéd next depasie podhecauifaby of fisst outsident
flowing in the conductor, therefore, reducing the amount of current
required paRrig' 1o, FhR @&RsimRan@tdyePs? ifformed ONaaiH périeabiliByRhgéci S an

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 patterned 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



el ectrically conducting nmagnetic material having high perneability, such as
nickel iron (N Fe), or any suitable material having sufficiently high

per neabi Woyr/to7roncentrate the mnmagnetic flux in the despertsarmsasiand be
nmetal lurgically conpatible with the remaining nmaterial 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 antal um (Ta tan n|tr| e (T , tantal um

si |'icon nP% Mpededy texey e Pogq“ah 3 ghiclding Ey 3 |9 s faé(%e% anhighly, g,
first outside barrier Iayer 50, flux concentratlng | ayer 52 and second
out si de bparmeahle h@@eial,iﬂd@pétqdmpapsimtmndmr aBdShaeldingdayen 66 efhiendormed| added
copper (Cu) damascene bit line 56. Finally, as illustrated in FIG "9, a

passi vat i 6ha lhiphty pbndabled@petalt moluaseforfiges ildler vithaske bOnickelCiNIYlidng f | ux
concentrating |ayer 52. Any conventional passivation |ayer can WD 01/ 71777

PCT/ US01/ xq)iglgcﬁ :kron'(N Ugﬁ% @@enln?g)é?floﬁs%ow@h'a? m)@lcluf/ mapaiglk'ﬁt(ﬁil' 19%5'5%3’&1'& 60,

formed of a | ayer of a ernmeable material, 1's deposite

e ol eI o ﬂb‘?'adpa ot Yf provines D W#a%ef Heotffs otk % BRel s on

(Ni Fe). Al'so, openings (not shown) may be cut, in passivation |ayer 58 and
shi el di ngvarigyecirggts. f bhe pW@oiﬁuﬁafpﬂg@d@g InYes 510l ta o vide pdrditinad protetian
contacts to the wvarious circuits. The purpose of shielding |ayer 60 is to
provi de aftdintstrey aagpetat Bdds, ahove thertesd phyrotetine pravidaddlydBux ebwemrdting | evel
of protection provided by flux concentrating |ayer 52.

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 properties 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.



Accordingly, an inproved nmethod of fabricating flux concentrating | ayers
for use wth nagnetoresistive random access nenories is disclosed.

Mor eover wohe7present invention provides for an inprovedrarubodsesi
fabricating a copper (Cu) danmascene digit |ine including flux
concentrating properties and barrier properties in which the digit line 1is
formed underneath the magnetic nenory gl enent and the fabricating of a

dammscone"Bi 5¢ 166 PRordertedd Hikacior Bl il eheBR LRl Rao o RS ignet | o
menory el ement The new and inproved mnethod of fabricatigg menori es
i ncl udes orasshyyHandnye wtwdglnq&eama@ﬁq qlaigs t¢ coned pH gnadificafipag thatdq

outsi de faces of each conducting line so as to focus the magnetic fl ux
t owar d t hdepastdiroat the spirit andl$vepe bbudhili ingeritiay.er s usi ng fl ux concentrating

materials wll reduce the programcurrent by a factor of approximtely 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 fications and i nprovenents will occur to those skilled in the art. WO

01/ 71777 PCT/USO1/08981 12 W desire it to be understood, therefore, that

this invention is not limted to the particular forns shown and we intend
in the appended clains to cover all nodifications that do not depart from
the spirit and scope of this invention. WD 01/ 71777 PCT/US01/08981 13



What is clainmed is: 1. A method of fabricating a flux concentrator for use
in magnetic nmenory devices conprising the steps of: formng a cl added
digit limobnel7ading a first barrier layer, a flux concenperURoOIgsIslayer, a
second barrier layer and a copper (Cu) conducting line; depositing a-
dielectric layer on an uppernost surface of the cladded digit line
providing at |east one magnetic nenory,;bit on the dielectric layer; and
form ng qygladd d bit line including a copper (Cu) conducting line, a first
out si de AYISERIMERAST  a flux concentrating layer, and a second outside
barrier layer. 2. A nethod of fabricating a flux concentrator for use in
magnetic nenory devices as clainmed in claiml wherein the step of form ng
the cladded digit line includes the step of formng the first barrier
layer with a refAasthoy ofefablicatiBg &f iflak @nderitiatorSROE aRél in hAddheti¢ mhenysy W th
one of a cobalt (Co) material or a cobalt iron (CoFe) material and form ng

the flux &gnﬁgg&ﬁgggﬂgﬂkgﬁﬁgoﬁf a nickel iron (NiFe) material. 3. A nmethod
of fabricating a flux concentrator for use in magnetic nenory devices as

clainmed in claim2 wherei .he . .step of. faorum t.he cladded bit |ine
"ol udes the. Torupegt Saied 4t ik Boplipt 81 fBSifrer il resiiy
refractory nmetal material and the second oQutside barrier |layer with one of
a cobal t 1pxs5)a prspeq bafriedayes apdpsPRPer (o condedng lingt eri al and forming the
flux concentrating layer of a nickel iron (NiFe) material. WO 01/ 71777
PCT/ US01/ 0898 1depasitidg a dicteetrivdalyeobn hmbpperamostrsgriacef dfulke dadieddigitlimer f or use
i n magnetic nmenory

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 matérial 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 fabricéting a flux concentrator for use in magnetic 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.



devices as clained in claiml wherein the step of form ng the cladded digit
line includes formng the cladded bit |ine using a single damascene
process. VB0 oR71Tet hod of fabricating a flux concentrator fpeTUSE/SA8ITAGNEL | C
menory devices as clained in claim1l wherein the step of formng the

cl added digit line includes formng the cladded bit Iine using a dual
damascene process. 6. A method of fabrj,cating a flux concentrator for use

i n magnetic nenor dev(lc s.as clainmgd in claiml wherein the step of
formng the claddednghed of debricatngdelux LORGIIRYOR Y efd@aenstigimeme®e using
a single damascene process. 7. A nethod of fabricating a flux concentrator
for use idevieegaeriaonedeimmlaim Hehirsasthe stepldiforming thealladded digithameaneluddse st ep
of formng the cladded bit line includes formng the cladded digit line
usi ng a dfeahimjanasiaéha Hrlarashg aSingle dRh&docheqirodeddr i cating a fl ux
concentrator for use in nmagnetic nmenory devices conprising the steps of:
providing at | east one magnetic nenory bit; depositing a bottomdielectric

| ayer and a top dielectric |layer proximte the at |east one magnetic

menory bit; form east, one trepch in the t dielectric layer and the
bot t om di el ect ¥i c‘gl q?%b%dr ;O?a@rtﬁ?%%@wbﬁ?%%%ggéfe 155mg%}§§girp-rﬂ%rya first
barrier layer in the at | east one trench; depositing a netal systemon a
surface ofévigse af claupedyiarclaigy | whgrein the istep pf depmiag theefadded digit lineincludes

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;



including a flux concentrating |ayer; and patterning the netal systemto
define a copper (Cu) danmascene bit line. 9. A nethod of fabricating a flux
concentr av@n1/f10r7 use in magnetic nmenory devices conpri si PQTAURE/BPEAPS of :
providing a dielectric material; formng a cladded digit line including a
first barrier layer, a flux concentrating |ayer, a second barrier |ayer
and a copper (Cu) conducting line withisn a portion of the -dielectric
material; depo ithg a diglect{ic.l er on an UE ernost surface of the

cl added digi t J5PRUUNE AEY PYFiRGlaysr ip deat IGonsdisAEYi ¢ nemory bit on the
dielectric layer; and formng a cladded bit line including a first outside
barrier | ayer depositinga meti sksien i mgyrfagy ef the firstchagias layer. g@léletﬁétsﬁt@ﬁ | ayer
and a copper (Cu) line, wherein the step of formng the cladded bit |ine
i ncl udes inbladisgefhixajoncehaptingd kay¢rgaal bott om di el ectric | ayer and a top
dielectric layer on a top surface of the magnetic nenory bit, the bottom

dielectric | aysfefMIME mfal §bterh W&Hfﬁ%%@oﬁﬁé%h%a@a@&n@m Ifnep 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 line; formng at |east one via in the
bottom dielectric |ayer toﬁ%pe,nagn tic nenory bit tqQ make physi cal
contact with t%eAnlas%e@iOE IRRHIGHIPE [ {1uX \GENERRrAtOr 7ior peer/IRSBAZNE|S SEmOry

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 outside 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;



depositing a first barrier layer in the at |east one trench and the at

| east one via to the magnetic nenory bit; depositing a netal systemon a
surface oWovhe7first barrier |ayer, the step of depositipPQrake/setial
systemincluding the step of depositing a copper (Cu) seed mnaterial in the
at least one trench and via, depositing a plated copper (Cu) - material on a
surface of the copper (Cu) seed materi and buffing and polishing the

P
pl ated copper (Cu), renpving the top dielectric of the copper system
depositing of the f4ePeytinga gisagarﬂsrrhaygrmm?ﬁﬂeaﬂw tf‘?“ﬁkka’e‘gﬁ’éé‘hf"'ﬁ%{ﬂ"ﬁg

| ayer, and the second outside barrier layer on a surface of the plated
copper (Cu); anatoghe regndtisgnerheryrbist al systemto 'define a copper (Cu)
damascene 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.



