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WD 2004/ 061857 PCT/ US2003/ 033247 A METHOD FOR
FABRI CATI NG A FLUX CONCENTRATI NG SYSTEM FOR USE IN A
MAGNETCELECTRONI CS DEVI CE FI ELD OF I NVENTION 5 The

%%%585? nvention relates generally to PCT/US2003/033247
magnet oel ectroni cs devices, and nore partlchar y to

a nethod for fabricating a flux concentrating system

f or AUIETHOD FOREABRICIINGA T 0MTEN BOCIOROETENM
THE | NVENTI ON 10 Magnet oel ectroni cs devices, spin

el ect r oni CROIEVSEIN AANA GNETOERRCTROMCSTHVICH ©
synonynous terns for devices that use the effects
predom nantly caused by electron spin.
Magnet oel ectroni cs effects are used i n numerous

i nfornation devices, prRNY ONRVERGIHRN- Vol atile,
reliable, radiation resistant, an i gh-density data
storag [Leva h . -
mgnet o B Ahieh P letuck JEnBUIE LG Wgnetoclecronios dgyiges, and
ar, : Rgneti ¢ om acces .
(R ity £ b o ARG s AR (OGS GRRIRE boo n
F"nfagnééée'tlééﬁénic GRpgLal |y, a magnet oel ectronics

i nférmation devicéeé'is constructed with an array of
magnet oel ectronics elenments (e.g., giant

magnetoresi stance (GVR) el enents or nmagnetic tunne
junction (MJ) e 0 ' trate that
may al so 20 inc&%ﬂgggé@g¥¢5#€?€ﬁE@Xﬁﬂiﬁﬁguctor

devi ces, such as, for exanple, MXFETs. The . . .
magnet Yagnstaeleaisinics deyigste pRIR ckepEoniss Jlvishsand spjatopies devices
magnetic field created froma current-carryin

c SR AEPBITOUT yiFFms fior evigsigthatupsecthe -céigts ﬂ'@ﬁ’@“’é‘@ﬁfgﬂu causpd; by
one formed underneath the magnetoel ectronics el enent

( eleerani sgine  Mpgnsioelgefepnish affecsy #re yscshia mugereys information devices,
magnet oel ectroni cs el enent (the bit line), are
abrERgdde an-\olasides robiahle radipsion resistant, ambhi gr-dansigiedatratiorags and
fields for progranm ng of the magnetoel ectronics
efegnewalt . The numerous magnetoelectronics information devices include, but are not

limited to, magnetic random access memory (MRAM), magnetic sensors and
read/write heads fo1; disk drives.

Generally, a magnetoelectronics information device is constructed with an
array of magnetoelectronics elements (e.g., giant magnetoresistance (GMR) elements
or magnetic tunnel junction (MTJ) elements) formed in a substrate that may also
include a variety of semiconductor devices, such as, for example, MOSFETs, The
magnetoelecironics elements are programmed by the magnetic field created from a
current-carrying conductor. Typically, two current-carrying conductors, one formed
underneath the magnetoelectronics element (the digit line) and one formed overlying
the magnetoelectronics element (the bit line), are arranged in cross point matrix to.

provide magnetic fields for programming of the magnetoelectronics element.
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often use netal interconnects for the

current-carryi ng conductors. One nethod of éﬁéﬂg@%%e
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inlaid process during which a trench is patterned and

t ched,i el ' , |
depos: C1nE: SR poBXEE: ol bR tndibfngrte for he
f ?ﬁ:ngr%g{céﬁ}lﬁllg]n%gﬁ%cﬁ{g gg?e?&%ﬁ?njdx&r fgrnglfl)%{ﬁg %iteirng ﬁe{.@}n?er(%@nect is

concentrating syste
8 ilatee i b iier oF BT AP o PREFRA ER I =
o e PRI SearEORaE R L d vipi g nch. P
e R Y | W e 5
eoRm0E SRR RGP RS BHCS RPes OO e et

to achieve the desired magnetic field strength. These
hilgfprcenseste it SORARYLrate dlit MRagRSHca flnk cf figq igroonnect toward  the
magnet oel ectroni cs el enents not bei ng ro%r.arrrred.‘
Haowagueseelecpiior elsmentve Shdd aysteans palep, ingpicatiy pilikire, gladdips lavers
| ayers overlying bit lines have proved )

urfemted sinathe ciides B metal hersonsegteln foeusuthe magnetisyBin & &e
of the nmetal layer 15 of the bit line, which may
admderlysigymagremelecttdnies cteaest. Withpub tladdieg dayprsc high Furepts are
| ayer. Qther nethods may result in a "magnetic gap"
betquired td hehiok abielidesdred anagretiarfibld beenginet Fhese lhighequrights may
die bit line, that is, the distance between the
claaetiicnoaffeatRirb@ Rrigiebeelcomdnids eleh@yte notdfeiniglpeoginimdd ne i s
sufficiently large that performance of the cladding

| ayer iowed, TRIoP Bt :RthodStd rbviéd 1o rcladeing dglersnavyrlying bit fines
i n non-planar top cladding |layers that 20 exhibit

defatd fYBvHdansABENSEE CubHihehads oftemrewdll it rPighneX oSthe B@tal layer .
side cladding layers. Accordingly, it is desirable to

ProPViiedit Bk, WHMhOMSHadRkiQ drt@ thd adRididiet e Bop cladding layer.-

Other methods may result in a “magnetic gap” between the cladding layer and the
metal layer of the bit Line, that is, the distance between the cladding layer and the metal
layer of the bit line is sufficiently large that pérformance of the cladding layer is
compromised. Still other methods may result in non-planar top cladding layers that
exhibit detrimental magnetic interaction with pre-existing side cladding layers.
Accordingly, it is desirable to provide an improved method for fabricating a
flux concentrating system for use in a magnetoelectronics device, Other desirable
features and characteristics of the present invention will become apparent from the
subsequent description and the appended claims, taken in conjunction with the

accompanying drawings.
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flux concentrating systemfor use in a
magnet oel ectroni cs device. O her desirable features
and characteristics of the present invention wl|l

becone apparent fromthe subsequent descrk@,{/kﬁ[}%@gg%

WU Shded cl ai ns, taken in conjunction Wi

acconpanyi ng draw ngs. 2 WO 2004/ 061857

PCTI US2003/ 033247 BRI EF DESCRI PTI ON OF THE DRAW NGS
The follow ng drawings are illustrative of particul ar
enbodi nents and therefore 5 do not limt the scope of
the invention, but are presented to assist in

o . i
ot 1o Scare: detaPPRARERROH apm pRORVANGY T TG,
ith t | anations in:the. follow L]

descri G0t DR Bl et G of BREGER EBE ks grotor

i o g R et B s e
TR e o o A S L e

‘concentrating systemin accordance,

] X with_an exen]'lg)l a@/ a1l
ertBdhergrlangfons fethe follgwirgidgtatledrjosgsiptig 1 frei s gpon Wi
schematically, in cross-section, a method for o
f digreinafien brydescrier g coiveion rwith g appededndravingsc gheraincie
wi th anot her exenplary enbodi ment of the 15
i mofersn¢eorumenfsdenotd ikelelempanisyadi at e schematically, in
cross-section, a nethod for fabricating a flux =
concenFIGR. ilrgillusgteteenhdmatisgdlyoinduerseeaiiontp methegd fop &bricating a
exenpl ary enbodi nent of the invention; FIG 16 is an
erflvar gmdentretirgp exsteny & wiwvdaofe withoant pemply smbadishenh of the
access 20 nenory device fornmed in accordance with an
exsvrepti@:y enbodi nent of the present

FIGS. 6-10 illustrate schematically, in ¢cross-section, a method for fabricating a
flux concentrating system in accordance with another exemplary embodiment of the -
invention;

. FIGS. 11-15 illustrate schematically, in cross-section, a method for fabricating
a flux concentrating system in accordance with a further exemplary embodiment of the
invention;

FIG. 16 is an enlarged perspective view of a portion of a random access
memory device formed in accordance with an exemplary embodiment of the present
invention; and

FIG. 17 illustrates schematically, in cross-section, a method for fabricating a

flux concentrating system in accordance with yet another exemplary embodiment of

the invention.
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invention; and FIG 17 illustrates schematically, in
cross-section, a nethod for fabricating a flux
concentrating systemin accordance with yet another
enbodi nent of the invention. 2

WO REY 55 "RoT] Usp003) 033247 | DETAI LED ORRH B REe
THE DRAWNGS The fol |l owing detailed description is of
exenpl ary enppdi e SESTRIPTRN OFSTHEORAWINERdEd t O
limt the invention or the application and uses of the
| nvent fionah D Gemiled dikfoBbd AUMACHRRG drfbolignR IR SRS
a convenient I1Tlustration for 1 nplenenting 5 exenpl ary
€ | iR o A ehM@R tHe AP | fifont RGth
SRR Rt bR St B A ekl W

amea?(?@% dQJcri#tE)g) ?lo%f@pt ctgﬁwgzﬁfehtb striftdn B84t il}lpl?men' g

depa rom cope O I nventi on as Sse ort

! %%ﬂ????@ﬁ&?gg%nﬁ%ﬁ% ﬁ*%f@“%‘"%h el AU 1hpf R
P RESRyBR: mone it it et GIE LR st

1-5 illustrate a,meth n.accordang

d.in. i ] :
R ST HEROTGP! (R UG EOan LT o fPERd claims

fabricating a flux concentrating systemfor, use in
b‘ﬂ@%‘é‘ﬁé%“t‘? P SengigR focs Poregr g wﬂéoqugfl@d 1 teypygpeding
net hod may begin by providing.a bit |ine 10, which is
desckgreendf any Egmplahtembadiments of the yeRiOflor that s
formed overlying one or nore magnetoel-ectronic .
el ementusniag ady (hise figgrentFlGeakP iliuate p mathod in accordance with .
magnet oel ectronic el ements is magnetically coupled to
bre lekeTaplary. emb@iimert i ole the) presediofyertioni £ fbgigating a flux .-
insulative material substrate 12, which nmay be any%
sedAntenttadng systeindes wse imamegrietdelestoapies deviee. dRaf¢rgng to JG. 1, the
material formed fromsilicon oxide
method may begin by providing a bit line 10, which is defined as a current-carrying -

conductor that is formed overlying one or more magnetoelectronic elements such that
-at least one of the magnetoelectronic elements is magnetically coupled to bit line 10. ..
Bit line 10 is formed within an insulative material substrate 12, which may be any--
suitable insulative material such as a dielectric material formed from silicon oxide
(8i0y), tetraethyl orthosilicate (TEOS);, silicon nitride (SiN) or other low temperature
material. As used herein, “low temperature material” means any material that is
formed at temperatures no higher than about 250°C. Temperatures higher than this
may adversely affect the magnetic properties of the materials that comprise bit line 10,
Substrate 12 may include one or more magnetoelectronics elements or may overly
another substrate that includes one or more magnetoclectronics elements that are

magnetically coupled to bit line 10.
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(Si2), tetraethyl orthoklicate (TECS), silicon

nitride (SIN) or other |low tenperature nmaterial. As

used herein, "low tenperature material" neans any

material that is 20 fornmed at tenperatures '
WOHAN%ESUt 250' C. Tenperatures hi gher thanpé]ﬁpgslb&@%”

adversely affect the magnetic properties of the

mat o7 | 8 Sink "8 mfP BRibERa et Bl maRHAShb@ff 12 pyBity

i ncl ude "oné or re nmagnetoel ectronics elenents or fray
over | anot her subst Jdncl €
el aP R RoHPRET B a3 0 i U HRSnARE B o one
co

I'CS enent s magnet i cal Iy

B S B et
TR O S, A 8PS e, o
LS ey Sy R

?Zln;j U Ct@i) Q%Dttl(egpﬂi?%éﬂyt/ g{ng%dg@o‘]:t oﬁc’:fo :{WVTSI}%’?'; 81%| tinrg:. gbl urther

conbi ned alloy thereof. Preferably, conducting |ine 22
i somprsspeladsinglayssep that i pastbionedradiicent s st ukars S fnferpcond
of the invention, bit line; 10 further —‘conprises
c Isafhg 16g suchypertho sidesy of cordugling; liteAret e e anpgnefics flyxsfrom
surface 4 and a second surface 6, such as the sides,
ofcomuetingcliiend? Imiapiebe2fcused tihan wnpeslyirggmagnetockeptippics eppent.
conducting line 22 may be focused to an underlying
ntjiding ddyerc2Ormoayi hefomed esing conyentiohal angtheds dscayewelplnogyn the
be formed using conventional nethods as are well known

i Bethibendusterindosuyucimpnd eoibetiment df rthe ieventidyo ¢ladging lafer 20+

the invention, cladding |ayer 20 conprises a flux

C @bRpes atflungotcayenting Gryef-16xFlop noeattrating fayet 6 may témprise-

may conprise any suitable material that has the

Chay agitdld Slaiefialofhat QBE e ERdrachgisiingn ebhenfrdting magnetic flux:

produced by the current flow ng in conducting |ine 22.

Flobbtucea s e duabht Thwinyia codducting, link32aFhel condentratimig layer 16 is.

conducti hg magnetic material having high pernmeability,

S U RicaBicdlly Chfducting magnetic material having high permeability, such as nicke].

iron of any suitable proportion of nickel and 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 material structure. Flux concentrating
layer 16 extends along surfaces 4, 6 of conducting line 22. In another embodiment of
the invention, cladding layer 20 may comprise a first barrier layer 14. In a preferred
embodiment, first barrier layer 14 extends along sides 4, 6 and also along a bottom
surface 8 of conducting line 22 to prevent or reduce diffusion of the metal that forms
conducting line 22 into substrate 12. First barrier layer 14 may comprise cobalt (Co),
cobalt iron (CoFe), tantatum (Ta), tantalum nitride (TaN) or other suitable material. In

. a further embodiment of the invention, cladding layer 20 may comprise second bartier
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iron of any suitable proportion of nickel and iron
(NiFe), or any suitable material having sufficiently
hi gh pernmeability to concentrate the magnetic flux in

the desired area and be netallurgically c i
YR VB nat eri al structure. Flax concentrggﬁﬁ%mgkgvgﬁ
16 extends al ong surfaces 4, 6 of conducting |ine 22.

Il g )ygrn Blﬁzch ?J@o?gbﬁ@%i agén% &Qfa{:&@l Erkv(ﬁ‘r&{ldﬁ@mﬁkrﬁ@'aﬁ@ serves

barrier layer
preferred

a|a§) ﬁ ag‘llea é)glgﬁfen 801{5‘?1%:{%' lénoe %zl‘ %n%ﬁlﬂ E%I}c%rﬁ%ﬁﬁ% ias?ace gg&gld
RS A Feld EETER W ALEPSD Te

substrate %2. First barrier layer 14 may conprise
cSPRief mpteddl  cobal t i ron (CbFe) tantal um (Ta),

25" 1 Rriprs o g e et eeRy G b e 10hnd

| ayer 20 may conpri se, second b -----------
2 Uptde 18K Perdameet) Big s %&9@0"2%?1“%{5& Frajegal tayer 2.
posi tioned adjacent surfaces 4, 6, 8 of conduct X

| {Biret materigh daygin?4) ard segandamperal ilayer BE Iaw &6 S % Cgﬁbﬂt first
I|ne 22 and flux concentrating |layer 16. Seco
baratdriak layes 24 sery® agay elsh sfop hew segpndpgaterial fgyes %fhtﬁ"érﬂﬂ?ﬁfﬂd to
silicon nitride (FaSiN) or other simlar material. 5
Refandard etchinpteptmigues, Fer expmple. firaitroaterial layen,2drmayzbe; fgrmed of a
formed overlying bit line 10 and substrate 12 and a
s ematemicl] thettieveleativeltay prrti@darictch Chamissty, onfiss nyateripd fayerdd may be
material |ayer 24. First material l|ayer 24 and second
médreei af a natedal 126 pravideben edpaiot sighakfoc kropyiieg orf sioveing the etch
material |ayer 24 serves as an etch stop when second
mptRedsal Ekaydds ot Gow Serspebinee trackrinle suitdblenida fatmétgcfiisnaterial -
techni ques. For exanple, first material |ayer 24 may

beayborameu@s bt adnovBingéd @l plhdnatenhancedhiaiie i(WENY, FEQS, silicon
partlcular etch chem stry, or first material |ayer 24

MRYride (SR rAEREmah nétridal AN, adilidoh @rbileOBiCIe siliash ebimonitide
signal for stopping or slowing the etch
(SiCN), silicon carbon oxyhydride (SiCOH), silicon oxynitride (SiON) and the like. -
Second material layer 26 also may be formed of these materials as long as first material «
layer 24 is formed of a material different from second material layer 26 and as long
first material layer 24 serves as an etch stop relative to second material layer 26. In a
preferred embodiment of the invention, first material layer 24 is formed from low
temperature plasma-enhanced nitride and second material layer 26 is formed from
TEOS.
Referring to FIG. 3, a poﬁon of second material layer 26 may be removed by
patterning and etching using conventional techniques to form a trench 28 within

second material layer 26. It will be appreciated that trench 28 should be at least as

wide as bit line 10 to focus the magnetic flux of bit line 10 to an underlying

6



process. Exanples of |ow tenperature materials
suitable for formng first material |ayer 24 include,
but are not limted to, plasma-enhanced nitride (PEN),

TBOS, silicon nitride (Sl I\I), al um num ni t régﬁ¥éﬁ0@2tw

“é‘?’f“f"({%f‘fisﬁar bide (SiC), silicon carbon nitrf
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, Silicon carbon oxyhydride (Si COH), silicon

2 %Pét{)él&?ml(u | % ot élg\mﬁe K€scondRGRA Igge'r ezlrﬁ'orgzg( b YiEled

SO ma se materi a

i s 0 S R B e
r iﬁg{[dqiav E',ct%%d gg&e ?é Imsag {bc %heg‘?sug%th%{ ectan 1? @top%ed bé/ J'lrst
;g wﬁﬂaw PE%V%EWE%O&MI@EM ﬁ%@@ﬁ%ﬁ%ﬂé&f fiberil

nltrlde and seco

Tl s Rt AR o 6o PRRE Boves® P G reond gl Toyel 26, ar
mat erial | ayer renoved b pattern
etwhﬁgdle%?swh&ﬁwém%ﬁ that gtepsihs f‘cﬁ%/]w ug tq mwﬁﬁ)l?t?’@%‘}?“
28 within second nmaterial layer 26. It will be
afi#fdlei ated that trench 28 should be at |east as 25
w de as bit line 10 to focus the magnetic flux of bit
li ne 1NextoasiHustiaiedin §IGn g, = dadding 1o5020 mey b formed within trench
PCT/ US2003/ 033247 nmagnet ocl ectroni cs el enent (not
s R8wAladdige tyerd3trmae bé Hirmphiysng 2§ wﬁyblbécm@n%@mcess such as
utilizing any standard etching technique but is

pipédsmn abpoy depasitiod (BYDXa iar Yeamtdehosition (HBR) pwmicayesrdgposition -

material |ayer 26 nay be etched such that etching is

St{ApPE atlebtrorflatingtor elevttadass platingay@addiug laydri3e mayde formed of the - ..

previously described is forned as either a |ayer of

mahm¢ materidls thaaform sladditg layee AGbd may lee fotreedatf differsyt pateddssin .

used to etch second naterial |ayer 26, or which

| REt CRéBSae GHRAPENDLS MRt idvdndibn,t daldingt bps 3 eomprised Elglﬁx :

due to an endpoint detection signal.
concentrating layer 34. Flux concentrating layer 34 has the characteristic of directing

magnetic flux produced by the current flowing in conducting line 22 toward a -

magnetoelectronics element positioned below bit line 10. Similar to flux concentrating . -

layer 16, flux concentrating layer 34 should be 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 material structure. In another
exemplary embodiment of the invention, cladding layer 30 may also comprise a first
barrier layer 32 formed underlying flux concentfating layer 34 and contacting the
surfaces of trench 28, that is, ovetlying first and second material layers 24, 26. First
barrier layer 32 acts as a diffusion barrier between the material of flux concentrating

layer 16 and conducting line 22. First barrier layer 32 may comprise cobalt (Co),

7



10

15

20

Next, as illustrated in FIG 3, a cladding |ayer 30
may be fornmed within trench 28. C adding | ayer 30 nay
be formed using any suitable deposition process such

| asma vapor deposition (PVD), ion "
“3)226%9 ron (1131)), atomc | ayer deposition 2%53{033 4
el ectroplating or electroless plati ng C addi ng | ayer

SRR BT 9 S R0 g,
T AT e%@%n@éﬁmaﬁéd;@;%%@w 5o comes
R B R e éﬁn@gﬁ@wﬁf iy =

PSRGHT oY LNE SIS, o QARG LR e Bl 2o B

ICS enen pos |one

? oneensiing Rier b1 s e berien i M B e e TR 2y o

onductin ma etic material haV|ng hlgh

ﬁreséfﬁlllqr uch as nickel iron (N Fe) or any
swtable rrater ng suffici
per medFATITiRg 1o %{%c 8n Sq#e,r %H%Y‘i‘rgg r‘i%%‘ IB%?‘P%@?H??‘F ?Vﬁ%ymg
desired 20 area and be netallurglcall conmpati bl e E
t ladding yeraBO. s Buffer matsriall layes 46t May be SRirdl %fr%ﬁy Sutable. 1ow
enbodi nent of the invention, claddi | a i i
S perERRO R sudh 4 FEX. BHPS: S0 TG 51 HARSICOH, SION
underlying flux concentrating |ayer 34 and contactin
t bl the like. alnesspreferted embadimet of the dnviestiong effar ynatggiak Jayagt3s is
and second material layers 24, 26. First barrier
| fymed BENIEOS. as a diffusion barrier between the
material of flux concentrating 25 | ayer 16 and
conducAs iilysthatelein2PIG. SFianys exdoss pardon bhygkddiB® laryaly30 such as*
conprise cobalt (Co), 7 -------- -=--------
200dH13ARD mhalREAl/ fhiSRA 034033240 anfaad ¢f sesond n(a@uﬂd)yer 26, and
tantalum (Ta), tantalumnitride (TaN) or other

SaiiyteaBdsEbuhek @iatefibl. layen38 thed mad befen@exetpl auy yuieblegdinasation
of the invention, cladding |ayer 30 may al so conprise

a?rs@e@p N@oWRrihi Gk deRyRhdudfr tiidistry,S s@RPSS | fof dxamse,| yiehtcal -

ux concentrating | ayer 34.
mechanical planarization or electrochemical mechanical planarization, or any other-
suitable temoval process, such as etching. Once a suitable portion of cladding layer 30
and buffer material layer 38 has been removed, a portion of cladding layer 30 remains
to form a top cladding layer 40 over bit line 10. Depending on the amount of
planarization performed, the top cladding layer 40 may or may not be substantially
planar. Accordingly, as will be appreciated, a flux concentrating system 42 comprising
top cladding layer 40 overlying first material layer 24 may be formed using the above-

described exemplary embodiment of the present invention. In addition, flux

concentrating system 42 may also comprise cladding layers 20 of bit line 10.



Second barrier layer 34 prevents or reduces diffusion
of the material of flux 5 concentrating | ayer 16.
Second barrier layer 34 may be forned of Ta, TaN, TaSN

r t simlar material . ReferrlngtoF
“%U??@%nﬁéterial | ayer 38 then may be fornedﬁg$§?PB%%g
cl adding |l ayer 30. Buffer material |ayer 38 may be
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suitable re ocess,, such _as etchin

S B 1B T heb NG PRHF NgeF 29 5rveic S Hiphiapy when second
materjial |a er 38 has been reaned a portiaon of

c W&&%yqré§&su@ect?déﬁﬁ!ﬂh@asma§t@a@m Eoregpnnls. g impgprial layer
| ayer 40 over bit |line 10. Dependi ng on the anount of
2@4 praxhaformed plomgerial Bt éeleqt% toy G5} DISTBARICIHRE, Phijst matprial

may or may not be substantially planar. Accordingl
adayml 24 mpebefopredodf aterderiahthel previdesrraendpoint isignel fggenpigor
conprising top cladding | ayer 40 overlying first
melowirigethe ¢tehyprpcepy Imagdithen, first meigrialdayey24 ind saesod enaterial layer
descri bed exenpl ary enbodi nent of the present
i 50 referably adelsklectettisuch draf, When xubjectadae atpagicitlay welyai¢heprodss,
may al so conprise cladding |layers 20 of bit line 10. 8
D208 4tdb 6ch8hidtrPEEhdISRAGBAHORB B4Zr 24-bi@hficaitl{ Gaster than second
illustrate another exenplary enbodi nent of the present
1 maeshl 1ayer 50. As vsed herein, to etch “significantly faster” means to etch at least-
about twice as fast. Thus, the wet etch chemistry etches first material layer 24 at least.
about twice as fast as second material layer 50. In a preferred embodiment of the.:
invention, the wet etch chemistry etches first material layer 24 about ten times as fast
as second material layer 50. Examples of low temperature materials suitable for
forming first material layer 24 include, but are not limited to, plasma-enhanced nitride
(PEN), TEOQS, silicon nitride (SiN), aluminum nitride (AIN), silicon carbide (SiC),
silicon carbon nitride (SiCN), silicon carbon oxyhydride (SiCOH), silicon oxynitride
_ (SiON) and the like. Second material layer 50 also may be formed of these materials
as long as first material layer 24 serves as an elch stop relative to second material layer

50 in dry plasma and as long as a wet etch of first material layer 24 is significantly

faster than second material layer 50. In another preferred embodiment of the

9



El ements of FIGS. 6-10 that have the sanme reference
nunbers as 'FIGS. 1-5 are the sane correspondi ng
FIGS. 1-5 el enents. The nethod may begi n by providing
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10

15

12. First material layer 24 is 5
overlying bit line 10 and substrate 12 and a second

mﬁ\%ﬁhﬁl lr@WfdierP 14 lyé‘r ﬁ@fs%ﬂnedol‘fﬁﬁllw/ gﬁnsﬂe!rd'uﬁg PR &ld &kond

ayer 24. First material Tayer 24 an econd materi al

I %a‘?émg%yer%lfstgﬁn }ﬁﬁéﬁﬁlsuch that first materi al

serves as a stop when second nmateri al

l ayer ﬁgfe#rﬁ'lgzt? k%‘I@ C‘} ead%qtrf?cf &Y, se% er?aﬁ(l: «L,l?%br ad:doflrs¥ material

exanpl e mat er ayer

f i éy%% mtaé lﬂ,@ ! e[ma%ﬁé E}éyzﬁ gcgl le1 g{ggn %ntgonalntg(%hél.? ue: to
S 1o R hSS B shBe e ﬂaﬁrp%aﬁé ﬁqq"%ﬁ% q?‘l%%[]agﬁ%e g i oe
sabaca Tt ﬁrem‘ia?éj S, O s vk 2 pErioe ot B e

etch pro ) vvet etch etches firs
nﬁtﬂ@r:q!ugv §§Peﬁlt @ﬁ. 16 éﬁtJ] V%@é%"e&ie“%lhgﬁo‘% cBBhtpous the
naterlal | ayer 50 used. herein, et

dnagpsticifiua of pij lipe LG @rdm umlarglgtnaﬁgaﬁfeﬂecgpm%ed%meni §108 Besvn)-
twice as fast. Thus, the wet etch chem stry etches
f iSeeqnd matesinl layer pQip@relorably pichedbyra dry elpfpimlasinp.cis iselk lpown
as second material layer 50. In a preferred enbodi nent
ofin thp gsmicondugteripgusity nin ong exemplare e gpd@h@ﬁpfstlw inventiohesgcond
first material |ayer 24 about ten times as fast as
s atenidl layer 80 maly bk atplkad s6€h thibetotipigas stofped by\fitse mplerialtlapee 24,
materials suitable for formng first material |ayer
2 &vhichcdsugteviolsiyt descgbedas fonmedl tagckither, a pdyass b neehialnthedis not
nitride 20 (PEN), TEGCS, silicon nitride (SiN),
alampnableno thetdry etehiggprddess, ot Whiclh mdzatebs dengeSif@aterial that stops
silicon carbon nitride (SiCN), silicon carbon
oxiehstchingl dud S @Hhdpoinit| de@otioroXigilt I indghotheSiefbpdimest 6ihihe
i ke. Second material |ayer 50 also may be forned of

t AERioNPAredttlPdf Second nlarAial 1ager 50 IsSierfomied follbwédbied subdequent.
serves as an etch stop relative to second nateri al

| 8Ve@&tch SOfilsmatENal My@s I8 widh G2retcReP ot Fes0Rlin 8k fotur®of bit:-
first material layer 24 is significantly 25 faster

U AP SHONHat BB Paﬁ;élazlzl theR ¥ €t with B vRDQEINGTemiNLS Rk BBRbs first

enbodi nent of theé

20

.25

material layer 24 sxgmﬁcantly faster than second material layer 50. First material layer
24 is etched until bit line 10 is exposed or until at least a substantial amount of first
material layer 24 is removed. In an optional embodiment, to ensure adequate removal |
of first material layer 24 from bit line 10, first material layer 24 may be overetched
until trench 52 includes an undercut 54 of first material layer 24. Any suitable amount
of overetch may be performed to ensure adequate removal of first material layer 24.
The percentage of overetch is defined as the percentage of the time it takes to eich the

22

thickness of first material layer 24. For example, if it takes “x™ seconds to etch a layer
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9 WO 20041061857 PCT/ US2003/ 033247 invention, first
material layer 24 is formed froml ow tenperature PEN
and second material layer 50 is forned from TECS.
Referring to FIG 7, a portion of second '
‘“ﬁ@&%“gﬁgand first material |ayer 24 nayn@%ﬁé%@%@%%¢7
by patterning and etching using conventiona

o Gt S yer 24 o RGN YA DILBE R overich of
\?\A%B%ﬁ)%é:%%c%o?éﬁeo? %rté Ié‘r%%e étéhe {?xﬁg ?f]%}(hsg&?lhg. dSilgﬁar a :S%%Qer@l%h is an

Subsequent Ty

S5 SR LY 0
SextmraRbR PR U apomghg "py 3P aPafi g0 ce il By Hhepe

etch in plasma, as is well known 1Q in.th

s empesimentl BF Hivaiva: By 9V°F?ﬁ°h6}$é“3é6!’83’ﬁf”aﬁb§7“®%8’cﬁb%r?9%of
the inyention, second _terhgl | ayer, 50 may be.etcheg
such  t IRaEOBEE e lar SuboRBEN abyher I GHioMgt Bie dgposigy pvtter
24, which as previously described is formed a eith?%
a cichypé frensh Sdepayrhepertommgd tp semRye naty | gorp g spifaee ffpt bit
et chi ng process, or which indicates a change of

mdine 19 and te pragoticsustges 64 ofditdine BP. nEhedredepgsition HH Gichmay be
detection signal. In another enbodi nent of the 15

i peermednsingany eeryhntishalgechoiqte rewa it e srigedugor industry.
performed, followed by a subsequent.. overetch of

first Refersing & FiGa§er claddingdayeas (56 dhea mesydte farsess! widhin trench 52
result in exposure of bit; line 10. First materi al

| ayieg adyl stitwble depositiarhpmbcass tsichaaswBYDe D, ARByiekrirgplatingtor -
etches first material layer 24 significantly faster

t bRoraes platngratiadding layeaye mapBe folnedsdf alfef eheimdterlalsyead layers -
24 is etched until bit line 10 is exposed or until at

| @ tonsprisedladdantliyel 3@anlssdribel with feften2OtofiGed.i al | ayer
24 is renoved. |Ih an optional enbodi nent, to ensure

adequainenl AR enfbdiehSéf hBirEdRh, tefty@ig Admédtaily v FIG. -
line 10, first material |ayer 24 nay be overetched

URY | dn ibduRRe Bafier 1hite lH 4R b PorkBdl itk treldh 57 bofdre e deposition.:
material |ayer 24. Any sSuitabl e anount
of cladding layer 56. Insulator barrier layer 66 may be used to reduce or eliminate-”
detrimental interaction between a subsequently formed top cladding layer, as described
below, and cladding layers 20. Insulator barrder layer 66 may be formed of any
suitable low temperature material, including any of those materials that may be used to
form first and second material layers 24, 50, Preferably, insulator barrier layer 66 is
formed of PEN.
Referring to FIG. 9, a buffer material layer 58 then may bé formed within
trench 52 and overlying cladding layer 56. Buffer matetial layer 58 may be formed of

any of the materials that comprise buffer material Iayér 38 as described with reference

to FIG. 4.
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of overetch may be perforned to ensure adequate
renmoval of first material |ayer 24. The percentage of
overetch is defined as the percentage of the tine it

\ﬁ@%ﬁ:ﬁo etch the 25 thi ckness of first napgflijﬁh%%%%r
or e a

xample, if it takes 'T" seconds to
| ayer 10 WD 20041061857 PCUUS2003/ 033247 of first

mat eri ak jlha¥aEd in22é. BEVID Gxdbsd gurﬁ&msaad ﬁ r 500%8 buffer

overetch is an overetch of X sec or an
UERERLENE 38 Ul be ﬁ%ﬁa‘ﬁ@&%“gﬁ spile ) iR ptdd non o
TSP .%Sgﬁa.?f&?% BT Bt
f ' h
LSRRI %&ﬁgﬁ@?g A o5 YR s
d . ' .
* ST LSRRI Bl R i e
D8 o] PR e 1 B B G o B Whfert £ g cigaime
TEEWFF?O de@b‘?ﬂfé‘hﬂ}’éﬁiﬁi et&Per etqcég%ermy bef Eerfoagr?gerfomed
tor industry. 10 Referring to FIG 8, a
cF%E@} aé(ﬁfe? By He ohbe pBstpnsfalf Blangry erprdinyeas vb be
usi ng any sui t abl e deposition process such as PVD

| B, = 3k ECERTALPS FI§IBY 62 eompEising fopsedadgingrlayeg 60 may be
C addi ng | ayer 56 may be forned of all of the

10 ipreed wing theabgverglesegbed expraplany smbpdimentcaf sltcprasgnt inyestiog dn .

5

20

25

as described with reference to FIG 3. In an
apdditionzle| o cleddieg layeri0, dlux tchecehilraliog tsitem 62 ahasy alsangpmprise -
nmonentarily to FIG is 17, an insulator barrier | ayer
6eladring lpyecs 29rafbi Ling thi n trench 52 before the
deposition,, of cladding |ayer 56. Insul ator barrler
| ayer HBGSmbir1hellussmd yeo arfedhec exanpledyi embudingent of the present-.
detrinmental interaction between a subsequently forned
t inpertibm dBlements afGS. Hslhasthavdxte sanleatiomwnceamthbelsad HIGR) 1---
| ayers 20. Insulator barrier |ayer 66 may be forned of
arly arestié @i orteSporiBETIEGE! W16 dléuientsi alhe tBGbd GhayObeaityby -

of those materials that may be used to
providing bit line 10 that is formed within insulative material substrate 12, First
material layer 24 is formed overlying bit line 10 and substrate 12 and a second material
layer 50 is formed overlying first material layer 24.

Referring to FIG. 12, a portion of second material layer 50 and first material
layer 24 may be removed by patterning and etching using conventional techniques to
form a trench 70 within second material layer 50 and first material layer 24. It will be
appreciated that trench 70 should be at least as wide as bit line 10 so that the
subsequently deposited cladding layer, as described in detail below, may focus the

magnetic flux of bit line 10 to an underlying magnetoelectronics element (not shown).

Second material layer 50 is preferably etched by a dry etch in plasma, as is well known

12
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20

20 formfirst and second material |ayers 24, 50.
Preferably, insulator barrier layer 66 is fornmed of
PEN. Referring to FIG 9, a buffer material |ayer 58
hen be formed within trench 52 and o i
Q&ﬁq%ﬁ%ﬂayer 56. Buffer material |ayer 5%@1%%20@&33247
formed of any of the materials that conprise buffer

el s oL AR D138 08 o bt

é;%?%(g%%)gﬁ'e bifhe l%h tﬂa‘? picfihy’ s%ﬁé@&%yﬁ@&%&?&aﬁagﬁ'2@%'1{1&9%

erl

t Wéev?éxgly%% 18 ?orm as 1Jrﬂc|>:/réanla 7 é?'glla%n?l%ﬁ%seﬁo§ ﬁ”[%\“){é tJ) the

m cal nechan c t on

%Iﬁ*f“&%l’m&fis%tﬁ’é fa?frd?ﬁ% E H@Ofoq’ﬁs?a?%g QAR e

sui tabl e

SR SrnBie? SFiagar ﬁ@%ﬂ#caa?‘g%% S e o o of
58 h b f . clad
SRS SOARGIS BB S0 Sop oIS of 55 ot SABE OVEReth o st

10. Agai n, dependlng on t he anount _ of planarlz tio
pé?alteé’&ah@dcr 24, ophieh avEigdaesn et et FFa?th?Fm' gfne . First
substantlalty pl anar . Accordln%Iy, as wll be i
appiesie] yedd hen fssiched NalB rit Vel qighgCheypistry Hha 2tchemfinst sptsgal
top cladding | ayer 60 may be 10 forned using the
allyor24 siguifivandy Testes than seopnd mestalniayer 565 Ferwemﬁm@é dayer 24 18
invention. In addition to top cladding layer 60, flux
c eteberhtmtit bin fnes 18 tie px@2ednand ial wyoretsbed pntdetrench 56 dnﬂgies an
| ayers 20 of bit Jine 10. FIGS. 11-15 illustrate yet a
f wnddner 72 & fipt anieridribed 2de it thisfexemplagyresshediment, overetching is
invention. Elenents of FIGS. 11-15 that have the sane

r ebetuend & prodioe n suffisierf lufifsrcut 72 ddbthatDummesubsequesadeposition of a -

corresponding FIGS. 1-10 el enments. The method may
betdindhygr @\disdisag Beldw, b dideoniifudub eladditg lapsr teghisrddhi n
insulative material substrate 12. First materi al

| ayer 24ilusrd«lif®us.08ef daddig 10t 74 theemiPbefotmSdwoisiin Bémeh .

12 and a second materi al

70 using a deposition process such as PVD, IBD, ALD or electroless plating. Cladding.:

layer 74 may be formed of all of the materials and layers that comprise cladding layer +

30 as described with reference to FIG. 3. As described above, due at least in part to the
substantial undercut 72 of first material layer 24, cladding layer 74 preferably is
discontinuous, forming a top cladding layer 76 overlying bit line 10 and an ancillary
cladding Iayer 78 overlying second material layer 50.

Referring to FIG. 14, a buffer material layer 80 than may be formed within
trench 70 and overlying top cladding layer 76 and ancillary cladding layer 78. Buffer
material layer 80 may be formed of any of tﬁe materials that comprise buffer material

layer 38 as described with reference to FIG. 4.

13



| ayer 50 is fornmed overlying first material |ayer 24.
Referring to FIG 12, a portion of second materi al
layer 50 and first material 20 layer 24 may be

\J(ﬂﬂﬁ (E?s py patterni ng and etchi ng using Cof;‘é’l%gzbtﬁﬂﬂzw

niques to forma trench 70 within second naterr al
| ayer 50 and first material layer 24. It will be

appr eciagti@ i FIGeﬁP Becéf mheH] daylesdndl B8R4 @ﬁdc‘ﬁhg fayer

as bit line 10 so that the subsedquently dep05|te

clRdgleRdnd2 % rrem@’v%dd %Bj/ %?ﬁ!aﬂw pfiRkal 10@?&'&%3 K¥%mn in the

focus the rmgnetlc bit line 10 fo an

ungd@rchydub@r 7 %F}Ff %ﬁél’fsgég&lng rpe ? ‘?:?grg#:al( f&gé gﬁ\éﬁ}an*an%%on

Second material Tayer y etc

e Tyl BT, o 0 s o
5 | 2 PRE0L 6 Lol SR e BRSPS %‘%%b%hm
;3@25‘“%%%“%@?" %%é@mf? e romPTogs B Paﬁ%f fos de
| el oot 16 10k EHtan shereat erriVE ke @edpaot RS tapdi frges

due 5 e ol nt detection signal not
00 (i 0 ORI gt v R A prplas e ainment of the
mat er | al SOiE erformed, followed by a
g{%@éﬁl&f@}%ﬂﬁ%@é@% AT 0. 16 thaghavehe é%mfawefqr%%vur@hﬁrs Akl -
overetch does not result _in exposure of bit line 10.

10 {9 prsithe sapae @y thy cogreapending FI¢ ndplgnaents; Rgadpnppacpss sneppory device :
etch chem stry that etches first material |ayer 24
89 ipaiufescearplty phaegnetic Hemory apitii?- AMdasaeticanenmay Bits$i may be.-
First material layer 24 is 10 etched until bit line 10
gigntemppnstorpsigiaetei (EMR)elamentsend magnstic timmehjvhctivd (MAJ) eldwents.
an undercut 72 of first material layer 24. In this
dagmgtic angmazyrivoith PR mtay beVemet adui ergwitlsn app nuitebleestmicpnductor
produce a sufficient undercut 72 so that, upon
sptsa) P rthidheposintindmanyfsugablecdeadion g tdr alpeices (ast shown), such
di scussed bel ow, a discontinuous cl adding |ayer is

15 axcior exsmeple, Aansididrsi Slatadines] input/bdifmt cirdyitspdatd/adlebss dedodyi€ rand.
74 then may be fornmed within trench
the like,

Each of magnetic membry units 92 is magnetically coupled to a bit line 10 such
that a magnetic field created by bit line 10 may be used to program the plurality of
magnetic memory units 92. The magnetic field created by bit line 10 may be focused.

20 toward the memory units 92 by a flux concentrating system 96. In one exemplary
embodiment, as illustrated in FIG. 16, flux concentrating system 96 includes cladding
layers 20 and top cladding layer 60. It will be appreciated, however, that flux
concentrating system 96 may comprise any of the other exemplary embodiments of a top

cladding layer described herein and may include only a top cladding layer.

14
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15 70 using a deposition process such as PVD, |1BD, ALD
or electroless plating. dadding |ayer 74 nay be
formed of all of the nmaterials and | ayers that

“&g%{!oigigg,}écl adding |ayer ~ 30 as descri bedy M tdoesinzs247

5

10 ey
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to FIG 3. As described above, due at [east
in part to the substantial undercut 72 of first
mat eri ghyd AVE rap?ﬁent GhAAHLD Chal BE] prrtided, eeicBE¥nck Swith the
di scontinuous, Tormng a top cladding |ayer 76

o"‘xﬁ@nﬂ&fgga %etﬂ'fdd' RE AbiAaRe: an ﬂﬁ{‘%o}'lé:clﬂ{réﬁngz sl et B in a

| ayer overlying second materi a ayer 50. Referring

e LB IAT by TR e o
| A BB L L e S e i, s
TR OB AN B 805, B8 e
et i TR e
T e TR BB A SR N LD S

exanpl e,. chem cal nechani cal pl.anarization, . )
elasorraydravedamming:2 Hagle e Odp%ﬁa% fhe bitilige, eichipg theygingle layer
i ke. Accordingly, a flux 5 concentrating system 82
t Haformacrangandidsprsiiing @ @adging Jayey in s tregcly. of Jiifer material layer
overlying bit line 10. Flux concentrating system 82
K@daecfemﬂ ivdidinctheyderich gnd expeyiag thy cldding faypy 49 any)excess. -
FIG 16 illustrates an enl arged perspective view of a
paottioonofothe laddingl daven end bufferemaseyel dayer dienomay e fegoyed ass
accordance wi th anot her exenplary enbodi nent of the
prdesoeihed above nThis mrenijll @pembedinentME thel Bventige maavesultrie a flux:
same reference nunbers as FIG 1- 10 10 are the sane
agohdeatraing rsysao rstthitg t6that illGsteted e HIS. 1RanCorespadingly, the:
menory device: 90 includes a plurality of magnetic
meneliod of el BesOit invbhighnahdyccompriny fprming tiseedR nmy lages overlying
gi ant magnet or esi stance (GWR) el enents or nagnetic
t WGt lihed NEUdiRdhallyyITish) cl&IdBIFERYeS is not limited to one flux concentrating::

layer but may include additional flux concentrating layers. Moreover, the cladding:
layer may include barrier layers in addition to the first and second barrier layers.
Those of skill in the art will recognize that many variations and modifications of such
embodiments are possible without departing from the spirit of the invention.
Accordingly, it is intended to encompass within the invention all such modifications
and variations as fall within the scope of the apéended claims.

Benefits, other advantages, and solutions to problems have been described
above with regard to specific embodiments. However, the benefits, advantages,
solutions to problems, and any element(s) that may cause any benefit, advantage, or

solution to occur or become more pronounced are not to be construed as a critical,

15



Magnetic nenory units 92 may be forned on or within
any suitable sem conductor substrate 94, which may
i ncl ude any suitabl e sem conductor devices (not
vfd“ﬂ kigssUCh 15 as for exanple, transistorgep68bBn33247
|ngg) I'nput/output circuits, data/address J%co ers,
and~ the |ike. Each of magnetic nenory units 92 is

”ﬁgﬁh%te& R kds¥niaPieRb@s of é?mﬁen'%* df alﬂ' &eall]tﬁ)e AMER. ALRSd Rrein, the
maghetic field created by bit line 10 may be used to

PreOgs 88 htRes! ‘%Blﬁblllstlﬁé Ofy anBE JS dﬁﬁﬂ&édf M‘Q hﬁtﬁldga?to cover

The magnetic field created” by |ne

FacHsedcrlive Qfsfint 'é‘ufcg ”EEEED{l YordBs! ﬁle%g béﬁlé}e f &U gp&laratus that

concentrati ng syst em I n"one exenp ary

agoinhh%’@ gt 6 el Fll: i) @) Jn%t n]fc gg oﬁﬁgﬁﬁgteieﬁehggauf' qg&lude

des ¢ Tayers ayer
s Sk b PR SERBIEH b W! l

exe ary enbodi nents of a top claddlng | ayer

dé@@g %ad herein and may i nclude only a top cl adding

| ayer. 14 WO 2004/ 061857 PCT/ US2003/ 033247 Thus it is
apparent that there has been provided, in accordance
with the invention, a nethod for fabricating a flux
concentrating systemfor use in a magnetoel ectronics
devi ce. Although various enbodi nents of the invention
have been described and illustrated -with reference
to specific enbodinents thereof, it is not 5 intended
that the invention be limted to such illustrative
enbodi ments. For exanple, it will be appreciated
that, while the above-described enbodi nents of the

met hod of the present invention conprise formng two
| ayers overlying the bit line, the nethod also nay
include formng a single layer overlying the bit |ine,
etching the single layer to forma trench and
depositing a cladding layer in the trench. A buffer
material layer 10 may then be fornmed within the trench
and overlying the cladding | ayer and any excess
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portion of the cladding |ayer and buffer materi al
| ayer then may be renoved as~~ described above. This
exenpl ary enbodi nent of the invention nay result in a
ncentrating systemsimlar to tha
w*%é‘%ﬁ%ég?ed in FIG 10. Correspondingly, t CT’USZGM{O%SM
of the present invention nmay conprise formng three or
nore |ayers overlying 15 thecpifgd i ne. Additionally,
the cladding layer is not limted to one flux
concentyiat i Bipedi@yer but may include additional flux
concentrating | ayers. Mreover, the cladding |ayer ‘
y in r t r -
oy | ok BRSPS SRS il ! e Tk o o

W'A@n&ﬁ&&%ﬂ{gésﬁd&k@ttherﬁﬁ&}{o&’c%ﬁigﬁ%{1@%s Ggrodi i cat O”S

ments are pos out departing
s 11om ¢ bRl 8L sl hGRLL@N, | 20, Accor dingly, 1t

is nde in the |nvent|on all such
dit

o 'th'ef %&éﬁ?@% H@F’f& bR byenllihe $8 b el o BbligeS P

o P el T R o R e A paey o tﬁgove

benefi va sol tlons to problens, and any
eIenen@%@? iﬁﬁgcﬁgﬁﬁﬁﬁﬁ@ém H"%Benefit, advantage, or

25 solytion to_occur, or becone nore pronounced are not
to be C5HEEpbuitermatesiallayer pyeglying sig CW‘Z&)@WO@f%?

PCT/ US2003/ 033247 required, or essential features or

0 ¢ enenltegwwfls ARgrige Ofawd buyffer maﬁnﬂﬂayew%ww?feﬁm ladding
ternms "conprises," "conprising," or any other

vari ati of¥ether eof, are intended to cover a

non- excl usi ve |nclusion, such that a process, nethod,
article, or apparatus that conprises a |ist of

el enents does not include only those el enents but my

i Bcl udEhesmethdvbo! ddimnk ntteraiothe etep rof $arimjng said foit omterial layer
i nherent to such process, nethod, article, or

appamprisas forfbhg said first material layer from at least one of plasma-enhanced

silicon nitride (PEN), tetracthyl orthosilicate (TEQS), silicon nitride (SiN), aluminum
nitride (AIN), silicon carbide (SiC), silicon carbon nitride (SiCN), silicon. carbon

oxyhydride (SiCOH) and silicon oxynitride (SiON).

3. The method of claim 1, further comprising the step of forming a second
material layer overlying said bit line and said substrate before the step of forming said

first material layer.

4. The method of claim 3, further comprising the step of selecting said first
material layer and said second material layer such that said second material layer

serves as an etch stop when said first material Jayer is etched.
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WD 2004/ 061857 PCT/ US2003/ 033247 CLAIMS What is
clainmed is: 1 A nethod for fabricating a flux
concentrating systemfor use in a magnetoel ectronics

“%Fvi(ﬁtﬁ;he met hod conprising the steps of, LMo sih 130
R{ee} st

i0

15

20

ine formed in a substrate; formng afir
material |ayer overlying said bit |ine and said
substrate; etching to forma trench in said first
materi al | ayer; depositing a cladding |layer in said

trenchiy, & Offthag¢ g,%%y %E SherdBUR! 4@ of B Rhe OUE s inl_f%rfaﬁiasier

cl"addi ng l'ayer; renovi ng -a portion of sa

Y0Pyt B nf TACTHHR B 38 Ul

hod o ereln the'step o
| SR R e G50 o A8 BT R SR
oA RN PE presios b ke PR USRI o Entteon
A e SRR, o e
and silicon oxynitride (SiON). 3. The nethod of claim

1, further conprising the step of form ng a second 20
material | ayer overlying said bit |ine apd sai.d .
sfbst r AbeTHBPLPIEIFRA, %%sndl?e Wr%f?@“%%a&fj sepond Jpaterial layer
material |ayer. 4. The method of claim3, further
C GRAFPTiSEP Aymingesaisk sepongrmalariab daypnfiora 1 deast qneof plaspaeiiigpeed
|l ayer and sai d second material |ayer such that said .
s stisprnigidedPEY), tetepsthy! orthesilicate\(FEO) sigonsmigkled$ i, dpmipum
said first material layer is etched. 17 ) ,

nitride (AIN), silicon carbide (SiC), silicon carbon nitride (SiCN), silicon carbon

oxyhydride (SiCOH) and silicon oxynitride (SiON).

7. The method of claim 3, wherein the step of forming said second material 1ayer

comprises forming said second material layer of plasma-enhanced nitride and the step

}
of forming said first material layer comprises forming said first material layer from

tetracthyl orthosilicate.

8. The method of claim 1, the step of etching comprising etching by dry plasma

etching.

9 The method of claim 3, the step of etching comprising etching by dry plasma

etching,
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WO 2004/ 061857 PCT/ US2003/ 033247 5. The net hod of
claim3, wherein the step of formng said first
material |ayer conprises formng said first materi al
m at | east one of plasma-enhancedp sidhR5247
vhf%@@%&k PEN), tetraethyl orthosilicate (TEE@F% RS2
silicon nitride (SIN, alumnumb5 nitride (AIN),

S' loi coRpe ﬂ{egioqeof(cﬁa& $Hel ét&p% Ecﬁg'%i{%ﬁk Qlciarda@lg 1yt EMprising

i con carbon oxyhydride ( and silicon

0 )%I%shﬁféda? ffﬁl? cgr\lgentxﬁm gfm rf%thlg Ay OE1eG i HEP c%nd%’ﬂﬁé Shdgnetic

he* ste orm ng S&i & second rmaterta | ayer
fgg%{ﬂa?ﬁa%rf sﬁfﬁcﬁgt@ﬁ% %éﬁga%ggy %Bctoﬁéeh %t% gﬁ%ﬁelﬁct: ?1{119{5‘ desired
(PEN) , tetraethyl orthosilicate (TEOCS), silicon

nidf? de (SiN), alumnumnitride (AIN), silicon carbide
(SiQ silicon carbon nitride (SiCN), silicon carbon

5 oxyhydrlde (SICOH) and silicon oxynitride (S
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T th

s S ORORETRA PLAPEY 1pferes o8 d@sﬁsﬁg Bl Sl %3?11&'“%
© HEResGing Fok cgeR P ALPr SHTE0 PGl R GHTN | ayer
conprises formng said first material |ayer from

tetraethyl orthosilicate. 8. The nethod of claim1,

the step of etching conprising etching by dry plasma
202et cwﬁm@eﬂigd ofpl@imle theotEPSH remaNing 3 portipolsyaidbuffer material
etching conprising etching by dry plasma etching. 18
WEy20 Gard 06 TS on PaT A4S 3819118 3B 3er 7 compmising i by shemical
claim1, the step of depositing a cladding |ayer

c awrphdngtiahgjanageqsioni t i ng a fl ux concentrating |ayer that
is all electrically conducting nmagnetic

13.  The method of claim 3, wherein the step of etching comprises etching said first
material layer with a dry plasma etch and etching said first and second material layers
using a wet etch chemistry that causes said second material layer to etch significantly
faster than said first material layer, said etching forming a trench in said first' and

second material layers.

14,  The method of claim 13, wherein the step of forming said second material layer
comprises forming said second material layer of plasma-enhanced nitride and the step
of forming said first material layer comprises forming said first material layer from

tetraethyl orthosilicate.

15.  The method of claim 13, wherein the step of depositing a cladding layer within

said trench comprises depositing a discontinuous cladding layer.
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material having sufficiently high perneability to
concentrate magnetic flux to a desired area. 5 11.
The net hod of claim 10, the step of depositing a

wo fdsieidk;| ayer conprising depositing a fl
concentrating |ayer formed of nickel iron %ﬁPE%§@mT%F
The nmethod of claiml, the step of renoving a portion
of said buffer material to |ayer and a portion of
sai d cladding |ayer conprising renmoving by chenica
meghaniTgemdlodNRrdiZAt 130 ek B thd NGp Bt diisheOf rtﬁéradofﬁgﬁses an
wherein the step of etching conprises etching sa
FigvsietchifBbELAPlecdnBYiBiloritd 1hyer 8f AbY: Bh@S™ et ch and

et chi ﬁgﬁga{sdaﬁe(r:sl}t and se)(t:égndﬁ)hat @r‘i%él | ayers 15
using a wet etch chem stry that causes said second
material |ayer to etch significantly faster than said

15t Tl U6 14 Utk Sl
e T LRy

mat eri-a ayer ‘ai d second
mat eri al | ayer of plasna-enhanced nitride and the step

of formng said first material |ayer conprises formng
sai,d fiJst erial layer from tetraethyl . )

o Bhos 1 EuafiBt 5 bt WP HORE oieb OF SR = fifdine: e
step. of depositing a cladding |ayer within 25 said
trpéﬁ(bq%&:%a NS EUDRYSIHE & PP tugg lﬂ‘i‘%‘&"’&%i SurtageAidiargoond
layer. 19 WD 2004/ 061857 PCT/ US2003/ 033247 = 16. The
EYIRSE At 2 eladding laysr thafiepasitionedasdjasent said firsp gl spgogd surfaces of
further conprises an overetching of said second

mitié penalucting\ise. of about 100% 5 17. The nethod of

claim 13, wherein the step of etching further
conprises an ,

19.  The method of claim 13, further comprising the step of forming an insulator

barrier layer in said trench before the step of depositing a cladding layer.

20. A method for fabricating a flux concentrating system for use in a
magnetoelectronics device, the method comprising the steps of:
providing a bit line formed in a substrate;
forming a first material layer overlying said bit line and said substrate;
forming a second material layer overlying said first material layer;
etching said second material layer with a dry plasma etch to form a trench;
etching said first material layer using a wet etch chemistry that causes said first
- material layer to etch significantly faster than said second material layer;
depositing a cladding layer in said trench;

forming a buffer material layer overlying said cladding layer; and

20



overetching of said second material |ayer of about
0% 50% 18. The nethod of claim 1, wherein the step of
providing a bit line conprises providing a bit line

wWPIRdesdsnd @ conducting line having a firspo s, @5:0%247
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and a second 10 surface and a cl adding | ayer t
positioned adjacent said first and second surfaces of
sai d Coafdlg Nigbrdidn ¥ said %ufféfhﬁat&ﬁi 9 R4 a%bﬁlomoﬂ-ﬁd cladding
further conpr|5|ng the step of forim ng an insul ator
barrier lhgeer in said trench before the step of
depositing a cladding layer. 15 20. A nethod for
Fairi cahé Ridd of Bint 98] GRilet i

of elai Gtdte t?ﬁla i ng%z ﬁ%‘f?ﬁﬂg sgld.fﬂ'&qnzh&ﬁ? layer

magnet oel ect roni cs devi ce, nprising t

St&ﬁ@n&fs forfifVdafll G rﬁat Jaf ]agérrb? p a&%ﬁ'?&ah&d %nﬁfgcb%ltdrtﬁ% S%p of

form ng aftirst materi a yer overlylng sal

aqgmﬁ id %égc?‘r{drﬂt&ml Ia%eg' ?&me?er ing's e?larggconng %Hﬁlr}ayer from

Iayer sal d yer
SQ&ﬂm&iﬁﬁﬁgmﬁaﬁer'al layer with a dry plasma etch to
orma-trenc etching said first material |ayer
using a wet etch chem stry that causes said first
material layer to etch significantly faster than said

second a cl adding layer in
safa + FEnERodst RPN FERER et U nEreR aRpayFT comprsing
over yi ng sai d cl addjn Iayer and 20 WO 2004/.061857

SE58 (3 g% $oncpntertingdayen dhal is ot Plestrically condncfing magnetic
naterl | | ayer, and a portlon of said cladding |ayer.
2inat°Fﬁ§laﬁ’él€ Redcigrtdgh Rfebilifhiecengsnifaiemagnstic Bux toa desired
formng said first material |ayer conprises formng
sdf*®& first material |ayer of plasma-enhanced nitride
and the step of

23.  The method of claim 20, the step of depositing a cladding layer comprising

depositing a flux concentrating layer formed of nickel iron (NiFe).

24.  The method of claim 20, further comprising the step of forming an insulator

barsier layer in said trench before the step of depositing a cladding layer.

25.  The method of claim 20, wherein the step of eiching said first material layer
. results in exposing at least a portion of a surface of said bit line and wherein said
method further comprises the step of pre-deposition sputter etching said surface of said

bit line.
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5 formng said second material |ayer conprises formng
said second material layer from tetraethyl
orthosilicate. 22. The nethod of claim 20, the step of

Wﬁ%&ﬁ%?g a cl addi ng | ayer conpri sing depgﬁhifzb&g,sﬁ“
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ux concentrating layer that is an electrica
conducting magnetic 10 material having sufficiently
high paneB@thol bf Mait20C Wﬂ@l@iﬂttﬁcﬁit% Jf&Qﬁ&Iiﬂlnga hdrtidn 6f%aid buffer
desired area. 23. The nethod of claim 20, the step of
depgasid 146r dCd pskEbNGr bAY Slad GRTRYrSufittr cHRPRRY trérﬁk_ﬁ/ixig) said
flux conCentrating |layer fornmed of nickel 1ron (N Fe).
155&4hd mbRGialRjgpod of claim 20, further conprising the
step of formng an insulator barrier layer in said
trench before the step of depositing a cladding |ayer.
25, The nethod of claim 20, wherein the step of
etching said first material layer 20 results in
exposing at least a portion of a surface of said bit
line and wherein said nethod further conprises the
step of pre-deposition sputter etching said surface of

sajd it line. .21, WD .2004/061857 PCT/ US20031 .
267 Thé IR %1 RIGRERE 20, TP EFIFIRE SPEE gt s in a
renpvin ortion of said buffer,  material |ayer and

a ‘B‘“@F‘?tf’%?f% e "lf%‘fﬁf‘a‘aa‘f}?fgﬁ"rf%‘%‘}lg PEFERS conpri ses
removing said .second materjal layer. 5 27. A nethod

of fabPo¥ings “imF‘HWB Eﬁﬁﬁﬁ??ﬁting system for use in

a magnet oel ectronics device, the nethod cqonprising

the st &paingf:ting masrial laypr qveslying sain Bit {ing #adaid gubgtrate;

substrat e;
formung a second material layer overlying said first material layer;

etching said second material layer with a dry plasma etch to form a trench;

etching said first material Iélyer using a wet etch chemistry that canses said first
material layer to etch significantly faster than said second material layer and
that effects an overetching of said first material layer so that said trench
comprises an undercut of said first material layer relative to said second
material;

depositing a cladding layer within.said trench, said cladding layer comprising a
first portion overlying said bit line and a second portion overlying said
second material layer;

forming a buffer material layer within said trench, said buffer material layer
overlying at least said first portion of said cladding layer; and

removing said second portion of said cladding layer and a portion of said buffer

material layer.
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10 formng a first material |ayer overlying said bit

line and said substrate; formng a second materi al

| ayer overlying said first material layer; etching
lduaazend material layer with a dry pl asP@{@gﬁ&,ﬂgﬁ”

orma trench; etching said first material |ayer

using a wet etch chem stry that causes said first

Megeer i ahe hRWRH of lafth 0N e fhi GRPLF Yorkt @fd fiBeMats®il thyer

second material |ayer and 15 that effects an

&ﬁrﬁhﬁ@ e ehiR saRPhiQ: hhth S 1B DlRha bMiRLedSRyiO&ld Iﬁé‘ktgp of

conprises an undefcut "of said first materi al

[glgmg ?‘Jn?ge'c&ﬁl hedd hﬂeﬁ&&%ﬁ&s fcﬁf?ﬁrfgr dafdl eccf;l.ﬁglgﬁér%i {ﬂa Gbr from

ayer wthin'sard trench, “sal yer
c rst portion overlylng said bit line
qgﬂkhggggﬁ%hgﬁétlon overlying said 20 second
material layer; forming a buffer material layer within
said trench, said buffer material |ayer overlying at

oot Sl Sl 5% < o e Slon ¥ ki & 2%18? 2 5o gPBrising
3%&%@1% R Presbute Bsohs i et fbinde Sgithe
| Gterial B sPesleiny Epiah Rmesli o SPacenyale Spassatic it dpied

pl asma- enhanced nltrlde and the step of formng said

sé&dnd material |ayer conprises forming said second

material |layer from tetraethyl orthosilicate. 5 29.
10 The met hod of claim 27, the step of depositing a-

claddlng | ayer conprising
0. The method of claim 29, the step of depositing a cladding layer comprising

‘ depositing a flux concentrating layer formed of nickel iron (NiFe).

31.  The method of claim 27, wherein the step of etchin.g said first material layer
15  results in exposing at least a portion of a surface of said bit line and wherein: said
method further comprises the step of pre-deposition sputter etching said surface of said

bit line.

32.  The method of claim 27, wherein said first portion and said second portion of

20  said cladding layer are continuous.

33. The method of claim 27, wherein said first portion and said second portion of

said cladding layer are discontinuous.
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depositing a flux concentrating |ayer that is an

el ectrically conducting magnetic nmaterial having

sufficiently high perneability to concentrate magnetic

@%%ﬂéfqﬁg desired area. 10 30. The met hodpefylodsididaer
, the step of depositing a cladding |ayer conprising

depositing a flux concentrating |ayer forned of nicke

i ron (NhEedethodlef dkiify SRlROSePbf fdnitiviigZshid WOSHCHdRHidNEr said
step of etching said first material layer 15 results

.1 NIEHRRIhRE aftf o DRBST ofRaiB BiffdrGRat@al ﬁ?(&*ffﬁfﬂ%? BorRfrisiRi réinoving

bit |ine and wherein: said nethod further conprises

t hgi sk d HatdtEr@igposi tion sputter etching said
su%?ace 0 aSai aﬂ%it line. 32. The nethod of claim 27,
wherein said first portion and said second portion of
20 said cladding | ayer are continuous. 33. The nethod

5 Of 3Ll Qg 2. forn AN (.qa_iliﬂl Ssﬁit]% {at%?lf] aeﬂfb&{/dg?ﬁ%f%gonﬁaﬁoqﬁon of said

second ‘portion of said

3 SRRE WOHE  dock St A il e At o moyine

second rtian.of said cladding |ayer and a portion
oﬁ“@EFEBgHPkgﬁlﬁﬁ?eria| | ayer further conprising
renoving said second material layer. 5 35. The net hod
of claim33, the step of renoving said second portion
of said cladding |ayer and a portion of said buffer

material |ayer further conprising renoving said
second material |ayer. 24



