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15 limited to, magnetic random access memory (MRAM), magnetic sensors and
re.éd/write heads for 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

20 . ipclude a variety of semiconductor devices, such us, for example, MOSFETs. The
magnetoelegtfonics 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 clement (the bit line), are arranged in cross point matrix to

25  provide magnetic fields for programming of the magnetoelectronics element.
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layer of the bit line is sufficiently large that performance of the cladding layer is

compromised. Still other methods may result in noﬁ-planar top cladding layers that

| 20  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

.25  accompanying drawings.
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DESCRI PTI ON OF THE DRAW NGS The fol | owi ng draw ngs arLe /06/2006
illustrative of particular enbodi nents and therefore
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FIGS. 6-10 illustrate schematically, in cross-section, a method for fabricatinga -
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 t"onned 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.




DETAI LED DESCRI PTI ON OF THE DRAW NGS The fol | owi ng
detail ed description is of exenplary enbodi nents only:
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the invention. 10 Turning now to the figures, FIGS.
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magnet oel ectronics el ements or may overly another
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15

_suitable insulative material such as a dielectric material formed from silicon oxide

(510s), tetraethyl orthosilicate (TEQS); silicon nitride (SiN) or other low temperature
material. As used herein, “low temperature material” means any material that is
20  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 magnetoelectronics elements that are

magnetically coupled to bit line 10.
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Bit line 10 may be formed within insulative materi al

substrate 12 by any suitable danascene process as i326/06/2006

wel | known in the sem conductor industry. In one

Wi Sitkb@sy enbodi ment of the invention, bitpdrySod sy
conprise a conducting line 22 fornmed of copper (Cu),
al um num (Al), gold (Au), silver (Ag) or the like, or

a 5 conbipet ahl oy thaeuemthin Riseth@ealhiyrial Gobstiaetli2ngy any
line 22 is fornmed of copper. In another exenplary
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deeyipasducterr Bdusid Ipeoneetraiodimegt ok ey mkaigh: sladdme,jayqy 20
the material structure. Flux concentrating |ayer 16 |
exemprisss @ flonhgonsentatiesloyer 166 Tix eonpaptretngayer LA anay xomprise-
anot her enbodi rent of 20 the invention, cladding .

| anpesuidblemmyteidnibati bas the f ghameterirtic r ¢feeoncenjrating] magnefc flux:
preferred enbodi nent, first barrier |ayer 14 extends
aprtged byl e cdrrend flawihe &l smdadtiog tinea2h dlwoeancentatingdayes 101s-
conducting line 22 to prevent or reduce diffusion of

t heeleatfially téhdticting mignetic antkuial having|highepePBeabilityo such as nickel.
substrate 12. First barrier layer 14 may conprise
CREAbL adyCGiltable prIpatiibn iof aitkélGalfdjon (NelFe),adrumy (shiaghle material
tantalumnitride (TaN) or other suitable nmaterial. In

2havenglsfticRefly Bigh Qein¥BRlityQb céreentitv@a niagiktic luadaltteglesired
| ayer 20 may conprise second barrier 26/06/2006 WO

20044361 %&Ilﬁ%ﬁ%ﬁ@@%ﬂﬂﬁe 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 sid_és 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 (CoPe), tantalum (Ta), tantalum nitride (TaN) or other suitable material. In

a further embodiment of the invention, cladding layer 20 may comprise second barrier

5
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simlar material. 5 Referring to FIG 2, a first
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plaaePd-imahiianisie cke mpt limited teplisoe-erhaaredaitady GEN). FEIS, sificon
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s pitrie (St elnindiuml zitrge (ABNeiicdrecartade (%), isilicop sarbert ity
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t (SRON)) s¥Bonnkdriuinroxylsyddden (BiGAED; rsilizbn bawyirid2 5iON) and the ke -
appreci ated that trench 28 should be at |east as 25
WEétendinatbrial 1alyér26 alkd mapbd foenial df itesamaeeds 6 16rguax fict mhietial «
line 10 to an underlying 6 26/ 06/ 2006

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

TEQOS.

Referring to FIG. 3, a portion 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 under]ying

]
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el ement (not shown). Second nmaterial |ayer 26 nay be
etched wutilizing any standard etching technique but 26/06/2006
W 2ipdigyabl y etched by a dry etch in pl asfpus2ieseand
material |ayer 26 may be etched such that etching is
stopped by first material |ayer 24, which as
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illustrated in FIG 3, a cladding layer 30 may be
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formed uSing any suitabl e deposition process such as
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(I1BD), atomc |ayer deposition (AID), electroplating
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fo?ﬁ%@ﬁ%Fﬁ%sﬁzjﬁH%g%% mataéﬁaa S?ﬁat%grum cl addipng Ieae;er
20,4 Ejrmay be formed of different materials. In one
exeﬁ%p ary enbodi nent of the invention, cladding |ayer

concentP fy Bt G R IERRE L8, G be el yifin rench
e o RS Bl A s o
e AL T T P T T} oy
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perneabi lity, such as nickel iron (N Fe) ,%r arl]l}/ .

s StpeBRterialaiat o claddingilaygr 20 armayibe fermgd pf Gjfierent niaterials. In .
perneability to concentrate the magnetic flux in the
dess exanpioy mbedimari ¢ etherdtvantiony glaécgng Vaye AP £OmBsEs i Hu
the material structure. In another exenplary _
entnsetitrating laypdr 3¢h &luxrppresatrating layeratfdian dhel chgregterptic pigdirecting
al so conprise a first barrier layer 32 forned

uneigietiy ifhig prioduced diy cibe topmanit ritpwlingy &y cOuluting buenZhdewand a «’
the surfaces of trench 28, that is, overlying first
andgmrelaechbnin ement potitiyned el bit Afie 1(Fi Simtlar thfnx ¢opeentrating - -
| ayer 32 acts as a diffusion barrier between the

MRAy&r i6aFluo bofcbniatifg yard4 gibiidhe2m dlecyixnllyl Gomineling magnetic
conducting line 22. First barrier |ayer 32 may

CRBBA Revik©Righ bertifebility, 26408/nd@Bi6iron (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
exemplar& embodiment of the invention, cladding layer 30 may also comprise a first
barrier layer 32 formed underlying flux concentrating layer 34 and contacting the
surfaces of trench 28, that is, overlying first and second material layers 24, 26. First
barrier Iayer 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
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tantalum (Ta), tantalumnitride (TaN) or other

suitable material. In a further exenplary enbodi rrent26/06/2006
Wb 20clgs1esavent i on, cl adding | ayer 30 may algeeiidissae

a second barrier layer 36 that is deposited overlying

flux concentrating |layer 34. Second barrier |ayer 34
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Referring to FIG 4, a buffer material |ayer 38 then
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| ayer for romT As’illustrated in FIG
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renmoved, a portion of cladding |ayer 30 renmins
f formgddramy BB ‘3$add| ng layer 40 over bit line 10.
Dependi ng on the anmount of 20 pl anari zat| on perforned,
“the tdy Hpsugigd dy HlGy &ranyoexagsy POTtoR) o mséayer 30, such as*
substantially planar. Accordingly, as wll be
aqisiding ilayeerdaterial fdrmsd evsHviege foasiirge sl sseedmgperiablaynr 28iand)
top cladding layer 40 overlying first material |ayer
2y esopssharffeomatenth] lagénd§ thenanaxibo vemoved by aiysoifebismanatizatipn
' enbodi ment of the present invention. In addition, flux
15 qooessnkacsn iy tisy sénsivond@-toraindedtiyp soahps, i foe axhmapldi n@mical z
| ayers 20 of bit line 10. 8 26/06/2006
mechanical planarization or electrochemical mechanical planarization, or any- other -

suitable removal 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

20  planarization performed, the top cladding layer 40 may or may not be substantially
planar. Accordingly, as will be appreciated, a flux concentrating syétem 42 comprising
toﬁ 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.
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El enents of FIGS. 6-10 that have the sane reference
wohhehGssas FIGS. 1-5 are the sane corresperadistugs/dsbiE.
1-5 el enents. The nethod may begin by providing bit
line 10 that is formed within insulative materi al
subst r #@S. 5210 iFosirstt anathee rekahplirg gebodident of the fpoaseng davention.
overlying bit line 10 and substrate 12 and a second
neitiemend ofl BIGST 6-H0 thashdve nieeghme Qeferchoei nuenbés as FIGStles amlthe
| ayer 24. First material |ayer 24 and second nateri al

| ayge chitbspdiBig PRIS @lsatdnesltss Tabmeinad mby begin tygirevidiag bit line
| ayer 24 serves as an etch stop when second nmaterial

| ap0ethatS9 fhried Withi@ GiARt{O mdfedal RuBHE®B 18! s GateftQrayer 24 is
exanple, first material layer 24 may be forned of a

”%ﬁﬁéd%lveﬁyli}@bxt' life 5@ N s ) aﬂ& ¥ sRbRSHRerfl BRé T is ffmed
first matérial 10 layer 24 may be forned of a nmaterial

t Qﬁ&rlﬁﬁggjﬂﬂsprﬁﬁerﬁmagé}%omﬁt rﬁdt&iﬁﬂa?/ér@ﬁ afd QRBidHarbHial layer 50

slovvln the etch process. In additi.on, first materi al
: %?/ rbe?sgie@tw%tﬁf? ﬂ'ﬁ{‘ﬁrsﬁstgﬁél et Y §hves 20 P &b Wth &chnd
sel écted suc en subjected to a particul ar wet
st
*‘?ﬂer . alﬁfﬁ? 3 Rl by bR oY o SRR il bl oy
er.i

S| gr??’ $| p fom %{‘F‘Kf af“%‘tetnﬁfﬂ‘ﬁsgge%egﬁ S %&m?%fc ng, or first materizl
t e raa%ye‘?esftgrn%a?b‘a?ﬂa 515 S o R r%ﬂ@‘g? '&?51%%?

b el LB, B b o S oIS

first rraterlal | ayer 24 about ten tines

30 Breferabh P pepetrtiyey Gejo when, subispied o parwfaf &mﬂapms
materials suitable for formng first material |ayer
othejwes eteh ehemisity ofghes fiest maferipl; i 2 Slgpﬁa% fast dhareipeond
nitride 20 (PEN), TEOS, silicon nitride (Si

N),
-amatetialdarens@ rAstesed arely. to gichi“signifieantly fadter” (nsgary to etch at Jeast:

silicon carbon nitride (SiCN), silicon carbon
oabphtytehide e fasSi ThEH)he vait Bick ohembstyratahed st mytgiabidyerddcht faaed

i ke. Second material |ayer 50 also may be forned of

o

t dbostetviet Brinslas secasd inetegaldsyef i50s tin metrefesireal erhtmgienp 4f the .

serves as an etch stop relative to second nateri al
| iayemition, B wet edh yheplistsrachan firsamatenal dayas24aabwet tere timbs &f fast
first material layer 24 is significantly 25 faster

td3 aacand adeiaedyer 5@ Bxapiples 00 low fendeRtuie mafiall enitaie for
enbodi ment of the 9

forming first material layer 24 include, but are not limited to, plasma-enhanced nitride

silicon carbon nitride (SiCN), silicon carbon oxyhydride (SiCOI—I), silicon oxynitride
(SiON) and the like. Second material layer 50 also may be formed of these materials
as lohg 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

(PEN), TEOS, silicon nitride (SiN), aluminum nitride (AIN), silicon carbide (SiC),




26/ 06/ 2006 WO 2004/ 061557 PCT/ US2003/ 033247 i nventi on,
first material layer 24 is forned from| ow tenperatur /06/2006
PEN and second material layer 50 is formed from TECS.
WehRidasg to FIG 7, a portion of second rgifishodsisszer

| ayer 50 and first material |ayer 24 may be renoved
by patterning and etching using conventi onal

t einbmtiopy disttmateral tagem24aist foewed Hfrodn® Jom tehiparatiec BEN and second
material |ayer 50 and first material layer 24. It wll
bemagial Beéra0 efoinidifront BE@H 50 shoul d be at |east as
wide as bit line 10 so that the subsequently

deposi Refmingad FIG.97,| :2yetion Fsechns Giatdpieliald? Joedndifirst material
bel ow, may focus the nagnetic flux of bit line 10 to

anayen de hlay be GnitREN B} PRlREc A8 eGhing LEREFnvéntiohal m&ﬁqaes to
Second material layer 50 is preferably etched by a dry

5 eti6fin b BerRh 32 WRhind8coh® maRLiAl 1480 and @m thateB®l layer 24. It will be
sem conductor industry. In one exenplary enbodi ment of

hig e EMED tHaP renchESP Sithuld B §lr le@ﬁt Js A¥VEE 29 ViR ?@ s@ttﬂfc@%

that etching is stopped by first material |ayer

2 %r[x c@@ﬁt&?d Ssitel %)%H&H% lI et.d & ﬁésbxkﬂfeq 1h %3%1@ rb'gﬁ)@ ¥Qbéulé‘ e

teria I's not anmenable to't dry

21#1 : alﬂm ﬁf:@l.sﬁl%e l%rto ﬁ;cl%ﬂ 1%: %‘f g: oﬁp:g gﬁﬁle@f(ml)t I%mwn).

e d ODS 0 an endpo

o 326 R0 5 by 4@&22‘8‘1 RO aieBR M e, 5 #81 kmown
d , b

o P gﬂﬁ@@wf%r “rffﬁewr qiaf"f‘e %%ﬁf 5’3?‘8@8‘#"5@‘&“‘%’%"“ second

resul e 10, First. nmater,
| St sy SLREY B S st ol 8 lombey R Y
etches first wmaterial [ayer 24 significantly faster
t WHIGh 88 drYepusky desqrifpd isafpepeds g eifher &laypy ol pagerial él}ﬁér‘s not
24 is etched until bit line 10 is exposed or until at
| @Beebly tasthe diy gtohingprogpss arpwhish indigates 2 shange plomptgrial fhgy, gops
24 is renmoved. I n-an optional enbodinent, to ensure
athe ptching queniovan endppint deteationsicapli aln profler embodimeny pf the
line 10, first material |ayer 24 nay be overetched

15 umvdnkion, ap wich obsecondahaietid layer S0rigiparfouneds follotved by g subsequent..
material |ayer 24. Any suitable anobunt of overetch
nevgreteh of dirst arateeie] Inyer @4 swhich avketithadoes netresndt| in @kpdsine f bit-
material |ayer 24. The percentage of overetch is
dakil0chirsmatetial 1per etemsig etcindd vither vt steh thentisdyaat bmh@tﬁmdn
the 25 thickness of first material |ayer 24. For
anadl Ryeri2ht sighifit@ie Sastex thas Seeiidfatéal RG30AR raYerterial layer

24 is etched until bit line 10 is exposed or until at least a substantial amount of first
20 - 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 etch the

25 ﬂnckness of first material Iayer 24. For example, if it takes “x” seconds to etch a layer

10
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10 26/ 06/ 2006 WO 2004/ 061857 PCT/ US2003/ 033247 of
first material |layer 24 having a thickness "y", a 10%/06/2006
overetch is an overetch of another x seconds or an

@atz(;nglgﬂﬁt,ch time of 2x seconds. Simlarly,pd 1 RSfBu03247

overetch is an overetch of another 0.5x seconds or an

entire etch tine of 1.5x seconds. In one exenplary

ergrasi Midral L 2AVAYRL 6 MhiDGeRBYy”, he108ROoMercté0is Y oldletéh of
nore preferred 5 enbodi nent of the invention, the

OV hRE:GhERE B Yin BRird ERINHAROG WK sE¥ndsO SaRHly, DSPA ovefetch is an
anot her exenpl ary enbodi nent of the invention, a

P B P e o™
T gt
S AP AL 808 BB TG B8 oot s

cl addi glg%plo%gre%xaeg}?ﬂea}w Sl enp Gf Ihg riﬁ%gtieﬂ{ t&%‘@-&éﬂo@@%h sp%?cer

usi ng sui déposition process $

o et SR8 S 1l i o
LB ) e B T 32 bR

alternative enbodi nent of .the invention, referri,n
mB $ft ysfng appcqnveqtional i%ﬁlﬁl,e?‘a?f”‘} ’ﬁ@?ﬁ SEOSORERGEF }“SPS%'Y'

| ayer 66 may he fornmed within trench 52 before .the
deposiRefarng todfiGe b odiddige laygeio ben mpy, B fogmes) Witip (v 52

| ayer 66 mag/ be used to reduce or_elinnate .
dbting AhEwrble depqsition | Rspreretvgle @h PYDs 1BBe dildht AISFUrPRIptg L7 -
top cladding | ayer, as described below and cl adding

| elpesrolesopiatingn Slddging layersiormaybe (ferped obd! efetle materaly 3d daygs -
any suitable |ow tenperature material, including any
ofhat dempaserviariding fyer 0hatiesenibed bish ederehce o BIG orm f i r st

and second material |ayers 24, 50. Preferably,

i nsul dh an aleanative embadpaent 66 the Snvehtimmyrederdhg RBNentarily to FIG.
Referring to FIG 9, a buffer material l[ayer 58 then
NEY absilabrtaekiendysi 66 may terfofmed vitincrenvie 52 Yéforg thel drpabitiogs:
| ayer 56. Buffer material |ayer 58 may be fornmed of
.%fyclﬂﬁing e 8. e lrisathtor biidér 10@AP6 inkg bouisédto Raice for aliminate
| ayer 38 as described with reference

detrimental interaction between a subsequently formed top cladding layer, as described

below, and cladding layers 20. Insulator barrier 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 be formed within
trench 52 and overlying cladding layer 56. Buffer material layer 58 may be formed of
any of the materials that comprise buffer material layer 38 as described with rcférence_

to FIG. 4.

ii




25 to FIG 4. 11 26/06/ 2006 WO 2004/ 061857

PCTI US2003/ 033247 As illustrated in FIG 10, any 26/06/2006
excess portion of cladding | ayer 56 and buffer
wateabaks7l ayer 58 then may be renoved by amyrnswdoseddise
pl anari zati on process known in the sem conductor

i ndustry, such as, for exanple, chem cal nechani cal

pl anar iAsatlistmted dr FIS. ¢0,tanp ekeess padionefodiiding ddyer 56 and buffer
pl anarization, or any other suitable renoval process,

5 matednl Eyeret8ahinmipy bOnaeved Syinly abikablepbantuizatiorofroczkcichdivi th
| ayer 56 and buffer material |ayer 58 has been

r eh®seedcondudd@rihdostry, @fchcis,afdel Exdghpled ¥iRinic30 me€HaRic 4l SldnBrization
forma top cladding Iayer 60 over bit |ine 10. Again,
dep efdirdeizall RechanidU plan@fzath ARdyZ@hdr QitBRY fR6WE Grocess,
top cladding |layer 60 may or nmay not be substantially

5 plsadheds-etoigO0Rbe réghffasbleg)%rﬁb’h lok clB®IingARRY 86 hiith RSker Rathdidl Yayer
concentrating system 62 conprising top cladding |ayer

6G3MmaY b8 rdfoved IRFhidASIrRGaking Iagpx%(ﬁfeﬁiﬁﬁg t REH a ttljpn cladding

exenpl ary enbodi nent of the présent invention.

ot bt ‘ I . :
R e e R S R s
| 'tdf)ecla:lﬂgmg 'ﬂg@%ﬂ J%#éﬂ%?nagbbﬁgsﬁgs&a%ﬁﬂﬁ{ p]&af‘. uAéclaﬁ%nﬁly, as will be

exénpl ary prese I'nventi

- bR Rhc, @l biRenyreigyg 132 SRl g BRI UG RS e
- F - 10, el o Th t hod LN b i.di
o ChR e LIRS dR BE N P b
trate 12 . First ial | 24 is f d .
SR P B SR bl b 89 BB s
terigl | R0 is f d lying first materi al
[ GeiocdayersoE b Big% o i G 12, = portion of second
mat er i % | ayer 50 and first material 20 _|ayer 24 may
be r e %dl%iﬁ Hhetrats Metrey Tther excamplany cobpdigent of the present ..
conventional techniques to forma trench 70 within
SRvegfion. rHleiasntal THGY di-15 habhaye ficrseme mireice awmbess as108 1-
It will be appreciated that trench 70 shoul d be at
15 | 18a%¢ thes sagiedeorigeponding FIGR 1119 elometimt Thianetiodraat begint by -

deposited cl addi ng | ayer, as described in detail
edviding big\ling d@ubattif dormed 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

20 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).

25  Second material layer 50 is preferably etched by a dry etch in plasma, as is well known
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magnetic flux of bit line 10 to an underlying

magnet oel ectroni cs el enent (not shown). 25 Second
material |ayer 50 is preferably etched by a dry etch 26/06/2006
wo2qleasgsr, as is well known 12 26/ 06/ 2006 PifRUS2003/033247
2004/ 061857 PCT/ US2003/ 033247 in the sem conduct or

i ndustry. In one enbodi nent of the invention, second
neihdld sinicohdugr irfdGstryayin loge ehlmideakns oftthe investtiont se¢nind gnategial
stopped by first material |ayer 24, which as

prieyer 60i8lay belashed sink that acHingy iredpms be fitshmntedal fxypedd, which as
material that is not anenable to the dry etching
Prives&sly descrivdt i6 FormelisGithee 3 18yt bibmgeriad thatme hey anthatldiatthe
stops the etching due 5 to an endpoint detection

Si @ﬂ&bbiné Prodd’ oh Rhicle bRt BéHan @ of k@i RiobOMe e@fling duc
etch of second material |ayer 50 is perforned,

5 T ablaR\eBdhoRY d@edtibP Sl € B ardHRF 8tibddirRdnt bf he tinveneid @bh of
I'ayer 24, which overetch does not result in exposure

Ofseddhll pheke?@l &Qer S0 & SerfordRE Sfolidked %ﬁrsu]?séqﬂeﬁﬁ&c}e‘ﬁch of first
etched with a"wet etch chemstry that etches first
ma@érfaﬁ}ay?ﬂ 2 ShicRbvaleRR 'dBesce&trhaﬁnfiﬂ%cngu& @ biS B0 First
materi a ayer 50. First material layer 24 is 10

. 1ol , ) , _

B ARt B 24 s el afh L P KRR SR P TR, A

i pal. | hi L nent;, .
TRYELA Pl BNl Al 1 LB SASIPYALY s WRCLIERR taver 24 s

retc conauc t'o produce a su

under.cut. Q at, upon subse nt, d siti.an qf
o ¢ PERGT 8, B8 108 crpBR dud 4 RERIRY SEP BRI A lindlad an
cl addi layer is. achieved. As illustrated in FI .13
o RS P o S S iy 4 5 g R e oberineft s
15 70 using a depgsition praqgess such as PVD, |IBD, ALD
o?°“é‘P%%‘f 4 @?Oé@? ap‘%“ﬁiscieﬁifﬂg@f“&g@isﬂ fpat, |uaw§%u%§ﬁps%ﬂ°ﬂ ora.
formed of all of the materials and | ayers .that
ceAfsinadayen [ digrusigd belgwra dissentipouscladding layeni gchieved.
reference to FIG 3. As described above, due at_ | east
in parAs illestrata@in FGHE, aeledding layrl 3¢ Sign mpp b formed- within trench -
material |ayer 24, cladding |ayer 74 preferably is
15 d70susingtai daprsiiion plocsseriuch axP YI3,JBEY, ALBionglestepjass plggig. Cladding:
overlying bit line 10 and an ancillary 20 cl adding
| layee 74 @y bv éorioyd ofcpllsd denchteriaisaani ddyeils diyaé corfiise Fledding lpyry »
to FIG 14, a buffer material l[ayer 80 than may be
f 3rasdekcribddiwith referesread FITD 32 Ad desesbddyebong, duspt ledsaohdiarido the
| ayer 76 and ancillary cladding |ayer 78. Buffer
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

20  cladding layer 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. Buiffer
material Jayer 80 may be formed of any of the materials that comprise buffer material

layer 38 as described with reference to FIG. 4.
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material |ayer 80 nmay be fornmed of any of the
materials that conprise buffer material |ayer 38 as
described with reference to FIG 4. 13 26/ 06/ 2006 V\D26/06/2006
WO wbaOAdsB57 PCT/ US2003/ 033247 As i | | ust r atredyustwosdcrsr
15, second material |layer 50 and ancillary cl addi ng
| ayer 78 then nmay be renoved by any suitable
pl anar iAsdiustiatedindd@sk, kasondmaterial hiyer S9end ewiitigoeladding layer
i ndustry, such as, for exanple, chem cal nechani cal
pl Thahenzaby ba, remevedchby ashenitablel plwcisativncpocess known in the
pl anari zation, and the like. Accordingly, a flux 5
c ono@ehduator iglusyys tsesh 82 forhetamphec chiigs:] tnogphaiical giangization,
| ayer 76 is formed overlying bit Iine 10. Flux
c odheanthemichin gneshericalmpBrarivayonal s hentikd. s eAedoadifkilyiga flux
| ayers 20 of bit line 10. FIG 16 illustrates an
5 endoAtegEaling ey¥sSRES2 that enclideWop Eladli2Qhviet T is Bdrmad HRAGRAP LIt line
access nenory device 90 forned in accordance with

anet [Fek cencertiling sz Qia?%laé céthpris&Sladdp@BRA20 of bit line 10.

i nvention. Elenments of F 16 t hat have the same

ref er eRRE 10 HRRAES aRenldzhdd petspectiVe Vilw Bf £pdriiéh TIPS abhSs
corresponding FIG 10 el enents. Random access nenory

ARMloREdevRE 90 TS aftoRlabdetkittt ¥ndter i CmBEIREN of the

. units 92. Magnetic nenory units 92 maybe:” gi ant

i , i :

- PREBPHOLEDL PPRER IR AT o B FRGRRL nimbif B0 1
C2 . I . .

10 g%g?lfe shild g&jﬂe gﬂgrleg,{?nérg’haé/ﬁild“n éﬁ g}‘émér&{é.t ﬁ‘&d&P gg%%ﬁ&%& b8ice -

ate e any sui
' ' t sh h_15 f
O T
' i t dat a/ decod .and. . the |ike.  Each
Gen e B e SVREAPRETS S Pashug Riia aeth OBFeets
bit |i 10, h t ti.c field, t ed
Fioghclc ey s545 ¥ et Bifored Pogr a8y iR wEeagictr
netic memr¥_units 92. The magnetic field created
5@3@& 94 hish M3y dpgirdp @ny $titglle qemiogndpciidedices @Ot bRl such -
units 92 by a flux concentrating system96. In one
15 as\fanenamply, z@ﬁ*ﬁ‘@@i st Hines gigpytionipyt girstidss date/address dygpder,) apg.
concentrating system 96 i-ncludes cladding |ayers 20

thghliket op cl adding layer 60. It will be appreciated,

however, that flux .
Each of magnetic memory 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.
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concentrating system 96 may conprise any of the other
exenpl ary enbodi nents of a top cladding |ayer 26/06/2006
descri bed herein and may include only a top cl adding
waYRkne1gsd 26/ 06/ 2006 WO 2004/ 061857 PCT/ USRONSL@IBAH7T
Thus it is apparent that there has been provided, in
accordance with the invention, a nethod for

f abri cathundt & dppamntctbaicheeriat ibagp pipwidedn ifi caccardance with the
magnet oel ectroni cs devi ce. Although vari ous

enheditiornk snefiodt fo fabneting an fiivawendsateating dystemi fredusanid 2
illustrated with reference to specific enbodi nents

t hewgefocledtionicsdavizk, Althdiigh Ratds értiaidinidne of thedimtehiton Haes been
limted to such illustrative enbodi nents. For exanple,

| t desbritked RRd ARBERET Bite defbidide, toVipbdifee EigdalmuetheRes; i et
enbodi nents of the nethod of the present invention

5 COfRAhdsAG: Blehvagtidn¥e HnAMe i sullY AlubtyHifderhtRtindnts, | Fop éxample,
the method also may include formng a single |ayer

OVie kY b SppteddfteR itflar,| WHIR thShtoth-Blcritee edbotihéntd 85/BE mettod of
forma trench and depositing a cladding |ayer in the

t : : ' I i f

o PR ot g g D e
st O T b B i
a%’ \ftﬁ‘{n amha'l %fyi Sl&@sﬁé % ﬁ glgﬁ@?éa ! Jﬁn ﬁ%E trgrnzﬁ 'A%{é%iﬁﬁ{é{éﬂ%cr

resul't in a ng system Sim

10 :TQT?%E(Od‘l lnlobl#%%rhlg %ﬁhllnrah Ft{‘e%ch %‘n%‘ovg‘? r%ggtég (éqgcgdl;pr%qé%er ]a%?%y r%cess “

esent 1nventl o

T T LR B et AT P
ux .concentr

. ting-- I but i ncl ud .
addarcribeghrevr | This EXimplant pavadien af BF dmeRifpBpmesul fis v

cl adding. layer may include barrier layers in
aGenceRtERng Sysieb sippilas fo ghel ilseassmpBlG: 107  agrespandingly, the:
Those of skill in the art will recognize that many

v anethed obihe prgprat imsentipn ey comerise forainghree pRyBere ARISOVehing :
possi bl e without departing fromthe spirit of the

15 | theehiit iingn Additionetiy othel claddipg layer i goti limited de ane BuwernoriyaLng >

20

within the invention all such nodifications and ‘
v byérativt omg isdude additial fiun cotventating lyers. Maeeyop dheldadding:
claims. Benefits, other advantages, and solutions to '
plagdyl mays inblade birdemlaghes dr addiibn to the first and second barrier layers.
Those of skill in thé 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 appended 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,
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above with regard to specific enbodi nents. However,

the benefits, advantages, solutions to problens, and26/06/2006
any el enent(s) that may cause any benefit, advantage,
w0 280Q887ut i on to occur or becone nore proFCrRadoBie
not to be construed as a critical, 15 _26/06/ 2006 WO
2004/ 061557 PCT/ US2003/ 033247 required, or essentia

f esuiredsoresseatiad fretutes onéleraenys of anybdr alltthecidinai As nseAderainsttle
herein, the terns "conprises,” "conprising," or any

ot feans “campides,d feotipasingt or Ay etheniginttadhdrenfcow ditendal to cover
non-excl usi ve inclusion, such that a process, nethod,
ar & inoh-exchisive apglasiaul Wscht dhatt a peodessy ms#ed, aartiglgt orodpparatus that
el enents does not include only those el enents but my

| NEdmpeices T it RE EleBle@EdodsSnob @icluax P19 S5dsy eleh@ht® Gubmay include
i nherent to such process, nethod, article, or

5 apgtadr Heatents ot $Rr6SK ARRE of Intete MSuM plockss, fb@bdIRAtides or
1. Anethod for fabricating a flux concentrating
Syspaud.or use in a magnetoel ectronics device, the

met hod conprising the steps of: providing a bit Iine
formed in a substrate, wherein said bit |lines overlies
and is magnetically coupled to a nmagnetoel ectronic

el ement or magnetic nenory wunit; formng a first

. material |ayer overlying said bit |ine and said
{w} substrate; etching to forma trench in said first

material |ayer, said trench disposed proximte to
said bit line; depositing a cladding |ayer in said
trench, said cladding |ayer having at |east one side
surface and configured to direct magnetic fl ux

produced by a
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current flowing through said bit line; formng a

buffer material |ayer proxinmate to said at |east one 26/06/2006
side surface and overlying said bottom surface of

said cladding | ayer; and rentdving a portion of said

buffer material |ayer and a portion of said cladding

| ayer. 2. The nethod of claim1l, wherein the step of

Gl Wﬁg said first material |layer conprises formng

said first material |ayer fromat |east one of
Whaldeelaimedised silicon nitride (PEN), tetraethyl
orthosilicate (TECS), silicon nitride (SiN), alum num

i t r iAdeekioN)for fabricaiing @ dppcdecerdiating systerclon ueaihan
madnetolde{tR @y detd, itbe metivad tampiisipg e $taps 06i COH)  and

si | i pegvidiny aibit lirdefo(rBedi) a sdbstidie, wcreodsaid billiagsoverlies
dndrié RtlgneBeally uplditber miagnetoblettronic eferaerstarronagnetic memory
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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 layer is etched.

5. The method of claim 3, wherein the step of forming said first material layer
comprises forming said first material layer from at least one of plasma-enhanced
silicon nitride (PEN), tetraethyl orthosilicate (TEOS), silicon nitride (SiN),

aluminum nitride{A1N), silicon carbide (SiC), silicon carbon nitride (SiCN), silicon

‘carbon oxyhydride (SiCOH) and silicon oxynitride (SION).

6. The method of claim 3, wherein the step of forming said second material
layer comprises forming said second material layer from at least one of plasma-
enhanced silicon nitride (PEN), tetraethyl orthosilicate (TEOS), silicon nitride
(SiN), aluminum nitride(A1N), silicon carbide (SiC), silicon carbon nitride (SIiCN),
silicon carbon oxyhydride (SiCOH) and silicon oxynitride (SiON).




18 7. The nmethod of claim3, wherein the step of

form ng said second material |ayer conprises forn1n926/06/2006

said second naterial |ayer of plasna-enhanced nitride

and the step of formng saidgfirst material |ayer

conprises formng said first material |ayer from

tetraethyl orthosilicate. 8. The nethod of claim1,
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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 nifride
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.

: 16. The method of claim 13, wherein the step of etching further comprises an
- overetching of said second material layer of about 100%.

17.  The method of claim 13, wherein the step of etching further comprises an
overetching of said second material layer of about 0%-50%.

18.  The method of claim1, wherein the step of providing a bit line comprises
~ providing a bit line comprising a conducting line having a first surface and a
second surface and a cladding layer that is positioned adjacent said first and




15. The nmethod of claim 13, wherein the step of
depositing a cladding layer wthin said trench 26/06/2006
conpri ses depositing a discontinuous cladding | ayer.
16. The nmethod of claim 13, #herein the step of
etching further conprises an overetching of said
second material |ayer of about 100% 17. The nethod of
setendtsuricestod seidrcondoctingdineof et chi ng furt her
conprises an overetching of said second materia
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and 26/ 06/ 2006 19 second surfaces of said conducting
line. 19. The nethod of claim 13, further conprising
the step of formng an insulator barrier layer in
said trench before the step of depositing a cladding

| ayer.




