23 March 2006 WD 03/038864 PCTI US02/ 34914 MAGNETO- RESI STI VE B?é ﬁlé?#grélﬁﬁs
AND METHOD OF MANUFACTURE THEREFOR BACKGROUND The present inv&n

rel ates to nagneto-resistive nenories, and nore particularly to

magnet o- maso3aBssee bit structures and net hod of nanuf ackemesot/beief or,

Magnet o-resi stive nenories are non-volatile. That is, the data stored in
the nenory are nmaintained even if power is |ost or otherw se interrupted.
Typi cal nmagneto- resistive nmenories use variations in the nagnetization
direction of a thin filmof ferronmagnetic material to represent and to
store a binary state. Each thin filmof ferromagnetic material can be
referred to as a magneto-resistive hit. Durin(g{a wite operation, the

b
magneti zati on direct MGHET9~§E$T§EEEIEE%T§T&Q VREe is set by passing an
appropriate currerANRMETHRD QE MANUBAGTURE THEREFOR of t en using a word

|ine and/or digital |ine and/ urrent. The current produces a
magnetic field that sets the m on direction of at |east one of
the layers ipn the ferronagnetic filmin_ a desired djrection. The
magnet i zat i ohRTFSRITYSREcHelafes {OmAgRElo TERlIXE Bepauess YRR of the film
During a suhsequent read, gperati on, the magnet o- BFSi stance of the filmcan
be read PAjCulghclemagnelo-sesisie Rl speiwes indpabmt alpranpleeveheffoTyre via a sense
Be or the like. Sonme prior art magneto-resistive bit structures are shown
and descr i belfagnplagesistiveppamones a@nonyofatije. 7Hmt sghedaiyieshindbe al . and U. S.
Patent No. 4, 7%0,543 to Daughton et al., both of which are assigned to the
assi gne@egPitdempingied evendfeeer Siosherpthesyise brermniedh Tapieal magnsér-por at ed
herein by reference. Illustrative processes for form ng such magnetic bit
st r uct uresistiverpesiTEansedatinas bythdyeepnetizativsdirgtieneia s filB 0669, 617 to Yeh et
al. and U.S. Patent No. 5,496,759 to Yue et al., both of which are
assi gnedenomagistic matsrighte eepofsent lawgd to store a binary state. Each thin film of
ferromagnetic material can be referred to as a magﬁeto-resisﬁve bit. During a write
operation, the magnetization direction of a selected bit structure is set by passing an
appropriate current near the selected bit structure, often using a word line and/or digital
line and/or sense current. The current produces a magnetic field that sets the
magnetization direction of at least one of the layers in the ferromagnetic film in a desired
direction. The magnetization directions dictate the magneto-resistance of the film.
. During a subsequent read operation, the magneto-resistance of the film can be read by
-passing a sense cusrent through the bit structure via a sense line or the like,
Some prior art m.agneto-resistive bit structures are shown and described in U.S.
Patent No, 4,731,757 to Daughton et al. and U.S. Patent No. 4,780,848 to Daughton et al.,
both of which are assigned to the assignee of the present invention and both of which are
incorporated herein by reference. Hlustrative processes for forming such magnetic bit
structures are shown and described in U.S. Patent No. 5,569,617 to Yeh et al. and U.S.
Patent No. 5,496,759 to Yue et al,, both of which are assigned to the assignee of the

present invention, and both of which are incorporated herein by reference.



present invention, and both of which are incorporated herein fere
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are often conveniently provided on the surface of a nonolithic integrated
circuit twomosscsle easy el ectrical interconnection betweemsobsei4 bit
structures and the nenory operating circuitry on the nonolithic integrated
circuit. To provide a sense current through the bit structure, for
exanple, the ends of the bit structure are typically connected to adjacent
bit structures through a netal interconnect layer. The string of bit
structures then forns a sense line, which is often controlled by operating
circuitry located el sewhere on the nonolithic integrated circuit. For many
magnet o- r esi séyohdanagpstpigsistive memdriss gle oftprngrmzeriatly penyided pmihe sirfase of ¢ he
ferromagnetic thin filmbit structures to achieve significant density of

st or ed @F gimoaplithictistegratBbaenis to oviddrasidedtienl nterqopokstion bateesnithee of the bit
structures, the wwdth of the bit structures is often smaller than the

m ni numbi|sirostess mddbémennory hperging caeditraemihe mondlithicitegrated @rcusd® to formthe
connection to the bit structure. As a result, the contact or via holes

t ypi cal lpyovideasehseputréne traitgh telbite thymere obr ¢xamplej the sids of thebe staghsbiown in, for
exanple, U S. Patent No. 4,731,757°to Daughton et al. and U S. Patent No.
4, 780, 84 tymcdllywwghreoted &t adicent bit btuwhirastthrongind meteldhtegbnepyiayeadhei s t hat
conventional integrated circuit processes often cannot be used to formthe
cont act sting/oobit sthatina|tiem formstRensblite, Shichd ofted coftalied BXGRPHiIAg I N A
conventional integrated circuit process, the contact and via holes are

of ten tisuidlodited elsciheteon MicGhongliichmkbiated citbukhot or esi st | ayer over the
integrated circuit. The patterned photoresist layer defines the |ocation
and size of FhenaHMaghdto ARV memctich M i€ 8esirbilato radRe HRQMe of Be TBKke contact to
the bit structure. Once the photoresist layer is in place, an etching

pr ocess fdrforthgRslicthin Gk Bit SARNERAR RhlevOSighihidanh §dnSity SQWRed digitaligitsbi t structure.
As indicated above, however, the contact and/or via holes often overlap
the enge@aﬁJs@of{?ﬁ& desire to reduce the size of the bit structures, the width of the bit structures
is often smaller than the minimum allowed width of the contact and/or vias that are vsed
to form the connection to the bit structure. As a result, the contact or via holes typicaily
averlap the lateral edges of the bit structure as shown in, for example, U.S, Patent No,
4,731,757 to Daughton et al. and U.S. Patent No. 4,760,848 to Daughton et al,
A limitation of such an approach is that conventional integrated circuit processes
often cannot be used to form the contact and/or via holes to the bit structure. For
- example, in a conventional integrated circuit process, the contact and via holes are often
formed by first providing a patterned photoresist layer over the integrated circuit. The
patterned photoresist Jayer defines the location and size of the contact and/or via holes
that are used to make contact to the bit structure. Once the photoresist layer is in place,

an etching process is used to etch the contact or via holes down to the bit structure. As

indicated above, however, the contact and/or via holes ofien overlap the edge of a bit



2 23 March 2006 WO 03/038864 PCT/US02/ 34914 structure, In so cpflvent I
et ching processes, the solvents used to performthe etch may”ggn@%é%ﬂrgaaé
edges of the bit structure. Once the contact or via holes are etched, a
convent i sy@b3/0s8ggen ashen photoresist renpval step wordmusoypiocal | y be used
to renove the photoresist |ayer. However, because the contact and/or via
hol es overlap the edge of the bit structure, the oxygen asher photoresi st
renoval step nay oxidize the sidewalls of the ferromagnetic bit structure,
and can significantly damage the edges of the bit structure. Because of
the potential damage to the bit structure, many nmagnetic nenory processes

do not use conventional etch and photoresi st reno en formng the
cont act SUBHRIF ol soims CW@?"?@@H@ PHRSERI®: | s‘?JV?“‘%‘ESF‘l{J@tH?F}B@P 3‘? Wn]i' ead,

speci al i zed process techniques are often incorporated into the
manuf actRAYidag2asthewiges ofthy bisitiiice, and contl nU| ng with the above exanpl e,
t he oxygen asher photoresist renoval  step repl aced wi.th ot her
process st ep@nqertht cogrgt qreriacholes agsieiehedy aGR’?VGP%a’t %gfé’i agker phateresist ¢ he
magnetic filmmaterial, such as using a "wet" photoresist renoval strip.
O her té@iﬂm’ﬁkﬁ!@s“’o%wlﬁﬂbfd?eb’éed}géﬁ!ﬂqvﬁﬂleﬂ@oﬁfﬁ%‘\lﬁm ngo¥eysE BFCsUEdj acent t he
exposed edges of the bit structure in an attenpt to protect the edges from
subsequdhcoptai eaésr de byles ovehap tbe edge stthe bipsioichirs, Msdxygsanplicues may reduce
the risk of oxidization of the bit edges, such processes often cause
hi gher qib@tees:stdanmatstqsm}fmmﬂlwhmmaﬂmﬂ thplopwegslisbit smepes, ashd may have
ot her negative effects on the operation of the magneto-resistive bit -
st r uct ucassignfitabtiyvranage the edges iof thbbigsiniches.ef ore, is a nagneto-resistive bit
structure that does not require special processing steps when formng the
contacts or Becauszal ¢ pbentidhdarige to the bitisttustues, nlwby magpticinememl | y, what woul d
be desirable is a magneto-resistive bit structure

processes do not use conventional etch and photoresist removal steps when forming the

contacts and/or via holes to the magnetic bit structures. Instead, specialized process
techniques are often incorporated into the manufacturing pl:ocess. For example, and
continuing with the above example, the oxygen asher photoresist removal step may be
replaced with other process steps that are less likely to oxidize the side wall of the
magnetic film material, such as using a "wet" photoresist removal strip. Other techniques
may also be used include providing spacers adjacent the exposed edges of the bit
structure in an attempt to protect the edges from subsequent process steps. While these
specialized techniques may reduce the risk of oxidization of the bit edges, such processes
‘often cause higher defect densities than conventional photoresist steps, and may have
other negative effects on the operation of the magneto-resistive bit structures.
What would be desirable, therefore, is a magneto-resistive bit structure that does

not require special processing steps when forming the contfacts or via holes to the bit
structure. More specifically, what would be desirable is a magneto-resistive bit structure

that can be formed without directly exposing the bit edges of the bit structure to the efch



that can be fornmed without directly exposing the bit edges of ,t,hg Dbi
Structure to the etch 3 23 Maroh 2006 WO 031038864 PCTI Usoz/ 3291alkH 2006
renoval steps. This may allow nore efficient and reliabl e back-end

processi rgg o3/08k86£h in turn, may reduce the defect denspdryusagshoisancrease the
yield of the devices. SUWARY The present invention overcones nmany of the
di sadvant ages of the prior art by providing a magnetic bit structure that
can be produced using conventional contact and or via processing steps.
This is preferably acconplished by providing a magnetic bit structure that
has bit ends that are sufficiently large to accommbdate a m ni num si ze
contact or via hole. As such, the contact or via holes may remain inside of
the bit adgemmovelisispeblhipmax dlorimeye efficientapdrelishle bavk-ond profeseing,| at er process
steps that woul d otherwi se cause oxidation or damage the bit structure. In
one i | | vduehdnitwe, resvsediicathetdefertiiensiti garbinerease tieyidld ef the devisks.t he pr esent
invention includes a first bit end with a first contact structure. The
first bit end is preferably di SERiLAR¥d to extend laterally around the
perimeter of the first contact structure. This arrangenent may allow the
first cont acThspreseotinventivnocuacthagnifyhedimdtanpgssiofilegeionsrt bjhe

magnet o-resi stive bit, while protecting the side walls of the bit. The
magnet o-previing a magroviit bit structusd that chmied puckincal wing@osiventidnabevsitacd 4nb op
correspondi ng second contact structure. Like the first bit end, the second
bi t end viapreweadigy sdpb.y This haeferabl decbmpiskedEmdorb@tiag amagnaicoynd  t he perineter
of the second contact structure. To retain nmany of the nagnetic properties

of a nastremreBENkds On kAt titiaxaulficlently largk fo ac6RMEIR AR gke t he
magnet o-resistive bit may include an elongate central section having a

}[Mh:jts h 1 baitach 8r Viahs1OVWRE sichae EdARictdr HalhoRE rdal Rerdaidl MbideodnSKHcQHReL bit ends. In
thereby protecting the edges of the bit from later process steps that would otherwise cause
oxidation or damage the bit structure.

In one illustrative embodiment, the magneto-resistive bit of the present invention
includes a first bit end with a first contact structure. The first bit end is preferably
dimensioned to extend laterally around the perimeter of the first contact structure, This
arrangement may allow the first contact structure to contact only the top surface of the
magneto-resistive bit, while protecting the side walls of the bit. The magneto-resistive bit
may also include a second bit end with a corresponding second contact structure. Like
the first bit end, the second bit end s preferably dimensioned to extend laterally around
{he perimeter of the second contact structure.

To retain many of the magnetic properties of a narrow magneto-resistive bit, it is
conternplated that the magneto-resistive bit majf include an elongate central section
having a width that is narrower than the width of the first and second bit ends. In this

configurafion, the data is preferably stored in the elongated central section, rather than in

the first or second bit ends. Several performance advantages result, First, one and/or



configuration, the data is preferably stored in the el ongated gepira
section, rather than in the first or second bit ends. Severa?%p@tqrghn%qgg

advant ages result. First, one and/or 23 March 2006 WO 03/ 038864

PCTI USO2~3d8slodsdaot h bit ends are not subjected to curremtudok/smdbet ween t he
two contacts. By not subjecting the bit ends to fields fromcurrents Rom
-the contacts, undesired switching of the bit ends is reduced, Second,
because the current path for the bit is restricted to the region between

t he contacts, current does not flow near the bit ends. The net result is to
reduce electrical bit resistance and to increase the figure-of-neat of the

a0 of i oTRYNSHOLRRL R G e MG Bekal BS L0 AR Bybite BTt rest stance.

In an I| Ive ma resent 1nven rragneto resistive

bi t is ﬁf::?x{#a%ﬂé Y L8 R Gl ok Rh @O SUELRGR Bl B, 1 Nt eor at ed

CIrCUItd ; resistive rst Elt end,
t . T
2 gﬁégl‘ ot Phi ofh s w@t&fe? TSt E%%v%&;yﬁﬁ% bith G F4 R s Pﬁh%ﬁ “Than 't e
g . .
\élme pz)si ? eﬁg&t’ B%{”'ﬁ %°:§’rt5\$" r ?3{? Stggfagsln:@gng E\ei g’fé’ﬂtm%lﬂ e:':’%té‘:?s%léf‘?gxs eclofldt bletn

ends. Ther eaf ortion of the first dielectrjic |la is selectively
removed FECES ﬁ'?’&a]ﬁﬁlr%”fai’i‘ic%ﬂ’&ﬁc’ Prrigase thedieutergfinent ?f@ﬂaéﬁﬁ?o each bit end.

The hol es preferably have a, peri n&q%r that is spaced laterally inward from
the peri W@W’eé’ﬁ"‘fer%a‘lﬁetm'éﬁﬁ Y&sBlfYel y renpving the dielectric

| ayer, a photoresjist |ayer first be  provided over the dielectric

| ayer. Light hRillisie@pivemetdbad %%PQRI@F‘? “&‘ﬁfb‘l“?"eﬂ‘et“@g{lﬁ%'fesﬁﬂ@t%trlés| st |ayer,

where the exposed areas are subsequently renoved via a photoresist renoval
step. Thised é‘i@B’éﬁ@H‘%@ﬁf’i’@ﬁﬁelﬁfplwfé“ﬁi‘cépéw infegratedyireuip The Mpgastor enoved usi ng

an etching step to formthe holes. Preferably, a protective layer is
provi dedresigivabit g therhermadgn bavs-arfiess bis endy & sesiond bibeng; end an clongated

central section therebetween. Thé elongated central section preferably has a width that is
less than the width of either the first or second bit ends. A dielectric 1ayer is then
deposited or otherwise formed at least adjacent the first and second bit ends. Thereafter,
-a portion of the first dielectric layer is selectively removed to form a hole through the
dielectric layer down to each bit end. The holes preferably have a perimeter that is
] épaced.]atera]ly inward from the perimeter of the bit ends.
When selectively removing the dielectric layer, a photoresist layer may first be
" provided over the dielectric layer. Light may then be selectively applied to the
- photoresist layer, where the exposed areas are subsequently removed via a photoresist
' removal stép. The exposed portions of the dielectric layer are then removed using an
etching step to form the holes.
Preferably, a protective layer is provided adjacent the magneto-resistive bit before '
the dielectric layer is provided. The protective layer ﬁrcferabiy performs two primary

fanctions. First, the protective layer acts as an etch stop during the dielectric etching step



the dielectric layer is provided. The protective |ayer prefer er f
two primary functions. First, the protective |ayer acts as ag@ Mfﬁ'cbtgg%

during the dielectric etching step 5 23 March 2006 WO 03/ 038864

PCT/ USO2 v@s@lndssshat is used to formthe contact or vi apdwdsesssefeecond, the
protective |layer may help protect the nmagneto-resistive bit from sol vents,
oxygen or other potentially destructive materials or elenents that are
used during subsequent processing steps, such as the photoresist renoval
step. In a preferred enbodi nent, the holes are etched through the first
dielectric layer down to the protective layer. Once formed, the holes arc
preferably filled w tp a conductive material. The conductive materi al
prefer ablt@latfsé's?f *Eorm the conkactas Niadieles. | Sepend, tha protective lapsmmsiingtp used i n
conventional integrated circuit processes. The result is a contact or via
st r uct ur EFQEFhibe maEReiresisvedih fomusofvenss, oxysen er efhen netsntially destppctivedown to t he
protective layer on the bit structure. The contact or via structures nmay

then be Twkgak gr elpraenty thetarg useddming exbsaghent processing sigps, ewob at the ot her conponent s
or elenents of the magneto-resistive nenmory as required. BRI FF DESCRI PTI N
OF THE DR remqyatstepl In g pgfermepemiiodiment, iherheles hiteussthedithiongh tarbodi ment  of
the present invention, Figure 2 is a cross-sectional side view of -an
i |1 ust r afirsydickecitie pyendewnde the pictectiepliyay  f erromagnetic | ayers forned
thereon; Figure 3 is a cross-sectional side view of the illustrative
i ntegrated ci®reaifermed, thehajpsre @efovtili fiked Wwithna edndictivaslateials iThé oned over the
ferromagnetic |ayers; Figure 4 is a cross-sectional side view of the
i |1 ust r acandectivetmatprialipeeferably isud etd finterEongent éayer wiiitlels chmmomRgRato- r esi stive
bit is patterned, and after an oxide |ayer has been provided over the top
surface tdoeentiohal integrated circuit processes. The result is a contact or via structure that
extends from the top of the dielectric layer down to the protective layer on the bit
structure. The contact or via structures may then be used to electrically connect the bit
structure o other components or elements of the magneto-resistive memory as required.
BRIEF DESCRIPTION OF THE DRAWINGS
Figore 1 is a top view of one illustrative embodiment of the present invention;
Figure 2 is a cross-sectional side view of an illustrative integrated circuit having
ferromagnetic layers formed thereon;
Figure 3 is a cross-sectional side view of the illustrative integrated circuit of
Figure 2 with an ion mill mask f)oéitioned over the ferromagnetic layers;
Figure 4 is a cross-sectional side view of the illustrative integrated circuit of
Figure 3 afier the magneto-resistive bit is patterned, and after an oxide layer has been
provided over the top surface thereof;
Figure 5 is a cross-sectional side view of the illustrative iﬁtegrated circuit of

Figure 4 with a contact or via hole cut through the oxide layer down to the magneto-

resistive bit; and.



Figure 5 is a cross-sectional side view of the illustrative i at
circuit of Figure 4 with a contact or via hole cut through t %fﬁg‘d?%@r
down to the nagneto- resistive bit; and 23 March 2006 WO 03/ 038864

PCT/ USO2m3d&lodsds gure 6 is a top view of another ill usgemtdoysssenbodi ment of
the present invention. DETAILED DESCRIPTION Figure 1 is a top view of an
illustrative enbodi nent of the present invention. The nagnetic bit
structure is generally shown at 2, and includes a first bit end 4a, a
second bit end 4b, and an el ongated central section 8. The first bit end
4a and the second bit end 4b are shown having a square or rectangul ar
shape, but other shapes are contenpl ated including circular shaped, oval
shaped, et c. Figyee &ipp iop Vﬁlﬁ“t°fé‘ﬁ€fhﬁfdu%ﬁﬁé“‘teﬁ@b%®€'6ﬁ&fgietp“é%"’4’5‘1“08'(e preferably
sufficiently large to accommodate a m ninum size contact or via, such as
contact or via 5a and cont RETASER DESERIPIIONhown. That is, the first bit
end 4a and the second bit end 4b are preferably di nensioned to extend

| ateral |y ar &igwe ltihetqpefriﬁ\mft@rilhtsﬁaﬁvwmgmnmpfthf:areswt wventionnTlict or via 5b,
respectively. As such, the contact or via holes 5a and 5b are spaced

i nwar d fregmeticrtat sirbeture dogessraliysshovm a2, and ircluden i Sirspbiv et daga sehenddilges of  t he
bit fromlater processing steps that could cause oxidation or otherw se
damage tend 4biand ars¢iengeted cantral sedtpnrie (Tae firshiahsnddia abdibe segndbit endgboperties of a
narrow magneto-resistive bit, it is contenplated that the el ongate central
sect i on aBe shayn haviveg osquirel bivedtinguhathaps bulatireostmpes ardamtarpiatadi dt h 12, of t he
first bit end 4a and second bit end 4b. In this configuration, the datais
pr ef er alihgludiigoiredar shagedcovel shaged] el Thefirgt it estaddand theSecandbitend 4bhan in the
first bit end 4a or the second bit end 4b. It has been found, however,

t hat t hersmelablycufftiomes hige o Rtomhbiaie] minERineslzcentatedr vieaichen 8 may be
inproved relative to a pointed or tapered end

contact or via Sa and contact or via 5b as shown. That is, the first bit end 4a and the

second bit end 4b are preferably dimensioned to extend laterally around the perimétér of

contact or via 5a and contact or via 5b, respectively. As such, the contact or via holes 5a

and 5b are spaced inward from the bit edges, as shown at 7. This protects the edges of

the bit from later processing steps that could cause oxidation or othenwise damage the bit

structure 2,

To retain many of the magnetic propetties of a narrow magneto-resistive bit, it is
contemplated that the elongate ceﬁtral section 8 may have a width 10 that is narrower
than the width 12 of the first bit end 4a and second bit end 4b. In this configuration, the
data is preferably stored in the elongated central section 8, rather than in the first bit end
4a or the second bit end 4b. Tt has been found, however, that the magnetic properties of
the elongated ceniral section 8 may be improved relative to a pointed or tapered end

configuration of, for example, U.S. Patent No. 4,731,757 to Daughton et al., by providing

the larger bit ends 4a and 4b,



configuration of, for exanple, U S. Patent No, 4,731,757 to
al., by providing the larger bit ends 4a and 4b. 7 23 NarchD?gg@i%heéoos

03/ 038864 PCTI US02134914 Figures 2-5 show an illustrative nethod for

form ng tvheodmsssestructure of Figure 1. Figure 2 is a mroes®23e@ef i onal side
view of an illustrative integrated circuit having ferromagnetic |ayers
formed thereon. The integrated circuit 14 is preferably forned using a
conventional integrated circuit front-end process and nay include various
devices or conponents including transistors, capacitors, netal

i nterconnect l|ayers, etc. |Illustrative conventional integrated circuit

processes nmay.inclu i.pol ar,, . .BlL.CVOS, tc...referably, word
F hes are foritends) TgvgnalisrabR s b 57 CTIREMTH A SHFARE Bf *¢ he
integrated circuit 14. The word lin are preferably provided directly
bel ow eak¥§usiets & erpiseeqiione S'ﬁﬁé“ei“’rﬂf@@ﬁ’;ft@ﬂv@i”fﬁai‘fe@ cfﬁ'}/‘F Ea"ﬁ’rgef erably covered
with an insulating layer 16, such as silicon nitride (SIN), The top
surface Bfrompgefi Iﬂf%%i’%ijm’&"?@\' Thg mtegratedesiyon b‘?léP%?Tle}’ ek i zed. This can
be acconpl i shed by using a conventional Chem cal ,Mechanical _Polishing
(CVP) pr birgsaconysntignaliniseraisd chputEent-spdpioses aid may iyrdude ypaga AFYes, a nagnet o-
resistive stack 18 is formed. The pagneto-resistive stack 18 may be forned
in accofiFampenepfs fgluding trapsisers| capaciiprs mefad intgieongech yerpsc-t 0 Yue et al. Once
the magneto- resistive stack 18 is fornmed, a cap _or protective layer 19 is
provi dedilugtradivgxopvenpena) mtdgeagest circuioproeesyss wpeinglydy CMQS Binedarsi | i con (CrSi),
which is partially conductive and acts as an etch stop for subsequent
et chi ng BIGMIGS,1Guds, et Breffaratilyy avordilines picferthed udingwne P repmataiect i ve | ayer 19
al so preferably protects the magneto-resistive stack 18 from danage from
subsequeinterprecHsErayy tistigjegrated picduitdd. e woryl diecs ansprefergbhgirovidsli st r enoval
step, as further :

directly below each bit structure.

The integrated circuit 14 is preferably covered with an insulating layer 16, such as
silicon nitride (SiN). The top surface of the insulating layer 16 is then preferably
planarized. This can be accomplished by using a conventional Chemical Mechanjcal
Polishing (CMP) process, or any other planarizing method. Once planarized, a magneto-
resistive stack 18 is formed. The magneto-resistive stack 18 may be formed in
accordance with, for example, U.S, Patent 5,496,752 to Yue et al. Once the magneto-
resistive stack 18 is formed, a cap or protective layer 19 is provided. The protective layer
19 is preferably chromium silicon (C1Si), which is partially conductive and acts as an
etch stop for subsequent etching steps that are further described below. The protective
layer 19 also preferably protects the magneto-resistive stack 18 from damage from
subsequent processing steps, such as an oxygen asher photoresist removal step, as further
described below. The protective layer 19 should be at least partially conductive because
a metal contact will engage or contact the protective layer 19 from abbve. This metal‘

_contact will not directly contact the magneto-resistive stack 18, but rather must pass



descri bed bel ow, The protective |ayer 19 should be at |east pafiall
conductive because a netal contact wll engage or contact thg%b@@hgggs
| ayer 19 from above. This nmetal contact will not directly contact the
magnet o- ves b&3836€ Sstack 18, but rather nust pass 8 23 hdwgdn2006 WO

03/ 038864 PCB' / US02/ 34914 current, such as a sense current, through the
protective layer 19 to the magneto-resistive stack 18 to forma
connection. Next, the magneto-resistive stack 18 is cut into a desired
shape, such as the shape shown in Figure | or Figure 6. This is preferably
acconplished by providing a patterned |ayer above the portion of the
magnet o-resi stive stack 18 that is to be retained. Suitable processes for
cutting ¢umentpmgines asensesngentytbrosghalbikproBotive daydebtipitiodagnato-résitivexanpl e, U. S.
Patent No. 5,496,759 to Yue et 'al. and U. S. Patent No, 5,569,617 to Yeh et
al ., whigick 18 Gafolm aponnectiom | | i ng process. However, it is contenplated that
other suitable etch processes may be used to shape the bit, In Figure 3,
an ion mll eskth2 maghdtbrrdsisevesdark 18 Bpuiintokidesred shapasudesithediafsi t shape s
deposited over the magneto-resistive stack 18 to define and protect the bit
st r uct urshotvhaiFigirs 1 boFigewdi Mhisiis mrefeably 3ccomphished by probidingmglsttermed be nade from
Si N or another suitable ion mll mask material such as bias sputtered
quartz. Jeysnaliive thepgrtiof of the maghuivRsisRa@ stack [Bthat i$ odber@tgingl. Suitbki Sti ve stack
18 to the desired bit shape, and the remai ni ng magneto- resistive stack 18
I S T enmpvseeekdas BF butiiBe maidResretiftfe shiosard dudeivell i) GorteRanpl@mign | | mask  21.
The ion mlIl mask is then renoved through a suitable etch process. In an

al t er natm@enfrflohDbe, B9 tb Fuskilall aBPULSt Pdtene N5 BENCESS YERYt ASwHized, toget her
with a suitable etch mask, to formthe desired bit shape. Figure 4 is a
CT 0SS~ Sagich aNdh nSlAE pioc&Y BbwERE if it boAkhipRidd\Rat oiHeLMii@biB el rcui t Of
processes may be used to shape the bit,
In Figure 3, an ion mill mask 21 with the same top profile as the desired bit shape
is deposited over the magneto-resistive stack 18 to define and protect the ll)it structure that
is to remain in area 23. The ion mill mask may be made from SiN or another suitable ion
-mill mask material such as bias sputtered quartz. Ion milling is then commenced to cut
the magneto-resistive stack 18 to the desired bit shape, and the remgining magneto-
resistive stack 18 is removed in all areas other than those underlying the ion mill mask
21, The ion mill mask is then removed through a suitable etch process. In an altemate
method, an in-situ sputter etch process may be used, together with a suitable etch mask,
to form the desired bit shape,
Figure 4 is a cross-sectional side‘view of the illustrative integrated circuit of
Figure 3 after the magneto-resistive bit is patterned, and after a passivation or insulating
| layer 25 has been provided over the top ‘surface thereof. The passivation or insulating '
layer 25 is preferably deposited over the entire top surface of the integrated circuit. The

- passivation or insulating layer 25 helps prevent a metal interconnect layer that will be



Figure 3 after the magneto-resistive bit is patterned, and af beram,
passivation or insulating |ayer 25 has been provi ded over thggtlg%rgnr%?igg

t hereof. The passivation or insulatingt0l ayer 25 is preferably deposited
over the entire top surface of the |ntggrated circuit. The passivation or

i nsul at i Rip0es qvers the| maghetorsasisivercbll fiom ceentacting the ebitt Axcepti lin. be

9 23 March 2006 10 placed over the magneto-resistive bit fromcontacting -
the bit desigpated regionisgabivdhich édyilessratmatedh thel esutatingriaieri 25.t h‘éhe
insulating | ayer 25. The insulating |ayer 25 nay be, for exanple, Si N

bi as spuirtsetatthg lesyer 25 BEW be, €or emWiPRi IBiN, Bias Sputterdd uarlz (BSN! @r5 i's-
a cross-sectional side viewof the illustrative i ntegrated circuit -of

Fi gure 4ani ofhér SIAHAE m&eriwi,2 hol e 29 cut through the insulating |ayer 25
‘down to the magneto- resistive bit, or nore preferably down to the :

5 el AP EEPSAORI s T BT LB, o

appr oxi mat el y

1) to es ectrl conn bi t The cpontac Vi a
nol 29 %faEdéﬁEb?i}wﬁa@scea it arch ﬁa&ﬁﬂpagﬁnraegpreo Sy Bec dge

| ayer or OUE’@I de the perj rreter edges o gnhet o-resi stlve bit, as
shown fcﬁ%&éﬂp m@ﬂeéwes'ﬁmées%eoreawg Qnef@lrab!y rc@wmgaethg-p@e@twa/e bi t
are thus not exposed to |later processing, but rather renmmin covered and

pr ot ect day®ly 19heTlne costachver viaykole129 inpdcistablyspaces appteximatblysin2theof t he
magneto-resistive bit are protected by the insulating |ayer 25, the

cont act centen af bné & 1B bitgnds 4arawd €8 (secrBigarsddnd iestabligh a6 @isdtrigast eps

including, for exanple, .an oxygen asher photoresist renmoval step. This may
signi fi ¢anhkytioRdoChc! BR. CPRE UntRE10EH Vid fold! 2oNBRAEIDIY st hiCelfem Y and
down past the top of the protective layer 19, or outside the perimeter edges of
the magneto-resistive bit, as shown for example Figure 1. The éide edges 27 of
the magneto-resistive bit are thus not exposed to later processing, but ratﬁer
-remain covered and protected by the protective layer 19, and because the side
walls 27 of the magneto-resistive bit are protected by the insulating layer 25,
the contact or via holés 29 may be created ﬁsing conventironal processing steps
including, for example, an oxygen asher photoresist removal step. This may
significantly reduce the cost of producing the magneto-resistive memory and
may increase the overall yield that can be achieved.
After creation of the contact or via holes 29, a metal layer is preferably
placed over the insulating layer 25 and stched to form a desired metal pattern.
" The metal preferably extends down into the contact or via hole 29, allowing the
metal layer to fill contact or via hole 29 and c'ontact the protective layer 19.

" Because the protectlve layer 19 is preferably at Ieast pamally conductive, an

electrical connection is made between the



may increase the overall yield that can be achieved. After cr tw g‘fzbae
contact or via holes 29, a netal layer is preferably placed RE.
insulating layer 25 and etched to forma desired netal pattern. The netal
pr ef er abwo ex3gaa€ds down into the contact or via hol e 29TMH/merang t he

nmetal layer to fill contact or via hole 29 and contact the protective |ayer
19. Because the protective layer 19 is preferably at |east partially
conductive, an electrical connection is nade between the . 23 March 2006
WO 03/ 038864 PCT/ US02/ 34914 netal |ayer and the nmagneto-resistive bit.
Alternatively, it is conterrpl ated that the contact or via hole 29 may

st Doul il 168 o 10 pal O LER S amgmgﬁ%gr;tﬂs'coﬁt%plagﬁﬂ&av{mgSten before

prOV|d|ng |s nay re resistance of the

cont act ol hown in Figure
1 has an (élltac?ﬁ%rgvtme Ieezgrzﬂ’?y it 1%‘?%#’ &&cgﬁlgfe?g%?ﬂ%%&e e bit ends 4a
and 4b, rrent are | so onte ed, One |ternative :
ohodi mert S e RO a 188 Ry R R el et Lo M aBr ol e

el ongat ed. %l% éa section 30 has a width that is close to or equal to that
of the bI'f#g & 36a and 36b. The first bit end 36a and the second bit end

36b of Fi gur still, hownever, era suf fi CI ntly large to
accommodat e zwh’i""rfﬁ‘?rﬁll‘ﬁ% f%e‘ElEﬂ‘HnéF@fShWB '1/!{:’ SL% e?é"’hgﬁtr"“l 2‘{lor via 40a and
contact or ,via_ _4Qb, as shown. Havjng thus descr | bhed t he Pref erred

embodi metfFiond thﬁtn%na&oygreﬁhﬁn ﬂ]ﬁb\émqsdhm%%er eBOOURIENE AeRlsPhe art wil |
readily appreC| ate that yet other enbodinents nmay be_nade and, used within
t he scop®@nympiggs. Ongsiab aﬁ@ﬂ@t\fa cmbediment ép showmiy ige édvamsag@gatm t he

invention covered by this document have been set forth in the foregoing
descri pt $ehpdiment, tygelqngped ¢anbialseation d0 hasewidih that isiclose taarsawst dhddsure is, in

many respects, onlg/ illustrative.
of the bit ends 36a and 36b. The first bit end 36a and the second bit end 36b of Figure 6

are still, h‘owever, preferably sufficiently large to accommeodate a minimum size contact
orvia, suéh as contact or via 402 and contact or via 40b, as shown,

Having thus described the preferred embodiments of the present invention, those
of skill in the art will readily appreciaté that yet other embodiments may be made and
used within the scope of the claims hereto attached. Numerous advantages of the
invention covered by this document have been set forth in the foregoing description. It
will be understood, however, that this disclosure is, in many respects, only illustrative.
Changes may be made in details, particutarly in matters of shape, size, and arrangement -

of parts without exceeding the scope of the invention.

1]



Changes nmay be nmade in details, particularly in matters of sh ] 1€ d
arrangenent of parts w thout exceeding the scope of the inve??fM#ﬂciﬁ@Q@%

March 2006 WO 03/038864 12 PCT/ US02/ 34914 AMENDED CLAI MS Recei ved by the

| nt er nat ivomad/osBken eau on 05 September 2903 (05.09. 2003) pcous@iseak cl ai ms
1-32 are replaced by anmended cl gj = gﬁﬁ Asmagnet o-resistive bit
conprising: a first bit end at 8 ‘H% magnet o-resi stive bit; a
first contact Beeeiyed bydheBrerastionn) BumeaufdorQtSeptemhen3005608.08200%)i rst bit end
di nensi oned to ext eqHigiabelabng k32 averreplacakhcamesied wkaims £31 wherein the
magneto-resistive bit further includes an el ongate central section having

wi dt h extending frﬂrﬂls{gﬁgtofrés{ijs?ihegﬂ?rﬁ;}giqgsai d first bit end having a wdth
€ W 0 e e

that is greater than ongate central section. 2. A
magnet o-resi stive bi.t according to Claim1, further conprising: an

insul ating | ayer pd&PstPbedcet aeq %{‘gé’ﬁ&et“i‘?@“?fﬁﬁﬁg‘f%@ iEsistive bit, said
insulating layer defining a first hole having a perineter, wherein the
first hole extendsfirsheantaghstruptare qootacting thgfitstlyibendt endt he first bit end, the
first bit end having a perinmeter and being di nensioned such that the

perineter of the fihegist bit bnddithensiotiet noetdndtagyuad the fing yomabt siectyer i net er of
the first hole. 3. A magneto-resistive bit according to Caim?2, wherein

the insul ating | ayghertif e imdpRetdirkditOl Ui RirhEe inchded aNBISHRLE" ERfthIST 1 Ve bi t
according to Gaim2, further conprising a netallic material that extends
down through tseQ: 01]; hzrwsngg v@%lthee)ggn%jn%l ggnt] rtllxecl%lsg Bt gx?d? téa% tﬁ'srsttbri}eend having a

width that is greater than the width of the elongate central section.

2. A magneto-resistive bit according to Claim 1, further comprising:

an insulating layer positioned adjacent the magneto-resistive bit, said
insulating layer defining a first hole having a perimeter, wherein the first hole
extends through the insulating layer to the first bit end, the first bit end having a
perimeter and being dimensioned such that the perimeter of the first bit end

extends laterally beyond the perimeter of the first hole.

3. A magneto-resistive bit according to Claim 2, wherein the insulating layer

comprises silicon nitride.

4, A magneto-resistive bit according to Claim 2, further comprising a
metallic material that extends down through the first hole and electrically contacts the

first bit end.

5. A magneto-resistive bit according to Claim 4, wherein the metallic

material comprises aluminum.

AMENDED SHEET (ARTICLE 19)



first bit end. 5. A magneto-resistive bit according to daim ﬁ?gm%rgﬁ:\gpéﬁe

nmetallic material conprises alum num AMENDED SHEET (ARTI CLE

2006 WD 03/038864 PCTI US02/ 34914 6. 13 A magneto-resistive bit according
to Cl ai mwigoadsgssei n the netallic material includes coppeEmusozizaon

magnet o-resistive bit according to1@ aim4, wherein the netallic materi al
conprises a titaniumtungsten plug. 8. A nmagneto-resistive bit according
to Caim2, fuétherAcoagaetostsidive biprctoedihg te Claiye, iwhestipahednhigiliveen t he
first bit end and the insulating layer at least in the region of the first
hol e. 9. ﬁlamgnﬁé;@ders@&;p%;_i ve bit according to Caim8, wherein the
protective layer is at '|east partially conductive. 10. A magneto-resistive
bit according to Claim8, wherein the protective layer is an etch stop

| ayer. 11. A nmgnetp-resistive bit accordin o Caim2lQ erein the first
ol 6 15 f or mec e ry WEDRPERITIVE h FCURE &7 Si0m4: Biermt B s b ot op
| ayer. 12. A magneto-resistive bit according to Caim8, wherein the

prot ect i vECHFCOMPHSRS aitiIm WABTELAVE. i con. 13. A magneto-resistive bit
according to Claim1l, further conprising: a second bit end at the other

end of said elongate central section;
: 8. A magneto-resistive bit according to Claim 2, further comprising a

protective layer interposed between the first bit end and the insulating layer at least in the

region of the first hole.

9. A magneto-resistive bit according to Claim 8, wherein the protective layer

is at least partially conductive.

10. A magneto-resistive bit according to Claim 8, wherein the protective layer

is an etch stop layer.

11. A magneto-resistive bit according to Claim 10, wherein the first hole is

formed using a selective chemical etch that stops at the etch stop layer.

12. A magneto-resistive bit according to Claim 8, wherein the protective layer

comprises chrome-silicon.

13. A magneto-resistive bit according to Claim 1, further comprising:

a second bit end at the other end of said elongate central section;

said second bit end having a second contact structure contacting the second
bit end; and

said second bit end being dimensioned to extend around the second contact

structure.

AMENDED SHEET (ARTICLE 19)



said second bit end having a second contact structure contacti S d
bit end; and said second bit end being di nensioned to extend Z?%Méﬁ!‘h%ﬁag
second contact structure. AVMENDED SHEET ( ARTICLE 19) 23 March 2006 WO
03103886AvEPOGT88802134914 14 14. A magneto-resi stive bedTesveengi ng to Caim
13, wherein the second bit end has #width that is greater than the width
of the elongate central section. 15. A magneto-resistive bit conprising: an
el ongated central section having a width; a first bit end at one end of the
el ongat ed centVal dembgmtn-resibtevefbitrastording toeCldim H wiherpiratheisetiohd binend i s

greater than the width of the elongated central section; a second bit end

at the ot hara wige it is feat@iRRdRs widiceHd edngfte eérit@sechidle  second bit end
having a width that is greater than the width of the el ongated central

section; first contact nmeans having a perinmeter for providing an el ectrical

contact to t fi rfrtnab'e%oérgﬁgive%ﬁ%&rﬁ L§ontact neans having a perineter for

provi ding an el"éctric act 0 the Second bit end; the first bit end

di mensioned to extend around the perineter of the first contact neans; and
the second bit end2HFRBSARGATaERLFestien having W thhd t he perimeter of the

second contact neans.
: a first bit end at one end of the elongated central section, the first bit end

having a width that is greater than the width of the elongated central section;

a second bit end at the other end of the elongated central section, the
second bit end having a width that is greater than the width of the elongated
central section;

first contact means having a perimeter for providing an electrical contact to
the first bit end;

second contact means having a perimeter for providing an electrical
contact to the second bit end;

the first bit end dimensioned to extend around thé perimeter of the first
contact means; and

the second bit end dimensioned to extend around the perimeter of the

second contact means.

16. A magneto-resistive bit according to Claim 15, wherein said first contact
means comprises an insulating layer positioned adjacent the magneto-resistive bit, said
insulating layer defining a first hole having a perimeter, wherein the first hole extends

through the insulating layer to the first bit end, the first bit end having a perimeter and

AMENDED SHEET (ARTICLE 19)



16. A magneto-resistive bit according to O aim 15, wherein sai :
contact neans conprises an insulating |ayer positioned adj ac?gr:i Mah'gh 2006
magneto-resistive bit, said insulating |layer defining a first hol e having
a peri netveo p3/osbsssei n the first hole extends through therusessdoad i ng | ayer
to the first bit end, the first bitSend having a perinmeter and AVENDED
SHEET ( ARTI CLE 19) 23 March 2006 WO 03/038864 PCT1US02134914 15

bei ng- di mensi oned such that the perineter of the first bit end extends

| aterally beyond the perinmeter of the first hole. 17. A nagneto-resistive
bi t accor téingjdinengbreidrudfthatwieepesinetes af ile §a¢ bitdnd eqdidabiteratydnRgoiarPr i ses an
i nsul ating | ayer positioned adjacent the magneto-resistive bit, said

i nsul at i ngerlnet@rof dRffirting@. @ second hol e having a perineter, wherein the
second hole extends through the insulating |layer to the second bit end,
the second bit end having a perineter and being di nensi oned such that the

perineter of t secaond hit end tends. laterally beyond the perjnmeter of
t he second holfe)]f'a 18} "Egﬁ"&?ﬁﬁf“?’%%f %crc?ﬁ%% g’ %ﬂef%-‘?’%%?lgﬁa&es%%, t he
met hod conprising steps of form ng a nmagneto-resistive bit having an

el ongat e SRt Bpans semprsgs anigsyatingilaver positionedwljacenidhg megnetoesistvadithavi ng a
perineter and a width, the elongated central section having a wdth, the

wi dt h of samkinfulateig lhyer defivdngde ssvondyhdahaving hperinidte, whettih theodecsddehotd ongat e
central section; formng a dielectric |ayer adjacent to the first bit end,

and sel ecéengh Yhrb@IWOHE MBulatinkOlaldrad (ef sebdifd il &t 1 Rb&tdil énd B¥Ey 40 forma
hole through the dielectric layer, the hole having a perineter "and
ext endi ngpegiﬁj\@&r Lhd ‘Jgiﬁg dimensioned such that the perimeter of the second bit end extends

laterally beyond the perimeter of the second hole.

18. A method for forming a magneto-resistive bif, the method comprising
steps of:
forming a magneto-resistive bit having an elongate central section and a
first bit end, the first bit end having a perimeter and a width, the elongated central
section having a width, the width of the first bit end being greater than the width
of the elongate central section;
forming a dielectric layer adjacent to the first bit end; and
selectively removing a portion of the first dielectric layer to form a hole
.through the dielectric layer, the hole having a perimeter and extending down to the
magneto-resistive bit structure, and being dimensioned such that the perimeter of

the hole 1s spaced laterally inward of the perimeter of the first bit end.

'19. A method as recited in Claim 18, wherein the first dielectric layer

comprises silicon nitride.

AMENDED SHEET (ARTICLE 19)



magnet o-resi stive bit structure, and being di mensioned such t
perineter of the hole is spaced laterally inward of the peri?g}lmé}ghgﬂga

first bit end. 19. A nethod as recited in Caim 18, wherein the first

di el ect r iw0 b30pgas4 conprises silicon nitride. AVENDED SkEmTSof/AId CLE 19) 23
March 2006 WO 03/ 038864 PCT/ US02/ 34%14 16 20. A nethod as recited in Caim
18, wherein the selectively renpoving step renoves the portion of the
dielectric layer using a preferential etch. 21. A nethod as recited in

Clai m 18, wher®.n tAenesRHaS récited h CREBVBNGh&EANRNE SARNQSy rlfodsy §tbpn of the
dielectric layer using an ani sotropic et ch. 22 A nethod as recited in

C aim 18, rem%seﬂlg $ifi6n SEhEGEIUAL Yoy LR DS bR kfoves the portion of the
E %ﬁl né. 23. et

dielectric layer tusing ion m od as recited in Caim18,
wherein the selectively renopving step renoves the portion of the dielectric
| ayer using plasm etcﬂ}gng 24. A thod as recjted i.n Claim 18, wherein
the sel ectivel4 r efbiicthgd #¢ agited m:ﬁ? e d 8¢ whergipd f‘gﬁrﬂwﬁymﬁm}sgsgp

photoresist over the dielectric layer; selectively applying light to those
ar eas wheregovérdheipatiercofitheditlagtos layer using lae anisagiepigetth. r emovi ng t he
photoresist that is not polynerized, thereby exposing the portion of the
dielectric layer that is to be rempved; and renpving the exposed portions

of the dielectmic lpyemhod as tR1e ﬁmlam@he whezein AhdRIRAkIASeniR Gt & I N T aim
24, wherein the step of renmpving the

removes the portion of the dielectric layer using ion milling.

23. A method as recited in Claim 18, wherein the selectively removing step

removes the portion of the dielectric layer using plasma etching.

| 24, A method as recited in Claim 18, wherein the selectively removing step
mcludes the steps of:
providing a photoresist over the dielectric layer;
selectively applying light to those areas where the dielectric layer is to be
removed;
removing the photoresist that is not pelymerized, tilereby exposing the
" portion of the dielectric layer that is to be removed; and

removing the exposed portions of the dielectric layer to form the hole.
25. A method as recited in Claim 24, wherein the step of removing the
photoresist is accomplished using an oxygen asher photoresist strip.

26. A method as recited in Claim 24, wherein the selectively applymg light

stcp is performed using electron beam photolithography.

AMENDED SHEET (ARTICLE 19)



photoresi st is acconplished using an oxygen asher photoresi st " 2 §
method as recited in Caim24, wherein the selectively applyi nZ?Még}H') g?g

is perforned using el ectron beam photolithography. AMENDED SHEET ( ARTI CLE
19) 23 Mwebhs/@8Pé WO 03/ 038864 PCr/ US02/ 34914 17 27. ¥CTesopodias recited
in claim?24, wherein the selectively? applying |light step includes applying
ultraviolet (UV) light. 28. A nmethod as recited in Caim18, further
conprising steps of. formng a protective |ayer at |east adjacent to the
first bit end, prior to formation of the dielectric layer. 29. A nethod as

recited in O arm 28, mdher & raciteld 6in THBCE4, Witledeirt BERVIDD/eBL SPlyISOHEH: S€S
renmoving the dielectric layer to formthe hole through the first dielectric

| ayer, %%%%%ﬁﬁ%&ﬂ&ﬂ&wgﬁmhe protective layer. 30. A nethod as

recited i erein ofective layer is at least partially
conductive. 31. A nmethod as recited in Caim28, wherein the protective

| ayer conprises chronme-silicon.. AVENDED SHEET ( ARTI CLE 19)
28. A method as recited in Claim 18, further comprising steps of:

forming a protective layer at least adjacent to the first bit end, prior to

formation of the dielectric layer.

29. A method as recited in Claim 28, wherein the selectively removing step
comprises removing the dielectric layer to form the hole through the first dielectric layer,

the hole extending down to the protective layer,

30. A method as recited in Claim 28, wherein the protective layer is at least

- partially conductive.

31. A method as recited in Claim 28, wherein the protective layer comprises

chrome-silicon.
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