WD 03/ 038864 PCT/ US02/ 34914 NAGNETO RESI STI VE BI T STRUCTURE AND METHOD OF
MANUFACTURE THEREFOR BACKGROUND The present invention relates to

magnet o- re@iosBsse4 nenori es, and nore particularly to magnecaaurseysstd ve bit
structures and nethod of manufacture therefor. Magneto-resistive nmenories
are non-vol atile. That is, the data stored in the nenory are maintained
even if power is lost or otherw se interrupted. Typical magneto- resistive
menories use variations in the magnetization direction of a thin film of
ferromagnetic material to represent and to store a binary state. Each thin
filmof ferromagnetic material can be referred to as a nmagneto-resistive

bit. During a wite JJNGNESQ-RESETREBIT SIRWATHRFecti on of a sel ected
bit structure i s seANBDYMFIHOBOBEMANPFASPTUVRECTHERE®PRear t he sel ected
bit structure, often using a word line and/or digital |ine and/or sense
current. The current produces a BAGREROUNDe| d that sets the nmmgnetization
direction of at |east one of the layers in the ferromagnetic filmin a
desired dir €Ehd pasenTineentigrelatez &t negnethi-resistivomsmories, aneé mone :

magnet o-resi stance of the film During a subsequent read operation, the
magnet o- padtwirhneanaghetoresibtivebicancloesraadthdiyd gfasaiufgnae gereer. cur r ent
through the bit structure via a sense |line or the |like. Sonme prior art

nagnet o- r esi Stlapfet®idsistive Hehidriesa@hen-ybRRE. andt egedabiatortdinkhs.  Pat ent
No. 4,731,757 to Daughton et at, and U S. Patent No. 4,780,848 to Daughton

et al., mQﬁ’ntr £E 5 Re RERNBSIEN §HobtQr RS itOReHI]. THACPHREENS-

invention and both of which are incorporated herein by reference.
o SoeSHEAE PR EFRa i R AR RYEAEIRGNS L sl o3 ore show
- ferromagnetic material to represent and to store a binary state. Each thin film of
ferromagnetic material can be referred to as a magneto-resistive 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 cwrent 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 whiéh are
incorporated herein by reference. Illustrative 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.



Patent No. 5,496,759 to Yue et al., both of which are assigned to the

assi gnee of the present invention, and both of which are incorporated
her ei n bywoaB@sssace. WO 03/ 038864 PCT/ US02/ 34914 Such nagaaiiusor/esisti ve
menories are often conveniently provided on the surface of a nonolithic
integrated circuit to provide easy electrical interconnection between the
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

adj acent bit structures through a netal interconnect |ayer. The string of
bit struct ur esSuchemagnetoresistiveanengoricis aes ofiehi cohvénsendlytpsovideshan the berdacisy
operating circuitry |located el sewhere on the nonolithic integrated

ci rcui t . offromonslitiicring pated-ciresit Ripryedeenyreleesrical intdrsorlegtiondietvecencha educe t he
size of the ferromagnetic thin filmbit structures to achieve significant

density i sishadiBsat Gk hitinddy boratinBet@UBE oof the henokkidigtepAtddatuar. The size
of the bit structures, the width of the bit structures is often snmaller

than t hepigifdeMUgh&! hPeRCGhWuSh the®it diii6tubd PorakbhmpRIfHRendd SShé PRbr@hgeused to
formthe connection to the bit structure, As a result, the contact or via

. “For S SRirAly QEEadRo fdfef SR B190R0 % el BRI B 1S
R R R L e T
convent | BTN FEagalauner Pl aOut SeaPhe BEMECt and via hol oo aie |
nt ogr at od. ci FEPESY RIS EUIBETDRG: b o0ssshb 4y Bt Hek ol We | ocal | on
and size of the contact and/or via haoles K that are used to make contact to
the bit Srmomagpetes thinftle bihairyshiesdp achisye signiBieant densiy of pleesd digital bits.

Because of the 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 used

to form the connection to the bit sttucture. As a result, the contact or via holes typically

overlap 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. 4,780,848 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 layer 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 often overlap the edge of a bit



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 often
overl ap twe osa@sssenf a bit 2 WO 03/038864 PCT/US02/ 34914 PCMUIshsdi4 |l n sone
conventional etching processes, the solvents used to performthe etch may
damage the edges of the bit structure. Once the contact or via holes are

et ched, a conventional oxygen asher photoresist renoval step woul d
typically be used to renove the photoresist |ayer. However, because the
contact and/or via holes overlap the edge of the bit structure, the oxygen
asher photoresist renoval step may oxidize the sidewalls of the

f er r omagsterciuge. dintsogtecapywitienal girdinspapressegrihe s Bents Ysed doagrdorarae e§Bes of t he
bit structure. Because of the potential danage to the bit structure, many
magnet i cmaedonage the odges o€theddt struttutese conventi onal etch and phot oresi st
renmoval steps when formng the contacts and/or via holes to the nagnetic
bit struct ur e@ncel the taaakt os pdioddsiaredchsd oragwenticoeho ygar ssher phaséres st

i ncorporated into the manufacturing process. For exanple, and continuing
wi t h t herephometapoabmt eypiddily bexisern rasbes thp phdtoreest Biyer: diovakr, beapsaray be
replaced with other process steps that are |ess Iikely to oxi di ze the side

val | of eonHRARSH: %afﬂohé?o“&tl@p'th@ledge%f‘ﬂ’&b WBsthithiIg, tHe oXRlen afiRPL OF esi st
renoval strip. Other techniques nay also be used inclu e provi di ng spacers

adj acent J?(?res‘?gmgrgﬁgalg g‘?ﬁaﬂm&)g@m@'sntdew§1§s{mﬂ{aéjfe?roh{hgﬁ&1ca5ﬁ &RBlurd @nPr ot ect

t he edge from subsequent process steps e thesé specializéd

t echni ques, ﬁéagﬂg%gmgg@thﬁeﬁé%é%?th@& lu%gt;l on of the bit edges, such

processes en cause ect enS| |es t han conventi onal

phot or esi st rslé c%gﬁ %Eg%gatggt?a? %Te&g;)ettg He IEAL uree fin%}erﬁgg%eﬁgmteng pperation of

t he magnet o-

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 p;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 contacts 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 etch



What woul d be desirable, therefore, is a nmagneto-resistive bit structure
that does not require special processing steps when formng the contacts
or via howexswsssshe bit structure. Mre specifically, whacTusat/skone
desirable is a magneto-resistive bit structure that can be forned w thout
directly exposing the bit edges of the bit structure to the etch 3 WO

03/ 038864 PCT/ US02/ 34914 and/or renoval steps. This may all ow nore
efficient and reliable back-end processing, which in turn, nmay reduce the
defect density and increase the yield of the devices. SUMVARY The present
i nvention overcones many of the disadvantages of the prior art by

provi di ngpdéorramasalistephi Thistmaycalloremen afficient axkrelinbld beddendpmepssiogvent i onal
contact and or via processing steps. This is preferably acconplished by
provi di nghizhmmtures ey rduce the defettuieasitytat] ilaeasbitte yeeldof tHeatevizee sufficiently
| arge to acconmpdate a mninum size contact or via hole. As such, the
contact or via holes may renumin irsgiMBRIAYthe bit edges, thereby
protecting the edges of the bit fromlater process steps that would

ot her wi se caugge pRXI AlvieBRoP6vARRRY thah of Deldisalivastidds Bf thePripPst by | ustrative
enbodi ment, the nmagneto-resistive bit of the present invention 171ncludes a

first biprodfathav Bﬁgﬁetfcgﬁtssttru(éﬁl?é Agftcan bE Pﬁ;d%&} us};{%ﬁcgﬁ'n%!f]rﬁfongli éon@@panido%]g t he

preferably dinhensioned to extend laterally aro e perineter
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structure to cont sur

whi | tecti he .sid || 1 bit. Th to-resisti bi t
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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 secqnd contact structure. Like
the first bit end, the second bit end is preferably dimensioned to extend laterally around
the perimeter of the second contact structure,

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



the perineter of the second contact structure. To retain many of the
magneti c properties of a narrow magneto-resistive bit, it is contenpl ated
t hat the wagnessseés esi stive bit may include an el ongat e cemcralSozasid on
having a width that is narrower than the width of the first and second bit
ends. In this configuration, the data is preferably stored in the

el ongated central section, rather than in the first or second bit ends.
Several performance advantages result. First, one and/or 4 WO 03/038864
PCT/ US02/ 34914 both bit ends are not subjected to current flow between the

two cont acts.. not .subjecting t bit ends,.to fields fromcurrents from
t he cont i(?b‘ssblt aéé“ifpéa‘“’é%&%?i‘hi ﬁﬂﬁgﬁl }?féwf)‘:i”tth%ﬁﬁ%c?"é ?% 8%, second,
because the curr h the bit tricted t regi on betmeen
Dhe o nectERe bt Bae SR ls oM Simenis Sront T conpe Srrae i HERn 8L ol { ot o
reduce electrical bit resistance and to increase the f| gure-of -ment of the

ratio of thatit endsdntedniedsiSeeonde bedaussdhe surenbrath forthebyt 15 r@ﬁ@“ﬁ‘? to thesi st ance.

In an illustrative nethod of the present invention, the magneto-resistive
bit is pesmérebdbiesn thecomtdctorrumentagloas hot dloy rpﬂaaﬁurbltsqmm atle ot regnlt istpegr at ed
circuit. The magneto- resistive bit is then formed to have a first bit end,
a second riduee elediricalridt mastehongdite thereasrthe gursadimaen of therretietfithen. The

el ongated central section preferably has a width that is |ess than the

wi dt h of medghbreresistiee Eliangé-iresBanoid U it Redancd di el ectric layer is then
deposited or otherwi se forned at | east adjacent the first and second bit

ends. "her eaf §@h&n illBtrROfelrh@RoPbf thOBrebdnt Fivedtic, Bethagheloasictitebisiel ectivel y
renoved to forma hole through the diel ectric | ayer down to each bit end.

The hol es, ge@bK BRI é}ﬁyﬁelﬁwewmﬁ; Slrfab8 arl HtegPRAFGFUHATRE Bhdnied-Nvar d from
the perinmeter Of the bit ends.

;emshve bit is then formed to have a first bit end, a second bit end, and an elongated

central section therebetween. The elongated central section preferably has a width that is

less than the width of either the first or second bit ends. A dielectric layer 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 laterally 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 dielectnic layer is provided. The protective layer preferably performs two primary

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



When sel ectively renoving the dielectric |ayer, a photoresist |ayer may
first be provided over the dielectric layer. Light may then be selectively
appl i ed twotobe3ssphot or esi st | ayer, where the exposed area®Carusoystysequent|y
removed via a photoresist renoval step. The exposed portions of the
dielectric layer are then renoved using an etching step to formthe holes.
Preferably, a protective layer is provided adjacent the magneto-resistive
bit before the dielectric layer is provided. The protective |ayer
preferably perfornms two primary functions. First, the protective |ayer
acts as an etch stop during the dielectric etching step 5 WO 03/ 038864

PCT/ US02/ 1Ba\9s useditp form the geretactiop viadlest Recopdiribaptotastive layehmkpbelp Second, t he
protective |layer may help protect the magneto-resistive bit from sol vents,
oxygen orpretepidhe pagesto-resistiye bis stonusoivents, oxygeror ather puterdlaiprdadhmictiveat ar e
used during subsequent processing steps, such as the photoresist renoval
step. | n matpridf er eledlestiindargristd durhig shisk@enop@casitigatps vuokighthehe  first
dielectric layer down to the protective layer. Once formed, the holes are

pr ef er abl phokdrtdigt dernbta step.C Bwiptefdmée B Bk, the Hakes agoaent thivagimeer i al
preferably is a netal interconnect |ayer which is commonly uséd in

conventi om&diae@tggq@teggbﬁ{@Mghmpgcggéaﬁ?g_s. The result is a contact or via
structure that exténds fromthe top of the dielectric |ayer down to the

protective | ay@ﬁce%nﬁéﬁ?dﬁi}{oiles%%er rﬁ:\f@l‘e}%ﬁr fillEASyiPNE ol le ﬁﬂ'[)t@riat ygtures may

then be used to electrical ect the bit structure to other conponents

A VO e e R s e
the pr esec%%)\'énrt]i\éga ti}n%g];ated 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 to other components or elements of the magneto-resistive memory as required.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 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 boéitioned 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
pro{rided over the top surface thereof;
Figure 5 is a cross-sectional side view of the illustrative iﬂtegrated circuit of
Figure 4 with a contact or via hole cut through the oxide layer down to the magneto-

resistive bit; and



Figure 2 is a cross-sectional side view of an illustrative integrated
circuit having ferromagnetic |layers formed thereon; Figure 3 is a

Cr oss- secwponmbsssd de view of the illustrative integrated ®cCTrasor/34f4 Figure
2 wwth an ion mll mask positioned over the ferromagnetic |ayers; 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 an oxide

| ayer has been provided over the top surface thereof; Figure 5 is a
cross-sectional side viewof the illustrative integrated circuit of Figure
4 wth a contact or via hole cut through the oxide |ayer down to the

magnet o- r esi Bigiuees isiattop wiger of apgther3llogrEsuemimrineynf SuopgsenHnyentions i s a
top view of another illustrative enbodi nent of the present invention.

DETAI LED DESCRI PTI ON Fi gur e DETAIRED@MESOCRIRWTIONan il lustrative enmbodi ment

of the present invention. The magnetic bit structure is generally shown at
2, and incl udeigui Iisadép bietv dnd iltradyesatodindik bf the peesdin, ineentioanThd ongat ed
central section S. The first bit end 4a and the second bit end 4b are

shown hayjBfetR bHAUAEEreds pbRE4IBGhelvarlat 3ARMIAeE 2 Frfidit chBASFsedbR bit
contenpl atéd i ncluding circular shaped, oval shaped, etc. The first bit end

4a and t hgq $RGANG, Q]B}r!r%a‘%&ﬂce‘%@}al REGorPS. T IRS A it dldal il @Y deXod PHiOEdL D

accommodate a m ninmum si ze contact or via, such a contact or via 5a and

S
cont act i . hs, i i the second
bit end “é?‘g“gg’e‘?é?g y %fir-rgrée]%g éaﬁ‘éﬁ‘l"{égb‘r&?@ﬁﬂ%a% %rggf)ﬁ?mgggegnd the

peri netet cont

such. th gmc@%ﬁ}ngacd cu%f gvgéd,\é%?lesgn%%e: , gtc.c Qﬂg ﬁ?sE bt End’ fi-taaan%}he &R g}t ie}{c? hé’ As
are preferably sufficiently large to accommodate a minimum size contact or via, such as
contact or via 5a 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 perimetér 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 otherwise damage the bit
structure 2.

To retain many of the magnetic properties of a narrow magneto-resistive bit, it 1s
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. It has been found, however, that the magnetic properties of
the elongated central 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,



and 5b are spaced inward fromthe bit edges, as shown at 7. This protects
the edges of the bit fromlater processing steps that could cause

oxi dat i orworo3osdses Wi se danage the bit structure 2. To retraTrUSoEs1H0f t he
magnetic properties of a narrow magneto-resistive bit, it is contenplated
that the elongate central 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 el ongated central
section 8, rather than in the first bit end 4a or the second bit end 4b.

It has been found, however, that the magnefic, properties of ._the el ongated
central secti &Husesayshryy pnilusaliye mathad topforging ‘-ﬁgp’ﬁﬁww Otfgb%’l‘%ﬁ end
configuration of, for exanple, U S. Patent No. 4,731,757 to Daughton et

al ., by pHipwe disacrosskasclieitaside wiew aefrmasllusgatiredniggrater] oouidoBg864

PCT/ US02/ 34914 Figures 2-5 show an illustrative method for formng the bit
st r uct ur deroém#gngtic bydrs férinpdrteerfon. SThe integrated sirctit thislprefetiblviosmedf an
illustrative integrated circuit having ferromagnetic |ayers forned

t her eon. uiing aicohegiafna dntegrardicircdidfrom-¢pd pfceesiang niayrineldde uarioug davices
conventional integrated circuit front-end process and may include various

devices o@to REMNSdihg Ghakiliterg, dap MBS efabinteropdeittiayes, ebtal
i nterconnect |ayers, etc. Il'lustrative conventional integrated circuit

pr ocesse%n@g&@&dw%oﬁ%e QPRI uﬁb@@%ay fRRIe CaVIOS, BiRier ably, word

I
i nes are d using one of the netal interconnect |ayers of the

ot o0 LIS W BRI IS eSSBS et

with an iirr)]tseyclogrgeicp gyér?%? {he]ﬁ?t’egrsaye%r%irgusn 14, The word lines are preferably provided
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 Mechanical
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 5,496,759 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 (CrSi), 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 above. This metal

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



silicon nitride (SiN. The top surface of the insulating |ayer 16 is then
preferably planarized. This can be acconplished by using a conventi onal
Chem cal wbaohasdseal Polishing (CWP) process, or any ot hePCplEesazs492é ng

met hod. Once planarized, a magneto- resistive stack 18 is formed. The
magnet o-resi stive stack 18 may be formed in accordance with, for exanple,
U S. Patent 5,496,759 to Yue et al. Once the nagneto- resistive stack 18 is
formed, a cap or protective layer 19 is provided. The protective |ayer 19
is preferably chromumsilicon (CrSi), which is partially conductive and
acts as an etch stop for subsequent etching steps that are further

descr i bedubalt,auch Fhesgpsotierznt, througiathe proi@tiaé hyeplEfoghablagngo-otsetive t he
magnet o-resi stive stack 18 from damage from subsequent processing steps,
such as gncRxy@Prmakeandetien.or esi st renoval step, as further described
bel ow, The protective layer 19 should be at |east partially conductive

because a mepgke, aﬁnﬁ@@tetowehku@mqqmc&m& QGEsﬂeﬂ%h@ﬁ@mtdsVlﬂe shayeer 19
from above. This netal” contact will not directly contact the
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et al. and U S, Patent No. 5,569,617 to Yeh et al ich teach an ion
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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 bit 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 remgjning 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



processes may be used to shape the bit, In Figure 3, an ion mll mask 21
with the sane top profile as the desired bit shape is deposited over the
magnet o- r@0iosss8e4 st ack 18 to define and protect the bit Cmusous®ithat is
to remain in area 23. The ion mll mask may be made from Si N or anot her
suitable ion mll mask material such as bias sputtered quartz. lon mlling
is then commenced to cut the magneto-resistive stack 18 to the desired bit
shape, and the remai ning nagneto- resistive stack 18 is renoved in all
areas other than those underlying the ion mll mask 21. The ion m |l mask
is then renoved through a suitable etch process, In an alternate, method,
an i n-si tplacs@averdhe magietprasistivebitlipmseniaeiing the BY e¥¢rpt Meskenated (45MB| e et ch
mask, to formthe desired bit shape. Figure 4 is a cross-sectional side

vi ew of tdnevhidhlhodds met mude innbeigeudating leyer 86 Theinsuleting fayes2 amgepe, ffore
magneto-resistive bit is patterned, and after a passivation or insulating

| ayer 25 dxampleSiN, piaevputetedxyartz (BEQ), opamuwthaceitathematdrial. The passi vation or
insulating layer 25 is preferably deposited over the entire top surface of

the integrat eFigir 64d 4 croddiectiime sid¥ @iewasT toy illustsativaintograted acuiRsf hel ps
prevent a netal interconnect |ayer that will be 9 WO 03/ 038864

PCT/ US02/ 34914 willl 266acR¥E¥ia hBR 29RANEGeh 88 istilttelbyerlZ5asnaastiact i ng the
bit except”in designated regions at which holes are nade in the insul ating

| ayer 25. %toi-xl%ﬁgtjri]\;?/etﬂgp%lé }rn%}s’eﬁér{at;e bIRYoWFto thproteet AR & 215 The Bhi@s opPUt L er ed

quartz (B‘g , Of material. Figure 5 is a cross-sectional
side view.o

contact of? ?]tﬁaﬁésll ‘lérle%gatbmﬁlia%/%aig géﬂ%%%%e&?%g%{cgﬂe{l%pénaey@rt%?gghvsm%ttm(tl;a ? he
-Tﬁ gnggg; ; Sgs%eﬁ lgi\é\?reqs tto’ es(t)arbligl? gneelre)gnelizﬁrch?xlextignoto é Qit.t Jf'ﬁe Qén%c‘?%;ﬂ Li\é %Olleayer 21.
29 preferably does not extend down past the top of the protective layer 21, or outside the
perimeter edges of the magneto-resistive bit, as shown for example in Figure 1. The side
edges 27 of the magneto-resistive bit are thus not exposed to later processing, but rather
remain covered and protected by the insulating layer 25. Because the top surface of the
magneto-resistive bit is protected by the protective layer 21, and because the side walls
27 of the magneto-resistive bit are protected by the insulating layer 25, the contact or via
holes 29 may be created using conventional 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 etched 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 contact the protective layer 21. Because the protective layer

21 is preferably at least partially conductive, an electrical connection is made between the

10



via hole 29 is preferably placed approximately in the center of one of the
bit ends 4a and 4b (see Figure 1) to establish an electrical connection to
the bit. Wba3nssssaact or via hole 29 preferably does not exwdrsd2siomn past
the top of the protective layer 21, or outside the perineter edges of the
magnet o-resi stive bit, as shown for exanple in Figure 1. The side edges 27
of the magneto-resistive bit are thus not exposed to | ater processing, but
rather remain covered and protected by the insulating | ayer 25. Because
the top surface of the magneto-resistive bit is protected by the :
protective | ayer 2 and because the side wall.s, 27 of .th

magnet o- r‘B%t?]g?}’eG é"‘%fhﬁ maenetorgHIsityecht b@t%\cgﬁs‘EFﬁPﬁa'ﬂl%fﬁﬂwtz@? t he contact
or via holes 29 may be created using conventional processing steps

i ncl udi ngontast orgdalale %?n}a?bfﬁf%ﬁ%?d’é‘ﬁda@%&loﬁﬁﬁsﬂ%%§iﬂéﬁ‘ef}aém}laﬂs%’igéﬁn This may
significantly reduce the cost of producing the nmagneto-resistive nenory
and may ibefore prwidingethe westal(layey Thig mayaedusa petgaerall@psivyncg of ffeeontagk@at i on of
the contact or via holes 29, a netal layer is preferably placed over the

i nsul ati ngahalg@p. 25 and etched to foama desired netal pattern. The netal
.preferably extends down into the contact or via hole 29, allow ng the
metal |ayer towhild the ilhgwhaed enoifodviment Bhdven iiFignd 1dnantmelonpited @sndiakbct | ve

| ayer 21. Because the protective layer 21 is preferably at |east partially

conduct i Weetichs kES hirkGRér t(RATHAE GitieAds 4aSandBi8 Cothart apftRdirhéifts ark @100 03/ 038864
PCT/ US02/ 34914 netal |ayer and the magneto-resistive bit. Aternatively,

it is condoatplppdtesl dfaduch BRem &P AfodRfienY is3h0h tn Bi2uftBy, hithistimR&adve | ed

with a low resistance material such as tungsten before providing the netal

Izg?/er - ThinfJif¥er RHYEBnS A& RNGERbidER &gﬁw&hcff)attipao%to?%uéﬂo thyd @ hole
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 accommodate a minimum size contact
or via, suéh as contact or via 40a 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, particularly in matters of shape, size, and arrangement

of parts without exceeding the scope of the invention,

11



VWhile the illustrative enbodi nent shown in Figure 1 has an el ongated
central section 8 that is narrower than the bit ends 4a and 4b, other
enbodi menwe 0ansssed so contenpl ated. One such alternative @cyabonessis
shown in Figure 6. In this illustrative enbodinent, the el ongated central
section 30 has a width that is close to or equal to that of the bit ends
36a and 36b. The first bit end 36a and the second bit end 36b of Figure 6
are still, however, preferably sufficiently large to accommobdate a m ni num
size contact or via, such as contact or via 40a and contact or via 40b, as
shown. Having thus described the preferred enbodi nents of the present

i nvention, tho¥eclaih: skill in the art will readily appreciate that yet

ot her enbodi nents nmay be nade and used within the scope of the clains

hereto attached. Nuqrﬁfaglgaom“méagesmpﬁsm@e i nvention covered by this
docurment have been set forth in the foregoing description. It wll be

under st ood, h%W@E:teﬁd%Bné@r\cﬁoﬂh@ﬁﬂaM ?esisﬁveblf‘ many respects, only -
i|lustrative. Changes may be made in details, particularly in matters of

i_ﬂ?ﬁﬁi. on. 11°08° %ﬁ%@‘%@%ﬁ%&ﬁ{&%@%?ﬁe AT N Eﬁgiéi’ﬁer% St ve
first oont act b Pirkbli Pt ReierSRteds ?%ﬁd?{bqgé’%‘*?ﬁew%ﬂ% e first bit end

di nensi oned to extend around the f| rst contact structure.

nmagneto-resistive bit according to claim1, wherein the magnet o-,

resistive bit furt her i ncl udes, an, el ongate central section having w dth
ext endi ng f rori't he A magneto-resistive bit according to claim 1, wheren the magneto-.

resistive bit further includes an elongate central section having width extending from the
first bit end, said first bit end having a width that is greéter than the width of the elongate

central section.

3. A magneto-resistive bit according to claim 2, 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.

4, A magneto-resistive bit according to claim 3, wherein the insulating layer

comprises silicon nitride.

5. A magneto-resistive bit according to claim 3, further comprising a metallic

material that extends down through the first hole and electrically contacts the first bit end.

12



first bit end, said first bit end having a width that is greater than the
width of the elongate central section. 3. A nagnheto-resistive bit

accor di ngwoo3obssbsn 2, further conprising: an insulating | ®¢eruspv3iot4 oned
adj acent the magneto-resistive bit, said insulating |ayer defining a first
hol e having a perineter, wherein the first hole extends through the
insulating layer to the first bit end, the first bit end having a perineter
and being dinensioned such that the perineter of the first bit end extends
| aterally beyond the perineter of the first hole. 4. A magneto-resistive
bit according to claim3, wherein the insulating |ayer conprises silicon
nitride. 5. A magneto-resistive bit according to claim3, further
conprising a netallic material that extends down through the first hole

and electricakly c § Jd i 4 o k2
PCT/U802/3491§' 6.gﬂﬁﬁgéﬁk%%ﬁ?%??g%Fgghgﬁgqgggé?gyﬁggﬁﬁggﬁﬁin15, wher ein

the netal |.ic. eria conBEi ses alum num 7. A nmagneto-resistive bit
accordi nénake&ag?%rp%xs& al\%’ér I'n the netallic material includes copper. 8. A
magnet o-resi stive bit according to claimb5, wherein the netallic nmaterial

conprises a titaniumtungsten plug. 9. A magneto-resistive bit according to
claim3, further conprising a, protectjive |ayer i te}r%@gsed et ween t he
first bit end’and fHBagngtouTesistivigbif agrerding tojclaa s, whereldhe metallds, of the first
hol e.

material includes copper.

8. A magneto-resistive bit according to claim 5, wherein the metallic

material comprises a titanium tungsten plug.
9. A magneto-resistive bit according to claim 3, further comprising a
protective layer interposed between the first bit end and the insulating layer at least in the

region of the first hole.

10. A magneto-resistive bit according to claim 9, wherein the protective layer

is at Jeast partially conductive.

11. A magneto-resistive bit according to claim 9, wherein the protective layer

is an etch stop layer.

12. A magneto-resistive bit according to claim 11, wherein the first hole is

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

13



10. A magneto-resistive bit according to claim9, wherein the protective

| ayer 1is at least partially conductive. 11. A nmagneto-resistive bit

accor di ngwom®3obsss4n 9, wherein the protective layer is anPeralsoys4om | ayer.
12, A magneto-resistive bit according to claim 11, wherein the first hole
is formed using a selective chemcal etch that stops at the etch stop

| ayer. 13 WO 03/038864 PCT/ US02/ 34914 13. A nagneto-resistive bit
according to claim9, wherein the protective |ayer conprises
chronme-silicon. 14. A magneto-resistive bit according to claim2, further
conprising: a second bit end at the other end of said el ongate central

section; sai d geCONg hihetSRELIHIAY btGcHRE WaifPN bitfeteif HelibldbByeaapact i ng

the second bit end; and said second bit end bei'ng di nmensioned to extend

around t : 1t 3 structure. 15. A magneto-resistive bit according
to clai mh%nﬁ%ggrqg}rgmtgﬁgﬁé%cond bit end has a wdth that is greater than

the wwdth of the elongate central section. 16. A nmagneto-resistive bit
conprising: an elongated central section having a width; a first bit end

at one end of the elongated central section, .t first bit, .end having a
M dth the i o gitbat cb TRRBHOTRAAP HEACOF IR LriDHL AT CeRPHsREsect | ony a

second bit end at t(ﬂg—:: ot her. end of the elongated central section, the
second bit 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.

15. A magneto-resistive bit according o claim 3, wherein the second bit end

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

16. A magneto-resistive bit comprising;

an elongated central section having a width;

a first bit end at one end of the elongated central section, the first bit end having a
width the is greater than the v‘vidth 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 the 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,

14



end having a width the is greater than the width of the el ongated central
section; first contact neans having a perineter for providing an electrical
cont act twoto®3sshi rst bit end; second contact nmeans havi n@Ca/uyser/d4ves er for
providing an electrical contact to the second bit end; 14 WO 03/ 038864
PCT/ US02/ 34914 the first bit end dinmensioned to extend around the
perineter of the first contact neans; and the second bit end di nensi oned
to extend around the perinmeter of the second contact neans. 17. A

magnet o-resi stive bit according to claim16, wherein said first contact
means conprises an insulating |layer positioned adjacent the

magnet o- r esi st thedirdibit,end dirfensionedioadxtdng at AN theGrfiietdr 1 theffirssdonfagl € havi ng
a perineter, wherein the first hole extends through the insulating |ayer

to the fimshnsbhdd end, the first bit end having a perineter and being
di mensi oned such that the perinmeter of the first bit end extends laterally

beyond the e REl:al bRknd Bfndibibiidd Wfnd HundRONRIER: bEHeSELNA D1 !

according to claim erein sald secon con means conprises an
insulatin&>kﬁygka ositioned adjacent the nagneto-resistive bit, said
insulatingnlayer efining a second hol e having a perineter, wherein the
second hole extends through the insulating |ayer to the second bit end,
the second bit end having a perinmeter and being di mensi oned such that the

erinmeter of t second bit end extends |aterally beyond the perineter of
P he second hol &- Amagneto-res?suve%lt according to c]anml6,¥vhere¥n sacxjd first cgntact

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

| being dimensioned such that the perimeter of the first bit end extends laterally beyond the

perimeter of the first hole.

18. A magneto-resistive bit according to claim 17, wherein said second
contact means comprises an insulating layer positioned adjacent the magneto-resistive
bit; said insulating layer defining a second hole having a perimeter, wherein the second
hole extends through the insulating layer to the second bit end, the second bit end having
a perimeter and being dimensioned such that the perimeter of the second bit end extends

laterally beyond the perimeter of the second hole.

19. A method for forming a magneto-resistive bit, 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

15



19. A nethod for formng a nmagneto-resistive bit, the nmethod conprising
steps of form ng a magneto-resistive bit having an el ongate central section
and a firwpDoiossseend, the first bit end having a perinet ePCansoza3sidt h, the
el ongated central section having 15 WO 03/038864 PCT/US02/34914 a w dth,
the width of the first bit end being greater than the width of the elongate
central section; formng a dielectric |layer adjacent to the first bit end;
and selectively renmoving a portion of the first dielectric layer to forma
hol e through the dielectric |layer, the hole having a perineter and

extendi ng down to the magneto- resistive bit structure, and being

di mensi oneddey el widaf oftthefipetit ol inggreithethlnothe widthwf dteedongdatdt eenahll y i nwar d
of the perinmeter of the first bit end. 20. A nethod as recited in claim19,
wherein th&icdhi rst dielectric layer conprises silicon nitride. 21. A nethod
as recited in claim19, wherein the selectively renoving step renoves the
portion of th%;‘i’ﬁiﬁéﬁ‘&%éc&ic'Ig%ﬁrad}d@éri@gofﬁe@irr ffreBddng! etch. 22. A nethod as
recited in clarm19, erein the selectively renoving step renoves the
portion of th j i G: | ;US| Nkt hani R t hod as
recited in cl g’?‘%@§§'&#§?’é’#%ﬁ%&%&s&eﬁg%ﬁﬁ/@?’%hﬁgr%%\%} g\ogl%;s_ltﬁggl o?e?r(}aurr@\ggg t he
portion Qf th ielectric,layer using ion . lling. ) as recited
in clai mqﬁﬁé'e@ﬁ%‘rcgf“ﬁr’ttﬁeeﬁoé%ﬁ%\’d?g %B?‘Vg?‘éfn%h\?ieﬁ%"%‘f‘%&"g"f‘e‘%@\}eeé%%'porti on of
the dielectrjc layer usi ndgbé?rlmga T8 etctbi

ng, . .
resistive bit structure, an imeénsioned such that the perimeter of the hole is spaced

laterally inward of the perimeter of the first bit end.

20. . A method as recited in claim 19, wherein the first dielectric layer

comprises silicon nitride.

21. A method as recited in claim 19, wherein the selectively removing step

removes the portion of the dielectric layer using a preferential etch.

22. A method as recited in claim 19, wherein the selectively removing step

removes the portion of the dielectric layer using an ansiotropic etch.

23. A method as recited in claim 19, wherein the selectively removing step

removes the portion of the dielectric layer using 1on milling.

24, A method as recited in claim 19, wherein the selectively removing step

removes the portion of the dielectric layer using plasma etching.

16



16 WO 03/038864 PCT/ US02/ 34914 25. '"A nethod as recited in claim19,
wherein the selectively renoving step includes the steps of providing a
phot or esiwD 0088864 he di el ectric |ayer, selectively applyi RgThiSghs4914o t hose
areas where the dielectric layer is to be renoved; renoving the
photoresi st that is not polynerized, thereby exposing the portion of the
dielectric layer that is to be renoved; and renoving the exposed portions
of the dielectric layer to formthe hole. 26. A nethod as recited in claim
25, wherein the step of renoving the photoresist is acconplished using an
oxygen asher photoresist strip. 27. A nethod as recited in claim 25,

wherein the selsect iy glohoB Ptk eWin dAR 19, SheRid the QQEJ@EMm@si;}\)EQte%! ectron.
beam phot ol i t hography. 23. A nethod as recited in claim?25, erein the

sel ectively ' i ght step includes applying ultraviolet (UV) |ight.
29. A rret#o%@eggi]%/éetg‘%tdgd in claim19, further conprising steps of formng a

protect i ve | gt g SHokrafl AFS e AReLE L D1 end. prior Lo formton
Famoving the arEraie HibTng Bents iRgs e ERerd e PRA ISR TRYS Gl ectric
Layer, removed; '
removing the photoresist that is not polymerized, thereby 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.

26. A method as recited in claim 25, wherein the step of removing the

photoresist is accomplished using an oxygen asher photoresist strip.

27. A method as recited in claim 25, wherein the selectively applying light

step is performed using electron beam photolithography.

28. A method as recited in claim 25, wherein the selectively applying light

step includes applying ultraviolet (UV) light.
29. A method as recited in claim 19, further comprising steps of:

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

of the dielectric layer.
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the hol e extending down to the protective layer. 31. A nethod as recited in
claim?29, wherein the protective layer is at least partially conductive.
32. A netwodsassspecited in claim29, wherein the protecti PETIERYBB49¢ONPr i SES
chrone-silicon. 18

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

the hole extending down to the protective layer.

31. A method as recited in claim 29, wherein the protective layer is at least

partially conductive.

32, Amethod as recited in claim 29, wherein the protective layer comprises

chrome-silicon.
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