WO 02/ 089187 PCT/ US02/ 13203 AN | MPROVED METHOD FOR FORM NG M NI MALLY
SPACED MRAM STRUCTURES FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel ates twoMBABA18EM conductor structures and, in parti culpam/usozrizosret hod
of formng mnimally spaced MRAM structures. BACKGROUND OF THE | NVENTI ON

[ 0002] Magnetic random access rrermri es -F-NRAMS) errpl oy magneti c nultilayer
films as stora el enents. \Wen | on as
igital BBTPRQEED MESHOMBO ERRMR G MINTETATL X SRRk Bt
magneti zation of thin magnetic STRUCILERES| [ ms forming each menory cell.
As such, the MRAM cell has two stable magnetic configurations, high

resi stance representing a logic state O and | ow resi stance representi ng a
logic state 1. [0003] A typical multil ayer film MRAM i ncl udes a nunber of
bit or digit Ilines inter sg—fﬁﬁﬁ pxg RRFERTTERGd |ines. At each
intersection, a filmof a "nmagnetically coerC| ve material is interposed

bet ween the corresponding bit Ijine and d| Thus, this nagnetic
material and %994 ] nul tl%lé‘%/BFesF‘i’q igeRgQihyel ﬁés EF? B’km SERICONGNEHOE, STHHENESS ¢
menory cell which stores a bit of information. [0004] The basic nenory

el ement ohndyinRAddulsr, 2o pahdthod ef fatning minamallyf spacad MR AMyerucomieer i al |
which is typically conposed of a stack of different materials, WO 02/089187
PCT/ US02/ 13203

BACKGROUND OF THE INVENTION
[0002] Magnetic random access memories (MRAMs) employ magnetic
multilayer films as storage elements. When in use, an MRAM cell stores information
as digital bits, which in turn depend on the alternative states of magnetization of
thin magnetic multilayer films forming each memory cell. As such, the MRAM cell
has two stable magnetic configurations, high resistance representing a logic state 0

and low resistance representing a logic state 1.

[0003] A typical multilayer-film MRAM includes a number of bit or digit
lines intersected by a number of word lines. At each intersection, a film of a
magnetically coercive material is interposed between the corresponding bit line and
digit line. Thus, this magnetic material and the multilayer films from the digit lines

form a magnetic memory cell which stores a bit of information.

[0004] The basic memory element of an MRAM is a patterned structure

of a multilayer material, which is typically composed of a stack of different materials,



-2 such as copper (Cu), tantalum (Ta), permalloy (N Fe) or alum num oxide
(Al 2Q8), anobng others. The stack nay contain as nmany as ten different
over | appiwg oomg®si al | ayers and the |ayer sequence may repeatSoups20d ten
times. Fabrication of such stacks requires deposition of the thin
materials layer by layer, according to a predefined order. [0005] Figure 1

| | ustrat j I tu I M st ack
22 whi ch HAERPEE QU SENYE HbToaTa A bR Eel o Gt e e Oe g T
| i nes 18, typlcallyforrred of copper (Cu), are first fornmed in an

i nsul at i ngmicagarthas. fiterstatkanar cantaiaras ayanyss ten diffesent ovedappinganaserialui t
(1C) substrate 10. Underlayers 14 may include, for exanple, portions of

i nt egr at eghygist@dithé Yaye S stfien@Smee¥peat 1 b ey timbds PFaBRE tIoRYHTsudl statlwpi cal |y
formed of a ferromagnetl c material, is provided over each of the digit

lines 18. A pinned |layer.|.s ' because tion
directi onred]é'grsc SQOSP%%/%P gh} n&“flhglagerréagelﬁ‘éeé ayerp?ccgﬁmr’w%g%é p9 Ciaetfl’fnlc | ds.

[ 0006] Conventional digit |ines and pinned Iayers such as the digit lines
18 and thergdrnned | ayers 20 of Figure 1, are typically forned by a
damascene process. Al though damascene processes are preferred for copper
i nterconnects, in the MRAM cell context the damascene process poses a

drawback, inmgobs| thergghg PMus&X&E hﬁ)éxaﬁpltaaec&iv@ﬁﬁénhquguwc&lherespect
to the digit Ilne 18, V\% occurs prlmarl y as a result of photoresist

m sal | gnrr?nnctludmg I\E{gﬁ sta%ks if‘ Whic Vl(laarve tMrce respective associated bit or digit lines
18. The digit lines 18, typically formed of copper (Cu), are first formed in an
insulating layer 16 formed over underlayers 14 of an integrated circuit (IC) substrate
10. Underlayers 14 may include, for example, portions of integrated circuitry, such
as CMOS circuitry. A pinned layer 20, typically formed of a ferromagnetic material,
is provided over each of the digit lines 18. A pinned layer is called “pinned” because

its magnetization direction does not rotate in the presence of applied magnetic

fields.

[0006] Conventional digit lines and pinned layers, such as the digit lines
18 and the pinned layers 20 of Figure 1, are typically formed by a damascene
process. Although damascene processes are preferred for copper interconnects, in
the MRAM cell context the damascene process poses a drawback, in that there is an
overlay of the pinned layer 20 with respect to the digit line 18, which occurs
primarily as a result of photoresist misalignment. On Figure 1, this overlay is

illustrated by an overlay distance D, on each side of the digit line 18. Because of



illustrated by an overlay distance D, on each side of the digit line 18.
Because of WD 02/089187 PCT/ US02/ 13203 -3 technical and processing
limtati owe,0208m18ENnti onal danmascene processing i s unabl e tPaT/UsoDh2ee
continuous digit lines and their associated pinned layers. [0007] Another
drawback of using conventional danmascene process to formthe di git Iines

18 of an elnablllt of the cess,to achi eve

i mufeERical D e guPaton Tl o Sedred R B g
Ilnes and, consequently, between two adjacent rrermry cells. Current val ues
of the npridvek coptveows digitilines and thaversodated pintied layrss.r ange of 0. 20m
However, with increased packing density of MRAM cells, the m nimal space
must decrease to val ues of O. Im or even as low as 0.05m and current

damascene pr%@?gl ng %ﬁﬁh@xo&ra“%faépbflu&Hg%@n\)é%'uB%l MRS probtss 248nm
| i t hography.  [0008] Accordingly, there is a nee for an |rrproved met hod for

fabricati M str re pi nne rs and digit,.lines, which
are nmini %ﬂwﬁﬁ Jige %ﬁ&ﬁ%ﬂbm th%gl ’ItY Eheaprﬁé‘fsﬁ&g *#hEveer easi ng
the critical dinmension between two adj acent MRAM structures fornmed on an

i nt egr at edinima ypace gubsimamecriBigMiaRsOm CBE HighveNT|tavE008) adjaecnpr esent
i nvention provides a nethod for formng mnimally spaced MRAM structures,

such as pypieshdsanar Sodeguatitiebbiidd dictidjadehPBRmdrpcB®d Current values of
the minimal space or critical dimension are in the range of 0.20pm. However, with
increased packing density of MRAM cells, the minimal space must decrease to values

of 0.1um, or even as low as 0.05um, and current damascene processing does not

afford these values with current 248nm lithography.

[0008] Accordingly, there is a need for an improved method for
fabricating MRAM structures, such as pinned layers and digit lines, which are
minimally spaced from each other, as well as a method for decreasing the critical
dimension between two adjacent MRAM structures formed on an integrated circuit

substrate.

SUMMARY OF THE INVENTION
[0009] The present invention provides a method for forming minimally
spaced MRAM structures, such as pinned layers and underlying digit lines, formed
over various underlayers of an integrated circuit substrate. The present invention

employs a photolithography technique to define a masking pattern followed by a



over various underlayers of an integrated circuit substrate. The present

i nvention enploys a photolithography technique to define a masking pattern
fol | owed W9 02/084802/ 089187 PCT/ US02/ 13203 -4 spacer formeCiransonms2e3 dewal | s
of the masking pattern to define mnimally spaced digit |ine regions on an
| C substrate, over which MRAM structures are subsequently fornmed. The
space in between the naskin atterns i.s filled wyth a fi.ller material

that has &R¥AL g‘ﬁf‘@é’f’fl\ﬂr’t ‘?d‘f"ga”?ﬁ’g tﬁ%&??lﬂﬁg Bﬁft’?@rl}?\é\é% 'EB‘é@éﬁ’é?p?‘fﬁ maski ng
patterns, the lateral spacers, as well as the insulating material bel ow

t he maski digiphine mgiensaymean 1Genbstatbervenvihagh MBAN dthustunes pegrsubbeqaenty har d
mask to define mnimlly spaced etched digit |line regions on which MRAM

struct ur egoRLR1. SPRS §5e M b¥rweeh lf{EQ masBAE PheelhRse iR wahhefilldreaderigs and

advant ages of the invention will be norée apparent fromthe foll ow ng

detail ed description whi.ch ig provided in connection.wth the acconpanying
dr awi ngs, TWHITER ST i PRt herrsRe Pl RLIAesT T PR TRl B
DESCRI PTI ON OF THE DRAW NGS [0011] Figure 1 is a schematic

t hr ee- di melmslatarall spucarsy asfwedl asahe insnlaphganatenahvietew shamabRngpstiemstawe e.

[0012] Figure 2 illustrates a partial cross-sectional view of a _
sem conduehQf etch&pagﬁgﬂke/ﬁua{cm&@rihmsedrmdln@isﬁ t8ldeffe AlintnhBlyRpR&RSSi Ny,
wherein an MRAM strucfure wll be constructed in accordance with the

present | g'\c/c%g;[ildﬁ)gr}t line regions on which MRAM structures are subsequently formed.

[0010] These and other features and advantages of the invention will be
more apparent from the following detailed description which is provided in
connection with the accompanying drawings, which illustrate exemplary

embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 is a schematic three-dimensional view of a portion of a

conventional MRAM structure.

[0012] Figure 2 illustrates a partial cross-sectional view of a semiconductor
topography, at an intermediate stage of the processing, wherein an MRAM structure

will be constructed in accordance with the present invention.



WO 02/ 089187 PCT/US02/13203 -5 [00131 Figure 3 illustrates a partial
cross-sectional view of the MRAM structure of the present invention at a
st age of WwomemsEB8Ng subsequent to that shown in Figure 2PCraGa]3263 gure 4
illustrates a partial cross-sectional view of the MRAM structure of the
present invention at a stage of processing subsequent to that shown in

Figure 3. [0015] Figure 5 i)llustrates a.partial cross-sectjo | ew of the
VRAM st uctOa30t ¢ helipnesHIRGS Aergit alos serepal g vt shebERalt
subsequent to that showmn in Figure 4. [0016] Figure 6 illustrates a
partial cswssuseof ihenaksent aweofion hea Maghlof ptoagesing satotqudng tpthaeshown
invention at a stage of processing subsequent to that showmn in Figure 5.
[0017] Fi %"F%u%e bl lustrates a partial cross-sectional view of the MRAM
structure o e present invention at a stage of processing subsequent to
that shown in Figure 6. [0018] Figure 8 illustrates a parti al

cross-sectional yiew of the MNRAM structure of the prese i ntion at a
stage of prd@¥déing sulf)‘géfﬁfbmfréteﬁ ﬁaar%ﬂi&vms-sm% ViF® "r}l.th?/\ygéwb%w?
PCT/ US02/ 13203

structure of the present invention at a stage of processing subsequent to that shown

in Figure 3.

[0015] Figure 5 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 4.

[0016] Figure 6 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 5.

[0017] Figure 7 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 6.

[0018] Figure 8 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 7.



-6 [0019] Figure 9 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to

t hat showwo oznsdisgure 8. [0020] Figure 10 illustrates a pactiush2/13203
cross-sectional view of the MRAM struciure of the present invention at a
stage of processing subsequent to that Shown in Figure 9. [0021] Figure 11

illustrates tial c¢ross-sectional w of the t of the
present inve@pﬁg at & lgt“%fg%ﬁjé’ﬁtrf)‘icﬁéé’§5tﬂi§“§ﬁ'ﬁ Yle‘fvd)%tt‘h%lﬁlg‘é&m
Figure 10. [0022] Figure 12 illustrates a partial cross-sectional vi ew of
t he MRAM ststictued of ehegfredene ipyeasentt a stagabf procassing sttagguait tpthasbeivng
subsequent to that shown in Figure 11. [0023] Figure 13 illustrates a
partial cppfgssegti onal view of the MRAM structure of the present
invention at "a stage of processing subsequent to that shown in Figure 12.

[0024] Figure 14 illustrates a partial cross-sectional view of the MRAM

structure of the_ present invention at a stage of processi S ent to
that shown 0920 gur e Higure/d doisbaisy 8 pa F'[%QTQ?CI@?G%V‘CWPI}%CW

structure of the present invention at a stage of processing subsequent to that shown

in Figure 9.

[0021] Figure 11 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 10.

[0022] Figure 12 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 11.

[0023] Figure 13 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 12.

[0024] Figure 14 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 13.



[0025] Figure 15 illustrates a partial cross-sectional view of the MRAM
structure of the present invention at a stage of processing subsequent to

t hat shovwo m2nsHsgure 14. [0026] Figure 16 illustrates a pamtisab/13203

t hr ee-di nensi onal view of the MRAM structure of the present invention at a
stage of processing subsequent to that shomn in Figure 15. [0027] Figure

17 illustrat partl dj rrenS|o Vi ew ure of

t he present I‘I%?P\%gflltl on £§§Jé]é&8§esﬁrp& f‘?’?&'s CE‘L%%GY}% M& mhown in
Figure 16. [0028] Figure 18 illustrates a partial three- d| mensi onal vi ew of
the MRAM setictuet of diegiresene ipicaientt p siagaof procassing sthageuastt tpthateboivig
subsequent to that shown in Figure 17. [0029] Figure 19 illustrates a
parti al tlﬁ{g%\ﬂé mgnsi onal view of the MRAM structure of the present
invention at a stage of processing subsequent to that shown in Figure 17.
[0030] Figure 20 illustrates a partial three-dinensional view of the MRAM

That shown K28 Gur o iaurq Hodesasednode) e AmBhaREl Mo bt alRART, 1 °

processor system incorporating an MRAM structure of the present invention.
WO 02/ 089 $8uctRETHUSEPreP0 Mvention at a stage of processing subsequent to that shown

in Figure 15.

[0027] Figure 17 illustrates a partial three-dimensional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 16.

[0028] Figure 18 illustrates a partial three-dimensional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 17.

[0029] Figure 19 illustrates a partial three-dimensional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 17.

[0030] Figure 20 illustrates a partial three-dimensional view of the MRAM
structure of the present invention at a stage of processing subsequent to that shown

in Figure 19.

[0031] Figure 21 is a schematic diagram of a processor system

incorporating an MRAM structure of the present invention.



-8 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0032] In the
follow ng detailed description, reference is nade to various specific
enbodi merwe o2/8uB7 ch the invention may be practiced. Thesecensodiizents are
described with sufficient detail to enaple those skilled in the art to
practice the invention, and it is to be understood that other enbodi nents
may be enployed, and that structural and electrical changes may be nade

wi t hout departing fromthe spirit or scope of the present invention.

[0033] The term "substrate"” used in the foll ow ng description m i ncl ude
any sem coRMREASLEER TN GRIEION OF JiH RAERERERBEDEMBORUMENL S
surface. Structure must be understood to include silicon, silicon-on
insulator (SA), silicon-on sapphire (SOS), doped and undoped

sem conductors, epitaxial layers of silicon supported by a base
sem conductor foundati on, and ot her seni conductor structures. The

sem conduct d not; b i |, con-based. ; The sem conduct or. ¢oul d . be
silicon-ger g@rq}’gi gerWﬁﬁ-\eﬁl lo‘&ng el%Tlfeginqe U & ISR 158 (ger gon\(':aerlolusS made

to substrate in the follow ng description, previous process steps may have
been uti | ispesific embedimmnteiy whishdshe jnygatipe mrayi be practéged: Hehase smbedimenrtiduct or
or foundation. [0034] The term"netal"” is intended to include not only

el ement al afed@ksibedWithiiatlicntdetiloioneiablel those siElled i he artcoRadteshal | oyed
conbi nations with other WO 02/089187 PCT/ US02/ 13203 -9
invention, and it is to be understood that other embodiments may be employed, and

that structural and electrical changes may be made without departing from the spirit

or scope of the present invention.

[0033] The term “substrate” used in the following description may
include any semiconductor-based structure that has an exposed semiconductor
surface. Structure must be understood to include silicon, silicon-on insulator (SOI),
silicon-on sapphire (SOS), doped and undoped semiconductors, epitaxial layers of
silicon supported by a base semiconductor foundation, and other semiconductor
structures. The semiconductor need not be silicon-based. The semiconductor could
be silicon-germanium, germanium, or gallium arsenide. When reference is made to
substrate in the following description, previous process steps may have been utilized

to form regions or junctions in or on the base semiconductor or foundation.

[0034] The term “metal” is intended to include not only elemental metal,

but metal with other trace metals or in various alloyed combinations with other



metals as known in the sem conductor art. The term"netal" is al so intended
to include doped sem conductors and conductive oxi des of such netals.

[ 0035] ThwoprmswEstr i nvention provides a nethod for fabricacrragomaoiral |y
spaced MRAM structures over a substrategcontaining portions of integrated
circuitry, such as CMOS. The present invention enploys an insulating |ayer

over the integrated circuitr. hot ol it hogr aphy. tg£chni que to .defi ne
maski ng pdGEs ﬁ%g'&?/‘@?mfkﬁescirlﬁgqfﬂcﬁicg?fg“ﬁa;é?%%& I '5&15"& By 5o g‘gﬁé’é%fi Por mati on
on the sidewal Is of the nmasking patterns to further reduce the distance
bet ween amyclode doped seietjdistors andskidectivearades o sugh micfdler naterial is

then enployed to fill in the space between adjacent nasking patterns. The
maski ng patterns as well as the spacers around them and the wunderlying

i nsul ating n[@io%:]a' argpd gpeaelﬁtiﬁt?&fémvymsyidmﬂgeth@& fb1i bBEa IR ALHiRLIIRS 2

mask, and digit Fine regions are fornmed in the etched insul ating materi al
on whi ch I\/RAgl\ka ryctures are subsgﬁégntl% construct ed. .&0036‘%] Referring
now to t héPHF hﬁ&[s%&tt‘l@eﬁ veEa st § SOTYRIMIE ROTHONS Of IntgErafqd grqullity ence
nuneral s, Figures 2-20 illustrate an exenplary enbodi nent of a nethod of

form ng MW st CMO8r dhepuesnt iverdomemployispnmadulymgrlydtrarveede any  of two
adj acent MRAM structures. Figure 2 depicts a portion of a sem conductor

substr at € s AR\t &y NSk b B fogepHyasc g & AR mhMiNEHaRGRObUNY T O

wel | - known met hods of " the prior "art.” The underlayer 52 coul d include, for
exampl e, paterial | ayers o ng conventl enal QDS deyi ces,and, glfcur try.
patterns to further reduce the distance between any of the two adjacent masking
patterns. A filler material is then employed to fill in the space between adjacent
masking patterns. The masking patterns as well as the spacers around them and the
underlying insulating material are then etched away, using the filler material as a

mask, and digit line regions are formed in the etched insulating material on which

MRAM structures are subsequently constructed.

[0036] Referring now to the drawings, where like elements are designated
by like reference numerals, Figures 2-20 illustrate an exemplary embodiment of a
method of forming MRAM structures constructed with minimal space between any
of two adjacent MRAM structures. Figure 2 depicts a portion of a semiconductor
substrate 50 on which underlayer 52 has been already formed according to well-
known methods of the prior art. The underlayer 52 could include, for example,

material layers forming conventional CMOS devices and circuitry.



-10 [0037] Referring nowto Figure 3, a first insulating |layer 54 is forned
overlying the substrate 50 and the underlying layer 52. In an exenplary
enbodi nerwoeb/oghie7 i nvention, the first insulating |ayer 5#cirasht/anbet
deposited by spin coating to a tthkﬂE%S of about 500 Angstrons to about
10, 000 Angstrons. However, other know dep05|t|on met hods, such as

sputtering by chem cal_vapor depo itio asna e ed CQVD
( PECVD) , or[@9§gfcal VBB INEHIE @ i Hﬁuegp%g%tl Qﬁgkﬂﬁiglpg

accordance with the characteristics of the IC device already forned. The
first insovalying thagidstrad Sthyndehef wrdvelgingf laperc@nvenin exembplaiynsul at or, f or
exanple, a |low pressure CVD oxide, a nitride such as Si3N41l | ow pressure

or high pg ﬁx%%uirﬁerg;%e %veﬁﬁ% (Hfd ﬁr@trlﬂﬁﬂhéé\g%Ya{yelaS;'ﬁmaﬁWb&tl&ﬂ% pol yner,

such as a polyrm or a om1d|e ectric ant |norgan|c mat eri'al may be
enpl oyed al so. 0038] the formati on of e fi nsul ating | ayer
54, a secépig cop %&F%Pltg‘(jl‘? ?g@@lﬁ %()T(*‘é?ﬁséff”m/'é)r al?‘?“}’é ]fq é@ Al“ﬁ%“ﬂ‘?'ﬁfl ng | ayer
54, as shown in Figure 4. 1n an exenplary enbodi nent of the invention, the

second i n¥Hbwedvengtheayletoved depositibanicetodiepodi asegutiyrisg by chaatdahgppoo a
t hi ckness of about 1,000 Angstrons to about 5,000 Angstrons. However,

ot her kno T i r
Geposi 11 o pAERAPICYDD, BRLCAha e gL PD (RO DI b alVIPOH S osk?

For mad of @%ﬁfﬁ%@n%ﬁ%f 5 Shpoitinet Eﬁﬂiﬁﬁeﬁf&aéc?%%@%&%s@ﬁ 4D oxi de.
oPsa already formed. The first insulating layer 54 may be formed of a conventional

insulator, for example, a low pressure CVD oxide, a nitride such as Si;N,, low

pressure or high pressure TEOS, or BPSG. Alternatively, a high temperature

polymer, such as a polyimide, or a low dielectric constant inorganic material may be

employed also.

[0038] Following the formation of the first insulating layer 54, a second
insulating layer 55 is formed over the first insulating layer 54, as shown in Figure 4.
In an exemplary embodiment of the invention, the second insulating layer 55 is
blanket deposited by spin coating to a thickness of about 1,000 Angstroms to about
5,000 Angstroms. However, other known deposition methods, such as sputtering
by chemical vapor deposition (CVD), plasma enhanced CVD (PECVD), or physical
vapor deposition (PVD), may be used also. The second insulating layer 55 may be
formed of a conventional insulator, for example, a low pressure CVD oxide, BPSG,

TEOS, or silicon carbide. In any event, the second insulating layer 55 must be



TECS, or silicon carbide. In any event, the second insulating |ayer 55 nust
be WO 02/089187 PCT/ US02/ 13203 -11 formed of a material with etching

sel ecti viwg odiogsfierent fromthat of the material form ng rhe/usnr/s203
insulating |ayer 54. [0039] Next, as illustrated in Figure 5 a photoresist
material |layer 56 is fornmed over the second insulating | ayer 55. The

phot or esi st terial |layer. 56.is eposi t and.pattern usin

convent i oﬁﬁmr%h%{aorln?'ieﬁ W%W@?%ﬁg?gtﬂft@'éﬁ&rﬁﬁﬁ @g?hﬁtl’ﬁBOFﬂ}ﬁ Ipf‘te?%alopeni ngs 57
(Figure 6) are created in the photoresist material |ayer 56 for subsequent
et chi ng oforntieg dmaifrst yisntingdayleabtng | ayers. [0040] The second insul ating

| ayer 55 is then selectively etched relative to the first insulating |ayer
54 so that, after renmoval of the photoresist naterial |ayer 56, pillars 58

are formed fippgbihe seqonrd.d Mastkatd MYFIRYES §§hoé§c§§ﬂ%‘ﬂeﬁﬂ 15ed%6Ss 7. TO
i ayer 55 nust be etched with an

formthe pillars 58, the Second insul ating

etch process that has a selective etching.rate with respe to_the first
i nsul at i nfPIMEfVes she seﬁeflgé}é&m,lw T R RROFFSSITS Hraé%wﬁ}yr:wér‘s 55
conprises TECS, a wet etch such as a 30:1 acetic acid/ hydrofluoric acid

sol ut i on, dépusitest anglpartenad b goapivenednil phetdithoghphyg ecpad Afwesul ati ng | ayer
55 selective to the first insulating |ayer 54. [0041] Upon formation of the

pillars S8;¢&neh Snifikk opddnddet (IEER é)ré BRardd iAWhPHABESEsibtSmSRAIER
deposi ti oﬁ‘.1 Ingﬁie exe(r)%l ar%} en‘(oo%f@rren)t ,r a ﬁittri de gpacermits used.yc,&s

shown in Elé%grr seub8séq1?(instleltclh(:11§)£ of {htc:rL|1r§jcﬁ:rlgrlsnlgallr\lléL latlir?g E\ryerg.g |'s deposited over the

[0040] The second insulating layer 55 is then selectively etched relative to
the first insulating layer 54 so that, after removal of the photoresist material layer 56,
pillars 58 are formed from the second insulating layer 55, as shown in Figure 7. To
form the pillars 58, the second insulating layer 55 must be etched with an etch
process that has a selective etching rate with respect to the first insulating layer 54.
For example, if the second insulating layer 55 comprises TEOS, a wet etch such as a
30:1 acetic acid/ hydrofluoric acid solution, for example, can be employed to etch

the second insulating layer 55 selective to the first insulating layer 54.

[0041] Upon formation of the pillars 58 (Figure 7), the next step in the
flow process is spacer deposition. In the exemplary embodiment, a nitride spacer is
used. As shown in Figure 8, a silicon nitride (Si;N,) layer 59 is deposited over the
pillars 58 and the first insulating layer 54. The pillars 58 protected by the silicon

nitride layer 59 are further subjected to a spacer etch to remove silicon nitride from



pillars 58 and the first insulating |ayer 54. The pillars 58 protected by
the silicon nitride layer 59 are further subjected to a spacer etch to
renove siwooemsaistri de from WO 02/ 089187 PCT/ US02/ 13203 »t2/ushe1rws f ace of
the first insulating |ayer 54 and the tqQp of the oxide pillars 58, |eaving
spacers 60, as shown in Figure 9. [0042] After formation of spacers 60

(Figure 9), the s e between .th Ll lars 58 is .filled wth filler

mat eri al , eo?urgi%\ﬁgﬁéﬁ g’éﬁﬂsgwgﬁaﬂcgké&ﬂgéﬁﬁéﬁ pf thegxt %B‘uﬁgcﬁ 57 &ans of
chem cal nechani cal polishing (CVWP) or a well-known RIE dry etching
process t spasbisails a§ shdven ipFigyee B2 i | | ustrated in Figure 10. [0043] Next,

the pillars 58, as well as the nitride spacers 60, are etched wth an wet
etch, for exanple, that is selective to the filler nmaterial of the filler

plugs 62 Thas) chi noaedr hfiaitbi bAGHCAS G0AMLNNSH, WRtphedBikkoR Ol t he

first insulating |ayer 54 situated below the pillars 58 are etched to form

grooves 63.(Figure. 11) with a dept f aboyt Angstr.o t o about 2, 000
Angstrons?%%’ﬁﬁiéjfér"gmﬁl r%’BEfEPH f%, @W&ﬁ&?&%ﬁ%ﬁ%ﬁ g‘ﬁ?ﬁ? 'hY spacers
60 on pillars 58, the grooves 63 are spaced apart in the first insulating
| ayer 54 atchad batk hy means ofiilstnsindencchiagizakpolisbthge(GCMIPe air a vailinkmen RIED
(Figure 11), with values lower than 0.25 m preferably lower than 0.1 m

and, nor edpf &R Pr¥cest RWBbeAiNANeOplA8s 82 illi3B4Md RuUbgekUENt to the formation
of the grooves 63 and the renmoval of = the filler plugs 62 with chem cals

such as hot acetone or nethylethyl ketone, a thin
[0043] Next, the pillars 58, as well as the nitride spacers 60, are etched

with an wet etch, for example, that is selective to the filler material of the filler plugs
62. The etching of the pillars 58 continues until portions of the first insulating layer
54 situated below the pillars 58 are etched to form grooves 63 (Figure 11) with a
depth of about 500 Angstroms to about 2,000 Angstroms, more preferably of about
1,000 Angstroms. By employing spacers 60 on pillars 58, the grooves 63 are spaced
apart in the first insulating layer 54 at a sub-minimal distance, also called critical
dimension CD (Figure 11), with values lower than 0.25 pm, preferably lower than

0.1 pm and, more preferably, lower than 0.05 pm.

[0044] Subsequent to the formation of the grooves 63 and the removal of
the filler plugs 62 with chemicals such as hot acetone or methylethylketone, a thin
barrier layer 64 is formed into the grooves 63, as shown in Figure 12. The barrier
layer 64 may comprise bonding materials such as tantalum (Ta), titanium (Ti),
titanium-tungsten (TiW), titanium nitride (TiN) or chromium (Cr), among others.

The barrier layer 64 forms a strong mechanical and chemical bond between the



barrier layer 64 is forned into the grooves 63, as shown in Figure 12. The
barrier layer 64 may conprise bonding materials such as tantalum (Ta),
titani umwoiop/o89187 t ani umtungsten (Ti W, titanium nitridePCTiudp2/a20xhr om um
(Cr), among others. The barrier layer 84 forms a strong nechanical and
chem cal bond between the WO 02/ 089187 PCT/US02/ 13203 -13 conductive

material which will be farned.later an he erl yi ng _substr at hel p
prevent pSeRTHEVEMAFEAlIEERY ﬂi Eﬁ qu&g(glgelr §9§ EH? PBﬁ?&lﬁ%g f‘?%sltﬂaa(i Fonéap ayer
54. In a preferred enbodi nrent of the invention, the barrier |ayer 64 is
formed of peqyant peaditlg afahe Srored(craductive laygrdfremisbeinsatatingtlayer S4urkni as
deposited to a thickness of about 5nmto about 10nm [0045] Next, as

i |1 ustrat gebfideFb@BOEiInkht oF thO NAEIbN Sch@Baptidrahydr BUSE féidnddSof shatterd over
the barrier layer 64 and the insulating |ayer 5& to fill in the grooves 63.

In a preferred e di;ment , the.conductive material,conpr.ises er (Cu).
However , gﬂg}‘%gﬁﬁugﬁt&:} r%tfoéir‘ﬁnﬁflg’t{%?fé% e ‘iﬁ%’élge%g? ggﬁ“f‘f%%%,gp%o"d‘i% num
tungsten or gold, anong others, may be used al so. Further, netal alloys
and conduénm/ abmitdiOngxi des may be enpl oyed al so, depending on the desired

characteristics of the 1C device. [0046] The conductive material 65, for
exanpl e, of copper, is forned over the barrier |ayer 64 by deposition, for

exanpl e, anqoolsn et chqekddaciubPactt@iFIREAN 3, i LHESuERe bizitedlSaytfik5 i N the
preferred enbodi ment of the present invention, the

formed over the barrier layer 64 and the insulating layer 54 to fill in the grooves 63.

In a preferred embodiment, the conductive material comprises copper (Cu).

However, other conductive materials such as doped polysilicon, aluminum, tungsten

or gold, among others, may be used also. Further, metal alloys and conductive

metal oxides may be employed also, depending on the desired characteristics of the

IC device.

[0046] The conductive material 65, for example, of copper, is formed over
the barrier layer 64 by deposition, for example, and then etched back to form metal
lines 66 (Figure 14). In the preferred embodiment of the present invention, the
conductive material 65 is etched back by means of chemical mechanical polishing
(CMP) or a well-known RIE dry etching process. Either way, the top surfaces of the
barrier layer 64 and the metal lines 66 are uniform across the entire surface of the
substrate 50, as shown in Figure 14. The metal lines 66 are minimally spaced from
each other by the critical dimension CD. Each metal line 66 will form the bit or

digit line of a conventional MRAM structure.



conductive material 65 is etched back by neans of chem cal nechani cal
polishing (CwWP) or a well-known RIE dry etching process. Either way, the

top surfawex208918he barrier |ayer 64 and the netal |inesPe&/moB13208 f orm
across the entire surface of the substrate 50, as shown in Figure 14. The
metal lines 66 are mninmally spaced from each other by the critical

di mensi on h met | in w.ll.formthe, bit or. digit.line of a

convent i ongﬁ-olggzﬁll str ‘Efr%‘.e%?’d?b@ O%*/tbg@f?ﬁ%%sgpiﬁ)r[tg‘ﬁﬂ] Aft er
the CWMP polishing process, the processing steps for the conpletion of the
MRAM st r ucommpésiob0sf thEMBAM 2aictprescldiéd( Fagers r2dh) gocesdiasendingrest kmaten of t he

prior art. As such, a plurality of magnetic nmultilayer filns constituting

a first magnRbdCorBrbeior 4R, (AJ Gihea pRiralay f hidphktit aluBHy&vEmst he metal
lines 66, which will ‘be later patterned into pinned |ayers 91 (Figures

19-20). The first tic member 79 js f d of ' terial | ,
descr! bed uRitsifee Faeedrerhgt oh e loou oy ByT alftafe ol o

over the netal lines 66 and the insulating |layer 54, as illustrated in
Fi gur e 15ling00@3thigls will bl latenpatreresd irpbarignashipyess A ifigres He20).edbnat
invention and as illustrated in Figure 15, a first tantalum (Ta) |ayer 71

(of about figQ@ 14N ORETHBETD 1sThKed BEVRidUE ShRERI1Y s, deQeibled PRI EST r ONs
thick), a first nickel-iron (N Fe) layer 73 (of about 10-100 Angstrons

thi ok, rong RLELSE ARl S RAUL80L RIS LR lHthe ot iTHRIRB 3Ra "

insulating layer 54, as illustrated in Figure 15.

[0048] As such, in an exemplary embodiment of the present invention and
as illustrated in Figure 15, a first tantalum (Ta) layer 71 (of about 20-400
Angstroms thick, more preferably of about 50 Angstroms thick), a first nickel-iron
(NiFe) layer 73 (of about 10-100 Angstroms thick, more preferably of about 60
Angstroms thick), a manganese-iron (MnFe) layer 75 (of about 10-100 Angstroms
thick, more preferably of about 100 Angstroms thick) and a second nickel-iron
(NiFe) layer 77 (of about 10-100 Angstroms thick, more preferably of about 60
Angstroms thick) are successively blanket deposited over the insulating layer 54 and
the metal lines 66, to form the first magnetic member 79. Deposition of the layers
71,73, 75 and 77 may be accomplished by magnetron sputtering, for example.

However, other conventional deposition methods may be used also, as desired.

[0049] Following the deposition of the layers 71, 73,75 and 77, a
nonmagnetic, electrically nonconductive layer 80 formed of, for example, aluminum

oxide (AL, O;) (of about 5-25 Angstroms thick, more preferably of about 15



thick, nore preferably of about 100 Angstrons thick) and a second
nickel-iron (N Fe) layer 77 (of about 10-100 Angstrons thick, nore

pr ef er ablwombk/osdasut 60 Angstrons thick) are successivel yPpolrarskeis2deposit ed
over the insulating |ayer 54 and the netal lines 66, to formthe first
magneti c nmenber 79. Deposition of the rl yers 71, 73, 75 and 77 may be

acconpl i shed by nagnetron sputtering,. fo xanpl e. . However,. ot her
convent i ofasEems shickbis next ’E’é%g @é{ﬁgﬂgg Gé"egrségg’@fm% mMeher s 2
Fol I owi ng the deposition of the layers 71, 73, 75 and 77, a nonnagnetic,

el ectri caid Yigneatondieiough ahaymundOxidensed ptferfedrmaxaalpitenusalbeni num  oxi de
(A1203) (of about 5-25 Angstronms thick, nore preferably of about 15 WO

02/ 089187 (it 6B A nverkRor 199RE fiRfiRa!lifkdse | ndBotfer hBhrRgiRYRI | Yi ng ! he

first magnetl , as sho In Figure 1b. t hough alum num oxi de

is the preferred material, it nust.. under.st ood,t hat the i.nventiqgn i s not
limted t&ateralygach &%‘ataﬁt%PXWSr{&hégméﬁngH’é’t@P?l%@,g o ORSIHEOR PEGRI um
oxi de (Ti02), nagnesium oxide (MJO, or silicon oxide (Si02), or alum num
nitride (4A8iN),), orejyuthnus adtridk $AIN],0050be BRetedso.ng now to Figure 17, a
plurality of magnetic nultilayer filns constituting a second nmagnetic
menber 89 are next fornmed over the nonmagnetic |ayer 80. Accordingly, a

11, ke (SRSl P10 o R o
83 (of abggrtlsttgaﬁg 2 seAcr})%sdt rrnggrllsetitchringrﬁbepgé greplge%(ft (r)r%?el 0\9efr g gg}lmagnctic

layer 80. Accordingly, a third nickel-iron (NiFe) layer 81 (of about 10-100

Angstroms thick, more preferably of about 40 Angstroms thick) and a second

tantalum (Ta) layer 83 (of about 20-400 Angstroms thick, more preferably of about

50 Angstroms thick) are successively blanket deposited over the nonmagnetic layer

80, to form the second magnetic member 89, as shown in Figure 17. Deposition of

the layers 81 and 83 may be accomplished by magnetron sputtering, for example,

but other conventional deposition methods may be used also, depending on the

characteristics of the IC devices constructed previously to the formation of the

MRAM structures 100 (Figure 20).

[0051] Next, layers 71, 73, 75,77, 80, 81, and 83 (Figures 15-18) are
patterned into a plurality of stacked layers (Figure 19) including columns of pinned
layers 91 and rows and columns of spaced spaced sense layers 92. Thus, each
MRAM structure 100 (Figure 20) includes the pinned layer 91 (as part of the first
magnetic member 79) separated from a sense layer 92 (as part of the second

magnetic member 89) by the nonmagnetic layer 80. For simplicity, the multilayer



50 Angstrons thick) are successively bl anket deposited over the nonnmagnetic
| ayer 80, to formthe second nagnetic nenber 89, as shown in Figure 17.
Deposi ti owoak/s4i8®e | ayers 81 and 83 may be acconpli shed bycmagoziizon
sputtering, for exanple, but other conyentional deposition nmethods nmay be
used al so, depending on the <characteristics of the |IC devices constructed
previously to.the formation,of e ..MRAM structure 0 (Figyre 20). [0051]
Next, | ay8sk forming ’the731,nn7g ,lay§b,blf E’:‘Sll,uu&tﬁacfc‘%é“ ngué‘fﬁ‘ s&@ﬁs (1185}‘%;? gaycrpat t er ned
into a plurality of stacked layers (Figure 19) including colums of pinned
| ayers 91Semidarlypuse mmdtileysrstack fofmisgabe sernsp dayeri 93 éndso illayaatcdde Figiiess, each
MRAM structure 100 (Figure 20) includes the pinned | ayer 91 (as part of the

first magoeiq & DBARRMayed) ISHRS B RAILSOBHAhSRERS, IhaY Bie SAntdfayer9l of the
second nmagnetic nehber” 89) by the nonmagnetic |ayer 80. For sinplicity,

| ayer o1 1o REraRTY th U exdf the i 2b 2 TR PPl B e

mul tilayer stack form ng the sense layer 92 is also illustrated in Figures
19- 20 as aensk tayke9? ayadndes|portioss obhedaytes &t end 83however, that the pinned

| ayer 91 includes portions of the netal line 66 and of the layers 71, 73,
75 and 77, while the sense |layer 92 includes portions of the |layers 81 and

83. [0052] Rajoke|ni ng Bfirdfid @Mﬁ@gilﬁﬁcgfofl@¥%rf§rrﬁﬁ{gfﬂh@qmﬁﬁl§i fidRask and
sense |ayers of "the MRAM st%uctur s 100 (Firgure 20), that is patterning of

layers 7llaer?g’of the MRAM structures 100 (Figure 20), that is patterning of layers 71, 73,

75,77, 80, 81, and 83, may be accomplished by ion milling which typically involves
physical sputtering of each layer by an argon ion beam. Patterning may be also
accomplished by using a reactive plasma etch, performed, for example, in electron
cyclotron resonance (ECR) or other high density plasmas, such as an inductively
coupled plasma system, or a helicon plasma system containing chlorine as the source
gas. A mixture of chlorine with other gases, such as argon, neon or helium, among

others, may be used also.

[0053] The pinned and sense layers 91, 92 are patterned and etched so
that the pinned layers 91 correspond to the metal lines 66 that form the bottom
electrodes of the pinned layers 91. This way, the pinned layers 91 of the MRAM
structures 100 are spaced apart from each other by a minimal distance or critical
dimension CD, less than 0.25 pm, preferably lower than 0.1 pm and, more
preferably, lower than 0.05 um, which was obtained by employing a spacer etch
process following a photolithography technique described above with reference to

Figures 2-11. In addition, the overlay distance D (Figure 1) on each side of the



75, 77, 80, 81, and 83, may be acconplished by ion mlling which typically
i nvol ves physical sputtering of each |layer by an argon ion beam

Pat t er ni iyormawsd1e7 al so acconplished by using a reactive pcagsaz/eeh,
performed, for exanple, in electron cyclotron resonance (ECR) or other

hi gh density plasmas, such as an inductively coupled plasm system or a
hel i con pl as system cont ai hi ng. chl ori ne as,t rce as.. A m xture of
chl ori ne Wntnir‘lrgéﬁ%m a]%@éneaéﬁc‘ﬁg'ﬁg Cg’?rﬁﬁrﬁ,”zﬁc’e r@ﬁmﬁ%‘ﬁ?‘gﬁ%‘&e P5er s,
may be used al so. [0053] The pinned and sense |ayers 91, 92 are patterned
and et cheartsi elithimated h&uphanebe prapentsingdntiny alksysahd fommation efgagitinuones 66
that formthe bottom electrodes of the pinned |ayers 91. This way, the

pi nned | aygeg 1ﬁés,qa‘né$é}%mwo<ﬁm;&f&ﬁ@,§u&% e GnSRBGRS @@ﬁ%uxfd o each

ot her by a m ni nal stance or critical dinmension CD, |ess than 0.25 m

pr ef er abl ower, than 0.1 and, nore. preferabl | ower .t han D. 05 whi ch
was obt ai %85’ ‘%déﬁrﬁﬂ %VF?’?@"Y?OE digylings alﬂ)‘?&'i’é@gdrfdﬂ%lﬁ%gécnged By

phot ol i t hography techni que descri bed above with reference to Figures 2-11.
| n addi ti oonvenhenaldanasyendi wpegsees. D (Fi gure 1) on each side of the WD

02/ 089187 PCT/ US02/ 13203 -17 pinned layer or digit line 91, which
characterizes the MRAM structures of the prior art, is elimnated.
Further, thgopsggent |A¥EALAARs O WReatd e AlREBRL MRAN &AMhdybOLEried®t 2l

| i nes, |longer than 2,000 Angstrons, such as the nmetal |ines 66 (Figures 14-

22%1; ewhcgyg ' %hgs%%ﬁaisu%rn%l ifngll;laltigg ?ayglrsgalntd vlvrlitré:ec%n rdgtovr\@lté: Qna%rlee bic rtecttigr%{lcal 'y

current flow in the presence of a write signal may be formed to complete the
fabrication process of such MRAM structures. For example, Figure 20 illustrates
three MRAM cell structures 100 formed of a word line 93 that intersects three
pinned layers 91 and associated sense layers 92. As known in the art, the word line
93 may be formed of copper, for example, and the space between the word line 93
and the adjacent pinned and sense layers 91, 92 may be filled with an insulating

nonconductive oxide, such as aluminum oxide, for example.

[0055] A typical processor based system 400 which includes a memory
circuit 448, for example an MRAM with MRAM cells 100 (Figure 20) according to
the present invention, is illustrated in Figure 21. A processor system, such as a
computer system, generally comprises a central processing unit (CPU) 444, such as a
microprocessor, a digital signal processor, or other programmable digital logic
devices, which communicates with an input/output (I/0) device 446 over a bus

452. The memory 448 communicates with the CPU 444 over bus 452.



conventi onal damascene processes. [0054] Additional steps to create a
functional MRAM cell may be carried out. Thus, additional insulating

| ayer s amatoweiogastonductors to enabl e bidirectional curreat/dShowdn t he
presence of a wite signal may be fornmgd to conplete the fabrication
process of such MRAM structures. For exanple, Figure 20 illustrates three

MRAM cel | st 00, f f d ]ine, 93 that int ts th
oi nned | ayerl@088 ana Jedbe Rata o liFE el ghe bR Rinn i T TR AR e

word line 93 may be forned of coeﬁer,'for exanpl e, and the space between
the word periphedd@ deaims suvh wdj feppytdigh dunectt 2t and e sompaatydisk (GP) ROMray be

filled wth an insulating nonconductive oxide, such as alum num oxi de, for

exanpl e. [B052k6 AVHINPLISE LoRNAGRERO WillASPY 544 bedn heBusiaisoh NMegbrdess a
menory circuit 448, for exanple an MRAMwith MRAM cel ls 100 (Fi'gure 20)

ding to, th At | tion, . isSHi ated i n. Fi 21 A
or ocessor Myt Shen Al 4 Rt SEHFL GRS Bl B cont v

processing unit (CPU) 444, such as a mcroprocessor, a digital signal
processor, or other programmable digital |ogic devices, which comunicates
wi th an i npui006di put (Altl@ughethccaecdpbirpumbodiment dessbedrbovriliustmptes4 8
communi cates wth the CPU 444 over bus 452. WD 02/089187 PCT/ US02/ 13203

-18 [0056}hd fyrififof 3FehRE MRAMBHL &R R 13@)@1:@59&29)39&3 &/Bd em may

i nclude peripheral devices such as a floppy disk drive 454 and a conpact

di sk (D) ungerstood that the present invention contemplates the formation of a plurality of

MRAM cells 100 arranged in rows and columns in a memory cell array. In addition,
although the exemplary embodiments described above refer to a specific topography
of the MRAM structures with specific ferromagnetic materials forming such
structures, it must be understood that the invention is not limited to the above-
mentioned ferromagnetic materials, and other ferromagnetics, such as nickel-iron
(Permalloy) or iron, among others, may be used also. Further, although the
exemplary embodiments described above refer to patterning of the MRAM
structures by reactive plasma etching, it must be understood that the present

invention contemplates the use of other methods of patterning and etching.

[0058] The present invention is thus not limited to the details of the
illustrated embodiment. Accordingly, the above description and drawings are only
to be considered illustrative of exemplary embodiments which achieve the features
and advantages of the present invention. Modifications and substitutions to specific
process conditions and structures can be made without departing from the spirit and

scope of the present invention. Accordingly, the invention is not to be considered as



drive 456 which al so conmunicate with CPU 444 over the bus 452. Menory 448

may be conbined with the processor, i.e. CPU 444, in a single integrated
circuit. WO02/$918¢ t hough t he exenpl ary enbodi nent descri bedTalsove3203
illustrates the formation of three structures or cells 100 (Figure

20) it is to be understood that the présent invention contenplates the
formation of g plurality. of . M cells 1QO0, arranged .in ws. a ol ums in
a menory BEPE Hteé{/.gy foGeRING HESTRAPA ST ﬁlr?‘ﬁ'é’gé’%%‘fﬁ)‘f QP{YQEH{S%‘S%%@NE s
descri bed above refer to a specific topography of the MRAM structures with
speci fi ¢ $@peafabeeppandedtchimal s form ng such structures, it nust be
understood that the invention is not limted to the above- nentioned
ferromagnetic materials, and other ferromagnetics, such as nickel-iron
(Permal | oy) or iron, anmong others, may be used al so. Further, although the
exenpl ary enbodi nents descri bed above refer to patterning of the MRAM
structures by reactive plasma etching, it nust be understood that the
present invention contenplates the use of other nethods of patterning and
etching. [0058] The present invention is thus not limted to the details of
the illustrated enbodi ment. Accordingly, the above description and
drawings are only to be considered illustrative of exenplary enbodi nents
whi ch achi eve the features and advantages of the present invention.

Modi fications and substitutions to specific process conditions and
structures can be made wi thout departing fromthe spirit and scope of the
present invention. Accordingly, the invention is not to be considered as WO
02/ 089187 PCT/ US02/ 13203



-19 being limted by the foregoing description and drawi ngs, but is only
limted by the scope of the appended clains. WO 02/089187 PCT/ US02/ 13203
-20 [0059%0owvas918s cl ai ned as new and desired to be proteecedshyidetters
Patent is: 1. A nethod of form ng at Iezgst one magneti c random access

menory cell, said nethod conprising: fOrming an insulating | ayer over a

substrate; forning a k |ayer oyer said insulafing |ayer i d_nmask |ayer
havi ng a pat[g)ggh f or niBalfs daimpee at mey 6‘?& f‘feﬁlé‘f‘} e eoﬁgmﬁf)tﬁa%yng‘ﬁﬁc’ﬁ mask
material and a plurality of second regions which do not contain a mask

mat eri al , Ps@ndissecond regi ons being | ocated between said adjacent first
regi ons and having a predeterm ned width between said first regions;
reduci ng said predetermined width of said second regions by formng a
plurality of spacers on sidewalls of each of said first regions; filling
said reduced-w dth second regions with a filler material to formfjller
plugs: renovi-ng ghimethed of forayng AleasiPnsanagngsis FaRdOM eSS WWiCFilaer pl ugs
as a mask; formng a plurality of grooves in said insulating |ayer using
sai d fishidemefHoddongsrising:

forming an insulating layer over a substrate;

forming a mask layer over said insulating layer, said mask layer having a pattern
formed of a plurality of first regions containing a mask material and a plurality of second
regions which do not contain a mask material, said second regions being located

between said adjacent first regions and having a predetermined width between said first

regions;

reducing said predetermined width of said second regions by forming a plurality

of spacers on sidewalls of each of said first regions;

filling said reduced-width second regions with a filler material to form filler

plugs;
removing said first regions and said spacers using said filler plugs as a mask;

forming a plurality of grooves in said insulating layer using said filler plugs as a

mask;

forming respective conductive layers in said grooves; and



mask; form ng respective conductive layers in said grooves; and WO

02/ 089187 PCT/ US02/ 13203 -21 respectively formng at | east one first
magnet i ¢ wayensaser sai d conductive layers. 2. The met ho#cofuset/aazos 1
further conprising respectively forninglat | east one second nmagnetic | ayer
over each of said first nmagnetic |ayer 3. The method of claim2 further
conprising formng.a word |ipe over,said second nma ic |ayer 4. The
ot hod of cITaTRREN ELAAE a6 ket O By mRgRSHeay & Avar b bond SHGF Tivers:
conprises etching said insulating |ayer. 5. The nethod of claim4, wherein
said etching is a reactive ion etching. 6. The nethod of claim1, wherein
said act of form ng said spacers includes forning a material |ayer over

over sai d i reul ati g yaroh GubT BRI P A R Bor R Iy

said first regions. 7. The nethod of cIa|n16 wherein said material |ayer
i s for rant ssford niagptdelayergover hechef saishifinst megaetis layersherei n said materi al
| ayer is formed of silicon nitride. WO 02/089187 PCT/ US02/ 13203 -22

3. The method of claim 2 further comprising forming a word line over said

second magnetic layers.

4. The method of claim 1, wherein said act of forming said grooves further

comprises etching said insulating layer.
5. The method of claim 4, wherein said etching is a reactive ion etching.

6. The method of claim 1, wherein said act of forming said spacers includes
forming a material layer over said first regions and insulating layer and etching said
material layer over said insulating layer to produce said spacers on said sidewalls of said

first regions.
7. The method of claim 6, wherein said material layer is formed of a nitride.

8. The method of claim 7, wherein said material layer is formed of silicon

nitride.



9. The nethod of claim1l, wherein said act of filling said reduced-w dth
second regions includes placing said filler material in said second regions
and over weiodosdigsul ati ng | ayer. 10. The nethod of clai m ®crarsohero3

conpri sing bl anket depositing said fil I2§r material in said second regions
and then renmoving said filler material “at |ocations over said first

regions and said acers. 11. .Th thod of claim.1, wherein sai,d act of

r enovi ng sai% fi r’g CF’@&?%%’&%{WH’ ?sgﬁﬁrcgb%?é A (?afj %aédéetcﬁ]ﬁ%'dwgﬂ} d first
regi ons and spacers. 12. The nethod of claim1l, wherein said act of form ng
sai d cowdond regionsapeudes placingeaidddlep magersal de pod sedong ragioos dud oversaidt er i al

i nsi de said grooves. 13. The nethod of claim 12 further conprising formng
a barrijgeglh@yglaybef ore depositing said conductive material. 14. The nethod
of claim 13, Whérein said conductive material is copper. 15. The method of

claim1l1, wherein said act of respectively formng said at |east one first
magnetic | ayer further conprises formng each of said respective first

magneti c | ay a i . ol i jrst. st | ayers
i ncl udi ng atﬁ?'eagﬂé @%‘éhc?&aéﬁérﬁo b%@hglﬁoggﬁr%tug% P%ﬂk%pggl}ﬁggwr
PCT/ US02/ 13203 -23 16. The method of claim 15, wherein said nmagnetic
mat er | anajesiakiay saict gond geaionrndgihsngemensigseidilamirduat loqagans ayerkel |
ni ckel -iron, iron, and cobalt-iron.
said first regions and said spacers.

11.  The method of claim 1, wherein said act of removing said first regions and

said spacers includes etching said first regions and spacers.

12.  The method of claim 1, wherein said act of forming said conductive layers

further comprises depositing a conductive material inside said grooves.

13.  The method of claim 12 further comprising forming a barrier layer before

depositing said conductive material.
14. The method of claim 13, wherein said conductive material is copper.

15. The method of claim 1, wherein said act of respectively forming said at
least one first magnetic layer further comprises forming each of said respective first
magnetic layer as first stacked layers, each of said first stacked layers including at least

one layer of magnetic material.



17. The method of claim 16, wherein said first stacked | ayers include

| ayers of tantalum nickel-iron and manganese-iron. 18. The net hod of
claim 2, wohaeressissai d act of respectively formng said seconsomeoetic

| ayers further conprises form ng each ? sai d respective second nmagnetic
| ayers as second stacked |ayers, each of said second stacked | ayers

i ncluding at, |ea one, | ayer of eti.c terial.. 19. .The th of claim
18, wherein i d %Sﬁéﬁq“egﬁgfma}g?lg@e?é? &n&él&ag’lﬁwﬁmg?féiésr%%tcég st i ng

of nickel-iron, nickel, nickel-iron, iron, and cobalt-iron. 20. The nethod
of cl aithe Boupbensastingefalickef-ironj vickdcoickelster ks, hng epbaltinesl ude | ayers of
tantal um and ni ckel-iron. 21. The nmethod of claim2 further conprising

form ng a nonmagnetic |ayer between said first magnetic |ayers and said
second magnetic |ayers. 22. The nethod of claim 21, wherein said

nonnmagnet i ¢ At eryid miethddosf@anol 6, whdrainehidafirss Sheeddaydrs oilddeday@iroop
consi sting of alum num oxide, titanium oxide, nagnesium oxide, silicon

oxi de ndrfgll umi.num.ni tride. VO 02/089187 PCT/US02/13203 -24 23. The net hod
of cl ai' 22" wheE Cg]i”honaé} o RBRTEGhEL ¢ material is selected fromthe group
consi sting of alum num oxi de and copper. 24. The nethod of claim1, wherein
at least one of said first magnetic |layers has a pinned nmagnetic

orientation.
18.  The method of claim 2, wherein said act of respectively forming said

second magnetic layers further comprises forming each of said respective second
magnetic layers as second stacked layers, each of said second stacked layers including at

least one layer of magnetic material.

19.  The method of claim 18, wherein said magnetic material is selected from

the group consisting of nickel-iron, nickel, nickel-iron, iron, and cobalt-iron.

20.  The method of claim 19, wherein each of said second stacked layers

include layers of tantalum and nickel-iron.

21.  The method of claim 2 further comprising forming a nonmagnetic layer

between said first magnetic layers and said second magnetic layers.

22.  The method of claim 21, wherein said nonmagnetic material is formed of
a material selected from the group consisting of aluminum oxide, titanium oxide,

magnesium oxide, silicon oxide and aluminum nitride.



25. The nethod of claim2, wherein at | east one of said second magnetic

| ayers has a free nagnetic orientation. 26. A nethod of form ng a nagnetic
random acwes/08ERDry structure, said nethod conprising; frommsay1303
plurality of pillars over an insulating,layer, said pillars defining a
plurality of spaces bet ween adjacent piTlars, said spaces having a

predster i nefh 1 i eSO Sl 08" R L TSt el o

filling said reduced wi dth spaces with a filler material to forn1f|IIer

pl ugs; fremnbeignopmseidispinglodabinmindnsexide spdeepperusi ng said filler plugs as a
mask; formng a plurality of grooves in said insulating | ayer using said
filler plugs as nask; and form ng respective conductive layers in said
grooves. WD 02/089187 PCT/ US02/ 13203 -25 27. The nethod of claim 26

further conm4.si nchd Metast ofdlaifDl fivhgreliresiest bre of plid fied thaptees lgear said
conductive | ayers, said pinned | ayers bei ng spaced apart from each other

by | es thod of claim 27, wherein said pinned | ayers
are spggég%%%%?fg?g%n1 %%% §1m&ﬁer by less than 0.1 m 29. The method of

claim 27, wherein said pinned | ayers are spaced apart from

25. The method of claim 2, wherein at least one of said second magnetic

layers has a free magnetic orientation.

26. A method of forming a magnetic random access memory structure, said

method comprising;

forming a plurality of pillars over an insulating layer, said pillars defining a

plurality of spaces between adjacent pillars, said spaces having a predetermined width;

reducing said predetermined width of said spaces by forming a plurality of

spacers on sidewalls of each of said pillars;
filling said reduced-width spaces with a filler material to form filler plugs;
removing said pillars and said spacers using said filler plugs as a mask;

forming a plurality of grooves in said insulating layer using said filler plugs as

mask; and

forming respective conductive layers in said grooves.



each other by less than 0.05 m 30. The method of claim27 further
conprising the act of form ng sense |ayers over said respective pinned

| ayers. 30 ozhgiset hod of claim 27 further conpri si ng theractusof/13203 mM ng a
nonmagneti c | ayer between said pinned | ?yers and respective sense | ayers.
32. The nethod of claim 27 further co I Si ng the act of formng a word

line over nse Iayer met hod. of wherein said act
of form ng s?}: d gd fs"l%% 2Q:£ffgfqr§é’§‘%tsﬁ’rﬁ a&f Oé%rﬁllﬁl%g‘ﬁ?&ﬁt}"ﬁg

| ayer. 34. The method of claim 33, wherein said etching is a reactive ion
et chi nginv¢d B¢ 89d:BsAi PO duSEiR¢ Haselfsssatd pHin88 layErecbaieg bprded patt diom 26,
wherein said act of formng said spacers around said pillars includes
formn fy I V, said pillars and said insulating | ayer and
etchln% géggkﬁg#gg§§iﬁfgégkﬁ&o produce said spacers on said sidewalls of
said pillars. 36. The nethod of claim 35, wherein said material |ayer is a
nitride layer. 37. The nethod of claim 36, wherein said material |ayer

i ncl udes siljgcon . nitride, . T t ho cl ai ere i-d act of
filling sai Ly i fsfi?ja‘cgz’ ‘t’Tﬁ%rF‘di‘oFéé‘IB & ﬂ%e%sa%rﬁsRaCF?é‘Pa P& ial in
sai d spaces and over said insulating layer. 39. The nmethod of claim 38

f ur t hercaclhwgrardiydgsstthan 8dt pmf bl anket depositing

29. The method of claim 27, wherein said pinned layers are spaced apart from

each other by less than 0.05 pm.

30. The method of claim 27 further comprising the act of forming sense

layers over said respective pinned layers.

31. The method of claim 27 further comprising the act of forming a

nonmagnetic layer between said pinned layers and respective sense layers.

32.  The method of claim 27 further comprising the act of forming a word line

over said sense layers.

33.  The method of claim 26, wherein said act of forming said grooves further

comprises etching of said insulating layer.

34. The method of claim 33, wherein said etching is a reactive ion etching.



said filler material in said reduced-w dth spaces and then renoving said
filler material at |ocations over said pillars and said spacers. 40. The
nmet hod ofwoloaign126, wherein said act of renoving said pil lParasazics2ezai d
spacers includes etching of said pillars and spacers. 41. The method of
claim 26, wherein said act of forning said conductive layers further

conpri ses de S|t|ng a co tiv erlal nS| saj oves. 42. The
met hod of cl28'm 4404 pe fh*ec{] Ogé ? IWbc’ichs fctdt PBPH%?%“QSPB&?P AENd 5y er
bef ore depositing said conductlve material. WO 02/089187 PCT/US02/ 13203

- 27 43.saithpillastihdddef foemnaign dhrerishbayei oves anid pilbardand isaid imsdamiglhydrsindopper .
44. The nethod of claim 26, wherein said act of formng said pinned | ayers

further r acked
et Lu %ﬁatfegatni?{@gg@%géﬁe%ﬁ;‘ g)aeag BRGaldN @R Df §4ill Plillasd.

| ayers, sai yers including at |east one nagnetic
naterlal. 45. The met hod of claim44, wherein said magnetic material is
sel ected from the group consisting of tantalun1 nickel-iron

tungsten-nit ni c bal kel - ganhese- i ron.
46, The ot Hiof TR mesiomof T8 &5 rvBsiii sed rerid Per § "CulRAREE "] oy r s
further conprlses form ng each of said sense |ayers as second stacked

| ayers, each of said second stacked |ayers including of at | east one

magnetic material. 47. The nmethod of claim46, wherein s? \ghetic
material is 3| ecFagnyethpd of claim 36, wherein said material layer includes silicon

nitride.

38.  The method of claim 26, wherein said act of filling said reduced-width

spaces includes placing said filler material in said spaces and over said insulating layer.

39.  The method of claim 38 further comprising the act of blanket depositing
said filler material in said reduced-width spaces and then removing said filler material at

locations over said pillars and said spacers.

40. The method of claim 26, wherein said act of removing said pillars and said

spacers includes etching of said pillars and spacers.

41. The method of claim 26, wherein said act of forming said conductive

layers further comprises depositing a conductive material inside said grooves.

42.  The method of claim 41 further comprising the act of forming a barrier

layer before depositing said conductive material.



the group consisting of tantalum nickel-iron, tungsten-nitrogen, nickel,
cobalt-nickel- iron, iron, and nmanganese-iron. 48. The nethod of claim 26,
wher ei n swod2/agt18pf formng said plurality of pillars fuPChasopoms i ses
formng a second insulating material ovgr said insulating layer. 49. The
met hod of claim48 further conprising etching said second insulating

material rel ive.to said,i ul ating. |l ayver.to form sai lhurality of
pillars. WO /03511%'716%99@?/“1%;0 hcrpéhsag%_coqcﬁuec%{rhaoe fa] {Cccfpé)leﬁ] 48,

wherein said insulating layer is formed of a nmaterial selected fromthe
group the group consisting of |ow pressure CVD oxides, TEGS, and BPSG 51.
The nmethod of claim 48, wherein said insulating |layer is fornmed of a
nitride. 52.44he Het methast otglainn?aewheysty wihadt f dofming) said PigneG iagers; s
formed of a high tenperature polyner. 53. The nethod of claim48, wherein
sai d i nfaudhat to@ptisysdormmglcaciedsad pindediaycds & fret stackeddmstrgruchvaf @id al . 54.
The met hod of claim48, wherein said second insulating material is forned

f ' f i SL Lk fl CVD oxi de,
oL o TR R GBS, O RIS LA, Of Tow pressure O oxi e

45.  The method of claim 44, wherein said magnetic material is selected from
the group consisting of tantalum, nickel-iron, tungsten-nitrogen, nickel, cobalt-nickel-

iron, iron, and manganese-iron.

46. The method of claim 30, wherein said act of forming said sense layers
further comprises forming each of said sense layers as second stacked layers, each of said

second stacked layers including of at least one magnetic material.

47.  The method of claim 46, wherein said magnetic material is selected from
the group consisting of tantalum, nickel-iron, tungsten-nitrogen, nickel, cobalt-nickel-

iron, iron, and manganese-iron.

48.  The method of claim 26, wherein said act of forming said plurality of

pillars further comprises forming a second insulating material over said insulating layer.

49.  The method of claim 48 further comprising etching said second insulating

material relative to said insulating layer to form said plurality of pillars.



WO 02/089187 PCT/US02/13203
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50. The method of claim 48, wherein said insulating layer is formed of a

material selected from the group the group consisting of low pressure CVD oxides,

TEOS, and BPSG.

51. The method of claim 48, wherein said insulating layer is formed of a

nitride.

52. The method of claim 48, wherein said insulating layer is formed of a high

temperature polymer.

53. The method of claim 48, wherein said insulating layer is formed of a low

dielectric constant material.

54. The method of claim 48, wherein said second insulating material is
formed of a material selected from the group consisting of low pressure CVD oxide,

TEOS, BPSG and silicon carbides.



