WO 03/ 054946 PCT/ US02/ 40352 A METHOD OF | MPROVI NG SURFACE PLANARI TY PRI OR
TO MRAM BI T MATERI AL DEPGCSI TI ON FI ELD OF | NVENTI ON [ 0001] The present

i nventi orwoabBas®@sst 0 a magneti c random access nenory ( MRREX/sog40852
fabricating nmethod thereof, and nore particularly to a nmethod of inproving
surface planarity prior to bit material deposition. BACKGROUND OF THE

| NVENTI ON [ 0002] Magnetic random access nenories (MRAMs) enpl oy magnetic
mul tilayer filns as storage elenents. Wen in use, an MRAM cel | stores

i nf or mat | PRIEFHOTY ORIMPROVINGSURFACE PUANARITY PREOR TOrMRAMe
states of magnetization of thin nmagnetic nmultilayer filnms form ng each

menory cell. As such, the @L@ magneti c
configurations, high resi sgﬁmwﬁ?ﬁﬁg) ic state 0 and | ow

resi stance representing a logic state 1, or vice versa. [0003] A typical
multilayer-filmMRAM includes a nunber of bit or digit |l|ines intersected
by a nunber of word lines. At each intersection, a filmof a magnetically

coercive material is interpospgrpptdRaNVENERONeSponding bit |ine and
word line. Thus, this magnetic material and the nmultilayer filnms fromthe
digit lines forma magnetic nenory cell which stores a pit of information.
1 WO 03/ 05494800YT1/ Uso h@(;gssz:nt invention relates to a magnetic random access memaory

(MRAM) and a fabricating method thereof, and more particularly to a method of

improving surface planarity prior to bit material deposition.

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 swates ot 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, or vice versa.

[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
word line. Thus, this magnetic material and the multilayer films from the digit lines
form a magnetic memorytell which stores a bit of information.
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[ 0004] The basic nmenory elenment of an MRAMis a patterned structure of a
multilayer material, which is typically conposed of a stack of different

mat er i al swo ossdv4@s copper (Cu), tantalum (Ta), permall oy PCNUSe)/40352

al um num oxi de (A1203), anong others. The stack nay contain as many as ten
different overlapping material |ayers and the |ayer sequence may repeat up
to ten tinmes. Fabrication of such stacks requires deposition of the thin
materials |ayer by layer, according to a predefined order. [0005] Figure 1

shows an exemph@fy CONYERIH R MW GhEMBUNEMRAMIisdipageieANtistacks 22
whi ch have three respective assoclated bit or digit lines 18. The digit

lines 18, typically fornmed of.capper (Cu are, first formgd | .
i nsul ati ng® aa?‘é‘f“l?&@f f“b"rtﬁ‘ég’ WI?%:?’ ‘gﬁ’(ﬂ’éﬁ‘ﬁ&§é‘?§° A %421 tack %{%qgf?%%{‘ g g‘fr}a(lzsui t

(10 substrate 10. Underlayers 14 may include, for exanple, portions of
i nt egr at edsuch s dopper,(Ga)ctantasm@Va permellvy (yiFepopakwmeigumasgpade oLOs)pi cal |y
formed of ferromagnetic materials, 1is provided over each digit line 18. A

pi nned | ayzﬁ'léoﬁ ol €¥he RlabR Gy BREAYEEmahf as féﬁgﬂﬁtﬂchabbﬂﬁhp?hfgemhie@al_ does
not change durtng operation of "'the nmenory device. A sense [ayer 21 is

rovi ded over ea associ at ed pinned | 20...Th
20[]\6: ed tol\é%FrW%ﬁ?'? ﬁ@erz%q’tlﬂ?fteprlf‘?% @Pgaetg pggotﬁpe%m%ssnwgéﬁggﬁfg aancgge

associ ated sense layers 21. The word line 23 and bit |ine 18 may al so be

i nt er changeduirfOOaBIsitiam MRARthievmeteriplslavgr by byenagerrding trehpicgenehent s and
other «circuits, for exanple, a control circuit for magnetic nenory

el ements, go@parators

[0005] Figure 1 shows an exemplary conventional MRAM structure
including MRAM stacks 22 which have three 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 ferromagnetic materials,
is provided over each digit line 18. A pinned layer is called “pinned” because its
magnetization direction does not change during operation of the memory device. A
sense layer 21 is provided over each associated pinned layer 20. The MRAM stacks
22 are coupled to a word line 23 that intersects three pinned layers 20 and
associated sense layers 21. The word line 23 and bit line 18 may also be

interchanged.

[0006] An MRAM device integrates magnetic memory elements and other

circuits, for example, a control circuit for magnetic memory elements, comparators
2



2 WD 03/ 054946 PCT/ US02/ 40352 for detecting states in a nmagnetic nmenory
el ement, input/output circuits, etc. These circuits are fabricated in the
process oNoGkMX&Isechnol ogy in order to | ower the power ceoswspr/amss of the
MRAM devi ce. The CMOS process requires high tenperature steps which
exceeds 300C. for depositing dielectric and netal |ayers and annealing

i nplants, for exanple. [0007] In addition, a magnetic nenory el enent

i ncludes very thin layers, sonme of themare tens of angstrons thick. The

per f or mangg, @Jtc&ﬁfgn{f?t%ﬁ{ ﬁ%agl%ﬂpménﬂir? RRAtedtSinpansaitpuecitaidhecsur f ace
conditions on whi ch magnetic 1ayers are deposited. Accordingly, it is

necessary.to farm.a fl surface at certai i i to
prevent t e ChAFALr&rs g‘&)i“(‘fgtcgfm CWVSQZ%?%E%Hﬁéé}’ grgpgldgﬁl%'kg%rpresent
invention provides a nethod of fabricating an MRAM havi ng a nore. pl anar
surface prhopower depusiptiosrofohe MMBANMdadeq. c [he Q@QQSSUW‘PC@“?E\E% NVENTI ON
The present invention provides a nethod of inproving surface planarity
prior to t&in?eﬁﬁ{r@%{e%ls wiggostdet @N3001OVRBMdsp ssitirigidietectricarahmesab bagtrar y
enbodi nent of the invention, a first conductor in a trench is provided in

an insul ati | ayer .an n er urface of the insulating | ayer and the
first con&ﬂagﬁf’c TR a&ﬁf’z‘ég.&wlg' | eaves a roughened upper. surface on

the conductor. Further, a material layer is forned over the planarized

upper surface of the insulating | ayer and the fir.st, gonduct,ar ,and an upper
PP [0007] In addition, arr?agne)t/ic memory element mcluges very thin layers, PP

some of them are tens of angstroms thick. The performance of the magnetic
memory element is sensitive to the surface conditions on which magnetic layers are
deposited. Accordingly, it is necessary to form a flat surface at certain stages of
fabrication to prevent the characteristics of an MRAM device from degrading. The
present invention provides a method of fabricating an MRAM having a more planar

surface prior to deposition of the magnetic stack.

SUMMARY OF THE INVENTION
The present invention provides a method of improving surface planarity prior to
bit material deposition in MRAM structures. In an exemplary embodiment of the
invention, a first conductor in a trench is provided in an insulating layer and an upper
surface of the insulating layer and the first conductor is planarized. This leaves a
roughened upper surface on the conductor. Further, a material layer is formed over the

planarized upper surface of the insulating layer and the first conductor and an upper

3



3 WO 03/ 054946 PCT/ US02/ 40352 portion of the material |ayer is again

pl anari zed or flattened while leaving intact a |lower portion of the

mat eri al waysnsouer the insulating | ayer and the first corduaiser4038RI EF
DESCRI PTI ON OF THE DRAW NGS [ 0008] The above advant ages and features of the
invention will be nore clearly understood fromthe foll ow ng detail ed
description which is provided in connection with the acconpanying

drawi ngs. [0009] Figure 1 is a schematic three-dinensional view of a

portion of. a nvent i.qnal NMRAM struct ure; t -2 es a
Par t1 o PovisuoIBE PRt 19recdh o atiadl o fuftic pEUBHSiste htacl 210
intermedi ate stage of the processing, wherein a MRAMw || be constructed
i n accoporivoeofithe materal payes erer thaveswatisg:;layenand thefigscandustpr.yst rat es a
partial cross-sectional view of the MRAM of the present invention at a
stage of processing subsequent to that shown in Figure 2; [0012] Figure 4
illustrates a partial cross-sectional view of the MRAM of the present
invention at a stage of processing subsequent to that shown in Figure 3;
[0013] Figure 5 il | uBRIEFPESGRIRTEDNCOFSEHT DROMAINGSew of the MRAM of
the present invention at a stage of processing subsequent to that shown in

Figure 4; 4[()%8(?3/ 054946 .bGH M{aég?’;ﬁ% features of the invention will be more

clearly understood from the following detailed description which is provided in

connection with the accompanying drawings.

[0009] Figure 1 is a schematic three-dimensional view of a portion of a

conventional MRAM structure;

[0010] Figure 2 illustrates a partial cross-sectional view of a semiconductor
topography, at an intermediate stage of the processing, wherein a MRAM will be

constructed in accordance with the present invention;

[0011] Figure 3 illustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 2;

[0012] Figure 4 illustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 3;

[0013] Figure 5 illustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 4;



[0014] Figure 6 illustrates a partial cross-sectional view of the MRAM of
the present invention at a stage of processing subsequent to that shown in
Fi gure 5;wo0[08046)% Figure 7 illustrates a partial cross-seetCirasat/40352w of
the MRAM of the present invention at a stage of processing subsequent to
that shown in Figure 6; [0016] Figure 8 illustrates a parti al
cross-sectional view of the MRAM of the present invention at a stage of
processi ng subsequent to that shown in Figure 7; [0017] Figure 9

illustrates Poadgl;%{]“ al f{gg%5msgagégg{%ﬂhmrgsfs-s&&?oww&f&bwﬁmwt

i nvention at age o rocessin sequent to that shown in Figure 8;
[0018] Figure 10 illustrates a partial cross-sectional view of fhe M of
the presenbe Pmﬁé@ﬁ%ﬁlt&n%\tas%tééfeog?foﬁ?%@@éggﬁﬁi%ﬂb%&ﬁéﬁl?o‘f"&“’Eﬁﬁur% own in
Figure 9; [0019] Figure 11 illustrates a partial cross-sectional view of
the MRAM of the present invention at a stage of processing subsequent to
t hat shown i fo@EI5dure Eigurd DARG}rakésgupatidlZrodsisastionad eiswaofpgthBAM of
cross-sectional view of the MRAM of the present invention at a stage of

processi ngy pégx%ﬁ(’{ntﬁcﬁl ﬁtlwta%@_g dc&sﬂg%ﬂg%q[u@ﬂxt td 2 dhowh Gy FRutd6;

. e
illustrates gpartla Cross-sectional vi he MRAM of the present
i nvention at a stage of processing subsequent to that shown in Figure 12;

5 VIO 03/ 0549[%%)1%?/ USOEl/gﬁ(r)g g%llustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 7;

[0017] Figure 9 illustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 8;

[0018] Figure 10 illustrates a partial cross-sectional view of the MRAM of

the present invention at a stage of processing subsequent to that shown in Figure 9;

[0019] Figure 11 illustrates a partial cross-sectional view of the MRAM of
the present invention at a stage of processing subsequent to that shown in Figure

10;

[0020] Figure 12 illustrates a partial cross-sectional view of the MRAM of
the present invention at a stage of processing subsequent to that shown in Figure

11;

[0021] Figure 13 illustrates a partial cross-sectional view of the MRAM of
the present invention at a stage of processing subsequent to that shown in Figure

12;



[0022] Figure 14 illustrates a partial cross-sectional view of the MRAM of
the present invention at a stage of processing subsequent to that shown in
Figure MpopoOR3§ Figure 15 illustrates a partial cross-eertisonai3syi ew of
the MRAM of the present invention at a stage of processing subsequent to
that shown in Figure 14; [0024] Figure 16 is a partial three-dinensional
view of the MRAM of the present invention at a stage of processing
subsequent to.that shown in Figure 15; [0025] Figure 17 is a parti al

t hr ee- di nen vie t Mﬁéﬂk beteMrARt gge of
processi ng Zw@ggguentvﬁl ?ﬁgﬁ 9585Q§6§?§§%%h0h?W%g% Figure 18 is a
parti al three-di nensional view of. the VMRAM of r at a stage of
processi nERSPASSHIBYRNLOS 3t RAFABSHRHOFSS G @stgq\ﬁlt Ggﬁt?ﬁz‘ol‘—mg‘&ré is a
partial three-dinensional view of the MRAM of Figure 17 at a stage of
processi ng3subsequent to that shown in Figure 18, and [0028] Figure 20 is
a partial three-dinensional view of the MRAM of Figure 17 at a stage of
processing subsequent to that shown in Figure 19; [0029] Figure 21 is a

partial thrggodsrensi anghreVi £iluStrade® pMRAM:1@ks-sdetiBHAIS/idwW oflthcAMRANIEOOf
processi ng subsequent to t hat shown |n Figure 20; and 6 MD 03/ 054946

Spgi LeJﬁ'OZ/ 0633[%86 91(1:)\/360 on a grS?agzﬁZijpsl'OéaéSSSlﬁg gll StCIql(i-:qultg%at wi m%lgﬁl%ssor

14;

[0024] Figure 16 is a partial three-dimensional view of the MRAM of the

present invention at a stage of processing subsequent to that shown in Figure 15;

[0025] Figure 17 is a partial three-dimensional view of the MRAM of the

present invention at a stage of processing subsequent to that shown in Figure 16;

[0026] Figure 18 is a partial three-dimensional view of the MRAM of

Figure 17 at a stage of processing subsequent to that shown in Figure 17;

[0027] Figure 19 is a partial three-dimensional view of the MRAM of

Figure 17 at a stage of processing subsequent to that shown in Figure 18; and

[0028] Figure 20 is a partial three-dimensional view of the MRAM of

Figure 17 at a stage of processing subsequent to that shown in Figure 19;

[0029] Figure 21 is a partial three-dimensional view of the MRAM of

Figure 17 at a stage of processing subsequent to that shown in Figure 20; and



i ncorporating the MRAM constructed in accordance with the present

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTION [0031] In the foll ow ng
det ai | ed wessnsPlsé on, reference is made to various exenplramyseripss: ment s
of the invention. These enbodi ments are described with sufficient detail
to enable those skilled in the art to practice the invention, and it is to
be understood that other enbodi nents nay be enpl oyed, and that structural
and electrical changes may be made wi thout departing fromthe spirit or
scope of th sent j QN. ; r t@n used in the
foll ow ng dggglglbitl on Fﬁggﬁnjlinglr&uséiéggﬁ ?E%&gg%gg‘%rlé?%gg%d structure that
has an exposed sem conduc surface. Strycture nust be understood to

nol ude s HIPERTALEE e SN Fanstistean seqrianes ik B Bt ip¥infiet sos)
doped and undoped sem conductors, epitaxial layers of silicon supported by
a base sem conductor foundation, and other sem conductor structures. The
sem conductor need not be silicon-based. The sem conductor could be
silicon-germani um germanium or gallium arsenide. Wien reference is nade
to substrate in the i [ i i steps may have
been utilized to f@%%%&%ﬁﬂ#@&soﬁfﬁﬁmﬁ@ sem conduct or
or foundation. 7 WD 03/054946 PCT/ US02/ 40352 [0033] The term"netal" is

i nt ended to [003llide noin thelfylleviegeletaledriesalptidn reforenead iswhade totvagous r ace
metals or in various alloyed conbinations with other

exemplary embodiments of the invention. These embodiments are described with

sufficient detail to enable those skilled in the art to practice the 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.

[0032] 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.



metal s as known in the sem conductor art. The term"nmetal"” is also intended
to include conductive oxides of such netals, as well as doped

sem conduwwoas®ssamd their respective conductive oxides. [ @034]soReiBsy ri ng
now to the draw ngs, where |like elenents are designated by like reference
nuneral s, Figures 2-21 illustrate an exenplary enbodi nent of a nethod of
formng MRAM structures. Figure 2 depicts a portion of a sem conductor
substrate 50 on which underlying |ayer 52 has been al ready forned

according t 3[3\0?,'3'?] - knowph (Rt ROdRe@P i§ itefddOfo idEfude Hoe éhyhtabmleayer 52
could include, for exanple, circuit layers formng devi ces and

circuits. [0035], Referring nowto Figure 3,  ai, LLi at i r 54 is
formed ov&lt “{qﬁ% "%‘&bgf}}tét“gc?ﬁ’eéﬂﬁo’f e aﬁ‘ﬁ&éﬁyﬁeﬁgcqﬁ%%?nﬁ% ngg}lﬁerexenpl ary
enbodi ment of the invention, the insulating Iayer 54 i s bl anket deposited
by spin ceattilngs kmowan imilekstessondvictarbout The com Zmgesl 't ismisotiateaged £0 10, 000
Angstrons. However, other known deposition nethods, such as sputtering by

chenmi cal yapde dsRR2EVE 8RideCYRuch Rh@8NPas wihaniped SoRidondGMa)s amat thelrysi cal
vapor deposition (PVD), may be used also in accordance with the

characteristics of the.lC dgvice al ready formed. The insulating |ayer 54
may be foffPBECHE RPAYATEPHERal i nsul ator, for exanple, BPSG a ther mal
oxi de of silicon, such as SiOor Si02, or a nitride such as Si 3M.

Alternativegy, a_high 8 WO 03/054946 PCT/ US02/ 40352 tenperatgre pokyner,
such as a pdlOPi3d]de, oRefarringmnel &9 deq diawingsnwhars e fderygnts are designate

by like reference numerals, Figures 2-21 illustrate an exemplary embodiment of a
method of forming MRAM structures. Figure 2 depicts a portion of a
semiconductor substrate 50 on which underlying layer 52 has been already formed
according to well-known methods of the prior art. The underlying layer 52 could

include, for example, circuit layers forming CMOS devices and circuits.

[0035] Referring now to Figure 3, an wsuiating iayer 54 is formed over
the substrate 50 and the underlying layer 52. In an exemplary embodiment of the
invention, the insulating layer 54 is blanket deposited by spin coating to a thickness
of about 1,000 Angstroms to about 10,000 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 in
accordance with the characteristics of the IC device already formed. The insulating
layer 54 may be formed of a conventional insulator, for example, BPSG, a thermal

oxide of silicon, such as SiO or SiO,, or a nitride such as SizN,. Alternatively, a high



material may al so be enployed. [0036] Next, as illustrated in Figure 4, a
phot oresi st layer 55 is formed over the insulating |ayer 54. The

phot or esiwD lBay®u6 55 i s exposed through a mask 56 (Fi gur @eCF)usee/#dss2

hi gh-intensity UV light. The mask 56 may include any suitable pattern of
opaque and cl ear regions that may depend, for exanple, on the desired
pattern to be fornmed in the insulating |ayer 54. This way, portions 55a of
the photoresist |ayer 55 are exposed through portions 56a of the mask 56

sherever  Bank U008 Bl oML PRI e B, SERdyichchaemygih 007

Al t hough F ematica Sstriates mask 56 positioned” over the
photoresist |ayer 55, those skilled in the art will appreciate that mask 56
is typicanﬂ?ﬂéﬂa@@ﬁ“??%ﬁ@?ﬁé‘éhotoresist | ayer 55 and |ight passing

t hrough mask 56 is focussed onto the photoresist |ayer 55. After exposure
and devel opnent of the exposed portions 55a, portions 55b of the unexposed
and undevel ofde)hot or Nekests ilhneratedfin Foguae 4t hghonsresistt layey S5ay éornBd, as
shown in Figure 6. This way, openings 57 (Figure 6) are forned in the

phot or esi %&F}n a&%&%\%@ﬁé@h.ﬁg&ghg@& Lhy2r B8XE cBSYE@ HRAZhA BRAFA

grooves 5 ting , as’illustrated in Figures 7-8. The
grooves 58 are etched to.a dep f. ahqut 5Q0_. Angst.r to abo 2,000
Angst rons,(FfﬁS‘F“eng &BT‘S}“&FI%E&JB@H%W“A é@f‘%ﬂwagﬁﬁé%ﬂgﬁﬁﬁ o the
formati on of the grooves 58, the remaining 9 WO 03/054946 PCT/ US02/ 40352
pattern of opaque and clear regions that may depend, for example, on the desired
pattern to be formed in the insulating layer 54. This way, portions 55a of the

photoresist layer 55 are exposed through portions 56a of the mask 56 wherever

portions of the insulating layer 54 need to be removed.

[0037] Although Figure 5 schematically illustrates mask 56 positioned
over the photoresist layer 55, those skilled in the art will appreciate that mask 56 is
typically spac.d from the photoresist layer 55 and light passing through mask 56 is
focussed onto the photoresist layer 55. After exposure and development of the
exposed portions 55a, portions 55b of the unexposed and undeveloped photoresist
are left over the insulating layer 54, as shown in Figure 6. This way, openings 57

(Figure 6) are formed in the photoresist layer 55.

[0038] An etch step is next performed to obtain grooves 58 in the
insulating layer 54, as illustrated in Figures 7-8. The grooves 58 are etched to a
depth of about 500 Angstroms to about 2,000 Angstroms, more preferably of about

1,000 Angstroms. Subsequent to the formation of the grooves 58, the remaining



portions 55b of the positive photoresist |layer 55 are then renoved by
chem cals, such as hot acetone or nethyl ethyl ketone, or by flooding the
subst r at ew6@3ms0M UV irradi ati on to degrade the remaini ngcpasbz/ans2 55b to
obtain the structure of Figure 8. [0039] Subsequent to the formation of
the grooves 58 (Figures 7-8), a thin barrier layer 59 is forned in the
grooves 58 and over the insulating |ayer 54, and then chem cal nechani cal
pol i shed to rem)ve barrier |l ayer material fromthe top portions of the

i nsul at i n Wwn f rr.i y
conpri se 5%&? %@%vc gh toEc % rll ¢ 55-5?%&?% I]té%rit?fgl/ﬁéliu %‘hcé@taﬁa
tltanlumtungsten (T|W titaniumnitride T| omurg nong
others. Thuclhayhatecetongar m@bylremlr@t@f‘spréﬁ%l ‘i#iec*& stz °0 bond

bet ween the conductive material which will be fornmed |ater and the

i nsul at i ngrrhd@y¥€n Bt dé@abiethie RERYENE ppatdsHGbobo dhtein thersmadnconitipuive | ayer
fromthe insulating layer. In a preferred enbodi ment of the invention, the
barrier lgyer 59 is fornmed of sputtered tantalum In this enbodi nent,

tantalumis deposited to a thickness of about 5nmto about 10nm This |ayer
may al so be conprised of a ferromagnetic mat eri al deposited on the barrier

or in place of he barrier for the_.purpose field sin 0401 Next,
as illustrat @H)sl Fi gutubsq@reny t%%f?éﬂa@%“ﬁé FROVFY g&l 7%37 g?or med over
the barrier layer 59 and the insulating |ayer 54 to fill in the ooves 58.
In a pref ehineishraetiaghr§nis fortninel mahdgeodvee SBandrdvar theoimpulateg la(Yglpg‘é (Cu).
However, other conductive materials such as al um num tungsten or gold,
anmong and then chemical mechanical polished to remove barrier layer material from the top

portions of the insulating layer 54, as shown in Figure 9. The barrier layer 59 may

comprise bonding materials such as tantalum (Ta), titanium (T1), titanium-tungsten

(TiW), titanium nitride (TiN) or chromium (Cr), among others. The barrier layer

59 forms a strong mechanical and chemical bond between the conductive material

which will be formed later and the insulating layer 54 tc help prevent peeling of the

formed conductive layer from the insulating layer. In a preferred embodiment of the

invention, the barrier layer 59 is formed of sputtered tantalum. In this embodiment,

tantalum is deposited to a thickness of about 5Snm to about 10nm. This layer may

also be comprised of a ferromagnetic material deposited on the barrier or in place of

the barrier for the purpose of field focusing.

[0040] Next, as illustrated in Figure 10, a conductive material layer 60 is
formed over the barrier layer 59 and the insulating layer 54 to fill in the grooves 58.
In a preferred embodiment, the conductive material comprises copper (Cu).

However, other conductive materials such as aluminum, tungsten or gold, among
10



10 WO 03/054946 PCT/ US02/ 40352 others, may be used al so. Further, neta
al l oys may be enpl oyed al so, depending on desired characteristics of the
| C devi cewo[08034d}¢ The conductive material |ayer 60 is formew/usves3she
barrier layer 59 by deposition, for exanple, and then excess nmaterial is
renoved to formnetal |ines 62 (Figure 11). In an exenplary enbodi nent of
the present invention, the excess conductive material |layer 60 is renoved
by neans of chemi cal nmechanical polishing (CW). The top surfaces of the

bar i er 18k, Ry b Q8RR BB BAIRE oy ARNGHAIV Y b3 dQRAdMGI 0! 1

across the entire surrace o trate Figure 1 Each
metal line 62 will formt é or.digit line of a conventional NRAM

st r uct ur edesjrod gharacisigsics o t'éﬁk deyise owvp pol i shing process, the top
surfaces of the netal line 62 and barrier |ayer 52 as well as insulating
| ayer 54, although generally flat, may still have unwanted, unfl at

t opogr aphy §804hpwn bﬁhthendoughen@mnpanndﬂbwfﬁnM£dﬁNmmmabmﬂkth6Q and t he
protruding portion 59a of barrier layer 59. This is caused by slight

variati ongg 'b? deDbsiS6h &6k E¥drhMe L thd RHI&bdsBehdt@¥hs ethoveBka8lfolm ARefl2  and
barrier |aye Such “unwan ed t opography can negatively affect

perfornance M tures 0 Hen

enbodi ment® f&t WNR‘Q‘F e@é @W&&"Qb%cﬁ%\ﬁﬂt Pﬁ&ﬁl ] fisr"'élrt1 fﬁvenggg Z%% nd

conductor | ayer or naterlal Iayer 63 is forned over the
excess conductive material layer 60 is removed by means of chemical mechanical
polishing (CMP). The top surfaces of the barrier layer 59 and the metal lines 62 are
generally flat and uniform across the entire surface of the substrate, as shown in

Figure 11. Each metal line 62 will form the bit or digit line of a conventional

MRAM structure.

[0042] However, after the CMP polishing process, the top surfaces of the
metal line 62 and barrier layer 52 as well as insulating layer 54, although generally
flat, may still have unwanted, unflat topography as shown by the roughened portions
62a of metal line 62 and the protruding portion 59a of barrier layer 59. This is
caused by slight variations in CMP selectivity to insulating layer 54, metal line 62
and barrier layer 59. Such unwanted topography can negatively affect performance

of MRAM structures 100.

[0043] Hence, in an exemplary embodiment of the present invention as
shown in Figure 12, a second conductor layer or material layer 63 is formed over the

upper surface of barrier layer 59, metal line 62 and insulating layer 54.
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upper surface of barrier |layer 59, nmetal line 62 and insulating |ayer 54.
11 WD 03/ 054946 PCT/ US02/ 40352 Consequently, roughened portions 62a and

pr ot r udi /gopensddans 59a are conformally covered by the seconbonansuct or

| ayer 63. The second conductor |ayer 63 may conprise bonding materials
such as tantalum (Ta), titanium (Ti), titaniumtungsten (TiW, titanium
nitride (TiN) or chromum (Cr), anpong others. In apreferred enbodinent of
the invention, the conductor layer 63 is formed of sputtered tantalum In

about - 50rPPIRUABH BRI ROPREp 2y Bestilhd KBRS o BRE on BRI

including a resistive material such as TaN, Wsi N or other materials. The
resi stor tayperd bptharecomtbpeonduceer layri 3. tHee sesond congwitor BYeed% msst hed i n
order to preserve its thickness or in place of the conductor |ayer 63.

[0044] Nex$mpas SHUAg ihedridiiiRh b3 rarfREANAT0 PAAUALAT TR Yiemni6d-tuagiteght | y
polished to provide a planar surface for the subsequent fabrication of MRAM

structures.d00 (as describ el aw) . .The rm." i i "41s defined
her ei n asgngg%Féﬂpﬂﬁ”BﬁgﬁgﬁﬂFg(%Fg%g??§%ugg’g@&b%gﬁﬁ%ﬁéﬁggégﬁggg%nductor

| ayer 63 but not enough to pattern define. In other words, a%iop portion
of the seewhddimentéitor invengen, thg cpaditankayerRtisfammed PH#RIeEeH t | on of t he

second conductor layer 63 remains intact, conformally covering roughened
portions Gagland @iy dmibéiinRat thakin® $adepodib& {04 thickakesobf denddenoto | ayer

63 overlying insulating layer 54 is etched in
about 50nm. In addition, this layer may be used as a series resistor by including a
resistive material such as TaN, WsiN or other materials. The resistor layer can be

deposited under the metal layer to be smoothed in order to preserve its thickness or

in place of the conductor layer 63.

[0044] Next, as shown in Figure 13, second conductor layer 63 is lightly
polished to provide a planar surface for the subsequent fabrication of MRAM
structures 100 (as described below). The term “lightly polished” is defined herein as
polishing enough to planarize or flatten the second conductor layer 63 but not
enough to pattern define. In other words, a top portion of the second conductor
layer 63 is planarized and a lower portion of the second conductor layer 63 remains
intact, conformally covering roughened portions 62a and protruding portions 59a.
The portions of conductor layer 63 overlying insulating layer 54 is etched in
subsequent steps (i.e., defining of the magnetic stack). Note, although roughened
portions 62a and protruding portions 59a are not shown, they are still present in the

intermediate structure of Figure 13. However, as noted above, they are covered by

12



subsequent steps (i.e., defining of the magnetic stack). Note, although
roughened portions 62a and protrudi ng portions 59a are not shown, they are
still presens/os4944 he internediate structure of Figure 13pcCiHaseyans2 as

not ed above, they are covered by 12 WO 03/054946 PCT/ US02/ 40352 the

pl anari zed second conductor |ayer 63 and has been omtted fromFigure 13
for sinplicity. Further, in the proceeding Figures, conductor |ayer 63 is
shown as sinply the interface for the MRAM structure 100 and the netal |ine

62/ barrier, | ayer. 59. [0045], Next, t rogcessin . |l etion
of the NRKM%W?GF%@@@%‘E”&%@%%& S?)%f " @Etggzﬁ?wgl%?(ﬁrl g?{lﬂ?y of
magnetic nmultilayer filnms constituting a first ma netic_n%nber 79 are
first forsegploirer Fukderdnahe piaseediag Figups, sandpgtor pycr 63 srshp¥it3r ned int o
pi nned | ayers 91 (Figure 18). The first nmagnetic nenber 79 is formed of
vari ous 1mghely tle infoteice fod@RVIRAed shataite 100 rRdehe eieaillline 6irbatriarsyer

successively deposited over the netal lines 62 and the insulating |ayer 54,
as iIIustﬁgted in Figure 14. [0046] In an exenplary enbodi ment of the
present ihtvention and as illustrated in Figure 14, a first tantalum (Ta)

| ayer 71 (of about 20-400 Angstrons thick, nore preferably of about 50
Angst r ons thick% a first nickel-iron (NiFeéllayeH .73 gﬁ%ﬁ out, 10- 100
Angst rons t HOOR5] mor e News dieapiogessingstansfonihesmgurletiog of the a
manganese-iron (MFe) layer 75 (of about 10-100 Angstrons thick, nore
structures 100 are now carried out. As such, a plurality of magnetic multilayer films
constituting a first magnetic member 79 are first formed over the metal lines 62,
which will be later patterned into pinned layers 91 (Figure 18). The first magnetic
member 79 is formed of various material layers, described below in more detail,

which are successively deposited over the metal lines 62 and the insulating layer 54,

as illustrated in Figure 14.

[0046] In an exemplary embodiment of the present invention and as
illustrated in Figure 14, 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 62,

to form the first magnetic member 79. Deposition of the layers 71, 73,75 and 77
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preferably of about 100 Angstrons thick) and a second nickel-iron (N Fe)

| ayer 77 (of about 10-100 Angstrons thick, nore preferably of about 60
Angst r onswOhiBokdp46 ar e successi vely bl anket deposited over PChashnsusbat i ng
| ayer 54 and the netal lines 62, to formthe first nmagnetic nenber 79.
Deposition of the layers 71, 73, 75 and 77 13 WD 03/ 054946 PCT/ US02/ 40352
may be acconplished by magnetron sputtering, for exanple. However, other
conventi onal deposition nmethods nay be used al so, as desired. [0047]

Fol | owi ng t he, deposi tion, pf the | : , magneti c,

el ectri cal™y lﬁcoﬁégc(?ﬁﬂ)dlé ?C%/gy fnaai‘%?tr%gé%Fe%& g%,cxgglrp%;gg%%’%’g um num oxi de
(A1203) (of about 5-25 Angstroms thick, nore prefera&%y of about 15

Angst r ons cohvesiionak depositigromeehods veay| Be wsgd ke, 85 destredmgnet i ¢ menber 79, as
shown in Figure 15. Although alum numoxide is the preferred material, it
must be understood that the invention is not limted to its use, and other
non- magnet i c[oowRt]er i al Bollowiak ths depgsion ¢Gih) layters AhjA8n7éxdrde’ {, B 02) ,
magnesi um oxi de (MgO), silicon oxide (Si02) or alumnumnitride (ALN), may

be used al ] : [ j j QfurRdReti c
mul til ayern%?'iuf Jﬁgl%g’oerl%%%g‘mg @8@2%6#28 Eégtg ?%grfr%%begrao fgg&;(?%h{r%cit L%‘or %eﬂg over
t he nonmagneti c | ayer aordi ngly

80. Ac .4 N an exenpl.ary_.epbodj ment of the
present i o A80:)40f bowt ﬁﬁgé‘&’&st-r??’éﬁh‘(ckﬁ paye Prég?ﬁﬁffeg‘?utg%ﬁt 10- 100
Angstrons thick, nore preferably of about 40 Angstrons thick), a second
t ant al um (AfgstrbaserhicBBis(radfxt fdratet! b@rlfG the first magnetic member 79, as shown
in Figure 15. Although aluminum oxide is the preferred material, it must be
understood that the invention is not limited to its use, and other non-magnetic

materials, such as copper (Cu), titanium oxide (TiO,), magnesium oxide (MgO),

silicon oxide (8i0,) or aluminum nitride (AIN), may be used also.

[0048] Referring now to Figure 16, a plurality of magnetic multilayer films
forming a second magnetic member 89 are next formed over the nonmagnetic layer
80. Accordingly, in an exemplary embodiment of the present invention, a third
nickel-iron (NiFe) layer 81 (of about 10-100 Angstroms thick, more preferably of
about 40 Angstroms thick), a second tantalum (Ta) layer 83 (of about 10-100
Angstroms thick, more preferably of about 50 Angstroms thick) and a conductive
layer 85 (of about 100-400 Angstroms thick, more preferably of about 200-300
Angstroms thick) are successively blanket deposited over the nonmagnetic layer 80,
to form the second magnetic member 89, as shown in Figure 16. Deposition of the
layers 81, 83 and 85 may be accomplished by magnetron sputtering, for example,

but other conventional deposition methods may be used also, depending on the
14



Angstrons thick, nore preferably of about 50 Angstrons thick) and a
conductive layer 85 (of about 100-400 Angstrons thick, nore preferably of
about 200wB0@3/054mgstrons thick) are successively bl anket @epasor/edspver the
nonmagnetic |layer 80, to formthe second nagnetic nenber 89, as shown in
Figure 16. Deposition of the layers 81, 83 and 85 may be acconplished by
magnetron sputtering, for exanple, but other conventional deposition

nmet hods may be used al so, depending on the 14 WD 03/ 054946 PCT/ US02/ 40352

characteristics .of t vice V. formation
of the Nﬁ%ﬁ?gFPﬂg?ﬁggg ﬁséﬁffﬁb%¥§8ﬂ%%a¥)%§ 5“ ﬁ&ggaéﬁg%p é?gmenbodlnent
of the present invention, the conductive |ayer 85 may be forned of
tungst en MRANGeuuqrwres, 10fFignre2 ldeposited to a thickness of about 100- 400
Angstrons, nore preferably of about 200-300 Angstrons. However, the
invention is not limted to this exenplary enbodinent, this |ayer may be
conpri sed of[0@49¢si st i mexmaieaiplaly eaitatdimendif the phésciginMdent@org thot hers. Thi s

| ayer may act as a series resistor and or a cnp st oppi ng | ayer dependent

on the malendfv@ Mot 85 PSS ERRARE tuagtffe opc (WNASVICI? isAEPbRRRLIS

carbon, various o n|tr| es na d as cnp stops as well as
series resistors. 50] Next yers 71, 73, 7 and 85
(Fi gures 1aathy k%ﬁ*‘éo ‘%te]rd(ﬂsélof) %F@S%OIBF’JPQT@I I?S'?E"(S‘I‘ Wgﬂ}l’@ftrg%]p& g&%s or cells
100 (Figures 17-18) |nclud|ng colums of pinned |ayers 91 and rows of
sense | ayAmngs@a@ms TEsyeveacthe invention is not limited to this exemplary embodiment,

this layer may be comprised of a resistive material such as WN, TaN, WsiN, and

others. This layer may act as a series resistor and or a cmp stopping layer dependent

on the material and thickness chosen. Materials such as a-c amorphous carbon,

various oxides and nitrides may be used as cmp stops as well as series resistors.

[0050] Next, layers 71, 73, 75,77, 80, 81, 83 and 85 (Figures 14-16) are
patterned into a plurality of MRAM structures or cells 100 (Figures 17-18)
including columns of pinned layers 91 and rows of sense layers 92. Thus, each
MRAM structure 100 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 stack forming the
pinned layer 91 is illustrated in Figure 16 as a single layer. Similarly, the multilayer
stack forming the sense layer 92 is also illustrated in Figure 18 as a single layer. It
must be understood, however, that the pinned layer 91 includes portions of the
copper line 62 and of the layers 71, 73, 75 and 77, while the sense layer 92 includes

portions of the layers 81, 83 and 85.
15



MRAM structure 100 includes the pinned | ayer 91 (as part of the first
magnetic nenber 79) separated froma sense |ayer 92 (as part of the second
magnet i c woBes49489) by the nonmagnetic |ayer 80. For sinpkiraisby4o3she

mul tilayer stack formng the pinned layer 91 is illustrated in Figure 16
as a single layer. Simlarly, the nultilayer stack formng the sense |ayer
92 is also illustrated in Figure 18 as a single layer. It nust be

under st ood, however, that the pinned | ayer 91 includes portions of the

i d of I
coPPer | e (h9gH]0 o ERARNEIIN bl ol y@Siing 4 pRydciopaacse | aver

PCT/ US02/ 40352 [0051]  Patternin t he ural.ity of g the
pinned andysermahe qtﬁesw%&wﬁfa%&?h the s afeepiming b Eletes 17 AL | o
patterning of |ayers 71, 73, 75, 77, 80, 81, 83 and 85 may be acconpli shed

by i on ni I76] ng, 8Kis&lh 8Byamidc@h hay biemvcdmplshpdhbsii@amiﬂipgtwlénh mypicilyeach | ayer
by an argon ion beam Patterning may be also acconplished by using a

reactive ﬁ}%@% pﬁ%ﬁ&l ﬂ;@?‘t‘i{{ﬁ{ ach® CF%)T‘Q?P bgon!iBn RhACIPRErEME! Ry 8N

resonance densi y asngs, such as an inductively
coupl ed pl asma system,  or a helicon plasma syst g a|n|n chlorlne as
e

the sour célsgascomplished &?Véls’c% LIFAGe LA ekt ag‘ argon, neon
or helium anong others, may be used al so. In any event the pi nned and
sense | ayelestrof ]:ycl@ﬁoarresqnand:ee(rE@Ri) anothet bighddensity pbsmtaheuph aad | ayers 91
correspond to the netal lines 62 that formthe bottom el ectrodes of the
pinned | anﬁfu%ti%ly 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. In any event, the pinned and sense layers

91, 92 are patterned and etched so that the pinned layers 91 correspond to the

metal lines 62 that form the bottom electrodes of the pinned layers 91.

[0052] Next, an insulating layer 95 (Figure 19) is formed overlying the
substrate 50 including the MRAM-structures 100 to a thickness of about 90-10,000
Angstroms, more preferably of about 5,000 Angstroms. The insulating layer 95
completely fills the spaces between any adjacent MRAM structures 100, as shown in
Figure 19. In an exemplary embodiment of the invention, the insulating layer 95 is
formed of a nitride material such as silicon nitride (Si;N,), which may be formed by
conventional deposition methods, such as sputtering by chemical vapor deposition
(CVD), plasma enhanced CVD (PECVD), or physical vapor deposition (PVD),
among others. However, other conventional insulating materials, for example,

BPSG, aluminum oxide, a thermal oxide of silicon, such as SiO or SiO,, or a high

16



[ 0052] Next, an insulating layer 95 (Figure 19) is formed overlying the
substrate 50 including the MRAM structures 100 to a thickness of about

90- 10, OOOWoABgsuons, nore preferably of about 5,000 Angstrcoroso/di3s2
insulating layer 95 conpletely fills the spaces between any adjacent MRAM
structures 100, as shown in Figure 19. In an exenplary enbodi nent of the
invention, the insulating layer 95 is fornmed of a nitride material such as
silicon nitride (Si3N4), which may be formed by conventional deposition

met hods, fynSdrl EEhba hfiaé, MeRadicldeprsiohsant inogddaic  pl asnm
enhanced S%%B((‘%Eg/%%ytrﬁr’ physi (?;[I;a?/qggor adeposi tion (PVD), anong others.

However, other conventional insulating materials, BPSG

al uni num &3ateeal, %’[“?FP@PH&H‘%?&%% clf]%l?l prsEed ek rgépéf%ﬁg%?%yf d “or a high
16 WO 03/054946 PCT/ US02/ 40352 tenperature polyner, such as a polyimde, a
| ow di el ectric constant inorganic material, anorphous diel gcﬁ_ri C, ﬁg bi as
sputtered qufOG3]may aSuhoedeensiplthy rmarigosdtheisulagng fyer §o{Kguol tat i on
of the insulating layer 95 (Figure 19), portions of the insulating |ayer

95 that apgrhHsBItheVRulding lhyR 9suhhege fofmédiever MRAbsiurtict of ése 100 are
renoved by neans of chem cal nechanical polishing (CWP) or well-known R E

dry etchi cesses. 1 an . _ex r .I[EEQ ';SB{fsﬁ'ﬁl on, the
i nsul ati nyﬁmfﬂﬁ%‘“ﬁg 1c e%cégp%?’rng%ﬁ%lﬁ}eca 8€&o i sFlaelgﬁcscg t 3lt an bravi se
polish renoves the top surface of the insulating | ayer 95 apoye the .MRAM
st r uct ur e$CMB) odwelrknewsrRiFedmy atping pspeesscsul? 38 £XGPPRRECTER Rle of
t he

the invention, the insulating layer 95 is chemical mechanical polished so that an

abravise polish removes the top surface of the insulating layer 95 above the MRAM
structures 100, down to or near the planar surface of the top surface of the
conductive layer 85, to form respective MRAM contacts 99 in a polished insulating
layer 96, as illustrated in Figure 20. This way, the conductive layer 85, which was
formed as part of the sense layer 92 of the MRAM structure 100, acts as a polishing

stop layer in the formation of the contacts 99.

[0054] Additional steps to create a functional MRAM cell having a contact
may be carried out. For example, Figure 21 illustrates schematically three MRAM
cell structures 100 coupled to a word line 93 that intersects three pinned layers 91
and associated sense layers 92 at respective MRAM contacts 99. As known in the
art, the word line 93 may be formed of copper, for example, by patterning a mask on
a dielectric layer, which is formed over the sense layers 92 including the MRAM
contacts 99, and by forming a trench in which conductive word line 93 is formed on

a direction orthogonal to that of the sense layer 92. For a better understanding of
17



conductive layer 85, to formrespective MRAM contacts 99 in a polished
insulating layer 96, as illustrated in Figure 20. This way, the conductive
| ayer 85,wotwokwov@s fornmed as part of the sense | ayer 92pofi/ushe4dsRAM
structure 100, acts as a polishing stop layer in the formation of the
contacts 99. [0054] Additional steps to create a functional NMRAM cell
having a contact nay be carried out. For exanple, Figure 21 illustrates
schematically three MRAM cell structures 100 coupled to a word line 93

that intergeg \%]nttigﬁeﬁxcqi Slgai #Algﬂﬁﬁﬁ%\n%cr 09 tha2B&CHRIed i%%%@rc'ﬁly gFs 92 at

respective cont act's kno inthe art, the word Iine 93 may be

formed of copper, for exanple, b tterni mask on . digl ectric |ayer,
which is fiBpstage é‘Veﬁ’lnﬂ%ﬁ‘é’%’iﬁ%dlsg@%ﬁ@C@?&i’% E‘HPW Hveorfé/%&ﬁlg’eé(:ont acts 99,
and by formng a trench in which conductive word line 93 is fornmed on a

di rect i on Howhagoiahus betunatersodod Heat senspct byeveeg2he pinned laysrs and sense
under st andi ng of 17 WD 03/ 054946 PCT/ US02/ 40352 the invention, the

pol i shed 'C}E',fe'ﬂé 91,i@aﬁc%élbwg@ch@&dhﬁfé@?ﬁiﬁm%&dviﬂﬁdﬁiiﬁuﬂﬁugﬁlla%} 9d.|lustrate
r

t he pinned 1ayers and sense |layers 91, 92 below the word line 93. However,
it nust be understood that the space between the pinned | ayers and sense

| ayers 91, 9 bel o he td LihRe 93 1S frnlal Lt Iy | ati ng
| ayer 96. [OEQ:@HAI t hog&hog%ﬁf‘%ﬂ%?qiqlwﬁ% ?Sal}dggd\g/%ﬂmaégn%é;g} Jg?%g in direct
contact and adjacent to the word line 93, it nust be understood that the
i nvent i on domtachend hiljai¢radottbe woird lisgiddditmanst beaindentoed thajthe bwantgn is
structures, such as conductive

not limited to this embodiment, and other interceding structures, such as conductive

plugs and /or metal lines from the MRAM contacts 99 to the word line 93 may be

formed also, as desired.

[0056] A typical processor based system 400 which includes a memory
circuit 448, for example an MRAM with MRAM cell structures 100 having MRAM
contacts 99 (Figures 20-21) constructed according to the present invention is
illustrated in Figure 22. 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 (I1/0) device 446 over a bus 452. The memory 448

communicates with the system over bus 452.

[0057] In the case of a computer system, the processor system may include

peripheral devices such as a floppy disk drive 454 and a compact disk (CD) ROM

18



plugs and/or netal lines fromthe MRAM contacts 99 to the word |ine 93 may
be forned also, as desired. [0056] A typical processor based system 400
whi ch i novodess@4érenory circuit 448, for exanpl e an MRAMpairiusovVRAsa cel |
structures 100 having MRAM contacts 99 (Figures 20-21) constructed
according to the present invention is illustrated in Figure 22. A
processor system such as a conputer system generally conprises a central
processing unit (CPU) 444, such as a mcroprocessor, a digital signal

DY 05©S5 0l 81y K n BRI Srclih LU U9 el inBsssanfietmorpmmmni cat s

wi th an input/output evi ce 446 over a bus 452. The rrermry 448

comuni cates with the s stem over bus 57 e @ Co ut er
system tIRY b sembusd ldéprﬂ‘i?ﬁfﬁsf’hdleuéi)% 6%‘?1 f#e%%éleb%r}\?g%ecsde SUCH as gp
floppy disk drive 454 and a conpact disk (CD) ROM 18 WD 03/ 054946

PCT/ US02/ 40352 drive 456 which al so communi cate with CPU 444 over the bus
452. Nenory[0REB] may Bihooghbkimedkeninltrytambgsimeatsisscritedaboppiiiusate i n g
single integrated circuit. [0058] Although the exenplary enbodi nents

descri bednhalgearidd Sttt MIRANE clIQEREireN] 0F hivih @esb’BAMeMRIAMtcbufattsr es 100

hﬁw nghr espective MRAM contacts 99 (Figures 20-21) is to be under st ood
that the ent t.i on _gon |, at t (o} Hlu i
contacts 98{9&(555“:6? rl%ﬁe%ﬂ lﬁifetrogb ?{H{Tget%(s)eﬁfaéytgg ggntpa\r/ Eﬁt%’%‘élrag‘{l ty of
MRAM cel | s arranged, for exa in rows_ and col umms |n a

the use of a plurahty of M contacts 99 of pinned layers and sense layers as part

of a plurality of MRAM cells arranged, for example, 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 magnetic
materials forming such structures, it must be understood that the invention is not
limited to the above-mentioned magnetic materials, and other magnetic and
ferromagnetic materials, such as nickel-iron (Permalloy) or iron, among others, may
be used also. FuLthcr, 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.

[0059] 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
19



menory cell array. In addition, although the exenplary enbodi nents

descri bed above refer to a specific topography of the MRAM structures with
speci fi c wagsei49es naterials form ng such structures, it pustusbe4ssder st ood
that the invention is not limted to the above-nentioned magnetic
materials, and other magnetic and ferromagnetic materials, such as

ni ckel -iron (Permalloy) or iron, anong others, may be used al so. Further,
al t hough the exenpl ary enbodi ments descri bed above refer to patterning of

h j: i i. dth
the gﬁye%%&#ﬁé%gi)rp%n{ RICAINE RLASHIRGRS, (e Pientibn MRk Bhe dpdRERIOR L hat

ventiron contenpla er nmethods of patterning

and etching, [0059] The present jnvention is thus not. limited t he

detail s ofoctgelimited by the fasseing sgsoription %&é&@ﬁ‘dﬂ%@ but is F?E}[TY:a‘b‘B\F‘é‘rl géé‘&"r i ption
and drawings are only to be considered illustrative of exenplary

enbodi mentssophoiheappemded ddimsf eat ures and advant ages of the present

i nvention. Mdifications and substitutions to specific process conditions
and structures can be made wi thout departing fromthe spirit and 19 WO

03/ 054946 PCT/ US02/ 40352 scope of the present invention. Accordingly, the
invention is not to be considered as being [imted by the foregoing
description and drawings, but is only limted by the scope of the appended
clainms. 20 WD 03/ 054946 PCT/ US02/ 40352
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What is clainmed "is: 1. A nethod of fabricating a portion of a nenory cell,
said nethod conprising: formng an insulating | ayer over a substrate;
form ng avonensiadd n said insulating layer; lining said treatiusa/alsa first
barrier layer to a first conductive material; formng said first
conductive layer in said trench; planarizing an upper surface of said

| ayers; formng a | ayer of a second conductive material over said | ayers;
and renovi ng an upper portion of said second conductive layer to flatten an
upper  surf g¢g.Qf cig@h&l 98cond conductive |ayer while leaving a | ower
portion of sal& second conductive layer intact over said first conductive
| ayer. 2. The nethod of claim1l wherein said first barrier layer is
selected fromthe group consisting of tantalum (Ta), titanium (Ti),
titaniumtungsten (TiW, titaniumnitride (TiN) and chromum (Cr). 3. The

thod of chaim 1 whersgj ' . i i f
et hod ot ~chal m SR gﬁ%sgqggglgaoﬁs&%h'dﬁ theyely édl, s#@htahed from

the group consisting of tanta titanium (Ti), titani umtungsten
(Tiw, titaniumpnjtride (TiN) and chromum (Cr). 21 WO 03/054946

PCT/ US02/ 4038pPIdiNgThe net hod of claim 1 wherein said second conductive
| ayer is a

forming an insulating layer over a substrate;

forming a trench in said insulating layer;

linirfg said trench with a first barrier layer to a first conductive material;
forming said first conductive layer in said trench;

planarizing an upper surface of said layers;

forming a layer of a second conductive material over said layers; and

removing an upper portion of said second conductive tayer to flatten an upper
surface of said second conductive layer while leaving a lower portion of said second

conductive layer intact over said first conductive layer.

2. The method of claim 1 wherein said first barrier layer is selected
from the group consisting of tantalum (Ta), titanium (Ti), titanium-tungsten (TiW),
titanium nitride (TiN) and chromium (Cr).

3. The method of claim 1 wherein said second conductive layer is

selected from the group consisting of tantalum (Ta), titanium (Ti), titanium-tungsten

(TiW), titanium nitride (TiN) and chromium (Cr).
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resistive material. 5. The nethod of claim1 wherein said first and second
conductive layers are selected fromthe group consisting of tantalum (Ta),
titani umwoiop/psid ani um tungsten (TiW, titanium nitridePCTiusp2/anssk
chromum (Cr). 6. The nethod of claim1 wherein said insulating |ayer is
selected fromthe group consisting of BPSG SiO Si02, Si3N4 and
polyimde. 7. The nethod of claiml wherein said first barrier layer is
formed to a thickness of about 5 nmto about 10 nm 8. The method of claim

1 wherein sg d second Vst b hereif id8&ond BnblE&kNeRs i9f about 5
nmto about %20 nm 9. ng?ftegltoﬁoﬁcoﬁ%gghﬁel wherein saind uppery%gorti on of
said second conductive layer is renoved by chem cal nechani cal polishing.
10. A rfetisiyg m#teriglhrj cating a portion of a menory cell, said nethod

conprising: formng a first conductor in a trench provided in an insul ating

| ayer; flattening an er surf . Of (e Ry lcat i Hghegad d first
conductor, said flatt 'IHS Oa(%gaé&al ?@S&h‘%%ﬁ%é@g%ur acce ofcggéaid
conductor; forming a material |ayer over said fba tened upper .surface of
sai d i daygrsaare ngleftggdrom shel geaipconpisyRg ebratRlupy ¢ n@ltaQE“‘?/\%?gSF’@S‘WéﬁB

PCT/ US02/ 40352

tungsten (TiW), titanium nitride (TiN) and chromium (Cr).

6. The method of claim 1 wherein said insulating layer is selected
from the group consisting of BPSG, S$iO, SiO,, Si;N, and polyimide.

7. The method of claim 1 wherein said first barrier layer is formed to

a thickness of about 5 nm to about 10 nm.

8. The method of claim 1 wherein said second conductive layer is

formed to a thickness of about 5 nm to about 20 nm.

9. The method of claim 1 wherein said upper portion of said second

conductive layer is removed by chemical mechanical polishing.
10. A method of fabricating a portion of a memory cell, said method
comprising:
forming a first conductor in a trench provided in an insulating layer;

flattening an upper surface of said insulating layer and said first conductor, said

flattening leaving a roughened upper surface of said conductor;

forming a material layer over said flattened upper surface of said insulating layer

and said first conductor; and
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flattening an upper portion of said material |ayer while |eaving intact a

| ower portion of said material |ayer over said insulating |layer and said
first cormomBos494dl. The met hod of claim 10 wherein said matrarsoakossayer is
selected fromthe group consisting of tantalum (Ta), titanium (Ti),
titaniumtungsten (TiW, titaniumnitride (TiN) and chromum (Cr). 12. The
met hod of claim 10 wherein said material layer is a resistive material.

13. The nmethod of claim 10 wherein said insulating |layer is selected from
the group consisting of BPSG. SiQ .Si021. S| 3N4 d, polyi.m de. ,14. The

met hod of cl 3atHnIts %é?%‘?rrp%ﬁ%ogé%’imaé‘?m&%yéfw "'11%?’ NfSt 4O ckness of
about 5 nmto about 20 nm 15. The nethod of claim 10 wherein said upper
por t i onp@ficaaifdaidmaitetibldbydrayer saidinklating frdr fyd she fircabndeadani cal
polishing. 16. A nethod of fabricating a portion of a nenory cell, said
method conprising: formng a first conductor |ayer over an ipsulating

| ayer of a slbstrate; The¢ atetled agclam h‘bp’é&ef%ﬁﬁ@éé’éatéﬁlalé%}ieﬂlslsél}é@, sai d
flattening | eaving a roughened upper surface of said conductive |ayer;
form ngfr@mr@te%rrb cob@yin antahing (T4)atitened (Ipperatumfaceseh (SaVY, | ayers;
and 23 WD 03/054946 PCT/US02/ 40352

titanium nitride (TiN) and chromium (Cr).

12. The method of claim 10 wherein said material layer is a resistive
material.
13. The method of claim 10 wherein said insulating layer is selected

from the group consisting of BPSG, SiO, SiO,, Si;N, and polyimide.
14. The method of claim 10 wherein said material layer is formed to a
thickness of about 5 nm to about 20 nm.

15. The method of claim 10 wherein said upper portion of said

material layer is flattened by chemical mechanical polishing.
16. A method of fabricating a portion of a memory cell, said method
comprising;:
forming a first conductor layer over an insulating layer of a substrate;

flattening an upper surface of said layers, said flattening leaving a roughened

upper surface of said conductive layer;

forming a material layer over said flattened upper surface of said layers; and
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flattening an upper portion of said material |ayer while |eaving intact a
| ower portion of said material |ayer over said conductive |layer. 17. The
met hod ofwoloaios9lé wherein said material |ayer is sel ecteactfusomdsie group
consisting of tantalum (Ta), titanium (Ti), titaniumtungsten (TiW,
titaniumnitride (TiN) and chromum (Cr). 18. The nethod of claim 16
wherein said material layer is a resistive material. 19. The nethod of
claim 16 wherein said insulating |layer is selected fromthe group
consisting of BPSG Si O Si021 Si3N4 and, polyi 'ﬁe 20. .The nethod of claim
16 wher ei n sfhxitr@nmmuawenp&gi@@npésaffbmlaﬂ&ysfV% ¢ lpagdngrt gf?&?f 5 nmto
about 20 nm 21. The nethod of claim 16 wherein said upper portion of said
mat er i ghorkiad OF shid rharatiilaned obyr whbmimchktmebpani cal pol i shing. 22. A
magneti ¢ random access nenory structure conprising: a plurality of

| ongi tudi nal |y extendi ng pl anarized conductive |ines formed over an

i nsul ating |B4er of a ] drims1h wthepeire said aaysesdal ilayer siselseteflagnet i ¢

| ayers over said conductive lines; respective second magnetic |ayers over
sai d fifsh tH@%P@ﬁp EohsRYBESE rarthluhPEBL), QRGIGATTAG titardnd -2 gWen (BIW5EA4946

PCT/ US02/ 4035

titanium nitride (TiN) and chromium (Cr).

18. The method of claim 16 wherein said material layer is a resistive
material.
19. The method of claim 16 wherein said insulating layer is selected

from the group consisting of BPSG, S$iO, SiO,, Si;N, and polyimide.

20. The method of claim 16 wherein said material layer is formed to a

thickness of about 5 nm to about 20 nm.

21. The method of claim 16 wherein said upper portion of said

material layer is flattened by chemical mechanical polishing.
22. A magnetic random access memory structure COmprising:

a plurality of longitudinally extending planarized conductive lines formed over an

insulating layer of a semiconductor substrate;
respective first magnetic layers over said conductive lines;
respective second magnetic layers over said first magnetic layers;

at least one contact; and
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a planarized conductive material |ayer formed between said planarized
conductive lines and said first magnetic |layers. 23. The structure of

cl aim 22 wbaeses44cai d material |layer is selected fromthecgrusup4msensi sting
of tantalum (Ta), titanium (Ti), titaniumtungsten (TiW, titaniumnitride
(TiN and chromium (Cr). 24. The structure of claim22 wherein said

material layer is aresistive material. 25. The structure of claim22
wherein said insulating |ayer is selected fromthe group consisting of
BPSG SiO Si021 Si3N4 and polyimde. 26. The structure of claim22 wherein
sai d mat eri ak planpeized sondiraryd maseraal laygr Expeddbesweamenid PERNaRTadcodstvO0 nm
27. The structure of claim?22 wherein said conductive lines are forned in
a trenchintoidmeehid Arst dhdhnetbslytdt e. 28. A nmenory device conprising: at |east
one magneti c random access nenory cell, said nagnetic random access nenory
cell conmprising a first ferromagnetic |ayer forned over a first planarized
conduct or, a28econd f eflihersagoetre of tlaye22fwlarein seidemataiabilaggrrisselected
ferromagnetic | ayer, a nonmagnetic |ayer between said first and second
ferroma ' f 3¢ ?H'g | | @8d, tiaRReY I titaBWEH-tRh @ eVt ween
said fi ?l'tsb?ﬁ ggen%l?él?ocr%mgnd sgifgd)m?gin?lrsnt( fZ’r romagngiigb | ayer. 2@%%3/%54946

PCTI USOZ] 40392 e (TiN) and chromium (C1)

24. The structure of claim 22 wherein said material layer is a resistive
material.
25. The structure of claim 22 wherein said insulating layer is selected

from the group consisting of BPSG, SiO, SiO,, Si;N, and polyimide.
26. The structure of claim 22 wherein said material layer is formed to a

thickness of about 5 nm to about 20 nm.

27. The structure of claim 22 wherein said conductive lines are formed

in a trench formed in said substrate.
28. A memory device comprising:

at least one magnetic random access memory cell, said magnetic random access
memory cell comprising a first ferromagnetic layer formed over a first planarized
conductor, a second ferromagnetic layer formed over said first ferromagnetic layer, a
nonmagnetic layer between said first and second ferromagnetic layers, and a planarized

conductor layer provided between said first conductor and said first ferromagnetic layer.
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29. The device of claim 28 wherein said material |layer is selected fromthe
group consisting of tantalum (Ta), titanium (Ti), titaniumtungsten (TiW,
titani umwoiosiosees (Ti N) and chromium (Cr). 30. The devi ceprafi/ushzinss28
wherein said material layer is a resistive material. 31. The device of
claim 28 wherein said insulating |layer is selected fromthe group
consisting of BPSG SiO Si02i Si3N4 or polyimde. 32. The device of claim
28 wherein said material layer is formed to a thickness of about 5 nmto
about 20 nm 33. The device of claim 28 wherein said first conductor is
formed in a 20rench of Theslevise ohtleim 28, wierpingeskwarcribbloper is geleceq from
conprising: a processor; and an integrated circuit coupled to said

processQfe oRRIptdndisBAE JF %ﬂltﬂhﬁpﬁfal), iifa6lusi 1D, Branflidrahidn OFiWRahetinm
randon1accéss menory cells, each of said magnetic random access nenory

cell s includi first ferr gnetic layer fornmed over a first planarized
conduct6N?¥%(ig§gﬂﬂﬁF@VWEHH@&@Sic | ayer forned over said first
ferromagnetic | ayer, a nonmagnetic |ayer between said first and second

ferromagneti ggl ayers, | [Phal@MELy&iOY réedivbet ween
said first c%gductor aﬁggégwgk???%?ﬁggfygﬁggﬁ%ticalayeﬂy 56 %D O§/054946

PCT/ US02/ 40352

material.

31. The device of claim 28 wherein said insulating layer is selected
from the group consisting of BPSG, SiO, SiO,, Si;N, or polyimide.

32. The device of claim 28 wherein said material layer is formed to a

thickness of about 5 nm to about 20 nm.

33. The device of claim 28 wherein said first conductor is formed in a

trench of a substrate.
34. A processor-based system, comprising:
a processor; and

an integrated circuit coupled to said processor, said integrated circuit including a
plurality of magnetic random access memory cells, each of said magnetic random access
memory cells including a first ferromagnetic layer formed over a first planarized
conductor, a second ferromagnetic layer formed over said first ferromagnetic layer, a
nonmagnetic layer between said first and second ferromagnetic layers, and a planarized

conductor layer provided between said first conductor and said first ferromagnetic layer.
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35. The system of claim 34 wherein said material layer is selected fromthe
group consisting of tantalum (Ta), titanium (Ti), titaniumtungsten (TiW,
titani umwoiosnseaes (Ti N and chromum (Cr). 36. The syst empafi/ushzioss84
wherein said material layer is a resistive material. 37. The system of
claim 34 wherein said insulating |layer is selected fromthe group
consisting of BPSG SiO Si02i Si3N4 and polyimde. 38. The systemof claim
34 wherein said material layer is formed to a thickness of about 5 nmto
about 20 nm 39. The systemof claim 34 wherein said first conductor is
formed in a 3brench of %‘he§m§gm(§tc@im’,_8'ﬁ wherein said material layer is selected from

the group consisting of tantalum (Ta), titanium (Ti), titanium-tungsten (TiW), titanium

nitride (TiN) and chromium (Cr).

36. The system of claim 34 wherein said material layer is a resistive
material.
37. The system of claim 34 wherein said insulating layer is selected

from the group consisting of BPSG, SiO, SiO,, Si;N, and polyimide.

38. The system of claim 34 wherein said material layer is formed to a

thickness of about 5 nm to about 20 nm.

39. The system of claim 34 wherein said first conductor is formed in a

trench of a substrate.
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