5 June 2006 A METHOD OF | MPROVI NG SURFACE PLANARI TY PRIOR TO MRAM BI T
MATERI AL DEPCSI TI ON FI ELD OF | NVENTI ON [ 0001] The present invention rel ates
to a magnetic random access nenory (MRAM and a fabrlcatlng%nethod

t hereof, and nore particularly to a nethod of |nprOV|n 000 planarity
prior to bit material deposition. BACKGROUND OF THE | NVENTI ON [ 0002]
Magneti c random access nenories (MRAMs) enploy magnetic nultilayer filns
as storage el enents. Wen in use, an MRAM cell stores information as
digital bits, which in turn depend on the alternative susces of

rmonet 7t s O ALY SGE TRl RsoReR Wiy el

resi stance representing a Io c state 0 _and |l ow resistance representing a
logic state 1, or vice vershl RIAL DEP Tﬂﬁﬁfllayer-filn1NRAM

i ncl udes a nunber of bit or dlglt Ilnes |ntersected by a nunber of word
lines. At each intersection, a filmof a nagnetically coercive material is
i nt erposed between the corresponding bit line and word line. Thus, this

magnetic material and the nul tgpipaye OF INVENTHDNt he digit lines forma
magnetic nenory-ell which stores a bit of information. 1 5 June 2006 [0004]

The basic mam)f(yOO(il] enentTlS:fprg‘src]ntNth{o% BiaRetd ghﬁ%ﬂct&t%&éﬂra&css mMemory

(MRAM) and a fabricating method thereof, and more particularly to 2 method of

improving surface planarity prior to bit material deposition.

BAC‘KGROUND 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 suates 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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of a multilayer material, which is typically conposed of a stack of
different materials, such as copper (Cu), tantalum (Ta), pernalloy (N Fe)
or al um num oxi de (A1203), anpong others. The stack may ﬁont i.h as many as
ten different overlapping material |ayers and the |ayeP g@ﬁﬁt)ce 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 exenplary conventional MRAM structure includi ng MRAM
stacks 22 which have three respective associated bit or digit lines 18.

The digit line typi.cally fornmed of copper ﬁ%ﬁi' fhStrub@kded in an
i nsul ating | ay@w]o%% f or %\%&PW&%F‘F%@% st EZPAO an a:3‘1?1@(%'(:5::9reat ed circuit

(1C) substrate 10. Underl ayers 14 may include, for ex e ortions of
integrated cifrcoultilyer maerial, whickpmpiesly comppsed ‘lgap‘i“}‘fﬁé’ggﬁgv&t %?(5‘?“ Ypical ly
formed of ferromagnetic materials, is provided over each digit line 18. A
pi nned | ayersutls acaipped(Ciy), rnedim Egapaaalley (NiFahaetnmiumn fudf f26Pron does
not change during operation of the nenory device. A sense layer 21 is

provi ded OVeim&cdthass T atacknaj boresinlaayany 20ten HiferiRAMedippiks magpalar e
coupled to a word line 23 that i1 ntersects three pinned | ayers 20 and

associ at ed §enSe, J AR TSedqudiie niiehal i tc2@nanskshiFabtitation bB suahystakso be
interchangeaﬁg}}}fOOOG] A CI\/RR]I%/I de\%erq?cntg%rat es magnetic nenory el ements and

o B o PE S i G s

order.

[0005] Figure 1 shows an exemplary conventional MRAM structure
inclading 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



for detecting states in a magnetic nenory el ement, input/output circuits,
etc. These circuits are fabricated in the process of CMOS technol ogy in
order to |l ower the power consunption of the MRAM devic 7 Th %NCS process
requires high tenperature steps which exceeds 300C. fo ﬁ%ﬁ%g%t'ng
dielectric and netal layers and annealing inplants, for exanple. [0007] In
addition, a magnetic nenory el enent includes very thin |ayers, sone of
them are tens of angstrons thick. The performance of the magnetic nenory
el enent is sensitive to the surface conditions on which nagnetic |ayers are

deposi t ed. ?%%E%%{ng%tﬁslﬁ 2105 n %Ce‘?‘%g‘gg}’ A&J&{iﬁbé{/f&u@éut%ﬁﬁiﬂf/ﬁt&at certain

st ages of 0 preven haracteristics of an M devi ce

from degrading. The present invention provj o} f.gblidating an
MRAM havi ng TAeseoritevisy 16 bricatgel in (e BIPTS $O%Mgfes|sotgs§| {EIJS 'gfoq{lﬁetairwagneti c
stack. SUMVARY COF THE | NVENTI ON The present invi&bion‘%rovides a,met hod of
i Mpr ovi ng s tihd poeergbanamption ofithe MEAM dsvicenghe MPS PERES FAYRSHERAM

structures. In an exenplary enbodi nent of the invention, a first conductor
in a trench wmpgunyd das wiickexdeetsA08PC népridayesiongdiclasiriagpd metd (eHce of the
insulating |layer and the first conductor is planarized. This | eaves a

roughened upRgLNSih@GRpIAMNs faeckiptIctor. Further, a material |ayer is
formed over the planarized upper surface of the insulating |ayer and the

first conductor and an upper 3 5 June 2006 portion of the material |ayer is
again planari zggo9] flAlddensd a\Wighed S@MoRGlbméRdhcladdsaesrthin layers,

some of them are tens of angstroms thick, The performance of the magnetic
memory clement 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
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portion of the material |ayer over the insulating |layer and the first
conductor. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008] The above advant ages
and features of the invention will be nore «clearly understood fromthe
fol l owing detailed description which is provided in conf@&3 %8 with the
acconpanyi ng drawi ngs. [0009] Figure 1 is a schematic three-di nensional
view of a portion of a conventional MRAM structure; [0010] Figure 2
illustrates a partial cross-sectional view of a sem conductor topography,
at an internedi ate stage of the processing, wherein a MRAMw || be
constructed in accordance with the present inven i%&%ﬁ£001ﬁ% Figure 3

i || ustr at pertmnpdithd matcpaldayser sssagringriznarnigedery tftepgbw VR 1Y * P8 ent
invention at a stage of processing subsequent to that shown in Figure 2;
[0012] Fi poftidnbfichd tgictial lefer avaatit imbladnplpersad thohest canddffass 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; 4 5 June 2006 [0014] Figure 6 ill ates a parti al

cross-sectional view GREER IQ*@%&&HMM&OH at a stage of

processi ng subsequent to that shown in Figure 5 [0015] Figure 7

illustrates a gmoslal Cridgsbsecidvanagesundfivanires dfeht/Rarnosn wilhlee pPEssent

invention at a stage of processing subsequent to that shown in Figure 6;
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;



[0016] Figure 8 illustrates 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-sectiaonal view of the
MRAM of the present invention at a stage of processing 85988ent 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 s

; ! hown in Figure : Fi gure
12 i1l ustrat ed0814hrt i aFigdros dlustates RIS ST RS bﬁgf“\h eprresent
invention at a stage of processing subsequent to that shown in Figure 11,
[0021] Fi gutle @8sdnt invetticn &2 Bagearipredessnteowbsequent Okt spPaR 1 FIEUFEOVRAM of
the present invention at a stage of processing subsequent to that shown in
Figure 12; 5 5 June 2006 [0022] Figure 14 illustrates a partial
cross- sect i ondl00¥spw of Figuee WRAMrates a phrtialreseeationghréeiy pbEredRAM phge of
processi ng subsequent to that shown in Figure 13; [0023] Figure 15

I Il ustrates tie probdnk flveftidts S SR4del FNpadcewsirgiiubleguiber thFRAM shbwntih Figuresent
i nvention at a stage of processing subsequent to that shown in Figure

[0016] Figure 8 illustrates 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 &;

[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;



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 partial three-dinensional view of the MRAM
of the present invention at a stage of processing subsediht%t% that shown
in Figure 16; [0026] Figure 18 is a partial three-dinensional 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-dinensional view of the MRAM
of Figure 17 at a stage of processing subsequent to that shown in Figure

18; d [0028]_ Fi 201 tial three-di i } MRAM of
Fi gu?g 1[7 at L[Oé)llzgg(raeof tﬁlng‘bz‘%Q‘F”rﬁﬁétgbﬁgaéég‘gﬁ?sg'g%%hag %J's ééf\;m%\éllhg |g§fre 19; °

[0029] Figure 21 is a partial three-dinmensional view of the. M of Figure
17 at a st agke plesant eieBEOIE STABES PEPRESNE WRIAAUEHIRRGTRIG IR '8¢ and a 5
Jane 2006 [0030] Figure 22 is a schematic diagram of a processor system

i ncorporating;the MRAM constructed in accordance with the present

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0031] In the foll ow ng
detail ed description, reference is made to various exenplary enbodi ments
of the inventi@o23These Fafibou} itkntrsteas parddseossbedionkltview sfithkiMRaM ofiet ai |
to enable those skilled in the art to practice the invention, and it is to

be under st 0Q€e R8dnt R0 HOLHA SR PR 0¥ BRI g bERRL @B dhacshdwhia Figaire uct ur al

and
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




el ectrical changes may be made w thout departing fromthe spirit or scope
of the present invention. [0032] The term "substrate" used in the

foll owi ng description may include any sen conductor-based structure that
has an exposed semiconductor surface. Structure nust bel'id®P8t ood to

i nclude silicon, silicon-on insulator (SA), silicon-on sapphire (SQOS),
doped and undoped sem conductors, epitaxial |layers of silicon supported by
a base sem conductor foundation, and other sem conductor structures. The
sem conduct or need not be silicon-based. The sem conductor could be

si licon-germani u germani um. .or gallium arseni de. Wen reference is made
to substrat eﬂ?on”ot he f ol'®YHi dsﬂécglﬁﬁnia?)‘iﬁhﬁ%r,amp&ea\ﬁrgﬁcsssogrs sécglfs's steps may have
been utilized to formregions or junctions in or on the base.sem conductor
or foundat i ioeprpgragng uheMRYDY pognsednpgcqasdance pafhihe PreEeRtineRlRY o i ncl ude

not only elenental netal, but nmetal with other trace netals or in various
all oyed conbi nations with other netals as known in the sem conductor art.
The term"netal” is also intended to include conductive oxides of such

nmetals, as well as doped sem conductors and their respective conductive

oxi des. [0034] Refer rb%‘g}%%\gggg)uém%ﬂ%FTﬁgrmmlejp@rrents are

designated by like re Igures 2-21 illustrate an
exenpl ary enbodi ment of_ a t hod of faqrmng MRAM.structures. Fi.gure 2
depicts a port¢®Hlof a I“s‘éﬁ@’@ﬁ’éﬁﬁ:‘%d?‘kgdg%?&%@ BB WHT & ctﬁr?):eir Vi ng
| ayer 52 has been al ready forned ] , : .
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.



according to well-known nethods of the prior art. The underlying |ayer 52
could include, for exanple, circuit layers form ng CMOS devi ces and
circuits. [0035] Referring nowto Figure 3, an unuiating sayer 54 is fornmed
over the substrate 50 and the underiying |ayer 52. In gﬂ“@%%@ﬁiary

enbodi nrent of the invention, the insulating |ayer 54 is bl anket deposited
by spin coating to a thickness of about 1,000 Angstrons to about 10,000
Angstronms. However, other known deposition nmethods, such as sputtering by
chem cal vapor deposition (CvD), plasma enhanced CVD (PECVD), or physical

Lo TP AT AR 4 BB, M

characteristi t he rea ornme he I nsulating |ayer 54

may be formed of a conventional insulator, for exanpl BP t her mal
oxi de of si IbvgBtal idrpther tsqceﬂwﬂfs?feﬂ,va{ﬁ?“séhﬂﬁdﬁ%b@%%%“ﬁsé""‘s Sy,
Alternatively, a high 8 5 June 2006 tenperature polyner, such gs a

pol yi mi de, emetals hvmaireingbe simicenshistoantt. (s terah | Beihtispbamteadeddrso be
enpl oyed. [0036] Next, as illustrated in Figure 4, a photoresist |ayer 55
is formed ov@idd dmduasielcxides of dalf erctdd as Whik apdaped sepicondicagms and gheirs
exposed through a mask 56 (Figure 5) with high-intensity W light. The

mask 56 nayr&%ghgg%ogmkﬁ§ybh§gie 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 t o%gj; por gieﬁﬁl&néﬁéw% tHeRBaWREK wiHerdMiler dfdnts freidediguscdf t he
i nsul ati ng | ayer need to be renoved.

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 wusiiating 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 SiQ or SiQ,, or a nitride such as $i;N,. Alrernatively, a high



[ 0037] Although Figure 5 schematically illustrates mask 56 positioned over
the photoresist |ayer 55, those skilled in the art will appreciate that
mask 56 is typically spac,.d fromthe photoresist Iaygé 55 @8 | i ght
passi ng through mask 56 is focussed onto the photoresi {UQng 55. After
exposure and devel opment of the exposed portions 55a, portions 55b of the
unexposed and undevel oped photoresist are |left over the insulating |ayer
54, as shown in Figure 6. This way, openings 57 (Figure 6) are forned in

t he photoresist |layer 55. [0038] An etch step is next performed to obtain

grooves 58 in the insulating |ayeyr.5 as.illustrated jn Figures 7-8. The
grooves 58 'é’l“&’c@t“éfﬁé’@f fasucgébi‘ﬁ"%’l’maﬁaﬁta Loy SheAFegas croonﬁ%an %IO%S%t 2, 000
Angstrons, nore preferably of about 1,000 Angstrons. Subsequent to the

f ormati on ofmateniel mayodseke §8ploy¢tk remaining 9 5 June 2006 portions 55b of

t he positive photoresist |ayer 55 are then renoved by chemi cals, such as
hot acetone or nethyl et hyl ketone, or by flooding the substna%e 50 with IJV
i rradiation t@0@Rsgr ade N, ascustratadgn Fegure 6rasplBIpresist By 51s {F@eSt r uct ure
of Figure 8. [0039] Subsequent to the formation of the grooves 58 (Figures

7-8), a thover @@ inb@itidgilypdr 539 Tie ghotoredstilayet feisgrposed sheBghndask 86 t he
insul ating |layer 54, and then chem cal nechani cal polished to renove

barrier |ay gf&%mfs? Wi hifk 44§ TP RghROrtel ARk 56l mijhidiciubs uhpduinblel ayer 54,
as shown in guré 9. e barrier layer 59 may conprise bonding materials
such as tantal um.t Ta) e Lh LM TR Mrac hal ABLHE, FSINISHER, 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
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(TiW, titaniumnitride (TiN) or chromum (Cr), anong others. The barrier

| ayer 59 fornms a strong nechani cal and chem cal bond between the
conductive material which will be forned | ater and the Hnsul&@ing | ayer 54
to help prevent peeling of the fornmed conductive IayerSfPBﬁ? i nsul ati ng
| ayer. In a preferred enbodi nent of the invention, the barrier layer 59 is
formed of sputtered tantalum In this enbodinent, tantalumis deposited to
a thickness of about Snmto about lonm This |ayer nmay also be conprised
of a ferromagnetic material deposited on the barrier or in place of the
barrier for the purpose of field focusing..J0040] Next s ill.ustrated in
Figure 10, &%B UeheRPE %OF‘%{MH%% Eis[sarcf%‘lrnrr% Dge%gyflﬁcém ga;}l’ri er |ayer
59 and the insulating layer 54 to fill in the grooves 58. L a ferred
enbodi ment , supleathmdauens er matlibilkeseneppy REoqcifRIE spbgfiate @i&%@ , ot her
conductive materials such as alum num tungsten or gold, anong 10 5 June
2006 ot her s,irmaiyddretdudegtadal the renfaimibg portione bl tabbteipsthratrugsarecerdligyed al so,
dependi ng on desired characteristics of the I C device. [0041] The
conductive rmaterial layer 60 is fornmed over the barrier |ayer 59 by
deposition, for exanple, and then excess material is renoved to form netal
lines 62 (Figure 11). In an exenplary enbodi nent of the present invention,

the excess copso}i ve mabL&GLA: tb@wceironﬁﬁhdnsofr@a?medoys (Eigixes pfs)cheni cal
mechani cal polishing (CW). The top surfaces of the barrier layer 59 and

the metal 1i96s, 620 sOREEAL th b Bloctiicbsiid QIoMURGRARREcRY] T &

surface of the subs as s

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 veeling 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 5nm 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 bartier 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




Figure 11. Each netal line 62 will formthe bit or digit line of a
conventional MRAM structure. [0042] However, after the CMP polishing
process, the top surfaces of the netal |ine 62 and barrier |ayer 52 as
wel | as insulating | ayer 54, although generally flat, ﬁﬂgpeéppg| have
unwant ed, unflat topography as shown by the roughened portions 62a of

netal line 62 and the protruding portion 59a of barrier layer 59. This is
caused by slight variations in CMP selectivity to insulating |ayer 54,
metal line 62 and barrier layer 59. Such unwanted topography can

negatively affect performanc f MRAM structures 100, 0] , In an
exenpl ary EBEsimRMRe wid the g?@ggnfnef;‘w@]%f Wﬁ%5§mp cﬁ'(‘f&/na[slgh‘fr |%‘§$€8§2, a
second conductor |ayer or material |layer 63 is forned over the upper
surface of desirad characeeyistics 96theni€i d¢videi ne 62 and insul ating | ayer 54. 11 5
June 2006 Consequently, roughened portions 62a and protruding portions 59a
are conformally covered by the second conductor |ayer 63. The second
conduct or | ay0463 rmy Thesnpdicsize batatiahlgyar§Ody fosmsd eueqthg Sagrishl¥tum ( Ta) ,
titanium (Ti), titaniumtungsten (TiW, titaniumnitride (TiN) or chrom um
(Cr), anmongooyhipositibi, far Praafpdd, nad theandxods mardriabis rerheveidrredom otal t he
conductor layer 63 is fornmed of sputtered tantalum In this enbodi nent,

t ant al T i t thi bewhabtnhe |
antal um i tq,#qi@?g@ %@@ #&3 At SKRBRSy GhbcHRkhr ST bRsenthOuhon), n

addi tion, _ be used as ‘a series resistor by including a

:::rsll Egl ve MeL&l Icc?nldu%tlil\(r:chmgtscri;.rﬁalﬁlfer YO EN Qv fheRIgEch8hRal O Sahiedl Stor |ayer
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 ofa 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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deposited under the netal |layer to be snoothed in order to preserve its

t hi ckness or in place of the conductor |ayer 63. [0044] hbxt as shown in
Figure 13, second conductor layer 63 is lightly polishgq, @ﬁ V|de a

pl anar surface for the subsequent fabrication of MRAM b % es 100 (as
descri bed below). The term"lightly polished" is defined herein as
pol i shing enough to planarize or flatten the second conductor |ayer 63 but
not enough to pattern define. In other words, a top portion of the second
conductor layer 63 is planarized and a |ower portion of the second

conductor |a 63 remains intact, conformally coveri ou ned, portions
62a and proﬂ%ﬂ@ﬁqwgntﬂ)br“w@ﬁ%c%womr% %rﬁrPWSPomﬁgf‘ ‘T%aff’ a.g‘g
overlying insulating layer 54 is etched in subsequent steps (i.e.,

defini ng of c:bxhﬁcdhgﬁetscmndtcandh)ctomee63aﬂﬁlh@%¢@ndﬁeﬂ@-ﬁé?réa¥“|§§rfﬂ‘fyons 62a and
protrudi ng portions 59a are not shown, they are still present in the

i nter medi at eompfistAonden atEfiQ&Jﬁ&h:hgtanMMﬁ\(@ﬁ),, tiesiuno { EJ), tisoine-tirigsenar e
covered by 12 June 2006 the planarized second conductor |ayer 63 and has

been ori t1 efirby PIITRNridd (FR) or hiTRbiA (O, sFibhfliRhers.| Th & prgtedceedi ng
u

Fi gures, tor layer 63 i1s 'shown as sinply the interface for the MRAM

structure 100 and the.pet.al L. r LP04RLNEXt, the
processi ng g?gﬁgm?egf ofﬂgc u(‘:\f)erlrlpf)e’tﬁhgﬁé%ﬁ; 41%)’!\*?%\//& f(sn"é_hrgcudct es l‘fOO are now
carried out. As such, a plurality of naggFtlc mul ti

constltutlnﬁ“%ﬂ??#é@thﬁﬁﬁ@Pﬁﬁ“W§ ROsfted Ig 2 #B? é?uﬁﬁgnnetm

| i nes 62, . )
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 meral 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 lighdy
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 5%a.
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




which will be later patterned into pinned |layers 91 (Figure 18). The first
magnetic nmenber 79 is fornmed of various material |ayers, described bel ow

in nore detail, which are successively deposited over the netal lines 62
and the insulating |ayer 54, as illustrated in Figure J#0c28896] In an
exenpl ary enbodi rent of the present invention and as illustrated in Figure

14, a first tantalum (Ta) layer 71 (of about 20-400 Angstrons thick, nore
preferably of about 50 Angstronms thick), a first nickel-iron (N Fe) |ayer
73 (of about 10-100 Angstrons thick, nore preferably of about 60 Angstrons
t hi ck), a manganese-iron (MFe) |ayer 75 (of about,lg-loo Anﬁf%i ns thick,
more  pr ef ghaplagatgedabennd cooduapgleyer Sdsndiiag Ryenpmited oo KU Tiron

(Ni Fe) layer 77 (of about 10-100 Angstrons thick, nore preferably of about
60 Angst r orgmplitigk Furthes iis teqrecediaFipiren kendudepdaict 63 sopewnehe i nsul ating
| ayer 54 and the netal lines 62, to formthe first magnetic nenber 79.

Deposi ti on @f oihEe [R%LS fkhe KERAMS @B 100 ancbthbunaalB@es 2yhyrrive layer
acconpl i shed %y magnetron sputtering, for exanple. However, other

convention depositi on nethods nmay be used al so, as desired. [0047]
Fol | owm ng tfé deposition of the layers 71, 73, 75 and 77, a nonnagnetic,
el ectrically nonconductive |layer 80 fornmed of, for exanple, alum num oxide

(A1203) (of ag(%atsi]S- 25 I@‘nggéh%g}?ﬁccésm;glcs&pswfm {)ﬁjﬁﬁggloyﬂg}fMMt 15

Angstrons thi S next overlying the st magnetic nmenber 79, as
rsrng}[m bei ¥ Fsitr%légu?csll%(} z'tbr\lc tng?vuc%prie%lol{lrtﬁ ug&c%),(!agﬁlréhsty top %a&ﬁc%&%&lﬁﬂy%rﬁg tal, it
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 nickei-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 16-100 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

13



understood that the invention is not |limted to its use, and ot her
non-magnetic materials, such as copper (Cu), titanium oxide (TiO02),
magnesi um oxi de (MgO, silicon oxide (S 02) or aluninun1nitr@&§ (AIN), may
be used al so. [0048] Referring now to Figure 16, a pl ur a5 2890 nagneti c
mul tilayer films formng a second magnetic nenber 89 are next forned over
t he nonmagnetic | ayer 80. Accordingly, in an exenplary enbodi nent of the
present invention, a third nickel-iron (NiFe) layer 81 (of about 10-100
Angstrons thick, nore preferably of about 40 Angstrons thick), a second
tantalum (Ta) | ayer 83 _(of .about 10-100 _.Angstrons th%pk, nnngmpreferably
of about 50 P@yRE FGAEPHRICELY magaeEoR ISEREEr CRMPL: BEVERF UB8ut 100- 400
Angstrons thick, nore preferably of about 200-300 Angstroms thick) are
successi vel yobvenional drposisipn et thode may ths useshig aedestedayer 80, to formthe
second magnetic nmenber 89, as shown in Figure 16. Deposition of the |ayers
81, 83 and 85 may be acconplished by magnetron sputtering, for exanple,

but ot her convftd7zdnal diplowirty the depishivdof thylaysss G5B, Ip96d 7dependi ng on
the 14 5 June 2006 characteristics of the |IC devices constructed previously
to the formaidmmugabié, ReclYRAM sdrcosducieslat@B0(bimed of, Rirjexafpleddiiminvnan

exenpl ary enbodi nent of the present invention, the conductive |ayer 85 may

be formed ofgfu N(gét(‘? Bt doQ95 5 (Ao ik bior8 SREGABISAS abicut a5t hi ckness of
about 100-463§An sir%ész nor e pre_er%bly of_abogt 200?300 Angst r ons.
However, tNe, SR Rl i nBRommdd §EyihQ et RASHIRL Mt HO s RBYn

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.

[00438] 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, 2 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



this layer may be conprised of a resistive material such as WN, TaN, Wi N,
and others. This layer may act as a series resistor and or a cnp stopping
| ayer dependent on the nmaterial and thickness chosen. Materi b such as
a-c anor phous carbon, various oxides and nitrides may Gémﬁgéﬁ és cnp 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 MRrs.M structures
or cells 100 (Figures 17-18) including colums of pinned |ayers 91 and
rows of sense layers 92. Thus, each MRAM structure 100 includes the pinned
| ayer 91 (as part of the first magnetic , nmenber, 79 arated froma sense
| ayer 92 (ashpasterigics phihe gégﬁﬂxﬁﬂﬁﬁ%FﬁeiH@ﬁﬁﬁﬁyu%éfiﬁgn¥ﬁﬁ' 5%%agnetic

| ayer 80. For sinplicity, the multilayer stack formng the pinned |ayer 91
is illustratdBAMstRiqyerce19® (Figum Hi)ngl e | ayer. Simlarly, the nmultilayer
stack formng the sense layer 92 is also illustrated in Figure 18 as a
single layer. It nust be understood, however, that the pinned | ayer 91

i ncl udes porti[@@49bf t hdén aceppeplatdyienbodnean of tie present inyestionythe 737 75 and
77, while the sense layer 92 includes portions of the layers 81, 83 and
85. is 5 Jungnd@Qbe [:065¢9 mRpbt Eriticd@f aingstan nixtapenl (W), ofhidhay degositat mi ng t he
pi nned and sense |ayers of the MRAM structures 100 (Figure 18), that is

patterni ng qf, alta%ﬁ{cgs gﬁaho&???(}]/i@ﬁ)ﬁn str&Hs, nfbke pRerablfl oBBbsmR0ODB0aCCOND! i shed

by ion mlling Ich typica I nvOl ves "physi cal sputtering of each |ayer
by an argon jon bea Pat t er,ni.ng. nay.be .al. e d%ditsdnRg a
reactive pl é@%%é“%’i‘%%“b"&’ roghr?ela%nfl(?%'{ lse%<°§#§11%,8 t?%ﬁ?@}’é pilly i

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.
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el ectron cyclotron resonance (ECR) or other high density plasms, such as
an inductively coupled plasma system or a helicon plasma system
containing chlorine as the source gas. A mxture of chlorine with other
gases, such as argon, neon or helium anong others, na@l‘-lﬁ'é%%d al so. In
any event, the pinned and sense |ayers 91, 92 are patterned and etched so
that the pinned | ayers 91 correspond to the netal lines 62 that formthe
bottom el ectrodes of the pinned |layers 91. [0052] Next, an insulating |ayer
95 (Figure 19) is fornmed overlying the substrate 50 including the

MRAM structures 100 to a thickness of abo 90:10.000 Angst.r nor e
preferably of [§dlt 5, d@GtCKHﬁ%Pfa‘ﬁé’?“rﬁ‘Lﬁéoﬁqgﬁf forming 5?&’@5*‘“&%%“&& etely
fills the spaces between any adjacent MRAM structures 10 as {}_?)Wn in
Figure 19. lhyernof e MBAN strisiresil Ofbriguse 18 hahat iRattcryng lagers ﬁi %ting

| ayer 95 is forned of a nitride material such as silicon nitride (Si3MN),
whi ch may bgs fam geds h)83 adrdbanty enakodplsbed by om mdlingebichsyméallas sputtering
by chem cal vapor deposition (CVD), plasma enhanced CVD (PECVD), or

physi cal vapesEAsReatd sPtedRYIf cachaiRBy M Rgos o bw@y.ePattedhingimaydrvent i onal
insulating materials, for exanple, BPSG alum num oxide, a thermal oxide

of silicon, ﬂ?ou&gorﬁgl[isﬁeg)b rusﬁ'gq&acﬁaes@%mmc ,$e€forlﬁl{2§f&%§mbtagm nvention,

t he polished 1 nsu I'ng faye een onitted in Figure 21 to
illustrate the pinned | ayers ag nse.l ayers, 91 2 hel word |ine
93. Howeveflecan %EIQFOBégﬁ?HHEFQ gﬁof RE¥T E{Jﬁé dgﬁsé%@? sgfa\%esg# H:% pi nned
| ayers and sense |ayers 91, 92 and below the word line 93 is filled with
t he i nsul atindyctivalyepupled 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 lé) 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 spurtering 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 S8i0,, or a high
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[ 0055] Al though Figure 21 illustrates MRAM contacts 99 in direct contact
and adjacent to the word line 93, it must be understood that the invention
is not limted to this enbodi nent, and ot her intercedi ggﬁstrﬁgéures, such
as conductive plugs and/or netal lines fromthe MRAM comt®€£8999 to the
word line 93 may be forned also, as desired. [0056] A typical processor
based system 400 which includes a nenory <circuit 448, for exanple an MRAM
with MRAM cel |l structures 100 having MRAM contacts 99 (Figures 20-21)
constructed according to the present inventionis illustrated in Figure

22. A pr OCESB%;P%%FE}{“WC(SF’U Q}Ei}a%gggugxgésﬁ gyssnteg%mg&&pﬁ]afti%egq&gpri ses a

central proc M Cr Opr ocesso Igital
signal processor, or other programmuble digital |ogic deyices, which
conmuni cat esilluggratp thepinpssi leyestapslienta sy %le\%@é’% € ﬁ\{‘ﬁ‘e%gs 452. The
menory 448 conmmunicates with the system over bus 452. [0057] In the case
of a conput eHoswstremmushbe pndososd thas yhe sparaegrwearcthg ginnsdlasiand|scrpevi ces
such as a fl oppy disk drive 454 and a conpact disk (CD) ROM 18 5 June 2006
drive 456 whi:gés @l 592 sehbalow alad o lire 3wl elre inhdatingslags26. Menory 448
may be conbined with the processor, i.e. CPU 444, in a single integrated
circuit. [0058] Although the exenplary enbodi nents descri bed above

illustrate thephsgmati ofickdughtFigere PRAMsERtes MRAMCIont£E XDM diseet ng
respective MRAM contacts 99 (Figures 20-21) it is to be understood that

the present ‘L.(g%g&tahS Qdﬁ&'}'ﬁ ?@ch%&% line 93, it must be understood that the invention is
not limited to this embodiment, and other interceding structures, such as conductve
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 pracessor 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 (1/0) 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
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the use of a plurality of MRAM contacts 99 of pinned | ayers and sense

| ayers as part of a plurality of MRAM cells arranged, for exanple, in rows
and colums in a nenory cell array. In addition, althgg h E@ﬁéexenplary
enbodi ments described above refer to a specific topogr t he MRAM
structures with specific nmagnetic materials form ng such structures, it
must be understood that the invention is not |imted to the
above-nmenti oned nagnetic materials, and other magnetic and ferromagnetic
materials, such as nickel-iron (Permalloy) or iron, anong others, may be

d al so. “alth h th : . b
e A SO e A L Rl e SRR X4 DR TBN &5l openloRpganove

ructur és” by reactive plas etching, it
must be understood that the present. i | on_cont | at es. the. use of
ot her net hauy befcombinedearith Hg PARRESOECISH ﬁé%n‘{‘%g%f Sk?ﬁgrlgﬁcg?gﬁc"icﬁ\}'e ntion is

thus not limted to the details of the illustrated enbodi nent.

Accordingly, the above description and draw ngs are . on t Q, be consi dered
i Ilustrative [805&8kenp| AlhoeshyddickemplaranRadineHs Q%H‘P%}egﬁoésﬂh‘?‘éﬁm and
advant ages of the present invention. Mdifications and substitutions to
specific plicoaastiapafihtdeaviBAM delsdrrugntres H¥) lmgtrespeetiie MRARSgentdehar ti ng
fromthe spirit and 19 5 June 2006 scope of the present invention.

Accor di ngl yg (Fa@rdsP0ENt)iioR b be Ralerkdol eh£ eRspdame thvastioheimgnplaws t ed by the

f oregoi ng description and drawi ngs, but is only limted by the scope of
the appendegl g3 q‘f)iux%l@cy of MRAM 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. Fu;ther, 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 ctching.

[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



5 June 2006 21 What is clained is: 1. A nethod of fabricating a portion of

a nenory cell, said nethod conprising: formng an insulating | ayer over a
substrate, said insulating |ayer having a surface; formng a trench in
said insulating layer; lining said trench with a first S04RE2EY0 | ayer;

formng a first conductive layer in said |ined trench; planarizing an upper
surface of said barrier and said first conductive |layers wwth said surface
of said insulating layer; formng a second | ayer of a conductive nmateri al
over said barrier and said first conductive |ayers; and renoving an upper
portion of said second conductive |layer o .substantially ,flatten an upper
surface of s%PPe Eé’g‘BrP&eSE‘&fHBYfBPPVeAF%f%]/&“g%FHCé“YCéIEW S(oR: t?c?\‘f\éf’mb‘g‘???ﬁn of
sai d second conductive |ayer intact over said first conductive |ayer and
sai d barri erbeidgalpmited by thpHeregpingotsaiption andrawipgss Butis ealydiniredsty Harri er

| ayer is selected from the group consisting of tantalum (Ta), titanium
(Ti), titanissopé ofuhstappendtd Vpimsti tanium nitride (TiN) and chromum (Cr).

3. The method of claim 1l wherein said second conductive |ayer is selected

20



fromthe group consisting of tantalum (Ta), titanium (Ti),
titaniumtungsten (TiW, titaniumnitride (TiN) and chromum (Cr). 5 June
2006 22 4. The method of claim 1l wherein said second conductive layer is a
resistive material. 5. The nethod of claim 1 wherein sa?d#§%¥0 and second
conductive layers are selected fromtHe group consisting of tantalum (Ta),
titanium (Ti), titanium tungsten (TiW, titaniumnitride (Ti N and

chrom um (&) is Frimefé method of claim 1 wherein said insulating |ayer is
selected fromthe group consisting BPSG SiO SiQ2, Si3N4 and pol yi m de.

(i cknoss of abodt Beist B hiRaRE' § podoh M2 ko2 Fo) Sl HRRGT ; 7

sai d second conductive. |layer is formed to a thickness of about 5 rimto
about 20 rim 9. “PH®THEhod of claim 1 wherein the step of renoving an
upper portion of said second conductive |ayer conprises performng a
cheni cal mechaffrmalg polingtiting ber sugrda spperle uefheasulatios Iayerekhioee of
fabricating a portion of a nmenory cell, said nethod conprising: formng a
first conduct osuriaea trench provided in an insulating |ayer; flattening an
upper surface of said insulating |ayer and said first conductor, said
forming a trench in said insulating layer;
lining said trench with a first barrier layer;
forming a first conductive layer in said lined trench,
planarizing an upper surface of said barrier and said first conductive layers with
said surface of said insulating layer;
forming a second layer of a conductive material over said barrier and said first
conductive layers; and
removing an upper portion of said second conductive layer to substantially
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 and said barrier
layer.
2. The method of claim 1 wherein said first barrier layer is selected from
the group consisting of tantalum (Ta), titanium (T1), 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 (T1W),

fitanium nitride (TiN) and chromium (Cr).



flattening | eaving a roughened upper surface of said conductor; formng a
material |ayer over said flattened upper surface of said insulating |ayer
and said first conductor; and flattening an upper portion of said materi al
| ayer while leaving intact a |ower portion of said natédhag2¢%yer over
said insulating layer and said first c@&ductor. 5 June 2006 23 11. The
nmet hod of claim 10 wherein said material |ayer is selected fromthe group
consisting of tantalum (Ta), titanium (Ti), titaniumtungsten (TiW,
titanium nitride (TiN) and chromum (Cr). 12. The nethod of claim 10

wherein said teri | ayer i resistive terial. 13 _The h of
claim 10 wher 2? n sa?heirﬂéﬁ?%toﬁnéaﬁéerw hlelée%%esggdc =Y %’flr%)r%ﬁmfthe 513%1&69%
consisting BPSG SiO Si2, Si3N4 and polyimde. 14. The nmethod of claim 10
wher ei n sES@UKNaMSIAl | ayer is formed to a thickness of about 5 urn to

about 20 nm 15. The nethod of claim 10 wherein said upper portion of said
material |ayef. i s Thametmsdofbslaiohénilsagin seidhast el sqsond sendvgtiva Biye® et hod
of fabricating a portion of a nenory cell, said method conprising :

form ng aaeoseticdd ioni ajergroye coddistings uf’ adritaigml 96 tomiams(Kijt timhegm-
flattening an upper surface of said conductive |ayer, said flattening

| eavi ng atungsten (TiW), titanium nitride (TiN) and chromium (Cr).

6. The method of ¢laim 1 wherein said insulating layer is selected from the
group consisting BPSG, Si0, Si0,, SizN4 and polyimide.

7. The method of claim 1 whercin 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 the step of removing an upper portion of
said second conductive layer comprises performing a chemical mechanical polishing on
said upper surface.

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

flattening an upper portion of said material layer while leaving intact a lower

portion of said material layer over said insulating layer and said first conductor.



| east a partially roughened upper surface of said conductive |ayer; formng
a material |ayer over said flattened upper surface of said conductive

| ayer; flattening an upper portion of said material |ayer; and form ng at

| east one magnetic | ayer over said flattened upper port?dﬂﬁ%@mghid

material layer. 17. The nmethod of clai @316 wherein said material |ayer is
selected fromthe group consisting of tantalum (Ta), titanium (Ti),

titani umtungsien (Thi¥netidd AR 10 hérkSEsal dineriantly 6/ QBlebtal (S the5 June
2006 24 18. The nmethod of claim 16 wherein said material layer is a

aver 1 soBRhne b Q6T L Bl T ebuRSLRre ), S 10

Fo & 't hi BT aBEOURTM Do about 20 nm 21, The method of cl aim 16
wherein said upper portion of said material layer is flattened hy chem cal
mechani cal pol L&hi nghe apethed rpdgelaim dOr ahasn seideBwtanshdayer sisr udeuptee
conprising: an insulating |ayer having a plurality of grooves forned
t herei n; matebal.rier |ayer in each of said plurality of grooves;
13.  The method of claim 10 wherein said insulating layer is selected from
the group consisting BPSG, Si0, Si0,, Si3N; 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 conductive layer over an insulating layer on a substrate;
flattening an upper surface of said conductive layer, said flattening leaving at
least a partially roughened upper surface of said conductive layer;
forming a material layer over said flattened upper surface of said conductive
layer;
flattening an upper portion of said material layer; and
forming at least one magnetic layer over said flattened upper portion of said
material layer.
17. The method of claim 16 wherein said material layer is selected from the

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

nitride (TiN) and chromium (Cr).



| ongi tudi nal | y extendi ng conductive lines fornmed over said barrier layer in
each of said plurality of grooves, said barrier |ayer and said conductive
| i nes having upper surfaces; a planarized conductive teri @%{ayer f ormed
over said upper surfaces of said barrier layer and sai JBB%% ive |ines;
respective first magnetic |ayers over & d planarized conductive materi al

| ayer; and respective second magnetic | ayers over said first nagnetic

layers;. 23. The st THEtHEBo® orCliainn 122 whBRNE SRS AathriaPNaet ik VE rBRiRL al
| ayer is selected fromthe group consisting of tantalum (Ta), titanium

(Ti), titgpijnytungsten (TiW, titaniumnitride (TiN) and chrom um (Cr).
24. The structure of claim22 wherein said conductive material layer is a

t t 25. The st t f cl 2. wh
o d i nsal ati npt ayzﬁ %gogz%fi’@a ? P HETIE RO IS e g
Si2, SiNd and polyim .. The structure of claim22 wherein said

conduct i v@lerﬁ‘?%@&lﬁlsma@BPSf}s SiQ.o¥Re ity dPeiRiEss of about 5 nmto about
20 rim 27. The structure of claim 24 wherein said conductive nateri al
| ayer is a redfstiVhe mattbod af clompié svhegeipmaidofnateail dmeer WSi Ikm@Bie A menory
devi ce conpri si ng:
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:
an insulating layer having a plurality of grooves formed therein;
a barrier layer in each of said plurality of grooves;
longitudinally extending conductive lines formed over said barrier layer in each
of said plurality of grooves, said barrier layer and said conductive lines having upper
surfaces;
a planarized conductive material layer formed over said upper surfaces of said
barrier layer and said conductive lines;
respective first magnetic layers over said planarized conductive material layer;
and
respective second magnetic layers over said first magnetic layers;.
23.  The structure of claim 22 wherein said conductive material layer is
selected from the group consisting of tantalum (Ta), titanium (Ti), titanium-tungsten
(T1W), titanium nitride (TiN) and chromium (Cr).

24, The structure of claim 22 wherein said conductive material layer is a

resistive material.



at | east one magneti c random access nenory cell, said nmagnetic random
access nmenory cell conprising: an insulating |ayer having trenches formnmed
therein; a barrier layer forned in said trenches in the |nsuéﬁ%£ng | ayer; a
conductor formed over the barrier |ayer, said barrier |ayspe conduct or
having a top surface; a planarized condﬁctlve material | ayer provided over
said top surface of said barrier |ayer and said conductor; a first

ferromagnetic bayer ThekFEdwVG c188i £h %@ﬂms@d 1nsu&t1§§qw i QIERRREHRL | ©
| ayer forned over sai d first ferromagnetic |ayer nonmagneti c | ayer

lz)gt m:pefﬁ,{e%&g;%o%ﬁ ﬁggein (5‘3{{1() rs%ﬂrn%dfdk’mﬁﬁf) ; 29. The device of claim

trve maler ab Tayer ‘ected fromthe group

i tant um ni (11 86 (77 ﬁﬁmérﬁ'?%tp'st i %Tﬁe)r@a“t OIS Tor Stk

wherein said material conductive |layer is a re5|st|ve material. 5 June
2006 26 Drmedipa didiness off abephd pnde ahpetZdimnsai d i nsul ating | ayer is
selected fromthe group consisting BPSG SiO Si2, Si3N4 or polymde. 32.
The device of 2F.ai nifA8 swhetned of slaind 2datbereal salidayemddcﬁvé onatveihl tleye is a
t hi ckness of about 5 nmto about 20 nm
resistive material comprising one of TaN and WSiN.
28. A memory device comprising:
at least one magnetic random access memory cell, said magnetic random access
memory cell comprising:
an insulating layer having trenches formed therein;
a barrier layer formed in said trenches in the insulating layer;
a conductor formed over the barrier layer, said barrier layer and conductor
having a top surface;
a planarized conductive material layer provided over said top surface of said
barrier layer and said conductor,
a first ferromagnetic layer formed over said conductors;
a second ferromagnetic layer formed over said first ferromagnetic layer; and
a nonmagnetic layer between said first and second ferromagnetic layers;
29.  The device of claim 28 wherein said conductive material layer is
selected from the group consisting of tantalum (Ta), titanium (T1), titanium-tungsten

(T1W), titanium nitride (TiN) and chromium (Cr).

30. The device of claim 28 wherein said material conductive layer is a

resistive material.




33. The device of claim 30 wherein said conductive material |ayer is a
resistive material conprising one of TaN and WS N. 34. A processor-based

system conprising: a processor; and an integrated ci rg it 5 led to said
processor, said integrated circuit including a plurali ;jJuBfF @C&Sneti c
random access nenory cells, each of sai2é magnetic random access nenory
cells including a first ferromagnetic |ayer forned over a first planarized

conductor, a sepond'rheﬁéﬂe@gpesmpzé %efelﬁ szﬁmuraﬁﬁg 1Rt f skieb®H from the
ferromagnetl c |layer, nonmagnetl c layer between said first and second

fe_rromagn%[ (ll:lg é %[@Blg’%@ §O°§ f*]e%fP&ﬁﬁlgnCt or | ayer provided between

said firs sard etic Iayer 35. The system of

claim 34 vvhere |Tgpanar| ed co duct or | ayer { ) ie ect é‘f

group consi sti g AriteEISGn? PR UMt atea ?ﬁeﬂrh‘?t é‘ha (T|V\)
titaniumnitride (TiN) and chrom um (Cr). 36. The syst em of cI aim 34

wher ei n sﬁil‘@imﬁﬂa?faibplzteﬁn@dﬁ@b@tt@ﬁ) Mayer is conprises a resistive naterial.
37. The system of claim 34, further conprising an insulating |ayer over
said second f@a3r onﬁgaeieivtcc dfaylem Ieheheicm saildcondsethat matgriabyerer iis a
selected fromthe group consisting of BPSG SiO S 2, Si3N and

pol yi m deresfativeRte2A0E0mfrisidBoneldreT Y siEWIPN, cl ai m 34 wherein said
pl anari zed conductor |ayer is

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.

35.  The system of claim 34 wherein said planarized conductor layer is
selected from the group consisting of tantalum (Ta), titanium (T1), titanium-tungsten
(TiW), titanium nitride (TiN) and chromium (Cr).

36. The system of claim 34 wherein said planarized conductor layer is
comprises a resistive material.

37.  The system of claim 34, further comprising an insulating layer over said
second ferromagnecitc layer, wherein said insulating layer is selected from the group

consisting of BPSG, Si0, 510, Si3N4 and polyimide.




formed to a thickness of about 5 nmto about 20 nmu. 39. The systemof claim
34, further conprising a first conductor is forned in a trench of a
substrate underneath said planarized conductor |ayer. 4Q. The @%ructure of
claim 22, wherein respective first magnetic |ayers over *d80820%nducti ve
lines are also over said barrier |ayer.2741. The device of claim 28, wherein
the first ferromagnetic |ayer formed over said conductor also is forned

over said barrigr | g%ersystitr of REuiESHAGhEinCla T@%la}l@dmi%@hdhcw}elai}ére& of

form ng at |east one gnetic layer over said attened portion of said

materi al lLayer.c [1.S rm I of a nmenory el enent stack. 43. The
nmet hod ofh% gpﬁ?%gﬁgﬂnggéa5@%%%???%égpﬁghé?ép of etching said at |east

' 10 he fornad 43he PHRECTRATIRATORPaRh SRR L RBTILTHG At ep. of
formng at | east one non-magnetic |ayer over said at | east one magnetic
| ayer. in a trench of a substrate underneath said planarized conductor layer.

40, The structure of claim 22, wherein respective first magnetic layers over said
conductive lines are also over said barrier layer.

41. The device of claim 28, wherein the first ferromagnetic layer formed
over said conductor also is formed over said barrier layer.

42.  The method of claim 16 wherein the step of forming at least one
magnetic layer over said flattened portion of said material layer comprises forming
layers of a memory element stack.

43.  The method of claim 16 further comprising the step of etching said at
least one magnetic layer everywhere except an area where a memory element stack is to
be formed.

44.  The method of claim 16 further comprising the step of forming at least

one non-magnetic layer over said at least one magnetic layer.



