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-1 lyRAMvmfh Eddy Current Barrier

FErrerrerrirtrrerrerrerrtriiiitittiiltlill Techni cal
Field *159159* This invention relates to nagneto

resi stive random access nenory ("MRAM') w th an eddy
current barrier and refers pa?{ti cularly, though not
excl usi vel to 5 MRAMw th an eddy current ba L
Lo reduce eddy MRAMwithifddy Guerant Basatstor ound?lﬂmlﬂlllllllllll i
known MRAM structure is schematically shown in Fi gug gy, sor
Technical Fiddt rate 101 are: a reference |ayer 103, an
interface |ayer 105, an insulating |ayer 107, a 10

FRRAAGeNtrElclRES td MEjneldtdsisBis randdrt actayemeddry (MRAM?)

cap | ayer 113 is the topnost; layer and is opposite

WitR o d’?t%larrlgmfnc? e%Fsr bfmgﬂﬂﬁﬁ? %oh@ﬁ]ﬁ%‘?%clgglvelg to

arr ow magneti c pl nni'n

WrAf 'Sgghi'gbﬁ%bts?wr?% AR jrent Ry

magnetic field may overlap wth adjacent cells,

| eading to potentially incorrect wites in.the
adjacent cell. This problemis sonetines called the
Backgeaundt or wite disturb problem As such it has
been | ong believed that MRAMis limted to a

AeknainrvRIRAM atrgetueelid scisdragticatly showilihi FigudeabtOMal ubstrate
cycl es, eddy current tunneling may result in | eakage

261 bfe: aaﬂre?éae%smé;fé}qlds a}ﬁhﬁteﬁagehﬁae'mswah rihé/ulatrh%gregmz a

second interface ayer ) layer 111

Eé%og{d;lmeﬁd&%y&r O GindP24rbb Faed 4. T Q4B 06 P18 S topmost

layer and is opposite the substrate _101 . The electric current is shown by arrow

115 and magnetic pinning by arrow 117. Magnetic flipping is bidirectional as

shown by arrow 119.

With MRAM, as each device is scaled .down, the induced magneticz field may
overlap with adjacent cells, leading té botentially incorrect writes in the adjacent
cell. This problem is sometimes called the half-select or write disturb problem.
As such it has been long believed that MRAM is limited to a relative:Iy large cell
size. Also, during fast write cycles, eddy current tunneling may result in leakage
to an adjacent cell. The problem is mainly in the second interface layer 109, and
free layer 111, where external interference, particularly from the pinning layers
103, 105 of an adjacent cell, may cause an incorrect write in the flipping layers

109, 111.
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-103, 105 of an adjacent cell, nmay cause an incorrect

wite in the flipping layers 109,111. | I | 11 11

0T T/ T T Y Y Y Y Y O B OB
*000002* 2 Furthernore, for sone tine MRAM has been
suggested as having |lower swltching energy with

faster switching speed. However, by placing the

Fadhermiaeg, foressime tinleoNEAM haadieept suggestesiabaving lowgr

field interference can happen due to pin |ayer

switoieihg @nergemthifaster switChingapged Adoweden ®ytpacing the individual
exenpl ary aspect there is provided a magnetoresistive

EansleBke 36 6881 ofRIOmAg ﬁef@éMa? filRVihEeRferondy Esh ngﬁen due to
plurality of Iayers on a substrate. The plurali

E?“"‘F&éf ﬁ‘%gﬂé*'éﬁﬁema%{‘ng- | ayers, flipping I ayers, _and

Insulating | ayer between the pinning
| ayers and the flipping |ayers. An eddy current side
wal | encapsul ates at | east the pinning | ayers of the

lurality of layers. The eddy current side wall
iBE¥s a grain insulating layer for electrical

i nsulation, and a magnetic barrier |ayer for magnetic
Asobmlingto ar BxaimplaviRaspdeithere isgyrofided remagoetoresistive random
cap layer on the plurality of layers renote fromthe
avbeds metory TMRANY) device Honspriding\alplurakty ¢iXagsrd on a substrate.

bet ween t he

The plurality of layers comprises pinning layers, flipping layers, and at least one
insulating layer between the pinning layers and the flipping layers. An eddy
current side wall encapsulates at least the pinning layers of the plurality of

layers. The eddy current side wall comprises a grain insulating layer for

electrical insulation, and a magnetic barrier layer for magnetic isolation.

The MRAM device may further comprise a cap layer on the plurality of layers
remote from the substrate. The eddy current side wall may extend between the
substrate and the cap layer for reducing potential interference both magnetically
and electrically. The grain insulating layer may be over the flipping layers, and

the magnetic barrier layer may be over the grain insulating layer.

According to another exemplary aspect there is provided a magnetoresistive
random access memory (“MRAM”) device comprising a plurality of layers on a
substrate. The plurality of layers comprises pinning layers, flipping layers, and

at least one insulating layer between the pinning layers and the flipping layers.
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substrate and the cap | ayer for reducing potenti al
interference both nmagnetically and electrically. The
grain insulating |layer may be over the flipping

| ayers, and the magnetic barrier |layer may be over

the grain insulating |ayer. 28 According to anot her
exenpl ary aspect there is provided a nagnetoresistive
Azapolayecissyer thapluyality pRayeys trmotedrarprihe isubsigate. An eddy
plurality of layers on a substrate. The plurality of
tarentsside walli aeappulatesgnd imselatingfthie piuratityl gfia@yers. Thel eddy
at |east one insulating |ayer between the pinning

taxehtsidd WalllstéhdPRoman Al StweenthelapaRyéd ] tHessdBéWate
the plurality of layers renote fromthe Substrate.

eddy current side wall encapsul ates and |nsulat|ng
the plurality of l|ayers. The eddy current side wall

Bl BPfasrects R et iy side WAl o SreRl hetwtgen paroper

wal | %/ extend between an upper  surface of the
sunace at berybstratetesat Ipagt ate of & pigle wall andadower sudace of the

surface of the cap layer. According to a further
explgyeary aspect, there is provided a nethod of 10

i nsul ati ng a magnet oresi stive random access nenory
("MRAM') device. The ©MNMRAM device conprises a
plurality of layers on a substrate. The plurality of

hewmq%cm Firfst d%nﬂj@@ dPELE Sheld it gﬁbg}ge& AREfhodfrd

['east one insulating’layer betwe e pinning

IrRURlR g halghEtdrbSiBN S Farl KT b cesd ¥ M) FMBRIP] baGiRe. The

MRAM device comprises a plurality of Iayérs on a substrate. The plurality of
layers comprises pinning layers, flipping layers, and at least one insulating layer
between the pinning layers and the flipping layers. The method corhprises
forming an eddy current side wall encapsulating at least the pinning layers of
the plurality of layers. The eddy current barrier is formed by first forming one of
a grain insulating layer for electrical insulation and a magnetic barrvier layer for
magnetic isolation, then forming the other of the grain insulating Iayer for
electrical insulation and the magnetic barrier layer for magnetic iso;Iation.

For the further aspect, the grain insulating layer for electrical insulation may be
formed over side walls of at least the plurality of flipping layers. The magnetic
barrier layer may be formed over the grain insulaﬁng layer. Before forming the
eddy current side wall, a photoresist layer may be formed over those surfaces

where the eddy current side wall is not required. The eddy current side wall may
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form ng an eddy current side wall encapsul ating at

| east the pinning layers of 15 the plurality of

| ayers. The eddy current barrier is formed by first

form ng one of a grain insulating |ayer for

el ectrical insulation and a nf#gnetic barrier layer for
magnetic isolation, then formng the other of the

dedprmed Hylane ofy platingr and sputtering. riheanethesiumay ifethenmbmprise
the magnetic barrier layer for magnetic isolation. 20
forminga dap layer oasipepluralith ef Gyarsirermetel fesr nide ke sifateoThe

el ectrical insulation nay be fornmed over side walls

@ddpiculrens sidehgalPialdld foym@H tetleen ik S@ydfate ahB8he cap layer
maghetic barrier |ayer nmay be fornmed over the grain

Eﬁ%’daginpgadt@ﬁ( | intBRERIrRe A r@e‘ﬁgglfgﬁc}frgge%g@c:aﬁ‘ly The eddy

a photoresist layer

t urfaces re t ddy current side | i

SOeL S R oy L3Rl d BeRisin ShuerLsirgs Shinasubstrate to a
formed by one of: plating, and sputtering. The net hod

‘RApt roe &rside walliand a faweriswifagef ghe a%?am- t he

plurality of layers renote fromthe substrate. The

eddy current side wall may be formed between the

substrate and the. cap layer for reducing potential

Fot aflfaspectsptheonbgnagnibairiepldyer ansy edrapkisé aahaterialRgving
eddy 5 current side wall nmay be formed between an

g?lgg\!ﬂg l!ﬂ\fd‘l‘?ﬁ@raﬁfagtﬂéﬁc %‘r‘@éérfi@é.eﬂ?&?ﬁatteriél gﬁ%%bQ 38| oercf‘from:

and a |"ower surface o e ca yer.

Shbet 8o BTN o L e Elp BRI 196 g
BB S 1 Bt TRl S s et e e
content. The grain

The grain insulating layer may be: Al,O3, FexO3 or B2Os.

Brief Description of the Drawings

In order that the invention may be fully understood and readily put into practical
effect there shall now be described by way of non-limitative example only
exemplary embodiments, the description being with reference to the

accompanying illustrative drawings.

In the drawings:
Figure 1 is a schematic illustration of a known, typical MRAM structure;
Figure 2 is a schematic illustration of an exemplary embodiment of an MRAM

structure; and
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insulating |ayer may conprise: an 03 conmpound, or an
03 conpound of a netal. The grain insulating |ayer
may be: A1203, Fe203 or 8203. Brief Description of the
Drawi ngs 15 In order that the invention may be fully

‘understood and readily put into practical effect

there shall now be described by way of non-limtative
&girpl Rischsgheraatimiustrgtiamebanather exemplarylesbodjméentrof an
being with reference to the acconpanying illustrative
dRAVhgtsuct@@. Il n the drawings: Figure 1 is a schematic
illustration of a known, typical MRAM structure,;

Figure 2 is a schematic illustration of an exenplary
enbodi nrent of an MRAM structure; and 5 Figure 3 is a

A ! | thodi ¢
SR Bﬁsﬁ&*@%@tﬁ%‘%&ﬁ?&ﬁ@?ﬁ%ﬂ?‘%ﬁ of the

. q . . . .
S e T I PR e e Rk e TBTRIPRFS nHErels Yiires et
nunber indicating the relevant drawing figure. As

REMRes irdicatingbe Telavapharawing figuraict ure 100 is
schematically shown in Figure 1. On a substrate 101

are: a reference layer 103, an interface |ayer 105,
10 an insulating | ayer 107, a second interface IaEer
Ag9mentivhed dlvee, laskrRywnlMRAM structure 100 is schematicalyly shown in
Figure 1. On a substrate 101 are: a reference layer 103, an interface layer 105,
an insulating layer 107, a second interface layer 109, and a free layer 111. A
cap layer 113 is the topmost layer and is opposite the substrate 101107 (as an
electrical connection layer). A grain-to-grain insulator (not shown) is provided.
The electric current is shown by arrow 115 and magnetic pinning by arrow 117.
Magnetic flipping is bidirectional as shown by arrow 119. This structure suffers
from the half-select or write disturb problem; eddy current tunneling during fast

write cycles; eddy current leakage to an adjacent cell; magnetic stray field

interference; and imperfect anisotropy uniformity during thermal conditions.

In Figure 2 there is shown an exemplary embodiment of an MRAM structure
200. On a substrate 201 are: a reference layer 203, an interface layer 205, an
insulating layer 207, a second interface layer 209, and a free layer 211. A cap
layer 213 is the topmost layer and is opposite the substrate 201. The electric
current is shown by arrow 215 and magnetic pinning by arrow 217. Magnetic

flipping is bidirectional as shown by arrow 219. All of this is similar to the known
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cap layer 113 is the topnost |ayer and is opposite the
substrate 101107 (as an electrical connection |ayer).

A grain-to-grain insulator (not shown) is provided.

The electric current is shown by arrow 115 and

magnetic pinning by arrow 117.6 Magnetic flipping is

bi directional as shown by arrow 119. This structure
Structirg of Figurerh. imadditipn - fos the-exemplary embgidimentthere is an
probl em eddy current tunneling during fast wite

eyidy esirreati dileonall generatpklagignatedeas 28] acenthecRAM structure
magnetic stray field interference; and inperfect

aposot ropy uniformty during thermal conditions. In
Figure 2 there is shown an exenpl ary enbodi nent of an
MRAM structure 20 200. On a substrate 201 are: a
reference | ayer 203, an interface |ayer 205, an

TR ABrd 4o S8 228 1§ RPSShe BN BES e surrents

| ayer and is opposite the substrate 201. The electric
AHFIR RSO IeNGKR e'sytrk&ﬁhbwsyﬁmsna hasgwetGampenantAayass: a grain
arrow 217. Magnetic flipping is bidirectional as
Hakierokayar 23%viaredectrical insulatiors ansl & magnetic artiérdayer 224 for
known 6 structure of Figure 1. In addition, for the

enagnetiarigolatidre Asvstdwr the @yrain igslaties yee QQBQ@tmﬁie@lﬁately
wal | generally designated as 221 over the MRAM

&H{dé:@ht‘fh% MBM shudfife Q@éhn@%ﬁé‘?ﬁé r%t@eoélvﬁlel |a§%ﬂ§b§ is applied

not conducive to conducting e rrents

I I
ST Ao o e g ol e e s o

§ r%mﬁé: gtely a Jgégrtlt'tﬁe MIQRE/I Sriciar eﬁé& dr tli'nleegrra!nal\slg{ation layer

223 may be applied over the magnetic barrier layer 224.

The grain isolation layer 223 is of a material that provides electrical current
protection preférably by electrically shorting an external interference signal. It
may be of any suitable material such as, for example, an Oz compound,
particularly an Oz compound of a metal. A metal is preferred for rigidity. For
example, the grain isolation layer 223 may be one or more of: Al,O3, Fe,O3 and
B20s. The grain isolation layer 223 covers at least the flipping layers 209, 211 to
shield them from external signals that may cause incorrect writes; and also may
stop interference signals emanating from the flipping layers 209, 211. Preferably,
the grain isolation layer 223 fully encapsulates the MRAM structure 200 from an
upper surface 225 of the substrate 201 to a side wall 227 or lower surface 229

of the cap layer 213.
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magnetic isolation. As shown, the grain isolation

layer 223 is imedi ately adjacent the MRAM structure

200 and the magnetic barrier |ayer 224 is applied 10

over the grain isolation |ayer 223. However, the

magnetic barrier |ayer 224 nay be i medi ately

adj acent the MRAM structure 200, and the grain

isolation layer 223 may be applied over the magnetic
barrier |ayer 224. The grain isolation |layer 223 is of

d heegrain isblatibatiayar@&3deay deaappliedaisingknewn techimiques such as,
protection preferably by electrically shorting an

¢t eamaplel plating oF %6Qﬂeﬁrh936ﬁAlO bk Sth&%ﬁﬂylﬁ@ﬁ photoresist
suitable material such as, for exanple, an

r

R 1 os Sfftdces °?fééf¥'ﬁ§9?ﬁ%9@?@%’3224%@%&"%

223 may be one or nore of:
%&%6%11#%5%@|§ﬂ%h?§903 The grain isolation |ayer 223
covers at least the flipping layers 209, 211 to 20
shield themfromexternal signals that may cause
incorrect wites; and also may stop interference
Jihgrmmagneticririenlpyer 884 ihef 2 Magriaihavingrelathdy hight .
Preferably, the grain isolation |ayer 223 fully

pacanagheticesropbeideridhsds foe exampld) T, rarmlpand BpwEs at least the
surface 225 of the substrate 201 to a side wall 227 or

klmpﬁﬂ% RyefP269,229 ©f sHidlE thém ﬂ’@ﬁfi %rxt@fﬂaﬁl magngf@s@hﬁlsﬁhat may

i sol ation |layer 223 may be applied using

LAl ey LRI it e e
%er éltné fFo{ﬁﬁZr?eE ﬁlﬁ{)&% S?gré‘.oéogr, %’ql’f E’Iré}grgbqﬁ tﬁcre %ggnet%%arrler
layer 224 fully encapsulates the MRAM structure 200 from an upper surface
225 of the substrate 201 to a side wall 227 or lower surface 229 of the cap layer
213. The magnetic barrier layer 224 may be of any suitable material having

relatively high paramagnetic properties such as, for example, copper or a

compound of copper having a high copper content.

The magnetic barrier layer 224 may be applied using known techniques such as,
for example, plating or sputtering, after applying a photoresist layer to those
surfaces not requiring the magnetic barrier layer 224 (e.g. the top of free layer

211 or cap layer 213).

Therefore, the MRAM structure 200 is shielded from external interference by the

eddy current side wall 221, the cap layer 213 and the substrate 201. The
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5 layer 211 or cap layer 213). The magnetic barrier
| ayer 224 is of a material having relatively high
par anmagneti c properties such as for exanple, Cu, or
Al, and covers at least the flipping |ayers 209, 211
to shield them from external r?agneti c signals that may
10 cause incorrect wites; and also may stop magnetic
ietesplptattasensq maydetiamaenagr mosenadiasent celfs erfrom another
| ayers 209, 211. Preferably, the magnetic barrier
Isayee ioh 4s)lfoyexarples alpoives suipplyWRAM st ruct ure 200
froman upper surface 225 of the substrate 201 to a
side wall 227 or |ower surface 229 of the cap |ayer
213. The magnetic barrier |layer 224 may be of any
igdrad shdd §VaRhtiGR IO %ﬁh[tﬁlﬁﬁéa’.ﬁb!ra;é}argﬁog, 311 having
as, tor exanple,’ copper

par anagneti c properties $Suc

of .. C er _havin [gh copper,content. .
Fhefes STREBRUAS stlaviIRRES sRual a3y HiB e PR rtrgeht sice
kn t echnj ques .such as for exanple, plating or
23t 420r 9VRS thel PITaing. [3yegs 343 <3056t Bresssuleting Jayer @97. The
those 20 surfaces not requiring the magnetic barrier
sHyeture ohtheceddy eureentmiderwall 324 is dlye sameldndit istmpmed in the

| ayer 213). Therefore, the MRAM structure 200 is

sainel Madnér asrdesdribetihbivet Thbgiicesiky widiid thesteiore be applied
current side wall 221, the cap layer 213 and the

fo/bed sidd vali8 bf tHdBirfing M sgdg??%,i 305244 KafHsNBBNsSting layer

fromone or nore adjacen or from anot her
ggyrce such as, for exanple, a power supply.

In both exemplary embodiments, the MRAM structure 200, 300 should not
suffer from one or more of:

the half-select or write disturb problem;

eddy current tunneling during fast write cycles;

eddy current leakage to an adjacent cell;

magnetic stray field interference; and

imperfect anisotropy uniformity during thermal conditions.

Furthermore, the addition of the eddy current side wall 221, 321 may:

reduce potential interference between cells both magnetically and

electrically;

enable higher density MRAM as it will permit closer cell spacing; and

improve per wafer density.



Figure 3 shows a variation. Here, only the flipping

| ayers 309, 311 having 5 applied thereto the eddy

current side wall 321. There is no eddy current side

wal | 321 over the pinning |ayers 313, 305 or the

insul ating layer 307. The stfucture of the eddy

current side wall 321 is the same and it is forned in

the same manner as descri bed above. The photoresi st

woul d therefore be applied to the side walls of the

W hitst tige Farggoing3b3criBlion Bas Wektritsd &xempRsybfbodiments, it will

| ayer 10 307. In both exenplary embodi nents, the MRAM

Pler s , ey lirftHeole ’ re
©od B th388 skrined il 8hﬁHIBPg coﬁﬁ%%qﬁighgggy

of : the half-select or wite distu pro
Seiafits plRIEns SEacksh Mnstakidh ahfio SheBiion Balbe gace

fi.el d iinterference; and ipperfect anisotropy
u'ﬁpﬂPH?P@nﬁgFV“@EFHBFﬁEPF@WﬁHP?WOnS. 20 Furthernore,
the addition of the eddy current side wall 221, 321
may: reduce potential interference between cells both
magnetically and electrically; enable higher density
MRAM as it wll permt closer cell spacing; and

I mprove per wafer density. 9
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Wi | st the foregoing description has descri bed

exenpl ary enbodinents, it will be understood by those
skilled in the technol ogy concerned that many
variations in details of design, construction and/ or
operation may be made 5 withodf departing fromthe
present invention. 10 The Cains: 1. A magneto

g €laims:r andom access nenory ("MRAM') devi ce
conprising: a plurality of |ayers on a substrate, the

pl ut alA magabtdrayistige cargom acegss Mepidi(MRAM BHSvice
flipping |ayers, and at |east one insulating |ayer

bet weedm rrgmga_i nning layers and the flipping |ayers;
and an eddy current side wall encapsul ating at | east

t he pi nnj e [ f L rs, the .

eddy c urér‘ @E{rhi\ygg?%grf Obgé n%%#h% thgdaﬁlériaﬁqg'y?efr@mrﬁtcioﬂbo nsing

| ayer for. electrical. insulatiop,, and a nmagnetic

bar r1 BTG l8Vef, Mpin0 fERHE 318 #gRsk rsinss ating ieya between

device as clainmed in claim1 further conprising a cap

| ayer thPINNING layarsand {hedflippingdayerseapde from t he

substrate. 15 3. A MRAM device as clainmed in claim 2,

wher ei n ameddyldyrrent sidewalli efcapalilatingat éewks thepinaiy layers of

the substrate and the cap layer for reducing potenti al

i nt er thes pheslith of layewg nieé eday lcurrefsiBlbedIr tSAphsing a grain
insulating layer for electrical insulation, and a magnetic barrier layer for

magnetic isolation.

2. A MRAM device as claimed in claim 1 further comprising a cap layer on

the plurality of layers remote from the substrate.

3. A MRAM device as claimed in claim 2, wherein the eddy current side wall
extends between the substrate and the cap layer for reducing potential

interference both magnetically and electrically.

4. A magnetoresistive random access memory (“MRAM”) device
comprising:
a plurality of layers on a substrate, the plurality of layers comprising
pinning layers, flipping layers, and at least one insulating layer between
the pinning layers and the flipping layers;

a cap layer over the plurality of layers remote from the substrate: and
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4. A magneto resistive random access nenory ("MRAM')
device 20 conprising: a plurality of layers on a
substrate, the plurality of |ayers conprising pinning

| ayers, flipping |layers, and at |east one insulating

| ayer between the pinning laykrs and the flipping

| ayers; a cap |layer over the plurality of |ayers

renot e faReddyecurantsidamall enaapsulating anddpselating the plurality of
side wall encapsulating and insulating the plurality

of | ayeyess, theedeigdyrent sitetwsll detending fearherrd betwieehrthe cap
and between the cap |ayer and the substrate. 5 5. A
MRAM Ir@fdaRe GuUBEIRR. i N claim 2 or claim4, wherein

the eddy current side wall extends between an upper
surface of the substrate to at |east one of a side

wall and a | ower surface of the cap layer. 6. A MRAM

devic lLaj red in an ne of glaing 1 to 3, wherein

the>-* BoftFiain e o e d Ry &t avaiods tha cady

havi ng rel atively high aramagnetic properties. 7. A

MRAM GEUERESIHS Wall-gxiends Eemecmﬁr@sypmw acer ofdhe substrate to at
material is selected fromthe group consisting of:
coppefeasinde of amige wad aoid a toyyesrsuntace o thd bap ldyegh

copper content. 8. A MRAM device as clained in any one

of clainms 1 to 3, 6 or 7, wherein

6. A MRAM device as claimed in any one of claims 1 to 3, wherein the

magnetic barrier layer comprises a material having relatively high

paramagnetic properties.

7. A MRAM device as claimed in claim 6, wherein the material is selected

from the group consisting of: copper, and a compound of copper having

a high copper content.

8. A MRAM device as claimed in any one of claims 1 to 3, 6 or 7, wherein
the grain insulating layer comprises at least one selected from the group

consisting of: an O3z compound, and an O3 compound of a metal.

9. A MRAM device as claimed in claim 8, wherein the grain insulating layer

is selected from the group consisting of: Al,O3, Fe;03 and B,Os.
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the grain insulating |ayer conprises at |east one

sel ected fromthe group consisting of: an 03

conmpound, and an 03 conmpound of a netal. 20 9. A MRAM
device as clainmed in claim8, wherein the grain

i nsul ati ng Iayer is selectedl?romthe group

consi stin A1203, Fe203 and B203. 12 10. A MRAM

devi@& Aivladezvm a&clame@rrearw ooé af pRires oW, whereini the grain
the grain insulating layer is over the flipping

| ayer snsulatihg lagenisgner ittte Hippinigtlayémy and the nRigpietit barrier layer
grain insulating layer. 5 11. A nethod of insulating a

mgneﬁ@b%tﬁ%&&mﬁﬁ&ﬂﬁm RS memory (" MRAM')
devi ce, the M devi ce Conprising a plurality of

layers on a substrate, the plurality of layers
conprising pinning | ayers flipping layers, and at

l e one atln ayer twee |nn|n Ia ers

and! 1S MOE% AtiAflpe ARegReorelis es gmory
formng an eddy current si de wal | encapsul atl ng at

| east (THBAM hdevige, thayMRAMdeyipe comprising 3 phfralityyoé fayers on a
t he eddg current barrier being forned by first _

f or m sgbstnateothesplyradityrof layeisatamiprisiag pinniireg lagkes; fippiag layers,
insulation and a nmagnetic barrier |ayer for magnetic

i sol aahdrat lddstonbansalaghg l§epbbBVeed thetgitniag 3 rs ¢ and the

insulating |ayer for electrical insulation an
magnetiigpiklalbRY; the metRyEtomprisiiggnet i ¢ i sol ation.
forming an eddy current side wall encapsulating at least the pinning
layers of the plurality of layers, the eddy current barrier being formed by
first forming one of a grain insulating layer for electrical insulation and a
magnetic barrier layer for magnetic isolation, then forming the other of

the grain insulating layer for electrical insulation and the magnetic barrier

layer for magnetic isolation.

12.A method as claimed in claim 11, wherein the grain insulating layer for
electrical insulation is formed over side walls of at least the plurality of

flipping layers and the magnetic barrier layer is formed over the grain

insulating layer.

13.A method as claimed in claimed in claim 11 or claim 12, wherein before

forming the eddy current side wall, a photoresist layer is formed over
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12. A nmethod as clained in claim1ll, wherein the grain
insulating layer for electrical insulation is forned
over side walls of at least the plurality of flipping
| ayers and the magnetic barrier layer is forned over
the grain 20 insulating |ayet3 13. A nethod as
claimed in claimed in claim1l or claim 12, wherein
bef or éhogeosurfangstwheredhy eddycuient side wall is,nat required; the eddy
photoresist layer is formed over 13 those surfaces
wher e cutrenesidg walk being forimied bpbheids: piating,esnd smﬂtertrige
eddy current side wall being fornmed by one of:

plating, and sputtering. 14. A nethod as clained in
any one of clainms 11 to 13 further conpr|5|ng 5

for {4 g nfeth ag@fﬁﬁwe‘mgté?& ﬂ&ﬁ@%éﬂs 2 1 ﬁégﬁﬁhéﬁ{@fﬁpsmg

fromthe suggtrate as cla

erein _the edd r ent
et we MG acbiayen o Hie Siirali 85 18 B rerfole 1k s sybstrate.
potential interference both magnetically and
electrically. 10 16. A nethod as clained in claiml1l5,
wherein the eddy current side wall is fornmed between
an Uppenethodfaselaished ireclaitb 94 whereio the eddpsurrentside veall is
side wall and a | ower surface of the cap layer. 17. A

met hoébraredchetiveed the sabgtratecarnf thel @ipﬂ&yéﬂfdr@ed@cmg potential

~Wwherein the nagnetic 15 barrier |ayer conprises

mat er jrAbrférRrs Hotit hignéttyiy asd cRRERERGNEL |
properties.
16.A method as claimed in claim 15, wherein the eddy current side wall is
formed between an upper surface of the substrate to at least one of a

side wall and a lower surface of the cap layer.

17.A method as claimed in any one of claims 11 to 16, wherein the magnetic
barrier layer comprises a material having relatively high paramagnetic

properties.

18. A method as claimed in claim 17, wherein the material is selected from
the group consisting of: copper, and a compound of copper having a high

copper content.

19.A method as claimed in any one of claims 11 to 18, wherein the g'rain
insulating layer comprises at least one selected from the group

consisting of: an O3 compound, and an O3 compound of a metal.



18. A nethod as clainmed in claim17, wherein the
material is selected from the group consisting of:
copper, and a conpound of copper having a high 20
copper content. 19. A method as clained in any one of
claims 11 to 18, wherein the 4fain insulating |ayer
conprises at |east one selected fromthe group
consi sting of: an 03 conpound, and an 03 conpound of a
nmetal. 14 20. A nethod as clained in claim19,
whe2@iAmnmistieodjasclaimed i akaimnt 9, ayr@reinghs graintigsulatiennayer is
the group consisting of: Al1203, Fe2O3 and B203. 5
selected from the group consisting of: Al,Og, Fe,O3 and B,Os.



