1 14 April 2004 Method of manufacturing a magnetic tunnel junction device. The invention relates to a
method of manufacturing a magnetic tunnel junction device, in which a stack comprising two magnetic
layers and a barrier layer extending in between is formed. The invention also relates to a magnetic
tunnel junction device obtainable by 5 means of suchla method, a magnetic field sddsappra@vitked with
such a device and a magnetic memory provided with such a device. A device as described above is
disclosed in WO-A 99/22368. The magnetic tunnel junction device known from said patent application

comprises\g:fiisd anehansesantnkamagnetiec tayesl jvhiehhayarsare sandwiched with respect to an
insulating intermediate layer and serve as electrode layers. As a transducing element, this device

forms part of a magnetic field sensor provided with a magnetic yoke, in which the first magnetic layer
is in direct contact with a part of the yoke. The first magnetic layer, likewise as the yoke, is formed
from a soft-magnetic material. The second magnetic layer is a composite layer and comprises a 15
ferromagnetic sub-layer and a pinning structure. The insulating intermediate layer constitutes a tunnel

barrier. In the known magasiiccttivneljunstion dedes] onaafibe mragnetic|apeisuneenfiydien
soft-magnetic layer, heF\efore Iso serves as a flux uid%,To prevent detrimental efﬁﬁects on the
& ST

magneticdlFIopeRids6R thLAGY &P R EH M HS A WA B EHAMHEES ™ the surface

of the softberageetici@yesdacing the tunnel barrier, it is desirable that only the other magnetic layer,

i.e. the second magnetic layer, and possibly the barrier- farming intermediate layey, is, or, are,
Structured. 115 an objecl 51 TG B ATON AT UIAL & RGOl BRI B GRS Bpening
paragraphneaimprising a pkabedsaahspivtivifirticeasof frevidagdnetic daylesdavielnzdpiegessistops
with certainty before the qther magnetjc layer is reached. To achieve the object described, the method
according'tt %O@fr%g?ﬂ% ?glt%ﬁgécategﬁi’éc? in that one of the magnetic layers is structured by means of
etching, in which, during etching, a part of the relevant layer is made thinner by removing material

until a rest A device as described above is disclosed in WO-A 99/22368. The magnetic

tunnel junction device known from said patent application comprises a first and a second

10 magnetic layer, which layers are sandwiched with respect to an insulating intermediate layer
and serve as electrode layers. As a transducing element, this device forms part of a magnetic
field sensor provided with a magnetic yoke, in which the first magnetic layer is in direct
contact with a part of the yoke. The first magnetic layer, likewise as the yoke, is formed from a
soft-magnetic material. The second magnetic layer is a composite layer and comprises a

15  ferromagnetic sub-layer and a pinning structure. The insulating intermediate layer constitutes a
tunnel barrier.

In the known magnetic tunnel junction device, one of the magnetic layers,
namely the soft-magnetic layer, therefore also serves as a flux guide. To prevent detrimental
effects on the magnetical properties of this layer, such as domain wall formation due to

20  irregularities in the surface of the soft-magnetic layer facing the tunnel barrier, it is desirable
that only the other magnetic layer, i.e. the second magnetic layer, and possibly the barrier-
forming intermediate layer, is, or are, structured.

It is an object of the invention to provide a method of the type described in the
opening paragraph, comprising a process of structuring one of the magnetic layers, which

25  process stops with certainty before the other magnetic layer is reached.

To achieve the object described, the method according to the invention is
characterized in that one of the magnetic layers is structured by means of etching, in which,
during etching, a part of the relevant layer is made thinner by removing material until a rest

layer remains, whereafter the electrical resistance of the rest layer is increased by chemical



layer remains, whereafter the electrical resistance of the rest layer is increased by chemical 2 14 April
2004 conversion. After performing the method according to the invention, a magnetic tunnel junction
device is obtained in which one of the magnetic layers is structured and processed in such a way that
unwanted electric currents in the structured layer obtdined are inhibited during use.lthAypificoié4 the
other magnetic layer has rem@iﬂ?@ed unattacked, 5 In the method accaording to the _inventi?n, it is with

certainty t(FRYAS Bt RGHOTEIAS AR bR ARV NI NS KNG ARRgRS RS 1BN98! structured is
not entirelunetehedeoft iy isigasadd aichiieh PRCesthimiekivseyismasiershldeawndpasveededfia mask

so as to shield a part of the magnetic layer to be structured, which is or may comprise a soft-
magnetic Fayer} YHE ‘B‘f“fﬂ‘ét%%c“ﬁ%‘ar&a‘f%?ﬂ’ﬁé‘?a{%FP‘é’r‘H&Fﬁ AR Gred éﬁ‘lé?%‘%“ﬁo the
rest layer uiserengeieipha ehy ahscheingtiy apedns efachamisalieikealion, whereafter the structured

magnetic layer, as well as the other magnetic layer,.can he used as a magnetic electrode. Etching

preferably takes place %ﬂ?ﬂ&%‘ggfllﬁife%’ﬂe% FRARR Y SHRER SR 5%%\%@%%%%%%5@5 nm, in

which progegsiciiv layanipigtresisiandsccaeasthiemenistidataen toebanhaotthedresidayefiisiyeached. It

has been fogq?gt t the above-mentioned meas r.eE do not 15 have a%detrimen%al effects on said
18 ¢

other mad IuHBERAthER M RGRIGESSS BB AES SRR ELRIS e ARHH A M s of this
magnetic {ayaic[lheparetitabcanagndingligdhe hisvenitomnalsyhakssouseplcthiepadeaniage that the

manufacturing margins considerably . wide when using non-selective etchjng techniques. If the
et o BRI B AR e P oL Qe R ST ST a5 T Rty
suitaldle faheiseselat|ux 20dgudipgdayeoniin@ing odimenisaffthehaaibsid-accoidingdeciifiedmvention is
characterizted in that the chimical con\gersi%n iSﬁaffected tt?'é] ixidation IE:nd/or nitridation.tJn this
embodim&HECHHESRFFRSHE Ly ha% Rl %0 NS MARRS TR AEr B Rakisd Usd BRERSNN processes.
An oxidaitsrwddbeHedingyesfinablyicikaikialatilnta est layer imceniasdd ihickassoxitle, is 25
preferablybr%alize b¥che r’gal oxjdat'onl,1 lasma ?xidation or UV-assisted oxidation. A  nitridation of

the rest Iaa i WHIE Hisee AR o e SR e h 1A SmoRHRLs TRRE R " BPEar A Pl by
thermal nitvidatibe asplagens nésidatior. Has theemfentidnkat, tkhabove-mentioned measures do not
15  have any detrimental effects on said other magnetic layer; particularly, there is no detrimental
influence on the magnetical properties of this magnetic layer. The method according to the
invention also makes use of the advantage that the manufacturing margins are considerably
wide when using non-selective etching techniques. If the last-mentioned layer is formed from
or also from a soft-magnetic material, this layer is particularly suitable for use as a flux-
20  guiding layer.

An embodiment of the method according to the invention is characterized in
that the chemical conversion is effected by oxidation and/or nitridation. In this embodiment,
the rest layer can be passivated in a simple manner by making use of known processes. An
oxidation of the rest layer, in which material of the rest layer is converted into an oxide, is

25  preferably realized by thermal oxidation, plasma oxidation or UV-assisted oxidation. A
nitridation of the rest layer, in which material of the rest layer is converted into a nitride, is
preferably realized by thermal nitridation or plasma nitridation. In the mentioned, known
chemical processes, the desired oxidation or nitridation of the magnetic material of the rest
layer can be obtained within a comparatively short time. If the barrier layer is an oxide layer,

30  which is often the case, it will stop or decrease the oxidation in the rest layer at a given
moment during performance of an oxidation process.

An embodiment of the method according to the invention is characterized in
that physical etching is performed. Physical etching is understood to mean etching by means

of a beam of electrically charged particles, such as sputter etching, ion milling and ion beam



chemical processes, the desired oxidation or nitridation of the magnetic material of the rest layer can
be obtained within a comparatively short time. If the barrier layer is an oxide layer, 30 which is often
the case, it will stop or decrease the oxidation in the rest layer at a given moment during performance
of an oxidation process. An embodiment of the metho#l according to the invention isl dhapait@pieed in
that physical etching is al etching is understood to mean etching by means of a

beam of efEtHgaIlie @5@%"&% hys'%ﬂda&m&@rvsﬁcmﬁa %ﬁnﬁﬂm@%ﬁhlrﬁo@% R April

2004 etcmmrgﬁhgss #eawnegliching methods have proved to be eminently suitable for the method

according to the invention. embodlm nt of the eth .according to the invention is characterized in
that the magnetic Iayer%‘ﬁ@%%‘ﬁ?ﬁ%& ﬂ’ﬁ‘rii: ﬁ%é% /BN eRIeAdR SRRAFSHAE é? Blayer
structure mmﬂréaiﬁ@ﬁétﬁeasy@ wrﬂa@tﬂwafe‘@rsrr@agﬂepGmmnmﬁtmﬁ@§5&ﬂﬁyenaim&&src layer

may rromagnetic layer, for e le, of an NiFe or a Co allp uIarI e alloy,
e e AR YLD SHERirin iy e LG Y61 100 TRBR g BB P o B mmgrntic
layer of, fornsxanypienan teeMeraliay o ihén, a&pyx@wgommgNﬁr@dﬂﬂsomagD@au@yer of, for
example, a Co allo |f| I antj 10 ferromagnetic structure comprising two antj araIIeI magnetic
yers seRHAREL 4 el hecH HLcASEd e S8eh o U e Fy B S LIogt O o

anti-ferro rﬁﬁgﬁemmg mnﬁﬁtfar zﬁxampfenram@ei&’ﬁbaﬂw df,sfmhmmﬂgmﬂﬁémamﬂaeﬁdﬁ@Mfed is

formed, it ITl ref to selec etch th gergiucture artlc Iar sele chemically etch
this structﬂ é{'@lgf?\eélcp%lﬁ e&é’ aPet |ﬁ§af3 s?) Pftl'fl{h Fé%r is reached.

By 1H)makﬂﬂg)magimmxsetmfcmrdcsﬁl@@wmhmgmihﬁﬁtéuﬁiugmlpﬂayassape&amdrﬁgra(mmlhdhe
method accordln t[%r? in [§ ion can be perfobmed |th|tn a short; fEerlOd og‘ ti ege tive
chemical é‘%&fﬁfﬁa lé'“ﬁ LY R igEE Of Y8 8% Rt dHat é“r%%l%ﬁé% ¢ to the

invention mﬁ@&aamﬁﬂmd ﬂtoytrﬁ@wmgmammayﬁlmﬂ@dmiayeafdmﬁafcﬁﬁmr}mampfaf&uﬁeu@roduct

ofamagneﬁlc un un tlon eV|ce in which the i- factur duct comprises an
assemblysg escalaeéfec rogj1 IF e aryt/leC %ﬁ%gef n%hv C%gerqnel glgc%oﬁéésl%%%Pufn the

last-mentibetede etching, partlcularly physical etching takes place, until the basic layer is reached. By
15  making partly use of said selective etching, the structuring process in accordance with the
method according to the invention can be performed within a shorter period of time. Selective
chemical etching is a known etching technique.
It is to be noted that the method according to the invention implies a method of
structuring a magnetic electrode layer of a semi-manufactured product of a magnetic tunnel
20 junction device, in which the semi-manufactured product comprises an assembly of said
electrode layer, a barrier layer and a further magnetic electrode layer. In the last-mentioned
method, the structuring of the relevant layer does not influence the magnetical properties of
the other magnetic electrode layer of the magnetic tunnel junction device, at least not in a
detrimental sense. The special aspect of this method, in which etching is used, is that etching
25  does not take place as far as the barrier layer of the magnetic tunnel junction device, but the
etching process is stopped at such an earlier moment that a rest layer remains on the barrier
layer. It is thereby ensured that, in spite of layer thickness variations and variations of etching
methods, the magnetic electrode layer, which is not to be structured, is not etched. The barrier
layer, which is an insulating layer, a layer having a low electrical conductance, or an electric
30 layer, is usually only approximately 1 nm thick.
The magnetic tunnel junction device according to the invention, manufactured
by means of the method according to the invention, has a magnetic layer structured by means
of this method and another magnetic layer which may be or may comprise a soft-magnetic

layer, which layer is usable as a flux guide. Such a soft-magnetic layer may be formed from,



method, the structuring of the relevant layer does not influence the magnetical properties of the other
magnetic electrode layer of the magnetic tunnel junction device, at least not in a detrimental sense.
The special aspect of this method, in which etching is used, is that etching 25 does not take place as
far as the barrier layer of the magnetic tunnel junctiorddevice, but the etching proceksAgsidodd at
ier moment that a rest layer remains on the barrier layer. It is thereby ensured that, in

2;:12 3? E@&WMSM}F& PN Sariationsishahitg R atias th st ApHati e I Fol@ayer,

which is ngikébb®siltugiuresh asnnaitRichegdibliagdarrier Iayer which is an insulating layer, a layer
having a low electrical ¢ ductance oréan electric 30 layer, js usually only app%élmgg% 1 nm thick.
il
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the transdiscing Slene b oiptiecsfag mletm‘i'ﬁgdﬂseea@h aﬁ@gﬁhﬁg flelhexinvesntion fdhistsaiggrioray be
used, inter alia, sama netic head for dec dln %{ netlc flux ori |nat|n from a&f rasetlc
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deteming thenedithiscaagnestiantield x as@caedsricior. dﬂseahlgnzigneaxampierﬁ pasitivlarigraangle, or a

locity, f pl tomoti fie 10 dical d. t
ctector. AUNE IHEHGIE o E DRAGC A A RRN S RUBHEG MV Brovided wit

the magnaticdmmgtquhemdeme according to the |nvent|on With regard to the claims, it is to be
noted that various com %tlons fth% rpbodlments]gnenu (P%d in the depe rl)dentt clai are possible.
15 These and other aspec TSEERS T H S allsppoar SR SH ARG B SomPmations o

embodiments mentioned in the dependent claims are possible.
15 These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawings:

20 Fig. 1A shows diagrammatically a first intermediate product obtained from an
embodiment of the method according to the invention;

Fig. 1B shows diagrammatically a second intermediate product obtained from
said embodiment of the method according to the invention,

Fig. 1C shows diagrammatically a third intermediate product obtained from the

25  embodiment of the method according to the invention,

Fig. 1D shows diagrammatically a fourth intermediate product,

Fig. 1E shows diagrammatically an embodiment of the magnetic tunnel
junction device according to the invention, made in accordance with the described
embodiment of the method according to the invention, and

30 Fig. 2 shows an embodiment of the magnetic field sensor according to the

invention.

Fig. 1A shows a stack 1 of layers which comprises, in this example, a first

magnetic layer 3 of a soft-magnetic material, such as an NiFe alloy, an insulating, poorly



elucidated with reference to the embodiments described hereinafter. In the drawings: 20 Fig. 1A shows
diagrammatically a first intermediate product obtained from an embodiment of the method according
to the invention; Fig. 1B shows diagrammatically a second intermediate product obtained from said
embodiment of the method according to the invention5 Fig. 1 C shows diagrammatidalliy grih2@h4
|ntermed|ate roduct obtajned from the . 25 embodiment of th metho%ﬁgcordmg to the invention, Fig.

1D shows ARSI T IR indt B e Rt At orr et ee hahWRHish IR MAtid8lly an

embodimeRrheipld exmgmei&@nanﬁ&gmmlm@&eﬁ/&em@p@mm deaiplvenbasic ﬂé@@ﬁ?lﬁl @ccosdance
with the described emb}‘?gI of the method acc rdlng o the invention, and 30 Fig T?)WS an
embodim&SElie LY Pﬁﬁ%ﬁﬁ Pt h ﬁfléﬁu?;t}brel §?1‘5‘W§Séfl§t3tc B layers

which conﬁmﬁﬁasla%imﬁaﬁp@mm&r@rﬁdghemﬁ@ﬁ&tﬁaﬁmh am@mﬁnraﬂgﬁe{ﬂﬁdnﬁway suetrds an NiFe
alloy, an insulatin oorl il 2004 co ductln eI ctric layer 5, in this document also
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comprising, at least a further er of an anti- ferroma netic material such FeM lloy.
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invention, a. shieldi 9 of, for phot ist, see 1B, |s |ded n the stack 1
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sufficient {pratsesphyisicaldickirficaly tsush Iasfsmuttar:bm@ gy Rlughiaalkputter etching. Physical
etching is preferably also used if the second magnetic layer 7 is a hard-magnetic layer.

The rest layer 7r obtained in one of the methods described above preferably has

15  athickness of up to 5 nm maximum. During the method according to the invention, the rest
layer 7t is exposed to oxidation in this embodiment so as to increase the electrical resistance of
the relevant layer. The rest layer 7r is then converted into an oxide layer 7R which comprises
Ni and Fe oxides in this example; see Fig. 1E. When using nitridation, a nitride layer 7R is
obtained. In this example, thermal oxidation or plasma oxidation is preferably used for this

20  conversion. By depositing an insulating material such as SiO,, a protective layer 11 may be
formed on the oxidation layer 7R. The shielding layer 9 may be removed.

The magnetic field sensor according to the invention, shown in Fig. 2,
comprises a magnetic tunnel junction device 20 of the type shown in Fig. 1E. In this
embodiment, the sensor also comprises a magnetic yoke 22 which has an interruption 22a

25  which is bridged and is in magnetic contact with the tunnel junction device 20. The magnetic
yoke 22 is formed from a soft-magnetic material such as an NiFe alloy. The sensor has a
sensor face 24 adjacent to a non-magnetic transducing gap 26. The interruption 22a and the
gap 26 are formed by insulating layers of, for example SiO, or Al,Os.

It is to be noted that the invention is not limited to the embodiments shown. For

30  example, variants of the several steps of the method are possible within the scope of the
invention. Furthermore, the sensor shown may be formed as a magnetic head for scanning a
magnetic recording medium. Such a construction may form part of a combined read/write
head. The magnetic tunnel junction device obtained in accordance with the method of the

invention may also form part of a magnetic memory.



etching is preferably also used if the second magnetic layer 7 is a hard-magnetic layer. The rest layer
7r obtained in one of the methods described above preferably has 15 a thickness of up to 5 nm
maximum. During the method according to the invention, the rest layer 7r is exposed to oxidation in
this embodiment so as to increase the electrical resistance of the relevant layer. Thiet r&ptile3@47r is
then converted into an oxide layer 7R which comprises Ni and Fe oxides in this example; see Fig. 1 E.
When usiﬁ&ﬁm tion, a nitride layer 7R is obtained. In this example, thermal oxidation or plasma
oxidation is preferably used for this 20 conversion. By depositing an insulating material such as SiO2,
a protective layer 11 may be formed on the oxidation layer 7R. The shielding layer 9 may be removed.
The magnetic field sensor according to the invention, shown in Fig. 2, comprises a magnetic tunnel
junction device 20 of the type shown in Fig. 1E. In this embodiment, the sensor also comprises a
magnetic yoke 22 which has an interruption 22a 25 which is bridged and is in magnetic contact with
the tunnel junction device 20. The magnetic yoke 22 is formed from a soft-magnetic material such as
an NiFe allpy. The sensoimfitisod sansoifaterdd adiagastitanmnerjmagiede/iRnaduting gapdd. The
interruption 22a and the gap 26 are formed by insulating layers of, for example SiO2 or A1203. It is to
be noted PRSI EHRGIHEDFOR TSHBQED ErErEnibURTh R SRR, 501 5B AT variants of the
several stepgafithiesnaihbet are pogsibteyvithintherscopewtihal yviestianofehiapnetecineysensor
shown may he formed as a netic head for scanning a magnetic recording medium. Such a
constructOM RS RYRE A B S 5P SR e WS AR EFEH YRl ERRHGh device
obtaised iwlaseafdarccalithritie rdshndod e iomaationisiayralsalfoyroheaiical eomagsietic memory. 6
14 April 2004 CLAIMS: 1. A method of manufacturing a magnetic tunnel junction device, in which a
stack comprising two magnetic layers and a barrier layer extending in between is formed,
characterized in that ong nicthedaagheticdayierkis dtrocivedHine dnaahst dietblingalvahdayeat, during
etching, is ng%detl qg;llly tmgger bXdr/elrrnn%/iJa t{naterial until a rest layer remains, 5 whereafter the

electrical féSistance’sf the reg{ll%lye 9" ncreased by chemical conversion.

10 3. A method as claimed in claim 1, characterized in that physical etching is
performed.
4. A method as claimed in claim 1, characterized in that the magnetic layer to be

structured is built up from, consecutively, a basic layer and a layer structure comprising at

15 least a further layer for magnetic pinning of the basic layer.

5. A method as claimed in claims 3, characterized in that, prior to physical

etching, the layer structure is chemically etched until the basic layer is reached.

20 6. A method as claimed in claim 2, characterized in that an oxidation of the rest

layer is effected by thermal oxidation, plasma oxidation or UV-assisted oxidation.

7. A method as claimed in claim 2, characterized in that a nitridation of the rest
layer is effected by thermal nitridation or plasma nitridation.

25
8. A magnetic tunnel junction device obtained by means of the method as claimed

in any one of the preceding claims.



2. A method as claimed in claim 1, characterized in that the chemical conversion is effected by
oxidation and/or nitridation. 10 3. A method as claimed in claim 1, characterized in that physical
etching is performed. 4. A method as claimed in claim 1, characterized in that the magnetic layer to be
structured is built up from, consecutively, a basic laye? and a layer structure comprisih@ piillB0l@ast a
further layer for magnetic pinning of the basic layer. 5. A method as claimed in claims 3, characterized
in that, pribr to physical At RS} RTHA TR ISSAHETHERR BreH Gntithiva Hﬁ‘&‘&efé%}l%%e%
reached. 26h6tidnMethedsudaimeshicnaledmagthar dsterizeddnathatcampridasian st thadesiclayer is
effected by thermal oxidatign, plagma oxidation or UV-assisted oxidation. 7. A method as claimed in
claim 2, c%ﬁ'ﬂc‘?’?ﬁ%f}siﬁsﬂbﬁ %tsﬁia&éﬁﬂ Of the rest layer is effected by thermal nitridation or plasma
nitridation. 25 8. A magnetic tunnel junction device obtained by means of the method as claimed in
any ope of the preceding claims, 7 14 April 2004 9. A magnetic tunnel junctjon device as claimed in
claim8, foh magneti %&Fﬂﬁﬁ%‘ﬁ%ﬁ et i B ABRE RSP Se e B er
comprisinglaimseftimaginaty: layer which is usable as a flux guide. 5 10. A magnetic field sensor
provided with the magnetic tunnel junction device as claimed in claim 8. 11. A magnetic field sensor
as claimed in claim 9, provided with a magnetic yoke which is in magnetic contact with the
soft-magnegtic layer of themaggegdiciéunselspmnaticaidldavitenl 2, prenrRBdetitiaamenepcoed with
the magn%&ilclcthj r1]sn 1enI Hglgcﬁ'é%flc %(e)l\ll{gcet avbslt}fltﬁlerggﬂ—lr?le{:glglergcqhyer of the magnetic tunnel junction

10  device.

12. A magnetic memory provided with the magnetic tunnel junction device as

claimed in claim 8.



