WO 03/ 003353 PCT/ GB02/ 01290 1 MAGNETI C MULTI LAYERED FI LMS W TH REDUCED
MAGNETOSTRICTION Field of the Invention This invention relates to the
magnet i ¢ watsnpmsss used in recording heads for disk and tragecriRiov®s and
nore specifically to the reduction of 5 magnetostriction in these

materi al s. Background of the Invention Retordi ng heads are widely used in
di sk drives and tape drives for 10 storage and retrieval of digital

i nformati on. Recordi ng heads usually have separate wite and read

el ements. Soft neggmdErce MteriryERIAVING AITH QUHEOR Ridtsrysmidrnhi gh
saturated magnetic nonent is used for the poles of the wite el enent and
the shields, for the read elenent. In a tape drive the tape is in frequent
contact w £ SR ¥ead. Therefore, 15 wear resistance is an

i nportant additional consideration in a tape drive. The shield |ayers and
er’] ite head pol esnias g:n&qalt@b@&%laf&x'tMttrﬁ &%nbhfc magéﬁaigma-iz?i:?@@d&%@%ff |
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mat 8ri al bEFEFARATVEFY™ rB6FC 138 P 8nd  magnetostriction because these
effects can |lead to magnetic instability. |If the magnetic domains in the

shi el ds ansadpatesdey ecnshen-subjected to extraneous fields such as fields
fromthe wite head or fields fromthe rotating magnetic disk (or nore

precisely, when the walls between 25 different nagnetic donmins nove,
resulting in thEEYrOMhGSRT® SKei'HRPHG 6P igofEikngTiveBarich daBeMrfiviss 6oF s
genr€r at ed artaps awdnsedievel ké digadakelief@miationlhi Bedt@lis®y @ands ashausl y
degrade t hﬂbzlﬁéaéﬂgrﬁt@fwxﬁhe arrﬁaﬁlwkle‘hie%@{ hsEf«Lr FnQé’zEJEQEeTat‘é/@?ﬂt ﬁi&ﬁfgt a
nmovenent t ; 0 o their _original_ pgsitian, e
shield or gfltggée%é? ? ts};igm? iéelhggghesia?ﬁ%%%orﬁggﬁ%?dmo‘é dirfrer gn%ﬂrygbenpf’ﬂ%s
sensor |ay®t IR THES rE&G°Rt éfenile ThHisdIEHarge Fhrd AampTét i cIbrasmsn t he
read el ene®tiveedtt Agre ¢ssimrfakamsynretryt anth igher eeediey hesd r attesefore,

Finally, thernagrnetiscepesmmalinpdiynofacihecshi eldsiadtepgl enl axers £ap. be
reduced with this non-repeatable or hysteretic behavior of the domai ns and

this also has aTdetfli r][%n%al effect on the read 35 element performance. A
common set of nmAtef &S USEdSi FSHFHIEe%haobs 8% drectidcoyedrithitekele and
iron. For EENPAEOK: ( SOYE T 2098h 1R aryr gt ymadin e oo caitonhidutthe layers
be magnetically stable. It is important for the performance of the drive
20 that the soft magnetic material be relatively free of stress and
magnetostriction because these effects can lead to magnetic instability.
If the magnetic domains in the shields and poles move when subjected to
extraneous fields such as fields from the write head or fields from the
rotating magnetic disk (or more precisely, when the walls between
25 different magnetic domains move, resulting in the growing or shrinking of
domains), Barkhausen noise is generated and is sensed in the read element.
This noise can seriously degrade the quality of the readback signal.
Furthefmore, when after movement the domains do not come back to their
original position, the shield or pole exerts a field which is oriented
30 differently on the sensor layer in the read element. This changes the
magnetic bias on the read element leading to signal asymmetry and
increased error rates. Finally, the magnetic bermeability of the shields
or pole layers can be reduced with this non-repeatable or hysteretic
behavior of the domains and this also has a detrimental effect on the read

35 element performance.

A common set of materials used in shields and poles are alloys of
nickel and iron. For example Ni(80%)Fe(20%) has good magnetostriction but
somewhat limited saturated moment (Ms @ 10k@). Increasing the Fe content

increases the moment but leads to high magnetostriction. For example



sonewhat limted saturated noment (Ms @ 10kG) . Increasing the Fe content

i ncreases the nonent but | eads to high magnetostriction. For exanple WO
03/ 003353wB@30EB82/ 01290 2 Ni (45% Fe(55% has better nomPel/GBER/0@YAL6KG)
but a rather high nmagnetostriction of abput 25x10-6. Attenpts have been
made in the past to lamnate materials using alternate |layers of materials
havi ng positive and negative nagnetostriction. These filns tend to have
high local stress at 5 the interfaces between | ayers. Another approach to
devel op a KWat4sri ad (559 thlasi gitev etbmeagn@ksi € $kabibukty rhoked édadht o t he
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form ng recordin eads as reduce netqgstriction an

rmgnet Lo, pRBTE PeSor T IARG hBrCSHBOAIRNES O § R SBICERt Y AUGIEr ARGk
drives andf?lafféledfr"iw%l dreimtevi ded havi ng recording heads forned from a
mat eri al havi ng reduced nagnetostriction and good nmagnetic properties. The

redgced magnet ogtfdietiQn;knRq0RES b@rlst@ﬁ@@rr@b&ghhg A8 ehedi enb; f 20
the pr esent |n\ient| on es_a_Si

per f or nancéof f’ﬁemalgec'%rs ?:h%lﬁﬁ 18 mt S?)Crréfé?léﬁ e%ga?%“}?tgn%fé mat eri al
accor di ng PERATEL§ €5 el C?Wéﬁﬁ}bﬁniishlahrr@@éa‘ﬂ%go‘g%ﬁuence of three
| ayers. One layer is made from an alloy of N Fe. Another |ayer conprises

FeX(N) whepgsdibudd\bri i eRGzde @ nitrogenated filmand the additional
element, X is preferentially Ta but can be selected froma group of other

el enents. The third | ayer, disposed between the FeX(N) and Ni Fe |ayers is
tantal um The séfurREscersbingdyr et Yhgyeresens ingpedioads ttotebiadi hs trevieaguie ed
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material having reduced magnetostriction and good magnetic properties.
The reduced magnetostriction in a material according to one embodiment of
20 the present invention provides a significant improvement in the

performance of the recording heads.

In a prefered embodiment the material according to the present
invention is a repeating sequence of three layers. One layer is made from
an alloy of NiFe. Another layer comprises FeX(N) where the (N) indicates

25 a nitrogenated f£ilm and the additional element, X, is preferentially Ta
but can be selected from a group of other elements. The third layer,
disposed between the FeX(N) and NiFe layers is tantalum. The sequence of
three layers is repeated to obtain the reguired thicknegs for the final

material.

30 The material has an intrinsically smaller value of magnetostriction
and the magnetostriction is usually decreased with annealing resulting in
simplified processing. The material also has improved magnetic moment
compared with permalloy. Other aspects and advantages of the present
invention will become apparent from the following detailed description,

35 which when taken along with the drawings, illustrate by way of invention

the principles of the invention.



conpared with permall oy. O her aspects and advantages of the present
invention wll becone apparent fromthe foll ow ng detail ed description, 35
whi ch whewotoakesssal ong with the drawings, illustrate by wagTaBoovmenti on
the principles of the invention. W 03/ 0033353 PCT/ GB02/ 01290 3 BRI EF
DESCRI PTI ON OF THE DRAW NGS The invention will now be described, by way of
exanple only, with reference to the acconpanying drawi ngs, in which: Fig.
|l a shows a top view of a prior art disk drive; 5 Fig. |Ib shows a cross
section side view of a di skrikr ves@sptakenr fuxonrAdwines | b-1b in Fig. |a;
Fig. 2 shows a detail ed perspective view of a prior art recording head
attached to a sljder suych as.that shown in Figure la; Fig. 3 shows a prior
art tape drive %%eednﬁ?rf%ﬁﬁ?i"fl)]l&frbotw g? éjreﬁﬁlé&é?ﬁd 1 H2¥ &Fr AR Sl gt

i nf or mat i ofPTeFPESe FosHBWECBrIGRIaf aviape driwdclised primarily for storage
and retrieval of audio and video information; Fig. 5 shows a diagramof a

wite el ement spch as o3Gs USedp ivielh g adbskdiive; 9f (Figure la and the tape
drives of Figures 3 and 4; 15 Fig. 6 shows a view of one enbodi ment of the

present invention in a_ recording head used in a tape drive such as that of
Figtres 3 and 45 % P SPoURGWSTeESVPetHioR Bite BiBoaf medislhfirivre agr exfent
i nvention fyemgligedbrth ng Migadlaused in a disk drive such as that of Figure
la; Fig. 8 shows the basic sequence of |amnated |layers used in a 20

di head t i, tion; Fig. 9 ti .
of Iayers with P{\%'glgg%%%?ﬁ%ﬁ%@%%ﬁ?‘éﬂi/Ee%a% F(SO0%) 56 "PREHAS
sequence ot GuraERed; PP g Ligh SHESatidpEaPThgrsBgUenda of | ayers with 25
Ni (86% Fe(14% (500A)/ FeTa(N) (300A) as the basic sequence of Figure 8; Fig.

9c shows a repemid.ng seguenceisy skayeps Mith Mea( 86%h-F8 E14%.(4Q0A) 4/ Ta

(354 [/FeT e 1A%, L¢Sequence of Figure 8; WO 03/003353
(3500 1 F¢ O%Ztg%% éll Q@A) A%aT NG ARE For

Fig. 4 shows a prior art tape drive used primarily for storage and

retrieval of audio and video information;

Fig. 5 shows a diagram of a write element such as one used in the

disk drive of Figure 1la and the tape drives of Figures 3 and 4;

15 Fig. 6 shows a view of one embodiment of the present invention in a

recording head used in a tape drive such as that of Figures 3 and 4;

Fig. 7 shows a view of one embodiment of the present invention in a

recording head used in a disk drive such as that of Figure la;

Fig. 8 shows the basic sequence of laminated layers used in a
20 recording head of the present invention;

Fig. 9a shows a repeating sequence of layers with

Ni(86%)Fe (14%) (500A) /Ta(35A) /FeTa (N) (300A) as the basic sequence of Figure
8;

Fig. 9b shows a repeating sequence of layers with
25 Ni (86%) Fe(14%) (500A) /FeTa (N) (300A) as the basic sequence of Figure 8;

Fig. 9c shows a repeating sequence of layers with

Ni(86%)Fe (14%) (4002) /Ta(35A) /FeTa (N) (4002) as the basic sequence of Figure
8;



Fig. 9d shows a repeating sequence of |ayers with

Ni (860) Fe(14% (500A)/ FeTa(N) (300A) as the basic sequence of Figure 8; Fig.
10 shows wotoabhssdf results fromthe nultilayered fil ns siremRGBRMO1BPBIgS. 9a,
b, ¢, and d; 5 Fig. 11 shows a theta-2theta plot for films such as those
shown in Figs. 9a, b, ¢ and d with and Vithout the intervening Ta | ayer.
DETAI LED DESCRI PTION OF THE | NVENTION Wth reference to Figs. la and | b,
the present invention can be incorporated into a disk drive generally
referred to as #0p. 9a'hﬁlodissekre§&te!ﬁc_i;\éeq&&geig@lluggjss atth east one recording

di sk 102. Jhe.djsk; %2)2 (soBafTRHRL &Y ( §§"t EI]%}SJIQ% V%Sﬁbe L3 p‘é%ﬂ?gcst ed to a

notor 106. During t operation o e dis Ive 1 tor 106 spins
the spindle 106 thereby rotating the di sk 102. A slider 108 whi ch has an
attached recor@inglheigve 2 cobireof erbstibta fyom pdasiuiild@redHd lnssrensi on
110 is 15 ai traghedat ®w,ar, asdn &412. The arm 112 has a coil 114 nounted on a
distal end fromthe suspension 110. Duri ng nor mal operation the actuator

assenbly which |ncl udes the slider 108, t suspension 110, the arm 112,
andt he coi| 117 F ot htBS AT G 6?1\1/66? Jo‘itnFoﬁIfél?i%ﬁuﬁ]éoasbfzhcﬁsl‘?esﬁ“ﬁ@af?on

of an act UBkSSr Posb. 198nd2d vAtdetndi Vigdovt eleointieeetimgotalilagethead nount ed
on the slider is shown in Fig. 2. The slider 200 has a surface 202 which

is in closgeREeX) Beb¥rrdrQod RE LBC kP19l Sk. This surface 202 is commonly
called the air bearing surface (ABS). The slider 200 also has a trailing

surface 204 upon which a recording head 201 is constructed which wll be
descri bed in 25Vidt agfedsatowe Tiws.ritceondi vy headr2eht poltendes aar ézd
el enent Zlﬂloﬁbﬂﬂoﬁte\ﬂﬁiﬂtﬁ €|cﬁ.@EMr159Qqe(nEifﬂLly5}eﬁM}ir§@ ool b 1be. deserdiked in

mong det al bt foo HELAIRACE: W0oH Gne SecdhRaK @MOLod Nerhd ALL NG, Sy face 204

of the slider 2 0 shows net al |n%f)connect| ons to the

recor di ng TE%EeI 212 TIPS 208 YoF e’rf’eF@‘i"ﬁcﬁ‘@d tHre® & ¥remdlitrirgidean
upper pol ecEEretbin 36 thve diwh deivd épnths§0@toT oy primsofhe lspimile beari ng
surface 202hdisdgldopat Bl0WEe alipRrio2on 20k11de upPehi@Ohas 240 a0fachbe Wite
el ement 500Q,c.2qPQ) wag@ 1so£om@té@\e@r @qlggenélgn o ot hefh\éﬁ%] Pefl gqem 200, a

rez_aLg sensor 214 nd two s |eldré 216 sposed around e read sensor 214.

Thé write &1GMRRT B0 iE™ toipriSed™f 1t Suppt L pot'e "21 2%t e 2| SVEF pol e
212, and t¥e EBPT $ho0BisPSBsPApel Ur | s ng arrrel (ppedatior dteoreietand
retrieval ofsedbyy talich iintdudwat tion sanik:f 0os,r esordispensant phayhackr®firaudi o

or video | pfOEABLILN. 114 rotates about a pivot point 116 defined by the location

of an actuator post 118.

20 A detailed view of the recording head mounted on the slider is shown
in Fig. 2. The slider 200 has a surface 202 which is in close proximity
to the recording disk. This surface 202 is commonly called the air
bearing surface (ABS). The slider 200 also has a tralling surface 204
upon which a recording head 201 is constructed which will be described in

25 detail below. The recording head 201 includes a read element 214 and a
write element 500 (Fig. 5) which will be described in more detail with
reference to Fig. 5. The view of the trailing surface 204 of the slider
200 shows metallic pads 206 for making connections to the recording head
201, coils 208 for energizing the write element, and an upper pole 210 of

30 the write element 500. The view of the air bearing surface 202 usually
shows a portion of the upper pole 210 of the write element 500, a portion
of the lower pole 212 of the write element 500, a read sensor 214, and two
shields 216 disposed around the read sensor 214. The write element 500 is

comprised of the upper pole 210, the lower pole 212, and the coils 208.

35 Tape drives can be used for storage and retrieval of digital

information and for recording and playback of audio or video information.



WO 03/ 003353 PCT/ GB02/01290 5 recording head 302. Typically there are
several recording heads in a row and the head assenbly has the capability
of sone |wpimse3sat eral novenment to conpensate for shift CTIGRROE90
position. In addition to a recording head 302 the tape drive 300 has a
tape transport for advancing a tape 304 5 froma first reel 306 to a second
reel 308. The reels 306, 308 (sonetines called spools) can be individual
devices or they can be contained in a cassette housing. Typically the tape
transport k&e-udes hed® 30k . MyRicd1Qk| elese k@ E&éﬂﬁipre@@@ﬁiﬂgoﬂeeﬁﬁdlmV@o% he

tape 304 agﬁc@%ﬁe tﬂ%%dra‘?s%%gi;ﬂ%as r@édc %%1%:&:?/ éf'o oﬂ%rll%tl¥eo?l f:era pmovglr‘nleéll‘g

400, shomn |n use recor audi o an

i nfor mati oR° %‘%53 "!(f’trl ﬁtﬁ ﬁ%/éap‘?l POBYHiPRal 1N AHE D WOr @ miseerdE8or di ng
heads 402 Hﬁfﬂ?% tlhﬂ @Heotha‘t"ien@Oerhama 46 tTaestoapef406dvascimy edtaaast o4 he
rotating dewm 40gdirsTheree aoe tot y piceadd yedWB 08 eelTie 4081 s 413, V\Afliechs&@lairb@s

[ ndependenEaﬂ@dC%E@bﬁ%nllﬂa @m&ﬁu@g§§%{e¥r§ce@0&§§|tﬂgy -%Y-,pbgaéoh¥a:&£§ +2Re

transport InCeEte%mm osi tlon and nove

the tape 408 across the- re%%rlaall %ﬁee&ﬁge Afﬁ?n?ﬁ?rfhjenctlg? °RG Hr U404, W th
reference FTO'Frg.318, t¢ Wélbéﬁsét%@aﬁﬁﬁ @evefthehangr 3% ackerrefbe 500rBhIt he

recordi ng hesidsof.or both disk drives and tape drives are 20 descri bed. The
wite elenent 500 is conprised of an upper pole elenent 502, a | ower pole

el nt 504, an n er_of. coi 506 sposed betmeen the upper 502 and
I 0\('?\L/lala1r3 504 ?ol esgm%gleér(lem Le 2 %a %%@ eﬁ\g\/(geeng?% Pt pdl €€ 8§ WPB]S’OESﬁ%ar
t he recor di g “REYTHRY @&ﬁﬁ%rﬁ '&Jaﬂeloetflftoﬁ@aWFteT@aptaPeTﬁJé‘-Vﬁo{L%§15021 504 are

i n magnet i eyrdept achaattwoher diose alecentingliadb 4drem@mtpal 25 af redactie awaht €
gap 508. Fig. Srishewse e 1ppetedphe: 382 la;raatma_;edr&no%a p%@ré%e as having

a series of.,1l 9512 cordance esent _i.nvention.
Whi Ee t he \%\A’YII; 'ItaéﬁelJl gﬂ%%@%&%g esg}rll i ga % lndeg?réc{réél%c%r tc8ntfahlne%ﬁnd%r 200

in'Rig. 2 FY*SRFFY "BR°Hishr eBPAfRY byt hE8e trélkﬁﬁolrédlr’rcl%uti% ORP tort Helte a

simlar wFeléest gdenrhicoubelrheotigddn wintlhmdvhetl30 thpg e Ol eacto36 X hieNrdeiogdidy Or

the tape headis402 bA fHegrothtiAgtapR 4vrrad which incorporates the present

invention is illustrated in Fig. 6. The viewin Fig. 6 is the recording

head 600 as it isE& Eer sented to the noving tape. In the usual configuration
S

several tape SRTUACH %I de By itde H0SHEFaof e TRESVEERRSPR Fi g.

6 is of a 5090 of the recordlng heads for both disk drives and tape drives are

20 described. The write element 500 is comprised of an upper pole element
502, a lower pole element 504, and a number of coils 506 disposed between
the upper 502 and lower 504 poles. There is a gap 508 between the two
poles 502, 504 near the recording medium commonly called the write gap.
The poles 502, 504 are in magnetic contact at the distal end 510 of the

25 poles from the write gap 508. Fig. 5 shows the upper pole 502 and the
lower pole 504 as having a series of thin laminations 512 in accordance
with the present invention. While the write element 500 is described with
reference to the slider 200 in Fig. 2 it will be appreciated by those
skilled in the art that a similar write element could be used with the

30 tape head 302 in Fig. 3 or the tape head 402 in Fig. 4.

A tape head which incorporates the present invention is illustrated
in Fig. 6. The view in Fig. 6 is the recording head 600 as it is
presented to the moving tape. In the usual configuration several tape
heads are mounted side by side along a row. The view in Fig. 6 is of a

35 single recording head 600 in the row. Typically there would be a head to
the left 616, the n-1 head, and a head to the right 618, the n+l head.
Each recording head comprises a write element and a read element. The
write element comprises a lower pole 602 called Pl and an upper pole 604

called P2. The write gap 610 is the space between Pl 602 and P2 604. The



35 single recording head 600 in the row. Typically there would be a head to
the left 616, the n-1 head, and a head to the right 618, the n+l head.

Each recowoioagodsend conprises a wite elenment and a read elCamaB/012Phe

wite elenent conprises a |ower pole 602 called P1 and an upper pole 604
called P2. The wite gap 610 is the space between Pl 602 and P2 604. The WD
03/ 003353 PCT/ GB02/ 01290 6 read el enent conprises a sensor 612 which is

di sposed between a |lower shield 606 and an upper shield 608. In the
present i nvesnt edemeaict dreprPdes 602eror R 266K cbr i dhatibpdkdanebwegn of 1oher Wit e

el ement isghonaeshd boManl aﬁgé}agﬁﬂal@a&@erl atn ngyxlegéﬁg M&ﬁ@ﬁ/ FHeXéNps Al so

I d
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Ni Fe/ Ta/ Feﬂ(?‘l\zl)nat%é‘at?ﬁ iPdcten l63'fn9ft HéFec/ Eb@eﬁf’é’%eneﬁ%soa@ﬂb%%r £he leeedr di ng
head i s shewrl@ldoé Br gthe7upddrushicdiiesotachdadh 7@ aceor didghtoumerestielld nent
of the inventeofofef 1S58 idhidaths katddive o%QQrié&hQSNlﬂeaTa)Fka TheTﬂ<,£Cordl ng

head 10 'alge%@ﬁsx{ gﬁt@rﬂe Q eam%ugéeaaa;&oZQ?thgsyeaéo&xl aggg s br A £0id

ceramic materia e read el ement conprises a Sensor i 87 sposed
between a | ower shield 704 and an upper shield 708. The wite elenent is
conprised of a Fonwer pdlugtFa@scallieed PP armprdircuppern pobelifdlt odl tied P2.
The wite gapnfid irsrtde spaceibetween 101 (F10s and, Pd)712rmelR8cck@ing head

congtituents &Bsml%t&ﬁ'otneahﬁl%gtm 5%%&?&? %x%eHS&%Im' £ sdc%%gmw a

matri x of msula{ materléf as alum na

i nventi on BFYH&P: p1T9A06F m?TZ C8F‘plf5't?Fﬁ PPy po° d@lf%elsvxﬁi’rﬁpés‘é‘? enment

is formed PewitehahilaatedtitierPalandomprbémghiliFer T/ FEX Nritdkdenditr ésti on
of the di skompvesent & eloati w@lto7ichearieaordiang deashdrSpshownz 201dd Gz,

Di scl osed hgs evr@wlgg O 10 dHeOsp Bl Serdhelh @R PYTBAL JF 9P, 1 gl | @yer 802

| ai_nat ed vmt oy 804 wher very. ot Interface betvveen t he
af orerrentl one uenézfsso tlheanrl?ﬁt er\%enl nre?%PﬁaéFe?rFa‘iféltaEg’O@ PP %t he | ow

t hi ckness, m?tHféXp‘? defitietdps tﬂﬁéermleﬁ%ﬁilﬁlg aFarlunjer- 808 dHwesrersnt25 resul t
in a signifrcantor edueid 6n ofo pagrzeriz onorent P1 landawidiok | €, wkhe eldw@Atri ch

| ayer 802 ks mh-h&yedoihifrRA0hhek i8] SBRMM: sOhy @@H@}ﬂ%é@(fh)of el enents up

to loo by weight tq.ipprave the corrosion resi tance i ron The iron is
al so ni troa}e_lnat ed to rnprove wear Tesi slgancg r?%osruf“?g i$24 19 5B "Rat ed

st Pdcture Which has hi gher noment than N (80% Fe(20%, good

Disclosed here and shown in Fig. 8 is a high moment iron rich layer

802 laminated with a NiFe alloy 804 where every other interface between
the aforementioned layers has an intervening thin Ta layer 806. Due to
the low thickness, the presence of the intervening Ta layer 806 does not

25 result in a significant reduction of magnetic moment. TIn addition, the
iron rich layer 802 is alloyed with a another element or combination of
elements up to 10% by weight to improve the corrosion resistance of iron.
The iron is also nitrogenated to improve wear resistance. The result is a
laminated structure which has higher moment than Ni (80%)Fe(20%), good

30 magnetostriction, and good corrosion resistance. Functionally, it is not

important if the basic sequence is NiFe/Ta/FeX(N) or FeX(N)/Ta/NiFe.

The preferred embodiment for a laminated material which has
excellent magnetostriction and has good magnetic properties is a repeating
sequence of NiFe/Ta/FeX (N). The first sequence is labeled as 808 in Fig.

35 8. The second sequence is also shown 810. The sequences are repeated 812

until a final desired thicknesg is obtained.

The element X alloyed with iron in the FeX (N) layer is Ta in the

preferred embodiment. However other elements or combination of elements
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invention to provide uniaxial magnetic anisotropy. The field was supplied
by the use of bar magnets embedded in the substrate holder or pallet and
positioned close to the substrates. The field may be applied by other

25 means such as a series of parallel wires behind the substrate.

In general the thickness of the Ta layer can range from very thin to
about 10nm (100 A). The thickness of the Ta layer 904 in the experimental
films was 3.5nm (35A). The thickness of the FeX(N) layer 906 and NiFe
layer 902 can range from about 10-100nm (100 to 1000A).

30 All the films described in Figs. 9a, b, ¢, and d are approximately
38um (1.5 microns) thick. The targets used were FeTa(2 atomic% Ta),
NiFe (Ni86%Fel4% and Ni93%Fe7%), and substantially pure Ta. The
composition of the films made from the NiFe targets matched the
composition of the targets. However the Ta content in the FeTa films was

35 enriched somewhat compared to the target. The deposition rate for the
FeTa (N) and NiFe layers was about 7nm/min (70 A/min) and somewhat less for
the Ta layer. The process pressure was about 2Pa (2x107? mbar). The argon
flow was 60 standard cubic centimeters per second (sccm) for all layers.

Nitrogen was introduced only during the deposition of the FeTa layer. The
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n|t|'ogen fﬁé%ﬁ g&gérngoilagp081tlon was 3.0 scem for films #1 and #2. Films #3 and
#4, shown in Figs. 1lc¢ and d, are similar to filme #1 and #2 except that
the thickness of the FeTa layer 906 and NiFe layer 902 were 40nm (400A)

each. And the nitrogen flow during the FeTa layer deposition was 4.0 sccm.
25

The evaluation data for films #1, #2, #3, and #4 (shown in Figs. 9a,

b, ¢, and d) is tabulated in Fig. 10. The saturated moment, Mg, for the
finished films averaged about 13 kG. This is substantially higher than
the value of about 10 kG for non-laminated Ni (80%)Fe(20%). Annealing

30 generally decreases the magnetostriction of the as-deposited film for the
laminations with interleaved Ta layers. Without the Ta layer 904, the
magnetostriction generally increases with annealing. The stress in the
final f£film has the opposite trend. However, stress is sensitive to
deposition conditions and may vary somewhat. The low value of

35 magnetostriction in the invented films #1 and #3 (<]2x107¢]) significantly
reduces the burden of managing the film stress.

Corrosion measurements of single layers of FeTa(N) films and Fe (N)

films of similar nitrogen content reveals the FeTa(N) films to have the
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FeTa(hD is more negative than [110] or [111] Ni single crystals. The
20 magnetostriction in a single crystal Fe[100] is more positive than in
[110] or [111] Fe single crystals. If the influence on the
magnetostiction of the entire laminate film is more predominantly dictated
by the NiFe layers rather than the FeTa (N) layers, then the enhancement of
the NiFe[200] crystal structure with the presence of the Ta layer would
25 decrease the magnetostriction (increase it in a negative direction).
However, usually the magnetostriction in a film comprised of magnetic
materials with different magnetic moments would be dominated by the
component with the highest magnetic moment. The NiFe layer has a magnetic
moment that is lower than FeTa, but with the addition of nitrogen to the
30 FeTa layer the magnetic moment is decreased as the magnetostriction is
increased and the soft magnetic properties are enhanced. Also, the
tantalum layer itself acts as a getter of nitrogen. Thus the
magnetostriction in the laminate films with the tantalum layer would be
less positive than in the laminate films with no tantalum layer even when

35 the nitrogen content is similar for both.



and the NiFe layers in the lamnate filns. The foll ow ng nechani sm may
explain this influence. The nagnetostriction in a single crystal N [100]

is nmore rw@aBiovddss han [ 110] or [111] Ni single crystals. Pog/Gx»2/01290
magnetostriction in a single crystal Fe[%QO] is nore positive than in

[ 110] or [111] Fe single crystals. If thé influence on the nmagnetostiction
of the entire lamnate filmis nore predomnantly dictated by the N Fe

| ayers rather than the FeTa(N) |ayers, then the enhancenent of the
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tantal um | ayer 1iself acts as a getter of nrtrogéh. Thus the
magnetostriction in the lam nate films wth the tantalumlayer would be

| ess posi t2veat haninphed hetddail et eliinadsimicllhinng dlateah Waikaysfereyenrafien
35 the nitgngen (eont ead) ks Skdbdancéor both. WO 03/003353 PCT/ GB02/ 01290
10 CLAIM5 1. Alamnated nmaterial for use in a nmagnetic recordi ng head,
conprising; a repeating sequence of a layer of N Fe (804, 902); 5 a layer
of 'Pron alfoy®( BYPP2obBT ARy, 2act s b cdabstartqrair yapdr B2vra $%866°0 904)
di sposed bztlwrefB025abeh)| agerieés N FeesmndoSaildod ayérthef rémegndant lcoyprizes A

| am nat ed v@itari@l as clained in claim1l wherein said |layer of iron alloy
(802, 906) is nitrogenated. 10 3. Alamnated material as clained in claim
1 wherein said L’an}/,er of iron _all o¥ (802, 906) conprises at |east 90%iron
and the refai Mde? CGHPT MEEE 3L 411t SF e AL PHingtEq  Fretéf avegsok liaPrred
in claim 12Weer 842 sa96d Faypeisef akrbyrstabdoyr¢802d t9@6)ulswAprisdesematintieast
90% i ron and chbheersubst anf izl, cemabnder, zd45mes whaser, f6oMeRYU, siAl 5, Gy, Nb,
T, Zr, IvbG:a,VSr)NBaJTrr Mn,GQnd %1, S, B M,

5. A laminated material as claimed in claim 1 wherein:
said layer of NiFe (804, 902) comprises Ni in the range of from 80%
by weight to 93% by weight; and
20 said layer of iron alloy (802, 906) comprises a layer of FeTa (N).

6. A laminated material as claimed in claim 1 wherein:
said layer of NiFe (804, 902) has a thickness between 10nm and
100nm;

25 said layer of substantially pure Ta (806, 904) has a thickness up to
10nm; and,
said layer of iron alloy comprises a layer of FeTa (802, 906) having

a thickness from 10nm to 100nm.

30 7. A recording head for use in a tape drive or a disk drive, comprising:
a write element including a coil and one or more pole
elements disposed around the coil, said pole elements including a

laminated material, as claimed in any one of claim 1 to claim 3.

35 8. A recording head for use in a tape drive or a disk drive, comprising:
a read element including a read sensor, a lower shield, and an upper

shield, said read sensor being sandwiched between said lower and upper



Ca, Sr, Ba, M1, and Zn. 5. A lamnated material as clainmed in claiml
wherein: said |layer of Nl Fe (804, 902) conprises Ni in the range of from
80% by vwo@h01363 93% by wei ght; and 20 said | ayer of iromecCaldBRR/o(B02, 906)
conprises a |ayer of FeTa(N). 6. Alamnated material as clainmed in claim
1 wherein: said |ayer of Ni Fe (804, 902)*has a thickness between 10nm and
100nm 25 said | ayer of substantially pure Ta (806, 904) has a thickrness up
to 10nm and, said layer of iron alloy conprises a |ayer of FeTa (802,
906) havi nghiecdat hisek@essed a8 PN 410 109NMc130nd. 2 Aahetpdi Migehead for use
in a tape driyesor a i kclqjgirlvie,toc rising: a wite elenent including a
coil and one or nore pole elenents disposed around the coil, said pole
elenents including a lamnated material, as clained in any one of claiml
to claim 32 35 BpreAdrioreimyisiedgd for use in a tape drive or a disk drive,
conprising: a &eadoedelemdad, Neliddia@raifieadadensoig aawti@eer shield, and an
upper Sh'@lleqnen§,alsg.i5%ﬂqté%aéﬁéntbgﬁﬁgd%@%\@ ched et ween eﬁ%%t',oxgd gﬁﬂe
upper WO 03/ 003353 g /] GB02/ 01290 . 11 shields, sald o%er an( ugger shi el ds
i ncl udi ng & TERT MACS MEL 2rPaEaetee At Md SPHT AAYBE SRR Y 6° TS,
9. A tape H¥iapE, onconprilging: t8 Hatecordi ng head, said recording head having
a wite elenent, said wite elenent including at | east one pole el enent,
saikgl pole ;g ereptsyi BelMdi g2 d:agi nated material, said laminated naterial
as clained in %n)iegng 0911; cg.ls%i.m 1toclaim3. 10 10. A disk drive,
conprising: at east- one d’l_sk; at |least one slider with an attached
recordi ng head Forlepetdrai Hgdeh vishiar aFkichedaisgoridgr Beaty fhe dg chEtiinggom
wite el emsnitd Bhei,udehy racediihg ardd lavingppewrand el owar poliedlereaiil and

di sposed abpuhpsAimaCiver $ALMNALE: 1h ssbaP R deNEl di NG:a | | arigngl £d
rna&grleﬂ aéiéHe%Lr?%%lhéhﬁ%”X f%g§néy;dc$aleghgl %% cféi%génf%'any one of claim 1 to

claim 3.



