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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 prec1sely, when the walls between

25 different magnetic domains move, resultlng in the growing or shrinking of
domains), Barkhausen noise is generated and is sensged in the read element.
This noise can seriously degrade the quality of the readback signal.
Furthermore, 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 permeability 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
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i ncreases the nonent but |eads to high magnetostriction. For exarrpI?
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magnet ostriction of about 25x10'6. Attenptg have been made in the past to

| am nate materials using alternate |ayers of materials having positive and
negati ve nmagnetostriction. These filns. tend to have high local stress at 5
the interfages hetween | ayers. Another approach to develop a material wth
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material i Sla@re@!!i&Eﬂaé&etié%ﬂ&sﬁoﬁ—%a@é@cnga%e%gg;%?gas&d% g“ér?ét ﬁee}ig:aiificant

reduced m%ﬁ?ﬁto@ ction _and good magnetl c pr. ,

embodi nent 0 e present T Hvelt i natieR Lt ithes sdrel tispet it irduredr moment
provi ded ha@¥nghe P¥esrdi hginesels formed froma material having reduced
magnet ostricti on and good nmagnetic properties. The reduced

- magret ostricti om nté-at ef irdkaae ¢or di mbodi ment of 20 the
present inyentipg, ggovgtgggr&tsilgn%t ﬁdél%gr‘itk%p?g%gﬁg% q‘leﬁ”g? HELperFdPifence of
the recordi ng- heads. 1 a pretet e entodi FsttEitas idieeseed magrsiridi ng to t he
present i MFERETORSI & A°V efreaci vigysenfubhgle mefndthicercdeayer s. One | ayer is
made from an alloy of N Fe. Another |ayer conprises FeX(N) where the (N)

i ndi cat es ysérddvkt 0genat edwkidiBand the additional elenent, X is
preferentially Ta but can be selected froma group of other elenents. The

third [ayer, disposed between the FeX(N) and N Fe layers is tantalum The
sequence of thri8e“tayrrylingnt efebhedresenshimient {dve ar eqparied fshpedknass d-0r
théSfinal uamtir FatningOrdvedint eehad wham aBs initbasnegldssrRl 6L Nal ye of
Tagnet 05! 1 iane AfelRITRONELASHIECLA S USH LY, decTeased W IR
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advant agesmg?ertlﬁi }&Vég%rﬁeduce 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
rerformance 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 film and the additional element, X, is preférentially 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 required thickness 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-wheg taken a;ong with the drawings, illustrate by way of invention
the principles of the invention.



.invention will becone apparent fromthe followi ng detailed descripti 0n.8 WZOU{}
whi ch whenw@dxnssssong with the drawings, illustrate by vvaymgf Gw%rzgdron
the principles of the invention. WO 03/003353 3 BRI EF DESCRI 'IZI HE
DRAW NGS 28NOV2005 PCT/ GB02/ 01290 The invéntion will now be described, by
way of exanple only, with reference to the acconpanying draw ngs, in
which: Fig. la shows a top view of a-prior art disk drive; 5 Fig. |b shows

a cross section side view OfBRi‘Eﬁjin%%gﬂpiT\fSNao% &fé(ggﬁﬁl%gm line Ib-1b in Fig.

l-a; Fig. 2 shows a detail ed perspective view 0O art recording head
attached to a slider such as that shown in Figure la; Fig. 3 shows a prior
art tape drive uSke jpwengicnl yilflonowber dgerand, BP vagtsd evahp1ef oghiygi Laly

i nf or mat i onreffer@ncd toNeMS RcBdaBY i lirdAREs dribvehped primarily for storage
and retrieval of audio and video information; Fig. 5 shows a diagramof a

wite elenment such as one used in the disk drive of Figure |la and the tape
drives of Figure§*% afdsPws15 tpp grigvwstfoRsPaiorsart gisk dgive.o one em o i ment
of the present invention in a recording head used in a tape drive such as
thats of Figures BiqAndpdsndikCh cfosNQUSE RnVEEW Qievpgﬁ {’52919'&}?% of . Lhe

I's

T ) s 1 k
present i nvggnl ané Ny hECPrdi Ng head used in a rrve such 53 %hat of
ig. i

Figure | a; shows the Bast® sequence of |am nated |ayers used in a
20 recording head of the present invention; Fig. 9a shows a repeating
sequence of | ayeFis-wat shos (BERYFa o(14AHE00A) | Tiat36A)/ Felta( N 3Q0A)q:as the

basi ¢ sequenea oftdoholr® a813Fb8sud Shews @hévﬁﬁ%‘tﬁi rSqquence of layers
with 25 N (86% Fe(14% (500A)/ FeTa(N) (300A) as the basic sequence of Figure

8; Fig. 9c shows_a repeating sequence of |ayers with N (86% Fe
("14;/0() (400A) / Ta( 354/ ESTRVR)Y 2OEA) 245 teRe Fdse cussdgprimenilof £6F gubeageBand

retrieval of digital information;

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

retrieval of audioc and video information;

Fig. 5 shows a diagram of a write element such as one used in the
disk drive of Figure 1a and the tape drives of Figures 3 and 4;
*
15 - Fi 6 sh i i
- g. 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(BS%)Fe(14%)(SOOA)/Ta(BSA)/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. %c¢ shows a repeating sequence of layers with

Ni(BG%)Fe(14%)(400A)/Ta(35A)/FeTa(N)(4OOA) as the basic sequence of Figure
B;



. 28 NOV2005 WD 03/003353 PCT/ GB02/ 01290 4 Fig. 9d shows a repeating sequence
of layers with NI (66-0.) Fe (14% (500A) /FeTa (N) (300A) as the bZaBiNQVZUUE,

sequence oWwdrogemssi8; Fig. 10 shows a table of results fro
multilayered films showmn in Figs. 9a, b, ¢, and d; 5 Fig_nkfijf'@ga\@ugo

t heta-2theta plot for films such as those ghown in Figs. 9a, b, ¢ and d

with and without the intervening Ta | ayer. DETAI LED DESCRI PTI ON OF THE

| NVENTION Wth reference to Figs. la and I b, the present invention can be

i ncor porated int %8 dgqskhglrive ener al I% referred to as 100. The disk 10

drive 100 includes”at” 1 3SY° SnEREEHIUPRT Bre It 62YerPhith sk 102 is

mount ed on H* A% 8R EL4B045 00 ¢ ReTas!NE 92 tasd the bashotserudia6. oDut dug the
operation of the disk drive 100, the notor 106 spins the spindle 106 '

thereby rotatingrife il shod0Z cfbg! dd5Le a8 whice %h%%%fa}gﬁg%%%ggf]%fos]i{@nl5

recording head,.is c%ngct ed tgrﬁa suspensi on
attached to an arim £r2°' e 87 M112 has a coil 114 nounted on a distal end

fromthe suspension 110. During normal operation the actuator assenbly
whi ch includes thégshidesowk08, tishe- RUSRERIbOEL 1B 1nshgu Al M 1dee A04, the

coil 114 rokads€SoRbauUt cagf WOL; JAOLLY ef,i ned by the | ocation ~of an
actuat or post 118. 20 A detailed View o u?hf’aher gg%er Fhghéad ¥ Bimt ed on the

slider is showmm in Fig. 2. The slider 200 has a surface 202 which is in

cl ose proxiPHEAFLER PESARIRTIONIQH MYE dINSBNTIONI S surface 202 is comonly
called-the air bearing surface (ABS). The slider 200 also has a trailing
surface 204 upog Mhi recording head 2Ql1 is constructed which will be
described in 25 det alk\g_%]%%lng\%v. F%ﬁég??eg%raé‘fin%'hégﬂ PFB9eqtn e EdELom crR dd

el enent 214 EREPE*5iF 1 ePetietit 9506 Fegally) rofirehd wid ks Beodeseeidiad in |
nor¥0 det ai |95ve hLl00r dfietwisgeatt deffty ond rethadinpedtf 16 KAkt ing suf ace 204
of the sli deunt@)@nshonsinaet aloki mmipAdS 296dc0La MBKL NG GPNRECt ioNs to the
recordi ng hgadar2Blos CQld §: 208, 1951e;:g%zior§$_ﬁtﬂe vvrqflg’tte reagghpr?flfl%ghﬁn
upper pole 210 of 30 the wite el efent d;>-The Vi BRy8f *i*hBPEe b4 i ng
surface 202 usual I'y slhgv\g. 9;%1 BeFt3%n &f stiferubemhipdl ba9 B0 witathed write

el ement 50G2CEEPEt Peaf 16f camectasivee Ppehepedtomflid he The i duepaleBENE10509, a
redf sensort2ddhedand dmermsiizel dme2dn dispasesd Rround fhecLead %ecﬂ%%l 214.
The wite ehemnftin 8RO duspeSORrized Riit er_pol.e 210, the I ower pole
212, and t'%@s%{ﬁh';ﬁw%c% ﬁ:I?»uSdeTa&% i vésé]glggp_eoagzéa&lf%:tggtacﬁtﬁﬁ%c’%nd
retrieval of .digital 1Aformation andeF ofCr ettt drFRFRERRR BL Gy bhe kexof 1xaudi 0

or video i ﬁFSr?ﬁ%:FBTE 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 trailing sﬁ&face 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.
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there are aya/%'@h%g ecording heads in a row and the head assenbl A5 NOw 05
capability'o Y Jlinmted lateral novenent to conpensat e ¥GVCBIYMRZY i n
tape position. In addition to a recording ghead 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 (sometines called spools) can be

i ndi vi dual devices or they can be contained in a cassette housing.

Typi cal |y t F&ceas theafisiort Tyrilcatfes there ere weveralr obderisng hBads0ihel Row
posi tion andnomire e aawmsga%a%cew%aﬁﬂmiﬁﬁ%dédm 1I}ﬁ3cgd31%era]10mm%t ner

tyl ft 0 Fi nl
style o aQ@ &Unb&?sa%g forsgg%é o tj.g CPds\}glscinﬁ déit%ﬂ}p?%&l ?%Ft’g%glrgt :/\Kr;gor

audi o and v#‘ nt or mat 1 on

nore record ﬁ@fﬁéa@me?%am%aw 2§ # JeRe margnmq;m £ap0 4dvaFieéng apeapt0604 S
nmoved past f£hem mofisitngesdr @06 4®4a devend rae® 30BYpiThal .Jceyeltsv\gbsr egdsS (ARt 1440
whi ch can bealmemgﬂtcaﬂrb&qmi%:i&QI'J@sv@ce]s5ogat§1%§té \?\)n cho' ?melypi call'y

t he tape trgg&ggggi%ggl des or}%a I rgg | ers fe osi f'i on
and nove th recof diRG TRBERFE 46’2"1(’1%“{ H’éer‘&‘t a‘ﬁeng drum
404. Wth r ’é‘f’ﬁﬁgﬁc%wt B° I‘—‘iedjp -‘5’5th<§‘ Bﬁ%l“@"? ddeutars 84 tdsecsw khe rebem@ay 500

of the recobeihgOheads for both disk drives and tape drives are 20
described. The wite elenent 500 is conprised of an upper pole el ement

50230a | ower pol g, &LEFERL; 50 Nunper of COI| 506 di sposed between
t he upper 502 and Io\%er glé t tggéj d?her gpgr 58 %’é’ ‘bét \kée‘Er)P“’E“H’élYt #eed

pol es 502, ?)r4rﬁ<é°aﬁ’jlf’?1eaufié% ﬁ’gder?eb‘i‘ft?ﬁi“%ﬁ’ﬁnnl'f e cipleedr ivhei iy € 4gap.
The pol es 5SBRicsby hre tvn erageEt i ecooditgCleadt 4dzemdirgtal ireadedd0irgf athe 25
pbl es from tdwe wriid eagapob0f mbidh p5s§maze«fsrow@iﬂg,paﬁxm ket e 202..and the

| ower pole &S yhayd ng Bl €8 Ofn i 512 in accordance
Wi th;the prgiggrclgteyhven t Sﬂs 51\?’\ﬁ &0 £ c\l%/r?an %%Ilél%e Q%BE’) s CREEETSDAY Wit h

refeérence to t Pife rnQZOCiI‘yPr‘iC‘I‘:]ild the |tPP‘?/th?n9(§’€r’ap1r§‘FéE¢e§t eek loy mdvese

skilled in ’f‘l“rée’éﬁ" t41f’ Heich helpi pegitied tand alowretite capd dobecused té tlacdiend0
tape head 3G2dpM R gn tReorotialiend ajpemblw@ad 402 in Fig. 4. A tape head which
i ncorporates the present inventionis illustrated in Fig. 6. The viewin

Fig. 6 is ther dead, 60 as, resentedtothe nmoving tape. In
the usual confi %ﬁ?gﬁ%% g%c\?éer aIE0 ttﬁ %5‘5 Q&R &Y S8F dEiby dPBRItal ong

a row. The VieW iR FSgor6M9% hﬁ?dsafSJS PeFhgliek rsdvrdiang treadiB08s iamet he row.
Typttal Iy t‘??é?éﬂwéul (Fhisevrithealkntept oleid ebtpiBbd dthen Rppe@ade aQKkA head
to the righao2618,lowde pptd hemeat 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.
Bach recording head comprises a write element and a read element. The
write element comprises a lower pole 602 called P1 and an upper pole .604
called P2. The write gap 610 is the space between P1 602 and B2 604. The
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wite el em;% 9/8593 3 ses a lower pole 602 called P1 and an upper pole 604
cal l ed P2 e vvrl e gap 610 is the space between Pl 602 andCHBGHERAI29The 2
8 NOV 2005 WO 03/003353 PCT/ GB02/ 01290 6 reead el ement conprises a sensor
612 which is disposed between a |l ower shield 606 and an upper shield 608.
In the present invention either PL 602 or P2 604 or both P1 and P2 of the
wite elenent is forned from |amnated material conprising N Fe/ Ta/ FeX(N).
Al so either T3¢ PGt SoBRTisled BOBREPr R WWispkrissAistade80Btorebat hotdie

| ower and t hehigppeiossaricebd uppan didei@raved frnothd ot faiednvBtesd @ither p1
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a rigid ceranmnhcbe fatesd akom Theidmad mlesnnt c&@fﬁ)éirﬁae&iﬁefﬁgﬁébf n{06 i ch is

i el

di d  beijwean . h t
cloment s monoriacd o SiPoa ool WAL RIS Feal T sbom e 712

called P2. The wite g\f 714 is the space between P1 710 and P2 712. The
15 constituents d#9t He lhfysteatesnd kend Fehdcheadnarte usualboyimmesdedei n a
matri x of i dsuémtiongforatey iial a Ai8k sdiGhe apoaltiFsNana, i Apf he Rk qggg;dlﬁg head

i nvagti on eijthgsmPl.418 aP a t t he ite el énent
is fornmed fr;nggélf:aw n%ed&{%t %EJSLZ o 79? JS%P Eﬂhﬁggn?a%a? FEX@ Wlfh‘éeraa‘ﬁf ection
of the disk novement el ative T6°F hcé3 ’é’csﬁFd? rf@nﬁ%”ddofssw@ﬁém dpepores.

Di scl osed h8PEVSMd? S1uGH Shaetd JOo4rridsam Usberh siroedsht708 1 orThe | il tk ayleqent3 Q3

| am nat ed wicbhpxishi fed al lopyr 34 ewmar eaElsar y1 @hBedn upbey fpagg Aset wagpg ghe \

af orenent i onré Jrayergphas ap duat glga\égnb&g,egplﬂ :)-?o laﬁxeg(f g . ue to the low
6

t hi ness, c the.li erven n 0es not 25 result
in ggm gni f Fgrgsnb?ligé%g tgf %%eo ntenh d %%%?ea‘?ﬁrﬁdﬁ”ﬁl&ﬁ embRgded; B rij ch

| ayer 802 i ¥¥Hifofedirtatiag é.'}"i‘(’iﬁﬁ’earl é’rseﬁiéﬁ @soprludndi ndki e pkeseakenents up
to 10% by wéil‘gﬂﬁlttl% il hprove 1iecT orr 05 on ¥esi Bt aRGerDbEi €N writthe1ddQl i S
al so ni t r ogénateeted cfrbﬁpraay&t\éaarﬁat@%u%%&%ﬂ l_éﬁ% ﬁ@ﬁ%‘/%ekgy H2m nat ed

structure Rl ghel; 209
magpet ost ry\?ilf&tb‘% g 8%03 J&%&?%‘?%E%%m stance cclrfig’ﬁ%lhieﬁd iist shqymp ot
‘he basic

i nport ant sequence i s Ni Fe/ Tal FeX(. N) or FeX(N)/Ta/ N Fe. The
preferred enbodinent for a lam nated naterial which has excellent

magnet oSt ri ct i onDisvllodas hgooAnaBGReL | 1 PIPPErid @Shigh aoxﬁéﬁe%édqglcéeigye?ﬁce
of Ni Fe/ Ta/ f@X0Minatbhe Jikf St NS RUUGHGE gb® \Jh%pgleelgré ot 338 nQ:erJEa%e 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. In a&dition, the
iron rich layer 802 is alloyed with a another elemetit 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 mot
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 thickness 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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The . 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 frbm 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 10004).

30 : All the films described in Figs., 9a, b, c, and 4 are approximately
38um (1.5 microns) thick. The targets used were FeTa(2 atomicy) Ta),
NiFe (Ni86%Fel4% and Ni193%Fe7%), and substantially pure Ta. The
composition of the films made from the NiFe targets matched thé
composition of the targets. However the Ta content in the FeTa films was

35 enriched somewhat compared to the target. 'I“he deposition rate for the
FeTa(N) and NiFe layers was about 7amm/min (70 A/min) and somewhat less for
the Ta layer. The process pressure was about 2Pa (2x10-? 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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Figs. Ic angﬁa& agig §??ﬁefl%.er 9@6 g5 pﬁgexﬁlw%de#@teﬁc@ttlmdﬂﬂﬁ:o obta:Ln the
desired final thickness of about 38nm (1.5 micxons), Fig. 1b shows the
sequence of layers for film #2 which is the same as film #1 except that
the Ta layer 904 is missing. Film #2 was constructed to compare with film

20 #1 and show the benefit of the Ta layer 904. The nitrogen flow during the
FeTa layer 904 deposition was 3.0 scem for films #1 and #2. Films #3 and
#4, shown in Figs. 1c and d, are similar to films #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 scem,
25

The evaluation data for films #1, #2, #3, and #4 (shown in FPigs. 9a,
b, ¢, and d) is tabulated in Fig. 10. The saturated moment, Ms, for the
finighed 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 magunetostriction 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 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 (=]2x10"¢|) 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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magnetostiction of the entire laminate film is more predominantly dictated
by the NiFe layers rather than the FeTa(N) lavers, then the enhéncement 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, i i i i
; 'r 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 ne tantalum layer even when
35 the nitrogen content is similar for both.
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wherein salefla sidast bk bdes E&IBMGHEagONPri ses tantalum (Ta). 3. A lam nated
nmaterial as cl ai rred | n claiml|l wherein said |ayer of iron alloy (802, 906)

IS nltrogenateﬂI am nated material as clained in claim1l wherein:
said | ayer of® alﬂéna(tﬁﬁéf“atgﬁ’f)l BB AR eEs 1N|°1ah“‘t1h§h?’é“ﬁ§es'i‘ﬁd freER 86%rmy
wei ght t o2939% Pyohei*§ht ;isapttregeertledyer of iron alloy (802, 906) conprises
a layer of FeTa(N) 5. A lamnated nmaterial as clainmed in claim21 wherein:

said |ayen.ofa Nofighd884nat@02%h Bas121hdH ¢knassm heluean,,10nm and
said layer of NiFe (804, 902) comprises Ni in the range of from 80%
by weight to 93% by weight; and
said layer of iron alloy (802, 906) comprises a layer of FeTa (N).

5. A laminated material as claimed in claim 1 wherein:

said layer of NiFe (804, 902) has a thickness between 10nm and
100nm;

sald layer of substantlally 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.

6. 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.

7. 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
shields, said lower and upper shields including a laminated material, as
¢claimed in any of claim 1 to claim 3.

8. A tape drive, comprising:

AMENDED SHEET
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