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FOR USEmfek#’A MAGNETI C HEAD

The present invention relates generally to magnetic heads haV| ng nma net i C
transducers for reading and ‘writing data, and nore.particularly to a

| ani nat ed magnet i SMtRw@tur ¢ for use therein! = In the magnetic
recording industry, the diivéRest @WRde skRfReSRM EEERindGedenerd Y has |ed
to the requirement for magnetic storage medi a havi ng narrower data
recording tracks, lower track pitch, i. nore tracks per inch, and
greater |inear recordl ng density al ong tﬁté—ﬁ%%@tracks In turn, increased
recordi ng density places an ever increasing demand on the devices enpl oyed
to record (wite) and Fheaprestrd inserdietetklpirsogenatrilbnte Wanktit Headsnbyvdes ed
recordi ng density mwapabd krdnyductisefdrr siading antl owitrics damg red imerdTpditaculequi ri ng
greater magnetic fioed daihsRAGiabnelt & a6aotPe ish utdheneremor di ng of data, and
simlarly towards read transducers having greater sensitivity and reduced
Ylljll(2|e;/atgi’;ll’lld;[ éa:g ?gl ?rgex?n %ga;gg)euc recor‘éhg Jtngusg:e%)gt.l}eesgn\ée 1'-l:ow«su’dls 1ncre%se<§t

t ransducer i ncl udlrﬁgorgﬁaq ?ﬁﬂ'ﬁt”tyl }v:té ed to the requlrement for magnetlc storage media
having narrower data recording tracks, lower track pitch, i.e., more

tracks per inch, and greater linear recording density along the data
tracks. In turn, increased recording density places an ever increasing
demand on the devices employed to record (write) and read the recorded
information. With the increased recording density capability, the trend
is towards magnetic media requiring greater magnetic field strength to
accomplish the recording of data, and similarly towards read transducers
having greater sensitivity and reduced vulnerability to noise and cross-
talk. At the present time, the most likely candidate to meet these
requirements appears to be a magnetic transducer including an inductive

write head and a magnetoresistive (MR) read sensor or head.

In order for an MR read head to. be capable of reading recorded data
from a magnetic medium at these high recording densities, the MR sensing
element must be incorporated in the gap between two magnetic shielding
.elements. For example, U.S. Patent No. 4,639,806 to Kira et al discloses
an MR read head including a shielded MR sensing element, and further
discloses that the shields elements may be fabricated of high
permeability magnetic material such as nickel-zinc ferrite (NiZnFe),
manganese~zinc ferrite (Mn2nFe), an iron-silicon-aluminum alloy generally
referred to as sendust or a nickel-iron alloy generally referred to as
permalloy.

Typically in a rotating rigid magnetic disk storage system, the
read/write transducer is mounted on the trailing edge of a flying slider
which supports the traniducer above the surface of the rotating disk in
close proximity to the magnetic media. Various elements of the
transducer, such as the MR sensing element and its associated magnetic
shields for the MR head_and the magnetic pole tips and the nonmagnetic
material disposed therebetween forming the -magnetic gap for the inductive
head, are exposed at the slider éif bgariqg surface (ABS) imposing strict



wite head and a magnetoresistive (MR) read sensor or head. In
orderfor an MR read head to be capable of reading recorded data froma
magneti ¢ medi um at these high recording densities, the MR sensing el enent
nust be incorporated in the;gap between two gnetic shielding el enents.
For exanple, U S. P8R%%M Mo 4, 639,806 to Ki rrg et “al’ discloses an MR read
head including a sha&hgednmtsmss Requeteasr@al | Tianckal Uhd eitediead leos@stst hat
the shields el enent gy xrb%xsoém E@QﬁeeﬁlBsosrehél.g&pﬂﬁﬂmamhbélkyl BBGEEE Wh& the

rmierial such as ni Gieger 2idlnctfd blfiebdd ANESkani ARROINERSi! A d 6F ehd ©
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Typically in a rotating rigid magnetic di sk storage system the read/wite
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as the MR sensing e g s BRERG! &tsgalrsﬁ%efom séuoﬁi c!%rcmr p;the MR
ead and the magnetl
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t her ebet ween formi nf tf'geé‘ tl}?’a i’t g%%g ?’o?’gtﬁﬁgsm?ﬁﬁ%"tq& tﬁere Y rﬁ%)ug%efposed
at the slider air béﬂ\s?ﬁgh%‘ﬁif"ﬁace (ABS) inposing strict

In the inductive write head, as well as in inductive heads designed
to provide both the read and write functions, the magnetic yoke which
forms the magnetic circuit for the inductive coil terminates at the slide
ABS in a pair of opposed pole tips separated by a transducing gap. While
the majority of the yoke structure is of relatively large dimensions, the
pole tips are relatively narrow and thin thus requiring that they be
fabricated of a material having a high saturation magnetization and high
permeability. Aas noted above, since the pole tips and the gap are
present at the inductive head ABS, it is also a requirement that the pole
tip material be of sufficient hardness to minimize smearing and
scratching caused by asperities or contaminants at the magnetic media
surface. Also, since the geometry of the yoke and head structure allows
the majof portion of the yoke to be located away from the ABS and thus
not exposed to the harsh conditions present at the ABS, it is common
practice to fabricate.only the pole tips of materials having the
properties required to survive at the ABS.

It is well-known in the prior art to utilize sendust as the
material for both the leading shield in MR heads and for the pole tip
structures in inductive heads. For example, U.S. Patent No. 4,918,554
granted to Bajorek et al discloses a proéess for manufacturing a shielded
MR sensor having the leading shield composed of sendust. Similarly, U.S.
Patent No. 4,780,779 granted to Pisharody et al discloses laminated
sendust pole tip structures in an inductive magnetic head for video
‘recording. Because of its excellent soft magnetic properties, thermal
stability and mechanical integrify, Hardnesg in particular, sendust
alloys (Si: approximately 9.6%, Al: approximately 5.4%, Fe: approximately
85%) in bulk form is a preferred choice de shield elements and pole tip
structures in MR/inductive thin film heads and for core material in
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The read and wite head el enents which are exp
susceptible to physical danmage when the slider , _ i es or
contam nants which rmay exist on the surface of the nagnetlc recordi ng

{r enments.
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The magnetic properties of sendust thin films of particular
importance to MR and inductive head structures, such as magnetostriction,
anisotropy field and coercivity, for example, strongly depend of
composition of the sendust material. Utilizing present deposition
processes, films having good anisotropy field and magnetically soft
characteristics can be obtained over only a relatively narrow composition

range for sendust alloys.

Accordingly the invention provides a layered magnetic structure for
use in a magnetic recording and/or readback head comprising at least
first and second layers of silicon-aluminium-iron (SiAlFe), wherein said
first and second layers either have a different alloy composition, or one

of the said first and second layers is doped with a selected gas.

In one preferred embodiment the first layers are formed of a
silicon-aluminum-iron (SiAlFe) alloy doped with a selected gas and second
layers of said SiAlFe alloy, said first and second layers being
alternately laminated. Preferably said first layers of said SiAlFe alloy
are doped with said selected gas at a concentration in the range of about

1 to 10 atomic percent.

In a second preferred embodiment the first layer is formed of a
seed layer of a first silicon-aluminum-iron (SiAlFe) alloy having a first

composition; and the second layer is formed of a bulk layer of a second
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proper}ies required to survive at the ABS. I in the
prior art tfo utilize sendust as the material for bot 1y To—St=e I n
MR heads and for the pole tip structures in inducti v ASEBEEND [fle,
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manuf act uri ng a shhelegads MR sensor having the | eading shield conp
sendust. Simlarly, US. _Patent No. 4,780,779 granted to Pisharody et al
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el ements and pol e £iR,Shi UGk YLESedaBdyRFenductive thin film heads and for
core material in metal-1n-gap (mg) ferrite heads. On the other

hand, sendust filns having good anjsotropic properties and desirable
nechani cal properties %E‘%a%fé’“ﬂ'éigﬁé’cdo?cef’iléi'ﬁro?f’""c"éﬁﬁs 3plgygect 8¢ Hriticul t
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di scl oses at least one non-doped layer of said first SiAlFe alloy, said doped and

non-doped layers being alternately laminated.

The second embodiment provides a layered magnetic structure having'
a bulk layer comprising a sendust alloy having a near zero or negative

magnetostriction. .

The laminated magnetic structure of the invention finds use in a
magnetic storage device, for example as a shield element in a .
magnetoresistive transducer, or a pole tip in an inductive magnetic
transducer (or as a combined shield element/pole tip).

The invention also provides a method for fabricating a layered
magnetic structure comprising the steps of:

forming a first layer of a silicon-aluminium-iron (SiAlFe) alloy:

forming a second layer of a SiAlFe alloy;
wherein said first and second layers either have a different alloy
composition, or one of the said first and second layers is doped with a

selected gas.

A first preferred method comprises the steps of:
forming first layers of a silicon-aluminum-iron (SiAlFe)
alloy doped with a selected gas; and
forming second layers of said SiAlFe alloy, said first and
second layers being alternately laminated.

Advantageously, said layered magnetic structure is formed in a
single and continuous deposition process at a‘selected deposition rate
for a selected deposition duration for producing said layered magnetic

structure having a desired thickness, by the-steps of:

—_—
———
———
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| am nated structures of FeSi alloy filnms and seatrsF=F] | n the

magnet ostri ction coefficient is controlled to X

resistance and a high saturation magnetizatiol). JapanesSe—App Feat i on No.

1- 342595, Publication No. 3-203008 published er 4, 1991 di scl oses
a | am nated sendwsst-9gtoseict ure in which a chfromium (Cr) seed | ayer is

ut|||zed to orient the sty 0 t r rovi de
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~inportance to MR and inductive head structures, such as magnetostriction,
ani sotropy fiel'd and £Qalfk Bdelrreh Qhtno@ B Es ol 2B ¥r. depend on
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processes, filns having goof:\‘ hi SO fl ar?d

i ca $6
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range for sendust all oysforming a seeondlayescrorerising aBpécarer of Resegdsent

i nvention there issaypeeuidekhvind @yseropd composition, said second layer formed over

said first layer.

The laminated magnetic sendust structures have desirable magnetic
properties which are optimized over a relatively wide range of
compositions for the sendust material. Typically the multilayered thin
film structure comprises a thin seed layer of sendust alloy having a
specified composition and one or more subsequently deposited layers of
bulk sendust alloy material having a composition which can vary over a
relatively large range (by percentage weight) for each of the component

elements.

Typically in the second preferred embodiment the multilayered thin
film sendust structure comprises a seed layer having a specified
composition consisting of a multilayered structure having an alternating
sequence of at least one thin layer of nitrogen (N;) doped sendust and at
least one layer of non-doped sendust, and a layer of bulk sendust alloy
material deposited over the seed layer structure. Nitrogen doping is
accomplished by periodically introducing a controlled partial Nj pressure

into the argon (Ar) environment during the deposition process.

Use of the seed layer in the multilayer sendust films provides
improved anisotropic field and magnetic properties for the bulk sendust
films having compositions outside the relatively narrow range where such
properties have been obtained in the pfior art. The enlarged range of
material composition allows for optimizing desired magnetic properties of
the sendust structures fof reducing shield noise in MR head applications
compared to prior art sendust shield structures. Further, multilayered
sendust films provide increased high frequency performance and saturation
induction relative to in inductive write head applications relative to

prior art sendust and permalloy materials.

NTTTR



magnetic structure conprising: a substrate; a seed |ayer of a first
silicon-al'umnumiron (SiAlFe) alloy having a first conposition, said seed
| ayer fornmed on said substrate and having a thickness in the range of 100
Angstrons to 800 Angstrons; and a bulk |ayer of a second Si Al Fe all oy

havi ng a second c&upssodsi on, said first Si AbFe composition having

different anounts by weight of jts caonstijfuent co onent s then said second
Si Al Fe conposition, §%1"ilg“5bfﬁbﬁd’l'“§'§/tér°£f BEnEye °"s'é’{l.g "CR&EY I°55/8reddNd " Havi ng a
t hi ckness in the of gxsgeleotnly. ithoreferepeete thfmEtldpeing drawings:

4 Accordi ng t oF&mot hera sigpbdiedoflothdiggrasent napnedint Ak stesagpr ovi ded
a |l ayered magnetigead;ructure conprising: a substrate; a seed | ayer of a
first silicon-alum nugd.r9ls a Sed iEQerebOye RAUNOGidk ks lacGRAPROSH HiON,

sai d seed layer forped,on, Said Substflfi@ the DAY 0GnS LILEKNERSndRe e

range of 100 Angsirrar?srgtslcetroan%()tgle mggnsett{cos drat_:'jseallne iusm(?ed layer

Fig. 3 is an elevation view of the trailing side of the slider of
Fig. 2 illustrating the placement of the magnetic transducers thereon;

Figs. 4, 5 and 6 are sectional views of multilayered magnetic
structures for different preferred embodiments;

Figs. 7A - 7C are plots of the BH loops for the easy magnetic axis
and the hard magnetic axis for the laminated multilayered sendust film of
Fig. 4; '

Figs. 8A ~ 8E are plots of the BH loops for the easy magnetic axis
and the hard magnetic axis for the laminated multilayered sendust films
of Figs. 5 and 6; )

Fig. 9 is an elevation view of the air bearing surface of an MR
head incorporating the multilayered magnetic structures according to the
present inventioﬁ;

Fig. 10 is a section view of an inductive head incorporating the
multilayered magnetic structures according to the present invention; and

Fig. 11 is an elevation view of the air bearing surface of a merged
MR-inductive head incorporating the multilayered magnetic structures

according to the present invention.

At least one rotatable magnetic disk 12 is supported on a
spindle 14 and rotated by a disk drive motor 18. The magnetic recording
media on each disk is in the form of an annular pattern of concentric

data tracks (not shown) on disk 12.

At least one slider 13 is positioned on the disk 12, each slider 13
supporting one or more magnetic read/write heads 21. As the disks
rotate, the sliders 13 are moved radially in and out so that the heads 21
may access different portions of the disk surface 22 containing the data.
Each slider 13 is attached to an actuator arm 19 by means of a
suspension 15. The suspeﬁsion 15 provides a slight spring force which
biases the slider 13 against the disk suffaqe‘zz. ‘Each actuator arm 19
is attached to an actuator means 27. The actuator means shown in Fig. 1

is a voice coil motor (VCM). The VCM is a coil moveable within a fixed



uni formy doped with a selected gas; and a bulk |ayer of a second Si AlFe
al l oy*havi hg a second conposition, said first Si Al Fe conposition having
di fferent anmounts by wei ght of its constituent conponents than said second
Si Al Fe conposition, said bulk |ayer forned on said seed |ayer and having a
t hi ckness in the isengeosf 0.3 to 10.0 m crorfeters. According to still
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conprising: a magﬁb‘tdF'E: 1§ta6? dbe dh%‘df‘iﬁﬁﬁcﬁaﬁ?l néh"aa’pﬂ 'Eﬁaé’f"lgt's}‘“i)F°““B§Pélat‘?eécks
for recording of des atight sergnefprse tafaihs dyerepsionilataaf ireePor¥¢ thectiddrrl 18 spaced
position rel ati veofotisadidknmgfeet ibg a sl hgeubyeoit isdlyd oenistryt rsphaibg derinpt | on
bet ween sai d operation. '

Fig. 3 is an elevation view of the trailing edge 33 of the slider
13 illustrating the structure of the slider and placehent of the
transducers 21 on the slider. The lower surface of the slider 13 is
supported above and in close proximity to the surface of the magnetic
disk 12. The slider lower surface is patterned or machined with the
appropriate topology forming an air bearing surface (ABS) to generate a
sufficient 1ift or pressure profile to provide the desired flying
characteristics. 1In a typical design, a transducer 21 is deposited or
otherwise formed on the surface of the rear or trailing edge 33 of the
slider on each ABS rail 31 so that the read and write sensors are
disposed at the ABS in a transducing relationship with the surface of the
magnetic disk 12. Each transducer 21 includes a pair or more of output
conductors 37 and 39 for connection of electrical signals to and from the

transducers 21.

The various components of the disk storage system are controlled in
operation by signals generated by control unit 29, such as access control
signals and internal clock signals, and which includes logic control
circuits, storage means and a microprocessor. The control unit 29
generates control signals to control various system operations such as
motor control signals on line 23 and head position control signals on
line 28. The control signals on line 28 provide the desired current
Profiles to optimally move and position a selected slider 13 to the

- desired data track on the associated disk 12. Read and write signals are
communicated to and from read/write heads 21 by means of recording
channel 25.



magnetic transducer and said magnetic storage nedium said magnetic
transducer® including a shiel ded magnetoresistive sensor conprising: a
first magnetic shield elenment conprising a |ayered nagnetic structure as
in any of clainms 1 to 14; a first layer of an electrically insulating
material formed osmsrozsefied first shield el engnt; a magnetoresistive sensing
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magnet oresi stive naterla responS|ve to magnetic fields representative of

data bits recorded in said ma%net i c storage mediumintercepted
. As discussed above, because of its excellent magnetic and

mechanical characteristics, SiAlFe alloys known as sendust are
increasingly becoming the material of choice over such materials as NiFe
(permalloy) for certain of the elements in magnetic transducers.
Primarily because of its hardness, sendust is used for certain elements
present at the transducer ABS. Additionally, because of the need for
greater data storage densities, it is becoming increasingly important to
optimize the magnetic characteristics of the sendust material. -
Multilayered thin films of sendust have been found to provided greatly
improved magnetically soft characteristics compared to single-layered

thin films of sendust.

Referring now to Fig. 4, a sectional view of a preferred embodiment
of a multilayered sendust film according to the principles of the present
invention is shown. The thin film structure 40 comprises an alternating
sequence of layers of sendust 45 and 49 and layers of gas-doped sendust
43 and 47 deposited over a lapped alumina base layer 42 on a substrate
41. While only 2 pairs of layers are shown in the structure of Fig. 4,
structures for various applications can include more than 100 pairs of

doped-sendust/sendust layers.

For example, films of sendust 1.9 micrometers (um) thick were
fabricated using a RF diode sputtering process in a Perkin-Elmer 4400
sputter deposition system. To produce nitrogen (N;) doped and air doped
films, a small partial pressure of Ny or air, respectively, was
introduced into the argon (Ar) process gas at periodic intervals during
the deposition process. Since sendust films in the as-deposited state do
not exhibit the superior soft magnetic properties required for desired
transducer applications, after deposition of the films, the films are
annealed at a temperature of 470 degrees C for-.approximately 4.5 hours,
as is known in the art. Table I below compates key BH loop properties
for Ny-doped and air-doped laminated films with those properties for
conventional single-layer sendust films. In these films, sendust layers



by sai d shi el ded nmagnet oresi stive sensor. According to still another
aspect of «the present invention there is provided a magnetic storage
system conprising: a magnetic storage nediumhaving a plurality of data
tracks for recording of data;, a nmagnetic transducer naintained in a closely
spaced position Lglatdsde to sai'd magnetic storage nediumduring relative
nmoti on between said magnetic transducer and said nagnetic storage medi um
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magneld ¢ transguger to sabkected data.abrac
nd

TABLE 1

2As shown in Table I, the gas-doped laminated sendust films have

significantly lower Hce, Hcp and By/Bg values when compared to the values
for conventional single-layer non-doped sendust films. Figs. 7A, 7B and
7¢ are plots of the BH loop for the easy magnetic axis 71 and the hard
magnetic axis 73 for Njy-doped, air-doped and undoped sendust films,
respectively. The BH loops for the easy and hard magnetic axes for both
the Nj- and air~doped sendust multilayered films show a significant
improvement when compared to the BH loops for the non-doped sendust

films.

The data shown in Table I and Figs. 7B, 7B and 7C are for sendust
films wherein the alloy composition, by weight, was nominally
5i(9.6%)A1(5.5%)Fe(84.9%). The doping gas used was N at a partial
pressure of 7.0x1074 Torr for the Njy-doped sendust layers and air at a
partial pressure of 7.0x10°% Torr for the air-doped sendust layers. The
doping frequency and duration was 12 seconds every 120 seconds during the

sputter deposition operation.

The data shown in Table I and Figs. 7A, 7B and 7C and the
improvement in soft magnetic properties obtained by the gas-doped
lamination technique is expected for alloy compositions relatively close
to the sendust composition used to obtain this data. The gas can be air,
N;, 0; or H)0, or any combination of Ny, O3 or Hz0. ' The data obtained for
the air- and Njy-doped films suggest that Nj, Np/O; and Ny/0/H0 gas
mixtures produce generally similar effecté, at least when Nz is the
pPrimary constituent. The presence of 0, or-kzo is advantageous for

optimizing a particular magnetic property. For providing optimum values



detection neans coupled to said shiel ded magnetoresi stive sensor for _
detectingresistance changes in said magnetoresistive material responsive
to magnetic fields representative of data bits recorded in said nmagnetic
storage nediumintercepted by said shielded nagnetoresistive sensor.

SA9- 92- 054 6 Vari ous enbodi nents of the

i nvention will no®%h&8¥scribed by way of e%hnple only, with reference to

the foll owing dragingsired soft mEb@ticlproperdidsi qoatdobddesknbliacloydl agkpmafl a

magnetic disk st ol s prefera B b Al W r ve of the
di sk drive act uat o’%ggfpﬁi&% efe%bg}wﬁre 1604 %tlia%g&uﬁ fnd

str
rel ati onshi p bet wde Ettﬁmlc erxe" restpecuv%lla é’l‘:ﬂg nge nﬁ" s ﬂ "9 St dr age
nedi um Fi gthigkness 4R Fé’\?%ﬂel?fnzo\ﬁ%\ﬂ?o PrEHE™ r ai | | ng SI de of the
slider of Fig. 2 illustrating the placenent of the magnetic transducers

t her eon; Fi gs. 4#4hile tr(gab-dapedl matilapared seridests fidhs @edcrided\adsv@dvith
magneti c struct ur gseefdake db fifigy.entandref-era pdvRRbREi IR Ainsroved magnetht gS. 7A -
/C are pl ots of tp?opalélésogcﬂsanQ&sttQQoﬁ%Ynmg:@ﬁ;obﬁléﬁ(b)s weight in the range
of Si{7.5 to 13.0%)A1(2.0 to 7.0%) and the remainder Fe, the important
magnetic properties of thin films of sendust, such as magnetostriction,
anisotropy field and coercivity, for example, depend strongly on the
composition of the sendust alloy. For example, significant improvement
in magnetic properties is exhibited by sendust films having a composition
at or near Si{9.6%)Al(5.4% )Fe(85 0%). Sendust films having good
anisotropy field and soft magnetic properties can be obtained over only a

relatively narrow range of alloy compositions.

In a second preferred embodiment of the present invention, use of a
seed layer of sendust having a composition which differs from the
composition of a bulk layer of sendust overlaying the seed layer provides
improved anisotropic field and soft magnetic: properties for the bulk
sendust layer for sendust compositions covering a relatively broad range
outside the range of compositions for which good properties have been

achieved in the prior art.

Referring now also to Figs. 5, 6 and 8A - 8E, Fig. 5 is a
sectional view of a second preferred embodiment of a multilayered sendust
film according to the principles of the present invention. The
multilayered sendust film structure 50 comprises a seed layer 53 of a
sendust alloy having a first composition deposited over a base layer 52
on a substrate 51. A bulk sendust layer 55 having a second composition
is deposited over the seed layer 53. The sendust alloys utilized have a
composition by weidht in the range of Si(7.5 to 13.0%)Al(2.0 to 7.0%) and
the remainder Fe. For example, multilayered sendust films including a
seed layer 53 and a bulk layer 55 were deposited on a substrate 51/52 by
an RF diode sputtering process in a Perkin-Elmer 4400 sputter deposition
system. The substrate 51 comprised a ceramic Taterial, 70 percent Al;03
- 30 percent TiC, coated with a 3.5 micrometer base léyer 52 of sputtered
alumina having a lapped surface. The seed layers 53 for the films 50
were deposited by co-sputtering from two sendust targets having a nominal
composition, by weight, of Si(9.6%)A1(6.0%)Fe(84.4%) (composition A).



and the hard magnetic axis for the lam nated nultilayered sendust fil m of
Fig. 4 " Figs. 8A - 8E are plots of the BH | oops for the easy magnetic
axis and the hard-magnetic axis for the lamnated nmultil ayered sendust
films of Figs. 5 and 6; Fig. 9 is an elevation view of the air
“bearing surface of mg_rbzmqhead i ncorporating the nmultilayered magnetic
structures according to the present invention; Fig. 10 is a section
vi ew of an inducti vgethéepdsitieropHshaseadglaytic Shrukite tudk dred FPagpsedepsited
structures accordi fgmaOsihbile PinesstNiarget\iERbduO bredkidth vacuum. FFog).onel frdup o@N
el evation view of g 84,1 uResnkNGySUSS Aeadbsided el ed sMBudnEGLd N6 ead
i ncorporating the [Lﬁln%f'c@é(p%@?ﬂoﬁagﬁgéi'gﬁt,sw UGk 1 852 RGCEHElBY L0 the present
i nvention. , At gtast Bgne_orrot agc%rt,)& erorgag)@e%%% %rsg #g’ | S supported on
a spindle 14 and rStHCed By °4 di%si® 8F9Ve WOt or 13" °°rn 'é'_héf‘feé' et®sr di ng
nedi a on each di skipPEifed fite ¥ srvSt teame tabiinGad "pUrteFHPRTtigndEMmeishé. dat a
tracks (not shown) >fofi(Ht-§%)a1(5.0%)Fe(83.5%) Arompegisiongfle Shiegrativedy shepesidt | oned
on the disk 12, eanlersbi der bd InFapji@rdopeighbyon@&a9r sbra Nyaghet iby read/ wite
heads 21. As the djntkaudiaf at gartidieraedsuflens tiles aapity gay edtorddidbdsyedofd and out
so that the heads 21 WR%,AGEEST HidiaLENE ROTEIONSPhs! BE slisk Supface 22
containing the datg, Lagh.sllden, daels.dllaghedhe ! ah Said/ALOL BT M 49 DY
nmeans of a suspension Y ‘T’he_ suspensi on 15 prgow des a's FORt Spring force
whi ch biases the stHerYeIP aHur et *Hettr SRIBUTF Gce 220 HgEMettfuald? arm
19 is attached to mntigekanarefermsasrbodimentTHae auitddtyoredniidm S0 shepmhsesre Fig. 1
IS a voice coil npieed 1EMENB., 3EM@anyiChéms Sthackc ivker wo\semlobe umpdsinioa Af,i xed
uniformly doped with Ny at a partial pressure of 7%107* Torr during

e

deposition, and a bulk layer 55 of negative lambda sendust, composition
B, 1.85 micrometers thick deposited on the seed layer. After deposition,
the sendust films 50 were annealed at 470 degrees C for 4.5 hours in a

magnetic field filed under a Nj atmosphere.

Fig. 6 is a sectional view of another preferred embodiment of the
multilayered sendust film described with reference to Fig. 5. The
multilayered sendust film 60 comprises a seed layer 63 of sendust having
a first composition and a bulk layer 65 of sendust‘having a second
composition deposited over the seed layer 63 wherein the seed layer 63
comprises alternating layers of gas-doped sendust 67 and sendust 69 as
described above with reference to Fig. 4. For example, sendust films
comprising a seed layer 63 and a bulk layer 65 were sputter deposited on
2 substrate 61 over a base layer 62 of alumina as described above for the
films shown in Fig. 5. The above-described N; doping process was used to
provide the seed layer 63 having alternating layers of Njy-doped sendust
and non-doped sendust of sendust composition A. The Nj-doped layers 67
were 16 Angstroms thick while the non-doped sendust layers 69 were 145
Angstroms thick. 1In the seed layer 63, the doped and non-doped layers
can have thicknesses in the range of 10 to 2,000 Angstroms.

Table II provides typically obtained values for key magnetic
Properties of selected sendust films 50 and 60 having bulk layers 55, 65
of sendust composition B or C and seed layers 53, 63 of sendust
Composition A. In Table II, Hg and Hgy are the easy axis and the hard
axis coercivity, MU; and MU, are the initial and remnant permeability,




SA9- 92- 054 7 magnetic field, and the direction
and vel ocitty of the coil novenents is controlled by the current supplied.
Fig. 2 is a perspective view of the disk storage systemshown in Fig. 1
illustrating the utilization of a linear actuator 27 for accessing the
slider 13 and itsg@siogdeat ed magnetic transgucers or heads 21 data tracks
on the magnetic disk 12. During operation of the disk storage system the
rotation of the di€iBfBr igeterratiosof theaf ymitaiidrrgitve tovtles sativeatsdn der 13 and
t he di sk surface 2Buctidreomithe hedrnaggetihesiscodidt esloa hexaled "bhespsdicghit spring
force of the suspegieonrimtaie S Pyet Sobdieses| d18erhathdg @f-bofehundinsk. sur face
by a srriall tsubst@,[a(;a %}Jegs pra;saflibeﬂag&bngudusﬂep%cpnerﬁ Lien ,- ﬁ t Flt g. 3
is an el evation v il n 3 usralng
the structure of %"%grslalo‘%?d ig j ?gfﬁggr‘&?d?{?i feénsléﬁ" é?tsfeszf SRR

slider. The |ower ’strface of f'?we JF ereTﬁ NSV CB’EPr"f’ed“hBif\? ’érﬁffmf"n cI ose
proximty to the ©HPREIGP: t he magnetic di sk 12. The slider |ower surface

is patterned or nﬁ?ﬁiﬁ%ﬁﬁ—‘aﬁm‘bmaetopom FOT 11 Ty ar—ar)
bearing surface (JABS) to génerate a suf Prliknt I BPP SREERY E% profifie to
provi de the desirfed flying LAYER
Type Ny Thickness Type Hee Hep B./Bg  MU; MU,
(Angstroms) (0e) (0e)
A N 800 B 0.33 0.03 0.15 8500 24300
A N 100 B 0.36 0.05 0.18 7200 23900
A Y 800 B 0.33 0.0l 0.02 8500 14300
A Y 160 B 0.35 0.01 0.06 9700 18900
A ¥t 80 B 0.27 0.04 0.10 14100 21800
A ™o 320 B 0.22 0.00 0.01 12300 14300
A ¥ 800 B 0.45 0.11 0.19 8100 10600
NO SEED LAYER B 0.93 0.67 0.8 1000 1800
A Y 800 c 0.24 0.01 0.06 10100 18700
A Vel 320 c 0.16 0.00 0.01 12700 15800
NO SEED LAYER |l ¢ 0.57 0.22 0.60 3200 14000
B v 150 B 0.50 0.16 0.46 4900 23900
B Ve 320 B 0.44 0.14 0.26 6800 14500
NO SEED LAYER A 0.40 . 0.14 0.42 4500 20000
Y seed layer of alternating gas-doped and non-doped layers.

] .
™. seed layer is a single, uniformly gas-doped layer.
TABLE IT
For the first group of sendust films,llaminated films 50, 60 having

a bulk layer 55, 65 of sendust composition B, Table II shows that the
Sendust films having seed layers 53, 63 exhibit much better anisotropic



characteristics. In a typical design, a transducer 21 is deposited or

ot herwi se forned on the surface of the rear or trailing edge 33 of the
slider on each ABS rail 31 so that the read and wite sensors are disposed
at the ABS in a transducing relationship with the surface of the magnetic
di sk 12. Each tras®d8&&* 21 includes a pairtr nore of output conductors 37

and 39 for connectipirtels et m,,caah BSBYNAlaSsdre mafit{d PrEp e t FﬂuéﬂHcefS 21.
The various conmponent §,8f i, ha%gq ud) co%f,aa L246 axssfem@&ﬁ C&@L&Q'seeéﬂ L

operation by si gnaTs acCesd ot r ol

signal s and i nt er %™ qﬁ%é’ﬁ" SRl §9’a‘gﬁ€i a\/\ﬁegﬁaTeﬁclthﬁlé?q g FE BHATYBY
circuits, storageaHesR§ingmy- ‘H’P?ﬁ Tt o ES . 1"I'hé““(‘:"dﬁfyr‘*6‘fd tifPetup0 gener at es
control signals teshébittbeskerveniseyeris pserentispahat tivns f$ve hagingmphodopsont r ol
signals on |line 23eedandyfrdadspisartly O0phosofhiInG| hagirgnalks sngbé) Lhjen an2ébrmifhe
control signals 0Rodel REedBaylF @YhiBE: §pRovdE S RU B bEREr REPhenCSHmbRed to
optiml |y move and,ppskl i mmn& nSFAER G R, Tir Le LhBOARSLLEG dRha track

on the associ at ed ni cate to and

fromread/ wite hé¥d¥ éc} By ?réaﬁ‘é‘pg’f‘e rreesé’gtrl %"1“ r°ﬁlc Fmﬁ%" les are
SA9- 92- 054 function of the seed layer S:hlckness W1 h mmmum values for Hg, and B./Bg

occurring at a thickness of 320 Angstroms.

Figs. 8A, 8B and 8C are plots of the easy magnetic axis 81 and the
hard magnetic axis 83 for the sendust films having a bulk layer 55, 65 of
sendust composition B for a film with a seed layer 53 of 800 Angstroms
thickness, for a film with a Njy-doped seed layer 63 of 800 Angstroms
thickness and for a film with no seed layer, respectively. The sendust
films having a seed layer 63 comprising alternating layers of Nj-doped
sendust 67 and non-doped sendust 69 provide the greatest overall
improvement, for example, Fig. 8B shows that the BH loop for the hard

magnetic axis is essentially closed.

Similarly, for the second group of sendust films having a bulk

_ layer 55, 65 with sendust composition C, as shown by Table 1II, the use of
a uniformly or alternately Nj-doped seed layer 63 also provides greatly
improved anisotropic and soft magnetic properties. For example, the
values for Hg and B;/Bg are much lower compared to the values for the
sendust film without a seed layer. Figs. 8D and 8E are plots of the easy
magnetic axis 81 and the hard magnetic axis 83 for the films having a
bulk layer of sendust composition C for a Ny-doped seed layer 63 of 800
Angstroms thickness and for a film with no seed layer, respectively. The
effect of the Njy- doped seed layer 63 in creating highly anisotropic
sendust films is clearly illustrated when the BH loop plots of the hard
magnetic axis 83 of Figs. 8D and 8E are compared.

The final sendust f£ilm, having buik sehdust composition A and no
seed layer, shown in Table II exhibits acceptable values for the
anisotropic and soft magnetic properties required for MR head shield
applications. By comparison, the sendust film with no seed layer having

the B composition exhibits relatively poor ghisotropic properties, and



The above description of a typical magnetic disk storage system and the
acconpanying illustration of it in Figs. 1, 2 and 3 are for representation
purposes only. It should be apparent that disk storage systens nmay contain
. a large nunber of disks and actuators, and each actuator may support a
nunber of sliders. &% %P4rly, while Fig. 2 *lustrates the use of a linear
actuator, disk drige seysmteiBin VIEDhPGeed LAGr davidl ahy cainpkdt Glon Ak L@ SO

known. _ As d‘jr%ggggqhﬁlg%,map@gm§eac9;ptgmg_ excel | ent nmagnet I C anq
mechani cal characteristics, Si Al Fe alloys known as sendust are increasingly

becom ng the material of choice over su&h materials as N l):e (permal | oy) for
a

certain of the el ement®®i1e PAdh& ¥ FafEatlErs. PRIAHPT Iy Bedatrsertof its
har dness, sendust senduglePPPHiticnel pad § REPEden £5Imp havingexcallenycaniyoanepdeicer
ABS. Addi tional | y,enbeetimenefic pheventies PO PRI EHI@S tathde ik Gnaltfchedensid | es,
it is becom ng i NGoeASipgHtyriali6rin@rktideOhedfd.i MHiZis fdheicABGNtroh Gputtering
characteristics Oftatfﬁes ﬁm%%gmpmtt%n!saéln- tivlishéd Ayer@d ohdoBidibd 88 of sendust

have been found tocggjogytkasds dheatdy himEQued sRoNetd sakly sefd
ared to si ngl e-la ust

characteristics co Lngl e e%rigng t Ujlmn l]:el Itqg oi senc .
Referring now to FPFCSH % REYT Snat"VidW of & praiery ed ambodi heht s a
nul til ayered sendr§t™PretRtattirditiiPerbivie pfiileisprast 6Hims 18 sopResitien 2

i nvention i s showrrovife sabipfeciqry mpstotppired A0FtCEpAtic eoPartied vithmet i ng
sequence of | ayer seaf lgendash AInsamdidid wattibayelws of gastdopedi®endast 43
and 47 deposited Qm&hdanh@piv@thedd Upp1Ncath@Se nkgiteve d2ndd-RrSUDStrate 41.

Wi e only 2 pair§.gftds2Yiet HndinsS BAM gL eh 6 mbAtdG] Welnddt delGabid:

structures for vari ous. licati.ons n re.than,100 irs of
dOpEd- sendust / Sendnagriealca@ogu?%n- conflggratg% aé QEJ Hg% I[Eg a%ter 9!: is Qapp 9

Referring now to Fig. 9, a view of the ABS of an MR read sensor or
head 90 incorporating a leading magnetic shield according to the
principles of the present invention is shown. The MR read head assembly
90 comprises a first shield member 91 which is separated from a substrate
92 by a nonconductive layer 94 of alumina, for example. Substrate 92
typically comprises the body of a slider which supports the MR head on
the trailing edge thereof as shown in Fig. 3. The first shield 91 is
also referred to as the leading shield with respect to the relative
motion between the slider and the magnetic storage medium surface as
indicated by arrow 96. A first nonmagnetic gap layer 98 is then
deposited over the first shield 91 to serve as a base layer for
deposition of the MR sensor element 93. Although MR sensor element 93 is
shown as having a single layer, it will be apparent to those skilled in
the art that additional layers for properly biasing the sensor, for
example, may also be included. The MR sensor element is contacted by
electrically conductive leads 95, which are isolated from the second
shield member 97 by a second nonmagnetic gap layer 99. A protective
layer 96 is then deposited to a desired thickness at the trailing end of
the head assembly.

- The first shield 91 comprises a multilayered thin film structure
including a seed layer 101 of sendust of a first composition and a bulk
layer 103 of sendust of a second composition as described above with
teference to Fig. 5. Alternatively, the seed layer 101 comprises



For exanple, films of sendust 1.9 mcronmeters (un) thick were fabricated
using’a RF di ode sputtering process in a Perkin-El mer 4400 sputter
deposition system To produce nitrogen (N2) doped and air doped filns, a
smal | partial preggurg,of N2 or air, respecfdvely, was introduced into the
argon (Ar) procesS gas at periodic intervals during the deposition process.
Si nce sendust fil reltilayered sjructepodi 4lacknstimb cagky's rdtgaerdapddi dentidse FUgagd i Or
soft magnetic propast icegosiaget belof B6n-a8d lsexhutt anSdCHE s Pdbb3aidn RS,
after deposition glsciiBea bbdvabuith Reretinitoatigs anngakedsabu JretplatyLe of
470 degrees C fOr APRLOXLAREE! Yindrad illQUinoceB%nl dhe HRAWM: LILRAS 1§y polabl € |

bel ow conpares ke H | 00 [ ties for N2-doped_and air- e am nat ed
films with those E\;frege‘é?ff“gtse? aﬁ?%%ﬁ@%ﬁ% 613 eg?"lr%a‘i & %ey’é’faléyeﬁ'g’ds‘imfi | ms. In

these fil ns, sendEieE |55.J§fé? §1 .will_be of sendg}g\@_aélzydgﬂle the second shield will be
9 145 Angstrons thpcRterizlepariee thi rinuigd -bdipserrie fitkdd tand a9firmegi@iAngst r ons
thick. I n Tabl e | propiréies] skhchsHeendtey.tfve drawpde.and easy nagnetic axi s
coercivities, MJ is the initial perneability, and Br/Bs is the ratio of
the remant inducti OnRLﬂrIihnE n%@-tturﬁqa.i @, EQQb@EieQ“m section of an inductive
head 110 incorporating magnetic pole pieces according to the principles
of the present invention is shown. The inductive head 110 comprises a
flat conductor coil 111 plated in an elliptical pattern between two
layers 113, 115 of insulating material such as aiumina, for example. The
coil 111 is inductively coupled to a magnetic yoke structure 117 having
two composite layers each including a pole tip region and a back region
and having a back gap region magnetically coupling the two layers which
extends through the coil 111 (not shown). The lower layer has a pole tip
portion 119 and a back region 121 and the upper layer has a pole tip
portion 123 and a back region 125. In the pole tip region the yoke
layers 119, 123 are separated by a gap material layer 127 that defines
the transducing gap 128. The balance of the yoke layers are separated by
the insulating layers 113, 115 in addition to the gap material layer 127
with the exception of the back gap region where the upper and lower yoke

layers are in intimate contact.

As discussed above, in order to meet the requirements for high
density recording, the dimensions of the pole tips in the gap 128 region
at the ABS are relatively small providing a relatively small volume of
magnetic material to carry the magnetic flux when compared to the
remainder of the pole tips 119, 123 and the lower and upper back region
layers 121, 125 remote from the gap 128 region. Thus, while the majority
of the magnetic yoke structure 117 can be of any suitable magnetic .
material having appropriate magnetic properties, such as NiFe, NiFeCo or
Plain iron, for example, that porfion of the pole tip regions 119, 123 at
the gap 128 requires a material having a high saturation magnetization.
Additionally, since this portion of the pole tips is exposed at the ABS,
the material used for the pole tips must posses sufficient hardness and
other mechanical properties to eliminate or migimize physical damage from
the environment at the ABS. 1In one embodiment then, the pole tip regions

119 and 121 of the yoke structure comprise a multilayered structure



DOPI NG GAS Hce (Ce) Hch (0Oe) MU Br/ Bs

[\ + 0.20 <0.01 6700 <0.01 Alr
0.14 0. 02 6100 0. 04 None

0. 40 0.14 4500 0.42

TABLE | As9-8h@h in Table |, the g¥s-doped | am nated sendust fil ns

have signi ficant Ly, Loues oG8 ecbiiine gt Lﬁzayax,;gsssem?pag@maa%gdto the

val ues for conventional  single- er .non-dope endyst. fil s, . TA, 7B
and 7C are plots sé?d“%h%s ET—TC?bboeﬁ a? %;Vre "f’ﬁfé) fésé{’s?p? (rér%%ﬁge't iy'c Sy %"ngdslf' 71% hard
magnetic axis 73 °of 3P RUGHSelFadaithe Bﬁ]ﬁe‘b“’afﬁgmﬂﬁgbgpéﬂj L2Zntfuste ¥9%ns,
respectively. ThetBrturoseeerien atmybtidaysyedasfautared capatitend ef a)sesd faveriét h t he
N2- and ai r - dopedemestdbatingral firdtaympedtfon| amg ashdiy layssi gfnsdndeaniaviingps ovenent
when conpared t 0 Jthea BohpootPsn b9 tedchifbedl 0BovdOfEHl reRREds teolHibfB5 and 6. The
?ﬁta lslhown in Ta_l}%,ee-séeaa%geﬂgﬁmmmse7aBs§,egL Z&raroe_stmusg/g&@%ggggal Ln?s\ﬁhgg/ael n
e all oy conpositj.on,. wej , _\Was . non : = : :
The dopi ng gas ué“éi(flgavggreélzs té'fgﬁrep%frnts }séfngp?é;?stﬁ%eag%% 91.?-9%)(106[%:,}5 rri@pefcgrr for
the N2- doped sendttsY aRfeP-9iReS 571Ut 'a partial pressure of 7.0x10[err]
Torr for the air-doped sendust |ayers. The doping frequency and duration
was 12 seconds every alfdnseeoiydsinchepimg epbrdieptitcf @p iddysdbiet head. dpebaki on.

region layers 121, 125 and the portions of the pole tip layers 119, 123
remote from the ABS can be fabricated of a suitable magnetic material
such as permalloy, for example, while only the pole tip portions 129, 131
in the gap 128 region exposed at the ABS are formed of the multilayered
sendust structures described above with reference to Figs. 4, S5 and 6.
For example, pole tips 129 and 131 can comprise a structure having a seed
layer of a first sendust composition and a bulk layer of a second sendust
composition wherein the seed layer comprises either a single layer of
sendust or a multilayered structure of alternating gas-doped sendust

layers and sendust layers.

Referring now to Fig. 11, a view of the ABS of a meréed MR-
read/inductive-write transducer 130 incorporating the multilayered
sendust films is shown. A merged transducer as shown essentially
comprises an MR read head and an inductive write head formed one on top
of the other in such a mannér that lower magnetic pole piece of the
inductive head and the second or upper magnetic shield element of the MR
head can be combined into a single shielding element. The merged MR-
read/inductive-write transducer assembly 130 comprises a first shield
member 131 which is separated from a substrate 132 by a nonconductive
layer 134 of alumina, for example. Substrate 132 typically comprises the
body of a slider which supports the transducer on the trailing edge
thereof as shown in Fig: 3. A first nonmagnetic gap layer 139 is then
deposited over the firét shield 131 to serve as a base layer for
deposition of the MR sensor element 133. Although MR sensor element 133
is shown as having a single layer, it will be apparent to those skilled
in the art that additional layers for properly hiasing the sensor, for
example, may also be included. The MR sensor element is contacted by
electrically conductive leads 135, which ar& isolated from the second

shield member 137 by a second magnetic gap layer 141. The second shield



The data shown in Table I and Figs. 7A, 7B and 7C and the inprovenent in
soft magnetic properties obtained by the gas-doped | ami nation technique is
expected for alloy conpositions relatively close to the sendust conposition
used to obtain this data. The gas can be air, N2, 02 or H20, or any

conbi nation of N2,s2®P2¥P*H err] O The data bbtai ned for the air- and

N2- doped films suggast 1t3h@t,ma>lﬁs%eral si eeEfe]nérgvﬁﬁEl'] s 0Lk L\LZL&ELG{ Wotlerr] O gas
m xtures produce gen %%Lx&m L flor GLLREE 332 Bl LLBRLMNED T 5 the primary
constituent. The prese % ?

I's advant §°1eople°‘? 6% ¢
Optinizing a part i 8HEFS FEGH 'be ?eéeff’ & Sbll' fFBRYi Y nig gaﬁ fta% faf ues

SA9- 92- 054 material *‘avmg smable I‘egnefb‘r angger aééFaéd’F?Peﬁb}gHéPF*CapNBFpertl es
gas- doped sendust foayeamplehi skiekwen igride dobi rthed evieks pff efrenabhetiare i N t he
range of 10-1, 000 pArgsdlr odsananped pdR pilecdThavipepalentip 142 pe @epo¥ Blel ,ovithi | €
the non-doped | ayefe hakr Bold1pCdcn @SS nbéhihdaCed aﬂg@esﬂfedZﬁméan:LOQQQyA.Qg%LgnpnB

Wii | e the ‘gas- dopeg, q L} Ioa;éers%gtawg%%zssf fc,lrnﬁgq,%agaicbg dﬂ@%?e m&ucme

reference to Figs
properties for seri:(‘i’tﬂ}s?"r}a'fef"""ml °rQ1°"S CoRp BT '}/"r‘%e Wecﬁe‘n"& bR t"‘ﬁ"e range of

Si (7.5 to 13. 0% Alfprierted 2y 160}6”‘%%1‘ f'?fe“l“enﬂlﬁﬁ’ﬂ%"rctll‘—’é Jayeiel 3B misotheant

deposited to a desired thickness at the trailing end of the transducer

assembly.

The leading (with respect to the relative motion between the
transducer and the storage media as indicated by arrow 138) first shield
131 comprises a multilayered thin film structure including a seed layer
149 of sendust of a first composition and a bulk layer 151 of sendust of
a second composition as described above with reference to Fig. S.
Alternatively, the seed layer 149 comprises a multilayered .structure of
alternating layers of gas-doped sendust 153 of said first composition and
of non-doped sendust 155 of said first composition as described above

with reference to Figs. 4 and 6.

Although the present invention has been described with reference to
a magnetic disk storage system as shown in Figs. 1, 2 and 3, it will be
appreciated that the invention is also applicable to other magnetic

recording systems such as a magnetic tape recording system, for example.



magnetic properties mm‘ Il" l endust, such i_ction,
ani'sot ropy f1el d and [(fAIINAI WIIBIIExanple depn@H%éﬁé@#Nwﬁe Rell
conposi tion of the sertdust &llby.s For exanple, significagp h8PHOVENE
magnet i csngpg(r)/; :Af;?]zz‘g;)éhl(g%t ggi/() bySsegdu;stlpf: I "E‘“'—'-e-—--—L:-:-:..--.—O at
or near Si e endus il ms having good ani sotropy
field and soft magnetic properties can.becQhfiai ned over only a relatively
narrow range of alloy conpositions. In a second preferred

enbodi nent of the pre ventl on er. of sendust_ having
a conposi tion whith d?ﬁ?%er% f“??i‘ﬁﬂchéetr%“ e rt t|‘s<’3nmo? b g‘ﬁﬁ’fck”ﬁcéifiéi‘g 8%/8%ndust
et o oper i aeriei- e QUK meHde f%sirﬁ"f‘“ei‘”ﬁéﬁéﬁiewz‘” Ftivos
magneti c properti e e b daid/ irstopd s yer o rep tigir thaon's
covering a rel atiyeisfedendadilayategsotibsi de obd1ef b geidofir 0 R Sécohd DSyef O

whi ch good proper i &pedaid deencaahgeved in the prior art. _ _
Referring now also to Figs. 5 6 and 8A - 8E, Fig. 5 |s a sectional view of
Zpaccond prefert el ehadlis Al miLLLYSied nepdust Ll M accarding o
structure 50 conpftfi%é 15°"sé’é’d“l“5y‘é?“ 5%““6?3)aa1%%¥nﬂ‘ﬁ’§f "éﬁ"i 't‘);?e?’f‘é\tr‘?dng”aanl‘ll r st
corrgos![ t: on deggsf@ﬁ oyers of mgélhﬁyefrl}?g GAd él‘ﬁﬁm@ﬁ?s‘g‘dﬂryerlﬂtﬂﬁmw .
sendus ayer sernwigly 1geipared. conposi tion i s deposited over e see

| ayer 53. The sendust alloys utilized have a conposition by weight in the

range of Si (7.5 t9 13pQWALLd ohelic s Qr&tu@mftcii@mrﬂmar@ﬂe aldeflrfpﬁay@zgaﬁp' e,
mul tilayered sendyst,;f 's'ng‘%e ta'ifo'g‘i%' ”&Bed wﬁﬁﬁﬁﬂs{;c?% %afstat L U K YL 59
ra

wer e deposited on a Subs I Ng process in a
Per ki n- El mer 4400™sP6t'P87* 8epbeltl &h é)??l"‘éhp“l"’ﬁ%t subst rate 51 conprised a
ceramic material, 70 percent A1203 - 30 percent TiC, coated with a 3.5

m cronet er base IayerTHiZlaoéra@publteettedtzabum rE ddain hgr @ Vreppedsasdifiace. The
seed | ayers 53 f OfaydrBehabé lanEhi&idess in the range of about 10 Angstroms to about

1,000 Angstroms, and said second layers have a thickness in the range of

about 20 Angstroms to about 10,000 Angstroms.

5. The layered magnetic structure of Claim 2, 3, or 4 wherein said
SiAlFe alloy comprises an alloy having a composition, by weight, of 7.5
to 13.0 percent Si, 2.0 to 7.0 percent Al and the remainder Fe.

6. The layered magnetic structure of Claim 1 comprising:

a first layer forming a seed layer'of a first silicon-aluminum-iron
(siAlFe) alloy having a first composition; and

a second layer forming a bulk layer of a second SiAlFe alloy having
a4 second composition, said second layer being formed over said first

layer.

1. The layered magnetic structure of Claim 6 wherein said first SiAlFe
alloy comprises an alloy having a composition, by weight, of 7.5 to 13.0
Percent Si, 2.0 to 7.0 percent Al and the remainder Fe, said second
3iAlFe alloy comprises an alloy having a éomposition of 7.5 to 13.0
percent Si, 2.0 to 7.0 percent Al and the remainder Fe.
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wer e deposr ted by co- “H" w ugo sendust . - a _nom nal
corrp05| tion, by wei ght o 0% Fe( 84 4WIS(§4§E?Q$

, A9- 92- 054 11 After depgsiti ongméé%bgghe’ ’Iayer
53 the bul k |ayer 5; obas deposited froma 98I ngl € it hout

br eaki ng vacuum PP one group of filns 50,7 t he bul k | ayer 55 was deposrted
from a sendust tag.getTHeadlsyagdanatrerinairudonDOs Cldiars, ody wikieghtaidOfeed

Si (12. 0% Al (4. 5% fpd-Bbubied 6 QAPASIt b0n Byst FiaLreda1S6caida 85QUD Qf . Lid M5 50,
the bulk layer 55 was jeposited froma sendust target having a nom naI
conposition, by e | ght, of Si(ll.5%Al (5.0% Fe(83. 5°/c) (corrposrtlon O .
Alternatively, the seed | ayer 53 can be uniform ed by a gas, such as
Nlerr] or Jerr],%by 'Thﬁt]raﬁ%;'ﬁﬂl"ﬁﬂ‘eélcpﬁtr’l"ftéfe f&"‘s‘ﬁr fe’f‘hsé‘l‘élé Bihipvems into
t he deposition e rrpRnr 7Rt g8k Pr*rgd?feﬁdgremfnsaaﬁ firps Hakg ﬂléf;b'eﬁWSQ withg

descri bed above. «irdegte@dat aydrt 38ast Iving knesigpefialayémofassidnijestofirl®) - 800
Angstroms The buliloyl ayed agedtdhd akmagkd \¥agers be tnglr @NG@aefly Qardinated. O
mcronmeters. In a particul ar preferred enbodi ment, the nultilayered film 50

COITpI’I ses a seed LoayelrheSJ.% aé&QG!‘a’:tg wuiﬁbp%ﬂl@% hep{ln s%ggld§ eﬂ la}rers

conposition A, unif t rti

7X10[ err] Torr dd}a'fe nhg Sgt’f"o\#e and 2 Buﬁug ll()a)"’gak of ne at ve | anbda
sendust, conposi tﬁ“‘é?ﬁ"lgs f““BSa’rﬁ Eﬁ"o‘?’?ﬁf"ei‘%’efﬂﬁl‘%’ﬁ adé*ﬁﬁﬂef%d“ She frwes¥ed | ayer.
After depos| ti on,about 10 Angstroms to about 2,000 Angstroms.

11. The layered magnetic structure of any of Claims 6 to 10 wherein
said bulk layer has a thickness in the -range of 0.3 to 10.0 micrometers.

12. The layered magnetic structure of Claim 11 wherein said seed layer
has a thickness of about 800 Angstroms and said bulk layer has a

thickness of about 1.9 micrometers.

13. The layered magnetic structure of Claim 11 wherein said seed layer
has a thickness of about 320 Angstroms and said bulk layer has a

thickness of about 1.85 micrometers.

14. The layered magnetic structure of any of Claims 6 to 11 wherein
said seed layer has a thickness in the range of 100 Angstroms to

800 Angstroms.

15. The layered magnetic structure of any of Claims 6-14 wherein said
bulk layer comprises a sendust alloy having a near zero or negative

magnetostriction.

ls. The layered magnetic structure of Claim 15 wherein said bulk layer

comprises a sendust alloy having a negative magnetostriction.

17. The layered magnetic structure of Claim 15 or 16 wherein said bulk
layer comprises a SiAlFe alloy hav1ng a comp051tlon by weight, of
Ssubstantially 12.0 percent Si, 4.5 percent Al ‘and the remainder Fe.

_f“‘-—-—_______‘___
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mgnette el o 1| AMINRHIRANAIE vos oher e °*° Frmpmestoa cocti anl

vi ew of another preférréd Bnbdbdient of the multil )Té"I‘ SHEEﬁHastBQ‘EN
described with reference to Fig. 5. The nultil ayerjed_sefEPCACED m 60
conprises a seed B84 %83 of sendust havi ngza first conposttrormand=a bul k
| ayer 65 of sendugj. haui ngyeded Rafasilc GRARASe! 401G RO B tleot,h@mr, sfahﬁbmed
layer 63 wherein &g%r%s 1Je§y£5m@3e QﬁGPth\é‘ﬁ& aaéotnsxs@@ltohngy wgygfiats

gas-doped sendust S crib reference to
Fig. 4. For exanpF ,t""s"glri"l ?Pg %F%er'rge%(t:gﬁ Fistng & %@é’af‘ F‘ée EraEgenfe a bul k

| ayer 65 were sputter deposited on a substrate 61 over a base | ayer 62 of

al umi na as descri bed ZbbJererest "aoRELif SEIHSLERAMNCIRHM £i §; ©5.anTipé Claims 8-14
above-descri bed NpgededendtnpionFlpimoteniwreimssaid SdhlFe apryvioderitdse seed | ayer 63
havi ng al t er nat i ngppraiedts1yb. sNpertert-doped peaRAtIST aad dnd ehndeRe G sendust  of
sendust conposi'tion A. The N2-doped |ayers 67 were 16 Angstrons thick while
the non-doped sengyst oAV LOHELE st §u¢@q,§tag£g§3tobll%k JdLhe seed. | ayer

63, the doped and norpd;ntogn qll avers can have trl esses’ i THE ToAge®df 10
to 2,000 Angstroms® bl e 1™ ptow) (’:ﬂ'as TYpire PP ITHt W Hed ¥% ues for

key ragnetic prop&bersiassaid fé’i?lteléi"’é’d "é‘éﬁduré‘fc"f‘ﬁsn%f Zoub A8 200 thersi ang seid k
| ayers 55, 65 of seprfuktyersoyesi tiickness of aduanids Jeedrémyers 53, 63 of

sendust conposition A In Table Il, Herr] and Hch are the easy axis and
the hard axis coengi Virke/ 1aykda ﬁ@ﬁLtMJrsuaaeazrm@ diRid b2k, ANG §EBNBPtany of
per meabi | i ty, Claims 9-20 as dependent on Claim 8, wherein said selected gas comprises

a gas selected from the group consisting of nitrogen (N3}, oxygen (0j),
water vapor (H30) and air and mixtures of Np with 0; and with 0,/Hy0

mixtures.

22. The layered magnetic structure of Claim 21 wherein said selected
gas comprises Nj.

23. The layered magnetic structure of Claim 21 wherein said selected

gas comprises air.

24. A shielded magnetoresistive transducer comprising:

a first magnetic shield element comprising a layered magnetic
structure according to any preceding claim;

a first layer of an electrically insulating material formed
over said first shield element; ]

a magnetoresistive sensing element of a magnetic material
formed over said first insulating layer;

a second layer of a electrically insulating material formed
over said magnetoresistive sensing elehent; and .

a second magnetic shield element of a magnetically soft

Material formed over said second insulating layer.

25.  An inductive magnetic transducer comprising:
a first magnetic pole piece;
a magnetic insulating layer foried over said first magnetic

Pole piece and comprising a magnetic gap layet;

-

This Sheet Has Bee

T



rermant - nctuet i onl (R0 M MMIMHHIB et on' on iebsca cmgnstic axis
The col um headed *N%rr" *spécifi es whet her or « THE%GMWAQBEEN

conpri sed al ternating N2-doped and non- doped Iayrs (aBEREACEDDEd
with reference tg9,lg,0s46), @ single, unifermy dop&d Tayer~or “a~sinagl e
non- doped | ayer. E’ropertles of sendust filns without a seed | ayer for each
sendust conposition used 2ateeonstisaretioPoleoniBes FYGPC to provide a magBERD | AYER

BULK BHrduDORi PREORERTfESnagnetic pole piece, said first and second | AYER
Type N2 whGhe€kd1PSE piecebyqaeh havikig@ pole Mih reqibii /fBBred iMdpacea-dbit
(AngSt I’OTTB) and opp&% rela(:.%hlp w1thAsa1d magneE\Lc gap layexsggsposed B
036 005 o %grebe%%%ofm%é pifnetic geo: ond 500 :
0.33 0.01 0.0 85060n uitﬁéé:ﬁlls for%t\ed betwee? said first anﬁéécond magnetﬁ
0. 35 0.01 0. me plqyﬂenducilgglgocoupled/&:o said m?gnetlc c1rcu1t80
0. 27 0. 04 0.10 141 0@8arh of] ggig first amd secondypole piece polg xdps compr:.s:.@
0.22 0. 00 0. DiayercliXpfetid 48M0ture according to any of claims 1 to 23.

26. A merged magnetoresistive-read/inductive-write transducer

comprising:

a first magnetic shield element comprising a layered magnetic
structure according to any of claims 1 to 23;

a first layer of a electrically insulating material formed over
said first shield element:

a magnetoresistive sensing element of a magnetic material formed
over said first insulating layer;

a second layer of a electrically insulating material formed over
said magnetoresistive sensing element;

a second magnetic shield element of a magnetically Soft material
formed over said second insulating layer, said second magnetic shield
element also forming a first magnetic pole piece;

a magnetic insulating layer formed over a top side of said second
magnetic shield element and comprising a magnetic gap layer;

a second magnetic pole piece formed to provide a magnetic circuit
with said second magnetic shield element, said second magnetic pole piece
having a pole tip formed in spaced-apart and opposing relationship with
said first magnetic pole tip, said magnetic gap layer disposed
therebetween forming a magnetic gap; and

conductor coils formed over said magnetic gap layer between said
second magnetic shield element and said second magnetic pole piece, said

conductor: coils being inductively coupled to said magnetic circuit.

27. A magnetic storage system including a magnetic storage medium
having a plurality of data tracks for recording of data and a magnetic
transducer as claimed in claim 24, 25, or 26 maintained in a closely
Spaced position relative to said magnetic storaye medium for data

transfer therewith.



Qo SE'EDYLAYER ”“ﬂm"llj mll "Ill m"ls;s > 3.567 > (%.186 % logt 8_100-60
c 0.24 "0.00° 0.06 10100 18700

800 . .
C 0. 16 0. 00 0.01 12700 15800 NO SH
0.57 0.22 0.6Qne-98280 14000 B 22 Y

B Y : 320 B
0.44 0.14 0.28* ég’%g“d E%g ricating a laygggdgpagpstinypgcture comprising
0.40 0.14 0. 42 s%BHOF: 20000 Y seed | ayer of alternating
gas- doped and non- dopderming arfiirstylayer o€ edsilaganraluminguns iveg| (8ialma) &omop] v
gas- doped | ayer. forming a ‘'second layer of a SiAlFe alloy; [TABLE || . For
the first group ofps@mddsst fiidtiama deadhanabad &ichd¥Bn0.a 8QrllaYi Dghog bul k
| ayer 55, 65 of sendiisti GOMPQSE o Me Basd @RI ohb é&%@ﬁa,}e@tisg%g%&?ﬂﬂ“ast

0.50 0. 16 0. 46

filnms having seed 1 avess 53, .63 exhibit much better anlsotr
s

téd gas.
29. The method for fabricating a layered magnetic structure of claim 28
comprising the steps of:
forming first layers of a silicon-aluminum-iron (SiAlFe)
alloy doped with a selected gas; and
fbrming second layers of said SiAlFe alloy, said first and

second layers being alternately laminated.

30. The method of Claim 29 wherein said SilAlFe alloy comprises an alloy
having a composition, by weight, of 7.5 to 13.0 percent Si, 2.0 to 7.0

percent Al and the remainder Fe.-"

31. The method of Claim 29 or 30 vwherein said layered magnetic
structure is formed in a single and continuous deposition process at a
selected deposition rate for a selected deposition duration for producing

said layered magnetic structure having a desired thickness.

32. The method of Claim 31 wherein said step of forming said first
layers comprises the steps of:
introducing a selected partial pressure of said dopant gas
into the deposition process atmosphere for a selected period of time; and
repeatedly introducing into the aeposition process atmosphere
said dopant gas at selected time intervals at said selected partial

Pressure for said selected period of time.

33.  The method of claim 28 for fabricating a layered magnetic structure
Comprising the steps of:
forming a first layer comprising a seed layer of a first
silicon-aluminum-iron (SiAlFe) alloy having a first composition; and
forming a second layer comprising a bulk layer of a second
SiAlFe alloy having a second composition, said' second layer formed over

Said first layer.
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SA9- 92- 054 “!l, l Lll ,“ll ,”"L 13 properties (lower Hch and Br/Bs)
and soft rmagnet wer Hce and hi gher r‘-f-‘-.-‘-——-rv-"-'-—‘va”‘ Mar ed
to the sendust filmwth no seed | ayer. Anpong the {eHGHHEET|HA '

seed | ayer, the seed | ayers 63 having alternating NP - dopBEPLAKE ; avers
67 in a nultilayened2$pfucture exhibit bet8&r anisotroprc properties than
those films havi na. n%e%ﬁéﬁo@ &e@ﬂul, §¥ %[1§'e1r$'s£@dl ﬁréty 5111088 of 'cLﬁlsQ"siVa'gng a

single layer uniforn norov ani_s i
properties when c® *?ﬁa'?éé%f‘gtgcfr?‘im“f%“f" ge/zasv&nlg nopr?rffS &d éée&° I7a(§/8F‘§e"tFor t he
uni forml y- doped seed|thy &pmaipderits. ch‘bdaFecPP&g”’tlﬁ"e a’r]é?&tfPTH‘hifsaﬁﬁ‘l ddey opi ¢
properties are a Hawingt empefiticheofskédol By@rerdsntRhedd ti 719 parpéntAh andl ues
for Hch and Br/ Bsihocewdsdengeat a thi ckness of 320 Angstrons. Fi gs.
8A, 8B and 8C are plots of the easy nagnetic axis 81 and the hard magneti C

axis 83 for the sgndtm nfe'tlloqsofh@i\élirpg3 @r@uuﬁele@x%e §55p &5&& mﬁ s
conposition B for . fil |c1<ness

for a filmwth a? ecrmr" g °(§mm§edsT"§?y?aY§§ °5fsaé‘gglﬁngsgr ®hi ckness and
for a filmwth n! ’é‘BH SRy Ylthrae?dé"ctt”?{\ﬂéfy The sendust filns having a
seed | ayer 63 conprising alternating |ayers of N2-doped sendust 67 and

non- doped sendust3s69 The owtied dfhelagr ehiest wyeialthe ishgpr ofv Enrehig, safidEimxanpl e,
Fi g. 8B shows t hafayek homBiikdsotfa fteps bhre hard nmagnetic axis is essentially

cl osed. forming at least one doped layer of said first SiAlFe alloy

doped with a selected gas; and
forming at least one non-doped layer of said SiAlFe alloy,
said doped and non-doped layers being alternately laminated.

37. The method of any of Claims 29-32 or Claims 35 or 36 wherein said
selected gas comprises a gas selected from the group'consisting of
1itrogen (N3), oxygen (0;), water vapor (H;0) and air and mixtures of Nj
iWith 0; and with 03/H;0 mixtures. .

38.  The method of Claim 37 wherein said selected gas comprises Nj.

39. The method of Claim 37 wherein said selected gas comprises air.
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Simlarly;, for the second group of sendust filnms havi ng=g=

W th *sendust conposition C, as shown by Table I, the -EH(SSHEEhHASrBEEw
alternately N2-doped seed | ayer 63 al so provides greatl
ani sotropi c and so; b-d¥Bgsaeti c properties. Foy exanple, S
and Br/Bs are nuch™Tower conpared to the values for the sendust film

wi thout a seed layer. Figs. 8D and 8E are plots of the easy magnetic axis
81 and the hard nagneti c LOsNBTES JA6NEXIC HERUETUREIEOMYSA PNy Actiabiarke hemper of
sendust conposition C for a N2-doped seed | ayer 63 of 800 Angstrons
thickness and for a filmw th no seed | ayggsrri@spectively. The effect of
‘'the N2- doped seed layer 63 in creating highly anisotropic sendust filnms is
clearly illustrated whe the BH Ioopt%'(% gf t he, hard ma%netlc axis 83 of
Figs. 8D and 8E are cohpa¥dgd magnetic's “F8 A Vet RTF FICn e crEiPh an e k
sendust conposi ti orraRaghleadocwpidges aS/é?aStsfHE)%na’IdrFeT%ﬁﬁ‘l favens efhilBrans

accept abl e val ues fioriniyreigni (SHHIFOPIi Imocemds serfdus maipnete| ebplioperthees requi red
for MR head shi el dudfiphjeeed hamscic Bfrougeatrch@as at feed IenedUst a feidst sahddat N0

seed | ayer having [jhg ﬁdeQ'iSDﬁ;SlJylep'af%Xé‘chﬁé Senti@deadin e boer RARY tﬁ@'s&%t ropic

propert ies, and 1368" pr V]] 1mproved anlsotroplc f1eld and s%ﬁtlm etlce
sendust fllmvmth 3 f haV|n onpo % Lon. ex
haracterlstlc or the str cture over a relatively wide range of

compositions for the sendust material used for the bulk layer. The seed
layer can be a single sendust layer or, alternatively, can be a
multilayered structure including layer§ of a gas-doped sendust material
and layers of non-doped sendust material formed in an alternating
sequence. The dopant gas is a gas such as nitrogen, oxygen or air, for
example. Because of the hardness exhibited by sendust films, the
described multilayered sendust films are excellent candidates for
magnetic shields and inductive pole tips exposed at the air bearing

surface of a transducer in a magnetic storage device.
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properfiﬁggﬂhich are marginally acceptable. The use of a seed |ayer
(of 'sendust conposition A) for filns of sendust conposition B and C
provides filnms having excellent anisotropic and soft magnetic properties
for applications as shields in MR heads and pole tip material in inductive
heads. Filns fabricated fromsputtering targets having conpositions in the
range near the conposition of conpositionsifand C are particularly
desirabl e because these conpositions pr.oduce sendust filns having negative
and near-zero values of magnetostriction, respectively. Wile sendust
films of conposition A provide satisfactory anisotropic and soft nagnetic
properties with no seed | ayer, such filns exhibit positive val ues of
magnetostriction. For MR and inductive head applications, negative or
near - zer o magnet ost lilns are required to mai ntyal-n t he nost
desirabl e magnetic qomain cénfi gurat{on-ar-Tne Negd Aé? er it is |apped.
Referring now to Fig. 9, a Yeew of ,theRRERRBINGyn Tor head 90
i ncorporating a |eading maghetic shipl d CHAMNEY ng nci pl es of the
present invention i$ shown. | The MR read head assenbly 90 donprises a first
shield menber 91 whijch is separated from & substrate 92 by |a nonconducti ve
| ayer 94 of al um na Einple. Substraf® 92 typically cqnprises the body
of a slider which s B @ﬁ?é he MR head on the trailing edge thereof as

e

shown in Fig. 3. T (Tst{shield 91 is a|%f,> referred to i}yﬂzzleadi ng
| ] § i ge a§i4the
} t

shield with respect |to the 78
magneti c storage neiiunlsur—gbghgﬁgéggdgﬂLﬂk
nonmagnetic gap |layer 98 is|then deposi2ed ou
n{ 9B. ALY hough

serve as a base laygr for d;ﬁgg}tion of the MRTY

MR sensor elenent 93 is sho having a single layer, it | 1} be apparent
to those skilled injthe artjthat additional |ayers for preopetlydhl sygg t he
sensor, for MOTOR CONTROL W DRIVE |

: MOTOR

FIG 7

) 13 33
> uuHHHlHHHI‘” 37

M l[!lnh...

e 8

L 4

— [ I



exanpt e, ray al so be included. The MR sensor elenent is contacted by
electrically conductive |eads 95, which are isolated fromthe second shield
menber 97 by a second nonmagnetic gap |layer 99. A protective layer 96 is

t hen deposited to a desired thickness at the trailing end of the head
assenbl y. The first shield 91 conprises a nmultilayered thin film
structure including a seed layer 101 of sengust of a first conposition and
a bulk layer 103 of sendust of a second coZposition as descri bed above with
reference to Fig. 5. Alternatively, the seed |layer 101 conpri ses

SA9- 92- 054 15 multilayered structure of
alternating |ayers of gas-doped sendust of said first conposition and of
non- doped sendust of said first conposition as descri bed above with
reference to Figs. 4 and 6. Because of tenperature and ot her process
limtations i nposed on the MR head assenbly 90 by the preferred materials
for the MR sensor elenment 93, generally only the first shield 91 wll be of
sendust alloy while the second shield will be of a material having the
required anisotropic field and soft magnetic properties such as permall oy,
for exanple. ~

2
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Ref ersinginow to Fig.

10, a side viewin section of an inductive head 110

i ncor porating magnetic pole pieces according to the principles of the

pr esent
conductor coil 111 plated in an el
115 of +insulating material such as

i nductively coupled to a nmagnetic

l'i ptical
al um na,
yoke str

or exanpl e.

Y

invention is shown. The inductive head 110 conprises a flat
pattern between two | ayers 113,

The coil 111 is

ure 117 haV|ng two conposite

| ayers each including a pole tip region and a back regi on and havi ng a back
gap region magnetically coupling the two | aygrs which extends through the

coil 111 (not shown). The | ower |3
region 121 and the upper |ayer has
125.-In the pole tip region the ydg
material |ayer 127 that defines tHh
yoke | ayers are separated by the

yer has a
a pole ti
ke | ayers

EP%+€HEHHH*+E%{&H¥%H§L

nsul ating | ayers 113,3

ole tip portion 119 and a back
portion 123 and a back region
19, 123 arg separated by a gap

%& bal ance of the
157 in addition to

the gap material layer 127 with tH

t he upper and | ower yoke | ayers ar
di scussed above, in order to neet

recording, the dimensions of the g
are relatively small providing a 1

material to carry the magnetic fl
pole tips 119, 123 and the | ower

A

[«

remote fromthe gap 128 region. TF

Ind _upper back region
r(%w

e exception of the bapk'gap region wher e
e inintimte contacty, -
‘+he—+equkﬁeﬁEﬁ%s—+e+—m ? denS|ty
ote—tt+ps—tr—the—gap—i; %glon at the ABS
elatively small volunv’bf magneti c

x when conpared to th¢ remai nder of the

Layéts 121, 125

of the nagnetlc

yoke structure 117 can be of any suitable magnetic materiag having

appropriate nmagnetic properties, s
exanpl e, that portion of the pole

requires. a materi al

properties to elimnate or mnimz

uch as_N Fe,

tip r fG/hs 1197

havi ng a hi gh saturation ‘magneti zati on.
since this portion of the pole tips is exposed at the ABS,
used for the pole tips nust posses sufficient hardness and ot her
darmage from

e physi cal

\

Ni FeCo or )
123 at the gap 128

Plfain iron, for

Addi tional ly,

the nmateri al
mechani ca
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the environnent at the ABS. In one enbodi nent then,
119 and 121 of the yoke structure conprise a nultilayered structure

consisting of alternating |ayers of
gas-doped sendust and non-doped sendust as descri bed above with respect to
Fig. 4. In another enbodi nent of an inductiye head,

- SA9- 92- 054

119 and 123 of the yoke structure conpri-se

16

the pole tip regions

the pole tip regions

%ultilayered structure

consisting of a seed | ayer of gendust having a first composition and a bul k

| ayer of sendust having a sec@dT OSTUITON] a3_JESTIToey above with
reference to Figs. 5 and 6. The [sepe{ajrer PpH-se—p single layer of
sendust or can be a nultilayegg struyctur ihg lof falternating | ayers
of gas-doped sendust and non- doded| sgndlstj. 73| PNtlerpatively, in
anot her -embodi ment of an i nductijvelhdad] HYhellbacK egiop | ayers 121, 125
and the portions of the pole ©&gt+ayqrsti39fft3retotie—{romthe ABS can be
fabricated of a suitable magnetijc—pmtier) al s perinal | oy, for exanple,
while only the pole tip porti &g 19, 1B1 {4 {he gap_128fregi on exposed at
the ABS are forned of the nulfjlayered's 1@b t |stjrugct yrep descri bed above
with reference to Figs. 4, 5 ahq-=® 1
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For exanple, pole tips 129 and 131 can conprise a structure having a seed

| ayer of a first sendust conposition and a bulk | ayer of a second sendust
conposition wherein the seed | ayer conprises either a single |ayer of
sendust or a nultilayered structure of alternating gas-doped sendust | ayers
and sendust | ayers. Referring now to Fig. 11, a view of the ABS of a
nmerged MR- read/inductive-wite transduqerﬁﬁﬁ)incorporating t he

mul til ayered sendust filns is shown. A merged transducer as shown
essentially conprises an MR read hé&ad Andbmuﬂayaductlve wite head forned

one on top of the other in SuGh e—ranne trr ragaet i ¢ pol e piece of
the inductive head and the secd DI 1 gnetliclsiiejd el enent of the
MR head can be conbined into asingld shidl gl epert . § The nmerged MR-
read/inductive-wite transducé® [asken

o

y 13D gpﬂilses ajfirst shield
menber 131 which is separated frjoma DS, 2Py 1onconducti ve | ayer
134 of alum na, for exanple. Smd&fgnf 134 Le;L! donpri ses the body of

Pcr

a slider which supports the transducdr bnitihgd 4688 1|ng eHge thereof as
shown in Fig. 3. Afirst nonmggnet|c fgap ligydr {139 [s(then deposited over
the first shield 131 to serve<as a| bgsel Tagarn {or] depgsifion of the MR
sensor el enent 133. Although b 333 i:‘ztomn as having a
single layer, it will be appa&r Llad dnlihe art that

additional |ayers for properl§°b|a§*ng“ﬁ%e $knsol, fof exanpl e, may al so be
i ncl uded. The MR sensor elenent i s cont apRIvHE @xgelectrlcally conducti ve

| eads 135, which are isolated fromthe_second shield nenber 137 by a second
magnetic gap |ayer 141. The second s

.
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SA9- 92- 054 17 nmenber 137 conprises a single
el ement which serves as both an upper shield for the MR sensor el enent 133
and as the | ower pole piece for the inductive wite head. The second shield
menber 137 is fabricated of a material having suitable magnetic and
mechani cal properties such as N Fe, for exanpJe, as is known in the art.
Then a ltayer of a nonmagnetic gap naterial 848 an upper pol e piece having
pole tip 143 are deposited over the | ower pole piece and nachined to the
desired dinensions by ion beammlling or other suitable process formng
magneti c gap 145. The inductive coil and remaining portions of the upper
pol e piece (not shown) are fabricated as is known in the art. A protective
| ayer 136 is then deposited-to a desired thickness at the trailing end of
t he transducer assenbly. . The_leading (with respect to the refative
motion between the transducer and tH¥0 ¢t Gegddaneramithall,ilemicetiord by arrow
] | ot Lo £

138) first shield 131 conpriseg g muHthaypr-ge—RiraHHAnstruct ure
i ncluding a seed |l ayer 149 of sepdystiofl a iiﬁﬁ}.& QLith on and a bul k
layer 151 of sendust of a secogd]cdnppsiltijni#s] d¢scribed above with
reference to Fig. 5. Altern%?ive y,| thelseedlf ayef 149{cgnprises a
mul tilayered structure of gkterngtingitay s=jdopedq sendust 153 of
said first conposition and gf @oh—deppdise SH-—+b6-of s%id first
conposi tion as described abbve Wt refé¢rencd tio Fids. 4 jand 6.
Al though the present inventi-orghps [befen|desqifi ed| wijt hi r 4f erence to
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a magneti € idi sk storage systemas shown in Figs. 1, 2 and 3, it will be
appreci ated that the invention is also applicable to other nagnetic
recordi ng systens such as a nagnetic tape recording system for exanple.
CLAIM5 1. A layered magnetic structure conprising: a substrate;

a seed layer of a first silicon-alumnumiron (Si Al Fe) alloy having a first
conposition, said seed | ayer forned on saidzégbstrate and having a

t hi ckness in the range of 100 Angstrons to 0 Angstrons; and a bul k
| ayer of a second Si Al Fe alloy having a second conposition, said first

Si AlFe conposition having different anounts by weight of its constituent
conponents then said second Si Al Fe conposition, said bulk |ayer forned on

said seed layer and havjpng a thickness in the range of 0.3 to 10.0
m cronet ers.
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2. A layered magnetic structure as in claim 1 wherein said first Si Al Fe
alloy conprises an alloy having a conposition, by weight, of 7.5 to 13.0
percent Si, 2.0 to 7.0 percent Al and the remainder Fe, said second SiAlFe
all oy conprises an alloy having a conposition of 7.5 to 13.0 percent Si,
2.0to 7.0 percent Al and the remainder Fe. 3. A |layered nmagnetic
structure as in claim2 wherein said first g3gAl Fe alloy conprises
approximately 9.6 percent Si, 6.0 percent and the renmai nder Fe. 4. A
| ayered magnetic structure as in claim1 wherein said bulk [ayer conprises
a sendust alloy having a near zero or negative magnetostriction. 5. A
| ayered magnetic structure as in claim4 wherein said bulk |ayer conprises
a SiAlFe alloy having a conposition, by weight, of substantially 12.0
percent Si, 4.5 percent Al and the remainder Fe. 6. A |ayered
conposition as in claim4 wherein said bulk |ayer conprises a SiAlFe alloy
havi ng a conposition, by[begth‘dT‘SUﬁéfﬁﬁfTﬁlTV‘ITTS‘béFEeﬁq Si, 5.0
percent Al and the remainder Fe. 7. A layered nmagnetic structure as in
claim1l1 wherein said see& | ayer has a thickness of about 800 JAngstrons and
said bul k layer has a thiyckness of about 1.9 mcroneters.
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8. A layered magnetic structure conprising: —SyR
a seed layer of a first silicon-alum numiron (Si ':"t’sﬁ"; AC
conposition, said seed | ayer forned on said substratje {an
thickness in the range of 100 Angstroms_to 800 Ang
uniformy doped with a selected gas; and a bdl
Si Al Fe all oy having a second conposition, said fi rst

naving o HEEIL BT /TRl pl b 600

having a tﬁ]ﬁé&ig{b@ﬁs plopertia8 ahé'@ﬂﬁr:ﬂﬁe thedhdrfical Pr Q)eﬂﬁm@h&gne@str cﬁoﬂl aared -

magnetic str reas in claim8 wherein said selected gas conprises a gas
sel ected fiom® veip dificuld t¢ Gibgicatel Marddusiispéchgenthisproblem havetteen erplored aidr , a

m xture
solved. For example, U.S. Patent No. 4,897,318 granted to Sakakima et al discloses

laminated structures of FeSi alloy films and sendust films wherein the magnetostriction
coefficient is controlled to provide a high wear resistance and a high saturation
magnetization. Japanese Application No. 1-342595, Publication No. 3-203008 published
.September 4, 1991, discloses a laminated sendust structure in which a chromium (Cr)
seed layer is utilized to orient the struciu’re of subsequent sendust layers to provide
improved soft magnetic characteristics. European .Patem: No. 0 159 028 B1, European
Application No. 85104637.5 published October 23, 1985, discloses thin films of a
sendust-based alloy uniformly doped with a specified amount of oxygen (0) and having
improved magnetic permeabi?ity and hardness.

The magnetic properﬁés of sendust thin films of particular importance to MR and
inductive head structures, such as magnetostriction, anisotropy field and coercivity, for
example, strongly depend on composition of the sendust material. Utilizing present
deposition processes, films having gpod anisdtropy field and magnetically soft
characteristics can be obtained over only a relatively narrow composition range for

sendust alloys.

According to one aspect of the present invention there is provided a layered
magnetic structure comprising: a substrate; a seed layer of a first silicon-aluminum-iron
(SiAlFe) zilloy having a first compositioxi,_said seed layer formed on said substrate and
having a thickness in the range of 100 Angstroms to 800 Angstroms; and a bulk layer of
a second SiAlFe alloy having a second composition, éaid first SiAlFe composition having
different amounts by weight of its constituent components then said second SiAlFe
cqmposition, said bulk layer formed on said seed layer and having a thickness in the

range of 0.3 to 10.0 micrometers.



conprises nitrogen. 11. A layered nagnetic structjurle as iE _
wherein said seed |ayer has a thickness 4of about Aﬂ&f\ B qai d
bul k | ayer has a thickness of about 1.85 m croneterkg. A

magnetic structure as in claim8 wherein said bul k .
Si Al Fe al | oy h&wdonding tOegidthiey Qspaet of tRS prdseit! PRentiokBther 1Sy BVIIdd ', FeldC
structure as in claim212 wherein said bulk |ayer comprises a SiAlFé alloy
havi ng a ocoagnetic stracturdyomprising:, a sdbstrates aaseed dyey of 2. fikspsilic@iluiinun-ifon
percent Al and the remainder Fe. 14. A layered magnetic structure as in
clai m 12 tAlFehaley bavingla firsy composition,ssaid seedJaydrMormed on sailvsubgtrate and
conposi tiqgn, by weight, of substantially 11.5 percent Si, 5.0 percent Al
and t he r diR¥ingge thickness in the rangecply 00 fingsEems 4 800 Angstomss seideseed layer

conpri sing: . a first netic shiel |.ement. conprising a |ayered
magnet i c g“r“Fﬁ?E‘Fer doped with agi?ﬁ“ﬁaéé%oqqqga g‘?‘ﬁi‘?ﬂﬂ of a second SiAlFe alloy having a

second composition, said first SiAlFe composition having different amounts by weight of

its constituent components than said second SiAlFe composition, said bulk layer formed
on said seed layer and having a thickness in the range of 0.3 to 10.0 micrometers.

According to still another aspect of the present invention there is provided a
shielded magnetoresistive &amducer comprising: a first magnetic shield element
comprising a layered magnetic structure as in any preceding claim; a first layer of an
eIectricglly insulating material formed over said first shield element; a magnetoresistive
sensing element of a maghetoresistive material formed over said first insulating layer; a
secondi layer of an electrically insulating material formed over said magnetoresistive
sensing element; and a second magnetic shield element of a magnetically soft material
formed over said second insulating layer.

According to still another aspect of the present invention there is provided a
magnetic storage system comprising: a magnetic storage medium having a plurality of
data tracks for recording of data; a magnetic transducer maintained in a closely spaced
position relative to said magnetic storage medium during relative motion between said
magnetic transducer and said magnetic storage medium, said magnetic transducer
including a shielded magnetdresistive sensor comprising: a first magnetic shield element
comprising a layered magnetic structure as in any of claims 1 to 14; a first layer of an
electrically insulating material formed over said first shield element; a magnetoresistive
sensing element of a magnetoresistive material formed over said first insulating layer; a
second layer of an electrically insulating material formed. over said magnetoresistive
sensing element; and a second magnetic shield element of a magnetically soft material

formed over said second insulating layer; actuator means coupled to said magnetic



<

20 a first layer of an electrically insulatigg%

said first shield element; a magnetoresistive sensi
magnet oresi stive material fornmed over said first in
second | ayer of an electrically insulati ng mat eri al

over

magnet or esi stive sensing el enent; and
el ement of a magnetically soft material formed over

layer. 16wrarddi®d ol nfovitg a8 Maphehie xjt'éidéﬁbtég

medi um having a plurality of data tracks for recordi

a second nmagnetic shield

Sald—second—rsd at i ng
data RGN Srah8R0°

ng o

magneti c tstorage unatiumpiand defteton teans cOSEILY t6 Ria SicRRY fhgHtdrelidtive’ SerlsOr |
said magnetic storage nediumduring relative notion between said nmagnetic

t r ansducerfonggtecting resistance changes in said magnetoresistive material responsive to magnetic

fields representative of data bits recorded in said magnetic storage medium intercepted
by said shielded magnetoresistive sensor.

According to still another aspect of the present invention there is provided a
magnetic storage system comprising: a magnetic storage medium having a plurality of
data tracks for recording of data; a magnetic transducer maintained in a closely spaced
position relative to said magnetic storage medium during relative motion between said
mégnetic transducer and said magnetic storage medium, said magnetic transducer
including a shielded magnetoresistive sensor comprising: a first magnetic shield element
comprising a seed layer of a first silicon-aluminum-iron (SiAlFe) alloy having a first
composition, and a bulk layer of a second SiAlFe alloy having a second composition,
said bulkilayer formed over said seed layer; a first layer of an electrically insulating
material formed over said first shield element; a magnetoresistive sensing element of a
magnetoresistive material formed over said first insulating layer; a second layer of an
clectrically insulating material formed over said magnetoresistive sensing element; and a
second magnetic shield element of a magnetically soft material formed over said second
insulating layer; actuator means coupled to said magnetic transducer for moving said
magnetic transducer to selected data tracks on said magnetic storage medium; and
detection means coupled to said shielded magnetoresistive sensor for detecting resistance
changes in said magnetoresistive material responsive to magnetic fields 'representative of
data bits recorded in said magnetic storage medium intercepted by said shielded

magnetoresistive sensor.



ragnet of 65i stj flﬁﬁﬁﬁﬁiﬂﬂnﬁﬁiﬁﬂ' A o Y7 Tl

conprising a ; structure as in any of |clfarns 1 to 17,
a first layer "of “antel®ctsri¢ally insulatipg materi al forrreng j dif{rst
i | e d A T

shield elenent; a magnetoresistive sensing el enent off 4 lye
material fornmed over said first insulating |ayer; a-secont—t+eayer | of
an electrically insulating material fq# ver sai.d {magnetoresistive
sensing el enent; and a second magnetic shield el'ement of a

magneti cal ly sAflhyered eaghttid srurtde uemiprisiagd second insul ating | ayer; _
actuator neans coupled to said nmagnetic transducer for noving said nagnetic
transducer to ssubstrateg data tracks on said magnetic storage nedi um and
detection neans coupled to said shiel ded nagnetoresistive sensor for
detecting res?stegdhclayemafgasfirst silicon-alumiminqiren; SiAlEe)malley i bavinge spdirsi ve
to magnetic fields representative of data bits recorded in said nmagnetic
st or age meSAMRASitione pg@pﬁp@ﬂlaﬁ? forngd on said substrate and having a thickness in the range

of 100 Angstroms to 800 Angstroms; and

a bulk layer of a second SiAlFe alloy having a second composition, said first
SiAlFe composition having different amounts by weight of its constituent components
then said second SiAlFe composition, said bulk layer formed on said seed layer and
having a thickness in the range of 0.3 to 10.0 micrometers.
2. A layered magnetic structure as in claim 1 wherein said first SiAlFe alloy
comprises an alloy having a composition, by weight, of 7.5 to 13.0 percent Si, 2.0 to 7.0
percent Al and the remainder Fe, said second SiAlFe alloy comprises an alloy having a
composition of 7.5 to 13.0 percent Si, 2.0 to 7.0 percent Al and the remainder Fe.
3. A layered magnetic structure as in claim 2 wherein said first SiAlFe alloy
comprises approximately 9.6 percent Si, 6.0 percent Al and the reMder Fe.
4. A layered magnetic structure as in claim 1 wherein said bulk layer comprises a
séndust alloy ﬁaving a near zero or negative magnetostriction.
5. A layered magnetic structure as in claim 4 wherein said bulk layer comprises a
SiAlFe alloy having a composition, by weight, of substantially 12.0 percent Si, 4.5
percent Al and the remainder Fe.
6. .. A layered composition as in claim 4 wherein said bulk layer comprises a SiAlFe
alloy having a composition, by weight, of substantially 11.5 percent Si, 5.0 percent Al
and the remainder Fe.
7. A layered magnetic structure as in claim 1 wherein said seed layer has a thickness
of about 800 Angstroms and said bulk layer has a thickness of about 1.9 micrometers.
8. A layered magnetic structure comprising:

a substrate;
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shi el ded magnet or esi stive sensor.

21 17. A ystem conpri si ng:

medi um havmuﬁtllﬂﬂlmcnlﬂﬂ data tracks for recording at a;
magnetic transducér Pmihtadined in a closely spaced pokiki IApRaBWe t 0
said magnetic storage nedium during rel®ive notion pe n said efic
transducer and said magnetic storage nedium sai d mag ' ansducer

ol udi ng 2. Shi QP dRgPel OfRP! ShiNEARBRRAL yGATRGAT

magnetic sh I'ST ng ayer o

silicon- a'dé?ﬁfﬂwﬁion 5di@ @eédsl }m@d bﬁ)éalﬁ%\ibﬁﬂlt@ar{d ﬁaértm ﬁﬁﬂ&ie&é i'the FAike?

bul k | ayer of a second Si Al Fe al havi ng a second conposition, sald bulk
| ayer for rofdl00v Ahgsteoms §800 |Amg@froms said sded ldyef uhﬂuﬁﬂy(ﬂopw witie Gt seleefdd Y
insulating material fornmed over said first shield elenent; a
magnet or egasiande sensi ng el enent of a nagnetoresistive materi al fornmed over

a bulk layer of a second SiAlFe alloy having a second composition, said first
SiAlFe composition having different amounts by weight of its constituent components
than said second SiAlFe composition, said bulk layer formed on said seed layer and
having a thickness in the range of 0.3 to 10.0 micrometers.

9. A layered magnetic structure as in claim 8 wherein said selected gas comprises a
gas selected from the group consisting of nitrogen, oxygen, water vapor, air, a mixture
of nitrogen with oxygen and a mixture of nitrogen with oxygen and water.

10. A layered magnetic structure as in claim 9 wherein said selécted gas comprises
'nitrogen.

11. A layered magnetic structure as in claim 8 wherein said seed layer has a thickness
of about 320 Angstroms and said bulk layer has a thickness of about 1.85 micrometers.
12. A layered magnetic structure as in claim 8 wherein said bulk layer comprises a
SiAlFe alloy having a negative magnetostriction.

13. A layered magnetic structure as in claim 12 wherein said bulk layer comprises a
SiAlFe alloy having a compbsition, by weight, of substantially 12.0 percent Si, 4.5
percent Al and the remainder Fe.

14. A layered magnetic structure as in claim 12 wherein said bulk layer comprises a
SiAlFe alloy having a composition, by weight, of substantially 11.5 percent Si, 5.0
percent Al and the remainder Fe.

15. A shielded magnetoresistive transducer comprising:

a first magnetic shield element comprising a layered magnetic structure as in any

preceding claim,;



sai d f| rst ipsul at| ng | aye a second | ayer of HIP&EMENEIS}EEF

i nsul ating L & Bmver said nagnetoresistive Eensing el enent;| and
a second ma ment of a magnetically soft n?o-ﬁ Fgw? neq
over said second i nsul at | n‘g | ayer; act uat or mepnk 6 d qaiid
magnetic transducer for noving said magn®ic transdupet—te—seteetes-ddt a
tracks on said magnetic storage nedi um and detpcti on nmeans coupljed

to said shi el dpdypgget QoS SlebifRalfifliad nRHEP s DR ST TG SRERSCS

i n said nmagnet or esi spons 0 nmagne

represent agleMmentd’a MagietdibdiStiveCsensids Ldntent oF 4 MRARRIréSstRE %ﬁgﬁal%ﬂhmver

I ntercepted by Said _shi el ded magnet or esi stive sensor. A magnetic
storage sy&ﬁ@m-giansmtﬁigqayar;m or 17 wherein said magnetlc transducer
conprises a nerged magnetoresistive-read/inductive-wite transducer. 19. A
met hod for fabai sedondg layer apér ad elegridaily dhsulatingr ensteridln fanyedf owdraisakl
1-14, conprising the steps of: formng a first layer of a

si |i con- al MAgneloresistive fegping Eloment; and,  and-

a second magnetic shield element of a magnetically soft material formed over said

second insulating layer.
- 16. A magnetic storage system comprising:
a magnetic storage medium having a plurality of data tracks for recording of data;
a magnetic transducer maintained in a closely spaced position relative to said
magnetic storage medium during relative motion between said magnetic transducer and
- said magnetic storage medium, said magnetic transducer including a shielded
magnetoresistive sensor éomprising:
| a first magnetic shield element comprising a layered magnetic structure as in any of
claims 1 to 14;
a first layer of an electrically insulating material formed over said first shield
| element; a magnetoresistive sensing element of a magnetoresistive material formed over
said first insulating layer;
a second layer of an electrically insulating material formed over said
magnetoresistive sensing element; and
a second magnetic shield element of a magnetically soft material formed over said
second insulating layer;
actuator means coupled to said magnetic transducer for moving said magnetic -
transducer to selected data tracks on said magnetic storage medium; and
detection means coupled to said shielded magnetoresistive sensor for detecting
resistance changes in said magnetoresistive material responsive to magnetic fields
representative of data bits recorded in said magnetic storage medium intercepted by said

shielded magnetoresistive sensor.
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forming a second | ayer of Si AlFe al |l oy 5 B8 and
second | ayer lmul uil“ﬁmwul ff er ent aI | oy conposi EETS\QEE’E i d
first and se ped with a sel ected ga SA9t 9p- 054
23 34. The netfiod of C'ai m 33 wherein 2_slal d first A Pg7aﬂﬁa)}99ao+r ses
an alloy having a conposition of 7.5 to 13.0 perceny Hi, 2.0 to 7.0} percent
Al and the remai nder Fe, said second Si Al Fe alloy cpnprises an alloy having
a conposi tion Afmagnetié StofakeYyRBMCMpriging: 2- 0 to 7.0
remai nder Fe.

U

a magnetic storage mediurs having a plurality of data tracks for recording of data;

a magnetic transducer maintained in a closely spaced position relative to said
magnetic storage medium during relative motion between said magnetic transducer and
said magnetic storage medium, said magnetic transducer including a shielded
magnetoresistive sensor comprising:

a first magnetic shield element comprising a seed layer of a first silicon-aluminum-
iron (SiAlFe) alloy having a first composition, and a bulk layer of a second SiAlFe alloy
having a second composition, said bulk layer formed over said seed layer;

a first layer of an electrically insulating material formed over said first shield
element; a magnetoresistive sensing element of a magnetoresistive material formed over
said first insulating layer;

a second layer of an electrically insulating material formed over said
magnetoresistive sensing element; and |

a second magnetic shield element of a magnetically soft material formed over said
second insulating layer;

actuator means coupled to said magnetic transducer for moving said magnetic
transducer to selected data tracks on said magnetic storage medium; and

detection means coupléd to said shielded magnetoresistive sensor for detecting
resistance changes in said magnetoresistive material responsive to magnetic fields
representative of data bits recorded in said magnetic storage medium intercepted by said
shielded magnetoresistive sensor.

18 A magnetic storage system as in claim 16 or 17 wherein said magnetic transducer
comprises a merged magnetoresistive-read/inductive-write transducer.

19. A method for fabricating a layered magnetic structure as in any of claims 1-14,
comprising the steps of:

forming a first layer of a silicon-aluminum-iron (SiAlFe) alloy; and

forming a second layer of a SiAlFe alloy;
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35.' The method of O aim 33 0or 34—wherein the step ol1

| ayer conprises me m ! ayer of said first
doped with a sel ecf c” jm”fmﬁm The method of da
step of forming said fitst*layer conpri zfzz\lthe step
at | east one doped | ayer of said first Fe al |l oy
gas; and formng at | east one non-doped
al | oy, sai wheteReshid figst a0 sdoRflabérd VithePRIVR% iffeRinR - :
The nethod of any of Clainms 29-32 or Clains 35 or 36 sel ected
gas conpr i saixbfirst gad seohd diyeds fsrdoped thor selgeteiogsi sting of iitrogen (N2),
oxygen (O[err]) water vapor (Herr]O and air and m xtures of N2 with O
and with @/ H err] O m xtures. 38. The method of O aim 37 wherein said
sel ected gas conprises Nerr]. 39. The method of Caim37 wherein said
sel ected gas conprises air.
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LAMINATED MAGNETIC S'I:RUCTURE FOR USE IN A-MAGNELLC _HEAD

ABSTRACT

A layered magnetic structure for use in a magnetic recording and/or
readback head comprises at least first and second layers of silicon-
aluminium-iron (SiAlFe), known as sendust. In one embodiment the
multilayered magnetic structure includes a seed layer of a first sendust
alloy and a bulk layer of a second sendust allcy overlying the seed
layer, providing greatly improved anisotropic field and soft magnetic
characteristics for the structure over a relatively wide range of
compositions for the sendust material used for the bulk layer. The seed
layer can be a single sendust layer or, alternatively, can be a
multilayered structure including layers of a gas-doped sendust material
and layers of non-doped sendust material formed in an alternating
sequence. The dopant gas is a gas such as nitrogen, oxygen or air, for
example. Because of the hardness exhibited by sendust films, the
described multilayefed sendust films are excellent candidates for
magnetic shields and inductive pole tips exposed at the air bearing

surface of a transducer in a magnetic storage device.



