2.5 NOVv 2005 I -*166166* TUNNEL VALVE SENSOR W TH NARROW GAP FLUX ZqJ'NWZU%
BACKGROUND OF THE INVENTION 1. Field of the Invention The present

i nvention relates to a tunnel val ve sensor with ﬁmmum flux qguide
and, nore particularly, to such a flux gujde whi mm[med saturation
magneti zation. 2. Description of the Rel ai ed Art The+Rggst of a conputer is
ahnagﬂetic dgsk grive which includes a rotating nagnetic disk, a slider
that has read an ' eads, i g t i di sk
and an actuator ar Vrﬁbmm@tsﬁmg%ﬁy @rﬁwwgﬁ%mgwggd and
wite heads over selected circular tracks on the rotating disk. The
suspension arm biases the slider into contact with the surface of the disk

g/he[lht he dgs_k isd_no'f( rgt at i n@AGKGROUNP QR IHE INVENTION . air is swirled
y the rotating di adj r. bearing surface (ABS) of the slider
causing the sli deri't 0 rfﬁﬁf@‘hgﬁ“‘gﬁ“ﬂ"ﬁemi ng a slight distance fromthe
surIace Sf it hg L ot g'he p@s@htsthlzenerbflatwsetosd futigel valvdeensonwithe maimowbgaprflung  t he
wite and rlead heads are e i i jetic i I O
Tead! ng magnoBHe d % BREPSIY, o b o BN HG WP Cas PP NG |t
heads are f‘com%ﬁé&gﬁ&p processing circuitry that operates according to a
conmputer programto inplement the witing and reading functions. An
exenpl aryhhl gh per Ror maPescripgiag of daeiRelpfedA® a t unnel val e sensor for
sensi ng the magneti Iﬁ@) i f; id @R 08 wWiRGNGET J he.
sensor includes alrﬁ%tk_l gfe?icggl@%{:tlsi ?-(?}éqtgﬁgtlé\gl%\%gﬁggct | V§51P3%§%?%t51 or
]E)gr_ rier. | a:yem}agﬁatbdd‘ihqu’teslideﬁmem seddeandowmigriends apsuspandiohzaymrabane tle

fr ' _ ; : UG :
the pinned | gt A ERE SR GHGENEE: fEsismeboh Feo it e PATEIF 500
to an air beanhito s REP AR cithieiraidtks bE tABRBy k. CTROSRmi @ae of
the sensor that faces the rotating disk. The tunneF val ve sensor |

| ocated bet webiaséscthe slideg frde centagt vath the quiase of Hehiskewken; the disk is pat reetingn
second | ads , Rieh oiRsDRMBE ol & SviddaChySEE OBHANURK dbhPas airefiring

connected to thé tuann al Ve ’sensor conducting a sense current
t her et hr ough. sififires@BS® afuthe estideii sausignthacdider retige odi auhisrbeatng Beslighy or

filmplanes ( glps@ncg I’rmtnqge SurFhed of i rgtgtri]ﬁgr &3¢ OfmbPthe slider rides on the air bearing

the write and read heads are employed for writing magnetic impressions to and

reading magnetic field signals from the rotating disk. The read and write heads are
connected to processhlg circuitry that operates according to a computer program to
implement the writing and reading functions.
An exemplary high performance read head employs a tunnel valve sensor for
sensing the magnetic field signals from the rotating magnetic disk. The sensor
~ includes a nonmagnetic electrically nonconductive tunneling or barrier layer
sandwiched between a ferromagnetic pinned layef and a ferromagnetic free layer. An
‘antiferromagnetic pinning layer interfaces the pinned layer for pinning the magnetic
~ moment of the pinned layer: 90° to an air bearing surface (ABS) wherein the ABS is
an exposed surface of the sensor that faces the rotating disk. The tunnel valve sensor
is located between ferromagnetic first and second shield layers. First and second
leads, which may be the first and second shield layers, are connected to the tunnel
valve sensor for conducting a sense current therethrough. The sense current is

conducted perpendicular to the major film planes (CPP) of the sensor as contrasted to

A
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*€00002* 2 5 NOV 2005 2 a tunnel valve sensor where the sense currdrf ND2005
conducted parallel to the mgjor film planes (CIP) of the tunnel valve
sensor. A magnetic nonent of the free layer is free to rotate upwardly and
downwardly with respect to the ABS froma qui escent or zero bias point
position in response to positive and negative magnetic field signals from
the rotating magnetic disk. The quiescent position of 'the magnetic nonent
of the free layer, which is parallel to the ABS, is when the sense current

i s conduct eds tuhh¥] GBS s&l’i‘s@r Wﬁéh%Qlie WnbdQitfent BB ted Iba@ml & ﬂh@@ﬂlﬁoxfﬂilﬂ{n t he
rotating magnetic .di sk. the magnetic nmonents of the f;g)ﬁlenne and free

layers are pU#gs (CIP) g ﬂ}? ﬂm@ ﬁé‘(‘,‘% SQN§OIo AcmAgTiotip dpoment of thejfraedpyes infreg he
| |
tunnel valvg, ?&Qég@w%@l% %}gi %ﬁﬁ%«%&(ﬁg Wﬂﬁ% ebt (5 khd éPgtfro?n g‘gpfe%m @_ngra/\/nen

t heir magnetic no MieI PR Pes Sfance nel valve -
sensor to t rtaassmmtqaorsMDnemrespbm;)e td sposatweaamhnégaum nﬁgwamgefﬁeld sngnaleﬁnoﬁt ance of

t he tunnel valve sensor i.s a fuypction of cos e 1s the a
bet ween 't he tﬁ%&ﬁ@m magetin disko f The isseom PSRy ofV\Q"e el oGt 0 1%\’[% sense
current (| feel Fﬁyé“ﬁ MAEE BOhard1leP Y& thel ABSE W HMbn VRE \énse QORBHt is’ @alsdance

changes, due to ield signals fromthe rotating magneti c di sk, cause
potential chbisgelstheisensonwihens magnatiy fightisignploken sheotating maghetisid isk gnal s. The

sensitivity of t h&}ner h glllag%@ﬂcv oﬁlg § F tileS ]:r)1lﬂHgd1£dd[ gﬁeglgygrs aﬁ:gﬂ?ﬁeqrv?ﬁf stive

coefficient dr/R an e Inresrs nne val ve
sensor fromrespectntormne aao&elahheees@stmgmef tle. tooma nabve aindor éethenednge cunedt | ayer s

parallel) t Xi.mum resi st ma monents of the fr eand i med
| a%yer s anti &ga A b - Va1 aPEWi‘ &‘8 ?%asglngtg mements aqputiparaliel t Q/%?P\?@“geensor at
[mi'ni mum r esiggtian amael VN SHnkdR t@fth@séﬂdé%ﬁi‘rema(l[g)ﬂs e A Sdximam, DEhged he or der
of 40% as conpared to 10% for a spin, valve sensor. The first and second

shi el d | ayerssifnee é}fdh@é“@ﬁbvﬁm ﬁ@&ﬁ?faﬁoa funstion 9f cpe&puberev@is theranglee t unnel
val ve Sensorbeﬁ&ehlﬁ?ctmﬁg%tlé inlo E%P@Bgm%?%gﬁﬁ aﬁ?h@é ﬂ#ﬂ@y Wlﬁp e Sbfise Arehfads for

conducting the sense current e tunhnel ve sensor
per pendi cul dls) tiv conskuctedjtmough thectonusdl valve densosr wsisfanechehangemyabe valfiell sensor .

The tunnel [ e surfaces [ e
rormal 1o t MEAASSORERE B mbilehk AR LBEo R R) BBt GATFE R ©, g
second si de psmneﬁsed«asplaplmnlestgnadel Yheodentiltieity dfthe ainnviavahe ssasos iy quantified

| ongi tudi nal | y bi t he n 0 ns of . the.free |l a Thi

I ongl t udi nal® ﬁ} §§?at Yerﬁoﬁﬂ:ﬁ% Fﬁaféﬁﬂ’&ﬁ i3 theshanee ‘%feS{SF?MV?{a‘Qe f
parallel to vatvb@eprﬁme:ﬁmﬁnhﬁm r@dane @tlagifetit Mdnktsds %‘é%ﬂtpnﬁféﬂ(ié}feké)n

parallel) to maximum resistance (magnetic moments of the free and pinned layers

antiparallel) and R is the resistance of the tunnel valve sensor at minimum resistance.
The dr/R of a tunnel valve sensor can be on the order of 40% as compared to 10% for
; a spin valve sensor.

The first and second shield layers may engage the bottom and the top
respectively of the tunnel valve sensor so that the first and second shield layers serve
as leads for conducting the sense current (Is) through the tunnel valve sensor
pelpendicular to the major planes of the layers of the tunnel valve sensor, The tunnel
valve sensor has first and second side surfaces which are normal to the ABS. First
and second hard bias layers abut the first and second side surfaces respectively of the
tunnel valve sensor for longitudinally biasing the magnetic domains of the free layer.
This longitudinal biasing maintains the magnetic moment of the free layer parallel to

the ABS when the read head is in the quiescent condition,



2 5 NO V 2005 3 Magnetic head assenblies, wherein each nmagnetic head25
assenbly includes a read head and a wite head conbination, are NOV 2005
constructed in rows and colums on a wafer. After conpletion at the wafer

| evel, the wafer is diced into rows of magnetic head assenblies and each
row is |apped by a grinding process to | the rowto a predeternined air
bearing surface (ABS). In a typical tunnel valve read head all of the

| ayers are exposed_at the Al first edges of ,each of, the fjrst
shield | ayer-, PO heMagagna Wgﬁsseffﬁg‘s % g’é’é@“&%‘i MSgEte, agsebly dpeludesa
pi nned | ayer, réa{a%eaa'aﬁu BGvrh8%e4d é’diﬂbmatm &%%ﬂﬁr@&'d%%wbv@!ﬁd colfRA® Bh tae

edges of these layers are recessed head. The barrier layer is a
very thin |aya\raferomﬁeheompldmn atrthewxferm‘zb theowaleris diepd infogews ol magneticed

I t d
nasenl { o5 | & MPHppEmS A LR i PPl bp sHiGahracih KL HIIE F et
free and pi hn%ﬁ’edeieﬂﬁﬁé@ ab%mgsmwmpsy OBISa tyb&aPﬁSnéleaMuﬁai Beﬁhﬁr]r of

t her ebet ween. "Accordingly, .there_is a str feIt n Q)ﬁ}bo conlftrﬁ
magneti ¢ head theslaysrnpreespaged At the ARS, ngmely “Stﬁ’é&‘ifs" ?Eih shipldlaysy,
shorting bet Wf‘ensewﬁ &, 1 £ Yl R BheliBV180ct, b pihed A6, Mepindify lyaphaao. A

schene for reventln or S ro S e bartier |ayer t'he tunnel val ve
sensor is to ttlex:sesmdtshmld layere IOppaSIweedegah@ﬁihesthrsrﬂrc r@emm tha degsk olhede a

the rotati ng PABREOPE! Sf Sk i ot SRORP ordgst AP o, e b TR Card O
lmit erial of t hﬁmfeg ll@ye%ﬂuf[eﬁeclﬁﬁ foesh¢i anether HothOABS. aWhlten thedwmf thagnetidheal

ayers on each side o e flux ior ar er
_ma%/er ial enpl @%ﬂ‘bh@ﬁ‘shﬁéﬁ thege ’i;%lrwg risk OEI“GE‘@“C imaierial fﬂP?—“et[w FH@%W@%W%Q t he
thi ckness of fscﬁ%%kgaérﬁ&?edf Mi‘b‘ss%'# %@ﬁ Y &usd 8 sﬁ@t@’ﬁw‘?&beﬁb@enp@@defﬂn’i’é@er to

provi de suffl ent gnheti zation for etectln? field signals fromthe
rotating rragnehqrc: iscd steong-felaveed fos censtuetanepnpss leafﬁie‘é?éeltlbiieﬁ ariticmnpel; valve

thi ckness 10 SEdRlBl AELSESEaLNmd IAGRR (ERd: ol bniENE)dY afihe B8

head. \Wen thé tinear rea 'S I Ncrease magnet | C ‘E)I ts can
be pl aced per télappiag. i nch al ong a track of the rotating magnetic disk

whi ch i ncreases the storage ca of the c ut e Thus
a need exists to p?‘o?fi gae 3% Bfﬁﬁ%ﬁmgﬂl&)}és 8ghi¥o ‘%ﬁr éay%f gf N’%‘i“ﬁ% Wi Ch has
a nore narrowedseAf t6oessthee@fhePlal0e Setisort withia the hedddmdeprévit & lflux uvdz
sensor with a flux quide which has

between the ABS and the sensor for guiding flux signals from the rotating magnetic

disk to the sensor. Typically, the ferromagnetic material of the flux guide is required

to be stabilized by hard bias layers on each side of the flux guide. The prior art

ferromagnetic material employed for the flux guide is nickel iron (NiFe). Generally,

the thickness of a nickel iron flux guide layer is 100A at the ABS in order to provide

sufficient magnetization for detecting the field signals from the rotating magnetic disk.

There is a strong-felt need to reduce this thickness in order to increase the linear read

bit density of the read head. When the linear read bit density is increased more

~ magnetic bits can be placed per linear inch along a track of the rotating magnetic disk

which increases the storage capacity of the computer.



i nproved magnetization. A further need exists to provide a tunnel valve

sensor with a flux guide which has inproved magnetization and i nprbGeN@V 2005
uni axi al anisotropy (HK). A still further need exists to provide nethod for
maki ng the aforenentioned flux guides for4the tunnel valve sensor. SUMVARY
According to a first aspect of the present disclosure, there is provided a

magneti ¢ head assenbly which, has an.air beari.ng surface (ABS),.,conprising:.
 Pead head i noi d8Png nd eiisdp RoifigS CuReDvmgoRG PE OSSR dae
wherein the hi®ehat@l keadsapr ecessed fromthe ABS and is |ocated between the
ABS and the back wall; a flux guide having front and back walls, wherein
the front wall i$ nesdaalegiexists to peovidsadnanal alvsaersaravith jasflyro guide avineh hesen

t he ABS and rixﬂ?ro%c?ﬂﬁgr‘fﬁ#zhti&{ the tunnel valve sensor; an electrically
nonconductive Tirst insulation |ayer |ocated between and interfacing the

front wall of thé funthacheedadxists eprovide artdnidhealvacknsoabithod flivaguideushiclgtagle;

and the flux,guide being a.lamnation of . iron nitrid FeN) and nickel iron
mol ybdenum (&@8%5‘“‘5 izption apdIgpravied up@xg?gglégmya( ct of the present

di sclosure, there@ il Rir¢i desl existtRPRIVide PRAMBAIFNSE ARInG MBI FhteRREtiGHEd X
bearing surface (ABS), conprising: a read head including: a tunnel valve

sensor havi ngukepfer thefynmed yrIvgsenser. wherein the front wall is recessed
fromthe ABS and is | ocated between the ABS and the back wall; a flux guide
having front and back walls, wherein the front wall is |located at the ABS
and the back wall is | ocated between t$EMABARAND the front wall of the
tunnel val ve sensor; i

| ocat ed between and Aggﬂrgﬁg%:% 1r|ftlhé5p2‘%2$|’?m%;ﬁels%g ({l'l?frégsiufé’lﬁ grle\?‘fi: Rofg"i!adg%g(r)r
and the backmighdticHead b@eﬁlro%x\vhiggm@an aif BédrRRBRETRI AHI)! &dm@shgsecond
shield layers; [R\LIBQ 2750,doc:MC 2 5 NOV 2005 4a

a read head including:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide; and

the flux guide being a lamination of iron nitride (FeN) and nickel iron molybdenum
(NiFeMo) layers.
According to a second aspect of the present disclosure, there is provided a
magnetic head assembly which has an air bearing surface (ABS), comprising:
a read head including:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

[RALIBQJ2750.doc:MIC



the tunnel valve sensor and the flux guide being | ocated between chHMVS@US
and second shield layers; and electrically nonconductive second and thir
insulation |ayers |ocated between the first shield layer and the flux

gui de and between the second shield | ayer 48nd the flux gui de respectively;
the tunnel value sensor including: a ferromagnetic pinned |ayer that has a
magneti c nonent; an antiferromagnetic pinning | ayer exchange coupled to the
pi nned | ayer for pinning the magnetic nonent of the pinned | ayer; a
ferromagnetic free | dyetunnddivalve Bassoa andighedhixCguidan®Beihg Icvartd detwsenand fist end
electrically insulative, Eﬂrri er | ayer | ocated between the free |ayer and
the pinned i ayer S°4oRd shicldlaygis:@dconsi sting of one iron nitride (FeN) |ayer
and one ni ckel  nol yRaeniam hbfcdMhlctive¥edondAnE hitd Rufafof 14yREsM18c 9&&7_68‘[]
the present disclosure, there is provided a nmagnetic head’assenbly whic
has an air beari Htp Bist shaglé lqyan®)d thedharguidenand betwesndthh eeadnil shielddiapey: and the
tunnel val ve sen i ront and back walls, wherein the front wall is
recessed fromthzﬁ%\éﬁl\éﬁ%feétweg&at ed between the ABS and the back wall; a
flux gui de havi nthdtoomd valnd smsokinemldig; wherein the front wall is |ocated
at the ABS and the back wall |is, l%ifwd bet ween the ABS and the front wall

of the tunnel val ve?d@Fuprenctinrisnetaysithplhas 3apaeypie@OmeEatfirst i nsul ati on

| ayer | ocated betweeg, apdrerrbMuehdiRHiRNG f eofan¥akbd f;d.llﬂ] gl I
sensor and the back wal 8? t_hgﬁflfpx1 B%Fﬁlg; ?er r%@rraguﬁg%q {cohﬁe st gnléy@eﬂélgnd
shield | ayers; t haningthe magndticanementof teepinnéddaydrux gui de bei ng | ocat ed
between the first an ond.. shi g X lLectrical |y, nonconductive
second and third i nsglf% Oﬁlgaré& ggégﬁgiaggljc‘g%g%ﬁ%se?gﬁg netlctxﬁ%m?liﬁr d shield | ayer
and the flux guide aadcobeiagmstic ¢lberisalyomsulativeebatricayser dodtddhigstwidrirhegfiéde
respectively; the tunnel valve sensor including: a ferromagnetic pinned

| ayer that has a? bﬂ]éﬁ’%p ﬁ‘ih‘ﬁf’[ R\L(r)Q 2750.doc: M C

the flux guide consisting of one iron nitride (FeN) layer and one nickel

molybdenum (NiFeMo) layer.
According to a third aspect of the present disclosure, there is provided a
magnetic head assembly which has an air bearing surface (ABS), comprising:
a read head including;:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

[RALIBQ]2750.doc:MIC



2 5 NOV 2005 4b an antiferromagnetic pinning | ayer exchange coupled to the
pi nned | ayer for pinning the magnetic nonent of the pinned | ayer; 325N0V2005
ferromagnetic free | ayer which has a magnetic nonent; and a nonnagneti c
electrically insulative barrier |ayer | oc4Ped between the free | ayer and
the pinned layer; the flux guide consisting of three iron nitride (FeN and
two nickel iron nolybdenum (Ni FeMb) alternating |ayers. According to a
fourth aspect of the present disclosure, there is provided a magnetic head
assenbl y which has am antifeReabiittic Pirifine byt ABBhan€OERIplE o0the dikiadayte der
‘including: a tunnel  valve sensor having front and back walls, wherein the
front wall is rBEengdhe magpaticheomes of e nisnaddevdred bet ween the ABS and t he

back wall; a flux guj ' ra‘flﬂ ic LR At he front wall
is located at the A%@%%Pﬁg %%égll%&?/va CI?E&Fao%@%TKe%cbet vvéelghﬁ} e ABS and the
front wall of the tamophagraiiceletmsbly; inariateleelarriec dyky lovatedoretiwedn the firéer st
i nsul ation | ayer, | ocat b.et‘\?ﬁ@n and interfacing the front wall of the
tunnel valve sengaé’f’r@rqg ¢ han K%al | of the flux gui de; ferronagnetic
first and second shi ﬂaledﬂlllﬁ¥&ifd§;cohbi@tiﬂigJBﬂQhreUﬁ%Qiﬁnﬁﬂ@éQFeN)"dnd heof dibkel dktinde
being | ocated between the first and second shield |ayers; and electrically
nonconducti ve seB® dalﬁﬂn(MiEPMq)ﬁgima"ﬁ&)]ﬁY?f&yers | ocated between the first
shi el d layer and theabloptingyh 4l REEACHTNE e BRAoSIEChiErd BYflovRi o NC
flux guide respectively; the tunnel valve sensor 1 ncluding: a ftferronmagnetic
pi nned | ayer mapwaticheed assemblyethich hanandir beaning suificer(Adfgevetpresing: nni ng | ayer
exchange coupled to.the. pinned |ayer for pinning the magneti c nonent of

t he pi nned Iayer?reﬁd?]g?(}g‘ﬁﬁaﬁl&i c free layer which has a nagnetic nonent; a
nonmagnetic el ectri cakinnel naw sdnsyehdang tront arybdck| walk] athelal WReRohthealf isee

| ayer and the pinned Ig_yer' t he fl ux, gui g%econsi sting of one jron nitride

(FeN) |ayer and I5585s6d quthe ABS and 1s located between the ABS and the back wall;
a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the

tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
ﬂﬁx guide respectively;
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer for
pinning the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment;

a nonmagnetic electrically insulative barrier layer located between the free
layer and the pinned layer;

the flux guide consisting of one iron nitride (FeN) layer and one nickel
molybdenum (NiFeMo) layer;

a write head including:

[RALIBQ)2750.doc:MIC



nol ybdenum (Ni FeMb) | ayer; a wite head including: [R\LIBQ 2750.doc:MIC 2
5 NO V 2005 4c ferromagnetic first and second pol e piece |ayers t hath New g5
yoke portion |ocated between a pole tip portion and a back gap portion; a
nonmagnetic wite gap |ayer |ocated betwedf the pole tip portions of the
first and second pol e piece |layers; an insulation stack with at |east one
coil layer enbedded therein |ocated between the yoke portions of the first
and second pole piece layers; and the first and second pol e piece |ayers '

bei ng connected at t hgiomabactec BAP an@Geédrdnpole tictef lafals BANhSHRCOBKO Poftion
pi ece | ayers being connected at their back gaE portions. According to a
fifth aspect of tdsateppeisiest agpledipartien andyebackigsp pesionged a nagnetic head

assenbly which has a i i f L SLOQA: .

i ncluding: a tunnel 5&?{\}%21 eﬁéO\f@tﬁ%{)Agffrléﬁ%e%)aﬁgﬁ%g%&h%?ﬁ?st}ﬁ‘%@@gf ﬁ??ﬁe
front wall is ré&cesmbsbcobmdpole pecdBSemnd i s | ocat ed between the ABS and the
back wall; a flux guide having front. and back walls, wherein the front |1
is located at the ABS! Hgl\{lpﬁ%t%gcwltbveﬂt ﬂeqsg @80@9%@‘%&?@8@%@6%?%?&?&?%
front wall of thBetwiesinhelyok@pdtBoSEHNIRE firstBn®bcR6Ad hoRIpicte MBREORAAMC i ve first
insul ation | ayer |ocated between and interfacing thé front wall of the

tunnel val ve sensor Wadishendaesongdapqle piecenleyers (beingygperecteterty thetigbrski gap

first and second,shigl d layers; the tunnel valve sensor and the flux guide
bei ng | ocat ed befween the first and second shield | ayers; and electrically
nonconduct i véhedastomd sequad phlerpdederisyerabdingmcdmyeted at themtbeck pat purdons, t he fir st

P S, arer and e L8400 AB0 el 8R! AP SRR Sl BB
pi nned | ayer mapgdtichiaad assemplyavhich M@ @Mi: beaAlngBlrfiR(ABHWWpriiny: nni ng | ayer
exchange coupl edaEe%dthga?d l;r)llclrlllgglogl | ayer for

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively,
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer for
pinning the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment;

a nonmagnetic electrically insulative barrier layer located between the free

layer and the pinned layer;

[RALIBQ]2750.doc:MIC



pi nni ng the magnetic nonent of the pinned |ayer; a ferromagnetic free |ayer
whi ch has a nmagnetic nonent; a nonmagnetic electrically insulative ZJ&INOV@UM
| ayer | ocated between the free layer and the pinned | ayer;

[R\LIBQ 2750.doc: M C 2 5 NOV 2005 4d the4fll ux gui de consisting of three
iron nitride (FeN) and two nickel iron nolybdenum (N FeMb) alternating

| ayers; a wite head including: ferromagnetic first and second pol e piece

| ayers that have a yoke portion |ocated between a pole tip portion and a

back gap portion; a fenfiggnraideCconkistify @8RhledYitdn hidadd EHeNLhNE R0t AikdP At
tip portions of the first and second pole piece |layers; an insulation
stack with at | eB¥lybdgeuns GNiFeMg) afteraptingilgserst herein | ocated between t he

yoke portions of ,thge fiidi§ Clg(lﬁgg.second pol e piece layers; and the first and

second pol e piece layers berng“connected at their back gap portions.
According to a sixt hfeaspmgtetaf fitshangrsesmt pale gitweslayers thitehavei s yoke\podeo a
magneti c di sk driveteiflﬁcl udi n neti c head assenbly that has

t. | t
an a wite head,°® 5%”%3%0%{5’ Ig’r%tsl%ﬁ %{hgaeg%%rg@pgﬂ’ftw&e (ABS) conpri sing:

the wite head incl uginamaWiem@bilﬁyéri1b§dte@6@tw;%emﬁl=£i?§1@ltq) pbeieRs bayer s
that have a yoke portion ocated between a pole tip portion and a back gap
portion; a nonnafiéendsagpnd polgaisce layess; | ocat ed between the pole tip

tions of the firgt: SeC i r s, | afhi or
\F/)\np[ h at | east one cofﬁ} llﬁggyf/ldgr%ﬁe%gd‘ggi&e‘}t ﬁg&gﬁﬁ%fégga@gaﬁ Iz%'5%)1:@ @c}egéin{hteﬁ%l )ﬁ/{))%géﬁ
portions of the bétmstn thedokepatidnpalthe firstard sayrd poletpheee flayesd; aaahddse(r:]ond |
ol e piece |ayer i.ng,connected.at .their .back rtions; and.the rea
Eead Pncl udi né: g’egﬁﬁﬁ’gfi smnsgogé%gc&lawésvl?%g ?%ﬁ&ggﬁﬁt%ﬁﬁbﬁc D ROTHPRSY e n
the front wall is racassiag tbroeixtthaspdBSon e 'B&sérﬁcxﬂm&ub@,tmnist;hﬁviﬂ% aand

the back wall; a flux quide hayving front and back walls wherein the fragnt
wal | is | ocatBansic Ak anspachiing Relesd e Egnche head aremblothpbdss iha VB

and the fronpeayal bea@thehd$nd an air bearing surface (ABS) comprising;
the write head including:

ferromagnetic first and second pole piece layers that have a yoke portion
located between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of the
first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers;

the first and second pole piece layers being connected at their back gap
portions; and
the read head including:

a tunnel valve sensor having front and back walls wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide; and

the flux guide being a lamination of iron nitride (FeN) and nickel iron
molybdenum (NiFeMo) layers;

a ferromagnetic first shigld layer;
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tunnel val ve sensor; an electrically nonconductive first insulation_|ayer

| ocated between and interfacing the front wall of the tunnel valve2§thQmw
and the back wall of the flux guide; and the flux guide being a | am nation
of iron nitride (FeN) and nickel iron nDﬂ?bdenunl(NiFer) | ayers; a
ferromagnetic first shield layer; [R\\LIBQ 2750.doc: MLIC 2 5 NOV 2005 4e
the tunnel valve sensor and the flux guide being | ocated between the first
shield layer and the first pole piece layer; and electrically nonconductive

second and third i nstheatuhmgd vabyedeasdraamdt the fhat peiea betnfgeloﬁiéte&tr?eabielﬁl t@leHﬁytgr
and the flux guide and between the second shield | ayer and the ux guide
respectivel y; t heuglddsyer a%mﬁwr@@ﬁ?d}wqed@reﬁm%: a ferromagnetic pinned

layer that has a mg&@&th&l%@{;ﬁdu@ﬂv@{ﬁcbﬁ@ﬁx’id)ﬂi‘?l‘a’]tﬁ d1£tid lﬁgéﬁ%éa?éﬂe&ettw%efn

exchange coupled to the pi ayer for pinning e magneti c nonen

t he pi nned | ayer thedirfteshtabdrtayerearnddhé fler ghidy @nd Weivekn tirsseaomdighneltlilzyemand tite;
and a nonmagnetifl el e.%tri caItJ i nsul ative barrier |ayer |ocated between the
free |layer and H’égbll RAEHCS ]élélé’r; a housing; a magnetic disk rotatably

supported in thetheaugiehgilvasehsgaglhdigpunt ed in the housing for supporting
the magnetic head assenbly with said ABS facing the nmagnetic di sk so that
the magnetic head as§§m. magnetiG pinned; 1ayes it Ay magRetictNHEMi p with t he

magneti c di sk; a spi : - af i 18K or
posi tioni ng neans co%ﬂg@%tglg&%gﬁeﬂg P g@:io oIra? gIf %@ﬁ%gﬁg‘bkﬁféﬁgﬁ%ﬁ@%%ﬁg?&
assenbly to nult piphmggbsngaguetis nwindnt pEthpeomet daysgi d magnetic disk; and a
processor connected to the rrq&g&ti c.head .assenbly, ..to the spi.ndl e notor and

to the actuator for? %Oﬁéai%? esellﬁ%eélw ! a}ﬁ‘qi &M &Hbof?e@t;hag‘gd assenbly,
for controlling novemenhagietit ecta@netihgildivekoanticl hoér onked et dtg thBefree

position of the {g}grnaentditﬁe Qi%glgd la&i;senbl y.

a housing;

a magnetic disk rotatably supported in the housing;

a support mounted in the housing for supporting the magnetic head assembly with
said ABS facing the magnetic disk so that the magnetic head assembly is in a transducing
relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

an actuator positioning means connected to the support for moving the magnetic
head assembly to multiple positions with respect to said magnetic disk; and

a processor connected to the magnetic head assembly, to the spindle motor and to
the actuator for exchanging signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head
assembly.

According to a seventh aspect of the present disclosure, there is provided a
method of making a magnetic head assembly which has  an air bearing surface (ABS),
comprising the steps of:

making a read head including the steps of:

forming a tunnel valve sensor having front and back walls, wherein the front

wall is recessed from the ABS and is located between the ABS and the back wall;

forming a flux guide having front and back walls, wherein the front wall is
located at the ABS and the back wall is located between the ABS and the front wall

of the tunnel valve sensor;
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According to a seventh aspect of the present disclosure, there is pro 'kded
a nmethod of making a magnetic head assenbly which has' an air beari né NOV 2005
surface (ABS), conprising the steps of, E%ki ng a read head including the
steps of: formng a tunnel valve sensor h&ving front and back walls,

wherein the front wall is recessed fromthe ABS and is | ocated between the
ABS and the back wall; formng a flux guide having front and back walls,
wherein the front wall is |located at the ABS and the back wall is | ocated

between the ABS and fdmidg anteleatitallyohondoaduative efirsv dhstatiodnsadei between and

[ R\L1BQ 2750. do¢c: M.C, 2 2005 4f fornmng an electrically nonconductive
first insulati onlf}t%r?éfngogﬁ Wéﬁoof %ﬁw&&gﬁa senser pRd e backi Wl of e flux

tunnel valve sengpieahd the back wall of the flux guide; and formng the
flux guide with a lamnation of iron nitride (FeN) and nickel iron

mol ybdenum ( Ni FeMb) foapanesthe Aus g@uitiervitht @ laaminatiqghefrirespiide (6N hed pickeldrin

di scl osure, thereg ilsD Qrovbﬁﬁdg@ 1met hod of making a magnetic head assenbly
whi ch has an ai rmSeyardl Wﬁn f éa(yﬂg‘S), conprising the steps of. naking a

read head includi ng Abeor8ingps aafeighthrasporg ofl tieUprasint \dacURue fgRé i provitied a
front and back vvgl Its, wherein the front Wgiall |S recessed fromthe ABS and
is located bB¥EHodrfimakings magnefin depd assepyly whichdhas; qaip bening girfase (WBSng
front and bagim¥adihsimeWtgt6f:n the front wall is located at the ABS and the
back wall is located between the ABS and the front wall of the tunnel

val ve sensor; fomaking ageadhead incleding thestspeofiducti ve first insul ation |ayer

between and interfagj t f wal |l qf the.tunn al ve sensar .and the
back wall of the fl u§°““§ﬁ %gﬁm@?r)“l}lr‘]‘ensge“ o s Sfﬁ"e“r And ;"P‘\Eﬁ%i’vagﬁd" B G g‘ﬂiﬂm d
| ayers; form ng whiideossedd frahviee ABS3ad ielocattdbetivice tHgUABS ah@thearok Wal;

second and third | noiFETEGh b yuiE TBETRERM MRk S HeIcth (1, BPuail ine
flux guide and bpkieeat theARE&NHe BRieWE s SlteBEWeRthe ABS and the front wall

of the tunnel valve sensor;

forming an electrically nonconductive first insulation layer between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

forming ferromagnetic first and second shield layers;

forming the tunnel valve sensor and the flux guide between the first and
second shield layers; and

forming electrically nonconductive second and third insulation layers between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free
layer and the pinned layer; and
forming the flux guide consisting of one iron nitride (FeN) layer and one nickel

molybdenum (NiFeMo) layer.
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flux guide respectively; formng the tunnel valve sensor conprising tx
steps of. formng a ferromagnetic pinned | ayer that has a nagnetic mz NV 2005
form ng an antiferromagnetic pinning | ayer, exchange coupled to the pinned

| ayer for pinning the magnetic nmonent of f‘ﬂe pi nned | ayer; formng a
ferromagnetic free |ayer which has a magnetic nonent; and formng a
nonnmagnetic electrically insulative barrier |ayer between the free |ayer
and the pinned layer; and formng the flux guide consisting of one iron
nitride (FeN) |ayer Ancbrdmg toi xkeith asprcylofldne presbitFdiktpsiraythere fs provided B Q
] 2750. doc: I 5 NOV 2005 4g.Accor di to.a ninth .aspect of .the
present di SCPENL}Wge(,’Zf PHEFe 4 @a%}eg\g/ihgg(g a%{semﬁ& ngﬁ’%ol?asnaé‘k?lﬁée?%é‘H&cf’é%’d
assenbl y whi Gd&nbﬁﬁn@me%'tdpsbﬁari ng surface (ABS), conprising the steps of:
maki ng a read head | ncluding the steps of: formng a tunnel val ve sensor
havi ng front andMBkiag atsdd keadpucluding thestappefit wall is recessed fromthe

ABS and is located b o ARR l4; r I £ i de
havi ng front and back wal %F%erelﬁ%ﬂ%%ygﬁcﬁ%fmibsm g%asrel%lez?lgttﬁée(frﬁgﬂs
and the back wal wallgs teoesseefiomdbadBS antas JaBSedbawiche tier ARS andthe baok walig
tunnel val ve sensor; .formn n electrically ncondyctive first_ insulation
| ayer between and iﬁmqu%?lﬁé g[uh(Leel?arvg}gt 1%\?ﬁtl a[ntag?ac H’%’H uWX‘éTenbme\/@‘)@e‘ﬁé@fs
and the back wal located ahhefABK andithic ack wall i 106atéEbEQRBYNRABS fahd Hiie &Y wall
second shield |ayers; form ng the tunnel valve sensor and the flux guide

bet ween the firs®f Badnmskedriisessitel d | ayers; and forming electrically

nonconducti ve second prg.d at | . : .t hrLst..shiel d

| ayer and the fl ux glfjoi?lglglgtarlal% ‘geedttfv?\idzl {1 @ngﬁgéﬁﬁfgﬁﬁﬁgger§g{1% egﬁ ‘qu%ux

gui de respect i velngeridcognthadranhavatluofribe twmkl ealse pasor emtrthei tsickgvdlhef thicefs

of: formng a ferr.qmagnetic pinned |ayer that has a magnetic nonent;

formng an anti f%‘lug%magneti c pinning | ayer exchange coupled to the pinned
forming ferromagnetic first and second shield layers;

forming the tunnel valve sensor and the flux guide between the first and

second shield layers; and

forming electrically nonconductive second and third insulation layers between

the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned

layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free

layer and the pinned layer; and |
forming the flux guide consisting of three iron nitride (FeN) and two nickel iron
molybdenum (NiFeMo) alternating layers.

According to a tenth aspect of the present disclosure, there is provided a
method of making a magnetic head assembly which has an air bearing surface (ABS),
comprising the steps of:

making a read head including the steps of:

forming a tunnel valve sensor having front and back walls wherein the front

wall is recessed from the ABS and is located between the ABS and the back wall;
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| ayer for pinning the magnetic nonent of the pinned |ayer; formng Z
ferromagnetic free |layer which has a magnetic nonment; and forming &9 NOV 2005
nonmagnetic electrically insulative barrier |ayer between the free |[ayer
and the pinned layer; and forning the flu#hgui de consisting of three iron
nitride (FeN) and two nickel iron nolybdenum (N FeWb) alternating |ayers.
According to a tenth aspect of the present disclosure, there is provided a
nmet hod of maki ng a magnetic head assenbly which has an air bearing surface

(ABS), conprising tfem#igepSluefguidekivivgy fofitead buekdwaliscivieteigthehRortve4lb isof
formng a tunnel val ve &lgnsor havi ng front and back walls wherein the front

wal | is recessedlacp§at the Adpsangd theback walhisdacales brtwaen s Adms and ther frent pyedli
wal l; [R\LIBQ sze%éiwva@ezseﬁsd}lo‘/ 2005 4h formng a flux guide having
S e

front and back wa rein the front wall is located at the ABS and the
back wal |l is |ocatedfdmmingeen ¢lévdricdl$ nortondietife dinst wasulationf layére betweer| and

val ve sensor:; form .an.electrical nonconductive first .i nsul ion | er
ot ween and i ny RS SR Wafitor e PRRECTRES eniiretnd, Be el dalh o e R
back wal | of thegfjjerx guide; formng ferromagnetic first ‘and second shield

| ayers; form ng the tunnel valve sensor and the flux guide between the
first and second shfosming fayramagnesisdirstepdpergnd sligldlpyes;l y nonconducti ve

d and third i ' | f i ' h
second and third i nsgatdOfe t%}{ﬁﬂsvsaﬁ\fge%??aaﬁchﬁle g{ut%tg fpétd«eéﬁxgée Q0 dqhe

flux guide and between tle secon yer an ux qgui
respectively; fosatondshield layermend val ve sensor conprising the steps of.

f i f i C.Dpi d t hat.. h f . f 1
ant1 T err omgnet 1 ¢ pr G SRS bEheond B e B RY R st TRE R et v,
pi nni ng the magngieifstsbiethiayer addie Pungede laay Betiveb@ (B degoral {1 QaRe AR e

free layer which_has a magnetic nonment; and form ng a nonmagnetic
el ectrical |y i nsfliagtigersasativelys | ayer between the free |ayer and the

pi nned | ayer; forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between. the free
layer and the pinned layer;

forming the flux guide consisting of one iron nitride (FeN) layer and one
nickel molybdenum (NiFeMo) layer;
forming a write head including the steps of:

forming ferromagnetic first and second pole piece layers that have a yoke
portion located between a pole tip portion and a back gap portion;

forming a nonmagnetic write gap layer between the pole tip portions of the
first and second pole piece layers;

forming an insulation stack with at least one coil layer embedded therein
between the yoke portions of the first and second pole piece layers; and
connecting the first and second pole piece layers at their back gap portions.

According to an eleventh aspect of the present disclosure, there is provided a

method of making a magnetic head assembly which has an air bearing surface (ABS),
comprising the steps of:

making a read head including the steps of:

[RALIBQJ2750.doc:MIC



formng the flux guide consisting of one iron nitride (FeN) |ayer and one

ni ckel nol ybdenum (Ni FeMb) |ayer; formng a wite head including thedggiBs
of: formng ferromagnetic first and second pol e piece |ayers that ha V 2005
yoke portion |ocated between a pole tip Pgortion and a back gap portion;
form ng a nonmagnetic wite gap | ayer between the pole tip portions of the
first and second pole piece |layers; formng an insulation stack wth at

| east one coil |ayer enbedded therein between the yoke portions of the

first and second pol grpifcetnayefabie #AsbrdRAMASAdnhand BECK WhBS, wiigeis SEOREnt
pol e piece layers at their back gggﬁportl ons. Accordi na to an el eventh

aspect of the preslitrepgssed Gemte ABAGR iy locgiedbetaeen the ARS Aadithsbaglarily a
magneti ¢ head asse”bfo\‘m\(igag ugggicférhaﬁh{% RGA! ndhaRk WARCwheRHH the FEHIRNAIPI9

;
the steps of. nmaking ar I'nc ng t steps o

[R\L.1BQ 2750. dlocathtl @ the ABK MM PIHO6 Dacki whid isnbeededbdtwaarethe\ABY and dresfeont lwadli ng
front and back Wgé]lhs anr?i n the front wall is recessed fromthe ABS and
is |located betwe®rhf HMEELNGHe pack wall; fornming a flux guide having

front and back wal | sgrwhifr @h rklédﬁ‘i’cafllgoﬂ(gncﬁﬁ&dctiw firkO G ioat la?éleb@t%eﬁl%dt he
back wall is |ocated between the ABS and the front wall of the tunnel

val ve sensor; fomtarfagingriheifiont palaiflthe fmeloyaly sanger dnd die taak owadl ofothe Ifhaxer

bet ween and int i{lé’"Ci ng the front wall of the tunnel valve sensor and the

back wall of the Ux gquide; formng ferromagnetic first and second shield
| ayers; form ng the founimg ferramugnesie fisdrandpetohthehiblduxyeysii de bet ween t he

first and second shjeld | ers: .and formn ectri cal onconductive
second and third ins Hgoﬁ‘%ltﬁ%‘?lsvagve@t ey g‘f‘ﬁg'ef h}‘%tgué‘{‘?%/g‘? o %ﬁﬁdﬂ“@he
flux guide and baivweeshiélbeayzacandl shield layer and the flux guide

respectively; formng the tunnel valve sensor conprising the steps of:
fornming a ferromagn ng; hedrical ly yiepcangugtivesecond pagd fleird mswistiemlayersdervesg an

antiferromagnetifeRirfhii [a9¥EmdaKE AR GRIdE P bEH b P iR MU 1ayer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:
forming a ferromagnetic pinned layer that has a magnetic moment;
forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer; '
forming a ferromagnetic free layer which has a magnetic moment; and
forming a nonmagnetic electrically insulative barrier layer between the free
layer and the pinned layer;
forming the flux guide consisting of three iron nitride (FeN) and two nickel
iron molybdenum (NiFeMo) alternating layers;
forming a write head including the steps of:
forming ferromagnetic first and second pole piece layers that have a yoke
portion located between a pole tip portion and a back gap portion;
forming a nonmagnetic write gap layer between the pole tip portions of the
first and second pole piece layers;
forming an insulation stack with at least one coil layer embedded therein
between the yoke portions of the first and second pole piece layers; and
connecting the first and second pole piece layers at their back gap portions.
In the present invention the flux guide of the tunnel valve sensor includes an iron
nitride (FeN) layer which has twice the magnetization of nickel iron (NiFe). In one

embodiment of the invention the flux guide is a single layer of iron nitride with a
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| ayer for pinning the magnetic nonent of the pinned |ayer; formng 35 NOV 2005
ferromagnetic free | ayer which has a magnetic nonent; and formng a
nonmagnetic electrically insulative barrier |ayer between the free |ayer
and the pinned layer; formng the flux gui*de consisting of three iron
nitride (FeN) and two nickel iron nolybdenum (N FeWb) alternating |ayers;
formng a w §AGhel I ] : - Of ; rm i.c fi.

and second pgf‘g‘“% ece }Pag{/&éffg @&ﬁ}gf' ﬁﬁ?&/@(@glrgﬁ)&@fegpgf I gﬁgf%%gg&%é “)vr\l/elglﬁlrﬁg3
pol e tip porflunguiedayer backe §& igsvgatiiodn DOA avhicingdaces ahergd @hp of Wei reed Heud

| ayer betweep t pol e, ti rtions of the first and second pole piece
layers; for nﬂ?ﬁéegn 49%]gﬁF%%?Cgﬁerglglgwev\mlt’nmg{faﬁeéégﬁ ligear reggd pit (dgnsity dribeaendd
therein betheRN Whepxeifedd@hbddentOhowbRrf 4 s&bn@Mled 86 ANAePRLE nﬂHlﬁfd%nu

| ayers; and connecting the first and second pole pi'ece |ayers at their Ilglack

gap porti ons(NiFaMohds gmpdeed fonveereasing theewfipxisl gnisaepyf (Hdeoft tharfbix gaide.e

sensor inclu I o RLE L N) .| r i as tw ce.th e
magnet i zat i o?ﬁ%]n qﬁ? g{gg{&all ?‘gﬁ&%ﬁsﬁgmrﬁd@%@ thge%gg?tﬁe'ﬁl?mgﬁz?%@emeﬂweoﬁ
the flux guiteré esporsivegb didldyignalefront the rofating deginéticmameR dt thBBux2thids is
doc: M C 2 5 NOV 2005 4j thi chgess o?e-h | f of the prior_art nickel 1ron

| ayer . AccormoFFgF‘ifPOIish‘J@ 9 figldesignals fiom theqrotating magnstiq disks yich: meressesstig
instead of 1004t he

i scussed herom ey oh (g HRCRerl AR SRERR) ek S SpI X, T pr B
read head. Wifride prdRedregnisktdmmmelybdaawe weiich das ecoaghetiagtion equivdlenteto
i ron nol ybde | i I for . I I aXi a o
ani sotropy ( 8? N%cﬁglwﬁ%rbx%%e@%%&ﬁetﬁg %rﬁrg?%ﬁlg%;(%}gf Ergzgt?agé(}![ &%@A@%aﬂiog
reduced t he whijeéte mickobdmentmafbddnemf layer igutabes itk uniaxid anésopops (MR). t Bothi & d

i gnal s f the rotati tic, t of the fl i de | ,
esponsi ve 1 019 18reS Begsk BEhegeAPHEY obthe T gz s compHEsdR M Reemertikivats es
the sensi tiyhickelGfor! e gEad heanl 2 AMHBXEARER¥NISTIRSreSH HEUABEE a SIRAIRYS

37A of iron nitride and 25A of nickel iron nolybdenum which has a _
magnet i zat i of &qHi Yidridhtand onickeloxonf malybRenun rlayers | ave t lsminassdarwitle suffecienton
nitride | ayondREReaReicle MREIRGLIFANANANILE 10D &) i num
| ayer i ncreasles tﬁe unl?raoxlngl ahl sot ropf ?,I?I . Both %fﬂﬂic%ﬁggléélllgb&e@ %Qﬁ%
i ncrease t helapar Ndadhi Iprewidest thenafdremsntypuied eredecedongadr gap tamdt hestuped romidxiidli t y
of a ni ckela'igowgp?lgﬁbgui de. In still a further enbodi ment of the present
invention a pluraffty

Other objects and attendant advantages of the invention will be appreciated upon

reading the following description taken together with the accompanying drawings.
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of iron nitride and nickel iron nolybdenum I ayers are lamnated with _
sufficient thicknesses to provide nmagnetization equivalent to a 102)5\N017\|2wg
nickel iron flux guide |ayer which provides the aforenentioned reduced

read gap and reduced ani axi al anisotropy, (HK). O her objects and attendant
advant ages of the invention will be appr eti at ed .upon reading the follow ng
description taken together with the acconpanying drawings. [R\LIBQ ] 2750.

doc: M I C 25NOV2005 5 BRI EF 1is a plan

vi ew of an exenpl ary mgnemgghﬁbgo&@ m%ﬁﬁgw ew of a slider

with a magnetic hepg pfs df)sh dbwhordh exempary euddiswdlrme 2-2 of Fig: 1;

Fig. 3 is an elevation view of the nagnetic drive wherein mul tiple

di sks and rragnetlElgh%meédé’lwwwfwﬂhgmm?@lﬁﬁ pEdediskidive ps seehr at i on

of an exenpl af%/plwggﬁl%n systemfor supporting the slider and nmagnetic
an ‘A

head; Fig. 5 Few of the slider taken along plane 5-5 of Fig. 2;

Fig. 6is a parti aFigyB @/\amélevdmen&ievdef thambgaetiedigie drivenghertinamiricipls disksseen
in plane 6-6 o s .a partial -ABS view of the slider taken

al ong pl ane 72 @pgqe,p@ﬁea@sg%e Wt he read and wite el enents :of the |
merged magnetic hepg. 4Fis9an ﬁoin%trfé muai%tioﬂk&ﬂmﬁbmwyaﬁ@p&sﬁnosfysﬁmgfor6 Wi th
all materi aI above the coil layer | eads renoved; Fig, is a -
| ongi t udi nql Smgstmﬁéhﬁtsldﬂeﬂlldlmawswbﬂaﬂon of a prior art: tunnel val ve
sensor and a priorggr .ong pl ane
10-10 of Fi,g. 9; FFg gf n%BQU g’ﬁjflﬂé llt?kécnrsacl)s %@gtiltgﬁpﬁg%’l ustration of
a tunnel val ve senBigr 6 1s1\,alph11ml fvnewsdrf thmsbdhrrmdta woérgeh mapgn@sdrend @b seengui de;
Fi'g. 12 is a v ew taﬁ7 2I ong plane 12-12 of Fig. 11; Fig. 13 is a :

{8 6nal illustration of the. tunnel valve sensor with

|.ongi t udi nal
a second enbodl rrenF ﬁov i$ E%aﬂiaﬁmtwé\krl&ftwsldﬁr taked alohd plahe d-V oL Rigl 8ken
along plane 14-14 of Fig. 13; Fig. ‘15 is a |ongitudinal cross- sectlonal

i Ilustration 8fov the readrand wrijelomense pbbe merged magnetic head;
Fig. 8 is a view taken along plane 7-7 of Fig. 6 with all material above the c011

layer and leads removed; _

Fig. 9 is a longitudinal cross-sectional illustration of a prior art tunnel valve
sensor and a prior art flux guide; |

Fig. 10 is a view taken along plane 10-10 of F1g 9;

Fig. 11 is a longitudinal cross-sectional illustration of a tunnel valve sensor
with a first embodiment of the present flux guide;

Fig, 12 is a view taken along plane 12-12 of Fig. 11;

Fig. 13 is a longitudinal cross-sectional illustration of the tunnel valve sensor
with a second embodiment of the present flux guide;

Fig. 14 is a view taken along plane 14-14 of Fig. 13; |

Fig. 15 is a longitudinal cross-sectional illustration of the tunnel valve sensor
with a third embodiment of the present flux guide; and

Fig. 16 is a view taken alo_ng.piane 16-16 of Fig. 15.



with a third enbodi nent of the present flux guide; and Fig. 16 is a view
taken along plane 16-16 of Fig. 15. 25 NOV2005 6 DESCRI PTI ON OF THE 0V 2005
PREFERRED EMBODI MENTS WMagnetic Disk Drive Referring now to the draw ngg
wherein |ike reference nunerals designate like or simlar parts throughout
the several views, Figs. 1-3 illustrate & magnetic disk drive 30. The

drive 30 includes a spindle 32 that supports and rotates a magnetic disk

34. The spindle 32 is (=Nl =Ya WA}V, ' ,r f at | trolled by
a notor controller 38. bﬁ %’r‘ﬁ’ﬁé!"@ﬁ?ﬂgi’ Gttt &éﬁ@@l@@ﬁge magneti c
head 40 and is supported by a susmg anmgkmﬁveact uator arm46 that is

rotatably positioned by an actuator plurality of disks, sliders and
suspensi ons may beRefpingnaw tofhe Qramamggéfvheeeaw&? refergnoeammerale designetedikeg e
-devi ce ( DASD) g n t 46 -
are noved by t0 gmzlct at g)l? Oﬁgﬁ’tu %EﬁBS%ﬁlgirﬁg@iﬁ %jfeiﬁls%gg %h&?(‘?% gHVe'
magnetic head 3&0 The diive 30 incldesiaspindle r3éIthatlsup[sjnGsmnmrothteaamwgham&hﬂéf 34.he

nmagneti c diisk en, t. 34 is rotated Ie not or 36the
slider is supEB?t BH‘%@ 5L)a 18 tr?]tia#qakl?y[ 9p§p&'}§lﬁq Jotorp ﬁ?atclas@ts&%ir byja mogary
bearing) bet wegiirdllBe3s Ul dder 49 hhd8 cdinblheddeadddid Wi mMagnefRCALddND S face
(ABS) 48. The magnetic head 40 nay then be enpl oyed for witing

i nf or mation t &nparted by & suspeasiema4 endyeruatomarhdd that isaotatably pesssioned ky 34, as
well as for r n |

exchanges.si graraocr, O\l BPaicbfleroifla SbRaBan HBy b biohddiy e

provi des spi ndamcmmdlmct alwclesseitcsa@mvme (PASDY) @s ahowgint Hig, 3raf§lmeﬁuspbn§ibﬁ 14434

and provi des ol to t ct uat or er.to

vari gus track z%cﬁualt_qrémg taﬁeemgi"?‘g@r&' f%ugt%ﬁ%ﬁpq.;ﬁfmﬁ@%slﬁé %\f g’éb@ﬁ& on

44. The corrponﬁgmncdxeapuo kel ahﬁ&l@dl@aigqmummpb@mmmtfm df'ﬂleama%rlﬁg@dlsgg of da
er an

housi ng 55, a i n_Fi ABS vi ew of the

the magnetic g‘éa%@ therdjgk 34 FSdQFatedﬂ%Vstié SE'@ﬁ’Fé?OtP%ﬁ’q thesliderds supppried emat he
magnet i.c headthﬁ@?tyﬁ&ﬁly Io@w)%klﬁoééfﬁp iari; gl}%e%we%h tffe siPFaceSE tﬁgg 34 ext end
froma cross rai h respect to rotatio magneti c

the cross rai fndsthe jais bsmrmg fuefack ABYdtfe Bt wagnetie hedd ﬁbmayaﬂﬁntbhempingdet i
head 40 is atg e 6 t

cross-secti ona v&rftﬁf\gab fbglﬁﬁ@&e% Ig}lf& le a]ecuial{i u%gﬁgsno{h% b fgcae c\%% ¥, as

i ncludes a' wwell es foe aghdmgribfoomatith thmlfranr Pasbebsirgrlifonittyi mrbeBangbdﬂﬁgdmd head
ngr ;'nongrml O%bpegen?ln% A5 mfo\ll‘r%lat\l/(?n, With the hea% lfbf p}obn%eg spn?cﬁe moltor}\é(ral% Is1%nnals Fig. 7

for rotating the magnetic disk 34, and provides control signals to the actuator for

' moving the slider to various tracks. In Fig. 4 the slider 42 is shown mounted to a
suspension 44. The components described hereinabove may be mounted on a frame
54 of a housing 55, as shown in Fig, 3.

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The slider
has a center ra11 56 that supports the magnetic head 40, and side rails 58 and 60. The
rails 56, 58 and 60 extend from a cross rail 62. Wxth respect to rotation of the
magnetic disk 34, the cross rail 62 is at a leading edge 64 of the slider and the
magnetic hgad 40 is at a trailing edge 66 of the slider. |

Fig. 6 is a side cross-sectional elevation view of a merged magnetic head 40,
which includes a write head portion 70 and a read head portion 72, the read head
portion employing a tunnel valve sensor 74 of the present invention. Fig. 7 is an ABS

view of Fig. 6. The tunnel valve sensor 74 is sandwiched between ferromagnetic first



view of Fig. 6. The tunnel valve sensor 74 is sandw ched between
ferromagnetic first 25 NOV2005 and second shield layers 80 and 82. 26 NOV 2005
response to external nagnetic fields, the resistance of the tunnel valve
sensor 74 changes. A tunneling current (IT) conducted 'through the sensor
causes these resistance changes to be manifested as potential changes.
These potential changes are then processed as readback signals by the

i i it 50. i Fi 3. The t [ i 1t T b
onduct e’ ¢ hABhgrealhanielihies L 41 %o Fespanshp ot qhagnoit, ik Weanes
of its film sysdamesoPihe tunBEvdive $hsiMd chafgend A?ﬁlhn?étl)ﬂg [gﬁ%ﬁ@f‘ T?Qoﬁ’dﬁgﬁ:ﬁz

]
which serve as first and. second leads. In~ a piggyba eé not shown)
the second shithsbugh tigesensoncbandee thise gesigiaios ¢lianges toalye manifestese papatentidlayer s

whi ch are sepayat ed a nonmagnetic isolation |ayer. The wit ea

port 1 on 70 Ul RORERR S, 8L pEOten @ o rpiabeh Siehsls B e

bet ween first ppstdssiRirogitry 36 Yhawn MFip 3/ €Tls t8neingl cient flr) My Be cHFdabRH ON

| ayer . 90 nay tﬁe enpl oyed for planarizing the head to elimnate ripples in
the second i HEOY til%ﬁmpéw@}veéa%ﬁ@éa‘i psrpemhiculasitp theRlanesof its filys spsfaces bysecond

and third | nSWedtriiOhd skaf8 eI 8yc CERILE Which BerbEfis At aftPseBnd AR ON
stack”. The coil layer 84 and the first, second and third 1 nsulation

| ayers 86, 88apiggybarkaread $untahdveettic bexongd ehiekdi lnydr anddhe firest pold piededaysrece

| ayers 92 and_94. The first.and secon ol e piece. l.ayers, 92 and 94 are
magnet i cal ly E%LFSP%%S Y3 vﬁ‘é@l@rﬁgﬁga@g%at&c? ‘}?Q\B‘@g?‘ﬁﬂcéi&fai}?a I&%Eond pol e tips
98 and 100 whi ch Thewsiepkdadtpaeliday7Bofihe taghiatic hedef0 Hordad a obi 14)BP84 As
shown in Fi gs'qn% ?n& 4, fi stmafgd second sol der connections, 104 ‘and 106
connect | eads S¥Agished betpgem Brst andysegendsiasulationslayers 86 and 88.1 fothird dnsulgionn ¢ he
suspensi on 44 tlifdds ri onnect
| eads 120 and,ai,gigg_t%‘ %?mbgﬁgﬁg%éwggﬂzl %’2@%@8.hegdfgféi‘?‘%mggé@%gﬂﬂgﬁ%ﬂe on
t he suspensi offisulgtion lager epused byntietagdi lavdr &dr oBle Hwst tseemd| andi thind disubatipni or

art head 72 w ] Vv : t not he, first and |
‘second shi el ‘é‘ﬁa&%;%;esxte%g% glrtlodmgiie. it ﬁ.ﬁ@sﬁr&s#gagl n étgﬁgeﬁglggg}é%%%& ﬂ]éis&? ?15 and
back surfacess&0fd amttidd4nsautadiondayees 86,s88dand 90 atecsahdwidhéd benvebre fitBand A 1 ux
gui de 206 has front .and back r S-20 nd, 210 erein the fro
Jir face 208 £ SRRy holp Bies Bicts P2 phESRETR il Rtk sepond S b led 05 92 add e
nmagneti cal | y aeumgaetidally bh@lddr #atbask pirpg@antiOave firdt A8 EeoRE polaipy ©8 K8ASOr
200. 2 5 NOV 200 The tunn val ve seqsOr has an el ectricall

[

5. 8 | Y ..
nonconduct i vel§hwhicharg %‘PPé‘Ptegi’Z a Whtco#Pi layer d0apbthertBive & shown ihEiesi Ayer
(P) 214 and agid £%irkta%&5edofid sAld&-conhtRtiBsMA%nd 106 connect leads from the tunnel

valve sensor 74 to leads 112 and 114 on the suspensibn 44, and third and fourth

solder connections 116 and 118 connect leads 120 and 122 from the coil 84 (see Fig.
10) to leads 124 and 126 on the suspension.

Fig. 9 is a longitudinal cross-sectional view of a prior art head 72 with a
tunnel valve sensor 200 located between the first and second shield layers 80 and 82.
The tunnel valve sensor 200 has front and back surfaces 202 and 204 and is recessed
in the head from the ABS. A flux guide 206 has front and back surfaces 208 and 210
wherein the front surface 208 forms a portion of the ABS and the back surface 210 is

magnetically coupled to the front surface 202 of the tunnel valve sensor 200,



| ayer 214 has a magnetic nonent 218 which is pinned by an antiferrorqa?wpyim!;
(AFM pinning |layer 220 perpendicular to the ABSin a direction fromlert.
toright or fromright to left, as shown in Fig. 9. A cap |ayer 222 may be
provi ded on top of the free |ayer 216 for protecting the sensor from
subsequent processing steps. The free |d&yer 216 has a nagnetic nonent 224
which is oriented parallel to the ABS and to the major planes of the '

| ayers, Wien a fi eiﬁ Si ggal HAY from a r'(l)t at i ﬁ!? magnetic disk is sensed by
the tunnel valve séRs8mBglopive sensardiagen slecipally nopcongdpctive dagries dayes2d?
rotates. \Wen i hGWIRHTEB; | i Lt a ; field
signal the m@%tlggﬂ%g%nt S Zz@ﬁnﬁﬁyézqgglgg%ﬁ% %rlgy%gf)aﬁﬁéﬁ“hg f@?’]&

reduces t he' taysi 2ihhes aahagnetic swomsent 208 whitlunnpininad) byuanr antifeirdmagidtinhen
the field sig otates th magneti c no 24 autwardly from.the head,
the rmagnetilc P@“’?ﬁjayﬁﬁgzozﬁ%ge’ﬁ&‘g‘ﬁéo ﬁg?‘?iﬁq ‘ﬁ’éﬁ“ﬁg’? gPX‘vWIS' g‘}f‘gﬁ@l" eases
the resistancgoff ri%i@ﬁ) feBnaehowR i/ BigS@NAQap Udyer RIemby BO BHdvitid GHIGEHE the T-
These resi stance changes are processed as playback signals t'he

!

pr ocessi ngdci frge layes, 2 Bofor protgeging the sepgor fiomh sybiseqpeaiproeessing Ftepdy The frieppl i ed
to the tunne - R¥ndntieie b AL | el and 82
which are el Lag%’xf‘iﬂ?%a%ﬂ%%?}eé@éﬁ%l ve.tﬁ%@hlgg%é%g fég%q{)a?mt éges‘lcs‘)%?gé&%)ﬁg he
tunnel i ng cur majur plahes of the fagersi Véhenanfield signald] gHrah d rb@atieg magsetio@diskihown. A

nonnmagnetic and el ectrically nonconducti ve insul ation lay 226 i nsul at es
the first andsegg%c{)ﬁ%tﬂgehgugpe&?ags SERYYT gg& the; B“ﬁ'g‘lﬁsﬂ‘ﬁ 'ﬁ?fB?rﬁeiﬁaC? %%‘Tee & r om
the back surf agge?OWhen tifehfagnefid Rloméad 202 i5 @aRH intbRBe héddbyotk R1d208hal 2S
shown in Fi'gs., 9 and 10, rior,_art flux guide which “enploys a 100A

|
thick ni ckel F}}eoﬁ‘amﬁe‘}‘?‘lpg%ﬁgrﬁﬂ@?d Slhceceme mereaparalinl cwhish sredices Hbe
tunnel val ve sgpfte difle bchsdrt 'a(}ﬁ’ﬂﬂeﬁn%%lﬁ?ctn?f BAR e%qg@ﬂ@ldfsgg%f) Ghe ¢
oyecf on the I rst

first shield pedestal (SIP) 230 1Is e hie ayer 80
at the ABS ' smaghedic mdment 3phoutwardiefromahe hénd, thensagnstié mochepis @24 aad 2280 and

t he second shiel d | r 9 i th [ of e.re ead 72. The

w gt h of the PetolsRYE budianEr L) Wifeas{aiiE refin of BF WiRBlNE RIS o 10

defines the tthacknnalind tureeht IheThesagtsivanck. chafigesfareiprogessetbas2flfybatinsiggases in
w dt h fromthgkhjront surface.20§)t ,tgae Eﬁck sur face 2'1](% gno shé,wn) with
the back surf StECPIRFESTNG HEUHY, 5’3’1"& ‘b ?1&“’8%5@5‘?‘{”@“? ey B aPRiGd fice 202
of the tunnetheuahn¢ valIoOSEsoMby e 1Rt hid Bdcofid shidlielagdls 80fanki 2 fWiiRRGke Val ve
sensor having a 2 5 NOV_2005 w dth which is conparable to the width of the

back surface degrigallyiaeadyctivie Jhe gennectign of thesaurge ph thectianeling urrent dn 4o
surfaces of tie faY&fdSsdbnd MelilBNGs igfﬁ{n_vam%nsw n@ﬂrﬂa_lgnle@nf gfid .%ﬁmfn*a%iy the
resistance of these |layers to the tunneling current I'T is mnimzedfor
i nprovi ng t henasophdsiciyecipsulation: lagertA2Arindulages the fugrandrsecdnd shiebdsl &0 el 8t ed
t hat '

if ot hé from one another as well as from the back surface 204 of the tunnel valve sensor.

~ The flux guide 206, as shown in Figs. 9 and 10, is a prior art flux guide which
employs a 100A thick nickel iron (NiFe) layer 228. Since the total thickness of the
tunnel valve sensor 200 is typically greater than 100A a ferromagnetic first shield
pedestal (SIP) 230 is employed on the first shield layer 80 at the ABS 'so that the
spacing between the first shield pedestal 230 and the second shield layer 82 define the
read gap of the read head 72. The width of the front surface 208 of the flux guide, as
shown in Fig. 10, defines the track width of the read head. The flux guide 206
increases in width from the front surface 208 to the back surface 210 (not shown)
with the back surface 210 of the flux guide being opposite the front surface 202 of the
tunnel valve sensor with the front surface 202 of the tunnel valve sensor having a



tunnel val ve sensor was | ocated at the ABS w t hout the flux gui de 206 t hat
a narrowing of the tunnel valve sensor in order to achieve a smal2|5wwag:dﬂ5
wi dth would increase the resistance of the tunnel valve sensor to the
tunneling current IT. Accordingly, the flux guide permts a narrow track
width while pernitting the tunnel - val ve %ensor to have a | ow resistance.
El ectrically nonconductive first and second insulation |ayers 232 and 234

electrically insulate the nickel iron |ayer 228 of the flux guide fromthe
first shield "‘ﬁé‘ge‘% igl 1s2epmparle toethe didih Pl he bmk yusiaes 250 of thepldet puidey. An

electrically % r 6, back
surface 210 ofth{Jl i f uxkélgﬁllttgﬁx{lr omt é# ron ¥§f°§§%’ bjga"ulaﬁ{e%gn Eﬁrﬁ

val ve sensor dmgwm thatathe resistahee ofithese dayetsato khestunfigding cR3€ntdf ist himirhized forshi el d
pedest al frpm e fropt tface,202 of .the tunnel _ val ve sens '
i nsul ation | ay‘gpmﬂlé‘é LF% G%WCX ﬂfﬁ‘ ¢ typnel yalvg seRsor- oflt ﬁ’ﬂ“ldsw’ ggte&ghaﬁéf,l Sﬁet

flux transfer nfunenvilie sbisdx v@und&te’m R ABS WihHR! thy e g8 2 #30a

shown in Fig. 10, first and second hard bias |ayers 240 and 242 |nterface
first and s'ecawamsma@f the fupel &8lve sansan in ouer toearpieye iavsanall tedcktwidtnivowddl i r on

| ayer 228 fior i @Sl ar Yoy t f 1 | ux
gui de 206. Thn{s cg)éntdlrb'(tjuéc‘il.’?slrtldél eb&?atzléntﬂgn%av net ?%:dgﬁll.y gﬁ 3 tmﬁ@%g “ﬁ%ﬁtfl
magnet i zat i onA(oéortlinglyt theXflug guitie. peﬁmts dnﬂﬁr;ow traclf widslt whilel peratigiapdhdwansklbi as
| ayers 240 jand l242 (Hy e e ended into the head (not shown) for

| ongi t udi nal | Y*'BF SEEPYJ° R 3188 AEYS%¥%fonent 224 of the free |ayer of the

tunnel valve SenSErec@@allyhﬂénch&wHﬁQ fi'i@ét'a?rﬁt sle@@ndﬁnsﬁl‘&ﬁoﬁ rle?)% rd 8yE randl 523@' SO
stabilized.i It should be noted that when an applied r ot at es

the magnetic ReHERIYingulge tl@m@clfqlusond@we@@f%.oaﬁtﬂeﬁ ﬂwegsném‘wna Sf shigtdt he

o ot Lo FRRRG SpTBF The 2Bl bR 1P SEdRyet).. KU el o
opposite pgl anmo;andmaw thied inswationi leyardi3e rlnsnlaﬁ%tharwcl? mfacetﬁ()a)fl the &lnx
opposite

' u e rengnt i, oned reS|st nce hanges in
the tunnel v g %rsaen ’Srf%?ggr% gh?aﬂfgﬂep Wnelsvalyy soasqs as el ﬁs gﬁsﬁlﬁﬁ? 2by the .
processi ng ci bzwkl surfyceSIB8i of theFﬁgt s}Beld%e&estalNﬁoiﬁ ﬂl@ﬂ‘ﬁmﬂ-&lrm@ 200 6€ fel taAneh fir st
enbodi nent .of the resel: @ventlon g illusgtrated i % 11 and 12. In
this enbodi meYAVESHHE, Sﬁf"a atgiplayed 230 & vere Bhinyon dhe o groi b f§ PO PeBRIL
nitride (FeN) flut gdffer 3@k the O ofilé POCR thefmadiRalvaREdseE 200, t&&lﬁ@«% Fg axi al

ani sotropy (HK) as nickel _iron, which uniaxial anisotropy
However, the Hadist andasqcend bﬁﬂl\l@?s layers 240 and 242 interface first and second side

surfaces 244 and 246 respectively of the nickel iron layer 228 for longitudinally

:

biasing a magnetic moment 248 of the flux guide 206. This longitudinal biasing
magnetically stabilizes the magnetization of the flux guide. Further, the first and .
'seco_nd hard bias layers 240 and 242 may be extended into the head (not shown) for
longitudinally biasing the magnetic moment 224 of the free layer of the tunnel valve
. sensor so that the magnetization of the free layer is also stabilized. It should be noted
g that when' an applied field (Hap) rotates the magnetic moment 248 of the ﬂux guide
into the sensor away from the ABS that the magnetic moment 224 of the free layer is
likewise rotated into the sensor away from the ABS. If the applied field (Hap) is of
an opposite polarity then the magnetic moments 248 and 224 rotate in an opposite
direction. This causes the aforementioned resistance changes in the tunnel valve
sensor 200 which are processed as plaYback signals by the processing circuitry 50 in
Fig. 3. '



iron nitride is substantially twi ce the magneti zation (4nMs) of nicksé
iron. Accordingly, a 50A thick iron nitride |ayer 302 provides the HAl0V 2005
magneti zation (4nMs) as the 100A thick nickel iron layer 228 in Fig. 9

with the sane uniaxial anisotropy (HK)., K Accordingly, with the enbodi nent
shown in Figs. 11 and 12 the read gap bl ween the first shield pedest al

230 and the second shield |layer 82 has been reduced by 50A w thout a

change in the sensitivity of the quxg(#gi'g‘e#%iﬁ field signals (HAP) from
the rotating magnetic disk. A second 3 P of the present invention is

iIlustrated in Figa. firdGenftivdindeht oflicOitesenpinosigion i illwstrgedl tﬂeF&QOII ddde1d.| ux
gui de 400 includes a first |layer, 402 of iron nit -a_ second

l'ayer 404 of H tiésmbodimeniyd iyt guide rPQ Minreviesd WNP‘&&%Q“‘PSIBHOH@W%@?% has a
uni axi al - ani s 510?()2 (]H% mi} de%?%ﬁbsynaalge L A0 uh&xﬁphﬁscﬁfb?yt(géjlgs()/ higkelt he

uni axi al anlso ropy nic Iron or 1ron ni
Accordi ngly, n’oh,avlnclckmhxnalranmoﬁnﬂyy@ﬂ@mﬁrﬂes Hovwgwer itheanagngtizatioe (42dgadfsi ve

to field S|gnals rotatl tic d «~Th etization
Sty Chowevgpn figtiden i, sty SHE e BRERG En [4eMn) oF iRl ket ) o
anpl about 25W%@Eorﬁﬁ?lynﬁgﬂkt hickt irem mthﬂ@ Mayero302 li)ﬁmlldvsftlﬁd shene 1E%g3ﬁﬁia@bﬁ

t hi cknesses of the i/ers 402 and 404 of the fl ux %I de 400 in Figs. 13

and 14 in or d4tMg asiiheilPOA thigkmicke) ipw laverAe8 iy Aig. oh withnthe )same uné@Xi%OA

t hi ck nickel | f bkl ON

ni It ri deI (Fe!\&“g Ofpb’HﬁK?gAgrgorh@g@ V@%g o Eb(gﬁlgﬁtg lj?)iwrito%q: qlﬁ@u@n %I FeMb)

for the | ayerread(gdp bafhzeergﬂapﬁrafedlmcldlpodesbéﬂ%md thi eeciond shielslﬂawr 82 pmﬁmnal 230
d th d shield 82 d I 5. 38A t

S0A for the.r Eice] Broth VR etahe mft esuPRY o MmCRaE R ARTRRER g5 o

and 10. Howevegd,.) o tﬁéwgatﬁlgln%l&ﬂ;(}hgm Fi gs 13 and 14 has a si gnificantly

'|nproved | ower uni axi al anisotro | npr.oves {he_res eness
(sensitivity) of tﬁée%ﬁwpéllﬂ?ﬁﬁ%fﬁfle Q‘EBenéinVP‘Pfé’nflﬂl Str@fﬁ‘is geF 13@(}8 el d

signal s (HAP) wifiBmdidiR arfﬁ&aghidagoﬁaw@hm@gmaékoo Memash ﬂﬂ{ léye13402|0¥’iibﬂat i on
of iron nitride ananlc iTon nol ybdenum | ayers, as shown in Fi 13 2 5

NOV 2005 11 anidrides(FeN3 a@d pmped layer €Moefchielesh iron falyhdepym {NifeMa)y t:keén as
corar o0 Lo, Wy ol R AR b AT YS! bl kg |1
the iron nitril@k of Hel\&mdxmj(emsdtﬁ)@y |(HK)dsf ieithemii¢kehiron ohigort lhltruicne"s:sondtngl)he
pr esent | nven EGHERRLEh RRYRADER if Aepifgaity, Bols teoorSe i R Solhin et
flux guide 50&omnmé eotatingUihigneli€ diskY Thé ndgnétizetiomn(4Msdlehdw@er, BOabout 50%
I of the magnetization (4nMs) c_)f nickel iron and about 25% of the magnetization
(4nMs) of iron nitride. Exemplary thicknesses of the layers 402 and 404 of the flux
_guide 400-in Figs. 13 and 14 in order to obtain an equivalent magnetization (4nMs) of
a 100A thick nickel iron flux guide layer 228 in Figs. 9 and 10 are 37A of iron nitride
(FeN) for the layer 402 and 25A of nickel. iron molybdenum (NiFeMo) for the layer
404. The gap reduction between the first shield pedestal 230 and the second shield
layer 82 in Figs. 13 and 14 is 38A as compared to SOA for the reduction in gap in the
pfior art embodiment shown in Figs. 9 and 10. However, the flux guide 400 in Figs.
13 and 14 has a sighifi_cantly improved lower uniaxial anisotropy (Hx) which
improves the responsiveness (sensitivity) of the magnetic moment 248 of the flux
| guide 400 to field signals (Hap) from the rotating magnetic disk. Aécordingly, a
" lamination of iron nitride and nickel iron molybdenum layers, as shown in Figs, 13



and 506 and nultiple layers of nlckel i ron nol ybdenum (Ni FeMb) 508 and 510
which are lamnated in an alternating relationship. Each of the Iayé&ENﬂhﬂMS
be 12A thick with the outside |ayers 502 and 506 being iron nitride (FeN).
Accordingly, the total thickness of the Lron nitride layers 502, 504 and
506 is 36A and the total thickness of ni ckel iron nDbedenun1(NiFer)

| ayers 508 and 510 is 24A. This total thlckness conpares to the

t hi cknesses of dron nit nd ni c I.ron Fel\/b)
ryor e aos antndh b5 i Hefdd Giouher ARl ekl o CAREE T BBl

| ami nation of emBy@ment of thé fi@send MvemebnlilifstAVRr in Figs. | BYRd $2.1 lAsE.hQ@n uﬁﬁ\eand 14
Is that the ma(i]net I zation (47t Ms) and_t he uni axi al _ ani sotropy of the

flux gui de 5oprefegredienbedisisnt therthic meh@ﬂlrph@ﬂ?%@éwwﬁmlemwhos)haand t he
uni axi al ani sl tﬂ%eg{@(%ﬂr}e 1ckél%n%o%dgﬂﬁlﬂfblﬁgh@2%rm and -14. Di scussion

The preferred conposi ron- ni I' S 'Fe95N5 and the
preferred conposit Aahird embbddiment afktkd pnesmlnmhtymmnﬂumﬁwdﬁem i$and 16.

o |
Shown 1 1 Firgsn fusteribingt afigs Hids F0) sffolats e B o #opurie S0 0001 1y Lo

the field si gagl so6(dddRuliife 1)ers DRARKASroR mdlybdeflmi(NeFEMd) W08 aHd §€0 whiknever ,
with the preferred invention shown in Figs. 13-16, the read%gémls not
c

only decr easearetiamingied isamaliernating selationsiip. Eaclbof e laers B2y hp k withar |y,
ot her enbodi t n u dily
oLher TS TR Sl B A2 30 g AP AIETORT MLt i
Ther ef or e, t hilscknbsswenlid ioom Rifride dayees $020504£ahdosU6)is B@Atahé tlfedbtad)vhwi@essl i ns,

Son Uncti on wHEHRiERE Ho R OSBRET (NEEUNREG TRcBpaH) Mg dr aviiglotaly s
NOV 2005 12 Whidtkhads"tomdpardd fm&@eﬂlicﬁn&@&doﬁﬂﬁeﬁbﬁ Yhityiaé C(Pelhﬁ%néirhuﬂdel ilegar i ng
surface (ABS), _conprising: ead head i ncl \L,gapd ﬂ%u nnel val ve sensor

I

having front Belybderum WPMO) l%i@lﬁ 402 and 404 Wcﬁigs The pdaaiage pf g t he
ABS and is | Oﬁ@cﬂ@(ﬂ apfa% anbﬁyﬁfg% P@g lts%dtl%%cr"‘ﬁib hayer ifi IFigs. P3hge14BVI NY

front and bac rein tr ront wall i-s |ocated at ~ the ABS and the
back wal | is tlm_t:ﬁneenagnetm/aen(mwls)ABBthanmlaméamsQimy\&Hk). ofothe fls guidarinll
val ve sensor;

will be more uniform than the magnetization (4nMs) and the uniaxial anisotropy (Hg)
of the flux guide in Figs. 13 and 14.
Discussion

The preferred bomposition for the iron nitride (FeN) is FeosNs and the
preferred composition for the nickel iron molybdenum (NiFeMo) is NizgFe;sMos. It
should be noted that with the embodiment of the invention shown in Figs. 11 and 12
the read gap is reduced while the sensitivity to the field signals (Hap) is the same as .a
nickel iron flux guide. However, with the preferred invention shown in Figs. 13-16,
the read gap is not only decreased but the sensitivity to the flux guide is improved.
i Clearly, other embodiments and modifications of this invention will occur
readily to those of ordinary skill in the art in view of these teachings. Therefore, this
invéntion is to be limited only by the following claims, which include all such
embodiments and modifications when viewed in conjunction with the above

specification and accompanying drawings.



an electrically nonconductive first insulation |ayer |ocated between and
interfacing the front wall of the tunnel valve sensor and the back WpstpQWS
the flux guide; and the flux guide being1§ | am nation of iron nitride

(FeN) and nickel iron nolybdenum (N FeMb)“l ayers. 2. A magnetic head
assenbly as clainmed in claim1, wherein the tunnel valve sensor includes:

a ferromagneiygonipned | ayer that has a magnetic nonent; an
antiferromagnetic pinning |ayer exchange coupled to the pinned | ayer for
pinning the magnetic nonment of the pinned |ayer; a ferromagnetic free

| ayer whi ch has magneti ¢ _nonent; and .a non netic electricall
i nsul ative barrier | gyél?agpgtbca{@a(ﬁ HEEHREN fvﬁ@[ﬁ?ﬂ% 40, Gy %e%ﬁ‘fbg tSHEfg?:ﬁ ASS);
layer. 3. A p&gpeidihg head assenbly as clainmed in claim2, wherein the head

assenbly further includes: ferromagnetic first and second shield |ayers;
the tunnel val ve2&#ddepd Bsldinge f| ux gui de being | ocated between the first

and second shield | ayais , ADISGIGChEPEbY: HRNGRRAMIL YheRRE VAN AN d

.insulation layers |lo et ween 't I'rst ayer “and
gui de and bet weerectdsed frenthel ARS aidds loayted betmateh tie ABSxnd gid ek madlpect i vel y.

R\ LIBQ 2750.doc: M C 2 5 2005. 13 4. A magnetic head asse as
E:I ai medqi nclaimi, MEF &uﬁaﬁqgllﬁggffﬁ“iéf“? Bick W%@ﬁ’ ﬁ”&’@gﬂ%ﬁlﬂ E?Igl‘?awsc}f’cqt?(bﬁt
nitride (FeN) antheaABSunadlthd Badkf whll ¢XRlcated ®BtwEeh s ABIind MeFRMRY) wilR¥E iR
5. A magnetic head assenbly as clainmed in claim3, wherein the magnetic

head assenbly fipplealesaporses: a wite head including: ferromagnetic

+first and second pol g %ﬁe%ﬁ?callzyﬁr%oﬁcﬂ@ﬁvp%gt ?nsﬁfﬁl_ﬁgn pﬁgéﬂ (P&ateldpggﬁx%g and

between a pole tip portion and a back gap ‘portion; a nonmagnetic WL € gap

| ayer | ocated beinmécinghthe fiwne wallpfpbe tinnalsvadfe sdmsor drid e tawk vesdicoftie fhixe

pi ece | ayers; -
guide; and

the flux guide being a lamination of iron nitride (FeN) and nickel iron

molybdenum (NiFeMo) layers.

2. A magnetic head assembly as claimed in claim 1, wherein the tunnel valve
sensor includes:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer for pinning
‘the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment; and

a nonmagnetic electrically insulative barrier layer located between the free layer

and the pinned layer.

3. A magnetic head assembly as claimed in claim 2, wherein the head assembly
further includes: '

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between the
first shield layer and the flux guide and between the second shield layer and the flux

guide respectively.
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an insulation stack wwth at |east one coil |ayer enbedded therein |ocated
between the yoke portions of the first and second pole piece |ayers; 232@‘/ 2005
the first and second pol e piece | ayers bei ﬁg connected at their back
portions. 6. A magnetic head assenbly whi dR has an air beari ng surface
(ABS), conprising: a read head including: a tunnel valve sensor having 4
front and back wgll sy ] 1hinde§ in' 856§ . . an
is |located bet WeV\%n t hem%\ %&gﬂ%éathﬁaggf)rg@k a% +1; eg ‘P|°3§‘ﬁ’33i %&eﬁ%&t&%?y@?ﬁﬁ?&and
back wal | s, wivdedssa phiality efitiramahitrides (Fad)aineda giluralityeoABiSkelnitoh haolybddaunal |
is located b the ABS and the front wall of the tunnel valve sensor;
an el ectri ca@%ﬁ@ﬂé@’ﬁ&sﬂcti ve first insulation |ayer | ocated between and
interfacing the front wall of the tunnel valve sensor and the back wall of
the flux guide; ferromagnetic first and second shield | ayers; the tunnel
val ve sensor anddt heAfmagncgaihged prspmbly asciaimad beekpived, wherejr thetmagnetis beasnd
shield | ayersg; i nonconductive second and third insulation

| ayers | ocat gﬁeﬁggﬁgﬁg}{oﬁ#%st shield | ayer and the flux guide and

bet ween t he secondvrgbhedddntlagiag: and the flux guide respectively; the
tunnel val ue sensor Lncluding: .a ferromagnetic .pinned | ayer that has a,
nmagnetic nonent; [R %?T&ﬂgﬁg%oﬁ&s&?flﬂ/llsémr%@‘gﬁ Pé%ﬁ%@?rﬁ c}ﬁ‘égﬂ;@iei & yﬁpfl POHEPR

| ayer exchange cm:tadea@et\@ehla@omtrpﬁlﬁdﬁbxamraﬁ@kga%)aﬂioﬂﬂ the magnetic moment
of the pinned |ayer; a ferromagnetic free |ayer ich has a magnetic
moment; and a nonnmaghdOnRagIEetYIEAapylaysdasaied ewsan thepoledisportionsoéthe
between the freefdayes $1BS;dal .layer; the flux guide consisting of
one iron nitride 1félt:el\jgE eicggdejlr) aﬁg’e%n ni ckel nol ybdenum (Ni FeMo) | ayer. 7.
A magnetic head assesabligsubgsion| siaakewith rat deast mné, conhlayer emheddeidcthomsis 1afatddne

between the yoke portions of the first and second pole piece layers; and

the first and second pole piece layers being connected at their back gap

portions.

6. A magnetic head assembly which has an air bearing surface (ABS),
comprising;
a read head including:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
the tunnel value sensor including:

a ferromagnetic pinned layer that has a magnetic moment;
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iron nitride (FeN) layer is thicker than a thickness of the nickel iZBmyy i
nol ybdenum (N FeMb) |ayer. 8. A nagnetic head assenbly which has an air
bearing surface (ABS), conprising: a read head including: a tunnel valve
sensor having front and back walls, wherellf the front wall is recessed
fromthe ABS and is | ocated between the ABS and the back wall; a flux guide

i L ein_t i sl d. he .ABS
and the back val | +sof BeayrBaE e e e enlie oooPlegnlb ThEpined 1bAE

tunnel val ve senpimhingahe glagedticirahént of ¢iegimmdddayey.e first insulation |ayer
| ocat ed between and interfacing the front wall of the tunnel valve sensor
and the back wal | of 2{¢5Emagggtic gﬁﬁ lger whigh hasegnasnetic momant48d second shi el d

llayers; the tunnel valyensensiereladfediSnidiy el REENDLRE Hehfodiohuas
?I%?I na e%l g

the first and second shiel ayers; ectrical nonconduct1ve second
and t hird insul atayenandghepenedbyerd between the first shield |ayer and the

flux guide and betwegn jhe second shield | ayer and.t | ux qui.de .
respegti vely; the tuﬁ’r?ef‘u’f/ﬁlff% AKare ioﬁcqnﬁd]ir%pﬂgd?’ 2?? i @fﬁé?‘}né HenRicke!
| ayer that has amvh@defiins (NiFeRMY)lay@R antiferronagnetic pinning |ayer

exchange coupled to the pinned layer for pinning the magnetic nmoment of
the pinned |ayer; a ferromagnetic free | ayer which has a magnetic nonent;

and [R\LIBQ 2756. dog:}} etiéﬁe@%%s%l%@%gﬁﬁ{x% el L(flﬁgf(%eis% ﬂfé gle

insulative barrier layer |ocated I n the ayer “and t (
| ayer; the firox rguidde(Fedndryari ingthisker Hragea ithicknass tofi the riglel)irandhdlytalenikel

iron nolybd | ) alternating layers. 9. A magnetic head assenbly
whi ch has an@?%@lyzg}r\{g surface (ABS), conprising: a read head incl uding:

8 A magnetic head assembly which has an air bearing surface (ABS),
comprising:
a read head including:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and _

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer for
pinning the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment; and
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a tunnel valve sensor having front and back walls, wherein the front wall

is recessed fromthe ABS and is | ocated between the ABS and the backg\égl | ;

a flux guide having front and back walls, é/nerei n the front wall is | f@¥12005
at the ABS and the back wall is |ocated BBtween the ABS and the front wall

of the tunnel valve sensor; an electrically nonconductive first insulation

| ayer | ocated betwee . i bt e oy .

se%sor and t he back g\/a '}ﬁl%%ﬂ e?:%e&%%éxaﬁ"@dh?gat Je?%hl%iﬁn% %fe)[ocﬁtl%?l gvp t5‘6811500nd
shield | ayers; tlgetandrth¢ pinatdmysensor and the flux gui de being Iocat ed

bet ween the first an&lﬁ econd shield |layers; .and el ctrl caII nonconductl ve

second and third i nsteatlPh@uidgycansisiing 9 élafeﬁéf%%‘m KEeN); and twpracke I%’}’er
and the flux gui gR|yaembe(NARNMJ) ARG Ey&hi el d layer and the flux guide
respectively; the t%’gnel \t/al ve Otgensor [ nc?’udi ng: a ferromagnetic pinned

| ayer that has a magnetic nonment; an antiferromagnetic pinning |ayer

he.
exChange counl et 0 RSN Tk e Bl oy BTSSR SR e,

nonmagneti c edr&p:m:ng:al ly insulative barrier |ayer |ocated between the free
| ayer and the plnneg Igier' t he flux guide consisting of one iron nitride
(FeN) layer and dH& he ’é‘FIUd}?@Fybdenum (Ni FeMb) layer; a wite head

i ncluding: ferromagnghiref 4184 sa@@ﬁr BASSY o0 Hycﬁ%lisa%ﬁ&%nf BRU 4R ulPis
yoke portion |ocated between a pole tip Bortlon and a’ back gap portion;

[ R\ LI BQ 2750. dotecessed om the NOY mosloweé Wrwatjweﬂa& ang theé)aglawallayer

| ocat ed between the S e
| ayers; an insulati oﬁﬁgggé{ge lﬁl% ffor}'l?ggi on‘galcm I e}ﬁ/g} @Hﬁ l???gerdg
| ocated bet weentht heBY akeé tixobidkowall of lochted betwatn alliKiABSCQﬂﬂthBCfr@lt RvALef the

layers; and the firgt and second pole piece |ayers being connected at their
back gap tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectiveiy;
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pinned layer for
pinning the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment;

a nonmagnetic electrically insulative barrier layer located between the free
layer and the pinned layer;

the flux guide consisting of one iron nitride (FeN) layer and one nickel
molybdenum (NiFeMo) layer;,
a write head including:

ferromagnetic first and second pole piece layers that have a yoke portion

located between a pole tip portion and a back gap portion;
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portions. 10. A magnetic head assenbly as claimed in claim9, wherein a

t hi ckness of the iron nitride (FeN) layer is thicker than a thi cknezsng 02005
t he nickel iron nolybdenum (N FeM) layer. 11. A nagnetic head asse IN@

whi ch has an air bearing surface (ABS), d6nprising: a read head including:
a tunnel valve sensor having front and back walls, wherein ghehfrgnt kWal :I
is recessed fromthe ABS and. is.] ocated hetwe t he ABS and.the bac ;
a flux guide having ?t"(?ﬂ’?la%fffglcb‘ﬁrdti? &R liage,rblﬂﬁaé?(ggﬁtwteﬁ’ét $ Bgll" Y, Portioas of g oy
at the ABS and fike ahdSdeoti@pbleipfeck dHRfsed bet ween the ABS and the front wall
of the tunnel valve sensor; an el ectrically nonconductive first insulation

| ayer | ocated betweefn apfglationt sackawith gatt lgest fangngoiddyer embedded: therein locatade

sensor and the bagticlRie \Rle bliohd e BLdRY pd 5T BORGARLIACI gk and second

shield | ayers; the tunnel” valve sensor an erng | ocated
between the first anthe Smstand ssturel polk yieseslayens thebigeconnocted! at theirchustiugipi ve
second and third insul ation |ayers |ocated between the first shield | ayer
and the flux gui B¥USAY between the second shield layer and the flux guide
respectively; the tunnel valve sensor including: a ferromagnetic pinned

|l ayer that has a magnetic nonent; an antiferromagneti c pinning |ayer
exchange coupl ed!9.0 AHsagicHndeed espemblyors clgingdiimglaith®, egrain adhiglmss of die

t he pinned | ro f ef.i&: ayer. whi h net | nt; a
nonmggneti C gr lgcntltrri?lga Iewi ngul lt'glt t?l{/cfgglggl%a!rni éelﬁfuldfggées? %fo@gt@ﬁg‘?%gﬁmﬁcgﬁ?‘%e
| ayer and t h&NiFeMogdhyenyer; [R \LIBQ 2750.doc: MIC 17 2 5 NOV 2005 the
flux guide consisting of three iron nitride (FeN) and two nickel iron

nol ybdenum (Ni FeMb) alternating layers; a wite head including:

11. A magnetic head assembly which has an air bearing surface (ABS),
comprising;
a read head including:

a tunnel valve sensor having front and back walls, wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls, wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

ferromagnetic first and second shield layers;

the tunnel valve sensor and the flux guide being located between the first and
second shield layers; and

electrically nonconductive second and third insulation layers located between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
the tunnel valve sensor including:

a ferromagnetic pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange co'upled to the pinned layer for
pinning the magnetic moment of the pinned layer;

a ferromagnetic free layer which has a magnetic moment;

a nonmagnetic electrically insulative barrier layer located between the free

layer and the pinned layer;
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ferromagnetic first and second pole piece |ayers that have a yoke portion

| ocat ed between a pole tip portion and a back gap portion; a nonmagnetic
wite gap | ayer |ocated between the pole t'Zp portions of the first f?ﬁ
second pol e piece layers; an insulation stidck with at |east one coil 9%2905
enbedded therein | ocated between the yoke portions of 'the first and second

pol e piece |layers; a | .S ; e Di.ec s bein .
connected at their bglgkﬁ‘gsgﬁhid;%o%%n?lgﬁnsg? %ﬁ&%ﬁ\qﬁ%lgﬁ@#?ecf%‘%@igﬁ W% I}lﬁ%&rl dEﬂnng
at | east one magnetybdemenNfFebiyyaltymbings labas; an a wite head, a read head
‘and an air bearin ABS) conprising: the wite head including:

face
ferromagnetic fif $HSReH éE‘ééﬁing:pol e piece layers that have a yoke portion
I ted bet a po ' r & b [Pl n '
ocated between a pPofefrollaBn@RY fitsPAndNdcchd ?‘6&5 é(ﬂéﬁ@, 2] ér% Otgﬁtt l%a’eire ?W'ﬁgmﬁh

wite gap |layer |ocated between the pole t i oh: I'rst
second pol e pi eclochigg betsveena poledipl portiomanst aledck\giap horitont east one coil | ayer

pol o piece Tayers: t pECRTPRRUETERe 1B 1RSI Bt bOREeEng B ain Goruieb B
at their back gaﬁ§stmojidcmﬁttpolaptécélh@eﬂsgad head i ncluding: a tunnel valve

sensor having front and back walls wherein the front wall is recessed from
the ABS and is | ocat &H B @R stackeWikisSt deast ope 99dclaysapmbedded) thereuilerated

having front andphigeé iehbRe PEYEDRI &F thd firsk El?cfgecw@d %?11% ﬁ%elrcg%fyet\%gfl?& the ABS

and the back wall is | ocated between the ABS and of the
tunnel val ve sensor ;thanfirs! eed spesard| golegigsenidyers ibeing comteciedsatl their drack agapr

| ocat ed between M n%. nterfacing the front wall of the tunnel valve sensor
and t he back wal of "t he fl ux gui de; and the flux guide being a | am nation
of iron nitride (FeN) and nickel iron nolybdenum (N FeMd) |ayers; a

1‘28(r)r505-rggnet he fi {ft Xrllrilz?glngtié gi%l‘(ardhvl, in@it}dli'rlngat?ert gr?eSr?légr(lje?i% h:eaclivI asl,seCmZnySth%s
an a write head, a read head and an air bearing surface (ABS) comprising:
the write head including:

ferromagnetic first and second pole piece layers that have a yoke portion
located between a pole tip portion and a back gap portion;

a nonmagnetic write gap layer located between the pole tip portions of the
first and second pole piece layers;

an insulation stack with at least one coil layer embedded therein located
between the yoke portions of the first and second pole piece layers;

the first and second pole piece layers being connected at their back gap
portions; and
the read head including:

a tunnel valve sensor having front and back walls wherein the front wall is
recessed from the ABS and is located between the ABS and the back wall;

a flux guide having front and back walls wherein the front wall is located at
the ABS and the back wall is located between the ABS and the front wall of the
tunnel valve sensor;

an electrically nonconductive first insulation layer located between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide; and

the flux guide being a lamination of iron nitride (FeN) and nickel iron
molybdenum (NiFeMo) layers;

a ferromagnetic first shield layer,;
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the tunnel val ve sensor and the flux guide being | ocated between the first

shield ayer and the first pole piece |layer; and electrically nongﬁgduc&hge
second and third insulation |layers |ocated between, the first shi ND\

and the flux guide and between the second18hield layer and the flux guide

respectively; the tunnel valve sensor including: a ferromagnetic pinned

| ayer that has a magpetic nt; an antiferromagnetic pinning, | aye

exchange coupled to {?‘ﬁetu‘&‘i‘eﬁﬁvgg’el i afr@rthe 1 Hn M et%ﬁ@gnlﬁﬁﬁé‘# ibgt‘Yﬁ?ﬁEth? figst

the pinned |ayer shigldfI8fet aPHReHitGold fibee 1RY@ anihi ch has a magnetic nonent;
AN e it j it .

and a nonnagnetic electrically insulative barrier layer |ocated between the
free layer and the geeinealy ronsendugtinesesiond andthindgnatlationdiaydes dasated distween

he magnet i ¢ hoatleat B bt Gk o AR Rul BelyEn R i i IR R 1Y,

the magneti c heafuagsidebdspedtiveiyn a transducing relationship with the
magnetic disk; a.spindle notor for rotating the nmagnetic disk; an actuator
posi ti oni ng meanthedwmisbralygisangoringludingnort for moving the magnetic head

assenbly to mul tipl e, RORIntdeABE Whidl 1h§SRRE had PnidghdicRERE ¢ di sk; and a
processor connected to the nagnetic head assenbly, to the sg‘landl e notor and

to the actuator foraesttiemenagnesc pirisg layehexchangesgppteddoh lgjilnas@Mﬁr for
for controlling ; i.C.di d for controlling the
oABETE gl AR il o

position of the asse megnetic di sk drive as

claimed in claim12, afdneneignetidheed layer whicldieaseansgietic mopiengraddi ron nitride
(FeN) layer and one nickel ir.on

. yhd Ni FelWb) | ayer. . A magnetic
di sk drive as cl ai mefl IPRDAIE IR, efestr ¥§£$J at eh?ﬁ”& n]é‘&‘y]g‘f;at?%i’ef‘}’eé’ﬁ tg?lif’felei de

(FeN) layer is tmygﬂ%ﬁtﬁ@ﬁﬂn@iﬁapﬁgkness of the nickel iron nolybdenum
(Ni FeMo) layer. 15. A magnetic disk drive as clainmed in claim 12, wherein

the flux gui de coheys#i& of three iron nitride (FeN) and two nickel iron

Tg)l ybdenum ( Ni Femagﬁétf'c%mla%l)ll PO Red 1hdhd h&ggggno. doc: M C 2 5 NOV 2005

a support mounted in the housing for supporting the magnetic head assembly with
said ABS facing the magnetic disk so that the magnetic head assembly is in a transducing
relationship with the magnetic disk;

a spindle motor for rotating the magnetic disk;

an actuator positioning means connected to the support for moving the magnetic
head assembly to multiple positions with respect to said magnetic disk; and

a processor connected to the magnetic head assembly, to the spindle motor and to
the actuator for exchanging signals with the magnetic head assembly, for controlling
movement of the magnetic disk and for controlling the position of the magnetic head

assembly.

13. A magnetic disk drive as claimed in claim 12, wherein the flux guide consists

of one iron nitride (FeN) layer and one nickel iron moiybdenum (NiFeMo) layer.
14. A magnetic disk drive as claimed in claim 13, wherein a thickness of the iron
nitride (FeN) layer is thicker than a thickness of the nickel iron molybdenum (NiFeMo)

layer.

15. A magnetic disk drive as claimed in claim 12, wherein the flux guide consists

of three iron nitride (FeN) and two nickel iron molybdenum (NiFeMo) alternating layers.
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16. A method of making a magnetic head assenbly which has an air bea{m\&
surface (ABS), conprising the steps of: making a read head i ncl udi ng V 2005
steps of: formng a tunnel valve sensor haying front and back walls,

wherein the front wall is recessed from{%e ABS and is |ocated between the
ABS and the back wall; formng a flux guide having front and back walls,

[ ' ' Ll is.] d
between the aps shd trcped A S pARREE ATy 3 ey bt RERHEC,

el ectri cal | ysurfuoe GABBY; tcomgrifing dlie stepswifiat i on | ayer between and interfacing
the front wall of the tunnel valve sensor apnd the back wall of the flux
gui de; and f oani BgKNE@ reqd ead inciding thg seps ahi nati on of iron nitride (FeN)

and ni ckel iron m)l%mgﬁﬂuﬁﬁﬁl'ﬁWseh&Yﬁﬁﬁng#@?t%&B&Maﬁ’s’s\ teﬂééi d St

claim 16, wherein the t val ve sensor I's nade conprising eps of:
forming a ferronwghetteeespidninend theadBP and astlobaed betwagmthie iAB Srambtht badlowatl;ng an

antiferromagnetic pianing | ayer exchange.coupl.ed to the pinned | roouf Or
pi nni ng the magneti cﬁ)nﬂ%urlr%n% ﬁé’f g h&éﬁﬁv efé‘lm}qaiﬁgﬁb;a?lf &%h‘é’ﬁgepe&l?dﬁé‘g e 18
free | ayer whi chiobatsd at the B arel the bBdki walbizddodaa¢dbet@eéh the BRI AT the front wall

electrically insutl tive barrier |ayer between the free layer and the
pi nned | ayer. 18°1tA¢ MBPRIEESCRI% med in claim 17, wherein a making of the

read head further 'ﬂaﬁhfﬁgeﬁn (e tr5da@P SndcondRFilE s ﬁ{sﬁﬁﬂgﬂrﬁﬁgérc‘)ét{w'ééﬁ. g@d
second shield layers; formng the tunnel valve sensor and t fI'ux "gui de
bet ween t he fir sintesfagingdbo fignt whlleif dhd tpselsvalemsenfar anidnthe dlaelc tvall ol they flux
nonconducti ve se%lggéj ag@d third insulation layers between the first shield
llayer and the flux guide and between the second shield layer and the flux
gui de respectively. fbfming thefloguids withad ladhntion @if dlonliBide (N ednd didle! FBki ng
of the magnetic he assml erther conprises the steps of: formng a
wite head inclJgdP gd?"ﬁ‘g’ 1 E)%’O aYeISR\ 1. BQ 2750. doc: M C 2 5 NOV 2005

17. A method as claimed in claim 16, wherein the tunnel valve sensor is made
comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned layer
for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free layer

and the pinned layer.

18. A method as claimed in claim 17, wherein a making of the read head further
includes the steps of:

forming ferromagnetic first and second shield layers;

forming the tunnel valve sensor and the flux guide between the first and second
shield layers; and

forming electrically nonconductive second and third insulation layers between the
first shield layer and the flux guide and between the second shield layer and the flux

guide respectively.
19. A method as claimed in claim 18, wherein the making of the magnetic head

assembly further comprises the steps of’

forming a write head including the steps of:

[RALIBQ]2750.doc:MIC



20 form ng ferromagnetic first and second pole piece |ayers that have a
yoke portion |ocated between a pole tip portion and a back gap portZ DNOV 2005
form ng a nonmagnetic wite gap |layer between the pole tip portions of the
first and second pol e piece |ayers; form an insulation stack with at

| east one coil |ayer enbedded therein between the yoke portions of the

first and second pol I ; i the f.irst . and secon
p:)I e piece |ayer spat ?%rﬁﬁelfgf&#aogﬁa%ég% %%?taﬁgﬁg&’?@o&g e,‘Aprl’reé;f3 I'!S%Fr%ftﬁ%ji?ivﬁﬁ ¥ .e
magneti ¢ head aspertiohYocated betierrd pote iy} partivd Gud a Békr @bhoitits; | ami nation is

formed of a plurality of iron nitride (FeN) and a plurality of nickel iron
nol ybdenum ( Ni FeMb) FO&%}%% noRmagnehe MHe 28P 14wk LAY ean ity peleity patiannek bl y
whi ch has an ai I’ﬁpﬁgﬁdwon@wﬁgf‘e@e%@%}, conprising the steps of: nmaking a
read head including the steps of: rmng a tunnel valve sensor having

front and back wal | sformingr & msukation rstack witlalat l¢ast ppe e@sd ddydrr embdadded ABSeiand

is |located betwe A the o 1.  formng a flux i de havi ng
:‘fom(:) and back mg‘%}i’"%m%gg)‘é?aﬁ‘q?‘h’gs ?tﬁg%hm%4 sﬁcgncf%@]%’%ae lqyetsy BS and the
back wall is | ocatedcdmatotingrihé fisst ASseandli pdieplecontyerval their®ack Bgp parioR.

val ve sensor; formng an electrically nonconductive first insulation |ayer
between and interfacing the front wall of the tunnel valve sensor and the

back wal | of theyf!ux mewbder bk 'ragni‘agﬁé@"ﬁ%aegfﬁnﬁigrg cRftlec §F At S1Y !
layers; formng the tunnel valve sénsor~and the flux guide between the
first and swhokih teilamiatioy ér Hrmadof fagplniatity ef #on mitddé (FeMomuon plirality ef

second and thi ﬁ%é{Og%él9‘§4$§Gfgle(§%ﬁ%\ﬁgﬁ§t ween the first shield |ayer and the

flux guide and ween 1Y | ayer and the flux guide
respectively; formng the tunnel valve sensor conprising the steps of.

ant1 T orr ormgnet | Sp! ArPFSY &) QPIGHE AR LD HEHba EB DA S A RE A oty Arngy
pi nni ng the smEBE(ABS)res®plisifg tHehepponned | ayer; formng a ferronmagnetic
free layer whi Chm%gggrg?i neaeé in%lurcrlli)nrgetﬂ;[: 5stegsn.c?f:
forming a tunnel valve sensor having front and back walls, wherein the front
wall is recessed from the ABS and is located between the ABS and the back wall;
forming a flux guide having front and back walls, wherein the front wall is
located at the ABS and the back wall is located between the ABS and the front wall
of the tunnel valve sensor; '
forming an electrically nonconductive first insulation layer between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;
forming ferromagnetic first and second shield layers;
forming the tunnel valve sensor and the flux guide between the first and
second shield layers; and _
forming electrically nonconductive second and third insulation layers between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:
forming a ferromagnetic pinned layer that has a magnetic moment;
forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and
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2 5 NOV 2005 21 form ng a nonmagnetic electrically insulative barri ez 5I @WDUS
between the free I|ayer and the pinned layer; and form ng the flux guid
consisting of one iron nitride (FeN) |layer and one nickel nolybdenum

(Ni FeMo) layer. 22. A nethod as clained i Alclai m 21, wherein a thickness of
the iron nitride (FeN layer is forned thicker than a thickness of the

ni ckel iron nol ybden (N _ A Ki a_magnetic
head assenbly which wgfg(rgngggyltr%%%dg?%(%ems%éw ?&@%‘&%@3@%@% ?rin%ltﬁﬁent ﬁ‘gettg%eeps
of : maki ng a reathybead thewpinoet lagert lued st eps of : forming a tunnel valve

sensor having front and.back l1s. wherein the front wall is recessed from
the ABS and is | ocat g’c'ij& %@eﬁﬁ‘%‘t RWda ensistme; ﬂfg%%éfvenvsatrde (Feb vy androngx

gui de havi ng froaﬁckgr}ﬁdp@@lﬁm\ﬁqmpeMmgy&j n the front wall is |ocated at the
ABS and the back wall is |ocated between the ABS and the front wall of the

tunnel valve sensor; formng an electrically nonconductive first insulation

| ayer between an i pter i_ng.,t.he . f.ront. | of the t.unnel ve senso
and the back wal 'ofﬂt gtfhﬁ :?&)s(%ladr&a ér Cfl%?“\rl:?{*igw %FFWOM%WEWS& Q\ffﬁbgt‘roﬁﬂamd’e
second shi el (FelNgyleyes is fommed rgclteh ehanunthédknesl ofahs aiegel irashol ybdemlr XNFEMIS
bet ween t he I?irst and second shield layers; and formng electrically .
nonconduct i v&Y%¥econd and third insul ation | ayers between the first shield
| ayer and the flux guide and between the second shield | ayer and the flux
gui de respecti velgl; form ng the tunnel valve sensor conprising the steps
‘0

of : forning a fettontighehpd ofimakiee papesnetipdeah assembingriveli basroneurt bearing

form ng an agt. G phnni .ayer exchange coupled to the pinned

| ayer for pi ﬂ%fa%gtéﬁgﬁrg}glgh}e@flg{h%@g'gkof the pinned layer; formng a

ferromagneti c f rmekihgyecaditend mchaléingathesigpesf: c nonent; and fornming a

nonmagnetic electrically insul gtiye barrier, Iafg(g bﬁi)ween he free |ayer
ifERnt @

and the pinned | ayert,%nH: * UPRT g ereniar Jigv et Mals stheran e omn
nitride (FeN) anghall Waeddssddetom the ABS and is located between the ABS and the back wall;

forming a flux guide having front and back walls, wherein the front wall is
located at the ABS and the back wall is located between the ABS and the front wall
of the tunnel valve sensor;

forming an electrically nonconductive first insulation layer between and
interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

forming ferromagnetic first and second shield layers;

forming the tunnel valve sensor and the flux guide between the first and
second shield layers; and

forming electrically nonconductive second and third insulation layers between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free
layer and the pinned layer; and

forming the flux guide consisting of three iron nitride (FeN) and two nickel

iron molybdenum (NiFeMo) alternating layers.
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i ron nol ybdenum (Ni FeMb) alternating |ayers. [R\LIBQ2750.doc:MC 2 5 NOV
2005 22 24. A method of meking a magnetic head assembly which has an B5 Ny 2005
bearing surface (ABS), conprising the steps of: naking a read head

including the steps of. form ng a tunnel | ve sensor having front and back
wal |'s wherein the front wall is recessed fromthe ABS and is | ocated

bet ween the ABS and the back wall; formng a flux guide having front and
back walls wherein the front wall is |ocated at the ABS and the back wal |

is |ocated betwegd. t e mbBodastimbkiagfa angni! headofssémiblyt Wikl haéadny gir RATHY
formng an el ectri Ig y nonconductive first insulation |ayer between an
interfacing & ‘fer(gﬁt )uggmprisigihestenififel val ve sensor and the back wall of

the fiux guide: nf@iifNiad BEHANBGREE ke dds®l and second shield | ayers,
form ng the tunnel valve sensor and the flux guide between the first and

second shi el d | ayer s foranug & tunmichyale¢ eatsor balihg fronthasinbhektwalls whereindthe fidnt

third insulation |ayers between t first shield |ayer d the flux guide
and between the g@@éﬁﬁficgﬁféﬁgnﬂg@éﬁa‘?ﬁ 'f héateﬁﬁﬁweﬁﬂilbee‘é‘ﬁgsaﬂé_ q%k)"f“%’
form ng the tunnel v&@ntengeharguidRavieg MiGnt Bel BAGKPHaDE wheRARNNOf8nt wall is
ferromagneti c pinned Iaﬁ%ri}éhat as a ITB.HI’]etI C nonent;

h form ng an
anti f erromagnet i OBt S énd the bagh yall dnlospted betaveen thepp R ard thefjent walk

pi nni ng t he nagn%mﬁtﬁqg{gg%lvé);eng&? pinned layer; formng a ferronagnetic
free layer which has a magnetic nonment; and form ng a nonmagnetic

el ectrical |y insul at farmitgarani eecttieatlyr nbetondetive hirst nesilaticmy tayenbdtwdea and

i nned | ayer; foemng.:the flu i consi sti.ng of one.i.ron nitrjd F
Payer and one n?@@%lﬁrﬁ)ﬁlfbé en)rt(u\f% (ﬁf‘ﬁ%%’)ﬂefﬁ)@g SCIS8E P{P‘?‘l&jeab%gi “Y%ﬂ ﬂgﬁ& Y
including the stegpsleof: formng ferromagnetic first and second pol e piece

| ayers that have a yqke, rtion | ocated between a pole tip portion and a
back gap portion; o?%@é“ﬁ@ﬁ%ﬁéﬁ?t@Wﬁo@dé@ﬁ% 13y&$; bet ween the pol e

tip portions of the forming the tunnel valve sensor and the flux guide between the first and

second shield layers; and

forming electrically nonconductive second and third insulation layers between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free
layer and the pinned layer;

forming the flux guide consisting of one iron nitride (FeN) layer and one
nickel molybdenum (NiFeMo) layer;
forming a write head including the steps of:

forming ferromagnetic first and second pole piece layers that have a yoke
portion located between a pole tip portion and a back gap portion;

forming a nonmagnetic write gap layer between the pole tip portions of the
first and second pole piece layers;

forming an insulation stack with at least one coil layer embedded therein
between the yoke portions of the first and second pole piece layers; and

connecting the first and second pole piece layers at their back gap portions.
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first and second pole piece layers; formng an insulation stack with at

| east one coil |ayer enbedded therein between the yoke portions of 2t5h@)v 2005
first and second pol e piece |ayers; and cggnecting the first and secon

pol e piece layers at their back gap portiéds. [R \LIBQ 2750.doc:MC 2 5 NOV
2005 23 25. A nethod as clainmed in claim24, wherein a thickness of the
iron nitride (FeN) layer is fornmed thicker than a thickness of the nickel

i ron nol ybdenum (N FeMb) layer. 26. A nmethod of naking a magnetic head
assenbl y whi ch has. aA methodesr ¢lmgnedsiur dlaiae 24 ARBEreirc anthickBéss oft the isdrepdridy :

maki ng a rea d includi the steps .of: formng a tunnel valve sensor
havi ng front a]B}é‘?fI%S \K%rmeggh\xg%r@%g fm%lmlero?lf{ the \ﬁ%klel jren malhdeaums(NaFeN o)

ABS and is | fed between the ABS and the back wall; formng a flux guide
havi ng front and back walls, wherein the front wall is |located at the ABS
and the back wall is |ocated between the ABS and the front wall of the

tunnel val ve senggpr; form n electrically ngonconductive, first i.nsul ation
| ayer between angg' i ﬁ‘t%‘remé@?‘?@“?%g A %lﬁgn%l}feagfasfq@ﬂy aigh }\?éla\’}ealgi’ﬁ?&ﬂg
and the backsudide (ABS),venipriging tiguitelr;off orm ng ferromagnetic first and

second shield layers; forping.the tunnel valve sensor and the flux guide
bet ween the fi rs%a%’r?@a@?égb‘ﬁ‘g I%D:i"gll%laﬁeéff@%,ﬂ and formng electrically

nonconducti ve secondgifshd Nidndel Vit @hb@halh et B W) Led d
| ayer and the flux guide gtand bgt ween the sae%}gnd sthi g}ﬁga?gagga&é%éé&?ﬁ}ééﬁ?ﬁux

gui de respecti veMpll if seessedyiromdhe 4BSaind yslogated beiwsen SsnbBS andthettaek stallps
of: formng a ferro j i gneti e nt.; .
form ng an anti ferrgpﬁ.g%ﬁ{ %gﬂ%{gﬁggn%awn%@&g?g@?gﬁy oub”%@{flq g%?ﬁ%ntp‘yﬂhésd

| ayer for pinningpchfed anthg’dB$ andwhedack whll idlecpedbadcbiirrABS andthedént wall
ferromagnetic fref I a‘i/erl\g\éfrii ch has a nmagnetic nonent; and formng a
nonnagnetic el ecP}ihg YHEUIEt've barrier |ayer between the free |ayer

and the pi hned | ayer forming an electrically nonconductive first insulation layer between and

interfacing the front wall of the tunnel valve sensor and the back wall of the flux
guide;

forming ferromagnetic first and second shield layers;

forming the tunnel valve sensor and the flux guide between the first and
second shield layers; and

forming electrically nonconductive second and third insulation layers between
the first shield layer and the flux guide and between the second shield layer and the
flux guide respectively;
forming the tunnel valve sensor comprising the steps of:

forming a ferromagnetic pinned layer that has a magnetic moment;

forming an antiferromagnetic pinning layer exchange coupled to the pinned
layer for pinning the magnetic moment of the pinned layer;

forming a ferromagnetic free layer which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free
layer and the pinned layer;

forming the flux guide consisting of three iron nitride (FeN) and two nickel
iron molybdenum (NiFeMo) alternating layers;
forming a write head including the steps of:

forming ferromagnetic first and second pole piece layers that have a yoke

portion located between a pole tip portion and a back gap portion;
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formng the flux guide consisting of three iron nitride (FeN) and two

ni ckel iron nol ybdenum (N FeMb) alternating |ayers; formng a Writ? r@@gm
i ncluding the steps of: form ng ferromagngti c first and second pol e Bi b
| ayers that have a yoke portion |ocated 8t ween a pole tip portion and a
back gap portion; [R\LIBQ 2750.doc: MIC 2 5 NOV 2005 24 formng a

nonnagnetic wite ga e i rtipons of.the . fir and
second pol e piece | a@g%gr%@_ % 8?%“%%1%{;%%%%?%??}%%5%8& tﬁ?pﬂf)eatgp pg%lgps 8ﬁgw
coi |l |ayer enbedflsdatdsxendipolepicoetyeishe yoke portions of the first and

second pol e piece layers; and connecting the first and,second pol e piece
| ayers at their bac k%&&ngpB‘?' fRsyféion [SF‘QOELW’@QaQ'}@?@F @8% :cRildayer embedded therein

between the yoke portions of the first and second pole piece layers; and

connecting the first and second pole piece layers at their back gap portions.
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