;e3e9zv 9w46" Tv OWN 1 *@00002* 1 TUNNEL VALVE SENSOR AND FLUX GU DE WTH
| MPROVED FLUX“lmmmﬂWm”mEREBET\AEEN *] S91S9* BACKGROUND OF THE | NVENTI ON 1.
Field of the e present invention relates to a tunnel valve
sensor and fl ux O Wi th inproved flux transfer therebetween and, nore
particularly, to an electrically nonconddct i ve magneti c oxi de | ayer which
is |located between the tunnel valve sensor and the flux guide for

permtting increased flu ansf r en. scription of the

Rel ated Art The heart of X'Eb S@ﬁﬁsﬁ%&%g%&r&@hﬁ whi ch i ncl udes
a rommmmm i ¢ WISH IMPROVED ¥LUX TRANSFER THEREBEIWEENs, o

susp Mm:)ove the rotating disk and an actuator armthat swi ngs the
suspensi Qg @ mto place the read and wite heads over selected circular
tracks on the rotating disk, The suspension armbiases the slider into
contact with the surface of BARKGROUNROF THE INVENHON: ot at | ng but,
when the disk rotates, air is swirled by the rotating di sk adjacent an air
beari ng surface (ABS) ﬂfb‘“f sIIi der. causing the slider to ride on an air
bearing a slight Histahield PLBEIRYERtON ¢ -0 0f the rotating disk. Wen the
slider rides on tige BtdsertCiaventdnt Rt fof £ 1@l KVERE sBR®A and' Buxe Fiidewgith f or

writing magnetic inpressions to and reading magnetic signal fields fromthe
rotating di sitmproved flwadtramdferwvtherebetwents and,e mooe rpsetiadardyy tor aoeslsctigally

clroui L1y Ut SRRLALES Atcor diga o BLeRIRN St, RLOJLATAS, L STEDL (e
enpl oys a t ugfthe Ylﬂk?ﬁg@?ﬁﬁ%rﬁﬁtﬁhgm&ﬂﬂ?iﬁaﬁw{ﬁéﬂeﬁetﬁkgﬁ‘.f'i| fields from
| SK. e sensor 1 ncliu

the rotating magneti es a nonmagnetic electrically
nonconducti ve tunhel i nDeseriptionrof ¢he Related Asndwi ched between a ferromagnetic

pi nned | ayer and ferrompgnetic free |layer,. An antiferromagnetic pinning
| ayer interfaces ﬁ’f’eg‘iﬂ‘hgga qomputer 13 A 'B‘i‘%ﬁf‘ﬁghs{kh&‘%\jh@bi@d Fred rotghng he
pi nned | ayer i L j f . =y : i

Cposed our raneiep @k Y UideP i s S AP WP RbGdR'R SBRol BF ool e
val ve sensorrotating disk ahhedctaatonaan thatrswangsothe tsuspehkion tarmnd slecothd shd el d
| ayers. First and second | eads, which may be the fjrst ang%second shield

| ayers) are ¥¥iNatetheads over selegted, pasulardrasks en fegptating diskn fhe syspgnsion 8Mhel i ng
current ther : | s (P [ . to
the maj or 11 i iilidey B LURAR sRPUE Wit of i BRRUHED Bk ASE RANALGMIAE
sensor wher ebwt, whers theadish sothtes, pircionairtddcby thermatatiag disk ddjscentpm pirfhickring| anes

(CP) of the spin valve sensor. A magnetjc monent of the free |layer is free
to rotate u ?M&fmﬂxﬂsf EAUSING] %slvksffb@@e ] %ng‘q’gﬁhﬁlg’ﬁ@f’%cent

or zero bia i ! i ‘ Slitd.ve: i . tic
si gnal gel d:ﬁ ro%etsﬁlgﬁé%?gﬁenﬂgad@gﬁgﬁyhﬂ% %}/g‘&gﬂg’égﬁ?ggﬁﬁﬁggﬂ%f t he
magnet i ¢ nonwerite avid feheé héadseare apployediforchriting papatticimpressidm tBBd reaiingren
the tunneling currenpt |j onduct ed throygh {he sensor w thqut magneti

field signal agesistemel feldntip ﬁﬁ‘&ﬁ'é‘!&‘g‘g'ﬁiﬁﬁm%&%ﬂf?w&emﬁﬁ%@% ts of
t he pi nned . i ogfin e
resi stance gﬂfaq%r %&%ﬁaﬁ%ﬁfﬁ@z%@ (g%ir:lag%slr ﬁ'{%@é@%%%ﬁ@ﬁ%{]& cur ?@Eﬁlﬁ%lﬁg&]{]l s at
a m ni num anttie writingtaind readivofnattionsnonent s are antiparal l el the resistance
of the tunnel valve sensor to the tunneling current (1S) is at a maxi num

Changes in resistance of the tunnel valve sensor are a function of cos 8 ,
where B is the anfyhexerapiapehigh perfampanee rendnivad empleys a twangli vialnsdsensnt or ee

| . W h | i ' d d thr |
val ve: sensorsennts BF diadrefin el Meids, Sbpt 3o F0AHE Eiorblic itk L%, SHERE
nmagneti c di sigcluded e roahRBhétR _eﬁéﬁi&ﬂ?hh&%onéﬁ&iv@ei&ﬁhﬁﬁ’g asid parRge e as

pl ayback signals. The sensitivity of e tunnel valve sensor is quantified
as magnet or esahdwiched betaictn gifememagneric pinmed layer and a frsramagngtic fnee layst. Atance
of the tunnel yalve sepsor from mninmumresistange netic ment s . of
ree and pi AMETOAGERE Bingitet oy eh Blertagrs B minsh dFveh 0B PinbiniFF SOTD s o
the free andnpimnest theyiahed BYE! RP1Gah ﬁirbeﬁ%&g@e gﬁsy\ﬂ%réihan@gagfis hdre
tunnel val ve sensor at” m ni nim resi st ance. e dr/ R of" a tunnel valve
sensor can hexposedt sueface dEthecknsbd ¥het aces tharotatingodidl) FHeannizel splve seador as
sensor. The first and second shield | ayers nay engage the bottom and the
top respectively of the tunnel valve sensor so that the first and second
shield | ayers serve as | eads for conducting the tunneling current IS

t hrough the tunnel valve sensor perpendicular to the major planes of the

| ayers of the tunnel valve sensor. The tunnel 3 val ve sensor has first
and second side surfaces which intersect the ABS. First and second hard
bias | ayers abut the first and second side surfaces respectively of the
tunnel val ve sensor for longitudinally biasing the free layer. This

o o . v e - o - oy Y M r




A schenme fox preventing shorts across the barrier |ayer of the tunnel valve
sensor is to recess the tunnel valve sensor within the head and provide a
fl ux gui de between the ABS and the sensor for guiding flux signals fromthe
rotating nmagnetic disk. In this schene a tunnel valve sensor has front and
back surfaces which are recessed fromthe ABS and the flux guide has a
ferromagnetic flux guide body with front and back surfaces wherein the

front surface forns a portion of the ABS and the back surface is
magnet i cal | y losatgl tetiween feromagnetisl finstindesesond elticldilayeas. dtirsh andvesennd heads,

interfacing each of the back surface of. the flux quide b and the front
surface of t ME"¢LARY evtaF 3.&5 @ﬁsﬁf‘)‘?c& g‘aﬁ‘dglﬁé‘?fﬁr*}%%me%ﬁ%ﬂ’&[}m evaive .
i nsulation | @é(xféhr%'ﬂ esnc;u%ﬁﬂgrayn@helmg eﬁn&hethefe@l%u . BR nimeRhg! @b RETM
flux transfer fromthe tlux guide to the 4 tunnel val ve sensor.

Addi ti onal i cendwtddoperpendivutardo thel majat fitin Iptanes 6CPR) lof theogensordis lwontrasted to
surfaces of the flux guide and the shield layers to, el ectri c%l ly | nSLlI| ate
the flux gui eSPi SRAVE HENSOR; ViIcte PaIFBSS CHERIN if cenducted g gletosthgBaighiley ed
for conducti i [T, ] | These
i nsul ation | %gaé‘tregﬁcc:lgggggkr?ggle%% %%%?éﬁt%ja/ ‘ ttfcgﬁmé%ﬂﬁ?aﬂgé’ﬁﬁééﬁayg?ﬁ%eo

magnet i ¢ heagotaesgpwirilgandsddvamaedly wish téspecttoate ABSefrombd ygiesdehe bE zérd NO
or mnimumrisk of conductive material  bel r}% sneared between the |ayers to
cause a shor tlaseintfpositiogun Jespenssotoppasifivesand negalivé, megeetic igrat fighds fiomo pe

obt ai ned by ' [ 1e 1 J: Lt | and
i ncreasi ng t&]tzéjr\r/%kag@k ﬂ(ﬁ"&@éd?*'%e%‘%geﬁgg% P‘tug%)@? 'fe}{]egé\’aé'l\f 8&%%’%&#@ Bfﬂﬁr%%e
val ve sensor legw,tWhichi 18 pardliengenthet ABS\eist wheelthy alnirlifg aerent & cheducted
mai nt ai ned wi de for reducing the resistance of the tunnel valve sensor to

t he tunnel i n¢hreugh basenspryithpgiaosgmetig fipld signals fiemdhe rogatingrmagpetic disk. can be

then i ncreased f okl NPkEQVI . i S npel I :
sensor. A typi cal wn%etrﬁgtth ?ﬁ%ﬁ%?%ozﬁﬁ)?%éf ?ﬁe‘a ﬁﬁﬁ?@{ fr%%?qy%&etﬂg@gﬁla?\lg}elﬁmthhe
back surfacergpedthe éneindthérdthearsistaiiee bf Aé nainel F8Re Aendoietot then@hneliigve
sensor is alum num oxi de (A1203). Wile this insulation |ayer is maintained

relati vgl y t Rpmentdk) d sfcwsinhnwﬁ ead vhssibeir anagngtie masagnts areountipatedlef thex
because of ¢ Rauftar i (¥ MABECvAF seiltycite SpRfine ABBP P, AT S pRERRSE, .

strong-felt @Ohafgdsdn resitaice of iR thidl 9aIVe REm0P bretd fynttionef cosaky svhemngofs and
flux guide arrangenment by inproving the anount of flux transferred fromthe

flux guide té&he #sle befveen e magaeticsmomegtisiaiatiy romep-nd ReeameTN esent
e back sur Frbens R i, f SolaodlRl RO, TR Lkt Sindhd Sl ™"

val ve sensor chdtiges) duetdrbighal fiaddsOf & the totatingomagietic skyeqize pr&nﬁhltbhaﬁ?ﬂsde
and the tunnel valve sensor. This is acconplished by making the insulation

| ayer from athehdredeteciediand. processethpe phayhmek pigndlsi HBe sensitingly) elcthedtunpedm t he
ras . . : | ; o i ckel
o (5 0) - VAl sftsof | BhGREER Biiiort el dop iR /R MetE o SR e O

and iron haf i tegisestel6f thEewine) vallié sénsor RbBrimimumSesishned (ighetid®oments
i nsul ation | agger bet ween the flux quide and the first shield |ayer is also

a magneti c off free ged pinaed layers pazallel) teraxipmam epistanpe {meagnetic meomentx ofjthede

and the spin I n a tten 1k i .

abj cct of t nEopALE ofe MyerhumtreRe s iR, (AR R el o the RO seir
flux gui de Wat RirifRrONSEtahbe! T he'BRSHLA tunhEl widaS WaSet- cafibelonghe BRjee6f 40% t O
provi de an insulation |ayer between the flux guide and the tunnel valve

sensor whi chapeompared tonii% Ferp dplinuvalye sansdler fromthe flux guide to the
tunnel val ve sensgf. urther obpjgect. ks to provyide 0 of ing_ the
af orenent i oned tuﬁh%lﬁ%gla{} %8?{5@15&&1% lar\y!em( “8% agﬁ%&(ﬁé’m sa."gg}’ﬁe&p

obj ects and %Pmﬁe&%mﬂamxb&w&w&ﬁﬁm tAMERE et atd Isbcodd shitid RgkRtsefieupon
reading the foll ow ng description taken together with the acconpanyi ng

dr awi ngs. as leads for conducting the tunneling current Is through the tunnel valve sensor

perpendicular to the major planes of the layers of the tunnel valve sensor. The tunnel



BRI EF. PESCRI PTI ON OF THE DRAWNGS Fig. 1 is a plan view of an exenplary
magnetic disk drive; Fig. 2 is an end view of a slider with a magnetic head
of the disk drive as seen in plane 2-2 of Fig. 1; Fig. 3 is an elevation
view of the magnetic disk drive wherein nmultiple disks and nmagnetic heads
are enployed; Fig. 4 is an isonetric illudtration of an exenplary
suspensi on system for supporting the slider and magnetic head; Fig. 5 is an
AHS view of the slider taken along plane 5-5 of Fig. 2; Fig. 6 is a parti al
view of the shlvdesensmchaa firstr grutisevand sidecsunfaacs whicheintersact plmABSBFBstodnd:i g.
2; Fig. 71s a rti S vie of t he sI der t.aken al.on | ane Fig.
6 to Show t hecoachaxd idy lyers @b ibe 850 And RElomdr e shBRS el OFfly o

is a view takgn, ?bﬁ@@sﬁsgx%&?%&ugﬁmgﬂﬁq g’:t{nﬂﬁaygﬁtﬁ'ié l%h g?zﬂ ol l

6 | ayer and Iea S renove Is a Cross-s ctlon vi-ew of
a tunnel val alsosleipoto amaihtdihitke guegietic odmenatafche fesedayergpardliklits they ABRS

vi ew t aken al ong | ane,  10- 10 of Fi g. 9. SCRI PTI ON OF THE PREFERRED

EMBODI MENTS WHIR&AS (ea WW?WW@?‘FFH IHB% to t he drawi ngs wherein |ike

reference nuneral §t19ﬂ9§<?a43&1|§18119§ wie 1$%£<3P gr?%ghﬁe?ﬁ%géﬁlﬁ g\‘%&l ncra'

views, Figs. 1-3 i rate a magnet’lc udes

a spindl e 32r¢ddalicat pdQr Whitehchdrconstigation, arRocunsirgeted $ikrdivs andheolamnsidhe 32
is rotated by a spindle nptor 3b that is controlled by a notor controller
38. A sl i der WaferhAdter complstinn gt theawatsh level theewaisy h‘e@‘ﬁéd HQ dows of magnefic

supported by n t

posi tioned bﬁg&%@@gg{:&%ﬁa& I%Wag% %ﬁb‘?‘f bgfl %ﬁt&é]ﬂqce%e ooltag tggg%‘gﬁenm ons
may be enpl Opﬁaﬂetdﬂmmeaaﬁngﬁaﬁﬁgaﬁﬁc» (@Lasmh aagsiesl usied v alge raameaaean BAHHe) as
shown in Fig. 3. The suspension 44 and actuator arm 46 are noved by the

actuator 47 fayepae expnsed pbthe AR mamelysfirst pdges oh sachurfribe fisstishigld lmerb thein a

ok 34 1 o Or SRl R fbs i, B BlbleR 56 g RmEFIAEE i Mofihe Teer KRG el "
thin (typicakédond. shield Myee USPpesite Qfdgad bf (ladse lbms aftdlecbebir thé heads urHeace

of the disk 34 and the air bearing surfac%(&|e Qi)%hf The magnetic head 40
may then be bpisiesyayer fipe mtthlnglamf onrihe | i which plages ghefreerangks on

Pr ocessi ng. c PRy Hed Hodg Myt 8t ohERB el CFAT b BbehdR o

with the headsséblibs v 14pped &mredb@ Highoriskd6f Wﬁlgﬁbt%ﬁiafﬁerfaﬂ)rfrdlﬁ)ttﬁé iffeg atﬂale
magnetic disk 34, and provides control signals to the actuator for noving

the slider toinpgdilayess beingksmeared pergss thet basrier layer atithe ABShievsaus®@nthelt to a
puspension. hadif S IOAE AL SNEN oL SHERIRRRN S Pl IBUNGE BO,
slider 42 andsseh®lisawithttinghel 9alle HeadsWghaut ithierislhabstvrtigbatveeitle frée dndat
supports t hepg&g(rille;yleé artlihaedAggdugt%dla;s)élgg rails 58 and 60. The
A scheme for preventing shorts across the barrier layer of the tunnel valve
sensor is to recess the tunnel valve sensor within the head and provide a flux guide
between the ABS and the sensor for guiding flux signals from the rotating magnetic
disk. In this scheme a tunnel valve sensor has front and back surfaces which are
recessed from the ABS and the flux guide has a ferromagnetic flux guide body with
front and back surfaces wherein the front surface forms a portion of the ABS and the
back surface is magnetically coupled to the tunnel valve sensor. Located between and
interfacing each of the back surface of the flux guide body and the front surface of
the tunnel valve sensor is an electrically nonconductive insulation layer which is very

thin, on the order of 84, in order to permit flux transfer from the flux guide to the



7 rails 56, 58 and 60 extend froma cross rail 52. Wth respect to rotation
of the magnetic disk 34, the cross rail 62 is at a | eading edge 64 of the
slider and the magnetic head 40 is at a trailing edge 66 of the slider.

Fig. 6 is a side cross-sectional elevation view of a nerged magneti c head
40, which includes a wite head portion 70 and a read head portion 72, the
read head portion enploying a tunnel val Ve sensor 74 of the pr esent
invention. Fig. 7 is an ABS view of Fig. 6. The tunnel valve sensor 74 is

sandwi ched bet n.ferromagpet.i.c first._and,second shi ayer and 82.

I n response fugnmgﬁngyﬁgpn%gﬁgégxgnqli ‘8?‘82‘?‘“} #‘é’e e%rlgs]f)ﬁﬁgi%g‘w%éﬂetﬁ? 3&%&“ val ve
sensor 74 chpa@ns surfaded 0P el gk S8 AR the sHibICRYEY &6 SldctoalpBbulbieahe Mg Or
causes these resistance changes to be nani fested as potential changes.

These pot ent geide ftoanthesshialé layeswhenthe shield layerseuael baploysi doratandbetinghe

processing cjrcuitry 50 own.in Fig. 3. The nnel i ng, current T y be
conduct ed th*"’é‘ﬂéﬁ‘& %Er%z‘{fbe@ W%FWCE@A%I‘“?QP Pﬁ?e‘ﬁﬂﬂ%ﬁﬂ"g]@y% c?.lﬁée %ﬂ"’gﬁes of
its filmsur d i AR : igh
serve as fi ré‘?ﬁgﬁg@ge@gﬁfo I g’éﬁiﬁ ﬁnég&\gwggéggﬁlgh%%ée{(q ﬁ%@ﬂéﬁgﬂm@&% agecond
shi el d | ayer disags¢d hereimabove) chere pis eweol aymimumn eisk effasoatiectiveymateriahbeingar e

separated by a noppgagnetic isolation | ayey. The ite head portion 70 of
the magnet | LSTEAE Petveca) thadeyess &icwaea%éﬁomﬂ%mww BYSQRETBHS @ YIY and
second i nsul gt.l . [ BN let i Q3 I :

enpl oyed for %ﬂéﬂﬁ%%@hﬁ ﬁg% @a ﬁ?do&/efaimr‘ﬁeﬁtg%é;m?itg%l %sﬂd@i ﬁ%ﬁ I?'er%grgg‘g%l ﬁ

i nsul ati on | atythe ABSumARidinbreasing theowidth af/the fRxk. guldeay it egtendswoardithertdnddi r d
i nsul ati on I%ers are referred to in the art. as an "insul ation stack”. The

; . k".
coi | layer gYeluhsensore Witk dhis agangement the ARG Yaesiinsarican beayaipiingg widg and
90 are sandw en  d.4 ] I 9 . The
irot ang selbdusiit HReRetclanls of Mt BRECHOUIE LB B e ML R (5F,
back gap 96 Aocbrbiagh, tlie tahneling cufrent(@;)Rah be thansin&8ased dorldiproding theagignal
separated by a wite gap |ayer 102 at the ABS. As shown in Figs. 2 and 4,
first and setespRnse of thetupnehvalve senser.104 and 106 connect |eads fromthe spin

val ve sensor 74 t J - i i nd
fourth sol der con%e@?%ﬁ%%%%%g#%ﬁg (t)l%et}@gx?ﬂi?@ﬁ@éérﬁfé&%éegntgg%gb%dr}gaﬁ?t he
coi |l 84 ( seeoffthg flukQuidoandthdSron? 4udingt dfAfie amrichealsel s@osisalumitiven bxident i on
8 Fig. 91is | ongi tudi nal cross-sectional view of the present read head 72
with a tunnelAlQpy Vhilsds Digwlation Jaysy ﬁemmnﬁcﬂéehawlm ety discpssed and

second shi el . 0.: . t S E,gél and
back surfac e%rélg%&gv%ljgﬁgﬂ gﬁéﬁi asl;{(?lglé edsfse |cn oﬁg)eh%?ﬁ%%gﬁt e A@‘E)ﬁkx
f erromagnet i guidd and aht sisin Aabvensensdrr betausenolf thecdhasastdridties of ARintngin ohide.

wherein the fr%%i surface 208 forns, a portion of the ABS and t he back
surface 210 fecordigaly; ithese |is actiopedelt meed e imprIve tae Peefermanss o the funelnne

al ve sensor . i ctive
\I;ar \r/i e? I ;ye‘ﬁ%ﬁn %ﬁ%@%ﬁﬁ%ﬁé g{%lﬁgsey ?@Qg%%f%g?@gk?gﬁ \'}%@%ﬁg@& Y
f err omagnet i fomithaflox gaideto (He)tuiried valve sensber ronagnetic free layer (F) 216.

The pinned | ayer 214 has a magnetic nonment 218 which is pinned by an
electrically conductive antiferronmagnetic (AFM pinning |ayer 220

perpendicular to the ABSin a gﬁf\ﬁﬁhg ight or fromright to
|l eft, as shown in Fig. 9. A nonnagne]?gcglsggﬂﬁgggpmlyowaducti ve cap | ayer
222 may be provi dEie preséminventibh @révides dnoslestricdlfy honcopduetioe insathtiohdayeensor
from subsequent processing steps. The free layer 21 b has a magnetic nonent

224 which | sbeéwgvehtmcbaphﬁarfa@ of; the dhix guids andithedremisurfageor! the dvnnsl yplve he
the tunnel - wares A8 obievid Sk ST e3¢ Bl infler il e 08 >

rotates. Wealidsenkére Thisisaiccamplished st makicgithé tsufatiohaaér Hont Banddietid
signal fromthe rotating magnetic di sk the nmagnetic nonments 224 and 218

becane nor e qxideSuablamagnetie axides arerselected; frara thegronp causigingsdmigks! gron
tunneling current,.. an en, t i el L gnalfLom,t he. r ot ati etic
i ok ot ot eV Bl PR 50, BiskaEiife i EiaCHRR bR 8oR . | <
monent s 224 gkl bR dBER BRidEMNAFENSHPAERIrb haiiird %xid%?lgﬂ:@ﬁf@ﬁ Ih RSpreRsredt ance
of the tunnel valve sensor to the tunneling current |IT. These resistance
changes are processed as pl ayback signals by the processing circuitry 50 in
Fig. 3. The tunneling current IT may be conducted through the tunnel valve
sensor by the first and second shield |layers 80 and 82 which are

el ectrically conductive. The connection of the source of the tunneling
current ITto the first and second shield layers is not shown. The fl ux
gui de has a magnetic nonent 226 which is parallel to the magnetic nonent
224. A very thin electrically nonconductive insulation |ayer 228 is | ocated
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11 CLAIM5S 1. A magnetic head assenbly which has an air bearing surface
(ABS), conprising: a read head including: a tunnel valve sensor recessed
fromthe ABS and having front and back walls wherein the front wall is
|'ocat ed between the ABS and the back wall; a flux guide having front and
back walls wherein the front wall of thes4lux guide is |ocated at the ABS
and the back wall of the flux guide is |ocated between the ABS and the
front wall of the tunnel valve sensor; an electrically nonconductive first

i nsul ation | agxBbdihReEAHRANNAANGER: an@btweérﬁﬂfeammgma@ana ki irsvalhikldohydriie
tunnel val ve sensor and the back waII of the flux guide; and the first

i nsul ati on | aljen magnatjc axxdagnéhatdhmam ang theAlamdweWm meéhnxeg;mbrmdwhas
claimed in claim, wherein.the dO).(I ﬁel ected fromthe group
consi sting ofPRVeNeSersgreanpespu OSI ==loy) ngﬂas ¥eH O 3. A mmgnetic head
assenbly as clainmed in claim 2 \/\herel n the read head further includes: 12
ferromagnetic first and second shield | ayers; the tunnel valve sensor and
the flux guide being | ocated between the first and

An object of the present invention is to provide a tunnel valve sensor and flux
guide with improved flux transfer therebetween.

Another object is to provide an insulation layer between the flux guide and the
tunnel valve sensor which permits improved flux transfer from the flux guide to the
tunnel valve sensor.

A further object is to provide methods of making the aforementioned tunnel
valve sensor and flux guide arrangements.

Other objects and attendant advantages of the invention will be appreciated
upon reading the following description taken together with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a plan view of an exemplary magnetic disk drive;
Fig. 2 is an end view of a slider with a magnetic head of the disk drive as seen
in plane 2-2 of Fig. 1,
Fig. 3 is an elevation view of the magnetic disk drive wherein multiple disks

and magnetic heads are employed;

Fig. 4 is an isometric illustration of an exemplary suspension system for
supporting the slider and magnetic head;

Fig. 5 is an ABS view of the slider taken along plane 5-5 of Fig. 2;

Fig. 6 is a partial view of the slider and a merged magnetic head as seen in
plane 6-6 of Fig. 2,

Fig. 7 is a partial ABS view of the slider taken along plane 7-7 of Fig. 6 to
show the read and write elements of the merged magnetic head,

Fig. 8 is a view taken along plane 8-8 of Fig. 6 with all material above the coil



second: shield | ayers; and electrically nonconductive second and third
insulation |ayers | ocated between the first shield |layer and the flux guide
and between the second shield layer and the flux guide respectively; and
the second insulation |ayer also being said nagnetic oxide. a. A nmagnetic

head assenbly as

clainmed in claim1 wherg n the nagnetic head assenbly

further conprises: a wite head including: ferromagnetic first and second
pol e piece |ayers that have a yoke portion |ocated between a pole tip

portion and gybegld l9ads lRbléRN; a nonnegnetic wite gap |ayer |ocated

bet ween the pole

tip portions of the first and second pol e piece |ayers; an

“insul ation st ackFig. ©Hs atlongitilinab prose-ssctiohalyvew efiisduniedl valve sensor bod Susd
bet ween t he ég'.ge g{(ﬁ tigns of, the first and second pol e piece |layers; and
£ Eomat

the first an

18HP% 4%dece | ayers being connected at their back gap

portions, 5.
tunnel val ve

magneti ¢ nonent;

pi nned | ayer
ferromagneti

el ectrical ly i nsul ati veigmRIFFIONGY THICPRESEIGBIMBEDIMER TSy er and

t he pinned |

A mg@e?ggﬁ &Jﬁdggs @W&Val@ﬁg%@'aﬁé 'i‘(‘?—inio'f‘F%. gi m 4 wherein the

senso a ferroma tic pinned™ayer that has a

for pinning the magnetic nmonent of the pinned | ayer; a
c free layer that has a magnetic nonent; and a nonmagnetic

ayer,
Magnetic Disk Drive

Referring now to the drawings wherein like reference numerals designate like
or similar parts throughout the several views, Figs. 1-3 illustrate a magnetic disk drive
30. The drive 30 includes a spindle 32 that supports and rotates a magnetic disk 34.
The spindle 32 is rotated by a spindle motor 36 that is controlled by a motor
controller 38. A slider 42 has a combined read and write magnetic head 40 and is
supported by a suspension 44 and actuator arm 46 that is rotatably positioned by an
actuator 47. A plurality of disks, sliders and suspensions may be employed in a large
capacity direct access storage device (DASD) as shown in Fig. 3. The suspension 44
and actuator arm 46 are moved by the actuator 47 to position the slider 42 so that the
magnetic head 40 is in a transducing relationship with a surface of the magnetic disk
34. When the disk 34 is rotated by the spindle motor 36 the slider is supported on a
thin (typically, .05 um) cushion of air (air bearing) between the surface of the disk 34
and the air bearing surface (ABS) 48. The magnetic head 40 may then be employed
for writing information to multiple circular tracks on the surface of the disk 34, as
well as for reading information therefrom. Processing circuitry 50 exchanges signals,
representing such information, with the head 40, provides spindle motor drive signals
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 rail 56 that supports the magnetic head 40, and side rails 58 and 60. The

an antiferronmagnetic pinning | ayer exchange coupled to the



13 6.. A magnetic head assenbly as claimed in claim5 wherein the read head
further includes: ferromagnetic first and second shield layers; the tunnel
"val ve sensor and the flux guide being | ocated between the first and second
shield | ayers; and electrically nonconductive second and third insul ation

| ayers | ocated between the first shield l-ayer and the flux gui de and

bet ween the second shield layer and the flux guide respectively; and the
second insulation |ayer also being said magnetic oxide, 7. A magnetic head
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front and bagkd second shield layers 80 and 82. In response to external magnetic fields, the

resistance of the tunnel valve sensor 74 changes. A tunneling current (Ir) 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
processing circuitry 50 shown in Fig. 3. The tunneling current (Ir) may be conducted
through the tunnel valve sensor 74 perpendicular to the planes of its film surfaces by
the first and second shield layers 80 and 82 which serve as first and second leads. In a
piggyback head (not shown) the second shield layer and the first pole piece layer are
separate layers which are separated by a nonmagnetic isolation layer.

The write head portion 70 of the magnetic head 40 includes a coil layer 84
s’andwiched between first and second insulation layers 86 and 88. A third insulation
layer 90 may be employed for planarizing the head to eliminate ripples in the second
insulation layer caused by the coil layer 84. The first, second and third insulation
layers are referred to in the art as an “insulation stack”. The coil layer 84 and the first,
second and third insulation layers 86, 88 and 90 are sandwiched between first and
second pole piece layers 92 and 94. The first and second pole piece layers 92 and 94
are magnetically coupled at a back gap 96 and have first and second pole tips 98 and
100 which are separated by a write gap layer 102 at the ABS. As shown in Figs. 2 and
4, first and second solder connections 104 and 106 connect leads from the spin valve
sensor 74 to leads 112 and 114 on the suspension 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.

The Invention



wal | s, wherein the front wall is |ocated between the ABS and the back wall;
a.flux guide having front and back walls wherein the front wall of the flux
‘guide is located at the ABS and the back wall of the flux guide is |ocated
14 between the ABS and the front wall of the tunnel valve sensor; an

el ectrically nonconductive first insulatign |ayer |ocated between and
interfacing the front wall of the tunnel valve sensor and the back wall of
the flux guide; and the first insulation |ayer being a magnetic oxide. a
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for such as aluminum oxide (Al,Os), located between a ferromagnetic pinned layer (P)
214 and a ferromagnetic free layer (F) 216. The pinned layer 214 has a magnetic
moment 218 which is pinned by an electrically conductive antiferromagnetic (AFM)
pinning layer 220 perpendicular to the ABS in a direction from left to right or from
right to left, as shown in Fig. 9. A nonmagnetic electrically conductive cap layer 222
may be provided on top of the free layer 216 for protecting the sensor from
subsequent processing steps. The free layer 216 has a magnetic moment 224 which is
oriented parallel to the ABS and to the major planes of the layers. When a field signal
Hs from a rotating magnetic disk is sensed by the tunnel valve sensor 200 the
magnetic moment 224 of the free layer rotates. When the free layer 224 is rotated into
the head by the field signal from the rotating magnetic disk the magnetic moments
224 and 218 become more parallel which reduces the resistance of the sensor to a
tunneling current Iy and when the field signal from the rotating magnetic disk rotates
the magnetic moment 224 outwardly from the head, the magnetic moments 224 and
218 become more antiparallel which increases the resistance of the tunnel valve
sensor to the tunneling current Ir. These resistance changes are processed as playback
signals by the processing circuitry 50 in Fig. 3. The tunneling current Ir may be
conducted through the tunnel valve sensor by the first and second shield layers 80 and
82 which are electrically conductive. The connection of the source of the tunneling
current Ir to the first and second shield layers is not shown.
The flux guide has a magnetic moment 226 which is parallel to the magnetic

moment 224. A very thin electrically nonconductive insulation layer 228 is located



control ling novenent of the magnetic disk and for controlling the position
of the magnetic head assenbly. 9. A magnetic disk drive as claimed in claim
8 wherein the magnetic oxide is selected fromthe group consisting of

Ni FeO CoO, N O CoFeO, N FeCoO and FeHf O 10. A magnetic disk drive as
claimed in claim8 wherein the tunnel valye sensor includes; 15 a
ferromagnetic pinned | ayer that has a nagnetic nonent; an antiferromagnetic
pi nning | ayer exchange coupled to the pinned layer for pinning the magnetic
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transferred from the flux guide 206 to the tunnel valve sensor 200. The present
invention improves the transfer of flux from the flux guide 206 to the tunnel valve
sensor 200 by making the insulation layer 228 of a magnetic oxide. The magnetic
oxide is preferably selected the group consisting of nickel iron oxide (NiFeO), cobalt
oxide (Co0Q), nicicel oxide (NiQO), cobalt iron oxide (CoFeO), nickel iron cobalt oxide
(NiFeCoO) and iron hafnium oxide (FeHfO). These materials provide electrical
insulation between the flux guide 206 and the tunnel valve sensor 200 as well as
permitting an improved amount of flux to be transferred from the flux guide to the
tunnel valve sensor. With this arrangement the magnetic moment 224 will be more
responsive and will follow more closely the rotation of the magnetic moment 226 of
the flux guide. A preferred thickness of the magnetic oxide insulation layer 228 is
10A and may be in a range from 5A to 30A.

An electrically nonconductive insulation layer 230 is located between the first
shield layer and the flux guide 206 and an electrically nonconductive insulation layer
232 is located between the flux guide and the second shield layer 82. Since the first
and second shield layers 80 and 82 serve as leads for conducting the tunneling current
(Ir) vertically through the tunnel valve sensor 200 the insulation layers 230 and 232
prevent the shield layers from shorting to the flux guide. The insulation layers 230
and 232 may be made sufficiently thick so that conductive material will not be
smeared between the shield layers and the flux guide to cause a short therebetween.
In a preferred embodiment the insulation layers 228 and 230 are fabricated from a
magnetic oxide and are sputtered simultaneously to a desired thickness. The

insulation layer 230 may be made additionally thick with magnetic oxide or some



is |l ocated between the ABS and the front wall of the tunnel valve sensor;
formng an electrically nonconductive first insulation |ayer between and
~interfacing the front wall of the tunnel valve sensor and the back wall of
the flux guide; and formng the first insulation |layer of a magnetic oxide.
13. A nethod as clained in claim12 whergin the nmagnetic oxide is forned
fromthe group consisting of Ni FeOQ, CoO N O GoFeO N FeCoO and FeH O I 4.
A nmethod as claimed in claim 13 wherein a making of the read head further
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then located between first and second side walls (not shown) of the sensor and the

hard bias layers for electrically insulating therebetween.

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
invention 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.



formng an insulation stack wth at |east one coil |ayer enbedded therein
bet ween the yoke portions of the first and second pol e piece |ayers; and
‘connecting the first and second pole piece |layers at their back gap
portions. 16. A nethod as clainmed in claim1l S wherein the tunnel valve
sensor i s made conprising the steps of f?[ning a ferromagnetic pinned | ayer
that has a nagnetic nonent; formng an antiferromagnetic pinning | ayer
exchange coupled to the pinned | ayer for pinning the magnetic nonment of the
pinned | ayer; formng a ferromagnetic free |layer that has a magnetic
nonent; and form ng a nonmagnetic electrically insulative barrier |ayer

| ocated between the free |l ayer and the pinned |ayer. 17 17. A nethod as
claimed in claim16 wherein a maki ng of the read head further includes the
steps of formng ferromagnetic first and second shield |ayers; formng the
tunnel val ve sensor and the flux guide between the first and second shield
| ayers; and formng electrically nonconductive second and third insulation
| ayers between the first shield layer and the flux guide and between the
second shield |ayer and the flux guide respectively; and form ng the second
insulation |ayer also of said magnetic oxide. 18. A nethod as clainmed in
claim17 wherein the magnetic axide is fornmed fromthe group consisting of
Ni FeO, CoO, Ni O CoFeOQ N FeCoO and FeHf O
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CLAIMS
1. A magnetic head assembly which has an air bearing surface (ABS),
comprising:
a read head including:

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

a flux guide having front and back walls wherein the front wall of the
flux guide is located at the ABS and the back wall of the flux guide 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 first insulation layer being a magnetic oxide.

2. A magnetic head assembly as claimed in claim 1 wherein the magnetic
oxide is selected from the group consisting of NiFeO, CoO, NiO, CoFeO, NiFeCoO
and FeHfO.

3. A magnetic head assembly as claimed in claim 2 wherein the read head

further includes:
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D} 0aS4s10%&' ()- 4 A magnetic héad assembly as claimed in claim 1 wherein the magnetic

head assembly further comprises:

a write head including;

ferromagnetic first and second pole piece layers that have é 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;

and

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

gap portions,

5. A magnetic head assembly as claimed in claim 4 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 that has a magnetic moment; and

a nonmagnetic electrically insulative barrier layer located between the free

layer and the pinned layer.
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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; and

the second insulation layer also being said magnetic oxide.

7. A magnetic head assembly as claimed in claim 6 wherein the magnetic
oxide is selected from the group consisting of NiFeO, CoO, NiO, CoFeO, NiFeCoO
and FeHfO.

8. A magnetic disk drive including at least one magnetic head assembly that
has 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;
and

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

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

a flux guide having front and back walls wherein the front wall of the

flux guide is located at the ABS and the back wall of the flux guide is located
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and 1nterfac1ng e f ont wal of the tunnel valve sensor and the back wall of
the flux guide; and
the first insulation layer being a magnetic oxide.
a ferromagnetic first shield layer;
the tunnel valve sensor and the flux guide being located between the
first shield layer and the first pole piece layer; 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;
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.

9, A magnetic disk drive as claimed in claim 8 wherein the magnetic oxide
is selected from the group consisting of NiFeO, CoO, NiO, CoFeO, NiFeCoO and
FeH{O.

10. A magnetic disk drive as claimed in claim 8 wherein the tunnel valve

sensor includes:
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a nonmagnetic electrically insulative barrier layer located between the free

layer and the pinned layer.

11. A magnetic disk drive as claimed in claim 10 wherein the magnetic
oxide is selected from the group consisting of NiFeO, CoQ, NiO, CoFeO, NiFeCoO
and FeHfO.

12. 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 recessed from the ABS and having front
and back walls wherein the front wall is located between the ABS and the
back wall;

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

forming the first insulation layer of a magnetic oxide.

13. A method as claimed in claim 12 wherein the magnetic oxide is formed
from the group consisting of NiFeO, CoO, NiO, CoFeO, NiFeCoO and FeHfO.

14. A method as claimed in claim 13 wherein a makng of the read head

further includes the steps of:



@o0%& ()-/guggg+hvhhdEbCys1S

10%& ()-,y10%& ()-,y109%& ()-,yl109%& ()-,y10%& ()-10%& ()-hh)ioiij"jdEbCys1S*
109& () -, ) 109%& () - S@&f

109%&' () -, $10%&' () -, #10%&' ()-S ! MLOY&' ()-"j || kekkkkkdE:/ 10

10@10%& ()-,810%& ()- @ 109 ()-yF110%g()- @ 109 () - SS,

109& () - kkkkJ! {I'| nxY:/ 10SF10%& ()-SY

109&' ()-y10%& ()-S109&' ()- S@OY&' ()- y10%& ()- 1Omrenmm/ ndE:/

10Sf Y10%& () - @ 0%orfning ﬁ&bﬁfé&lét)cﬁrsﬂﬂmeébnc&l@&’&k(ykrsy 10%& () -

/ nYnnnn5o00dE: / 10S, @10%&' ()-$10%& ()-,"10%& () -, L! 109& i)-lO%& t(')_’

1098 () - Oopdpxpppggnyl g ths, wrookvalye S@m&n(i)the ﬂwomdg between the first and

+109&' () - y)l % p@]qqqqqquC 10f 109&' () - @0%& ()- 10 10 10@
100& () -, Lo ‘?gl@@fé% 83‘@%.21 q*rDrrrsFESAEbC 10S&&10%& () -y 10%& () -y

109%& ()- S 109 formii %@m@li nductive Second bhd HERGndN A6 afdrs Btween
109 ()-ylOo9%& ()- @0% 0% ()-Ss10%&' ()- tt%uvuuuvdEb
the first shield layer and the flux guide and between the second shield layer and the

flux guide respectively; and

forming the second insulation layer also of said magnetic oxide.

15. A method as claimed in claim 12 wherein the making of the magnetic
head assembly further comprises the steps of:
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.

16. A method as claimed in claim 15 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 that has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer located between

the free layer and the pinned layer.
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forming the tunnel valve sensor and the flux guide between the first and
second shield layers; and
forming electri¢ally 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; and

forming the second insulation layer also of said magnetic oxide.

18, A method as claimed in claim 17 wherein the magnetic oxide is formed
from the group consisting of NiFeO, CoO, NiO, CoFeO, NiFeCoO and FeHfO.



