;e3eE E$4 6> T X' .1 TUNNEL VALVE SENSOR W TH NARROW GAP FLUX GUI DE
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to a tunnel valve sensor with a narrow gap flux guide and, nore
particularly, to such a flux guide which has inproved saturation

magneti zation. 2. Description of the Rellated Art The heart of a conmputer is
a magnetic disk drive which includes a rotating magnetic disk, a slider
that has read and wite heads, a suspensi on arm above the rotating di sk and
an actuator armt WMNNELHQSLYEGSM%IH& NARROYY GAR FLARCGUHBE and wite
heads over selected circular tracks on the rotating disk. The suspension
arm bi ases the slider into contact wth the surface of the disk when the
disk is not rotating but, BROKGROUNIKOFXHEdNVENTION swirled by the
rotating disk adjacent_an air bearjng surface (ABS) of the slider causing
the slider to ride onFigldaftheJayention 3 s|ight distance fromthe surface of
the rotating disiehe aBndififertibh dkted 1P infll VaR s3hior BARId ArdwiBaptiit € and
read heads are enployed for witing magnetic Inpressions to and reading
magneti c fi euiflesingnaiose paienlatly, toosughianfuxiigyide Whieh hag éimprevedypateratieads ar e
connected tq, Qt?z%?i?ﬁng circuitry that operates according to a conputer
programto i enment the witing and reading functions. An exenplary high
per formance read2head Desqiigion of the/RelakedvAaltve sensor for sensing the

magnetic field signgls fromthe raotatin netic di,sk..The sensor. i ncludes
P nonmagnet | of dGF deEh of § JAumolsE o el ARE drig YRethinehides Saptne

sandwi ched beiphBRNdRk,f £HRIBEAHak Gedd AHATiteANREs, 3 ShsPerfsfn’ ATRSREIthe f I €€

| ayer. An antiferromagnetic pinning |ayer interfaces the pinned | ayer for

pi nni ng t he refatiRgedik anfapeactuagar aim dhas syhgs thespenengion e trplagertheiead ppd)
surface (ABQ), i 1 C f at
Taces the roris peut el WadePekaud kPR i ULATEL The SudBRTAL ol

f er r omagnet ibtasés the slidendnte comtact veith the durfaoged the disk wherathel diskdomat rbtinls, whi ch
may be the first. a econd shi.el d | [s,. are.connected to the tunnel

vai ve-sensot b SteBdfie BB PGS ich s e HoRAFERRF SBFert It SeRBE Cur 1 ene
i's conduczI edmﬁﬁep@?ﬂ)cw the srl,lirdent lbausmy' e dlidemplideam 4CRE)beafing heslippnsor as
contrasted to a tunpe ve sensor eret sense current IS
conduct ed p&tSaneefropmghe %Pmpgﬁlef?tﬁ%@alﬁe%etﬁp)sﬂ&rr 8 on e pDopR
sensor. A MygNQk#E ai® B héids the empﬁﬁyeh%ﬁwtﬁagfm@@eﬁ@ ipFeadiensuvandll y and
downwardly wth respect to the ABS from a quiescent or zero bias point

posi tion i nreadigonagnetiy fiskksignaleframdhe sefating dislndhe raad apg syrife dpagdsamre £ rom
the rotatin J J he . qui Y j ment
of the fr:aeg?lg?/egirg,g% f(gdﬁ%sg %igbﬁlétﬂrgﬁ% g&%ﬁgggdgglﬁgg&éﬁgﬁs?ﬁggg nds?g t(fzntjrrent
i s conduct edmplementthe wniking emdeading fimetipnsragnetic fiel d signals fromthe
rotating nmagneti g _disk.,\Wen,the magnetic ,moments of the, piinned and free
| ayers gre gar al |°"m"P}?‘¥ E@Bé’@fe\fo?lbaq’(?ﬁéeagir‘}’c??ﬂg?‘p{%ﬁﬁaWg?ﬂ e &3 Phe
tunnel val veesgipsthe indgictie figddStenaldr frémt thé [rétatihg nddgnatidnidisk MuThé@Rehsohen

their magneti nments are antiparallel the resistance of the .tunnel valve
sensor to tHE’? hs@ RQmMagRety Iei‘)"trfcé‘lét “%Pcﬁﬁ‘;&lcﬂl‘.’l‘?nm@ﬁi’ﬁgegri'ﬁ‘"t‘%s'@'@énce of

the tunnel yaldwaciRabeRech d f@rdhiphbli©PinAéd RS d s RaghetiS fitd RyaN AL

bet ween the nmagnetic nmonents of the pinned and free | ayers. Weén the sense
current (| spntifsrewagnetic dinning lsygrhintentacesthe pinnod layer s pimying thegnagnghic e
changes, du i: I t . i i i C

otonti al chshhntSl e iRyt 0710 Al Bt MABOBY Mha peCRH . e
sensi tivityanexpdsed surface lof el sessos ¢ daces thequmating tisk.dTlestunmed velve sesost | ve

coefficient.dr/R where dr.is the.change ,n resistagnce of _the tunnel, valve
sensor f ronferoﬁ?tﬁ&hll?F ween Jppipagietie H%"?"F’éi sr%?%ﬁftgelaﬁayfer%ngﬁtdmﬁJ?ﬁqg%d | ayers
paral l el) t Qad@XiiTiNHa§VeSthe T nbBebsd $hidl® MyeEss af conhgctéd Rethdehiel nned

| ayers antiparallel) and Ris the resistance of the tunnel valve sensor at
mi ni mum r esValvarsersor faie conduting agsange rurrentathomstiseughor Tharsene SHTARAS or der

f 40% 9 i I ' d
Chi ol d | ayerSRRet phBedElihelo i, PRlof S1F At S ol SE e oRASeRES 1o

val ve sensor so that the first and second shield |ayers serve as |eads for

conducting the sense cnﬂu“uﬁmm“mmmﬂ“mhrough th ve sensor

per pendi cul ar to the f the Iay%‘%ﬂ%‘ “mm “Jnnel val ve sensor.
The tunnel val ve sensor hasgobwr*st and second surraces which are nornal
to the ABS. First and second hard bias |ayers abif’Phe first and second
side surfaces respectively of the tunnel valve sensor for longitudinally

bi asi ng the magnetic domains of the free layer. This |ongitudinal biasing
mai ntai ns the magnetic nonent of the free |ayer parallel to the ABS when
the read head is in the quiescent condition. 3 Magnetic head assenbli es,

Y 1 o




Still another object is to provide nethods for making the aforenentioned
flux guides for the tunnel valve sensor. Cther objects and attendant
advant ages of the invention will be appreciated upon reading the follow ng
descri ption taken together with the acconpanyi ng draw ngs. 5 BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a2plan view of an exenplary nmagnetic
disk drive; Fig. 2 is an end view of a slider vm'th a rragnetic head of the

di sk drive as seen in plane 2-2 of Fig, 1; Fig vatlon VI ew of
the magneti @ tamseﬂ(veiw vensghwherp ﬁhwp@q wr@nhxssofegdw m@ﬁé e Raieistilap e

enpl oyed; Figgmed ('JI?’ ﬁf‘tlihst&ﬂfei LhiGe Eé&s&shrﬁﬁéﬂﬂc%oﬁé?lt %i‘ﬁﬁﬁ%&ﬁ%ye?‘i?ﬁ‘é‘@s' on

system far uppo t| der and magne IS an ABS vi ew
of the sliddo rcttakapwaidbn@d;ﬂoa\nmaﬂilﬁ with rFspgf;t 19 theFA@S ftbm 8 qalemnt orageryi ew of

t he slider a. g netic head.as en |.n plan 2, Fig.
e h part B SRl FoREGR oF F8RbAsE 1 BaNt S pRE Sekelifh, Msliis Bidla Signlipronf L T
show the reagk ﬂiﬁdm\gﬁh&gheﬁé GmﬁntﬁleQiulésbﬁlt rpamﬁed off Bl Mlapietio aAskhedti f.thd is a
view taken along plane, 7-7 of Fig. 6 with allpggtgrlal above the coil |ayer

and | eads r &egviayer, pihiph ig pagallgl F‘bﬁ?ﬁ ABS: i whe Qnse tquRRY 1 eqndustedit i on of
a prior art g e\ééﬂs&ewﬁﬁ&ﬁﬂfagﬁé?ﬁ fﬁ:ld’éE‘PJls ﬁ&h tﬁé%tagh&%netﬁcﬁsk 10 is a

vi ew taken al ong plane 10-10 of *Fi g I's a |l ongitudinal
cross-sectional Whensthe magoenmmomemtn ofidhe mansﬂbamieﬁs@)laywstﬂﬂe parallelswith

enbodi nent K | ane
12-12 of Fi SCSP%L}% gs"g%ﬂf ti’gieﬁ%g"ﬂlg?toﬂ@ egtgp&%r\}gggasseé% [ on}?el S%Hﬁaés rfatlto I on of
the tunnel V&) m@taemmumnathensﬂmﬁnﬁhgeadm)dbmm aef alttﬂperallelaherﬁsmfdnue( gui de;

Fi 14 is a t ak I 14- 14 of Fi Fi 1
ongi L udi naldf o Bena e Ye R Bithe seist e IDHE 2% A i EhEREEHR i th a

ta PBLS Srggg'rlé’%sl%fg@gcfttﬁ? gﬁﬁ)eseame Erddr BUA Biction @f o8 -0, WheteSAas Wieendigken

between the magnetic moments of the pinned and free layers. When the sense current
(Is) is conducted through the tunnel valve sensor, resistance changes, due to field
signals from the rotating magnetic disk, cause potential changes that are detected and
processed as playback signals. The sensitivity of the tunnel valve sensor is quantified
as magnetoresistive coefficient dr/R where dr is the change in resistance of the tunnel
valve sensor from minimum resistance (magnetic moments of free and pinned layers
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
perpendicular 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.



6 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Magnetic Di sk Drive Referring
now to the drawi ngs wherein |like reference nunerals designate |like or
simlar parts throughout the several views, Figs. 1-3 illustrate a nmagnetic
di sk chive 30. The drive 30 includes a spindle 32 that supports and rotates
a magnetic disk 34. The spindle 32 is r@8tated by a spindle notor 36 that is
controlled by a notor controller 38. A slider 42 has a conbi ned read and
wite magnetic head 40 and is supported by a suspension 44 and actuator arm
46 that is rotat degrepobead aspaeblisy, whereiatagsh sragactic head jagsemblly inchidesipsks,
sliders and I QNS I . cl. by 6i.rec ccess
st or age devi%??%ﬁ@h? %a‘gﬁgﬁg?m&; c?ﬁB{gﬁé&ﬁl ?!r p%ﬁjgh%ggéﬁ%ndn 40021'}{%1%5?:1% gat or
arm 46 are mafad Affertdompletionat the widert lovgipthe twader is dized intol eswsl3f magrchiat t he

magneti c head 40 is j.n a trapsduci relationship with a surface of the
Tagnet i o di ka8 ASTHIR koD aRven Hhwed 0¥ BBIE PHISSHRIEP BOLE 36 ¢ he
slider is sypaRidrafhe@Rirtbdalthg surtacRi(ABIS) Y In a GpieiDiumiés PAI0S &l 1RbE afl FT
beari ng) between the surface of the disk 34 and the air bearing surface

the di s t
(ABS) 48. THbe lauernaty exppsedcpt o AR, namely Bist edgss of eaghfof the first shigdd layebr mat i on
to multiple,gl I : i : l..as for
readi ng i nf (gfr;érrga%%?(l)a%’%{’ trt]]'iee?g%eflg%&, %rg ?8’32"’2 .iaﬁ’ggé] %I%E‘ﬁar@’ %’éllgégﬁgﬁg]ggrgp gnal S,
r epr esent i nghessechnd siield dayer. oOppoasite bdges of Hesallaf@s apprrevdsskelsin S Insdtie Thet or

drive signals for, rotatin he .magnet i.c di,sk and. provi d ontr gl

i gnal o Lo tREEdpieRinn very UG IRD oh e tredipt 20A TR s He 6% 8 o 4
the slider 4ynred IsfResweriolblé eslohicarfbtlfed P €RSABS. AXthenld fove 0O RRARAdIcShed@sCr | bed
her ei nabove may be mounted on a fra 55, as shown in Fig.

I 54 of a housin
3. Fig. 5 i ssmbhpsisjanped Hiere ina@ high gk of magnete mﬁsrlﬁetgmthecfrqe@aé pywed The
slider has ' S ' d si de
rails 58 angm§%f5§%%5§g%?§§g%§@g§‘gggQ%gﬁgﬁgﬁﬁ frgﬁkgmgggsgégggﬁ%gﬁ. Wth
respect to rtharats antromg-feltonesd 4o sonstrudi magdtic head assepblies with teme] salye a
| eadi ng edg : {.der. ' ' a i ling
edge 66 of ? ]ﬁg&s‘ﬁh}ftélpamélldé%éh(?gg%aés}%éewg'r@ g}selg Cag@@?ﬁ 8%3%”% ag&/lg:t'ﬁ%ﬁad\% ew of a
mer ged nagned lappingad 40, which includes a wite head portion 70 and a read
head portion 72, the re head portion enpl qyihg.a tunn val ve. sensor 74
of "t hepr eaent -+ AyameRrior Brejentiel diod aes Hecbitiift g Stené et JANE val ve
sensor 74 i sesdn dWoGBads bRl tRRN vAIRE lsensd MethirCthe ihead and proditld SAMPREIdsNi el d
| ayers 80 and 82. |In response to external pagnetic fields, the resistance

of “the tunndetkesnike ABIswd theseaperfge guidmefiix uenaligfren the ptatmemmagistisiuct ed
t hrough t he : e i éﬁgy- as
potenti al cﬁgﬁggg&:#ﬂggg?%%te_fF%ﬁa?ﬁgﬁgggcg?gggﬁggﬁgﬁggessedégii@g%dback
signal s by théeptabilizedibyghaed bingilayeys 50 esefowide jof the ux puideheThauprier amhg

current (IT . : t ... r

per pendi cul )(g? oa$' gté&glﬁgﬁgfs&gqlgﬁdgﬁg |n]em suél#ggglgsn 1%(3%}1 ifﬁ%ﬁ?ﬁgtc}éﬁ%ﬂ%cond
shi el d | ayetlse #itkaesd 083 nidkikinorsfhuw guids layer 5t106Adt #ecARS in ealdsto grovide

pi ggyback he not sho the,second shield l.ayer and the first pole piece
ey are sSelsREnERperlon PERETBE Dt g sieneiDSto E iraibanadoehio fRky b

| ayer. The Vhhefeds Be@ongdeflttrieed to/f@d@de thiRehioRRS drdetaadncséhst fifel lid@sread Coi |

| ayer 84 sandwi ched between fast and second insulation |ayers 86 and 88. A
third i nsul 2t dmsikygetheorsaddigadye Vhen thedinepyreag) bih density iy ingseaspd a9pre o
elimnate ri i i |- aty i | ayer
84 ho. 1 SPRRER i dub Be DAEATer S, iR g Ekalk GRS RIUPE hlfefOl! 12
art as an "iwhich intriegses teastidge chhacity@if thel aoypute4 and the first, second and
third insulation.layers 86, 88 and 90 are sandw ched between first and
second pol e piece layers 92 and 94. The first and second pol e piece |ayers
92 and 94 are magnetically coupled at a back gap 96 and have first and
second pole tips 98 arid 100 which are separated by a wite gap | ayer 102
at the ABS. As shown in Figs. 2 and 4, first and second sol der connecti ons
104 and 106 connect |eads fromthe tunnel valve sensor 74 to | eads 112 and
114 on the suspension 44, and third and fourth sol der connections 116 and
118 connect |eads 120 and 122 fromthe coil 84 (see Fig. 10) to | eads 124
and 126 on the suspension. Fig. 9 is a longitudinal cross-sectional view of
a prior art head 72 wi sh a tunnel valve sensor 200 | ocated 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 fromthe
ABS. A flux guide 206 has front and back surfaces 208 and 210 wherein the
front surface 208 forns a portion of the ABS and the back surface 210 is
magnetically coupled to the front surface 202 of the tunnel valve sensor
200. 8 The tunnel val ve sensor has an electrically nonconductive barrier
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whi ch enploys a flux guide 400. The flux guide 400 includes a first |ayer
402 of iron nitride (FeN) and a second | ayer 404 of nickel iron nol ybdenum
5Ni FeMb). Nickel iron nolybdenum has a uniaxial anisotropy (HK) of about 1
2 Ce which is only about 10% of the uniaxial anisotropy (HK) of either
nickel iron or iron nitride. Accordingl 9, t he nickel iron nol ybdenumis
significantly nore responsive to fi eI d si gnal S (HAP) Fromthe rotating
magnetic disk. The magnetization (4~ i s about 50% of the

magneti zation (4~Ms) of ni ckeﬁUMMARa‘ﬁ Fa'BH@tI%/%‘@ IONhe magneti zation
(4-Ms) of iron ngg&l ; &.@gﬁtﬁ{nyg& hﬂﬁ'@ﬁﬁ%%ﬁh@{unﬁa%al\@ys%ﬁs%r%&9%404 of

the flux guide 4 i'n order to obtain an equi val ent
magneti zat i dmn(rA&NB)(Fdﬂ) layﬁrO@lAch hasctiwviesi thi eaghetimation a&nlglmldmnl (AjEg). 228 in

Figs. 9 and 10 a e 37 ron.nitride f.or d_25A of
ni ckel iron BF ﬁ??f\‘?‘?@%ﬁm til © fIfX lélfil\gaﬂaﬁl %ﬁé°€§%" Plg&ffc‘fvﬁbﬂ

bet ween thetﬁﬂcmerss ohé-Bhld opaBepiiad ard Ibkendoh h@yesemdrcﬁﬁglgl melsaw 1182 in

Fi gs. 13 and 14 is 38A as conpared to 50A. r the reduction.in in the

prior art eriibide AEngudn b ¢an e P ingteathef P@ mﬁbmce&th%reﬁﬂa&pgﬁ e 400
in Figs. 13 antheldbl36A2 Al 3ituided AREIbOVEPHRViRE eh Ve 1&@5:%5@& alsrpt r opy

{HK) whi ch | nproves” the responsiveness (sensitivity) of the nagnetit nonent
248 of the fofshe rgad Hend4ado a pefeired dmbodimahts howewey, 4 sasomd }ae!elm;ftrackehgonagneu c

di sk. Accordi on L,ron .nitride | ybdenum
| ayers, as %0 g%&éhﬁﬁl‘—(:bﬁﬁﬂ% e“ﬁ&éeﬁa’giﬂtg&%aéh t;l)lge? 1ea§l #agégls%%)&n@t&of t he
present i nvekd fleaguids. (Wilmahedniramat h}ﬁsd‘tidpyt(Hgﬁhaédumdtth@ﬁaagﬂmcmicaﬁamt
invention ill ated .in Fi 11 and E{,Z‘pAs P|tiﬁgwr'lhlll he preferr

enbodi nent ﬁ@ ¥ BWARISMOR Teronsivep fiF Sighals o the cofating sasgnede diy cker
than the th'vﬂhaﬁﬁ%reaéesttﬁ@saisﬁleﬁ& of [ReAPha4Ad AW BXdni)i g?l\é@éon'daéﬁﬁfodﬂ%t

third enbodi ment of the present”invention is illustrated in (g\s 15 and

16. In this eawbodi 3htofaran pitride jand 2@600%rmpﬂkewonun@1wbd@umay@r b#s Bron
nitride 502@%9%@% wﬁ ﬁl@ﬁ’t Q& 60'ApLF ei‘ic?h Ofn HiSKE 1n¢IEQPe ﬂph%ﬁ@um

(Ni FeMb) 50 are lam nat in an alternating relationship.
Each of t he ldyay arcseasesythb endpétization kvhvle '[ﬂiIB tikkel oxpinsmalybiieyper l:ayéﬂﬁcmamts 506

i1 e | aydi el aiphiont THEL PR miciGey et Serpalr T BEReBUIbOR S

ni ckel iron flml gtidtead corpihré® b ihel Ryr@EsbilY Cofan dickdOirdrs fld4d Auidehi B §tif al

| Fon ol ybd SHOHT ERORNISH pEgE PESSHY SnaAtonB RLFHE P 0 BEGR dpdmidkelfgn
advant age oﬁn&gﬂeaﬁml tlaﬁ?@l are@ iR #ate@n mh | 3yBERNI Nihick8Sssesl StoaNgtovide OVer
the layers in 13 'and 14 is that the magnetization (4~Ms) ‘and the

uni axi al anilmfpt@p'yme pRoivalentioa 1094 thigh piskelsom iy glll@felabf@fr‘éhl Proyides t han
the magneti ““’3‘2 the fl ux
guide in Fi é@éa{@% ang&%?reﬁag%ﬁésagig% gal%locea 5?8%219@%0 i'tron for the iron
nitride (FeN) isAfedyeds ofitle pmanphn'bmanels te pnpudsi ahmmeleaivetMSommkl'eh iron
mol ybdenum (Ni Fegéo) C}an 78FeMs houl d be noted that with the

enbodi nment |VY‘R} lqu&P%rﬁW yﬁe %B 11 and 12 the read gap is

reduced whil e t enotifnsbiebtvis iy ptovideletuhnel vdlveisgimsal svithH Suxpguids whith Imene as a
ni ckel iron flux (?w de. However, wth the preferred invention shown in
Figs. 13- 16impioyed @agnelizations not only decreased but the sensitivity to the

flux guide is i Wf&ﬁl@fjobjgt%‘f cPf'OVlaé Q%Inn@f’@é]’&@ ﬁﬁ%%lﬁﬂﬂﬂﬂ?@iﬂﬁé GAaldnang of

tlvs invention wll occur readily to those of ordinary skill in the art in
vi ew of thesmpltoeatmag@e;ﬁzammeamdﬂmpmved mhigxiahanasetriopy (). t o be || m ted only by
the following c i atlons
when viewed in %@%%%%#%bﬁpm {]ﬁ ﬁﬂgldgé%%@é@gggmgﬁﬁ %%ﬁgﬁ accorrpanyl ng

drawi ngs. ' guidé@forklRl thmel valde sagoet i ¢ head assenbly which has an a| r

beari ng surface conprisin a read ad incl ud, a tun val ve
sensor havi ng thg?ft iﬁftﬁs %Mteﬂéﬂngéd‘(ﬁﬂ@g%ﬁ @f%@VF#tth@&%WPP@C% dP8B-d from
the ABS and éa% ﬁ@fo@l@uﬁﬁ‘%‘d@ ﬁoﬂ%&ﬁ%g@ﬂﬁrmﬁtﬁ@%o hdyin@diahings gui de

havi ng frontr back walls ﬁlhqberel n the front wall |isﬂ§ oyca%add at” the ABS
and t he back waII is |located between the ABS and the front wall of the
tunnel val ve sensor; an electrically nonconductive first insulation |ayer

| ocat ed between and interfacing the front wall of the tunnel valve sensor
and the back wall of the



flux guide; and the flux guide including at |east one layer of iron nitride
(Fel~. 2. A magnetic head assenbly as clainmed in claim1l wherein the tunnel
val ve sensor includes: a ferronmagnetic pinned |ayer that has a nagnetic
monment; an antiferromagnetic pinning |ayer exchange coupled to the pinned

| ayer for pinning the magnetic noment off the pinned |layer; a ferromagnetic
free |l ayer which has a nagnetic nonent; and a nonmagnetic electrically
insul ative barrier layer |ocated bet ween the free Ia er and the pinned

layer. 3. A magnetic headBRIEERESCREPHIQN RIITHE BRAWINGSher ei n the head

assenbly further I ﬁa‘g{g ond shield | ayers;
the tunnel valve Flé ﬁlsl(y)rg%dnc}gﬁgp E‘S’L“?%Iéfag‘ﬁ“ﬁgl oc§/'(téed between the first
and second shi el &Fig.2yiens endwmdwalfaclidérorit y magmetiohdatof the dsk darelassednt hi rd

i nsul ation l.ayers between the first shield | ayer and the flux guide
and between ‘?\églgé@o‘?ﬁ‘%ﬂrel d layer and the flux guide respectively. 13

4. A magnetic heagl @smﬂmévaﬁ&a GlleW dMRfe indghdtRi dRk Vel IRiréin tiatiple Wiskgui de
consists of one iron nitride (Fe I ayer and one nickel molybdenum (N FeM)

layer, 5. Aandgenstc hredvaraseiploned as’ claimed in claim4 wherein a

t hi ckness of the o) ik T i s of

the nickel iron rlrjlo ﬁéﬂ%&k%tégmsﬂag&g fa% é&%esgl%%ﬂﬂ Q%tglggﬁ) ly as
claimed in Ghmmumﬂwbe}idﬁrmdhmgrﬂdmmegﬂu de consists of three iron nitride

(FeN) and two ni

magneti ¢ head as?(é%‘gl %5‘353?10% ﬁﬁlier?“il\h i éi(\%@a& ﬁai‘lﬁfgﬂ | %gilsc Eiaag\

assenbly further F@RPisi Stialoviow iof ehslRidr bt b Wibrfdl mh@ietiomeaned seenfihr st and
second pol e E ece Bfgl}%{‘ers that have a yoke portion | ocated between a pole

tip portion 4 ap portion; a nonmagnetic wite gap |ayer |ocated

between the pol el i RY pdrRAISABS VidWF of IHeShiddNEkSLABREL pRAL 0-PLEER. bayers:

show the read and write elements of the merged magnetic head,;

Fig. 8 is a view taken along plane 7-7 of Fig. 6 with all material above the coil
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 Fig. 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 along plane 16-16 of Fig. 15.



an insulation stack with at |east one coil |ayer enbedded therein |ocated
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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
rails 56, 58 and 60 extend from a cross rail 62, With 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
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magneti c di sk dr|ve as clai'nmed i'n clarm 11 wherein the
insulation layer caused by the coil layer 84. The first, second and thll'd 1nsulat10n

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 tunnel
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.

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.
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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 It. These resistance changes are processed as playback signals
by the processing circuitry 50 in Fig. 3. The tunneling current It may be applied to
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 It to
the first and second shield layers is not shown. A nonmagnetic and electrically
nonconductive insulation layer 226 insulates the first and second shields 80 and 82
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
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electrically insulate the nickel iron layer 228 of the flux guide from the first shield
pedestal 230 and the second shield layer 82 respectively. An electrically
nonconductive third insulation layer 236 insulates the back surface 210 of the flux
guide from the front surface 202 of the tunnel valve sensor as well as insulating a
back surface 238 of the first shield pedestal from the front surface 202 of the tunnel
valve sensor. The insulation layer 236 is very thin, on the order of 84, so as to permit
flux transfer from the flux guide 206 to the tunnel valve sensor 200. As shown in Fig.
10, first and second hard bias 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
second 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
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.
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iron molybdenum has a uniaxial anisotropy (Hg) of about 1/2 Oe which is only about

10% of the uniaxial anisotropy (Hy) of either nickel iron or iron nitride. Accordingly,
the nickel iron molybdenum is significantly more responsive to field signals (Hap)
from the rotating magnetic disk. The magnetization (4nMs), however, is about 50%
of the magnetization (4nMs) of mickel iron and about 25% of the magnetization
(4nM5) 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 50A 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 significantly 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. Accordingly, a

lamination of iron nitride and nickel iron molybdenum layers, as shown in Figs. 13
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preferred embodiment, the thickness of the iron nitride (FeN) layer 402 is thicker than
the thickness of the nickel iron molybdenum (NiFeMo) layer 404,

A third embodiment of the present invention is illustrated in Figs. 15 and 16.
In this embodiment a flux guide 500 employs multiple layers of iron nitride 502, 504
and 506 and multiple layers of nickel iron molybdenum (NiFeMo) 508 and 510 which
are laminated in an alternating relationship. Each of the layers may be 12A thick with
the outside layers 502 and 506 being iron nitride (FeN)., Accordingly, the total
thickness of the iron nitride layers 502, 504 and 506 is 36A and the total thickness of
the nickel iron molybdenum (NiFeMo) layers 508 and 510 is 24A. This total
thickness compares to the thicknesses of the iron nitride (FeN) and nickel iron
molybdenum (NiFeMo) layers 402 and 404 in Figs. 13 and 14. The advantage of the
additional lamination of layers in Figs. 15 and 16 over the layers in Figs. 13 and 14 is
that the magnetization (4nMs) and the uniaxial anisotropy (Hx) of the flux guide 500
will be more uniform than the magnetization (4nMs) and the uniaxial anisotropy (Hk)
of the flux guide in Figs. 13 and 14.

Discussion

The preferred composition for the iron nitride (FeN) is FeosNs and the
preferred composition for the nickel iron molybdenum (NiFeMo) is NisgFe;7sMos. 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.

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.
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CLAIMS
1. 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; and

the flux guide including at least one layer of iron nitride (FeN).

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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consists of one iron nitride (FeN) layer and one nickel molybdenum (NiFeMo) layer,

5. A magnetic head assembly as claimed in claim 4 wherein a thickness
of the iron nitride (FeN) layer is thicker than a thickness of the nickel iron

molybdenum (NiFeMo) layer.

6. A magnetic head assembly as claimed in claim 3 wherein the flux guide
consists of three iron nitride (FeN) and two nickel iron molybdenum (NiFeMo)

alternating layers.

7. A magnetic head assembly as claimed in claim 3 wherein the magnetic
head assembly further comprises:

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,

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.

8. A magnetic head assembly as claimed in claim 7 wherein the flux guide

consists of one iron nitride (FeN) layer and one nickel molybdenum (NiFeMo) layer.

9. A magnetic head assembly as claimed in claim 8 wherein a thickness
of the iron nitride (FeN) layer is thicker than a thickness of the nickel iron
molybdenum (NiFeMo) layer.
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alternating layers.

11. A magnetic disk drive including at least one magnetic head assembly
that has 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
molybdenum (NiFeMo) layers;
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
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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
a nonmagnetic electrically insulative barrier layer located between the
free layer and the pinned layer,
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.

12. A magnetic disk drive as claimed in claim 11 wherein the flux guide

consists of one iron nitride (FeN) layer and one nickel molybdenum (NiFeMo) layer.

13. A magnetic disk drive as claimed in claim 12 wherein a thickness of the
iron nitride (FeN) layer is thicker than a thickness of the nickel iron molybdenum
(NiFeMo) layer.
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14. A magnetic disk drive as claimed in claim 11 wherein the flux guide
consists of three iron nitride (FeN) and two nickel iron molybdenum (NiFeMo)

alternating layers.

15. 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;

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 flux guide with at least one iron nitride (FeN) layer.

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 which has a magnetic moment; and

forming a nonmagnetic electrically insulative barrier layer between the free

layer and the pinned layer.

17. A method as claimed in claim 16 wherein a making of the read head
further includes the steps of:

forming ferromagnetic first and second shield layers;
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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.

18. A method as claimed in claim 17 wherein the flux guide is formed
consisting of one iron nitride (FeN) layer and one nickel molybdenum (NiFeMo)

layer.

19. A method as claimed in claim 18 wherein a thickness of the iron nitride
(FeN) layer is formed thicker than a thickness of the nickel iron molybdenum
(NiFeMo) layer.

20. A method as claimed in claim 17 wherein the flux guide is formed
consisting of three iron nitride (FeN) and two nickel iron molybdenum (NiFeMo)

alternating layers.

21. A method as claimed in claim 17 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.
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23. A method as claimed in claim 22 wherein a thickness of the iron nitride
(FeN) layer is formed thicker than a thickness of the nickel iron molybdenum
(NiFeMo) layer.

24, A method as claimed in claim 21 wherein the flux guide is formed
consisting of three iron nitride (FeN) and two nickel iron molybdenum (NiFeMo)

alternating layers.



