18 'NOV 2005 WD 02/ 101731 PCT/ GB02/ 02667 1 LOW TEMPERATURE YOKE TYPE TUNNEL
. -VALVE SENSOR BACKGROUND OF THE | NVENTI ON Field of the Invention 5 *GIGR/ 2005
The present invention relates to a | ow tenperature yoke type tunnel valve
sensor anWO ®8PE3barticularly, to such a sensor wherei n BFG/GBO242@7 second
copper structures conduct heat to at |east one of two yoke |layers wherein
the yoke | ayers conduct a tunneling current (IT) to the tunnel valve
sensor and transmit flux froman air bearing surface (ABS) toummmlwmmmmm
10 Description of the Related Art 15 The heart of a conputer i

di sk drive whi ch i nclyf@gmmratieatdxRoryrageite valivek sexsor| | der t hats;fas read
and wite heads, a suspension arm above the rotating disk and an actuator
armthat swings the suspension armto place the read and wri

sel ected circular tracks oMAE¥REOVNR 9F iTﬁﬁ HVEYI% he suspensi oi@@“@ﬂﬂ%ﬁ%@ﬁ
the slider into contact wwth the surface of the disk when th

rofati nggheia or WENIdvasLidhSk rotates, air is swirled by the rotati"¢f4i sk
adjacent an air bearing surface (ABS) of the slider causing the slider to
ride on an air bearing a slight distance fromthe surface of the rotating
di sk. Wien t h&he SEPYRSL T1VERSOBF L ARS Y 2oedt PRt HE Rri%'8 kA trué'ﬁﬁ{ heads
are enpl oyéd fSersorneid i mRyenmEghetuler hiptessttoassspecaibetedadiingt magnet i c
signal fisetslm Eépper dthectudsatcongpcdisdet tbhet nead amd odrivoeydreatkyeas e
copnect eqgnt A 1Rl BRESSIdNPayeth ICHbldtY a tthate 10RE AL &%t AQCOREI 118 Ehnd1 COMput er
program tvg \Irerrgler?srg:"cngndt Qreansr\rll\{tl Ef!l.tp f@ dar( %?glﬂgrfnﬂnﬁff?w'mgg &5 t"l)’xg An
exenpl ary ) gh performance read head enploys a tunnel valve sensor for
sensi ng tRB*Hagnetic signal fields fromthe rotating magnetic. disk. The
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. Description of the Related Art

15

The heart of a computer is a magnetic disk drive which includes a
rotating magnetic disk, a slider that has read and write heads, a
suspension arm above the rotating‘disk and an actuator arm that swings the
suspension arm to place the read and write heads over selected circular

20 tracks on the rotating disk. The suspension arm urges the slider into
contact with the surface of the disk when the disk is not rotating but,
when the disk rotates, air is swirled by the rotating disk adjacent an air
bearing surface (ABS) of the slider causing the slider to ride on an air
bearing a slight distance from the surface of the rotating disk. When the

25 slider rides on the air bearing the write and read heads are employed for
writing magnetic impressions to and reading magnetic signal fields from
the rotating disk. The read and write heads are connected to processing
circuitry that operates according to a computer program to implement the
writing and reading functions.

30 _

An exemplary high performance read head employs a tunnel valve
sensor for sensing the magnetic signal fields from the rotating magnetic
disk. The sensor includes a nonmagnetic electrically nonconductive
tunneling or barrier layer sandwiched between a ferromagnetic pinned layer

35 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.

40 First and second leads, which may be the first and.second shield layers,
are connected to the tunnel valve sensor for conducting a tunneling
current therethrough. The tunneling current is conducted perpendicular to
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20 that are detected and processed as playback signals. The sensitivity of
the tunnel valve sensor is quantified as magnetoresistive coefficient dr/R
where dr 1s 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

25 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

30 respectively of the tunnel valve sensor so that the first and second
shield layers serve as leads for conducting the tunneling current (Ig)
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 intersect the ABS. First and second hard bias

35 layers abut the first and second side surfaces respectively for
longitudinally biasing the free layer. This longitudinal biasing maintains
the free layer in a single magnetic domain state and helps to maintain the
magnetic moment of the free layer parallel to the ABS when the read head
is in the quiescent condition,

40

Magnetic head assemblies, wherein each magnetic head assembly

includes a read head and a write head combination, are constructed in rows
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unnel valve sensor 5 recessed from the ABS; ferromagnetic first and
second yoke layers; a first structure interfacing the bottom surface of
the sensor; and a second structure interfacing the top structure of the
sensor and the second yoke layer.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided a
magnetic head assembly which has an air bearing surface (ARS), comprising:
a read head including; a tunnel valve sensor recessed from the ABS and
having top and bottom surfaces; ferromagnetic first and second yoke
layers; a first copper structure interfacing the bottom surface of the
tunnel valve sensor and interfacing the first yoke layer; and

a second copper structure interfacing the top surface of the tunnel
valve sensor and the second yoke layer. Because of the recessed locaticn
of the tumnel valve sensor, lapping of the head will not smear conductive
material across the barrier layer of the tunnel valve sensor 8o as to
short a tunneling current (I;) across the barrier layer. In a preferred
embodiment, a first yoke layer below the tunnel valve sensor is wide at
the ABS and maintains its width as it extends into the head from the ABS.
The first yoke layer provides a heat sink for ‘the tunnel valve sensor. In

contrast, the second yoke layer is very narrow at the ABS so as to
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head from theblaBSnorelhegddtistbireks bayeracggovi des a heat sink for the
tunnel valve sensor. In contrast, the second yoke |layer is very narrow at
the ABS so as to AMENDED SHEET 3. 1=05-2003 1 8 NOV 2005 GB02026 SJ0000200
New Page: 28 May 2003 establish and define a track width of the read head
and increases in wwidth fromthe ABS to a magnetic coupling to the tunnel
val ve sensor. Wth this arrangenent a very narrow track wi dth can be
obtained while the width of the tunnel valve sensor is large so . as to
reduce resistance of the tunnel valve sensor to the tunneling current
(TT). Fromthe tunnel valve sensor the second yoke | ayer provides another.
heat between the first and
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structure interfaces the bottom surface of the tunnel valve sensor and the

second copper structure interfaces, the to€ surface of the tunnel valve
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fust her |prdfherdd ésdodarshosiofetie phrdetOpnautiacelvbothemnbainglts the
second copper structure conducts heat from the tunnel valve sensor to the
second yoke layer. In the first embodiment, the first copper structure
conducts heat from the tunnel valve sensor to the first yoke layer and in
the second embodiment the first copper structure conducts heats from the

20 tunnel valve sensor to a substrate.

Still further in the first embodiment fhe top surface of the tunnel
valve sensor may have a middle portion located between front and back top
surface portions. The second yoke layer has first and second yoke layer

25 portions wherein the first yoke layer portion has a front surface that

forms a portion of the ABS. The first yoke layer portion of the second

yoke layer interfaces the front top surface portion of the tunnel valve

sensor and the second yoke layer portion of the second yoke layer

interfaces the back top surface portion of the tunnel valve sensor. The

130 second copper structure interfaces the middle top surface portion of the
tunnel valve sensor and each of the first and second yoke layer portions
of the second yoke layer. With this arrangement heat from the tunnel valve
sensor is quickly dissipated into the second copper structure, thence into
the first and second yoke layer portions of the second yoke layer which

35 function as heat sinks. Still further, in the first embodiment the first
copper structure is located between and interfaces each of the bottom
surface of the tunnel valve sensor and a top surface of the first yoke
layer so that heat 1s quickly dissipated into the first copper structure,
thence into the first yoke layer which functions as a heat sink. In the

40 first embodiment a tunneling current (I,) source is connected across the
second yoke layer portion of the second yoke layer and the first yoke



val ve sensor nmay have a niddle portion |ocated between front and baﬁgéﬁﬂ?’%
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forms a pBQG20A178f t he ABS. The first yoke | ayer porti orrarfGRo®266CONd
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sensor and the second yoke |ayer porti‘n of the second yoke |ayer
interfaces the back top surface portion of the tunnel valve sensor. The 30
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heat sink. Accordingly, heat from the bottom of the tunnel valve sensor is
! dissipated into the first copper structure, thence into the substrate. In
the second embodiment the tunneling current (I;) source is connected
25 between the first copper structure and the second yoke layer so that the
tunneling current (I;) is conducted between the top and bottom surfaces of

the tunnel valve sensor.

| In both embodiments the tunnel valve sensor is wide so that its

130 cross—section is large for conducting a larger tunneling current (Ir). This
is made possible by the yoke layer that defines the track width increasing
in width as it extends into the head toward the tunnel valve sensor.

An object of the present invention is to provide a low temperature
35 yoke type tunnel valve sensor.

Another object is to provide a high areal density tunnel valve
sensor wherein top and bottom copper structures dissipate heat from the
tunnel valve sensor to heat sinks and are recessed from the ABS so as to

40 . be protected from corrosion,



first yoke and the second yoke |ayer defines the read gap of the read1@§ﬁﬁzm]
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simlar t&QRAUBEst enmbodi nent. In the second enbodi meneCwaBoZi2663t copper
20 structure is |ocated between and interfaces each of the bottom surface
of the tunnel valve sensor and a top urface of a substrate which acts as
a heat sink. Accordingly, heat fromthe bottom of the tunnel valve sensor
is dissipated into the first copper structure, thence into the substrate.
In the second endraei FBNdctt e tbWHIeldeNgarGutis @Bthddk THorSaKiee the connected 25
bet ween the {idsiontQ ggels(,gﬂﬁtggngoqu the second yoke | ayer so that the
tunnel i ng current I$§ I's conducted between the top and bottom surfaces of
the tunnel val ve sensor. In both enbodi ments the tunnel valve sensor is
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is to provide a high areaPRH&n WW%H’?‘:@F TH PRAWIEGHhsor wherein top and
bott om copper structures dissipate heat fromthe tunnel valve sensor to
heat sinks andiglra [ecessmdvidost the RS a30 @Sof Art 4RAgheiprdatsecdr@de f rom
corrosion. 18 NO V 2005 WD 02/101731 6 PCT/ GB02/ 02667 A further object is
to provide varjous nethods for Ki the,  aforenentioned funnel. valve
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view of gnskigderqiithnd fRI0EL LeliealOfnh Bfeadi sk drive as seen in plane
2-2 of Fig. 1; 15 Fig. 3 i's an elevation view of the magnetic disk drive

wherein nmul tiEpI e di sks and magnetic heads are enpl oyed;
_ ig. 4 is an isometric illustration of an exempldry suspension

system for supporting the slider and magnetic head;

20
Fig. 5 is an ABS view of the magnetic¢ head taken along plane 5-5 of
Fig. 2;
Fig. 6 is a partial view of the slider with a merged magnetic head
25 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;
1
30 Fig. 8 is a view taken along plane 8-8 of Fig. 6 with all material
above the coil layer and leads removed;
Fig. 9 is longitudinal cross-sectional view of the present yoke type
tunnel valve sensor;
35
Fig. 10 is a view taken along plane 10-10 of Fig. 9 rotated 90°
clockwise with insulation layers removed;
Fig. 11 is a view taken along plane 11-11 of Fig. 9;
40

Fig. 12 is a longitudinal cross-sectional view of a second
embodiment of the present yoke type tunnel valve sensor;



Fig. 4 is an isonetric illustration of an exenplary suspension syste WNWZUOS
supporting the slider and magnetic head; 20 Fig. 5 is an ABS view of the
nmagneti c head taken along plane 5-5 of Fig. 2; Fig. 6 is a partial view of
t he slideWOn¥Higiner ged magnetl c head 25 as seen in plaorcBeS26d7 Fig. 2;
Fig. 7 is a partial ABS view of the sllder taken along plane 7-7 of Fig. 6
to show the read and wite el enents of’the nerged magnetic head; 30 Fig. 8
is a view taken along plane 8-8 of Fig. 6 with all nmaterial above the coi |

| ayer and | eads renoved; . Fig. 9 is longitudinal cross-sectional view of

tlhe pr eisent yake, tmng_atM@neéakxﬁla\igné%m&&lr 1343{5 &1 gig.lgzir%tﬁe\ai SOV t?ken

al ong pl ane i 0, r ot 0 S t aliangyl ayers
renoved; |C%Wlff 1§La1n\3\?1§®1?%&e¥|er§| %br?ve %anrg C%Tg\g&e T‘—Algé 537; 4 |c:1| g. 12 is
a |l ongitudi nal cross-sectional view of a second enbodi ment of the present
yoke type tunrigk. dl e asdrsoraken a8oNOYLIG054 WD QR2FID17381 PCT/ GB02/ 02667 7 5

Fig. 13 is a view taken along plane 13-13 of Fig. 12 rotated 90 clockw se

w th insulation | ayers ppbaueridiCorhi prEPERREP ShSiBRmaved; and Fig. 14 is a
vi ew taken al ong plane 14-14 of Fig. 12. DESCRIPTION OF THE PREFERRED

EMBODI MENTS Magnetic Disk Drive 10 Referring now to the draw ngs wherein
like reference nunmeral s desi grifageetickRisdr PRIVR{ | ar parts t hroughout the
several views, Figs. 1-3 illustrate a maglnetllc di sk drive 30. The drive 30
i A€l udes a spifedpEris® nov Hat thauPPBLNgs HhereaiBt HikesreicragherreradpPsk 34. The
spi ndl e 3&siignatet kitkebrbyimidaspendd ehrmotiorut36het baterps viewd,r Bidsedl13y a not or
control | ef1138trafe & hépktild adzk Basreasc.omd REdve e@dnandieyrd kpinamgreat i ¢ head

40 and is n%‘ép&%&f‘t‘l DY BoratHSRERSINQR: A4: &Nds achual ok 9 46 Abated Sy

I‘Ot at abl y po?nc}lleomo%or%% &gt. is controlled by a motor controller 38. A slider

15 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

20 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 pm) cushion of air (air bearing) between the surface of
the disk 34 and the air bearing surface (ABS) 48. The magnetic head 40 may

25 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

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

Fig. 5 is an ABS view of the slider 42 and the magnetic head 40. The
35 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 head 40 is at a trailing
edge 66 of the slider.
40
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



actuator 47. A plurality of disks, sliders and suspensi ons may be erﬂgd b/e?
in.a large capacity direct access storage device (DASD) as shown in BV 005
3. The suspensi on 44 and actuator arm 46 are noved by the actuator 47 to 20
position M@edider 42 so that the magnetic head 40 is ipCT9GRRARGHUCI ng
relationship with a surface of the magnetic disk 34. Wen the disk 34 is
rotated by the spindle notor 36 the sl§der is supported on a thin
(typically, .05 pm) cushion of air (air bearing) between the surface of

the disk 34 and the air bearing surface (ABS) 48. The nagnetic head 40 may

25 then he el Byv%qtiow 'H Qg a'nni,éy UP&J 98! £4f. rzulqtaephﬁmgi raar tracks on

t he surface of I eadi i,nf or mat or t heref rom
Processi g &7 é%r}'t "gﬁlcg‘ %hba?ﬁweeél q238m gé‘etrleC ?esggilnd o csoﬁn%hlhl ntor mati on
with the ]ﬁ‘éa’éf 49 anﬁrfb?vu §e§’ﬁf’?ﬁjlté ??%Pﬁrald‘}‘algé?ét‘sﬂ 5%%&#%' 8% “EBLUEPTY t he
magnet i ¢ ofi she Sdnr@hdvaprovedes TOrhawlessilghainglirg ¢tmwesttt(lat eamdperednovi ng
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a franme in a ABS vi ew of

the slider992ahy tf‘ﬁé’rﬂ‘geﬁﬁé‘ﬁ 81W€éﬂry46° sPﬁ‘é’g l@SFlgl i de?hehé‘én”ﬁlg’cr@nt er rail 56
t hat supporeentt hle! magnes Fendvetd gorovahdheitgertlardiyessnanel ‘40. The rails 56,
58 and 6Meeréreculfarorn ancpds®sral LtH2ajdN thim pegfpest by First ahd grcofd t he
magneti c ghiska 3dyerk® 65095 Whdbd s62vd §s atirst ah€adbdiy eslge. G4 of the slider
and the muRgpal.l.¢ AA@@%&Q slhéwrat e gg@anblmel@que&@noofmé hers! bglleer 40 Fig. 6

is a side .Cross:- sect g vation . b ese arané%gw net| head 40,

whi ch i nd*d aiflerwralr 3 arade pOYFiom 70 H5d R FEad Nead' por |on 72, the
read headlsﬁb?‘{l%nlaéﬁ‘pl oyi ng a tunnel valve sensor 74 of the 18 NOV 2005 WD
:02/ 101731 PCT/ GB02/ 02667 8 present invention. Fig. 7 is an ABS view of Fig.
615The tunnel mval MQte SkA80Fortdor S10SaRnUNMeC Reshebed WReA frerinordagnes idvilir st

and seconlq shig! gandlw%%[isbe%geénq B2 abd s’é@é@oﬁﬁlﬁx&oﬁxi@}fe?@'ee%% ic
of, the nnel sor tunnellng

fields, resi,s u e s

current (PT 1%)" i iél‘su £ (lj°n 5%¥Hr ou h gf"% K& E’?\ésﬁede%r splan?rn”?nggr asi @’t 2hé
changes t%}lﬁﬁlaﬁﬁrﬁLP@secse&I" dde ff&?éﬁtﬁ“é?laéh%fhglé%er THESE PottBatGeal tH8hges are
t hen procdssitk déryteaddraeft angl gmigldsitppletionplayees siragrederead teyirb@hghown i n
Feg. 3. THre dunnetinaglation 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 piéce 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

25 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. 8) to leads 124

) and 126 on the suspension.

30

The Invention

Fig. 9 is a longitudinal cross-sectional view of the present read

head 200 with a tunnel valve sensor 201 which has front and back surfaces

35 202 and 204 and which is recessed in the head from the ABS. The tunnel
valve sensor has an electrically nonconductive barrier layer 212 which is
located between a pinned layer (P) 214 and a free layer (F) 216. The
pinned layer 214 has a magnetic moment 218 which is pinned by an
antiferromagnetic (AFM) pinning layer 220 perpendicular to the ABS in a

40 direction from left to right or from right to left, as shown in Fig. 9.
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 H, from



current (1 T) may be conducted through the tunnel valve sensor

per.pendicular to the planes of its major filmsurfaces by flrst and E%J@Mdm5
10 shield layers 80 and 82 which serve as first and second leads. In a

pi ggyback Weatio{1sdt shown) the second shield layer and tPer/éBoaeepol e

pi ece |l ayer are separate |ayers which are separated by a nonnmagnetic
isolation layer. 15 The wite head por?ion 70 of the magnetic head 40
includes a coil layer 84 sandw ched between first and second insul ation

| ayers 86 and 88. A third insulation |layer 90 may be enpl oyed for

pl ana{j' E'Q?ﬂ@ﬂgn@%g dt9c o@cgk msnﬂetn@eé 'b@{)tlh%stdrﬁ\ei ha1eLeeRybri Ut i ![ on | layer
caused by e firs con n u n |l ayers
are refer? gaeiilc mome?th)égadaf %} l-reea_er]aypr rot[a H\e‘% glﬁ(?fge #3@§ Z;ﬁq f.éa)‘yer 84

and the fiorated &uookhe HeRf bY tﬁhFdfﬁeh%tfliﬁTﬁloﬁrq §féer§°"€3’élnc-8§a%{ﬁal‘961 3 e
sandwi chethelrestonetdrs figmests 2R andcd8nekcpnt @opt ®eealilay ehicloZednsds e The fir st
ang secongtspsdaacPio@Cehel 831365 tc92 tanikl94g anerdamagneiridcabdnyticoajdretl at a back

gap 96 a?ﬂeh‘@v&r:ﬁ it§1§trog£'@!12n Sxﬁ‘a%ﬂmcp@ls& Edtaﬁeﬁgh@m\dgr;l&@cm;n&n @f£4se]|9ar at ed
y awite ga er D FbaS. irs
and secont* g%’lpddéfgé%n%@g‘ﬁag at%elrﬁgnélﬁ ﬂodlgnco(rgl%\ﬂ;(? 84 gée ?rfgeo?(hg e tunnel
val ve sendéipazaliad piisisinfrsasgsdihel19F 18t CR Pt E%epéhrgleérﬂuﬂﬁt,m&nﬁe“tgﬂ’frd and

f ourt h sotcdere comeettd onsrehd Gl-arfdesel t8sicbanrecthanget]grd 2@ozasded 22 fromt he

caiol 84 (SREbddkgsigBild Byl @adsrotdskingndrdd@rprsot fre Fsgispensi on. 30 The
I nvention Fig. 9 is a Iong| tudi nal cross-sectional view of the present read

oAl a0 Wih Adduanel, Xal Y S8l rat2%&%&gﬁqhenbgmﬁ;fng&nsﬂqn%g@%hsurfaces

35 202 and 20 cesse t unnel
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| ocat ed beESwewhia Jgiateddbdtager f{iSE o) segvd ayoke davpey d¥l)( YA 218, 29he
piwsned | ayer 2l 4rhiase@noBgRet iageTbae Mir2d @nitsiecdnd goipl Do doytioms
antiferrosmonet bs @%Mnm@ﬁﬁ@gﬁmna;&opwﬁﬁ%ocmsaa Ha@rdunerARS in a 40

directl on JLRMyPll LR Eidha Acld0f ihdlifid Gl £libeadlSn SAOUD LN FIO. 9.

The freeTay L§ orlente arallel to

the ABS aHtetB°the Fr%ﬁ 5F°rﬁl ?‘l‘ét§°‘?)f°ft?1é°’i’af§?§f’as°e %ﬁﬁeﬁ PP 8PP Si Yifal . HAP
from 18 NOVsR0ORe Weyer 2201 #34idgr PN BE27igeBa/Pke layer portion 230 at the
20 ABS and is spaced from the first yoke layer portion 230 to define the read

gap of the read head. As discussed hereinabove, the product of the track

width, which is quantified as tracks per inch (TPI) along the radius of

the rotating magnetic disk, and the read gap, which is quantified as bits

per inch (BPI) along the track of the rotating magnetic disk, is the areal
25 density which indicates a storage capacity of the magnetic.disk drive.

The first yoke portion 230 widens as it recesses into the head so
that the tunnel valve sensor can be wide for increasing its cross-section
I and lowering its resistance to the tunneling current (I;). The second yoke
30 layer portion 232 interfaces a back surface portion of the top surface 234
of the tunnel valve sensor and, in combination with the first yoke layer
226, is connected to a tunneling cufrent (Ir) source 236 for applying the
tunneling current (I») between the top surface 234 and a bottom surface 238
of the sensor. The first yoke layer portion 230 has a magnetic moment 240
35 which can be rotated by the field signal (H,) from the rotating magnetic
disk. When the magnetic moment 240 is rotated the magnetic moment 224 of
the free layer is rotated in the same direction so that the field signal
is sensed by the sensor. The direction of rotation of the magnetic moment
224 determines whether the resistance of the tunnel valve sensor increases
40 or decreases, which resistance changes are processed as playback signals
by the processing circuitry 50 in Fig. 3, as discussed hereinabove. While
the first yoke layer portion 230 is shown interfacing a top surface



a rotating magnetic disk is sensed by the tunnel valve sensor 200 the
magnetic monment 224 of the free layer rotates. \Wen the free |ayer MélNOVSZUUS
rotated into the head by the field signal fromthe rotating magnetic disk

t he magneWWQ@0MOBht s 224 and 218 becone nore parall el wiahGeReases the 5
resi stance of the sensor to a tunneli ng current I T and when the signal
field fromthe rotating magnetic di skifotates the magnetic nonent 224
outwardly fromthe head, the magnetic nonents 224 and 218 becone nore
antiparallel which increases the resistance of the tunnel junction sensor

to the t%@@idnngf QHE rbt 1hjer 2hese srr@al&ﬁoanmaemaa@asutarnetwemg&ased as 10
pl ayback sl gnal ﬁ eyo%e tJA?eP ﬁ§&§%§'ﬂg %?et {ne ?Ponlt”s@fgce 302 BeGhe 9. 10 and

11 illustrate I ment 28‘218 24 nventl on. dThe t unnel
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bet ween firest aaddinseatnef yhkeensnre?dl (ot jingHatirmhe ftrstsanthges?8. The
seeond yokreliayers Bas shirzse @od secondheokend ayert poetians 2223Gvabd 232
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front portion of a top surrace sensor. first yoke |layer 226
i s wider ¥&h Phe SF‘P‘?“Qt yoke | ayer portion 230 at the 20 ABS and is spaced
fromthe first yoke layer portion 230 to define the read gap of the read
head. As di scussad bsiretnabew ehe tshesqr ptuet sighi filkent pacdat o dedr, cami ch i s

quantifieg etrgwﬁhﬁﬂrmds@% iRk patdkong othe tadkekenofinstha 1ot aki ng
magneti ¢ s Jﬁm'%?g ok Nl B A nontlL s | %agmlhg% 98 Dk 1y 1 nch
6 a

BPI |
-Eiens?t)é/1 \?ﬁ#&?f"ieﬂﬂleé‘ﬁjt%§ té°t§?’bla5‘§1et°8a%§8? 99‘6*%% t24§ %él‘l ve. The

first yokwrpoyet:i Bre DICon wpeprs a%rqcf“’?eeé%§§@%te?n‘?‘i5w?%a%éat%r6“°csnat t he
tuanel valace Eenisobocan Hefutede3d of thecseasy Rgdid sogsescsedt Fon  and

| oweri ng 4ikrst RB%é Shasce26.0 thhieop WIPSdd BgruGtiideends (htlrracHiea sepanidayoke 30
layer Orstdr%h;é@rt'lm &l @rfee&pasm%e sS4k f&ca,eogsﬁgoenargf eddi€ot QRe Sytface 234
of the tung va ve sensor ’hbns gagon‘gl ti %gor %f% tomycoke layer
226, is COANEErEY aYTnReTT ARG Ear rént ? 0|ng ng t he

t unnel i ng“éﬂ?tr”éﬂtz"(ﬁl al*)soﬁ‘%"c\%"t‘n ﬁé?l?'&ﬁys“lff”f‘efé‘é %ﬁm&ﬁa té‘ebﬁet“tSB’fnzg rface 238
0f20t he semsorondidtes fhisstearoke thafdrsiporkd daver32thakich fragheiscasmnent 240
35 whi ch zan ddekr ahategd dppthetficehte i grako ARt f from thketdpobatthag

magnet i ¢ s8ksk 200080 Joheu&agaﬁgi&awseme 2405t snd Qééi:txu@dyotkbelarg@gneti Cc noment
224 of t&%tiornge dioam{ 255 JhokR ST%& gp%eaé@ngg r@etgh&ﬁdsge P@é%%h& field

signal is sensor LIect |§n% tion_o e _nmagnetic
f

nonment fé‘& &8’? ik e’;é)p\/\f'i’é’f’ﬁ"erst’f‘f’féu’feés?ﬁ Apeé! arfh"éecfiﬁ?ﬁefro\'}‘a'fr\?ez*gsensor

i #8r easesse that they are not exposed to the outside environment and corrosion that
is typically inherent with copper.

A second embodiment of the present yoke type tunnel valve sensor 72

'} is illustrated in Figs. 12, 13 and 14. In this embodiment, first and

30 second yoke layers (Y1) and (Y2) 250 and 252 are provided wherein the
first yoke layer 250 has first and second yoke layer portions 254 and 256,
The sensor 200 is recessed in the head and is located between the first
and second yoke layer portions 254 and 256 with the first yoke layer
portion 254 having a narrow width at the ABS which defines the track width

35 (TW) of the read head and which widens as it extends into the head
opposite the front surface 202 of the sensor. An electrically
nonconductive insulation layer 258 is located between the front surface
202 of the sensor and the first yoke layer portion 254 and a second
electrically nonconductive insulation layer 260 is located between the

40 back surface 204 of the sensor and the second yoke layer portion 256 so
that the tunneling current (I,) is confined between the top and bottom
surfaces of the sensor. The second yoke layer 252 is not divided into



40 or decreases, which resistance changes are processed as pl ayback ﬁ&%ﬁalﬁ
by .the processing circuitry 50 in Fig. 3, as discussed herei nabove. & 2005
the first yoke |l ayer portion 230 is shown interfacing a top surface 18 NOV
2005 WO Owol@nd#sa1 PCT/ GB02/ 02667 10 portion of the free hayego2didg7it shoul d
be understood alternatively that the first yoke |ayer portion 230 may abut
the front surface 202 of the sensor. lFirst and second insulation |ayers

242 and 244 are provided in front and in back of the sensor 201 for
insulating the first and second 5 yoke |layers 226 and 228 from one anot her.
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| ocat ed bgtweendhbB&ctlehiN$dtween the top and bottom surfaces of the sensor.
Electrically nonconductive insulation layers 268 and 270 insulate the
bottom copper structure 262 from the first yoke layer portion 254 and an
electrically nonconductive insulation layer 272 insulates the bottom
25 copper structure 262 from the second yoke layer portion 256. Further,
electrically nonconductive insulation layers 274 and 276 insulate the
first and second yoke layer portions 254 and 256 from the second yoke
layer 252. The thickness of the insulation layer 274 defines the
; aforementioned read gap. An insulation layer (not shown) may be located
30 between the second yoke layer 252 and the first pole piece layer 82 in

Fig. 6.
Discussion
35 The material of the yoke layers is preferably nickel iron (NiFe)

and the material of the insulation layers is preferably aluminum oxide
(Al;03) . It should be understood that the sensor 200 may be a top sensor
wherein the order of the layexs of the sensor are reversed instead of a
bottom sensor, as shown in the figures. It should be noted that with

40 either embodiment of the invention first and second shield layers (S1) and
(82) (see Fig. 6) are not eliminated. Exemplary thicknesses of the
components in Fig. 9 are 200A for the sensor 201, 0.1 um for the layer



and second yoke | ayer portions 254 and 256 with the first yoke |ayer’
_portion 254 having a narrow width at the ABS which defines the track 8aNen B05
35 (TW of the read head and which widens as it extends into the head
opposi t e weeo2fioomt surface 202 of the sensor. An el ectrimaitBo2/02667
nonconductive insulation |layer 258 is | ocated between the front surface
202 of the sensor and the first yoke Rayer portion 254 and a second

el ectrically nonconductive insulation |ayer 260 is | ocated between the 40
back surface 204 of the sensor and the second yoke | ayer portion 256 so
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the areal dengidak19f othésS efiatindh@athndatodidi@eugsedt heteiinedoven wIke second

enmbodi rre%%cvﬂ:] §Qacn.§§ t.b)ot'_}qogg] &ngrélqgrys sROAPEX +8b 46t iH 08ew262 ABSk 264 for
di ssipat ,ng heal hfomLhe BOLTom andl.! op c.SWT (AG%s, Gl hg sensor. The

[}
substrat & ﬁmf°V”b osphor ous vi ded. The
bot t om cEppIiag rq}é%"tfr'veE‘GQ H“él‘fd(?c%lflea“’g‘efwghm 8 "% T°€|}F§c?g§°ntshe bott om
surface ohet lyéessnsorconnohctive vigpr ther hlave wfect hicatiaiband aeeonpanyingr
digsi pat isRg.igat fromthe bottom of the sensor to the 10 substrate which
serves as a heat sink. The top copper structure 264 interfaces the top
surface 234 of the sensor and top surface portions of each of the first
yoke | ayer portion 254 and the second yoke | ayer portion 256. The top
copper structure 264 also interfaces a bottom surface portion of the
second yoke | ayer 252. The second yoke | ayer 252 serves as a mgjor 15 heat
sink while the first and second yoke | ayer portions 254 and 256 serve as
secondary heat sinks. It should be noted, however, that the first and
second yoke | ayer portions 254 and 256 and the second yoke |ayer 252 are

el ectrically connected by the top copper structure 264. In this enbodi nent
the tunneling current (IT) source 236 is connected across the bottom copper
20 structure 262 and the second yoke | ayer 252 so that the tunneling
current (IT) is conducted between the top and bottom surfaces of the
sensor. Electrically nonconductive insulation |ayers 268 and 270 insul ate
the bottom copper structure 262 fromthe first yoke |ayer portion 254 and
an



elléét%'ggp?y nonconducti ve insul ation |ayer 272 insul ates the TdbidbHlR5GB02026
copper ' strughts2862 fromthe second yoke | ayer portion 256._ Further, -

el ectrical ly nonconductive insulation |ayers 274 and 276 $*h&&¥%t &5t Hay. 2003
first and second yoke |ayer portions 254 and 256 fromthe second yoke

| ayer 252. The thickness of the insul ation3layer 274 defines the

af orenenti oned read gap. An insulation |layer (not shown) may be | ocated 30
bet ween the second yoke | ayer 252 and the first pole piece layer 82 in

Fig. 6. Discussion 35 The nmaterial of the_yoke layers is preferably nickel
iron (NiFe) and the material of the inscﬁ‘f*%@ﬁ on |ayers is preferably

al um num oxi de (A1203). It should be understood that the sensor 200 may be

a top sensor. Whemaifetikendddessetbl MibaWaESaPh il heaS gy sed
instead of &, hoLfQm sensor, as shown in the fi Sar es.a'?!{;bsgﬁgﬁ%% ngﬁ)o’t ed

that with 40 either enbodi ment of the invention first and second shield

| ayers (Si) and (S2) (see Fig. 6). are not elimnated. Exenplary

t hi cknesses of theaeaddwpdnierisding; Fig. 9 are 200A for the sensor 201, 0.1
pmfor the |ayer 18 NOV 2005 WD 02/ 101731 12 PCT/ GB02/ 02667 246, 4 pm for

the |ayer 248, Z, pmf, I 226 _and. 228 and 0.2 pm for the |ayer
230. The sape, thi ckneg{segghgrﬁp%g%% Fgesist e"zxr(%'pttg‘feogﬂﬁn?’f‘%rha‘tlﬁ@ |t@pergd

274, 264 ang 27 SHRtFS%m for the layer 252. 5 Cearly, other enbodinents
and nodifications of this invention will occur readily to those of

ordinary skill iferthvegastid PizdtemndbetdiRSPokd eapdYsNgs. Therefore, this
invention is to be limted only by the follow ng clains, which include all
such enbodi nent S, aﬂg Emdi fications when viewed in conjunction with the
above specification 5nd°8%pc85r3§§ﬁ§?tﬁ‘§e TG RGHY sthe 125 op0GIria®: NSf/ 2BO5
GB02026, SFHBBV2UDLvEISERIRF MBINEW: A geing) ghavifyrs 2 GOBe Daydr magaet i ¢ head
assenbly which has an air bearing surface (ABS), conprising: '
a second copper structure interfacing the top surface of the tunnel
valve sensor and the second yoke layer.

2. A magnetic_head assembly as claimed in claim 1 including:

the top surface of the tunnel valve sensor having a middle portion
;écated between front and back top surface portions;

the second yoke layer having first and second yoke layer portions
wherein the first yoke layer portion has a fromt surface that forms a
portion of the ABS and interfaces the front top surface portion of the
tunnel valve sensor and the second yoke layef portion interfaces the back
top surface portion of the tunnel wvalve sensor and;

the second copper structure interfacing the middle top surface
portion of the tunnel valve sensor and each of the first and second yoke
layer portions of the second yoke layer.

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

yoke layer portion of the second yoke layer increases in width from said
ABS to the tunnel valve sensor.

4. A magnetic head assembly as claimed in claim 3 including tunneling
current source means connected across the first yoke layer and the second
yoke layer portionm of the gecond yoke layer.
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a.%~1e-ag—%%%% i ncluding; a tunnel valve sensor recessed from the RBHOUAE;GB02026!

havi ng' top amoboobod t om surfaces; ferromagnetic first anqqe%e gned. éoke
layers; a first copper structure interfacing the bottom'surface Gf THe2002

tunnel val ve sensor and interfacing the first yoke |layer; and a second
copper structure interfacing the top surfaée of the tunnel valve sensor
and the second yoke |ayer. 2. A magnetic head assenbly as clained in claim
1 including: the top surface of the tunnel valve sensor having a mddle
portion | ocatedshgbxear fisNkg k urface portions; the second
yoke |ayer haying f_?r st and secﬁglgﬁeci%&gra Porty 6’%5 OfMTAFEM Lt R 4 r st
yoke | ayer portloﬁ'has a front surface that forns a portion of the ABS and
interfaces the front top surface portion of the tunnel valve sensor and

t he second yoke 4 ayestraeeii on i nterfaces the back top surface portion of

t he tunnel valve sensor and; the second copper structure interfacing the

m ddl e top surfg:%g ¥<.porti on of the tunnel valve sensor and each of the

0

first and secon & RFRPT FUTLPONE Bfsor heteréeding Gisksubstyrate; 3. A

magneti c head assenbly as clained in claim2 wherein the first yoke |ayer

portion of the skeofigdsyokkel ByRE NAEHANRSt | dhaWbdioBa fyo f%je p§§§o£g_the
tunnel valve sensor. 4. A nmagnetic head assenbly as clained inclarm3

i ncl udi ng tunnelt'h‘srzlgt current source neans connected across the first yoke
| ayer and the secon&mg%lyg T PERS PoP e L oFated reseeen dhy okiast agmat seddiNDED
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5. A magnetic head assenbly as clained in any one of clains 1 to 4
including: a subsd rsab&nida bBSpdr EStucERRPEE oS LLUEE 39, iRt erfaging the
substrate; sdh@af Jdist 1 Ylse, LaysL, ch'%hneg fisrtst an Eg%%gg%fgk'éh?a €F9 and
portions; the tinnel “Val Ve 2o St B Aa" 08t d*¥eh-ween the first and

second
A magnetic head assembly as claimed in claim 5 including tunneling

current source means connected across the first copper structure and the
second yoke layer.

7. A magnetic head assembly as claimed in any one of claims 1 to 6
wherein the first and second yoke layers extend from the tunnel valve
sensor to the ABS and are spaced apart by a distance that defines a read
gap of the head assembly.

8. A magnetic head assembly as claimed in claim 7 including:

the second yoke layer having a width at the ABS that defines a read
" track of the magnetic head assembly; and

the second yoke layer increasing in width as it recesses in the head
from the ABs.

9. A magnetic head assembly as claimed in claim 8 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

AMENDED SHEET



yok%e1 pﬁy%orOSportl ons of the first yoke layer; and the second COPPBINOV 2005 GB0202¢
structure algeobdddr facing each of the first and second yoke |ayer
portions of the first yoke layer. 6. A magnetic head ass ABIRFIgS 2§ HpwePoRn
claim5 including tunneling current source neans connected across the
first copper structure and the second yokses layer. 7. A magnetic head
assenbly as clainmed in any one of clains 1 to 6 wherein the first and
second yoke | ayers extend fromthe tunnel valve sensor to the ABS and are
spaced apart by g; st ance, that defines a read % p of the head assenbly.

8. A magnetic head SULSNEFF sdectdre PRI ALRE ParREediangr tanatsd costoreen
yoke |ayer M&9iFrgealaedt srchthe Renp®Slaver. defines a read track of the
magneti ¢ head assenbly; and the second yoke Iayer increasing in width as it

recesses iniphe bleggﬁefcwrgeg#% gﬁ’lé' as R1ORANEt ) C Q%g ﬁ%%r{tél as claimed

in claims8 ypherein the tunne sensor i net ud dppgetic
pi nned | ayer ?CIE] an%ng: Ya ‘FF&Bﬁ’ét‘PE‘p’ﬁtfﬁént an anti ferromagnetl c pinning |ayer
exchange coupled to the pinned |ayer for pinning the magnetic nonent of
t he pinned | ayer a wrifteria@aginauiing;r ee | ayer that has a nmagnetic nonent;
and AMENDED SHEET 31- 05 2003 SJ0000200 18 NOV 2005 GB0202E New Page: 28 May

2003 15 a nonmagggxl fa ne ect rg lé i nsul atl ve barrier layer |ocated between
the free |ayer g &d=F y%‘lSi 5§ RHEFIECE CLAYEEE Fes Shivley aaxcke

clained in ‘?%llﬁ?@‘\ﬁﬁé?‘glbﬁt‘(% feRghetile rortddn asdemidagk faant herticappri ses: a
wite head including; ferromagnetic first and second pole piece Iayers t hat

h K & o e a o d.ah a3
ave a yo e por |xﬁﬁm£@ﬁ§£§¢ bel \eﬁﬁma@ po.l.o% Eédﬂbg%_te éﬁ%% 1atlgﬁ, p'9° AR <

portion; QEQQI{‘E Lo cong&po ece cated b
portions of t ret™and S8cdna e p% aé'(?é |ayers; an |nsul ation stack
wi-th at |east one coil |ayer enbedded ther ein

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.

11. A magnetic head assembly as claimed in claim 10 including:

the first copper structure also interfacing the first yoke layer;

the top surface of the tunnel valve sensor having a middle portion
located between front and back top surface portions;

i the second yoke layer having first and second yoke layer portions
wherein the first yoke layer portion has a front surface that forms a
portion of the ABS and interfaces the fromt top surface portion of the
tunnel valve sensor and the second yoke layer portion interfaces the back
top surface portion of the tunnel valve sensor and;

the second copper structure interfacing the middle top surface
portion of the tunnel valve sensor and each of the first and second yoke
layer portions of the second yoke layer.

12. A magnetic head assembly as claimed in claim 11 wherein the first

yoke layer portion of the second yoke layer increases in wldth from said
ABS to the tunnel valve sensor.
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| 08 5162082 ween t he yoke portions of the first and second pof g \gy i GB02026:
l'ayers: andgih@obig st and second pol e piece |ayers bei nqm%onnecte at their
back gap portions. 11. A magnetic head assenbly as cl ai'led®398 cP&iMav18003
including: the first copper structure also interfacing the first yoke

| ayer; the top surface of the tunnel valwve sensor having a mddle portion

| ocat ed between front and back top surface portions; the second yoke | ayer
having first and second yoke | ayer portions wherein the first yoke |ayer
portion hasl.sa front surface that forns a portion of the ABS and interfaces
the front top sut MFATEEEr 5 2aTemPhE a5 § A\ FEadde Al ok cdndineh surreddng

yoke | ayer PEreRtoohriee méanse somtretbdaicrosorhs Utifrat eydpartiyer &£fd the daeane!

val ve sensgfokanthyel-hg:secwnd eopReEoRd beied Ukfesd Nterfacing the niddle top
surface portion of the tunnel valve sensor and each of the first and

second 'yoke layer portions of the second yoke |ayer. 12. A nmagnetic head
assenbl y ad?cl aimBagretie| haoh asFefhby éFnciafeed iinselaipoke ingyeiingerti on of

t he- second yoke |l ayer increases in width fromsaid ABS to the tunnel valve
sensor. AMENDED aSEEfstr3d205- 2003 1 8 NOV 2005 GB02026' SJ0000200 New Page:
28 May 2003 16 13. A magnetic head assenbly as clained in claim 12

i ncl udi ng tunnel in current source nmeans connected across the first yoke

| ayer and the séhﬁ?ﬁfr%oq{’é’pf*ﬁféim‘ﬁ%’rrﬁ PrEcofntepéagiggort poketrhhger. 14. A
magneti c head assenbly as clainmed in claim 10 including: a substrate; the

first copper strhetairer alore isyeerfachfEikhe 5ubsddonl §jokkNEayiei! Sd Y 0Ke. | ayer
having first and second yoke | ayer portions; the tunnel valve sensor’ being

| ocat ed bet vveent;up% first ‘_'Fmd secong?jer};gﬁg%ia er portions of the first yoke

layer: and the Secongd toppers SEPE SeRtREEET e HERt G Recdndr st

and secon¥KRORBYFaPertisgrt plose ofireherckprBveyolead| ayer. 15. A nmgnetic
head assenbly as claimed in claim14 including tunneling current source
neans connect edte 5@6énd BEpddr! St rcRRRCH1SS IUEL L1 ANLabNS s the first ana

second yoke layer portions of the first yoke layer.

15. A magnetic head assembly as claimed in claim 14 including tunneling
current source means connected across the first copper structure and the
second yoke layer.

16. 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 (aARg)

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; and

the read head including:
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seBdiP98% | ayer. 16. A nagnetic disk drive including at |east 1400V 205GB02026

magneti ¢ hegghboassgnbly that has an a wite head, a reaﬁI egé:l ang, 3
bearing surface (ABS) conprising;, the wite head i ncl u erroﬂ%@'n%?q

first and second pole piece |ayers that have a yoke porti on | ocat ed
between a pole tip portion and a back gapilportion; a nonmagnetic wite gap
| ayer | ocated between the pole tip portions of the first and second pole
pi ece layers; an insulati on stack with at | east one coil |ayer enbedded
therein Iocated et wee oke portions, of the first and second pole

pi ece layers; uflﬁmelglfl %‘? é sgﬁ‘iﬁﬁe PIATE™ piECRPT SPErEvieT hgPcthect ed
at ‘their bdﬁ@t°’§a§5‘r56?5tﬁ'ons and the read head including: AVENDED SHEET
31=05-2003 1 8 NOV 2005GBC2026 SJ0000200 New Page: 28 May 2003 17 a tunnel

val ve sensor recessemhdneens tfﬂesﬁ%%damoh@yomg 1a9Rrfnd bottom surfaces;
ferromagnetic first and second yoke | ayers; a first copper structure

interfacing the bottom surface of the tunnel valve sensor and interfaci ng
the first yoke |3]aféFst SREPSr SERBTHYE dpperfaging charkotion anfdasiengt ttthe t op
surface of tuhsel wahed seusdw endemserfaandg tthe sieeengbkeoks drayel; the tunnel
val ve sensor including: a ferromagneti C pi nned | ayer that has a magnetic
nonent; an anti ferro gnetl C %I nn%‘re’%ti exchalhege coupled to the pinned
layer for pinnifig° fha na‘@ﬁ?&‘] B ertfﬁ'émﬁl hiftfe G P o8 2% °f eftto Bt i c
free | ayer VAR %§§°1éaﬁﬁg'ﬂ’ét Fecorgrake; 1awed: a nonmagnetic el ectrically
insulative barrier layer |ocated between the free layer and the pinned

| ayer; a housi ngheatmma;almecgeagof Qh@i@_%y supported in the housing; .a
support nounted in the housing for supporting the magnetic head assenbly

V\g-th said ABS faac%nlgrthe gnetlc di sk so that the ma%netic head

omagneti& pinned layer that has a magnetic moment;

an antiferromagnetic pinning layer exchange coupled to the pimmed

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;

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 magmnetic 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 comnnected to the magnetic head assembly, to the spindle
motor and to the actuator for exchanging signals with the magnetic head
assenbly, for controlling movement of the magnetic disk and for
controlling the position of the magnetic head assembly.
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as¥efBtaP03s in a transducing relationship with the magnetic di sR:NOY 2008; @BDR026¢
ot or' for ro%a%%ng the magneti c di sk; an actuator positioning neans
connected t39°0 upport for nmoving the magnetic head H8¥&REFYy 1% MAYIIA0PI e
positions with respect to said magnetic disk; and a processor connected to
the magnetic head assenbly, to the spindlg notor and to the actuator for
exchangi ng signals with the magnetic head assenbly, for controlling
novenent of the magnetic disk and for controlling the position of the
magnetic head assenbly. AMENDED SHEET 31-05-2003 1 8 NOV 2005 GB02026(
SJ0000200 Reéw Pageetirg qhypabingzalgropetiohfed peaediynekicighas ragmit beatiowd
assenbl y wsuctadeasamm , atampbesimgnthe suegsac€: (ABS), conprising the steps of:
maki ng a read head including the steps of; formng a tunnel val ve sensor
recessed fromthe, ABS and havin tog. an bottomfs:urfaces; form ng
ferromagnetic flFStPhAEEEcEHE gﬁ%é‘ &8 5B Mg a first copper
structure interfacing the bottomsurface of the tunnel valve sensor and
interfaci ng thefbtiisty yakendlayelve andsdroratdrged Semotld ARPRAE Sdwingt the
interfaci ngnd ieetQp ssvfdaee of the tunnel valve sensor and the second yoke
| ayer. AMENDED SHEET _

forming ferromagnetic first and second yoke layers;

forming a first copper structure interfacing the bottom surface of

the tunnel valve sensor and interfacing the first yoke layer; and

forming a second copper structure interfacing the top surface of the
tunnel valve sensor and the second yoke layer.
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