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LEAD OVERLAID TYPE OF SENSOR WITH SENSOR PASSIVE REGIONS PINNED
BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates generally to read head portions of magnetic heads for hard

disk drives, and more particularly to lead overlaid read heads having magnetically pinned passive

regions.

Description of the Prior Art:

One well known way to increase the performance of hard disk drives is to increase the

‘areal data storage density of the 'xlnagnetic' hard disk '_I‘his can be accomplished by _reducing the

written data track w1dth such that more tracks per mch can be written ¢ on the disk. To read data

§

- ﬁ‘om a disk with a reduoed track w1dth it is also necessary to dcvelop suﬁ'zmenﬂy nazrow read

head components such that unwanted magnetic ﬁeld mterfcrence from adjacent data tracks 1s
substant:tally ehmmated |

'I’he standard pnor art read head elements mclude a plurahty of thin ﬁ]m layers that are
dcpcs1te_d and fabricated to produce a _GMR _read head, as is known to those, skilled in the art. |
Signiﬁca:nﬂy, where the WIdth of the thin film layers that comprise the GMR read heaci is reduced

below ocértain values, the magnetic properties of the layers are substantially compromised. To

. overcome this problem, GMR read heads have been dciwelopcd in which the thin film layers have .
" an ample width and the electncal leads are overlmd on top of porhons of the thin film Jayers. This

.- lead overlald conﬁguratlon bas the cﬂ’ect of creatmg an active read head reglon baving a mdth



that is less -than the entire v.vi.dth. of the deposited layers, such that the magnétic properties of the
thin ilm layers can be preserved, Thus, in the lead overlaid GMR read heads of the prior art, active
magnetic layer portions exist between the electrical leads and passive magnetic layer portions eﬁst
beneath the eleotrical leads.

A proi)lem ﬁlat has been recognize;d with regard to su;;ll prior art lead overlaid read heads
is that the passive region of the magnetic layers of thé read head, and particularly the free
magnetic layer, ié ﬁot entirely passive. That is, extemal magnetic _ﬁeldé, such as from adjacent
data tracks, créate magnetic ﬁeld fluctuation and noise within the passive regions of the free
magnetié layer bc;,neath the electrical leads. Thus, noise and side reading,eﬁ‘ects’ contmue tobea
.problem with lead overlaid GMR read- heads. The present invention seeks to solve 'thi;'problem by
pinning the magnetization of the free méheﬁc layer in the passive regions beneath the overlaid

; electrical leads, thus stabilizing the passive regions, and reducing noise and side reading effbcts.'

_ Y OF THE . IO .

The present invention is an nnp:oved magneﬁc head for a hatd disk dnve mcludmg alead |

; dverlald read. head component in whxch the magnetic fields of the passive region of ihe ﬁ‘ee_.
magneuc Iayer reglons are pinned. In one embodxment of the present mvenﬁorn an additiorial thin
| ﬁlm layer composed ofa magnefic matenal such as the hard blas layer matenal is deposited on
| top of the free layer of the GMR head in the passive mgmn beneath the overdaid electrical leads.
" ‘When the Hard bias layer is magnetically initialized, magnetic fields created in the new thin film
layer aét‘ o pini the magnetlc fields in the passive regions of the free layer. The bperaﬁonéi
characteristics of the read head are improved beoause the passive region of the free layer is

magnetically ‘pinned and fhus not affected by side reading magnetio fields from' adjacent data



tracks. Noise and side reading effects are thereby reduced and the perfonnance of the read head is
thereby improved. In alternative embodiments of the present invention the passive region of the
free layer is anti-parallel coupled through the deposition of a thin film ruthenium layer followed by

a thin film magnetic layer on top of the passive region of the free layer. The anti-parallel coupled

| magpetic field within the passive reg10n of the free layer 1s thereby rendered less sensitive to side

readmg and noise, such that an improved magpetic head is thereby produced.

.. Ttisan advantage of the magnetxc head of the present invéntion that a lead overlaid read

~ bead has been developed with reduced noise and s1de reading problems

Itis another advantage of the magnetic head of the present invention that a lead overlaid

* read head has been developed having pinned magpetic ﬁelds in the passive region of the free

magnetic layer thereof. - : : o .
It is an advantage of the hard dlSk drive of the. present invention that it includes a n;agne'ac
head having & redueed read track w1dth with reduced side readmg and noise. |

. It is another advantage of the hard disk drive of the present invention that it includes a |

 maggietic head having 4 lead overlaid read head having pinned magpetic fields in.the passive

region.of the free magnetic layer thereof.

. These énd other features 'and-advailtages of the present iawnﬁon will no doubt become -

. '_apparent to those skilled in the art upon reading the following detailed description with makes

reference. to the several ﬁgures of the drawings.

INTHE DRAWINGS
Fig. 1 is 4 top plan View depicting a hard disk drive having a magnetio head of the present

invention;
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Fig. 215 a side cross-sectional view of a prior art lead overlaid read head portion of a
magnetic head;

Fig. 3 is a side cross-sectional view of a first preferred embodiment of a lead overlaid read .
head portion of a magneﬁc head of the present invention;

Fig 4 is a side cfbss—sécﬁonal view ofé second preferred embodiment of a lead overllaidl :
read head portion of a magnetic head of the present invention;

Fig. 5 is a side cross-sectional view of a second preferred embodiment of a lead overlaid
read head portion of a magnetic head of the present invention;

Fig. 6 is a-'side cros§~secﬁona1 view of a fourth preferted embodiment of a lead overléid

read head portion of a magpetic head of the present invention;

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS )
Fig. lis a toI} plan vie‘;;v that depicts significant components of a hard disk dﬁ{; which
| mcludes fhie rr';agne_tic head of the present invention. The- hard disk drive 10 includes a magnetic
media bard disk 12 that is r_otatatily mW upon a motorized spindle 14. An actuator arnm 16 is
*pivotally mounted withir the hard disk drive 10 with a magnetic. head 20 of the present invention
dlsposed upon a distal end 22 of the actuator arm 16. A typical hard disk drive 10 may mclude a
plurahty of dlsks 12 that are rotatably mounted upon the spindle 14 and a plm'ahty of actuator -
~ arms 16 having a magnetic head 20 mounted upon the dlstal end 22 of the actuator arms. As is
swell known to those skilled in the art, when the bard disk cive:10 is operated; the hard disk 12
' rotates ui)on the spindle 14 and the magnetic head 20 acts as an air bearing slider thz;t'is 'ad;pted '
for flying above the su:faoe of the rotatmg disk. "The slider mcludes a substtate base upon Wlnch

the various layers and structures that fonn the magneuc head are fabncated Such heads are



fabricated in large quantities upon a wafer substrate and subsequently sliced into discrete
magnetic heads 20.

One way to increase the areal data storage density of a hard disk 12 is to narrow the track

- width of the data tracks written on the hard.-disk, such that more tracks per inch can,Be written on

the disk. To write data m narrower tracks it is first necessary to develop the lwrite head
components of magnetic heads with a parrower written track width. Correspondingly, it is also
ﬁecesgary to develop read hehd'cémponents of such _ﬁagnetic heads 20 héving narrowed active
fead head' widths, such that side reading from ‘adjacent data tracks i§ minimized. However, as is
known in the prior art, and described in detail herebelow performance lnmtauons exist w1th
regard to the width of the thm film layers that form the read head active components of GMR read
heads. That is, the desirable magnetic propemes of the thin film layers of the read heatl are

adveréely affected where the width of the read head layers js decreased below certam vaihes A

prior art attempt to overcome thls lnmtatxon is the electrical lead overlaid read head conﬁgura’uon

that is deplcted in Fig. 2, and next descnbed

Fig. 2isa side cross—secnonal view of a prior art electrical lead overlaid read head 36
poxtlon of. a magnetic head 40. As deplcted therem, the prior art lead overlaid read head 36
generally includes a substrate base 42_'that-cqnsi1tuteg the matenal from which the magnetic head :
is fabricated, such as aluminum titanium carbide. A first magnetic shield 44 is fabricated on the
substrate, and an insulation layer 46, typically coriposed of aluminum: axide, is fabric;ated vipon
the'magngtic shield 44. A seed léyer 48 is deposited uf)dn the insulation. layer 46 and 'a' series of

thin ﬁlm layers are sequentially deposited upon_the seed layer 48 to form a GMR read head. A.

- vatiety of thin film lajrers are known in the prior-art to fabricate such GMR read heads, and, for the



purposes of the‘ present invention the layers generally include an antiferromagnetic layer 54, a
pinned magnetic layer 58 that is deposited upon the antiferromagnetic layer 54, a spacer layer 64
that is deposited upon the pinned magnetic layer 58, a free magnetic layer 68 that is deposited
upon the spacer layer 54 and a cap layer 72 that is depdsifed' upon the free magnetic layer 68.
Typically, the anﬁ;"enomagneﬁc layer 54 may be compbsed of PtMn, the pinned magnetic layer 58

may be composed of CoFe, the spacer layer 64 may be composed of Cu, the free magnetic layer 68

. may be composed of CoFe and the cap layer 72 may be coniposed of Ta.

Following the deposition of the GMR read head layers 54-72, a i)attemed etching process
is conducted such that only' ce_ntral regions 80 of the layers 54-72 remain. Thereafter, hard bias
clmnénts 98 are deposited on each sid;e of the central regions 80. Following the deposition of the
Md blas elements 88, electrical lead .elements 94 are fabricated on top of the hard bias elefhents

88. As deplcted m Fig. 2, inner ends 96 of the leads 94 are overlaid on top of outer portions 100 of

. . the layers 54-72 of the ceni'tal read head layer reglons 80. A second msulatmn layer 104 is..

. fabncatsd on top of the elechcal leads 94 and cap layer 72, followed by the fabncauon ofa

second magpetic shield (not shown) and further components that are well known to those. skllled
in the art for fabricating a complete magnetic head. |

A significant feature of the prior art lead overlaid GMR read head 36 depicted in Fig, 2 is

 that the portion of the central layer region 80 which substantially defines the track reading ﬁdm

w of the read head 40 is the central portion 84 of the read head layer regions 80 that is disposed

‘between the inner ends 96 of the electrical leads 94. That is, because the electrical currerit flows

through the read head layers between the electrical leads 94, the active portion 84 of the read h&a&

" layérs comprises the width w between the inner ends 9 of the electrical leads 94. The outer



portions 100 of the read head layers disposed beneath the overlaid inner ends 96 of the electrical
leads 94 are somewlrat passive in thafeleetrical current between the electrical leads 94 does not
pass through them. A significant problem with the prior art lead overlaid read head 40 depicted in
Fig. 2 is that the magnetization in the outer po,rtiens 100 of the ﬁee layer 68 beneath the electrical
leads 94 is unstable and'ls'ubjec.t to ﬁnwanted magnetic field fluctuations. Additionally, side
reading effects from adjacent data tracks as well as maénetic noise ls ereated in the passive
portions 100 of the r_‘ree layer 68 beneath the eleetrical lead ends 96. It is an objeet of the present
invention to stabrhze the magnetic field of tlre free layer in tlre passive outer areas 100 beneath -the
electncal leads to reduce the magnetic noise and the side reading effects |

. A first preferred magnetic head llO which is surtable for use 4s the magnetre head 20 of

Fig. 1, having a lead overlaid read head 120 of the present invention is depicted in Fig. 3. As

deprcted therem, the read head 120 mcludes a GMR read head thm film element 80, as. well as the .
.' hard bras elements 88 "The srgmﬁeant feature of the read head 120 is ‘the fabncatron of an

addrnonal magnetlc thin ﬁlm layer 128 that is deposrted on top of the hard bias elements 88, such ,

that an inner 'portion 130 of the layer 128 extends over the outer'porﬁons 100 of the layers that”
comprise the read head element 80. Tn this preferred embodlment 120, the rnagneuc layer 128 is |

deposited on top of the outer portrons 100 of the tantalum cap layer 72, and directly on top of the

= n'lagﬁetic hard bias elements 88. The electrical leads 94 are thereafter fabricated-on top of the _

magnetio layer 128. Tn a preforred fabrication method, the clectrical lead mask that is utilized to

fabricate-the electrical leads 94 is first used to fabncate the magnetic layer 128 and then used to.

fabnoate the electrical leads 94 In the preferred embodrment the magnetic layer 128 is composed .'

'of the same CoPtCr matenal that 18 utzhzed to fabncate the hard bias elements 88 and where the
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hard bias elements 88 may have a thickne;s of apﬁrqﬁmately 2067300 A, the magnetic layer 128
is fabricated with a thickness of approximately 50 A, which is comparable to the thichless of the
free layer 68. |

As will be understood by those skilled in the art, following the ma,gnetic.ﬁeld hﬁﬁaﬁization
of the hard bias elements 88, the magpetic field of tﬁe hard bias elements 88 will create

corresponding magnetic fields within the magnetic layer 128. Further'more,. because the inner

- portion 130 of the magnetic layer 128 is deposited on top of the outer portion 100 of the tantalum

cap layer 72, which is deposited above the outer portion 100 of the free layer 68, the magnefic
field within the inner portion 130 of the magnetic layer 128 w1]1 become magnetostatically
cotipled to the outer portion 100 of the free layer through the tantalam cap layer 72. This provides

a pinning effect upon the mégnetic fields within the outer portion 100 of the free layer, because it

" saises the coercivity of the free layer within the outer region 100 Where the magnetizatiofs of the

free layer within ﬂ;_é outer portion 100 is pinned, the possibility of side reading is diminished é_nd

noise is reduced. Thus the ﬁiagiwtic_: head 110 provides improved characteristics over the prior art

~ lead overlaid magnetic fxead 40 depicted in Fig. 2. A further improvement in the present invention

is next described with the aid of Fig. 4.

- Fig. 41sa side cross-sectional view dépicting another preferred embodiment of the preéent

- invention. As depicted therein, the magnetic head 140, which is suitable for use as the magnetic

- " head-20 of Fig, 1, includes an irhproved GMR read head element 142 having a plurality of thin

film layers 54-72 as described hereabove. Significantly, the tantalum caio layer 72 has been etched
away in the outer areas 100 beneath the electrical lead ends 96, such that the upper surface of the

free layer 68 is exposed in the passive regions 100. ﬂMa, a magnetic layer 148 which. is



similar to the rﬁagnetic layer 128 of the magpetic head 110 is deposited. Significantly, in the
magnetic heéd embodiment 140, the magnetic layer 148 is deposited directly on top of the passive
outer end portions 100 of the free layer 68. That is, in comparison with the embodiment 110 |
. depicted in Fig. 3, the outer portions of the tanfalum cap layer 72 are pot interposed between the
magnetic 1ayef 148 and the free layer 58. Thus the magnetic layer 148 is deposited directly on top
of the hard bias elements 88 and on top of the outer portions 100 of the free layer 68. As will be
understood by those skilied in the art, the magnetig fields within the passive outer portion 100 of |
the free layer 68 will be more str_oﬁgly pinned by the magnetic fields within the magnetic_ layer 148
than they would be in the niggnsﬁg head 110 &epicted in Fig. 3. The embodiment 140 Idep.icted in
Fig. 4 is therefore an mprovement upoﬁ' the embodiment 110 depicted.in Fig. 3, i that the
magrietic ﬁélds within the passive outer portion 100 of the free layer are more effectively pi;med, '
such that noise and side reading is still further reduced. Yet another embodiment of the éreéeﬁt
invention is depicted in Fig, 5 and next descitbed. |
Fig, 5 is a side cross-sectional VIeW of a magnetic head 160 qf the present invention which
is also suitable for use as the magnetic head 20 of Fig. 1. As depicted therein, the magnetic head
" 160 inchudes a GMR'lrehd head clement 164 having & plurality.of thin film layers 5472 as
described hereabove, As with embodiment 140 depicted in Fig, 4, the outer portions of the
tantatom Qap Iayer 72 bave been ctohed away, such that the tantabum cap layer 72 is formed in the
acuve region of the read head 164. Following the fabrication of the haﬁ bias elements 88 a first
thin film layer 166 is depositéd upon the hard bias layer. as well as on the passive out_er.portion
100 of the free layer 68, T the prer_“enéd embodiment, the thin i layér 166 is.composed of

" ruthenium and has a thickness of approximately 8 A. Following the deposition of the rutheriium



layer 166 a second thin ﬁlm layer 170 is deposited. The iayer 170 is preferably composed of a
magnetic matetial such as NiFe with a magnetic thickness that is substantially equal to and
preferably a bit less than -the megnetic thickness of the free layer 68. Where the free layer has a
thickness of lapproﬁmately 50 A the layer 170 may also have a thicknese of approximately 50 A. It
will therefore be understood that the NiFe layer 170 is anti-parallel coupled to the passive outer
: porti_on 100 of the free layer 68 ﬁough the ruthenium layer 166. Thereafter, when the hard bias -
layer is magnetically initialized _it gets the m’agnetizdtion of the passive outer porﬁons 100 of the
free layer due to the anﬁ-paraﬁel coupling of the magnetic layer 170 with the free layer 68 and the
rutheniuvm layer 166 located therebetween.

Ina preferred GMR read head embodlment of the present invention, the pmned magnetlc :
layer 58 may consist of three sublayers CoFe/Ru/CoFe and the free magnehe layer 68 may cons1st'
of two sublayers CoFe/N1Fe. As with the preoedmg preferred embodxments 110 and i4.0,,‘d1e
| magnetlc head 160 produces reduced noise and reduced side readmg from the passive outer
' '\porhons 100 of the free layer 68. Thus the read track Wldth w can be eﬁ'ectlvely reduced utlhzmg

the e}ectncal lead over]ald concept, and the miagnetic noise and side readmg can be likewise -
reduced by antl—para}lel couplmg of the magnehe field in the pass1ve outer porhons 100 of the free
layer beneath the electncal lead ends 96.

Fig. 6 is yet another embodnnent of a magneuc head 180 of the present invention as
applied to a dual anti-parallel pinned GMR l_1ead with overlaid leads, and which is also suitable for
uso s  magaeio head 20 depicted in Fig. 1. As, depicted therein, the dual anti-parallel pinned

: GMR magnetlc read head 180 mcludes a seed layer 48 upon which a first antxfenomagnehc layer

54 is formed, followed by a pmned magnetlc layer 58, a spacer layer 64 and a free layer 68. These

10



layers are fabricated inl the full width of the read head element descrii)ed above with regard to
Figs. 2, 3, 4 and 5. Theréafter, a further series of layers is fabricated, including a second spacer
layer 184, a second pinned layer 188 and a second mlﬁfemlmgneﬁc layer 198, followed by a
tantalum cap layer 204. In the preferred embodimeeg the second spacer layer 184 is composed of
copper, the second pinned layer 188 is composed of CoFe and the second antiferromagnetic layer
198 is composed of PtMn. The layers 184, 188, 198 and 204 are first pattern etched with fhe :
layers 54-68 to the full width of the read head layers 80. The hard bias element layers 88 are theri
fabricated up to the thickness of the'free layer 68. 'Th-ereafter, the upper layers 184-204 are pattem
__ etched to tfxe active read head element width w. Thereafter, a thin film ruthenium layer 210 is
deposited upon ihe hard biss layer 88 ‘and freo layer 68, as was done with emibodiment 160 |
: _depicted in Fig, 5. and described hereaboi’e and a magnetic layer 218 is'depositcd ui)on* the
|  uthenium layer 210 which is substantmlly 1den’ucal to the magneuc layer 170 depicted i in ;ﬁg 5
and descnbed hereabove. Thereaﬂer electrical leads 94 are dep031ted on top of the magnetm layer
. 218 atleast to the ﬂnckn_ess of upper layers 184-204. As will be understood by fhose skil_led in the
art, the magneﬁc'.he}.xd. 180 will ];OS;SCSS the iﬁlpmved signal reading'proper_ties of dual pinned
_ layer GMR heads. Addm<mall,y, the- head 180 fossesses reduced noise and side reading
) characteristics due to the antz-parallel couplmg of the passwe outer portlons 100 of the free Iayer -
R . 68 through the ruthenium layer 210 to the magnenc layer 218. |
| It can now be understood that a significant feature of the present invention is the pinning '
of the passxve outer pomons 100 of the free layer 68 that are. disposed beneath the overlaid |
| elecmcal lead ends 96 Thvs,. the present invention is mtended to apply to' vauous types and

conﬁgmaﬁons of GMR read heads that 1n_clude various numbers and types of thin film layets to

11



. provide improved read head characteristics for lez;d overlaid configurations. Therefore, while the
ﬁresént invention has been shown and described thh regard to certain preferred embodiments, it
will be understood that those skilled in the art will no doubt develop certain alterations and

: modifications thereto which nevertheless include the true spirit and scope of the“'inv'ention. It is

therefore intended that the following claims cover all such alterations and modifications.

12



' portlons -6f read head electrical leads;
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1. = Amagnetic head having an electrical lead overlaid read head configuration, comprising:
. a free magnetic layer, including passive regions thereof that are disposed t;eneath overlaid

L

a tbm ﬁIm magnetc layer bemg dlsposed between said pass1ve regwns of saild ﬁ'ee

magnetic layer and said overlaid portlons of said electrical leads.

2.© A magnetic head as described in claim 1 wherein said thin film magnetic layer is disposed

- on top ofa cap layer of said read head, wherein said cap layer is disposed on top of said passive

: reéion_of said free magnetic layer.

3. © Amagnetic head as described in claim l wherein said thin film magnetxc layer is dmposed

o on top of said passwe regions of said free magnettc layer.

4. - A magnetic head as described in claim 1 whereit 4 thin film ruthenium layer is isposed

13
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on top of said passive regions of said free magnetic layer, and a thin film magpetic layer is -

disposed on top of said ruthenium layer.

5. A magpetic head as described in claim 2 wherein a hard bias element is fabricated at an
end portion of said free magnetic layer, and wherein said thin film magpetic layer is fabricated on

top of said hard bias element.

6. A magneﬁc head as described in claim 3 wherein a hard bias element is fabricated at an
end portion of said free magnetic layer, and wherein said thin film magnetic layer is fabricated on .
top of said hard bias elefment.

7. A magnetio head as described in claim 4 wherein a hard bias elément is fabricated at an
“end portion of said free magnetic layer, and wherein said ruthenium layer is fabricated on top of

" said hard bias element. "

8. A magnetic head as described in claim 2 wherein said magnetic layer is composed of NiiFe

and has a thickness that is approximately equal to a thickness of said free magnetic layer.

9, A magnetic head as desciibed in claim 3 wherein said magnetic layer is composed of NiFe

and has a thickness that is approximately equal to a thickness of said free magnetic layer.

" 10. A magnetic head as described in claim 4 wherein-said magpetic layer is coinposed of NiFe

14
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and has a thickness that is approximately equal to a thickness of said free magnetic layer.

11. A magnetic head as described in claim 1 wherein said read head iqcludes a first
‘magnetically pinned layer, a first spacer layer_ disposed above said first magnetically pin;ied layer,
said fre§ magpetic layer disposed ébove said first spacer layer, a second spac& layer disposed |
above 'said free magnetic layer, and a second magnetically pinned layer disposed above séid

spacer layer.

12 _. A magnetic head as desoribed in- claim 4 wherein said read head includes a first
magneﬁcaﬂy pinned layer, a first spacer layer disposed above said first magnetically pmned layer,
said free magnetic layer disposed abcve said first spacer layer, a second spacer layer disposed
_ above said free magne‘uc layer, and a second magnetically pinned layer disposed abg&ze said

spaci_:r layer.

13. A had dxsk drive inclﬁ_ding_ a 'm;gnéﬁc head having a lead oveﬂ;id read head
conﬁguratmn, comprising:
a free magnetlc layer including pass1ve regions thereof that are disposed beneath overlaid
portions of read head electrical leads; |
a-thin film magnetic layer bemg &isposed between said passive Tegions of said free .

magnetic layer and said overlaid portions of said elestrical leads.
14. A hard disk drive as described n cla;i_m 1‘9’ wherein said thin film magnetic layer is

15



AR O TR

disposed on top of a cap layer of said read head, wherein said cap layer.is disposed on top of said

passive region of said free mégnetic layer.

15. A hard di_sk drive as de§cribed in claim 13 wherein said thin film magnetic layer is

_disposed on top of said passive'regions of said free magnetic layer.

16. A hard disk drive as descnbed n c]zum 13 wherem a thin ﬁlm ruthenium layer is disposed
on top of sa1d passive reglons of said free magnetic lay&r and a thin film magnetic layer is

disposed on top o_f said ruthenium layer.

17 Abard disk drive as desaribed in claimm 14 Wherein a hard bias element s fabricatedat an
‘end por‘uon of sa1d ﬁ'ee magnetic layer, and wherein sa1d thm ﬁlm magneuc layer is fabngated on

: top of sa1d hard bias eIement

'18. A hard disk drive as described in claim 15 wherein a hard bias element is fabricated at an
‘end portion of said_ﬁ_ee magnetic layer, and wherein said thin film mégnetic layér is fabricated on

. top of said hard bias element.
19. A hard disk &rive as descriﬁgd in-claim 16 wherein a hard biaé element is t_’abﬁcated at an

end portion of said free magnetic layer, and wherein said ruthenium layer is fabricated on top of .

- said hard bias element.

16
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20.  Ahard disk drive as described in claim 14 wherein said magnetic layer is composed of

NiFe and has a thicknes$ that is approximately equal to a thickness of said free magnetic layer.

. 21. A hard disk drive as described in claim 15 wherein said. magnetic layer is composed of

NiFe and hasa thickness that is approximately equal to a thickness of said free magnetic layer.

22. A hard disk drive as described in claim 16 wherein said magnetic layer is composed of -

NiFe and bas a thickness that is approximately eqﬁal to a thickness of said free magnetic layer.

'23. A bard disk drive as described in claim ‘13 wherein said read head includes a first |

magnetically pinned'layer, a first spacer layer disposed above said first magnetically pinned ‘layei,

said free magnetic layer disposed above said first spacer layer, a éeoond spacer layer @i’sposed' _

above said free magnetic layer, and a second magnetically pinned layer disposed above said

spacer layer.

24. A hard disk drive as described in claim 13 wherein said read head includes a first
magpetically pmned layer, a first spacer layer disposed above said first magnetically pinned layer,

said free magnetic layer disposed above sdid first spacer léyer,_ a second spacer layer disposed

. "above said free n;xagneﬁc'layer, and ‘a second magnetically pmned layer disposed above said

: spacér layer.
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