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LEAD OVERL-:AID 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 ~ormance" of hard disk drives is to increase the 
. . 

areal da~ storage den8ity of the magnetic hard disk This can be accomplished by reducing the 

written data track width, such that more tracks per· inch cap. be written on the disk. To read data 
I 

r 

from a disk. with a redUced track width, it. is also necessatj to develop sufficiently rianbw. read 

head OOJ:riponents. Such that .unwanted magD.etic field mte!ference from adjacent data tracks is 

substantially eliminated. 

·The· standard prior ~ read head elements include a plurality of thin film layers· that are 
. . . . 

. . 

deposited and fabricated to produee· a. 9-MR !ead head, . as is known to those skilled in the art 
. . . 

Significantly, where th~ width of the thin ~ layers that .com~s~ the GMR. read head is reduced 

below certain values, the magnetic properties of the .layers are ~bstantially compromised. To 

o~rcome this problem, GMR read heads have been de~eloped in which the ib.in film layers have 

an ample width and the electrical leads are overlaid on top of portions -0fthe ·thin film ~ayers. This 

· ~ead overlaid cotlfigriratiori has· the effect of creating ~ active read head region having a width 
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that is les's than the entire ~dth of the deposited layers. such that the magnetic properties of the 

thin film layers can be preserved. Thus, in the lead overlaid G:MR read heads of the prior art, active 

magnetic layer portions exist between the -electrical leads and passive magnetic layer porti9ns exist 

beneath the electrical leads. 

A problem that has been recognized with regard to such prior art lead· overlaid read heads 

is that the passive region of the magnetic layers of the read head. and partioularly fh:e free 

magnetic layer, is not entirely passive. That is. extern.al ".Jl8.gnetic fields, such as from adjacent 

data t:mQks. create magnetic field fluctuation and noise within the passive regions of the free 

magnetic layer beneath the electrical leads. Thus. noise and side reading.effect$ oontinue to~ a 

-problem with lead overlaid GMR read heads. The present ~vention seeks to solve this.problem by 

pinning the magnetization of the free magnetic layer in the passive regions beneath the overlaid 

'· electriCal leads, thus stabilizing the passive regions, and reducing noise and side reading efi.OOts. . . .· .. 

The present invention is an improved magnetic head for a harQ. disk drive including a lead . . 

.· ~erlaid read. head component in wlllch the magnetic fields of the passive region of the free_ 

magueti.~ Iayei: regions are. pinned. In one ~bodiment of"tJ:ie present ~ti.on an additiollal thin 
. . . 

film layer composed ·~r a magnetic_ ma~ such as the. hard b~s. layer inaterlai. is deposited on 

top .of the :free layer of the GMR head in the passive region beneath ~ overlaid_ electrical leads. 

When the·hard· bias layer is ~oally initiajiZed~ ~ga.etic fields created in· the ne~ thin film 

layer act to· pm the. inaghetic fields in the passive· regiol_lS of the free layer. The ()perational 

characteristics of the read h~ ~ improved ~use ~e passiw region ·of the ~ layer is 

magnetically "pinned and _thus not _affected. by side reading magnetic fi~lds from" adja0eilt data 
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tracks. Noise and side reading effects are thereby reduced and the performance 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 fihn ruthenium layer followed by 

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

magnetic field within the passive region of the free layer is thereby rendered less sensitive to side 

reading and noise, such that an improved magnetic head is thereby produced. 

. It is an adva,ntage of the ~agnetic head of _the present invention that a lead overlaid read 

· head has been developed with reduced noise and side reading problems. 

It is another advantage of the magnetic head of the present in-\rention.that a lead ov~laid 

read head has been develoPed having pinned magnetic fields. in the passive region of the free 

magnetic layer thereof. 
. . . 

It is. an adVantage of the. hard ~isk 4cive of the. preserit invention that it" includes a ll}Agnetic . . . . r . 

~ead having a reduced read track width.with reduced side reading and noise. 
· . 

. It is another advantag~ of the hard disk drive of the present invention tha~ it. includes a 

magt_letic head having .a Iea4 overlaid read head having pinned magnetic fields in.the passive 

regionofthe free magnetic layer.thereof. . 

These and other. features ·and advantages of the present ~~ti.on wilt no doubt become . 
. . 

· apparent to those skilled in the art upon reading the following detailed description with makes · 

referenre to the·several flgUres of the atawlligs. 

IN THE i>RA WINGS 

Fig. I is a top plan View depicting ~hard disk drive having a magnetic head of the present 

invention; 
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Fig. 2 is 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 magnetic head of the present invention; 

Fig 4 is a side cross-sectional view of a second preferred embodiment of a lea,d overlaid 

read head portion of a magnetic head of the present in~ntion; 

Fig. 5 is a side cross-sectional view of a second preferred embodiment of a lead overlaid 

read head portion of a m.agnetio head of the present invention; 

Fig .. 6 is a· side cross-sectional View of a fourth preferred embodiment of a l~d oyerlaid 

read head portion of a magnetic head of the·present invention; 

. . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
f ·•. . . . r 

Fig. 1 is a top plan view that depicts signific8n.t components of a· hard disk drive which 

· iriclUdes the magne:tie head of the present invention. The hard disk drive 10 includes a magnetic 

mec\ia hard disk 12 that is rotatably mounted upon a motorized spindle 14. An actuator arm 16 is 

pivotally mounted witWri the hard disk .drive 10 with a magnetic head 20 of the present invention 

disposed u~ a distal end 22 .of the a~ arm 16. A typical hard disk drive 10. lD:flY meiude a 

plurality of disks 12 that are rotatably mounted upon the spindle 14 and a· plurality of actuator· 

m:ms 16 having a magnetic head 20 :mounted upon the distal end 22 of the actuator arms. As is 
.. . 

·well known to those skilled in the art, when the hard disk drive· IO is opera~ the hard disk 12 

rotates upon the spindle 14 and the magnetic head 20 acts as an all- bearing slider that" is ·adapted 

for fl~ above the surface of the rotating disk. 'The sli~"includes.a su~.t;rate base uvan which 

the various layers _and structures that form the magnetic head are fabricated. 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 mch can.be written on 

the disk. To write data in narrower tracks it is first necessary to develop the write head 

components of magnetic heads with a narrower written track width. Correspondingly. it is also 

neces~ary to develop read head· components of such .magnetic heads 20 having narrowed active 

read head. widths, such that sjde reading from adjacent data tracks is minimiud. However, as .is 

kn.ovm. ffi: the prior art, and described in detail h~below, perfonnance limitations exist with 

regard to the width of the tbln film layers that form the read head active components of GMR. read 

heads. That is, the desirable magnetic properties of the tbln film layers of the read heati are 
. . 

adversely affected where the width of the read head layers is decreased below certain v¥b.es. A 
f 

prior art attempt·to o~come this limitation is the electrical lead overlaid read head co~ti~ 

that is depicted in Fig. 2, and next described. 

Fig. 2 is a side cross-sectional view of a prior art electrical lead overlaid read head 36 

porti.On. of a magnetic head 40. ~ depicted ·fu.erem. the prior art lead overlaid read head 36 

generally. includes a stilistrate base 42·that-constitutes the.material from which the magnetic head 

is fabricated, such as aluminum titaniuli,l carbide. A first ~tic shield 44 is fabricated on the 

substi;ate, and an insruation layer 46. typicall~. composed of aluminum·oxide;is.fabricated upon 
. . . 

the magnetic shield 44. A see4 layer 48· is.deposited upon ~e insul~on lay~ 46 and .a series of 

thfu film layers are sequentially deposited upon the seed layer 48 to form a GMR. read head. A. 

. variety of thin film layers are known in the prior·art to fabricate such GMR. read heads, and. for the· 
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purposes of the present invention the layers generally include an antiferromagnetio 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 deposited. upon the free magnetic layer 68: 

Typically, the antiferromagnetic layer 54 may be composed of PtMn, the pinned ·magnetic layer 58 

may be composed of 90Fe, :fue 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 composed of Ta. 

Following the deposition of the GMR read head layers 54-72, a patterned etching process 

. . 
is conducted such that only central regions 80 of the layers 54-72 remain. Thereafter, hard bias 

elements 88 are deposited ~n each side of the central regions 80. Following the deposition of the 

hard bias. elements 88, electrical lead elements 94 are fabncated on top of the hard bias eleihents 

88. As depicted in Fig. 2~ inner ends 96 of the leads 94 are overlaid on top of outer portionfl' 100 of . r 

. . 11ie · ~ers 54-72 of the central read head JaYer regions 80. A se~ insulatibn layer 104 .is. 

fabri~ted on top of the electrical leads· 94 and cap layer 72, followed by the fabrication of a 

~econd magnetic shield (not shown) and further components that are well known to"those.skille4 

in the art for fabricating a· Complete magnetic head. 

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

that. the portion of the central }ayer region 80 which substantially defines the track reading width 

. . 
w of fue tead 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 cW:relit flows 

through the read head layers between the electrical leads 94~ the aotive portion 84 of the read head 

, layers compris~ the width w between .the inner ends 9G of.the .electrical leads 94. The outer. 
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portions l 00 of the read head layers dispOsed benea~1 the overlaid inner endS 96 of the electrical 

leads 94 are somewhat passive in that' ~lectrical 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 portions 100 of the free layer 68 beneath the electrical 

leads 94 is unstabl~ and subject to Un.wanted magnetic field fluctuations. Additionally, side 

reading effects from adjaeent data tracks as well as magnetic noise is created· in the passive 

portions 100 of the free htyer 68 beneath the eiootrical lead ends 96. It is an object of the present 
. . 

invention to stabilize the magnetic field of the free layer in the passive outer areas 100 beneath the 

electrical leads, to reduce the magnetic noise and the side reading effects. · 

A first preferred magnetic head 110~ whi~h is suitable for use as the n;iagnetic head 20 of 

. ~ 

Fig. 1, having a lead ~werlaid read heaQ. 120 of the present invention is depicted in Fig. 3. As 

. . . 1 

depiCted therein, the read hell;d 120 includes a GMR.read hea4 thfu. film element 80, as w~ as the . 

~·hard bias elem~ 88. The significant feature ·of. the read head 120 is "the fabric_atiori of an 

additi.Onal magnetic thin ~ layer 12$ that is depOsited on top of the ~ci bias elements 88. su<ili. . 

th~t an inner portion 130 of the la~ 128 extends over ~e outer'porti.~ns 100 of the layers -that 

comprise the read head_ element 80. In this preferred embodimerit 120, the magn~c layer li8 is· . 

deposited oi+ top of the outer.portions ·100 of the tantalum cap layer 72, and directly on top of the 

· . magrietic hard bias elements 88. The electrical. iea<ls 94 are thereafter fabricated. on· top of the 
magnetic.layer 128. ·rn a preferred fabrication method, the electri<)aj lead mas~ that is utilized to 

. . 

fabricate·tb.e electrical leads 94 is first use;d to fabricate the magnetic layer 128 and then used to 

fabricate the electrical leads 94. In the pre~erred ~bodlnient, the magnetic layer 128 is composed 

of the ~ame CoPtCr .material that is "utilized to fabricate. the hard ·bias elements 88 •. and where· the 
. . . 
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hard bias elements 88 may have a thickness of approximately 200~300 A,_the magnetic layer 128 

is fabricated with a thickness of approximately 50 A, which is comparable to the thickness of the 

free layer 68. 

As will be undetstoO<i by those skilled in the art, folloWing the l.'ru\gnetic field initialization 

of the hard bias . elements 88, the magnetic field of the hard bias elements 88 will create 

corresponding magnetic fields within the magnetic layer 128. Furtherinore, 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 d~sited above the outer portion 100 of the free layer 68, the magnetic 

field withln the inner portion 130 of the_ magnetic layer ·128 will become magnetostatically 

coupled to the outer portion 100 of the fyee layer through the tantalUm.'cap layer 72°. This provides 

a pinning effect upon the magnetic fields wi~ the outer portion 100 of the free layer, because it 

raises 1he coercivity of the free .~yer within the outer region ~00. Where ~e magnetiz.atiotfof the 

~·layer within file outer portion I 09 is pinned, the possibility of side reading is diniinished ~d 

noise is~· Thus the magnetic head 110 provides improved characteristics· owr the prior art 
. . 

. . 
lead overlaid inagnetic head 40 depicted in Fig. 2, A further improvement in the present invention 

is .next descnDed with the aid of Fig. 4. 

Fig. 4 is a side ~ross-sectional view depicting another preferred embodjment of the present 

. invention. As depicted therein, the magnetic head 140, which is suitable for use as the magnetic . 
· ·h.ead-20 of Fig. 1, includes an improved GMR read head element 142 having a plurality of thin 

_film layei-s ~4'.'" 72 as describ_ed hereabove. Significantly, the tantalum cap 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. Thereafter, a .magnetic iayer 148· which. is 
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similar to the magnetic layer 128 of the magnetic head 110 is deposited. Significantly. in the 

magnetic head embodiment 140. the magnetic layer 148 is deposited directly on top of the passive 

outer end portions 100 ofthe free layer 68. That is. in comparison with the embodiment 110 

depicted in Fig. 3, the outer portions of the tantalum cap iayer 72 are not interposed between the 

magnetic layer 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 skilled in the art, the magnetic fields within the passive outer portion 100 of 

the free layer 68 will be more strongly pinned by the magnetic fields within the magnetic layer 148 
. . 

than they would be in the magrietic head 110 depicted in Fig. 3. The embodiment 140 depicted in 
. . 

·Fig. 4 is therefore .an improvement upon the embodiment 110 depicted in Fig. 3, in that the 
. ~ 

magn~tic fields within the passive outer portion 100 of the"fi:ee layer are more effectively pi:i:rO.ed. 

such that noise ~d side reading is still further redu~. Yet another embOdiment of thet~re8~t 

invention is depicted in Fig. 5 and ·next descii~ 

Fig'. 5 is.a side oro8s-sectioiiaJ. view of a magnetic head 160 Qfthe present mvention which 

is also suitable for use as the magnetic head 20 of Fig. 1. As depicted therein. the magnetic head 

160 includes a GMR read head'· element 164 having a plurality. of thin film layers 54-72 as 

described hereabove. As with embodiment 140 ·depicted in Fig. 4. the outer portions of the 

tantalum cap layer. 72 have been etc1:ied away, such that the tantalum cap layer 72 is formed in the __ 

active region ofthe·reac:i head 164. Following the fabrication of the hard bias elements 88 a first _ 

thin film layer 166 is deposited upon the hard bias layer as well as on the passive outer portion 

100 of the free layer 68. In the preferred em~ent, .the thin film layer 166 is. composed of 

. iuthenium and has a thickness of approximately 8 A. Following the deposition of the. ruthenium · 
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layer 166 a second thin film layer 170 is deposited. The layer 170 is. preferably composed of a 

magnetic material such as NiFe with a magnetic thickness that is substantially equal to and 

preferably a bit less than the magnetic thickness of the free layer 68. Where the free layer has a 

thickness of approximately 50 A the layer 170 may also have a thickness of approximately 50 A. It 

will therefore be understood that the NiFe layer 170 is anti-parallel coupled to the passive outer 

portion 100 of the free layer 68 through the nrthenimn layer 166. Thereafter, when the bard bias · 

layer is magnetically in~tialized it ~ets the magnetization of the passive outer portions 100 of the 

free layer due to the anti-parallel coupling of the magnetic layer 170 with the free layer 68 and the 

ruthenium layer 166 located therebetween. 

In a preferred GMR read. head embodiment of the preient inventiori, the pinned. magnetic 
. . 

layer 58 may consist of thr~e sublayers CoFe/Ru/CoFe, and the free magnetic layer 68 may consist. 
. . . . . t' . 

of two sublayers CoFe/NiFe. AJs with the precedmg preferred embodiments 110 and l40,. the 

. . 
magnetic. head 160 .produces reduced noise and reduced side reading from. the passive ~uter 

··'portions 100 of the free layer 68. Thus the read track width w can be effectively reduced utilizing 

the electrical lead overlaid concept, aIJ.d the magnetic noise and side reading C8D: be likewise 

reduced by anti-parallel coupling of the magnetic.field in th~ passive outer portions 100 of the~ 

~r beneath the electrical lead ends 96. 
. . 

Fig. 6 is yet .another embodiment of a magnetic head 180 of the ·present invention as 

applied to a dual anti-pafanel pinned GMR ~~d with overlaid leads, and which is also 'suitable for 

use as a magnetic head. 20 depicted in Fig. 1. As .. depicted the~ the dual anti-parallel pinned 

· G~ magnetic read head 180 includes a ~eed layer 48 upon which a first antiferromagnetic layer 

54 is formed; followed by a pinned.~gnetic layer 58, a spacer layer 64 and a free layer 68: These 
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layers are fabricated in the full width of the read head element described above with regard to 

Figs. 2, 3, 4 and 5. Thereafter, a further series of layers is fabricated, including a second spacer 

layer 184, a second pinned layer 188 and a second a11tiferromagnetic fayer 198, followed by a 

tantalwn cap layer 204. fu the preferred embodiment, the second spacer layer 184 is composed of 

copper, the second pinned layer 188 is composed of CoFe ~d the second antiferromagnetic layer 

198 is composed of Pt"Mn. The layers 184, 188, 198 and 204 are first pattern etched with the 

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. Thereafter, the upper· layers 184-204 are pattern. 

etched to the active read head elemei;it width w. Thereafter. a thin film ruthenium layer 210 is 

deposited upon the hard bias Ia)ier · 88 and free layer 68. as was done with embodiment 160 

.. depicted in Fig. 5 and described heteabove, and a magnetic layer 218_ is ~ited upon.:. the . 

. ruthenium. layer 210 which is su~stantially identical to the magnetic layer 170 depicted ~fig. 5 

and des¢bed hereabove. Thereaftef. electrical leadS 94 are dei)osited on top of.the lliagnetic ·iayei: 

218 at least ·to the thickness of upper layers _184-204. As will be WlderstOod by those skilled in the 

art, the magnetic_ head-180 Will po&sess the improved signal reading.properties of dual pinned 

layer GMR · heads. .Additionally, · the: h~ . 1 ~O possesses reduced n<>ise and · si_de .reading 

characteristics due to the ailti;.pamllel ooupling of the passive outer portiQns 100 of the free layer 
• • i • 

. 68 through the ruthenium layer 210 to the magnetic. layer 218. . . 

It can now be md~tood that a significant feature of the present inven:tion is_ ~e pinning · 
. . 

of the passive .outer p0rtions. 100 of the free layer· 68 that are· disposed· beneath the overlaid 

electriCal lead ends. 96. nius •. the present invention is intended to apply to· various types and 

. oonfi.gurati'ons of GMR read headS that mclude various numbers and types of thin film kyets to . 
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provide improved read head characteristics for lead overlaid configurations. Therefore, while. the 

present invention has been shown and described with regard to certain preferred embodiments, it 

will be understood that those skilled in the art will no doubt develop certain alterations and 

modfficatfons thereto which nevertheless include the true spirit and scope of the invention. It is 

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

1. A magnetic head having an electrical lead overlaid read head configuration, _comprising: · 

- a free magnetic layer, including passive regions thereof that_ are disposed beneath overlaid 

poitions·of read head electrical leads·; 

a ·thin fi4n magnetic -layer being <fuposed between said. p~ive regions of s~ free 
. r 

. . . 

magneticlayer and said overlaid portions of said electrical leads. 

2. . A magnetic head as described in claim I wherein said thln film magnetic layer is disposed 

on top of a cap layer of said read head, wherein said cap ~er is disposed on top ~f said passive 

· region of said free. magnetic layer. 

3. A magnetic head as descri~ in claim 1 wherein said thiti film magnetic layer is disposed 

· on top· of said passive regions of said free magnetic layer. 

4. · A magnetic head as descnOed ~ claim l wherein a thin fi~ ruthenium layer is disposed 

13 



• 

• 

... -

on top of said passive regions of said free magnetic layer, and a thin fihn magnetic layer is 

disposed on top of said ruthenium layer. 

5. A magnetic 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 magnetic layer is fabricated on 

top of said hard bias element. . . . 

6. A magnetic head as described iri claim 3 wherein a hard bias element is fabricated at an 
. . 

end portion of said free magnetic layer, and wherein said thin film magnetic ~ayer is fabricated on 

top of said hard bias element.-

7. · A_ magnetic head as described in claim 4 wherein a hard bias element is fabri~~ at an 

end portion of said·free magnetic layer, and wherein said ruthenium layer is fabrieated on-top of 

said hard bias elem.ent. .. 

8. A magnetic h~d as desc.t_ibed ·in claim 2 wherein said magnetic layer is composed ofNiFe 

and haS a thickness that is approximat¢1y equal to a thickness of said :free magnetic layer. 

9. A magnetic head as described in claim 3 wherein said magnetic layer is composed ofNiFe 

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 magnetic layer is composed ofNiFe 
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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 includes a first 

·magnetically pinned layer, a first spacer layer disposed above said first magnetically pinned layer, 

said free magnetic layer disposed above s8.id first spacer layer, a second spacer layer disposed 

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

spacer layer. 

12~ A magnetic head as described in· claim 4 wherein said read head includ.eS a first 

magnetically pinned.layer, a first spacer layer disposed above said :first magnetically pllm.ed layer, 

said free magnetic layer disposed abOVe said first spacer layer, a second spacer layer disf>osed 

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

s~layer. 

13. A hard disk drive including. a ·magnetic head having a lead overlaid read head 

configuration, comprising: . . . . 

a free magnetic layer,· including passive regions thereof tliat are disposed beneath ~rlaid 

portions of read head electrical leads~ 

a . thin film magnetic layer being_ disposed between said passive regions of said free 

magnetic.layer and said overlaid portions ·of said eleptrical leads. 

. . 

14. .A hard disk drive as described iµ claim l~ wherein said thin film: magnetic layer is 
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. . 
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 ftee magnetic layer. 

15. A hard disk drive as d~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 describ~ in claim 13 wherein a thin film ruthenium layer is disposed 

on top of said passive regions of said free nlagn.etic -layer, and a ~ film magnetic layer is 

disposed ()Il top of said ruthenium layer. 

17. A hard disk drive as descnbed in claim 14 vfilerein a hard bias element is fabrieate<Jt at an 

end portion of said free magnetic lay~. and wherein said thin film ~eti.c l~yer is fabr.Witted ~ . . . . . . . . . .· . . t 

. top of said hard bias el~ent 

18. A hard disk drive as described in plaim 15 wherein a hard bias element is fabricated at an 

end portion of said free magnetic layer, and ~erein said thin film magnetic layer-is fabncated on 

. top of s~d hard bias element 

19. A hard diSk drive as· describe,d ilrclaini 16 wherein a hard bias elem,ent is fabricated at an 

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

· said harq bias element. 
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20. A 'hard disk drive. as described in claim 14 wherein said magnetic layer is composed of 

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

23. A hard disk drive as d_escribed in claim · 13 wherein said· read head include$ a first 

magnetically pinned layer, a first spacer layer disposed above said first magnetically pinned 1ayer, 
. . . . 

·said free magnetic layer disposed aboVe said first spacer layer. a second spacer layer fl'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 inciud.es a first 

magJ?.etically pmned layer. a first spacer layer disposed above said first magnetically pimied layer, 

said free magnetic layer disposed above said first spacer layer._ a second spacer layer disposed 

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

. spacer layer . 

.. 
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