PERPENDI CULAR MAGNETI C HEAD HAVI NG THERVALLY ASSI STED RECORDI NG ELEMENT,
AND METHOD OF FABRI CATI ON THEREOF BACKGROUND OF THE I NVENTION 5 Field of
the Invention The present invention relates generally to magnetic heads that
are utilized with thin film hard di sk data storage devices, and nore
particularly to the design and fabrication of a perpendicular nmagneti c head
havi ng a storage nedi a heating el enent forned adjacent to a second nmagnetic
pole tip of the wite head conponents of the magnetic heads. 10 Descri ption
of the Prior Art Hard disk drives generally include one or nore rotatable
data storage disks having a magnetic data storage |ayer formed thereon.
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relates pajtdiGukah! forhfe REVRE) HndUndfe PREBALIT t0€RESdesibn and fabrication of a

perpendicular magnetic head having a storage media heating element formed adjacent to a

second magnetic pole tip of the write head components of the magnetic heads.

10  Description of the Prior Art

Hard disk drives generally include one or more rotatable data storage disks having a
magnetic data storage layer formed thereon. Data in the form of small magnetized areas, termed
magnetic data bits, is written onto the magnetic layers of the disks by a magnetic head that
includes magnetic poles through which magnetic flux is caused to flow. Magnetic flux flowing

15  from a pole tip portion of the magnetic poles in close proximity to the magnetic layer on the disk,
causes the formation of the magnetic bits within the magnetic layer.

Generally, magnetic bits can be created where the magnetic field direction of each bit is
either in the plane of the magnetic layer or perpendicular to the plane of the magnetic layer.
Magnetic heads that form magnetic bits having in plane magnetic fields are termed longitudinal

20  magnetic heads, whereas magnetic heads that form bits having a magnetic field that is
perpendicular to the plane of the magnetic layer are termed perpendicular heads. The present

invention relates particularly to perpendicular magnetic heads.



The continual quest for higher data recording densities of the nagnetic

nmedi a demands smaller bit cells, in which the volune of recording materi al

(grains) in the cells is decreased and/or the coercivity (Hc) is increased.
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10  magnetic head. Heat from the magnetic head temporarily reduces the localized coercivity of the

media, such that the magnetic head is able to record data bits within the magnetic media. Once
the disk returns to ambient temperature, the very high coercivity of the magnetic media provides
the bit latency necessary for the recorded data disk.
In order to realize maximum advantage from perpendicular recording, there is a need for
15  a write head that provides pole flux density near the saturation flux density of the head material,
a pole thickness approximately equal to the trackwidth, a device to thermally heat the disk, and
an efficient yoke design.

SUMMARY OF THE INVENTION

An embodiment of perpendicular magnetic head of the present invention includes a

20 media heating element that is fabricated within the magnetic head structure following the
fabrication of the read head element of the magnetic head. The media heating element is
preferably fabricated above the first magnetic pole layer close to the ABS surface of the head. In

one head embodiment, following the fabrication of the heating element, a second magnetic pole

probe layer that includes the second magnetic pole tip is fabricated. In an alternative head
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one head enbodi nent, follow ng the fabrication of the heating elenent, a
second nmagnetic pole probe layer that includes the second magnetic pole tip
is fabricated. In an alternative head 2 enbodinent, the second nagnetic
pol e shaping layer is fabricated upon the heating elenent, followed by the
fabrication of the probe |ayer that includes the second magnetic pole tip.
The heating elenent is an electrically resistive heating elenent that is
preferably conmprised of NCr or N Fe. The nedia heating el enent serves to

heat t heembgiaéntetheedtend magbtiatpeley siapingrlayen it Habrivated apagehohedting alamerat i ¢
medi a beneath the pole tip. The heating of the nedia lowers its |ocalized

coer Ci Vi foflowdd! bﬁ{‘ hd fashitdtfoRtdFShd pRb¥Mdykl that Rbluded fe tseconb endpRelic@pbly tipheThyr i t e
head el enment t he magnetl c head. I't is an advant age of t he perpendi cul ar

magnet i C}gé&ﬁﬁg fne{ﬁhi? ﬁﬂ:tall Péé%ﬂb H%btllhg%kn{eht th'a{'ﬁ W{% 4] Sﬁﬁﬁ(ﬂg

el enent nagn

anot her a e of i cul ar magpeti c head f the sen

i nvent i qu%fﬁ Fﬂgdﬁéﬁﬁfl‘?&; lgmgﬁ@ﬁ{vef, go Iaﬁag 8%’1% ﬁ“&ms‘élg{?ﬁdprﬂf’ééﬁ&

pole tip of the magnetic head, such that the nedia |s heat ed hy the heatlng
el emeht passage QfothPt@a%?ﬁ%ag’éh%éFWhtﬁé Bdg &bt j bhe peating of ?hﬁrmﬁdéa loWea fsage
an of enbodi nent of the perpendicul ar magnetic head of the present

i nvent i olocalizad codreivitgavhichy fasilsatemthe ivgitihg Df date do Bermeedin by tHeowrite|head tlomefit t he
magneti c head, 15 such that the P2 pole tip can absorb heat fromthe
heati ng efthemagnetiothesdadi ate the heat to the nedia passing beneath the P2
pole tip. It is yet another advantage of an enbodi nent of the perpendicul ar

magneti ¢ heady @ o4 RAvankig@ St 'p@x\zbéﬂ&bﬁﬁk fhgdetit heaal%méﬂﬁeﬁ‘énemhub& tigh §posed
in a layer spaced apart froma P2 pole tip of the magnetic head, such that

the heat| 098 SHEAL nSAMhe AR & hiRNSGAE wWhting BPAEH AnRARAL BRk.

10 It is another advantage of the perpendicular magnetic head of the present invention that
the heating element is disposed beneath a second magnetic pole tip of the magnetic head, such
that the media is heated by the heating element prior to its passage below the pole tip.

It is a further advantage an of embodiment of the perpendicular magnetic head of the
present invention that the heating element is disposed beneath a P2 pole tip of the magnetic head,

15  such that the P2 pole tip can absorb heat from the heating element and radiate the heat to the
media passing beneath the P2 pole tip.

It is yet another advantage of an embodiment of the perpendicular magnetic head of the
present invention that the heating element is disposed in a layer spaced apart from a P2 pole tip
of the magnetic head, such that the heating element can radiate the heat to the media passing

20  beneath it prior to the passage of the P2 pole tip.

It is an advantage of the hard disk drive of the present invention that it includes a
perpendicular magnetic head having a media heating element, whereby higher data areal storage

densities of the hard disk drive can be obtained.



20 beneath it prior to the passage of the P2 pole tip. It is an advantage of
the hard disk drive of the present invention that it includes a

per pendi cul ar magneti c head having a nmedia heating el ement, whereby higher
data areal storage densities of the hard disk drive can be obtained. 3 It

i s anot her advantage of the hard disk drive of the present invention that it
i ncludes a perpendicul ar magneti c head having a nedia heating el enent,

wher eby data storage di sks having a higher coercivity can be witten upon.
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It is yet another advantage of the hard disk drive of the present invention that it includes a

magnetic head having a heating element that is disposed in a layer spaced apart from a P2 pole

10 tip of the magnetic head, such that the heating element can radiate the heat to the media passing
beneath it prior to the passage of the P2 pole tip.

These and other features and advantages of the present invention will no doubt become

apparent to those skilled in the art upon reviewing the following detailed description which

makes reference to the several figures of the drawings.

15 IN THE DRAWINGS

The following drawings are not made to scale of an actual device, and are provided for
illustration of the invention described herein.
Fig. 1 is a schematic top plan view of a hard disk drive including the magnetic head of
the present invention;
20 Fig. 2 is a side cross-sectional view depicting various components of a prior art
perpendicular magnetic head;
Figs. 3-7 depict a perpendicular magnetic head of the present invention that includes a

media heating element;



Fig. 1 is a schematic top plan view of a hard disk drive including the
magneti c head of the present invention; 20 Fig. 2 is a side cross-sectional
vi ew depi cting various conponents of a prior art perpendicular magnetic
head; Figs. 3-7 depict a perpendi cul ar magnetic head of the present
invention that includes a nedia heating elenment; 4 Figs. 8 and 9 depict an
al ternative perpendi cul ar magnetic head of the present invention that

i ncludes a nedia heating elenent; and Fig. 10 depicts an alternative
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above the surface 19 of each rotating hard disk 12, as is well known to
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whi ch serves as a basis for the description of the inproved perpendicul ar
write head of Thevaagnetis bead ofithe preesh inpentéan is gfilizaddto rone and pyréte datajtp maggetico
slider 15 17 having an air bearing surface (ABS) 34 is shown in a data
writing medinssuch asbbed disleinsulidrdidisk drive. A simplified top plan view of a hard disk drive

10 is presented in Fig. 1, wherein at least one magnetic media hard disk 12 is rotatably mounted
upon a spindle 14. A magnetic head 16 of the present invention is formed upon a slider 17 that is

10  mounted upon an actuator arm 18 to fly above the surface 19 of each rotating hard disk 12, as is
well known to those skilled in the art.

Fig. 2 is a side cross-sectional diagram of a typical prior art perpendicular write head
portion 26 of a magnetic head which serves as a basis for the description of the improved
perpendicular write head of the present invention which follows. As depicted in Fig. 2, a slider

15 17 having an air bearing surface (ABS) 34 is shown in a data writing position above the surface
38 of a hard disk 12. The disk 12 includes a high coercivity magnetic layer 42 that is fabricated
on top of a magnetically soft underlayer 46. In Fig. 2, the disk 12 is moving towards the left
(arrow 50) relative to the stationary slider 17.

The perpendicular head 26 includes a first magnetic pole (P1) 60 upon which has been

20  fabricated an induction coil structure 62, including induction coil turns 64 that are typically
formed upon an electrical insulation layer 66 and within filling insulation 67, and with a further
insulation layer 69 that is formed on top of the coil turns 64. A thin probe layer 68 that includes

a second magnetic pole tip 70 is fabricated on top of the induction coil structure 62. A second



38 of a hard disk 12. The disk 12 includes a high coercivity magnetic |ayer
42 that is fabricated on top of a nmagnetically soft underlayer 46. In Fig.
2, the disk 12 is noving towards the left (arrow 50) relative to the
stationary slider 17. The perpendi cul ar head 26 includes a first magnetic
pol e (P1) 60 upon which has been 20 fabricated an induction coil structure
62, including induction coil turns 64 that are typically forned upon an

el ectrical insulation |layer 66 and within filling insulation 67, and with a
further mageut pblcQayet,ayeiedGShupiag ldysr 72)infadricuted axptopfof bhdincagdnetivifing flod. A
thin probe layer 68 that includes a second magnetic pole tip 70 is
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fl ow through the shaping |ayer 72 dowwardly (see arrow 80) through the
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(see arrows 84) to the surface 38 of the disk 12. The magnetic flux then passes through the high
coercivity layer 42 and flows into the magnetically soft underlayer 46 and disburses towards the
P1 pole 60. The magnetic flux then flows upwardly (see arrows 88) into the P1 pole 60 and then
through the back gap piece 76 to the shaping layer 72, thus completing a magnetic flux circuit.
15  In such perpendicular write heads, it is significant that at the ABS the P1 pole 60 is much larger
than the pole tip 70 such that the density of the magnetic flux passing upwardly (see arrows 88)
through the high coercivity magnetic layer 42 is greatly reduced and will not magnetically affect,
or flip, the magnetic field of data bits on the hard disk, such as bits on data tracks adjacent to the
track being written upon. As is known to those skilled in the art, the size and shape of the
20  induction coil 64 and the P1 pole 60 may vary in different write head designs. Additionally,
write head designs are known in which a large magnetic pole, such as the P1 pole, can be located
to follow the writing pole (that is the second magnetic pole with its pole tip) as data is written on

the rotating magnetic disk.



t hrough the back gap piece 76 to the shaping layer 72, thus conpleting a
magnetic flux circuit. 15 In such perpendicular wite heads, it is
significant that at the ABS the P1 pole 60 is nmuch larger than the pole tip
70 such that the density of the magnetic flux passing upwardly (see arrows
88) through the high coercivity magnetic layer 42 is greatly reduced and
w Il not magnetically affect, or flip, the magnetic field of data bits on
the hard disk, such as bits on data tracks adjacent to the track being

wri tten upon.A Agnifgaktnfeatnret af théparpersliculdredrite heachis thattthe tisaned baweerdths Pdpe of
the 20 induction coil 64 and the Pl pole 60 may vary in different wite head
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the plane of the high coercivity layer. 5 Fig. 3 is a side cross-sectional
vi ew of magnetip had tégwef thalprésenttinvamtion. {The fenturpeshommuindiie. Jvergenaricofiesiod att6 of
the present invention. The features shown in Fig. 3 are a part of prior art
per pendi papaxiichkadsadsunich as Hevad @62fndasmives as webaas far maddrstafiding whred Exbsitativahi ng
the fabrication process of the present invention. As depicted in Fig. 3, a
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surface 104. A read head el ement 10 then fabricated within 10
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t ype® f ele cq.rlcatlly 1nsu?§1ve tlayers fjl2 ald & gecond ma%hetlc shield (S2) 60, which may or may not
also function as a first magnetic pole (P1) 60 in a type of magnetic head termed a merged head,
is fabricated on top of the read head insulation layers 112. It is also possible to have S2 and P1
60 be magnetically separate layers in a magnetic head that is typically referred to as piggyback
head, and the present invention is suitable for use with a merged head or piggyback head.
15  Thereafter, an induction coil structure 62, shown as five induction coil turns 64, is fabricated
upon an electrical insulation layer 66 that is fabricated on top of the P1 pole 60, using standard
fabrication techniques, such as photolithographic and electroplating processing techniques. A
back gap piece 76, composed of a magnetically conductive material such as permalloy, may next
be fabricated in magnetic connection with the P1 pole 60. Thereafter, gaps adjacent to the coil
20  turns 64 and magnetic structure are filled with an electrical insulation 67. The upper surface of
the induction coil and back gap piece are then typically planarized, such as through a chemical

mechanical polishing (CMP) step, and a patterned electrical insulation layer 69 is deposited on

top of the induction coil structure 62.



is fabricated on top of the read head insulation l[ayers 112. It is also
possible to have S2 and P1 60 be nmagnetically separate |layers in a magnetic
head that is typically referred to as piggyback head, and the present
invention is suitable for use with a merged head or piggyback head. 15
Thereafter, an induction coil structure 62, shown as five induction coil
turns 64, is fabricated wupon an electrical insulation |ayer 66 that is
fabricated on top of the Pl pole 60, using standard fabrication techniques,
such as phot oAs hisoggen pidicatainigbreabeed, theppredennipventionds 8 ipapehdiclai magetic Aeadoack
gap piece 76, conposed of a magnetically conductive material such as
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structure 62, 7 has been i ndi cat ed hereabove the present invention is a
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thermal assistance in recording data bits to high coerC|V|ty magnetic

medi a. AFig AsFigefioaicrossisectibnal vy prkemliplong dinenrgradtliie. head Fig bis a tep plan
present invention is next depicted in Figs. 4, 5 6 and 7, wherein Fig. 4 is
a per spegieiwd the sated eldaehcddpitgedsingtigst #-®ams dspithiarftigs. a{7, hrheatlaneaﬂlptuﬁ 65 is
a top plan view of the head depicted in Fig. 4, Fig. 6 is a cross-sectional
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heater element depicted in Figs. 4-6. As depicted in Figs. 4-7, a heater
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description of the fabrication of such a heater element is provided in U.S. Patent Application

Serial No. SJ09-2002-0096US1, filed , entitled: , the

disclosure of which is incorporated herein as though set forth in full. Basically, the heater
structure 126 includes a central electrically resistive heater 130 that is fabricated beneath the
15 location in which the pole tip will subsequently be fabricated. It is desirable that the active
heating portion 130 of the heater be approximately as wide as the track width of the pole tip
because it is undesirable to heat portions of the magnetic media disposed on data tracks that are
adjacent to the track that is being written upon. As is seen in Figs. 4-7, the heating element 130
may be fabricated first, followed by the electrical lead elements 134 that project laterally from
20  the heating element. It is desirable, though not necessary, that the heating element 130 be
fabricated slightly away from the air bearing surface (ABS) 34 of the head, to limit corrosion of
the heater element and possible electrical discharge from the heater element to the media disk

during a writing operation.



10 130 and electrical leads 134 to the heater elenent are successively
fabricated. A detailed description of the fabrication of such a heater
elenent is provided in U S. Patent Application Serial No.

SJO9- 2002-0096US1, filed , entitled: , the disclosure of which is

i ncorporated herein as though set forth in full. Basically, the heater
structure 126 includes a central electrically resistive heater 130 that is
fabricated beneath the 15 location in which the pole tip will subsequently
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144 may be fabricated utilizing photolithographic techniques and is

glr le‘:);r ably 68 MRS ©%00Tis 2Bl d BANG g C sAREFRA pHIRIRAdRhphic YA BRcRoftER

10  techniques. The shaping layer is preferably formed of NiFe in at.% combination such as 45/55

or 80/20. The rearward end 164 of the shaping layer 160 is formed in magnetic flux

communication with the back gap piece 76, and the forward side edges 168 of the shaping layer

are sloped inwardly towards the ABS 34 and pole tip 148 to aid and shape the flow of magnetic

flux towards the pole tip 148. The frontward end 172 of the shaping layer 160 is formed away

15  from the ABS 34 to prevent magnetic flux leakage directly to the disk 12, such that magnetic

flux from the shaping layer 160 is channeled through the pole tip 148. Following the fabrication

of the shaping layer 160, further magnetic head fabrication steps, such as the fabrication of

electrical interconnects (not shown), are accomplished, as are well known to those skilled in the

art, and the magnetic head is subsequently encapsulated, such as with the deposition of an

20  alumina layer 176. Thereafter, the wafer is sliced and polished into magnetic heads, the ABS

surface of the heads is carefully polished and lapped and the discrete magnetic heads are
ultimately formed.

As indicated above, the desire to increase the areal data storage density of hard disks

results in a desire to write data with ever smaller data bits, and therefore the need to fabricate

9



Foll owi ng the fabrication of the probe |ayer 144, a second magnetic pole

| ayer, terned a shaping |layer 160, is fabricated utilizing standard

phot ol i t hographi ¢ and el ectroplating 10 techniques. The shaping |layer is
preferably forned of NiFe in at.% conbination such as 45/55 or 80/20. The
rearward end 164 of the shaping layer 160 is fornmed in magnetic flux

communi cation with the back gap piece 76, and the forward side edges 168 of
the shaping layer are sloped inwardly towards the ABS 34 and pole tip 148
to ai d amngitshafde vitheeder Gnatlér palgnipsi CWhéd tecatirpnaic Sveishempldlpelet tips, id8an Bhe
frontward end 172 of the shaping layer 160 is formed away 15 fromthe ABS 34

t o prevepdsidheielimé thd timbe? 3K 8BS cAtiohedph Yhat SretcBditedisuBstquéiid €d1the TaricaBaNet i ¢
flux fromthe shaping |layer 160 is channel ed through the pole tip 148.

Fol | ow ngr ﬁ@@p&%?{)feggséhgéa&gseﬁ%ﬁ ?ag)éiﬁﬁ?o%i s‘f%”&r%%?Qvéﬁhqptheﬁfﬁi{kfekjﬁﬁad@%ﬂﬂegm@ad

fabricatron s rrcati ectrical interconnects (not

shown), are .gcconplished, as are | l. known to tho skilled in the ..art,
and"the AagHBrC Huasdd 18 sof oBiymeh hne ARHD suRep BT Tabbichionstopd , AS i be
deposition of an 20 alum na |ayer 176. Thereafter, the wafer is sliced and
pol i shedundergoadafam: the falewing deseriptios, theupaledip ¢an b, fabrisaied splseguanifte|ths
polished and | apped and the discrete nmagnetic heads are ultimately forned.
As i ndi cé#tbedatiinoefethet shepidgdayes, wberebic feves ewtifechead dabricdtiom stepo rasgenditakért y of
hard disks results in a desire to wite data with ever snmaller data bits,

and t her &lfvéng the fabeiestidnoffiedpoledpe 9 wite heads with ever snaller pole
tips. Wien creating such very small pole tips, it can be desirable tolimt

the nunmber of Thghmiket dnddRh&R DA brasR iARMELR iedetUReRARATh 1ifs tdand 9,
fabrication of the small pole tip, because each fabrication step brings

L OB PR o g SAPTRBR 38T e
10 Fig. 8. As depicted in Figs. 8 and 9, a heater structure 126 is first fabricated upon the insulation
layer 69 that is fabricated above the induction coil structure, as is depicted in Fig. 3 and
described hereabove. The electrical heater structure 126 is substantially similar to the heater
structure 126 depicted in Figs. 4-7, as described hereabove, and it includes a central electrically
resistive heater element 130 and electrical leads 134 for supplying current to the heater element.
15  Following the fabrication of the heater structure 126 a layer of alumina 140 is deposited across
the surface of the wafer, which may be, though not necessarily followed by a CMP step.
Following the deposition of the insulation layer 140, a shaping layer 160 is next fabricated. The
rearward portion 164 of the shaping layer 160 is fabricated in magnetic flux communication with
the back gap piece 76, and the forward portion 172 of the shaping layer is fabricated away from
20 the ABS 34, and with sloped side surfaces 168, as was described hereabove with the aid of Figs.
4-7. Following the fabrication of the shaping layer 160, alumina 200 is deposited across the

surface of the wafer which results in filling the areas in front of the shaping layer 160 at the ABS

34. A CMP step may be next conducted to form a planar surface and expose the upper surface

10



5 understood fromthe follow ng description, the pole tip can be fabricated
subsequent to the fabrication of the shaping | ayer, whereby fewer wite
head fabrication steps are undertaken followi ng the fabrication of the pole
tip. This further enbodi ment of the present invention is next presented in
Figs. 8 and 9, wherein Fig. 8 is a top plan view and Fig. 9 is a side
cross-sectional view taken along lines 9-9 of 10 Fig. 8. As depicted in
Figs. 8 and 9, a heater structure 126 is first fabricated upon the

i nsul ati Q08 b€ shapthgllingk 166G Tidprbbalaget 1abavdudifethe poleaip 1018 i Aext fisbirichted i e,
as is depicted in Fig. 3 and described hereabove. The electrical heater

structur glaége@lclfﬁlx%g%{@mah&{ {wth fleShhihg laQet 199, heater  structure 126 depicted
in Figs. 4-7, as described hereabove, and it includes a central electrically

t h I 134 f t
ot neat o A e A POR A LR P 0, AR T
126 I 140 d 1 th f 1 :
s S SR ot Rk SeCSARE S 75h ASASH b GR RERet AR e
deposition of the |nsulat|on | ayer 140, a shaping |layer 160 is next

fabri 8at gele tipH48. Seeqifieally, inche hesd emthodipent H@»l@%m Eigs 14aisdhe heatericleneab 3¢ at ed

in magnetic flux conmmunication with the back gap piece 76, and the forward
portion is/acaséd ¢lhee tohthe polg tipalddrwitls oflglihe mavletoralamgr lf410dhelﬁb)etwben, ABSreds in and
wi th sl oped side surfaces 168, as was descri bed hereabove with the aid of

Figs. 4the minglelioWediDerhb&lithak depRtddi Mfs. t8endsd)ane ReatérodierhentBB0 ilsépairaled 200
i's deposited across the surface of the wafer which results in filli ng the

areas in gfofrpcﬁé 9k ti hﬂS %9%tﬁ&kﬁé%¥8f thl-@f?ap%g laiig 1€@§lus:ﬁfemﬁd% 1@3&@4@%@6

next conduct ed to or ma planar surface and expose the upper surface 10 208
o " AR s PR B N e R B T B
10  to the efficiency with which the heater element can heat the magnetic layer 42 of the media 12 to
the appropriate temperature, prior to the passage of the magnetic media beneath the pole tip.
That is, depending upon the rotational speed of the magnetic disk 12 and the heating capabilities
of the heating element, as well as various heat transfer parameters, it may be an advantageous
head design for the heating element to be located close to the pole tip (Figs. 4-7), or it may be
15  operationally superior that the heating element 130 be separated from the pole tip 148 by a
distance such as the thickness of the shaping layer 160 plus insulation layer 140 (Figs. 8 and 9).

As will be well understood by those skilled in the art after having read the preceding
detailed description of the present invention, a magnetic head can also be fabricated in which the
novel features of the probe layer and pole tip fabrication of the present invention are applied to

20 the first magnetic pole, and the second magnetic pole is formed similarly to the first magnetic
pole; that is, without a pole tip. Specifically, as depicted in Fig. 10, following the fabrication of
the read head element 108 within electrically insulative layers 112 (as described hereabove with
regard to Fig. 3), a second magnetic shield (S2) 320 is fabricated on top of the insulation layers

112. As will be understood by those skilled in the art, the second magnetic shield 320 in the
11



In conparing the nagnetic head enbodi nents of Figs. 4-7 and 8-9, it will be
understood that a significant difference between themis the distance

bet ween the heater elenent 130 and the 5 pole tip 148. Specifically, in the
head enbodi ment depicted in Figs. 4-7, the heater elenent 130 is | ocated
close to the pole tip 148 with only the insulation |ayer 140 therebetween,
whereas in the magnetic head enbodi nent depicted in Figs. 8 and 9, the
heater element 130 is separated fromthe pole tip 148 by the thickness of

t heé shapiemfodigiear depaedoinUKg.t Ivedden ol Aihction dsayfirst hdghetitpole, Sudhnthht thadeeicof

t he separation between the heater elenent 130 or 188 and the pole tip 148

rel ates ll&nét@dH"ﬁgelf(flbﬁb;?rﬂﬁr}’até’wfté?m\é@h‘ﬁ gybRkheat er el ement can heat the

magnetic layer 42 of the nedla 12 to e appropriate tenperature, prior to
t he passage o i ng
e ohe e oFoldinl R EhiGy %g%hﬁé;gege PhaldicRELf1 300 hoRleidofon AP BE'
capabi | i

of t eat ous .heat transf
o anet eptater détng 150 awrfka%aﬁrfa S fa‘ﬂ&a@duéf&ﬁcal r@n@%@P.lwréﬁéﬁ%m
to be located close to the pole tip g or it my b
oper afi odqugteclsw@rth%ﬁecwama&m@c P#l@lﬂi RS fell@mhy thefp ats@pfefrthq @tqfﬁme@he
pole tip 148 by a distance such as the thickness of the shaping |ayer 160
pl us i nsuB&witbim dnapsratibalayeFi333,.an8 adndhed )insulation Wykt 3eiswkdn fabmchéedsippoadhdy
those skilled in the art after having read the preceding detail ed
descri pt hedierodlethdi 180.e Sheitcafidty & MirstanagnatidpsloshapindRger P4Nisdhisricabed dpahrtheat ed
in which the novel features of the probe | ayer and pole tip fabrication of

the preseailatiBy fied 996, Sich tRRR ARty Of ndRAmbhRti¢ WafdriaBNRhridRkdSbetvdrd thde
second magnetic pole is forned simlarly to the first magnetic pole; that

tabr i cat f SrA% fidlhe ﬁﬁﬁﬁ* fl%?fee A TR R B T Bmpho R 380
ragndDi o eI aé’eféf%?'sﬁn%%ﬂ.y prial s o an e t° ity SR FBpEed i 112

As will be understood by those skllled in the art, the second magnetic
shi el d 3%t Onandrdescribed hereabove. Thereafter, a probe layer 348 is fabricated upon the shaping

layer 340 and the nonmagnetic material layer 344, and in magnetic flux communication with the
shaping layer 340. A narrow pole tip 352 of the probe layer 348 is fabricated at the ABS surface
34. The probe layer 348 and pole tip 352 may be similar to the probe layer 144 and pole tip 148
15  depicted in Fig. 9 and described hereabove. Following the fabrication of the probe layer 348, an
insulation layer 66 is deposited, followed by the fabrication of an induction coil structure 62, as
described above. Thereafter, a second magnetic pole 360, having an enlarged surface 366
exposed at the ABS surface 34 is fabricated upon the induction coil structure 62. A back gap
piece 76 is fabricated between the second magnetic pole and the first magnetic pole to facilitate
20  magnetic flux flow therebetween. After fabricating further magnetic head structures as are well
known to those skilled in the art, such as electrical interconnects, the magnetic head structure is
encapsulated such as by the deposition of a layer of alumina 370. In this embodiment, the heater

element is fabricated prior to the fabrication of the first magnetic pole and its associated pole tip

12



11 enbodi nent depicted in Fig. 10 does not function as a first magnetic
pol e, such that the device depicted in Fig. 10 is appropriately terned a

pi ggyback head. Followi ng the fabrication of the second magnetic shield 320,
a heater elenment, such as heater elenent 130 described hereabove, is
fabricated. Specifically, an insulation layer 324 is 5 deposited upon the
second magnetic shield 320, followed by the fabrication of the heater
element 130 within an insulation layer 332, and a further insulation |ayer
336 is timnsdcalihdt ciad ledted pRmehES0 Widlceat patiemiesTitheldifk meliareiat tethosepdriismst
magneti c pol e shaping |ayer 340 is fabricated upon the insulation |ayer
336, su siH?BmémﬂQﬁﬁﬁﬂéM 952 RQHITRBNRGth thdBkEhadletidfdle] S fabricated between
the ABS surface 34 and t%e shapi ng | ayer 340. The shaping | ayer 340 and
nonmagneti c . Ly 4 f.alrj L 1D api . r 160
and nonnagneg?é§#§%gP%%ﬁ)%gﬁgg&ﬁgﬁdég%i@%3%3%H§hﬁ%@iﬁgﬁgﬁgkggggéﬁgg%gﬁﬁ

her eabove. There er, a probe |ayer, 348.i.5 fabricated upon the. shapin

ayer ageEihe hrel foteragiEt PETeELRRURS CLRrCR Coaeiovh 2 ikgh BIE LI PR
conmmuni cation with the shaping |ayer 340. A narrow pole tip 352 of the

pr obe | adeapity3aigvery higlhdata Jetes %the tBROrdipg densityean begarhieypd 35r dseribedyabovgas
and pole tip 352 nmay be simlar to the probe |layer 144 and pole tip 148 15
depi ct edwitlnn kitgtterresniving ewdia [B&d), hed sabpweed Byldeavasng theevidthlofithcatecadingf t he
probe layer 348, an insulation |layer 66 is deposited, followed by the

fabri cat proBesof TPRN with ke tadoahtapRi of GFifibg lodridgie? coagivityemedinbeTheahew®- that is
Thereafter, a second magnetic pole 360, having an enl arged surface 366

exposed @torhhiate@BRoIheE pépéndRehldr hedPOH the g?&&n Wi ti%rhﬁ IR | dMertsRirs to the

structure 62. A back gap” piece 76 I1s fabricate etween the second nmagnetic

Pher ot W hehd bt 87 BERIE oP BicichiBpr 86 blckt Bl RHNG nedobi# Haciof ¥ e )
kno to t hos Stki lled jn the art, such as electrical interconnects, the
magn |c°f}‘?é’§8‘fe§‘t P lopgjfudinal recording.

While the present invention has been shown and described with regard to certain

preferred embodiments, it is to be understood that modifications in form and detail will no doubt

be developed by those skilled in the art upon reviewing this disclosure. It is therefore intended

that the following claims cover all such alterations and modifications that nevertheless include
15  the true spirit and scope of the inventive features of the present invention.

What is claimed is:

13



encapsul ated such as by the deposition of a layer of alumna 370. In this
enbodi nent, the heater elenent is fabricated prior to the fabrication of
the first nagnetic pole and its associated pole tip 12 352, such that the
heater elenment 130 will heat portions of the disk media prior to those
portions passing beneath the pole tip 352 associated with the first
magnetic pole. It is therefore to be understood that the present invention

i ncl udes a perpendi cular magnetic hepdIM®gsi gn and a preferred nmethod of
fabrication to achieve a very high recording 5 density at very high data
rates. The recording density can be achi eved, as described above, within a
better resolving nedia (BPl), and is inproved by decreasing the wdth of the

recording, prORjﬁq%EﬁkMaWEﬁgn%b%c&PX&H@%Qﬁ%Of writing on higher coercivity

medi a. The heat corpofate o the perpendlcular head of the

present inventi mensi. on ad e tip.
Because of thi gqﬁgslflégfletl? Wg)\eps%‘ﬂ%g f‘t‘ﬁogk e reﬁgg@g 't gx%oseﬂ ag ‘TJJ)Ir h%aﬂngn of
the 10 one needed fog | ongi t al recording. Wile the present invention
has been $¥H&W (ARY ofd %FPB@%W 1 regard to certain preferred enbodi nents,

it is to be understood that npdlfycations,in formand detail will no doubt
be devel oped by sechodmagkdticlpett inpluding agple tipghercefdbatanexngseditsaidirddYosure. |t
is therefore intended that the following clains cover all such alterations
and nodi fi cat i eheatinpatenreayert hel ess include 15 the true spirit and scope of
the inventive features of the present invention. Wiat is claimed is: 13
CLAIMS |. A pegi panéioaWodistri®igRehitGs fis@sded BAWRE @idMGrst magnetic pole and said

second magnetic pole, wherein said induction coil structure includes a plurality of coil

turns and an insulation layer that is disposed upon said coil turns; and

wherein said heating element is disposed between said insulation layer and said

pole tip.

2. A perpendicular magnetic head as described in claim 1 wherein said second
magnetic pole includes a shaping layer that is disposed in magnetic flux communication
with said first magnetic pole, and a probe layer which includes said pole tip, wherein said

probe layer is disposed in magnetic flux communication with said shaping layer.

3. A perpendicular magnetic head as described in claim 2 wherein said shaping Layer

is disposed between said heating element and said pole tip.

4. A perpendicular magnetic head as described in claim 2 wherein said probe layer is'

disposed between said heating element and said shaping layer.
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a first magnetic pole having a portion thereof that is exposed at an air
bearing surface (ABS) of the magnetic head; a second magnetic pole
including a pole tip thereof that is exposed at said ABS; a heating

el enent; an induction coil structure that is disposed between said first
magneti c pole and said second nagnetic pole, wherein said induction coi
structure includes a plurality of coil turns and an insulation layer that

i s di sposad uparhasddigk 69Vd intlEng a pripndibeiehigrRat deddgadrhpasigd: ement is
di sposed between said insulation layer and said pole tip. 2. A

per pendi cul ar Hﬁﬁ:ﬁﬁtdl&tﬁ dapted e GEhR&Hin IYis! dfc@ibn;Wherein said second
magneti c pol e includes a aping layer that is disposed in magnetic fl ux

comuni cati on gnetic pole, and a probe |ayer which
i ncl udes said p\{\ql Blggl?%{cq]m%de{ngﬁlg[@al d probe layer is di sposed in magnetic

fl head
s eoor bod ok il Mead e RRhest FRBRS wRYER 5ole bR PEORI G pdlg I, oot

heating el enent and said oIe i 4. A perpendlcular magneti ¢ head  as
descri bed thahISEXEPSeH At gihaif P%‘%épﬁa‘iﬁr@@@) oh{ermagaetic bgad prkdisnasediocii€ai d
heating el ement and said shaping layer. -14 5. A hard disk drive including a
per pendi colagnetiveits ¢t partinesaef,saidongstia diskig:  a medi a di sk bei ng adapted for
rotation in a first direction; said magnetic head including: a wite head
el ement i ncl uda mgatingnelgneiti ziggotiepdsay ipreximatpoh@ Hale tippsidhothat fued dedting
clement is disposed to heat said portions of said magnetic disk prior to the writing of said
magnetic bits to said portions of said media disk;
another magnetic pole having a portion thereof that is exposed at said ABS;
an induction coil structure that is disposed between said magnetic pole and said
another magnetic pole, wherein said induction coil structure includes a plurality of coil
turns and an insulation layer that is disposed upon said coil turns; and

wherein said heating element is disposed between said insulation layer and said

pole tip.

6. A hard disk drive as described in claim 5 wherein said magnetic pole includes a
shaping layer that is disposed in magnetic flux communication with said another magnetic
pole, and a probe layer which includes said pole tip, wherein said probe layer is disposed in

magnetic flux communication with said shaping layer.

7. A hard disk drive as described in claim 6 wherein said shaping layer is disposed

between said heating element and said pole tip.
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that is exposed at an air bearing surface (ABS) of the magnetic head, and
di sposed to wite magnetic bits to portions of said nedia disk; a heating
el enent bei ng di sposed proximte said pole tip, such that said heating
clement is disposed to heat said portions of said magnetic disk prior to the
witing of said magnetic bits to said portions of said nedia disk; another
magneti c pole having a portion thereof that is exposed at said ABS; an

i nducti ongcoi | Askdrdiclidkr éritehad déssribkids posietth Bewki@ein sal Probadagtiic dppbedand
said another magnetic pole, wherein said induction coil structure includes
a P'Ura!'%&“Q&m&9!huﬁﬁgEﬁﬁmﬁﬂgm%ﬁm%ﬂaMhék&&U llayer that is disposed upon
said coil turns; and erein said heating el enent is disposed between said
insulation layer and said pole tip. 6. A hard disk drive as described in
claim5 wherein said nagnetic pole includes a shaping layer that is

di sposed in magnetic flux comunication wth said another magnetic pole,
and a probe |l ayer which includes said pole tip, wherein said probe |ayer is
di sposed in magnetic flux conmmunication with said shaping layer. 7. A hard
di sk drive as described in claim6 wherein said shaping | ayer is disposed
bet ween said heating element and said pole tip. -15 8. A hard disk drive as
described in claim6 wherein said probe layer is disposed between said
heati ng el enent and said shaping | ayer. -16
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