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 Fiel d 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 magnetic
head having a storage nedia heating el enent fornmed adjacent to a second
magnetic pole tip of the wite head conponents of the magnetic heads. 10
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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 ficld 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

i ncreased. Wen the bit cell size is sufficiently reduced, the problem of
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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 |ayer that includes the second magnetic pole
tipis fabricated. In an alternative head 2 enbodi nent, the second nagnetic
pol e shaping layer is fabricated upon the heating elenent, followed by the
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pr esersf theypagnstisheahat the heating el ement is di sposed beneath a P2 pol e
tip of the magnetic head, 15 such that the P2 pole tip can absorb heat
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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 enment, whereby higher
data areal storage densities of the hard disk drive can be obtained. 3 It
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are not nmadeistyet sncther adivamtageaattthahard eliskodriveand theapresept thvienléah thet it includes a
illustration of the invention described herein.
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 view depicting various conponents of a prior art

per pendi cul ar nagnetic head; Figs. 3-7 depict a perpendicul ar nagnetic head
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invention that includes a nedia heating elenent; and Fig. 10 depicts an
al ter &h@tlv‘é ?fé?‘ beating elametiand head of the present invention in which
the pole ti |sfabr|cated within the first magnetic pole. 5 DETAILED
DESCRI PTI lgFIQ'HEplpREFEﬂ@tEHB@MﬁENﬁBrmmg head of theapresdnttieenpiorsent
invention is utilized to read and wite data to magnetic media, such as a

hard dilsikh the poldwip i fabridatedr witlein tife fidstirajidtieGoleop plan view of a hard di sk
drive 10 is presented in Fig. 1, wherein at | east one nmagnetic nedia hard
disk 12 is rotatably nounted wupon a spindle 14. A magnetic head 16 of the
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follows. As depicted in Fig. 2, a slider 15 17 having an air bearing
surf add ig msyntgdl in Eigs hovdaerpm 24 lenst enempgrietig maskia hard diskbldyis rotatablumprnted
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

pole (P1) 60 upon whjch has, been 20_fabgicated an induction coil structure
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thin probe |layer 68 that includes a second magnetic pole tip 70 is

f abr i ceftthel Pbpoteof @id thhshaping tayeo?i2,coch that magheticefl2can/floe berwkeh thagnalsi ¢
pol e | ayer, termed a shaping layer 72, is fabricated on top of and in

magnetis ovelll undedstodd byahessskilati e am, electrieal afr&heﬂbwgm&%gh theM@idionCofack
gap piece 76 joins the upper portions of the P 1 pol'e 60 and the shapi ng

| ager : | I f ' I
under ST oNFHER: ahedRBRFlY ot ibue e haelF pURERr WiHBad Wherk e Bivctiongn
the inductio oil.5 64 w,l| cause,. netic flux,to flow through the .
manertngsils i ok el ungiEite SR bt Be et cvrargh drpuch Mhsingision
depends upon . the direction of the electrical current through the induction
coi | . o8r Hogdastanee, custgnt wrne; direghien will sause arpgnetiq flwatesBowdlough thef shapingo
flow through the shaping |ayer 72 downwardly (see arrow 80) through the

nar r oviay2 7gclownvwandlyséenaroow 88) thrgighcthe mairowt B2 potedipetd intd theehight 2o@tivithe
hard di sk 12. This magnetic flux 80 causes magneti zed data bits to be 10

r ecor draprietic ldyer b2 ob tedeid diskt12. | EHiemadRtthAREs0 biisRanghdted databitfio bhe
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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
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is a JICERED %gg -hsé& Fwﬁlai*s wf&@&m@ sePvepas A bagie foppmderstanding ghe (fpkrication
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26 and serve as a basis for understanding the fabrication process of the
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is fabricated upon a slider substrate surface 104. A read head el enment 108
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second magnetic shield ( 60, which may or | so fitriction as a
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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 2 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 |ayers 112. It is also
possible to have S 2 and P 1 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 nerged head or piggyback head.
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the present invention is next depicted in Figs. 4 5 6 and 7, wherein
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head, Fig. 5is a top plan view of the head depicted in Fig. 4, Fig. 6 is
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Serial No. S$J0O9-2002-0096US1, 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.

SJ09- 2002-0096USI, filed . entitled: , the disclosure of which is
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heater be approximately as wide as the track width of the pole tip because
it is insnudasn khperel4ly ahprabe fayet il dhnabidinge seeandemagnetiediode tp d8seill next det a
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during writing operation. 8 Followi ng the fabrication of the heater

st ruct¥rFasd6oFaalley.ectrical insulation layer 140, such as alumina, is
deposited across the surface of the wafer. Follow ng the deposition of the
i nsul at i on Hodlpaving the, fabriqatioh of theymrobe kuger W, adeenpdamagnetio goledgyert teempdhe
tip 148 will next be fabricated. The wafer should preferably have a pl anar
sur f achapihg Claykrs 168 pisufabricated C utikdiag ysthndaadr pixeslitheprapitc saml | el@dloplating
148. The probe | ayer 144 may be fabricated utilizing photolithographic
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such as a

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 encapsulgted, 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, termed 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.o0f the shaping.!| ay 160 _i.s for I n L.c T
conmuntRtg: hegs W%e‘feﬁes"@(?{(%&%gn m@ehel?bc,reaé’ﬁl& ﬁuﬁgevggr \ﬁg?@%’s&?%éﬁ%d%één Pes of
the shaping layer are sloped inwardly towards {he ABS 34 and pole.tip 148
Lo ai GiRIRPle oot thonmbey ol fahrisghon Heps hhARe ComariEd SERediEtido tefeaesdonnc
frontward end 172 of the shaﬁi ng layer 160 is fornmed away 15 fromthe ABS
34 t o gfitkwemsll pelgrig, becabasach dalkringtion step brings withtitibe duther thancethat thepele
magnetic flux fromthe shaping |layer 160 is channel ed through the pole tip

148. ki WeNvibaOddniegzefl 3Ardosmt inafiner afuringethsftagibagueny fbritafon bteps.hexs walgrvet i c
head fabrication steps, such as the fabrication of electrical

ismsﬂ ggﬂleﬁqoﬁeﬁ&ﬂt the hfam%i%gaﬁsggﬁﬁ&{mh% a8 ip a%in el Fatipichted NABEE gLt RO

art, and t etic head i s subsequently encapsul at ed,

d
such wi t.h t deposi tion of .an,20- al un | 17 Therealter
va or PuMlide Sl GRCRE R SR B8 s Pl 2B Fortblpn S g BlendiR,
heads |s careful ly polished and | apped and the di screte nmagneti c heads are
ul ti mflf’ﬁ??'“\‘o’dI‘?r&y’?‘c “i‘?{]dh?:a?aléﬁpabove, the desire to increase the areal

data storage density of hard disks results in a desire to wite data with
ever smal | eFhisfurhdsi ambodimentt ofethef present inventen is aextaesentedeinoFigs 8 endehds
with ever smaller pole tips. Wen creating such very snmall pole tips, it
can bewhdteiniRigld @ attop plafiview hed FigiD éy a sitle tbs-sextibhal viet eghen tlvagp lmee9-9 of
conduct ed subsequent to the fabrication of the small pole tip, because

SO S ACK DRI BB et A AT b S
As W Illayg'e@ 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




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 follow ng the fabrication of the
pole tip. This further enbodi nent of the present invention is next

presendgd 4 Fis.8a 9. Wherein Eig. l. S to I viewand Fig. 9
o Aot g E‘@éﬂ%ﬂgf) Therpsiuir LiinsTdnede 556 G g neyt Abcatedin
depicted in Figs. 8 and 9, a_heater structure 126 is first fabri cat ed upon
the i rfgeﬂ%ffpéiﬁmcamuwupwﬂthtbe shapinedayad 68bove the induction coil
structure, as is depicted in Fig. 3 and described hereabove. The

el ectri cal Iheamparisg thecmagretit héad embodistentstof igsy 4<% anid 80, it will e undeadseiod
structure 126 depicted in Figs. 4-7, as described hereabove, and it

i ncl udhst asigdfitanldiffdresdervebadenytherhy @5ih distmch BatwRen SRR efeRRnR NS0 and the
el ectrical leads 134 for supplying current to the heater el enent.

523' ?‘é[ﬂd&guﬁ lgg f gpealﬁ@atugom tﬁa hb{E rﬁﬁ@&ﬁlfntscﬁ]ég}&?&ﬁh%&@ Wg R d]@x@ertgoe‘lerﬁ#i%pa

dep05|te acr os e sur ace oOf i ¢h not

et o tesate ot WT6e Biledin bR iR Rply SRan A by RRRG e B

portio 164 of the shaping |ayer 160 is fabrlcated I n magnetic flux
comurihe Magesfichead crbpdipgridepigiedincEigs78 and 9 thqwhfam;rquwtpl&% is saparated of
t he shaping layer is fabricated away from 20 the ABS 34, and with sl oped

si de dumh Hegwld 68 148 by thesthitsessioff g shepieg bayee 164 plas tl'feanwlatmiflafergaﬂ The 7.
Foll ow ng the fabrication of the shaping |ayer 160, alumna 200 is

deposisignificmcosttheteparativd BtRed the Meatéélemevi30Mbr 188 uhi $hd polé tipl 1148 Q‘elhfé@
areas in front of the shaping |layer 160 at the ABS 34. A CWP step nay be

nayt LG K ﬁﬂlulth 208
01(;:1 I\(’t hggs hapi ﬁigné}g‘;ieﬂrq wﬁé%l #%gagrr%g[%@ayer @%ﬁé %hﬁyge‘:‘{lg%rfto eE@;ﬁﬁzjleS S
next fRbhhGahAste! EmplRRIE Hrfor ith e GRTIEILF He' BheidiikTnddlS vNERE B poSip. 160

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

bet ween the heater elenent 130 and the 5 pole tip 148. Specifically, in

t he head enbodi nent depicted in Figs. 4-7, the heater elenment 130 is

| ocated ,cl.ose to 1 pgl.e tip 148 w th on e i | O .

t her et?é’ft{ﬁggﬂ?m\ﬁ%gllpgegslgicﬂﬁg‘ ]Edn‘gocrsré‘a ﬁﬁch R 8%% ftg%b%%é}%gk ? E)lcfe g'l" Jc?ta%lg{ tlh%%@?"é:g . 8
and 9, the heater elenent 130 is separate fromthe pole tip 148 by the

t hi ckriiegistedrindpg 190z apnrppriately termsd afigaybareheadsyl ati on | ayer 140. The
significance of the separation between the heater elenent 130 or 188 and

t he pol e tifplloagng tieafrbdcationtaf the)eccond imdgmatiy shickdh’ 20n iadteaten ¢lameant.cquch|as ment
can heat the magnetic |ayer 42 of the nedia 12 to the appropriate

t enperhter elemeht 080 idescribed heraboe, &f fablieatedhgSpédificaliydan ifsubamnaydre32doke
tip. That is, depending upon the rotational speed of the magnetic disk 12

t : I ng upon ! | _ !
ﬁggt pfegirsgge B ARARELd xhaﬁeuc Qhi Iéi@d}ﬁﬁiowéﬁ b9 (B BBt catith J¥8hé héercMrh@iS

ie
r paramneters, may be an advant ageous head design for the

h [ | . . I | h ' Figs. o 4-. '
et g STE G0 ST, R RO o B el B e
e POt KBk B Mapeaoch o it i P b b2,

by those skilled in the art after having read the precedi ng detail ed

descr iipsulaiondhyert3d 6psushahat 4 quatity efmonmagagfirempigrine3td ic {abrigated hegween the
fabricated in which the novel features of the probe |ayer and pole tip

f abri c&BS eirfade Yhamdphesiaping layee 3800 Thaskapapphyad40and 26nmhgneticmsdtenid Gdét i c
pol e, and the second magnetic pole is fornmed simlarly to the first

Magneth gy Qé"fa%i-icétQ@EirﬁiFaﬂP/% ishapiig Ry80169 dnidhonPRgkdtici Akt lapst 200 [epicRd ihn
Fig. 10, follow ng the fabricationh of the read head el enent 108 w thin

el ect rg. |y i [ | ] gt
i, HE™ sl MR AR Ticriiied IR RUAPITR ERRANE Bhdlinci RGO

j[ EZUL %&%&4%& (rg%sq %o:%pzﬁg@étic %%hpﬁleay%gh%[ g.tch l%dmg Ae%icr:] 91?1)% c«snhlingllm?gatfog \}n eth%lr t,
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 elenent, such as heater elenment 130 descri bed hereabove, is

fabri ed. jficall an .LRsul,ation J.ayer..324.is .5 depqasited upon the
secondaadibin the ety et P S RpridRs e Pk Freghh TSR LA pOBRORs
el enent 130 within an insulation |ayer 332, and a further insulation |ayer
336 | Pasviembensaih thepelg i asspsiatedowith thedirgtypagnetigpoleTher eafter, a first
magneti c pol e shaping |layer 340 is fabricated upon the insulation |ayer
336, such tlhas thergivantto the vhdensooddiedtthe pretest imtenBdnt indudesba i prapendidubrween
the ABS surface 34 and the shaping | ayer 340. The shaping | ayer 340 and
nonnaghsinetic Meid design 3dd altefdbred beethab bf Eitrieatich 16 hchidve 4 Oershigigh rgcdrdingr
160 and nonmagnetic material |ayer 200 depicted in Fig. 9 and descri bed

herSeaQ%ﬁ%ty I@e&ggﬁigﬁr dataPrafdsO D Phd ?éé%fdi?ﬁ%eﬁs‘}tpzf @aarusecaag&eupay dbRgibeh ABbIY

| ayer and t onmagnet1 c material™ l'ayef 344, and in nmagnetic fl ux
communicatiqn with the shapi | ayer. 340, rrow pqle ti 2 of t.h

or obe it s B fedolitg, medip EhPH, oSt Veq by DRLRMhE BellaiP o e rBlordiBE o
and pole tip 352 may be simlar to the probe |ayer. 144 and_pole tip 148 15
depi ctmaqunFTﬁIb Wil Higgadyaniags 198 JViménge ap dugher ropicsingegize ﬂﬁﬁ rheater ithat igt

the probe layer 348, an insulation |ayer 66 is deposited, followed by the
f abr i datdrporatsfl into the genpendiculenhéadsifithe present diventien isdefssimildimensions to the
Thereafter, a second magnetic pole 360, having an enl arged surface 366

expos agriethehd folAEp. Buchaweaf Wis desifnlthd prabe chitkness ndeds iotshwdw afraction of the
structure 62. A back gap piece 76 is fabricated between the second

mgnetdse dégde‘?i t%f"ﬂmgﬂﬁdiﬁélrrééorﬁﬁﬁg.”e“ c pole to facilitate 20 magnetic flux

flow therebetween. "After fabricating ftu-ther magnetic head structures as

o ol SRIO . BRE A o e B ot kol G858 1o o
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
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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 nmagnetic pole and its associated pole tip 12 352, such that the
heater el enment 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 bELAMMS st ood that the present invention
i ncl udes a perpendicular magnetic head design 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
befit erl.r esh pemenditglhemagtdtit head)domprisipr oved by decreasing the w dth of
the recording probes (TPI) with the advantage of writing on higher
coercivity i ((T=Y % S th t i ot gm' ar
hegd of theangggneag I n@ggt@gwtgir%b%ﬁ‘n%giﬂﬁn%gﬁgf%en P%ér?sﬁtéghiﬁﬁg’@ Wl gg%?gad
pol,e ti Begause qof. this design, the probe thickness needs to be now a
frgct i(éﬁsap?ﬁhema%agh%adrsﬂeeded for |ongitudinal recording. Wile the
present invention has been shown and described with regard to certain
préferred WBW%WPCPPI‘?@CIE‘@“Bé QMR §FEF(9 t}tahb?texﬁﬁﬁ%fai‘ gAY in form
and detail will no doubt be devel oped by those skilled in the art upon
redi ewi ng tatiesting elementbaing dispased beiacen said firsimagdetic paltand sdid pblsitipowi ng
clainms cover all such alterations and nodifications that neverthel ess

i ngl ude 1antiRdudtiot&ofl Rayer thanddispeyed betwdeh aidnfeninayrectic patalibsad sédoad
present invention. What is clained is: 13 CLAIMS 1 1. A perpendicul ar

magnethonbg@foleCOMPr i Si NY:

| A perpendicular magnetic head as described in claim 1 wherein said heating element is

2 disposed between said induction coil and said pole tip.

1 3 A perpendicular magnetic head as described in claim 1 wherein said second magnetic
2  pole includes a shaping layer that is disposed in magnetic flux communication with said first
3  magnetic pole, and a probe layer which includes said pole tip, wherein said probe layer is

4  disposed in magnetic flux communication with said shaping layer.

1 4 A perpendicular magnetic head as described in claim 3 wherein said shaping layer is

2  disposed between said heating element and said pole tip.

1 3 A perpendicular magnetic head as described in claim 3 wherein said probe layer is

2  disposed between said heating element and said shaping layer.

14




2 a first magnetic pole having a portion thereof that is exposed at an air
bearing surface 3 (ABS) of the magnetic head; 4 a second nagnetic pole
including a pole tip thereof that is exposed at said ABS; 5 a heating

el enent being di sposed between said first magnetic pole and said pole tip;
6 an inductjon _coil | ayer dis osed between said first magnetic pole
anjil sard sé%BFf@end?CWﬁrg% ei“’g‘S"f‘dec"TP‘z" ng: per pendi cul ar magnetic head as
described in claim | wherein said heating elenent is 2 disposed between
sald i nductd A beadielementsaid pole tip. 1 3. A perpendicul ar magnetic head
as described in claim| wherein said second magnetic 2 pole includes a
shdpi ng | ayeefirst magnétic pole hoviad a poledigripartien thersof dhatrisi gkpesei @b anjaitbensing
first 3 magnetic pole, and a probe | ayer which includes said pole tip,

whar eisiirfagd (ABR)Tehd mygreticheadt di sposed in nmagnetic flux conmmunication with
sai d shaping layer. 1 4. A perpendicular magnetic head as described in

clgim3 wh s%b&léﬁﬁh%leﬁt! lerlgclh&i)ﬁgr pdo?tl& %br%efﬁﬁfjlsl%ﬁh gt %HS‘S?ati ng

el enent an sal er pendi cu etic descri bed

g5 " e SO SRIRESHEAA d
S abT ek Sy e tiley B T

the magnetic head; 5 a second magnetic pole including a portion thereof
t h&t imagmepiopeld. at sai d ABS;

1 7 A perpendicular magnetic head as described in claim 6 wherein said first magnetic pole
2  includes a shaping layer that is disposed in magnetic flux communication with said second
3 magnetic pole, and a probe layer which includes said pole tip, wherein said probe layer is

4  disposed in magnetic flux communication with said shaping layer.

1 8 A perpendicular magnetic head as described in claim 7 wherein said shaping layer is

2 disposed between said heating element and said pole tip.

1 9. A hard disk drive including a perpendicular magnetic head, comprising:

2 a media disk being adapted for rotation in a first direction;
3 said magnetic head including:
4 a write head element including a magnetic pole having a pole tip portion thereof that is

5 exposed at an air bearing surface (ABS) of the magnetic head, and disposed to write magnetic

6  bits to portions of said media disk;




6 a heating el enrent being di sposed between said read head el enent and said
pole tip; and 7 an induction coil layer that is disposed between said first
magneti c pole and said second 8 nagnetic pole. 1 7. A perpendicular
magneti c head as described in claim6 wherein said first magnetic pole 2
i ncj udes a shapi.ng,l ayer. thal. i s disposed i. gnetic flux conmunication
wit'h said s"eg%aﬁ{&’gq%e%éﬁr‘?‘éﬂg ‘iPcS’F%‘i,j pPrgynae 6?@5’5% up,such, that gaid heptingelemsnty
pole tip, wherein sajd probe |ayer is 4 disposed in magnetic flux

comnunis &isppesd taihent said pertionsnfisaid ragenetic disk prinr focthe sviting if said meagnetic bitsiad
as described in claim7 wherein said shaping |layer is 2 disposed between
sai% heaid portjord efrseitk medid diski d pole tip. 1 9. A hard disk drive including a
per pendi cul ar magnetic head, conprising: 2 a nmedia disk being adapted for
rotation in a first direction; 3 said magnetic head including: 4 a wite
head el ement including a magnetic pole having a pole tip portion thereof

that ifp, 5e1§>iﬁﬂ§@igk ativéls ﬁés{crif?@cfiiréli %@ﬁyr&ﬁﬁgn(&%aﬁ{eﬁ g?#ﬁ%&%tgggisg%% !

and di spos to wite magnetic s™t o portions (31157

a heatin | e t being di spose [OXi mat e sai, e tip, such that said
hedt i g® eﬁﬁ@ﬁ%@‘%? @%@gﬁoggﬁﬁgﬁxpgﬁﬁ&t E?dgﬁ%gris of said magnetic disk
prijor to the witing of said magnetic bits to 9 said portions of said
medi a di sk.am Infyction kail dhati isidigpqsed betwesassnid ifisst magnstigi pole andhesicisecondi d
magneti ¢ head includes a second 2 nagnetic pole having a portion thereof
t hdt imagnetiopeld, atd sai d ABS; 3 an induction coil that is disposed between
said first magnetic pole and said second

5 wherein said heating element is disposed between said induction coil and said pole tip.

1 11. A hard disk drive as described in claim 10 wherein said second magnetic pole includes a
2 shaping layer that is disposed in magnetic flux communication with said first magnetic pole, and
3 aprobe layer which includes said pole tip, wherein said probe layer is disposed in magnetic flux

4  communication with said shaping layer.

1 12. A hard disk drive as described in claim 11 wherein said shaping layer is disposed

2 between said heating element and said pole tip.

1 13. A hard disk drive as described in claim 11 wherein said probe layer is disposed between

2 said heating element and said shaping layer.

1 14, A hard disk drive as described in claim 10 wherein said first magnetic pole includes a

2 shaping layer that is disposed in magnetic flux communication with said second magnetic pole,
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4 magnetic pole, and 5 wherein said heating elenent is disposed between
said induction coil and said pole tip. 1 11. A hard disk drive as descri bed
in claim1l0 wherein said second magnetic pole includes a 2 shaping |ayer
that is disposed in magnetic flux conmmunication with said first magnetic

poLe, and a, prob aver . whi.gh i ngl udes .sai e tiLp, erejn said.probe
ager 0 8 ardhleB Vo Ritie’ dui hold b Wil PR o AR R iRt
layer. 1 12. A_ hard di S§@dri ve als described in claim 1l wherein said

shépi dlx coyenunicatign syl shapingdd¥etn sai d heating el enent and said pol e
tip. 1 13. A hard disk drive as described in claim11l wherein said probe

| ayer is disposed between 2 said heating el enent and said shaping |ayer. 1
14. A hard disk drive as described in claim1l0 wherein said first nagnetic
polie i15¢| udeshadd diskhadivangs Iday@ibet hat claisn didswhseth kdaid nshapiag i laydrl 14xdisposed
communi cation with said second magnetic pole, 16 3 and a probe |ayer which
i ngl u i | b | g, probe | ayer is disposed in nagnetic 4
flgx S’gﬁﬁfﬁﬁisgigﬁﬁgﬁ“%?ﬁeﬁ%g%ﬁgfgﬁgﬁ ayer. 1 15. A hard disk drive as
described in claim14 wherein said shaping |ayer is disposed 2 between said
heating el ement and said pole tip. 1 16. A nethod for fabricating a

per pendi cul ar etjc head, conprising: 2 fapricating,a first magnetic
polte Ufon én&ﬂ@% BIF%ﬂgH%atW&gﬁr{@HP il Tiaghes %dacops'eﬂr?'% of 3 said first
magnetic pole is exposed at an air bearing surface (ABS) of said magnetic
hedd; 4 fafabricatingg fustsmegnstic palgrimona lgpéreofithe magnasici head) wherewrapertieaof on
wth said first 5 magnetic pole such that a pole tip portion of said
segondaidefirsahagnefio poleiis expased stchnaiir Isaridg ABfice (ABS) of said magnetic head;

4 fabricating a second magnetic pole in magnetic flux communication with said first

5 magnetic pole such that a pole tip portion of said second magnetic pole is exposed at said ABS;

6 fabricating an induction coil between said first magnetic pole and said second magnetic
7  pole;
8 fabricating a heating element within said magnetic head prior to fabrication of said

9  second magnetic pole.

1 17. A method for fabricating a perpendicular magnetic head as described in claim 16,
2 wherein said step of fabricating said second magnetic pole includes the steps of fabricating a
3  probe layer that includes said pole tip, and fabricating a shaping layer portion of said second
4  magnetic pole upon said probe layer, wherein said shaping layer is formed in magnetic flux

5 communication with said first magnetic pole.

1 18. A method for fabricating a perpendicular magnetic head as described in claim 16,

2 wherein said step of fabricating said second magnetic pole includes the steps of:

17




6 fabricating an induction coil between said first nagnetic pole and said
second nmagnetic 7 pole; 8 fabricating a heating elenment within said
magneti c head prior to fabrication of said 9 second magnetic pole. 1 17. A
nmet hod for fabricating a perpendicular magnetic head as described in claim
16 2 whergin said s of, fabricati sai d second magneti c ,pole jnclydes
thd st eps ot?ﬂ"?‘:fglpgcaafq haping, layer pogiion Iog%é}datq??’gp i HegNFYE P %ia&deL%teﬁ ﬁ?‘gand
fabricati,ng, a sh%pi ng, | ayer portion of said second 4 magnetic pole upon
saftd ﬁﬁ%@g laygets Tormasl isiagaaticitlun apmmynicatjen with said fisgtamagnetianpeleiang f 1 ux 5
communi cation with said first magnetic pole. 1 18. A nmethod for fabricating
a pPer pendi dotmaing mpgotet layerhipan said shiggog layedinimagnktic fhid Gommuwivatien thegswith, st ep
of fabricating said second nagnetic pole includes the steps o 17 3

f abri Qﬁﬂivﬂ@rcﬁ\nsdidﬁblégiﬂiaYﬁineﬂQVshipaﬂdffsai&%irébeSﬁffé?ﬂd nmagnetic pol e and
wherein said 4 shaping layer is fornmed in magnhetic flux conmunication with
said first magnetic pole, and 5 form ng a probe |ayer upon said shaping

| ayer in magnetic flux comrunication therewith, 6 and wherein said pole

tip i§qfor S t. of said probe |layer. 1 19. A nethod for fabricating
a ;Ii;ergs)lghdi gﬁjaeraloggﬁﬁghlga S Pe %%Pf%ﬂ%?e‘f lfeﬁér?oggfrsﬂl?‘a first nmagnetic
pol e upon | ayer of _the nmaghetic head, wherein a pole tip 3 portion of
safd first afﬁ%q%@% & fiyst wagreus,pnle upoma layer Hf the,magnetly kead; wheremnggpleotip sai d
magnetic 4 head; 5 fabricating a second magnetic pole in magnetic flux
coATrupotion ofrsaid fitst seagdetid pele is expracrhet arcaip bearing nhfach 4ABS) pbsaidonagnktis ai d
second nmagnetic pole is exposed at said ABS;

4  head;

(D

5 fabricating a second magnetic pole in magnetic flux communication with said first

6  magnetic pole such that a portion of said second magnetic pole is exposed at said ABS;

7 fabricating an induction coil between said first magnetic pole and said second magnetic
8 pole;
9 fabricating a heating element within said magnetic head prior to fabrication of said first

10  magnetic pole.

1 20. A method for fabricating a perpendicular magnetic head as described in claim 19,
2 wherein said step of fabricating said first magnetic pole includes the steps of fabricating a probe
3 layer that includes said pole tip subsequent to fabricating said heating element, and fabricating a

4  shaping layer portion of said first magnetic pole upon said probe layer.

1 21. A method for fabricating a perpendicular magnetic head as described in claim 19,

2 wherein said step of fabricating said first magnetic pole includes the steps of:

18




7 fabricating an induction coil between said first nagnetic pole and said
second nmagnetic 8 pole; 9 fabricating a heating elenment within said
magneti c head prior to fabrication of said first 10 nmagnetic pole. 1 20. A
nmet hod for fabricating a perpendicular magnetic head as described in claim

19,, 2 whergjn said ste f fabricatjn aid first nagnetic pol e jncludes
the steps dbReAnE.eRGetays qREtionof sy Tk magnetic prigasd subabinid thaping
subsequent to fabricating said heating el enent, and fabricating a 4

shdpi nlgygrdy farmsd in megnaic T epnimunjeatipagyith said greped m@gmts:aiodie,pngbe | ayer. 1
21. A nethod for fabricating a perpendi cular magnetic head as described in
cl & m 19, 2fomhimgea probalagersipen said shafing takt inomagiedc fluk sbmim@ietios thieptwith,

i ncludes the steps of: 18 3 fabricating a shaping |ayer portion of said
figst JnaanRidia spialpdlemsisWhehd 4 a5 fSRRIPIBEE lager ayer is formed in magnetic
flux comunication with said second magnetic pole, and 5 form ng a probe

| ayer upon said shaping |ayer in magnetic.flux comrunication therewith, 6
and wherein said pole tip is forned as a part of said probe |ayer. 19

19



