MAGNETI C HEAD HAVING A WRITE CO L STRUCTURE WTH A REDUCED ELECTRI CAL

RESI STANCE FOR REDUCI NG THERVAL PROTRUSI ON 5 BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention This invention relates generally to nagnetic heads
in disk drives, and nore particularly to nagnetic wite heads having wite
coil structures with relatively low electrical resistances to reduce
thermal protrusion. 10 2. Description of the Related Art A wite head is
typically conmbined with a magnetoresistive (MR) or giant mnagnhetoresistive
(GWR) read head to forma magnetic recording head, certain el enents of

whi ch are expda&iNETIGHEAD HBAANG S WRITECOILARUCTHREMWITH AREDIGCEPr i ses
first and 15 seEDEGTRICALRESIST ANCEEOREREDUCINGETKERMAL PRIOTRUSKI¢Sssed
fromthe ABS. The first and second pole pieces termnate at the ABS where
they define first and second pole tips, respectively. An insulation stack,
which conprises a plurality of insulation layers, is sandw ched between
the fi rs% and second pol e pigf i 1anbedded in the

i nsul atidn stack. A processi-Hg=crtec ga—to-the coil |ayer for
conducting wite 20 current through the coil Iayer which, in turn, induces
magnetic wite filel ds Eﬁ‘di&ﬁ@ifl&@&&nd second pol e pieces. A non-nagnetic
gap layer is sandw ched between the first and second pole tips. Wite
fields of the fiMhis aventa oelatep @epernllp o amagristic ABBAS fin i digle 'drizes, cmd mote
gap layer. In a magnetic disk drive, a magnetic disk is rotated adjacent

to, and a sbhaticuladiysfoamegnetic! writtehedds ) havimgmvrite oiABEusirdshevitht fekativelyt Rw
fields magneti ze the disk al ong

electrical resistances to reduce thermal protrusion.
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2. Description of the Related Art

A write head is typically combined with a magnetoresistive (MR) or giant
magnetoresistive (GMR) read head to form a magnetic recording head, certain elements
of which are exposed at an air bearing surface (ABS). The write head comprises first and

15 second pole pieces connected at a back gap that is recessed from the ABS. The first and
second pole pieces terminate at the ABS where they define first and second pole tips,
respectively. An insulation stack, which comprises a plurality of insulation layers, is
sandwiched between the first and second pole pieces, and a coil layer is embedded in the
insulation stack. A processing circhit is connected to the coil layer for conducting write

20 current through the coil layer which, in turn, induces magnetic write fields in the first and
second pole pieces. A non-magnetic gap layer is sandwiched between the first and
second pole tips. Write fields of the first and second pole tips at the ABS “fringe” across
the gap layer. In a magnetic disk drive, a magnetic disk is rotated adjacent to, and a short

distance (fly height) from, the ABS so that the write fields magnetize the disk along

1



1 circular tracks. The witten circular tracks then contain information in
the formof magnetized segnents with fields detectable by the MR or GWR
read head. An MR read head includes an MR sensor sandw ched between first
and second non-nmagnetic gap |layers, and |located at the ABS. The first and
second gap layers and the 5 MR sensor are sandw ched between first and
second shield layers. In a nerged MR head, the second shield | ayer and the
first pole piece are a common | ayer. The MR sensor detects magnetic fields
fromthe circular tracks of the rotating disk by a change jn _resifstanc
that correspoaar trackshe The rigen ciseulambagks ghers coptayie fermpatiopeis thestorm o
conducted through the MR sensor, where changes in resistance cause vol tage
changes t hamagn&ized Gegreans wittl fizydstdetectablzdgsthe MR or GMR tread hesd.r eadback
signals. A GWR read head includes a GWR sensor which manifests the GWR

effect. In the @YRERERHA head MRS HIMRCRNYr sah@wivRed BOSieBl flrayed 6asides
as a function of the spin- dependent transm ssion of the conduction

et OSSP S5t S BT S

(spacer) an acc epen scattering

pl ace at the interface of the magnetic and non-pmagnetic layers mt I n
the rmaghet MR peperare SRR ey bﬂf@ﬁﬁ%rﬁlﬁlqﬁfﬂaﬂé- 35 e el
material (e.g., nickel-iron, cobalt, or nickel-iron-cobalt) separated by a
| ayer of noHwassnend ehipld: layeragnd the. fifst peleiiene)araraecoamen davey. rdreeMBResenset as
spin valve (SV) sensors manifesting the SV effect. Recorded data can be

read from ademgsahagnetiedialds fieantwee cirtvdaretcsads nal theOroteipgedislc byi |chahgeom t he
recorded nmagnetic nedium (the signal field) causes a change in direction

of magneti zadsisphck Rhdth@riesmidl Ay @hie stydhigfihof thet figlds. C AUS@Se duabiRng @ohducted
resi stance of
through the MR sensor, where changes in resistance cause voltage changes that are
10 received by the processing circuitry as readback signals.

A GMR read head includes a GMR sensor which manifests the GMR effect. In
the GMR sensor, the resistance of the MR sensing layer varies as a function of the spin-
dependent transmission of the conduction electrons between magnetic layers separated by
a non-magnetic layer (spacer) and the accompanying spin-dependent scattering which

15 takes place at the interface of the magnetic and non-magnetic layers and within the
magnetic layers. GMR sensors using only two layers of ferromagnetic material (e.g.,
nickel-iron, cobalt, or nickel-iron-cobalt) separated by a layer of nonmagnetic material
(e.g., copper) are generally referred to as spin valve (SV) sensors manifesting the SV
effect. Recorded data can be read from a magnetic medium because the external

20  magnetic field from the recorded magnetic medium (the signal field) causes a change in

direction of magnetization in the free layer, which in turn causes a change in resistance of

the SV sensor and a corresponding change in the sensed current or voltage. A GMR head



the SV sensor and a correspondi ng change in the sensed current or voltage.
A GWR head 2 is typically associated with a design in which the second
shield | ayer and first pole piece are not a conmon |ayer. These pieces are
separated by a non-magnetic material, such as alumna, or a netal that can
be deposited using physical vapor deposition, RF sputtering, or

el ectropl ating techni ques, for exanple. 5 One or nore heads may be enpl oyed
in a magnetic disk drive for reading and witing information on circular
tracks of a rotating disk. A nmagnetic recording head is nounted on a
slider that is typically assdcietedavisus gesign tnwhithhessespedishield layer apd Argtpoleopigee
actuator which places the magnetic head to | ocations corresponding to

desi red tr agksnot Aconinhéh Biyek Tiekapses A6 s¢pafatedet noamdgaktic haterialgligh as
generated between the rotating disk and 10 an air bearing surface (ABS) of
the slider. ;finfifd & aQhethiafddn B&%@bﬁ&d%@ﬁ@%&si&ﬂ%aﬁb{ depRSitibh RIF $piitedfz@, | S
opposed by an opposite loading force of the suspension, "causing the
magneti ¢ head .to be suspended slight distance (i.e. its fly height) from
t he surfaceo{)?leftﬁoeo?atﬂ’lgstg&"ﬁ%?sﬁg %f(n‘ft"a’l%ir e typically around 5-20 nanometers
(nm in today's disk drives. It is general|y desirable to mnimze.the -fl
hei ght of a magn&iecorHeay. heads may e gmployed, i gpagnsti gﬁi‘l‘m"@eﬁor reading, g g
adversely affect the performance of the read and wite head. ] .

Unf or t unat emyitingripfopmetien on eircalfir trecks|of |aaxptatingadisk. nA megheic|recarding hepd e

| ayers dangerously close to the disk, especially in disk drives with | ow
f1y hei ght smolified cronlstderrtbatuistcatrivdn@nd stspediish. Thasdiggensionds skowtedatocdres .
"Tenperature-induced protrusion” (T-PTR) refers generally to the phenonenon

igswhter e Maghghiof wRRAhIARS fd MhsheRBKEArD! 1bdatRRS cordspardihy tPedircdéiacts o t he
a

the disk rotates, an air layer (an "air bearing") is generated between the rotating disk and
10 an air bearing surface (ABS) of the slider. A force of the air bearing against the air
bearing surface is opposed by an opposite loading force of the suspension, causing the
magnetic head to be suspended a slight distance (i.e. its fly height) from the surface of the
disk. Fly heights are typically around 5-20 nanometers (nm) in today’s disk drives.
It is generally desirable to minimize the fly height of a magnetic head. If the fly
15 height is too large, it could adversely affect the performance of the read and write head.
Unfortunately, any protrusion of metal layers at the ABS will make these layers
dangerously close to the disk, especially in disk drives with low fly heights. This could
result in head-to-disk crashes or disk scratches.
“Temperature-induced protrusion” (T-PTR) refers generally to the phenomenon
20 where magnetic head materials physically and outwardly protrude from the ABS at
elevated temperatures due to the differences in the coefficients of thermal expansion of

the various layers which form the head. “Write-induced protrusion” (W-PTR) refers to



el evated tenperatures due to the differences in the coefficients of thernmnal
expansi on of the various |ayers which formthe head. "Wite-induced
protrusion" (WPTR) refers to 3 protrusion due to heating of the magnetic
head during the witing process. There are two contributors to WPTR (1)
Joul e heating produced in the wite head coils; and (2) yoke core |osses.
Joul e heating and yoke core | osses are both induced with AC wite current.
WPTR is dom nated by the tenperature gradient in the head structure, with
the highest 5 ' tenperature regions being near the wite coils_and the
yoke, and spistmsianaluagoe bedtimg ofthe magnesinthesddydnesthe maitingdueseds nGhere aighiao i s
needed is an inproved magnetic head that provides a reduced thernal

protrusi on genttibabrseawt-RTR A BKonledrbtisg prodicsd idithdkwsior dadhveiis;cand (Bpyoke
avoi ded. 10 SUMVARY Magnetic heads having wite coil structures with

reduced el eghkijgaks I f5ulS haRmgSind Yok 86HAbsEs hid@oRindREC WiR 1A wat€ current.
descri bed herein. In one i1llustrative enbodi nent, a magnetic head incl udes

a magnetic n A i.t .het. .

ol ca of ¢ it Brig i E Y shERing s TR AR nERGRCARD wid e

| ayers. Each coil |ayer extends continuous|y between the, u r.and th

| ower pof es ETMICHIYIR Eg&né)ri’émgd%qaf sy WisYe pﬂ]@lwcﬁl@ lf,fgﬁﬁ P%@/é&&?rﬁpe?’é}eé‘ﬂfﬁt,
the wite coil is forned using a damascene process, such that each coil

| ayer is rehmbientlempgiafiare. t han each coil separating layer. Such a structure

provides for a relatively |large amount of coil materials to be used
Accordingly, what is needed is an improved magnetic head that provides a

reduced thermal protrusion so that head-to-disk crashes and/or disk scratches can be
avoided.
10
SUMMARY
Magnetic heads having write coil structures with reduced electrical resistances for
reducing thermal protrusion are described herein. In one illustrative embodiment, a
magnetic head includes a magnetic yoke; a write gap layer formed between upper and
15 lower poles of the magnetic yoke; and a write coil having a plurality of coil layers. Each
coil layer extends continuously between the upper and the lower poles through a plane
defined by the write gap layer. Preferably, the write coil is formed using a damascene
process, such that each coil layer is relatively wider than each coil separating layer.
Such a structure provides for a relatively Jarge amount of coil materials to be used
20  which reduces the coil’s electrical resistance. This, in turn, reduces the heat generated by

the write coil during operation. Further, either one or both of the lower and upper poles



20 which reduces the coil's electrical resistance. This, in turn, reduces
the heat generated by the wite coil during operation. Further, either one
or both of the | ower and upper poles 4 may include a horizontally |am nated
structure of alternating nagnetic and non-magnetic dielectric layers to
further reduce heating caused by eddy current |osses. Advantageously, a
magneti c head wth a reduced thernmal protrusion is provided. Accordingly,
the fly height of the magnetic head may be nade relatively small with a 5
reduced danger of head-to-di sk crashes and di sk scratches. BRI EF )
DESCRI PTI ONn@ ifitiEd ORA M1 Soleminated steicture o€ pléereatingrgagsetic pad panwmagngiid
advant ages of the present invention, as well as the preferred node of use,
reference sipdcidRysBAE filrthet feduéeohdating bausdé bpieddydeuriet Bessri ption read in
conjunction with the acconpanying drawings: FIG 1 is a planar view of an

exenpl ary magnet ';}Qjﬁfghtaggcﬂfsl V& mdgh&ic ReddSwiR aGB8hckd eérbl rofiubidfis prdvitled.

magneti ¢ head of rive as seen in plane II--11; FIG 3 1is an

el evation view of the net.i i i [ i, ' :
magnet | o hedéodingirpF afeneies & B ridgnilc HERL e b Hhideiefalteh SmaN Siorl
exenpl ary suspension system for  support] the slider and magnetic head;
FIG 5 i& argsiced danger al/bgaddn-diskspshes Fﬁe&gf SUUFNESNd nagnetic head as seen
in plane V--V of FIG 2, where the magnetic head includes a

magnet oresi stive (MR) read sensor 20 and a non-pedestal type wite head,

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and advantages of the present invention,
as well as the preferred mode of use, reference should be made to the following detailed
10 description read in conjunction with the accompanying drawings:
FIG. 1 is a planar view of an exemplary magnetic disk drive;
FIG. 2 is an end view of a slider with a magnetic head of the disk drive as seen in
plane I1--II;
FIG. 3 is an elevation view of the magnetic disk drive wherein multiple disks and
15  magnetic heads are employed;
FIG. 4 is an isometric illustration of an exemplary suspension system for
supporting the slider and magnetic head;
FIG. 5 is a partial elevation view of the slider and magnetic head as seen in plane
V--V of FIG. 2, where the magnetic head includes a magnetoresistive (MR) read sensor
20  and a non-pedestal type write head;
FIG. 6 is a top view of the second pole piece and coil layer, a portion of which is

shown in FIG. 5, with all insulation material removed;



FIG 6 is a top view of the second pole piece and coil |ayer, a portion of
which is shown in FIG 5, wth all insulation material renoved; 5 FIG 7
is a partial ABS view of the slider taken along plane VII--VIl1 of FIG 5 to
show the read and wite elenments of the magnetic head; FIG 8 is a parti al
el evation view of the slider and nmagnetic head as seen in plane V--V of
FIG 2, where the nagnetic head includes an MR or giant magnetoresistive b5
(GWR) read sensor and a pedestal-type wite head;, FIG 9 is a partial ABS
view of the slider taken al_ong El ane | X-1Xof FIG 8 to %hov@h?l ﬁgagi and
wite el enents offIGheismpartiel ABReiew of theistidergaken alpng plapg VAI-pill of FIG. 5 to

el evation view of the slider and magnetic head in cross- section, wherein

t he magnet i ghdweatk readamd witetebemeaits ofthe nwguete kvds he present invention; 10
FIG 11 is the structure shown and described in relation to FIG 10, except

that an upper pghg, Piesparifl dBRLBAINST bEtHYE @ligerl dd MhabRetid hedd! rseen implane
| ayers of magnetic and non- magnetic dielectric material; FIG 12 is the

structure s ' ' ' iodi r
ol 6 piece or T8 HICENMREdhd refedt b R1uBhan MR 65(EARE plaBAbioRsistine
magnetic and__ 15 nop-magnet,ic dielectric.nmaterial; FIG 13 is a partial

el gvat i of vi(@W%)fre?‘E%e“éﬁ%ia&'Qrap& W??Héﬂ%wlf:e ‘h"'&gﬂ in cross- secti onl,o wher ei n

t he magnetic head has another wite cojl structure of the esen
invention; FIG FiGi§ is neagial ddXivieveniots shifer @%@b?lpﬁ%apﬁﬂﬁqﬁ%ﬁgf’% 508 %16
13 except that an

show the read and write elements of the magnetic head of FIG. §;

FIG. 10 is a partial elevation view of the slider and magnetic head in cross-
section, wherein the magnetic head has a write coil structure of the present invention;

10 FIG. 11 is the structure shown and described in relation to FIG. 10, except that an
upper pole piece of the magnetic yoke is made of alternating layers of magnetic and non-
magnetic dielectric material;

FIG. 12 is the structure shown and described in relation to FIG. 11, except that a
lower pole piece of the magnetic yoke is also made of alternating layers of magnetic and

15  non-magnetic dielectric material;

FIG. 13 is a partial elevation view of the slider and magnetic head in cross-
section, wherein the magnetic head has another write coil structure of the present
invention;

FIG. 14 is the structure shown and described in relation to FIG. 13 except that an

20 upper pole piece of the magnetic yoke is made of alternating layers of magnetic and non-

magnetic dielectric material; and




20 upper pol e piece of the magnetic yoke is nmade of alternating |ayers of
magneti ¢ and non- nagnetic dielectric material; and 6 FIG 15 is the
structure shown and described in relation to FIG 14, except that a | ower
pol e piece of the nagnetic yoke is also nade of alternating | ayers of
magnetic and non-magnetic dielectric material. 5 DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The foll owi ng description is the best enbodi nent
presently contenplated for carrying out the present invention. This
description is made for the purpose of illustrating .the neral pr.inciples
of the present i #@nts iﬁrthaﬁtﬂuqtﬂreﬁbﬂwﬁ@ﬁﬁtdeﬁ%lbﬁliﬁ’Ee?"-”tt’r?é‘ tPHﬂ@n??’\Fé“cg@c}H@e%ts
clainmed herein. 10 Referring now to the draw ngs, wherein like reference
nuneral s desjvaiaiote piebeothe nsignttiayokeds also mirde wfabemating:layensof anagpptéisyand
there is illustrated in FIGs. 1-3 a conventional nagnetic disk drive 30.

Di sk drive 30ninehigesicRcaRimabgal32 that supports and rotates a magnetic
disk 34. Spindle 32 is rotated by a notor 36 that, in turn, is controlled
by a notor controller 38. A horizontal conbined nagnetic head' 40 for
reading and recording 15 is nounted on a slider 42. Slider 42 is supported

by a suspension 43%%& . | : hSbSiEtd der s and
suspensi dns may b rage
device (DASD), as shown in FIG_ 3. Suspension 44 and actuator ar m146
position slider Xhetflloving deserighen it th?eé%ﬁtmlbq@llfaefttr%rﬁ%faa&fr?&‘ﬁn& 4ed fRE hi p
with a surface of magnetic disk 34. \Wen disk 34 is rotated by nptor 36,
slider 42 i gasvipp@ut ¢ meseat RPerttivinnThisypsciptipy is wadsslonfhecisposs i dfusiiahng aj r
beari ng) between the disk and an air bearing ‘

the general principles of the present invention and is not meant to limit the inventive

concepts claimed herein.

10 Referring now to the drawings, wherein like reference numerals designate like or
similar parts throughout the several views, there is illustrated in FIGs. 1-3 a conventional
magnetic disk drive 30. Disk drive 30 includes a spindle 32 that supports and rotates a
magnetic disk 34. Spindle 32 is rotated by a motor 36 that, in turn, is controlled by a
motor controller 38. A horizontal combined magnetic head 40 for reading and recording

15 is mounted on a slider 42. Slider 42 is supported by a suspension 44 and actuator arm 46.
A plurality of disks, sliders and suspensions may be employed in a large capacity direct
access storage device (DASD), as shown in FIG. 3. Suspension 44 and actuator arm 46
position slider 42 to locate magnetic head 40 in a transducing relationship with a surface
of magnetic disk 34. When disk 34 is rotated by motor 36, slider 42 is supported on a

20  thin (typically, 0.05 um) cushion of air (air bearing) between the disk and an air bearing

surface (ABS) 48.




surface (ABS) 48. 7 Magnetic head 40 may be enployed for witing
information to nultiple circular tracks on the surface of disk 34, as well
as for reading information therefrom Processing circuitry 50 exchanges
signals representing such information with magnetic head 40, provides
notor drive signals, and also provides control signals for nmoving slider 42
to 5 various tracks. In FIGs. 1 and 4, slider 42 is shown nmounted to a head
gi nbal assenbly (HGA) 52 that is nounted to suspension 44. Al of the
above conponents are supported on a base 53. FIG 5 is a side . i
cross-sectional daguetid beadvilemapfbe zmpdoyed for wimiding rinfogmeatiomigymattile siraHar e
(MR) head 40 as viewed in plane V-V of FIG 2. Mgnetic head 40 10 has a

write head pgelsicathdurficedfdRRBaASiBNell ¥PRIT Yeadin informatomdmekfimon.t Pacestig The
read head portion includes an MR sensor 58. MR sensor 58 is sandw ched

bet ween firsi S : 2; i itH Etic head 40,
le?lfmg 50 %gcgﬁq%eggﬁ%ﬂeagsyo ger esBitifShicP2inkdiAatidh Swith ndot ea

sandw ched we shield layers 64 and 66. |In response
to external magpetic fields, the resis LhANIES42 B
sense cur r eRTOVSA AUPRATYH PigHY R WK %é%é%& ?%é%%%%@esg&ﬁ%goéf}ﬁ%‘gﬁgt ance 15
changes to be manifested as potential changes, which are. propcessed by.ihe
processi hg vaiqusiracks W@%\?\ﬁﬂﬂ > FJF‘ET 45.15 Wremquaigd %?Pg%ﬁglgi’agf‘ssfﬁlgfyhead
includes a coil layer 68 sandw ched between first and second insul ation
| ayers 70 a@dGA).52Fhatds mandtedde swspensietht AYrof] thy sheyemompaaents aregpugported
referred to as an "insulation stack"”. Coil layer 68 and first and second
I nsul ation 3Ralbayesss 70 and 72 are sandw ched between first and second pole
pi eces 76 and 78. First
FIG. 5 is a side cross-sectional elevation view of a conventional merged
magnetoresistive (MR) head 40 as viewed in plane V—V of FIG. 2. Magnetic head 40
10 has a write head portion 54 (“non-pedestal type”) and a read head portion 56. The read
head portion includes an MR sensor 58. MR sensor 58 is sandwiched between first and
second gap layers 60 and 62 that are, in turn, sandwiched between first and second shield
layers 64 and 66. In response to external magnetic fields, the resistance of MR sensor 58
changes. A sense current conducted through MR sensor 58 causes these resistance
15 changes to be manifested as potential changes, which are processed by the processing
circuitry 50 shown in FIG. 3.
Write head portion 54 of the head includes a coil layer 68 sandwiched between
first and second insulation layers 70 and 72. First and second insulation layers 70 and 72
are referred to as an "insulation stack”. Coil layer 68 and first and second insulation
20  layers 70 and 72 are sandwiched between first and second pole pieces 76 and 78. First

and second pole pieces 76 and 78 are magnetically coupled at a back gap 80, and have

first and second pole tips 82 and 84 that are separated by a non-magnetic gap layer 86 at




and second pole pieces 76 and 78 are magnetically coupled at a back gap 80,
and have first and second pole tips 82 and 84 that are separated by a
non- magneti c gap layer 86 at 8 the ABS. Note that coil |ayer 68 is
cont ai ned conpl etely above non-nmagnetic gap |ayer 86 under and within
second pole piece 78. As shown in FIGs. 2 and 4, first and second sol der
connections 88 and 90 connect |eads (not shown) from MR sensor 58 to | eads
96 and 98 on suspension 44; third and fourth sol der connections 100 and
102 connect leads 5 104 and 106 fromw.ite coil 68 (see FIG %ﬁ ads
108 and 110therABSs pNots the cail layer 68 lsacqr%alaeqomplaﬂelwmgg ngRERaEsf

anot her conventional slider and magnetic head ("pedestal type") as V|emed
in plane V- 8% uaflernG withinwbesme golepieeg it iAs shbveadn FEGs. i2ranidudidirsirandreeenda
GW\R sensor. FIG 9 is a partial ABS view of the slider taken along plane

| X-- | X of Elifger &nhectfdhgwgrﬁactzoad&nwuéa@s%ﬁargamvﬁ) 5bmt MRSsefe@ G focledds Jtead.
Al t hough many conponents in this magnetic head are the sane as those in

G e SOBE Bk LhSLEDS SR e yARRBI Bl EOlo Minedddfs 166 4nd HOFtGneSt eads

i ncl udes a wite st pole piece 76 includes a

For med” b 1 Pbi%ﬁcbé@aéﬁami@@%[‘cggﬂ%s‘%' 51 BrEdedgosendy RASTERA °

magnetic material having a high magnetic nonrent. Non-magnetic gap yer
15 separates ped&6ald i62 parial sesersertivaple Visreof angth eSlcr?iﬂV%Wng]

152, a back gap pedestal 154 is fornmed on first pole piece Iayer 80 but in
the back gamagagiioheadA“pédestl typetaspiieeal ibg8anaMi-dhofl BIG: 35 wihere the areastituat e
fashion with a front end forned on top of second pole piece 78, serves as

a magneti ¢ fbaKna9NRG6ad BY MRYE h. GARNYDB6H OFIE. s ial gartiali ABS 6ieva ot tHeoslider
within the magnetic head in a different
taken along plane IX-- IX of FIG. 8 to show read and write elements of this magnetic
10 head. Although many components in this magnetic head are the same as those in FIG. 5,
some differences are apparent. For one, the head in FIG. 8 includes a pedestal-type write
head wherein first pole piece 76 includes a first pole piece layer 80 and a plated pedestal
152. Pedestal 152 is formed on first pole piece layer 80 by electroplating and is made of
a magnetic material having a high magnetic moment. Non-magnetic gap layer 86
15 separates pedestal 152 from second pole piece 78. Similar to pedestal 152, a back gap
pedestal 154 is formed on first pole piece layer 80 but in the back gap region. A third
pole piece 156, which is formed in an arcuate fashion with a front end formed on top of
second pole piece 78, serves as a magnetic flux connecting layer.
Conventional write coils 68 are formed within the magnetic head in a different

20 manner than that in FIG. 5. In particular, a first layer of coil turns are formed below non-

magnetic gap layer 86 in between pedestals 152 and 154 and a second layer of coil turns

are formed above second pole piece 78 within an arcuate spacing formed by third pole




20 manner than that in FIG 5. In particular, a first layer of coil turns
are fornmed bel ow non- magnetic gap | ayer 86 in between pedestals 152 and
154 and a second | ayer of coil turns are fornmed above second pol e piece 78
wi thin an arcuate spacing fornmed by third pole 9 piece 156. O her
differences ftomthat in FIG 5 are that shield |layer 66 and first pole

pi ece |l ayer 80 are not conmmon | ayers; they are separate. A non-nagnetic
separating l|ayer 150 is formed between shield |ayer 66 and first pole

pi ece layer 80. Turning nowto FIG 10, a partial cro_ss-sect%léz{%{i Vi ew of a
magnet i ¢ heptbcd 086. iOtheisdifferenresafior thattin e Seaie difit whisld tayer B pele

invention is shown. A read head portion of magnetic head 1000 includes a

GVR sensor 1002 |5aah seabticonhaiikeers] ihegtaraseparatec oh choshmagnstic #paratingn 04
and 1006, being protected within surrounding insulator materials 1008. A

wite head @&eﬁg%isﬁénﬁﬁgwg&l m@@lla;ygpgg Wﬁﬂgﬂﬁge piconuiyet & yoke 1070.

Magneti c yokK orseshoe”™ or simlarly shaped magneti c body
whi ch 10 has a | r._magneti.c.p I bEg L&ic hdadt10e0 in
enbodi ment shown," "HaE nﬁ%’%&ﬁ%oﬁegé’gﬁﬁégﬁé ?%%3%75 in{r?%l udes a first
pol e piece |ayer 1012 and a fi[st destal structure 1014
pol e of fagmretdrdangg Wéﬂummbf@m%ﬁﬁles@&%fﬂ&mﬁ&% pn 15?%%‘5“‘16‘8%‘1 é‘%"? %&?ﬁ rd
pol e piece |ayer 1028 which serves as a magnetic connecti ng | ayer tg tcpe
back gap regfanagnttic Bad 0k iehilas asEMRcsenser 1002 sandpiched on hetweensfirsh Al
pedestal, which may be electroplated over first pole piece |ayer 1012 just
behind an aigecdpgachiold Fyefsaceod ARS)10060eingf prdeptest ivathye rreo ng | insylater
enbodi ment shown, first pedestal structure 10 14 is a double pedestal
structure haying.aRos@Pa whkdRSHHoritdr 6f MapRaidicad 1000rtmiudeb at magnetiarygke
1070. Magnetic yoke 1070 is the “horseshoe” or similarly shaped magnetic body which
10 has a lower magnetic pole and an upper magnetic pole. In the embodiment shown, the
lower pole of magnetic yoke 1070 includes a first pole piece layer 1012 and a first
pedestal structure 1014 and the upper pole of magnetic yoke 1070 includes a second pole
piece 1016 and a third pole piece layer 1028 which serves as a magnetic connecting layer
to the back gap region.
15 First pedestal structure 1014 includes at least one pedestal, which may be
electroplated over first pole piece layer 1012 just behind an air bearing surface (ABS)
1020 of magnetic head 1000. In the embodiment shown, first pedestal structure 1014 is a
double pedestal structure having an upper pedestal with a magnetic moment that is larger
than that of the lower pedestal. A non-magnetic write gap layer 1018 separates the pole
20 tips of the lower and the upper poles, being particularly formed between first pedestal

structure 1014 and second pole piece 1016. Third pole piece layer 1028 has a front end

formed partially on top of second pole piece 1016 and a back end formed on top of one or

10




than that of the | ower pedestal. A non-nagnetic wite gap |

separates the pole 20 tips of the |ower agd t he upper goFes?yg;iﬁg e
particularly forned between first pedestal structure 1014 and second pole
pi ece 1016. Third pole piece |ayer 1028 has a front end forned partially
on top of second pole piece 10 16 and a back end formed on top of one or 10
nore magnetic connecting pedestals 1017 in the back gap region. The one or
nore magnetic connecting pedestals 1017 are forned on top of first pole

pi ece layer 1012. A separation |ayer 1010 separates second _shield |ayer
1006 from f idosé npanetipicomectiny pedestd 10Vadmeha backogap 18 n’é@‘e RO t h
any suitable magnetic materials, 5 preferably materials having a high
nmagnetic no etiSEheétigVsddesls 100TRasiotmedisn ¢ép oﬂ\ﬁﬁtapelblpégos,lamﬂélg-l Poys
or FEAIN, wth the inclusion of other common additives or dopants to ’

control its_material pr | B heAD | vy BN06 S fiad ededhyayri Ol 2
1010 nmay b & gn?ge&lﬁ&ﬁ%@a%zﬁszs 3) orh ot hégr sui t abl e1 ngg%gnet}i’c or yel

dielectric material. Duri ite e L, O, ' | ik UXqateBi
produced across \bﬁ‘?&né“@afﬁ? a?%lm Ny 1 1@?%@%@ %ﬁe%%% elé’"{?p%he&b fr?gtge?llg{si’c

yoke 1070. Current is dri th h ' i . 1 hi
magneti c5wr ipn‘efelfabl)b(ma@éialls\s/hea(r;’mﬁ/%%%ﬂ W\é\éll.‘étﬁs‘%&n%%s aﬁ}&zg%%,%f&?g: %F'gjté’%é‘ﬁ’g% gg by

Corponent s. Nif o, Eofesalimpot BeABH i St RHEIRR GIgh PR REPT SLHES O
wi |l undesirably cause outward protrusion of pole tip materials fromthe
ABS 1020 anqiopinth Resciuel Bs inaterial probertight Wolte palager W1Read semoabiopilayer AR ¢ o
be increased to avoid head-to- disk mechanical interaction. According the
present 1 nveplJ ©hmadk bt fufittal @ LR 8 eherRanst nonhegdetiOaieleeric material.
During a write operation, magnetic write flux is produced across write gap layer
10 1018 across the pole tips of magnetic yoke 1070. Current is driven through write coils
1022 to generate this magnetic write flux, as is conventional. As a result, heat is
generated by write coils 1022 and thermally transferred to surrounding magnetic head
components. If nothing is done to reduce such heating, thermal expansion will
undesirably cause outward protrusion of pole tip materials from the ABS 1020 and
15 therefore the fly height of magnetic head 1000 will have to be increased to avoid head-to-
disk mechanical interaction.
According the present invention, write coils 1022 of magnetic head 1000 are
formed with a structure that reduces its electrical resistance to thereby reduce heating.
This, in turn, reduces or substantiaily eliminates thermal protrusion at the ABS 1020.
20 As shown in FIG. 10, write coils 1022 are formed with a plurality of coil layers,

such as a write coil layer 1024. Each coil layer 1024 of write coils 1022 is made with an

electrically conductive material, such as copper (Cu). Other materials may be suitable,




formed wth a structure that reduces its electrical resistance to thereby
reduce heating. This, in turn, reduces or substantially elimnates thernal
protrusion at the ABS 1020. 20 As shown in FIG 10, wite coils 1022 are

formed with a plurality of coil layers, such as a wite coil |layer 1024.
Each coil layer 1024 of wite coils 1022 is made with an electrically
conductive material, such as copper (Cu). Oher materials nmay be suitable,
11 such as gold, silver, or alum num In between each coil |ayer 1024 is a

dielectric coil separating |ayer, such as a coil separating | r, 1026,
whi ch may beudimategdld osilvenrat-alwaie. phobeeen gach %ﬂllu%v?{aﬁf%fg@s?l,%ﬁ““" &
silicon-dioxide (SiQ), or other suitable material. As shown, each coil

| ayer 1024 %a%iﬂ% Jagdl kuthoassd yoibsepueatingt laperl HIR6r wWhirh may bggeadepbipmshasd-
70.

magneti c yoke 10 One end of each coil layer 1024 is in close pr?xi mty
to a top of 4§ tPAIBSEna (ALSLY,), Kicha-dibelaEiogpear ethadudably nmerialt hi n
I nsul ative b{ﬂ%{?ﬁéﬁo@kﬁs gt her ae(n 8? each coil layer 1024 is in close

proximty to a b(}{si $ %]?%fnoe{a‘kéiib rcg%alﬁférel iﬁ@:ﬁfﬂcﬁ%y&fmiﬂ%l Betwesn ahs owerpandat ed

by an insul ator. each col ayer 1024 even extends

t hrough a plane 1050 defined by, wrj g | ayer 8 (. i« H0c.dashed
line in Fl Gupp®) polag @ﬁﬁ%‘@ﬁ?,%gﬁcﬂr&ﬁoi &Fa‘i"\ér OE%% 8‘§lf\?\ﬁg)},¥?eﬂ)?gﬁssﬁj1822 i's
relatively taller in height than those of conventi ona%%ibt e &Oi | Sil }'{\(,é h
such const r pediimity tvaitopotiist pole iepe laver 1912, eing SPRpLaty 10%6} Rl BRIl 1y

conductive materials (e.g. copper) as conpared to that used in .
convent i onaljayeki tTheCshdrsendAif dacte ceihdayer hA02his incileseepreximiinigur betem p{third o) s
in wite 15 coils 1022 leads to a decrease in the electrical resistance of

wite coils tp%%ecegiayéﬂhlm 80 is difb dperafidestani inallatvesl it ranedbthef eashicod 1867 | s
1022 |l eads to a reduction of heat generation
1024 even extends through a plane 1050 defined by write gap layer 1018 (shown as a

10 dashed line in FIG. 10).

As apparent, each coil layer 1024 of write coils 1022 is relatively taller in height
than those of conventional write coils. With such construction, write coils 1022 utilize a
Jarge amount of electrically conductive materials (e.g. coppet) as compared to that used
in conventional write coils. An increase in the volume of conductive materials in write
15 coils 1022 leads to a decrease in the electrical resistance of write coils 1022. A reduction
in the electrical resistance of write coils 1022 leads to a reduction of heat generation
during the write process which, in turn, leads to a reduction in protrusion of magnetic

head 1000.
The height (i.e. top to bottom) of each coil layer 1024 may be formed between
20 about 2.0 — 7.0 micrometers (um). In the present embodiment, the height of each coil

layer 1024 is about 4 pm. It is noted that, although maximum benefits are provided

where each coil layer 1024 extends between magnetic yoke 1070 from top to bottom to




during the wite process which, in turn, leads to a reduction i [
_ : : in pr

of magnetic head 1000. The height (i.e. top to botton) of each cgift{;igfn
1024 may be formed between 20 about 2.0 - 7.0 micronmeters (Rm. In the
present enbodi nent, the height of each coil layer 1024 is aboui 4 pm It
:s noted that, although maxi mum benefits are provided where each coi
fayer 1024 extends between magnetic yoke 1070 fromtop to bottomto 12 the
ul l est practical extent, sufficient benefits may still be achieved with a

reduced height of one or both ends of each coil. |
one or bot hiherfdBesopraeticdl extent, suffisieat banghits may StélkP"eg ?'%"&%g‘é@iea gé)"‘;‘%%i&fg(; tﬁét

Is at least half the height of its corresponding pole pcdest%%(e?gr p‘.itoﬂre.

5 As shown jfinid & botR endd dft ack ebil Sayt0 224 ' i
_ y r Borpxemiptie @nevet hotdj sp
turns. However, any suitable nunber of coil turns may be utilized. For

exanpl e, wj f(?j | . , . (
W Jver £6%4 may é}gcgnﬁd TRYavB @ Righethap Rt dastlialfl the haightafi its gomeppendingy
| ower resi S%é’nce coi 1% the w dth oTJglh coil layer 1024 should be naxini zed

while the width qf |l separatin I ni m
_ g layer 1026 should be mnim zed. [
convent i onaPOEde esl*ﬂj%h“&‘a{e?on processes, however, each coil 10 ggpar gf: 23

| ayer 1026 can only be forne .t h wi dt
(nomi nal By, 0.5 Asr#hopay ithggi }%’I Wi c?#s Qo%a?eﬁbﬁg’?d&ﬁ?‘gvﬁh&ﬁ(ﬁyégﬁl htgl;ﬂs-
hand, using techniques described herein, coil |ayer 1 4 an oi L .
separ ati ng [Hopeverl G2 suitablé ormber of geik tltrﬁ%‘fnagabﬁqutﬁ&efi. é)ﬁ eg(gl%pfé K\}'nte coils
can be made with a width of between about 0.2 - 0.3 [im ai Ea n?esgyeL 10260
0.4 pm). Thi1e2g amyhavebeevessiahoutd d20resit tes. pFesdeys: quii@faé‘g? gails, theewidiu ol
18(2)|6I pitch" is the sunmation of coil layer 1024 and coil separating |ayer
' coil layer 1024 should be maximized while the width of coil separating layer 1026 ghou?(}/
be minimized. Using conventional coil fabrication processes, however, each coil
10 separating layer 1026 can only be formed with a width of between 0.4 — 1.0 um
(nominally, 0.5 pm for a coil layer of 2 pm in height). On the other hand, using
techniques described herein, coil layer 1024 and coil separating layer 1026 are formed
such that each coil separating layer 1026 can be made with a width of between about 0.2
- 0.3 pm (i.e. less than 0.4 pm). This can be done using a damascene process. Note that
15 the “coil pitch” is the summation of coil layer 1024 and coil separating layer 1026.
As previously stated, write coils 1022 have a reduced electrical resistance which
is sufficient to reduce thermal protrusion in magnetic head 1000. Conventional write coil
structures with 6 — 7 coil turns typically have resistances between about 4 — 9 Ohms (i.e.
about 0.5 — 1.5 Ohm per coil tumn). Provided with the construction described above,
20  write coils 1022 exhibit a relatively low electrical resistance of about 2 - 4 Ohms. With 6

_ 7 coil turns, this write coil structure provides about 0.3 — 0.5 Ohms per coil turn. More

generally, write coils 1022 of the present invention may exhibit electrical resistances of
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As previously stated, wite coils 1022 have a reduced el ectrical resistance
which is sufficient to reduce thermal protrusion in magnetic head 1000.
Conventional wite coil structures with 6 - 7 coil turns typically have
resi stances between about 4 - 9 Chns (i.e. about 0.5 - 1.5 Chm per coi
turn). Provided with the construction described above, 20 wite coils 1022
exhibit a relatively low electrical resistance of about 2 - 4 Chns. Wth 6
- 7 coil turns, this wite coil structure provides about 0.3 - 0.5 Chns per
coil turn. More generally, wite coils 1022 of the present jnventi may
exhi bit el egbgitdal 3 iens t With@s- DEoil Birah suth a4 writeTodstRictuyy previsles abopt @gﬁr
turns, such a wite coil structure provides about 0.15 - 0.5 Chns per coi

turn. Advan pmh%' bl1Gust | Nevantfe6@ly, RhOvirdtuleaan priwide (s tign®S Qruns
coil turn atr(l)éaig es I%éﬁa(l:n 4 Ohns of i&otgﬁl‘yel ectrical resistance. Wite coils

1022 may be formed in 0, ' QficA rorre, of different 5

sui t abl e te@ﬁﬁ?‘ﬁﬁ%‘& a%%fr%\%setr&fg?gnal oéfhgttaﬂgsvm’lge.r Preferably, wite coils
1022 are fabricated utjlizin damascene SS: | ar bedifRfent Oi |
Fayer 1024 ol at | Vet ilsdgen ni; e SRR It fosg  pgeorith §B6I p R oG SO Eeten
process, materials are fornmed (e, g. electroplated_or vacuum depos}

Wi thi n openisnijsbler eolnigadsy ceayentigNale OF I‘ﬁthﬂ'w(l%: g.lg)ré[’felr bé?éfct"ffij% (fodﬁ Z?%ﬁda}?
RIE), and excess material is renoved by polishing (e.g. .a to .

cheni cal / meqhiidacal utitding hidamasvenSpRycessT readhievect lasggs ol laygcHI2é 15latiyG o ¢ he
coil structures and the coil spaces to have a | arger aspect ratio SAR) and

a smaller cqighy cpAPRpaating 14y 02806 4 damaswent @ravesd, snagérialh arg forgred fete:
Anot her source of heat in nmagnetic head 1000 is generated by eddy current

'1833,65 o fﬁ;ire'igcrt]}g%ga}é’& bi SaciBfL. AtpbSifbd) TAHiS dp&ngUsbvioasy intglei by emingt(e.e. head

reactive ion etch or RIE), and excess material is removed by polishing (e.g. a

10 chemical/mechanical polishing or CMP). The use of such a process allows the coil

structures and the coil spaces to have a larger aspect ratio (AR) and a smaller coil
separating layer 1026 than write coils of the prior art.

Another source of heat in magnetic head 1000 is generated by eddy current losses

during the write operation. To reduce such heating in magnetic head 1000, either one or

15 both of the lower and upper poles includes a horizontally laminated structure of

alternating magnetic and non-magnetic dielectric layers. Such a laminated structure helps

to “break up” and reduce such eddy current losses. To illustrate, FIG. 11 is the same

magnetic head shown in FIG. 10 except that the upper pole of magnetic yoke 1070 is

made with a horizontally laminated structure 1102 of alternating magnetic and non-

20  magnetic dielectric layers. Horizontally laminated structure 1102 may be formed on top

of connecting magnetic pedestals 1104 and 1106, which are formed on top of pole pieces

1016 and 1017, respectively. FIG. 12 is the same magnetic head shown in FIG. 11 except

14




15 both of the | ower and upper poles includes a horizontally |am nated
structure of alternating nmagnetic and non-magnetic dielectric |ayers. Such
a lam nated structure helps to "break up" and reduce such eddy current

| osses. To illustrate, FIG 11 is the sane magnetic head shown in FIG 10
except that the upper pole of magnetic yoke 1070 is mnmade with a

hori zontal ly | am nated structure 1102 of alternating magnetic and non 20
magnetic dielectric layers. Horizontally |am nated structure 1102 nay be
formed on top of connecting magnetic pedestals 1104 and 1106, which are
fornmed on t dimtdhe fmver pileotmagiditeyokad 07017¢. thefpsnale piege lasieqd, is iso) madee
same nmagnetic head shown in FIG 11 except 14 that the |ower pole of

nmagneti ¢ yokgthlf Fericént8lly ldndindted Struqitlee] 02 afaaliemiating magnatis andmde-magnetic a
horizontally | am nated structure 1202 of alternating nagnetic and

non- magnet i fic layers. In FIGs. 11 and 12, each layer of the
hori zont al | glﬁl‘g&%&ng‘?gé structures 1102 and 5 1202 may be vacuum deposi ted

and patter ned by |
magneti c materi aI %Eﬁévi ?j&gv -§8 Ig‘gﬁlg%&rtg%nﬁ&el ){T%Almmilgd Wg each
non-magnetic dielectric |layer may b made ch a swl abI ﬁ‘: glhe' ectr 'lC or_no
magnet i ¢ SratléP? mayhecrrcHumaiepasiisd ap PE@@‘PC Y Hropiipge 2 Q'Fi‘gt“?tﬂ: &:Xid erPaXray
have a thickness of between about 50 - 2000 Angstrons and eac
non- magnet i bedhadeeatt the samayeagnttc mayeriaispresiously dlesethed dpr n*eaemtw@@otﬁ’foio -
200 Angstronms. In each horizontally- |amnated structure, there may be a
total of betawg&ack mondRinkay didectic TGN elidyChe orede rrrfganetutabld ididlenttic joc non-
materials. Thus, the magnetic head descri bed above includes a magnetic
yoke; a wri e 380 material such as Alumina (Al;03) or SiO;. Each magnetic layer may have a
thickness of between about 50 — 2000 Angstroms and each non-magnetic dielectric layer
10 may have a thickness of between about 10 — 200 Angstroms. In each horizontally-
laminated structure, there may be a total of between 4 — 400 layers of magnetic/non-
magnetic dielectric materials.
Thus, the magnetic head described above includes a magnetic yoke; a write gap
layer formed between upper and lower poles of the magnetic yoke; and a write coil
15 having a plurality of coil layers. Each coil layer extends continuously between the upper
and the lower poles through a plane defined by the write gap layer. The write coil is
preferably formed using a damascene process, where each coil layer has a larger width
relative to each coil separating layer. Advantageously, the write coil structure has a
reduced electrical resistance for reducing the Joule heating produced in the write coils.

20  Further, either one or both of the lower and upper poles may include a horizontally

Jaminated structure of alternating magnetic and non-magnetic dielectric layers to further
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| ayer fornmed between upper and | ower poles of the magnetic yoke; and a
wite coil 15 having a plurality of coil |ayers. Each coil |ayer extends
continuously between the upper and the | ower poles through a plane defined
by the wite gap layer. The wite coil is preferably formed using a
damascene process, where each coil layer has a larger wwdth relative to
each coil separating |layer. Advantageously, the wite coil structure has a
reduced el ectrical resistance for reducing the Joule heating produced in
the wite coils. 20 Further, either one or both of the |ower and upper

pol es may i Aiubé BedlingQlue26 bl lo¥ses bafinaaig o éddg tcurrentdbsses.t Fheaddungon of
magneti ¢ and non-magnetic dielectric layers to further 15 reduce heating

due to corepgagﬁj%gﬁtgﬁlgé%gg&@%ge %qujjéeggf:egéﬁ%nj osses. The reduction of

heating in gnetic ads to redu protrusion. Turning now to

FIG 13, a parti Gross-sectional view of a 1y | :
accordance with Hﬁllﬂ%Po‘éﬁBEmng:? paﬁlqvﬁlgs%?eézggﬁ%]%erﬁ/gﬁ?lﬁ%ﬁ& %gs)cq.ééﬁgvlm?’oogl
read head 5 portion of magnetic head 1300 includes a GVR sensor, 13&)%‘
sandwi ched RerFosdange evitl prashergrabadimentPisthe argsenbipvpiopsishang- 140834 hgddg
protected within surrounding insulator materials 1308. A wite head
portion of pagivatdfendgratic bSOl 30Adheludss asCNRysraserc] 308 1sand wishre! inNegwenn farsy ok e
1370 is the "horseshoe" or simlarly shaped nagnetic body which has a

| oner magnekhd seedng shikld adyerp P804 aRdn806, befiry protecredt Withiandnowunding ishidator
the 10 | ower pole of magnetic yoke 1370 includes a first pole piece |ayer

1312 and a Hﬁl’te}} Is pﬁ%@sh%'étﬁédﬁtpk&ftﬁml@fllﬁ%%éﬂc%@% UPOEIncRALS a FhagiRGD §bke

yoke 1370 includes a second pole” piece 1 a magneti c connecti ng

pedost ol L5380 MhePrld L0 DT MSSp-L0Uer f Sy e hipings wih

has a lower magnetic pole and an upper magnetic pole. In the embodiment shown, the

10 lower pole of magnetic yoke 1370 includes a first pole piece layer 1312 and a first

pedestal structure 1314 and the upper pole of magnetic yoke 1370 includes a second pole

piece 1316, a magnetic connecting pedestal 1350, and a third pole piece layer 1328 which
serves as a magnetic connecting layer to the back gap region.

First pedestal structure 1314 includes at least one pedestal, which may be

15 electroplated over first pole piece layer 1312 just behind an air bearing surface (ABS)

1320 of magnetic head 1300. A non-magnetic writé gap layer 1318 separates the pole

tips of the lower and the upper poles, being formed particularly between first pedestal

structure 1314 and second pole piece 1316. Third pole piece layer 1328 has a front end

formed on top of magnetic connecting pedestal 1350, which is formed on top of second

20 pole piece 1316. Third pole piece layer 1328 has a back end formed on top of one or

more magnetic connecting pedestals 1352 in the back gap region. The one of more
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First pedestal structure 1314 includes at |east one pedestal, which may be
15 el ectropl ated over first pole piece |ayer 1312 just behind an air
bearing surface (ABS) 1320 of nmgnetic head 1300. A non-nagnetic wite gap
| ayer 1318 separates the pole tips of the | ower and the upper poles, being
formed particularly between first pedestal structure 1314 and second pol e
pi ece 1316. Third pole piece |layer 1328 has a front end fornmed on top of
magneti ¢ connecting pedestal 1350, which is formed on top of second 20 pole
pi ece 1316. Third pole piece |layer 1328 has a back end forped_on t?P of one
or nore negagkdti canetingipedessié3iaire fostal omtoprf fiacpole aisos &yEbA3 18 one
of nore 16 nmagnetic connecting pedestals 1352 are forned on top of first

pol e pi ece %e}}ﬁf‘a’n 132 1840 SRRt seRdIshikRT lagt 1306 Sopafint pele pérsoayes hd . d
| ayer 1306 om fol rst pole piece |layer 1312. Magnetic yoke 1370 may be nade

Wi th any suitabl ﬁ@ q%%tri‘c:tjoﬁe MRdRY ingal‘o/s be MLES ariab! dy MBlifbied nfaghatic Ngatariblsgh

magneti ¢ nonent, various conpositions of "5 N Fe alloys, CoFe
alloys, or FeAIN,_ wth.the inclusion of kibLY €SmBbsidonast s
to control PF%EQBWéPNEPﬂaﬁBﬁﬂﬁf%@@B’V@?Fga3@%“§§§§$Hf§%%hgﬁ% s%%a?ation

| ayer 13 10 nmay be nade of alum na (A1203) .or, at her. suit abl . I C
or di el est r NéFeratleys, 4loFe atigys.riy EeAlN; t"@ﬁ’og‘)@rla?lflﬁﬂ? W&%ﬁ"&‘"ﬁﬁfo’ gdl I%)r:&% s
produced across wite gap layer 13 18 at the pole ti E)s of magneti c }/25(190
1370. Cur r edbpdmss @rdoveal ithmateghl propartesc oVrite gapayerild 1§ andyespartion 1avg

magnetic wite flux, as is conventional. As a result, heat is generated by

wite coils k332 s diamimh (Xi,05 porsitesr seithflonenimaguetisiondielesrie materisbad
conmponents. | nothing is done to reduce such heating, thernal expansion

ok 4005 0L RS BRI o gavlaprbdgutiss e mineh
1318 at the pole tips of magnetic yoke 1370. Current is driven through write coils 1322

10 to generate this magnetic write flux, as is conventional. As a result, heat is generated by
write coils 1322 and thermally transferred to surrounding magnetic head components. If
nothing is done to reduce such heating, thermal expansion will undesirably cause outward
protrusion of pole tip materials from the ABS 1320 and therefore the fly height will have
to be increased to avoid heat-to-disk mechanical interaction.

15 According the present invention, write coils 1322 of magnetic head 1300 are
formed with a structure that reduces its electrical resistance to thereby reduce heating.
This, in turn, reduces or eliminates protrusion of the head elements at the ABS 1320.

As shown in FIG. 13, write coils 1322 are formed with a plurality of coil layers,
such as a write coil layer 1324. Each coil layer 1324 of write coils 1322 is made with a
20  suitable electrically conductive material, such as copper (Cu). Other materials may be

suitable, such as gold, silver, and aluminum. In between each coil layer 1324 is a

plurality of dielectric coil separating layers, such as a coil separating layer 1326, which
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to be increased to avoid heat-to-di sk nechanical interaction. 15 According
the present invention, wite coils 1322 of magnetic head 1300 are forned
with a structure that reduces its electrical resistance to thereby reduce
heating. This, in turn, reduces or elimnates protrusion of the head

el ements at the ABS 1320. As shown in FIG 13, wite coils 1322 are forned

with a plurality of coil layers, such as a wite coil layer 1324. Each
coil layer 1324 of wite coils 1322 is made with a 20 suitable

el ectrically conductive material, such as copper (Cu)...Qher natgrials nmay
be suitabl enapyehnaie faerhchardbikedrphotoresisl eﬂmmAlpﬁs)bélé%ﬁl%‘ér%m&@%r %T ayer
1324 is a plurality of dielectric coil separating |ayers, such as a coil

separati ng G‘s{lit%lﬁg%atéﬁ&iﬁh 17 may be made from hard-baked photoresi st,
alum na (Al st 1 con-di oxi de NO2), or other suitable material. As shown,

each coil layer 132 t d PSS Nerdd8  svBBAuOISTyt betyaen vaitegap 1&E8 and
t he upper pole ojfls ﬁg‘é‘ﬁﬁé’t%@ﬂ?gﬂg%é‘m_ One end of each coil layer 1324 is in

5 close proxinmty to a top,of .wite. I r 18d Jrehécsepaenl 34 Brihy by
a thin insulHfiapd ‘L%)}‘BP‘?" l%h%ogwﬁ%qe?lgﬁg’ﬁgflgzgc%oi | Tayer 13% is in close
proximty to a bottomof third k pole pi l aye ad}%‘,' FhisGnaddeat ed
by an i nsul eloserproximitystoridior @f Wl 820 H?@rﬁlg‘j& lé%%é)%eiﬁnéﬁetd ob?:gi " |'ayer 1324
extends between the | ower pole and wite gap,layer 1318 .10 t,

each coil |myet TR24thef emd pf eacboq‘onlslaxqzlzﬂaéw%%é“r PW“H&Y e @hﬁé’ﬁ’oﬁﬁo‘?g of
conventional wite coils. Magnetic connecting pedestals 1350 an 135ﬁth1hse| p

to extend phe zﬂ}&!egi& er0i 3206k eoilko seperated Iydan Wwstlatasychy 18 Ji9 '8
wite coils 1322 utilize a

embodiment, no coil layer 1324 extends between the lower pole and write gap layer
1318.
10 As apparent, each coil layer 1324 of write coils 1322 is taller in height than those
of conventional write coils. Magnetic connecting pedestals 1350 and 1352 help to extend
the height of each coil layer 1324. With such construction, write coils 1322 utilize a
relatively large amount of electrically conductive materials (e.g. copper) as compared to
that used in conventional write coils. An increase in the volume of conductive materials
15 in write coils 1322 leads to a decrease in the electrical resistance of write coils 1322. A
reduction in the electrical resistance of write coils 1322 leads to a reduction of heat
generation during the write process which, in turn, leads to a reduction in protrusion of
magnetic head 1300.
The height (i.e. top to bottom) of each coil layer 1324 may be formed between
20  about 2.0 — 7.0 micrometers (um). In the present embodiment, the height of each coil
layer 1324 is about 4 um. It is noted that, although maximum benefits are provided

where each coil layer 1324 extends between magnetic yoke 1370 from top to bottom to
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relatively |arge anmount of electrically conductive ma
as conpared to that used in conventio%al wite coiIsFeLha!zcﬁgégé ?gp?ﬁ;)
vol une of conductive materials 15 in wite coils 1322 |eads to a decrease
in the electrical resistance of wite coils 1322. A reduction in the
electrical resistance of wite coils 1322 |eads to a reduction of heat
generation during the wite process which, in turn, leads to a reduction in
protrusion of magnetic head 1300. The height (i.e. top to bottom of each
coil layer 1324 may be formed between 20 about 2.0 - 7.0 mcro er v
Iv n the presaptfRakpidieltextddnesulibdightbenéfiteauly heoichievedpdth a resine r@% '
m It is noted that, although nmaxi mum benefits are provided where each

coi | layer 1324 exf ¢ M ,
o ,II;H%SO sinEesMav&@anesi ¢ yoke 1370 fromtop to bot i
the fullest pracﬁca extent, suificient benefits may be aghi eveg \t/\npg]htg o

reduced hei ght of ne or h,en : ; ; : ;
: ) et A itk 4 &l .
FIG 13, wite C&SI %%@25‘ g?% E)?’o%?it eg()l\;f\sﬁa"tpi?;mgi >?| %%?iﬁfoi | tu:xnf) BHngp

any suit abl nb ' ; ) .
5 >1/322 may giog-léggrglrgpgfs i Ic':g&ﬁ n;ﬂ%ﬁl&gﬁmﬁﬁé@y E%ﬁﬁl)vitﬁﬁ.r IR¥ Binle, Writd €oilkoi | s

_ ; _ coil turns. For |ower
resi stance coils, the wdth of [ I 17 i
the width ofl32iraypeferablyihaye batfvékfll & d ~FEAIES Koh A B TRE Coltl uhe”
conventional coil fabrication processes, however, each oi | ‘se rgt' n

| ayer 1326 qaathoot soibRyéot Yddshauitdhbeamakmired, hile theewidt of coil febg%‘mg layer
(nomnally, 0.5 ~trn for a coil layer of 2 ~irn in height). 01 t he ot her
hand, usi Ng 1596 LRGN bE HESnHRES daHcdmrentional cwl fabtication PIOZasesNPVERYES> €ac

separating la - ;
2 "be' Tl ) 5P ARy s S 8 i of pneen 04 - L0

(nominally, 0.5 um for a coil layer of 2 pm in height). On the other hand, using

10  techniques described herein, coil layer 1324 and coil separating layer 1326 are formed

such that each coil separating layer 1326 can be made with a width of between about 0.2

~ 0.3 pm (i.e. less than 0.4 pm). This can be achieved using a damascene process. Note

that the “coil pitch” is the summation of coil layer 1324 and coil separating layer 1326.

As previously stated, write coils 1322 have a reduced electrical resistance which

15 is sufficient to reduce thermal protrusion in magnetic head 1300. Conventional write coil

structures with 6 — 7 coil turns typically have resistances of between about 4 — 9 Ohms

(i.e. about 0.5 — 1.5 Ohm per coil turn). Provided with the construction described above,

write coils 1322 exhibited a relatively low electrical resistance of about 2 - 4 Ohms.

With 6 — 7 coil turns, this write coil structure provides about 0.3 — 0.5 Ohms per coil turn.

20 More generally, write coils 1322 of the present invention may exhibit electrical

resistances of about 1 — 3 Ohms. With 6 - 7 coil turns, such a write coil structure
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- 0.3 prn (i.e. less than 0.4 Vm. This can be achi eved usin

process. Note that the "coil pitch” is the summation of coi? ?asgpaiggze
and coil separating |ayer 1326. As previously stated, wite coils 1322 have
a reduced el ectrical resistance which 15 is sufficient to reduce thernal
protrusion in magnetic head 1300. Conventional wite coil structures wth
6 - 7 coil turns typically have resistances of between about 4 - 9 Chns
(i.e. about 0.5 - 1.5 Chmper coil turn). Provided with the construction
descri bed above, wite coils 1322 exhibited a relatively low electrical
resi stance giovale@dbowt 0:1%- GI3nBhms Pért dvildumn. 7Adaintageouskys the sirusture caepragide
structure provides about 0.3 - 0.5 Chns per coil turn. 20 More generally,

wite coils f i i e . -
: le} &%E‘b.s éﬁfﬁ SN ANaa8dsitReh SO%me Xl kdihltel edtibenl résistance.
resi stances o% about FB% Chnms. Wth 6 - 7 coil turns, such a wite coil

structure 19 proyides E}b 35 91 % - 5 i b ABM
the structure ca\rﬁ’“&e&?} ﬁg %egg ?rl;%n (51 gqgu%mg‘ﬁm ond of din Andgaens! y,
OChns of total electrical resistanc per coll turn and 1ess than 4

i ( . Wite coil : '
ggcor d?_nce Twltabl%ﬁﬁchﬁfqu&%nﬁWéPtl‘EB‘?a?d?rf Pg}eé?ﬂsg szjirgfgé%e"l ’t ec%icg)ggegm 2 e
nventional or ot erwi se. Preferably, wite coils 13 £ abr |
utilizing afajmiwat:d@ﬁﬁzipg@ms@e@e@&ﬁ%@\/‘@ aghiexg @g‘g%‘ﬁﬁﬁ’ @ﬁ‘%&ggﬂﬁ ilabH fﬁé@gr
1324 relative to each coil separating |layer 1326. In a danascene proces

material s akgatwy Weech 66l eparkiag layepl 326 dingr damascaneinaeqsss, Snaterpls gietf
: ; _ , t'ATRE
openi ngs which are previously formed by etching (e.g. a rea%rt@i)ve I on etch

o KB, and £XIEsRplds dould hinps whi :
. & pIERdES vcudii-de @pwhiinppkhings which(aee previvusly formed by
chem cal / megehgnl cal “polishing or ). The use of such a process allows the

SRR IR bR e
(e.g. a chemical/mechanical polishing or CMP). The use of such a process allows the coil
10 structures and the coil spaces to have a larger aspect ratio (AR) and a smaller coil
separating space than write coils of the prior art.

Another source of heat in magnetic head 1300 is generated by eddy current losses
during write operation. To reduce such heating in magnetic head 1300, either one or both
of the lower and upper poles includes a horizontally laminated structure of alternating

15 magnetic and non-magnetic dielectric layers. Such a laminated structure helps to “break
up” and reduce these eddy current losses. To illustrate, FIG. 14 is the same magnetic
head shown in FIG. 13 except that the upper pole of magnetic yoke 1370 is made with a
horizontally laminated structure 1402 of alternating magnetic and non-magnetic dielectric
layers. Horizontally laminated structure 1402 may be formed on top of magnetic

20  connecting pedestals 1404 and 1406, which are formed on top of magnetic connecting

pedestals 1350 and 1352, respectively. FIG. 15 is the same magnetic head shown in FIG.

14 except that the lower pole of magnetic yoke 1370 (i.e. the first pole piece layer) is also




Anot her source of heat in magnetic head 1300 is generated by eddy current

| osses during wite operation. To reduce such heating in magnetic head
1300, either one or both of the | ower and upper poles includes a
horizontally |am nated structure of alternating 15 magnetic and

non- magnetic dielectric layers. Such a | am nated structure helps to "break
up" and reduce these eddy current |osses. To illustrate, FIG 14 is the
sanme nagnetic head shown in FIG 13 except that the upper pole of nagnetic
yoke 1370 is nade with a horizontally |am nated structure 1402 of

al ternati ng nRgNGih G ARG IACMy TRERRIEE seh@iect502Cof hasastng haghatanied npn-
| am nated structure 1402 may "be fornmed on top of magnetic 20 connecti ng

pedestal s 1404 and,.1406. ich are forned on top of magnetic connecting
pedest al s 1§§@ngﬁﬁmfég§wlﬁggéectiver. FIG 15 is the sane nagnetic head

shown in FIG 14 except, thai_th ower,. pol e .of . '

the first pole piI’é-;S:(I-;(Q’F-e@;ﬂe‘?"l):5 fi.) eﬁ‘ﬁbl?y?oo 8&°W?‘ﬁ5§9ﬁ§}‘?§%°¥n?‘§$ﬁ“§éggﬁéina ed
structure 1502 of alternating nmagnetic and non- magnetic diel ectric.|.ayers.
'n I Gs. 14 1802 mi, beGumericyoracsiim: dRporipn 260 subsequen afisming BY o Miliie
1402 and 1502 nay be forned by vacuum deposition and subsequent patterning
by i on msl | iBagh mdgnéikc hyammag b anddayithersamb mageetis waterials previeushndersribed

mat erials previously described for nagnetic yoke 1370, and each

non- magnet i GodiRlbRtd vskd 3P0, &MY ehth AeEmagietie dislsttrisblagerdinay etet niade aof a
non- magneti ¢ matéri al "such as Alum na (A1203) or silicon-dioxide (S Q).

fach magnet i Gy feldiic BAYGh-MabfiliciBaRAauch 3 YAAIRDOULOR br dMlikod Wibkide

Angstronms and each non-nmagne el ectric layer may have a thickness of

Detveen 10 2B0HS Ldnthagndic A8 haThavk" RGELEIO F ARRkE HoduR B0"@ 000
Angstroms and each non-magnetic dielectric layer may have a thickness of between

10  about 10 and 200 Angstroms. In each horizontally-laminated structure, there may be a
total of between 4 and 400 layers of magnetic/non-magnetic dielectric materials.
Although shown in FIGs. 14 and 15 to terminate at about the height of second pole piece
1350, the top end of each coil layer 1324 may be further extended to be in close/closer
proximity to the bottom of horizontally laminated structure 1402.

15 As apparent, the embodiments shown and described in relation to FIGs. 13-15
may be preferred over that of FIGs. 10-12 where the spacing between the read sensor and
the write gap layer are to be minimized and left independent of the desired height of the
write coils.

In even other embodiments, write coils 1322 and 1330 of FIGs 13-15 are

20  alternatively positioned in between write gap layer 1318 and the lower pole of magnetic

yoke 1370 (e.g. the first pole piece 1312). Here, additional magnetic connecting

pedestals 1350 and 1352 are not formed in the position shown in FIGs. 13-15, but rather
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total of between 4 and 400 | ayers of nagnetic/non-nmagnetic dielectric
materials. Although shown in FIGs. 14 and 15 to term nate at about the

hei ght of second pole piece 1350, the top end of each coil layer 1324 may
be further extended to be in close/closer proximty to the bottom of
horizontally | am nated structure 1402. 15 As apparent, the enbodi nents
shown and described in relation to FIGs. 13-15 may be preferred over that
of FIGs. 10-12 where the spacing between the read sensor and the wite gap
| ayer are to be mnimzed and | eft independent of the desired height of the

wite coilsgrl porRé@novet TREt poibgsieseelyer, 1302t Shus, a gnagzetic hsad P3Ihe Presepis
13-15 are 20 alternatively positioned in between wite gap | ayer 1318 and

the | ower p tdoistraceEsulB Thht (R ghoveltlesdribed twritelceilpareqmsitiongd in
Her e, addi t?%‘%gﬁ&}mmg%ﬁe%t%idg S(‘:onnecti ng pedestals 1350 and 1352 are not

formed in the position shown j.n. 5 Huhe (3R bleT i Ragrtiogdkaver
first pole Bpg@gnlvg%gaagfganﬁ%&@%%e%ﬁ t%}ec head of 9t he present

i nvention may be constructed such that. t ahova-descri - WIKE €4 GRIté al €
positioned in bdhiechmagngtic hsa aFQ%Flbﬁﬁgbog?t]ﬁgngfshaghagﬁlrc Vy{oo?)(l e or t%ely?1
upper pole of the magnetic yoke. Thus, a magnetic head as,describ e

i ncl udessa rnm@ndoimed) bitaveem uppen @Cbhbvefgql?i’y‘é‘r?ﬂﬁeo?‘ﬁ%‘&%ﬁe’f%eﬁ"{]6p§rﬁte:?1(§‘/

| ower pol es of the nagnetic yoke; and a wite coil havi ngl‘ya ?I urality. of
coi | layers.pabagh %Qfahit:,l afyeuil yérendacte onit layemexsendsisentipuonsky ReTRren; e‘% b

| ayer and either the |ower pole or the upper pole of the magnetic yoke. The
write coil fap @Te‘?%ﬁd aifley 1O WREpsis bh heaipfarnmie efibe pagoetisyokeh dihe vaite Kokt oi |

layer is wi han each coil separating |ayer. Advantageously, the wite
coil struct ulg %re?ti:ir%bl?/ f%ﬁ%ééf‘&%f& Bhidced process, where each coil layer is wider than each
coil separating layer. Advantageously, the write coil structure has a reduced electrical

10 resistance for reducing the Joule heating produced in the write coils. Further, either one
or both of the lower and upper poles may include a horizontally laminated structure of
alternating magnetic and non-magnetic dielectric layers to further reduce heating due to
core losses originating from eddy current losses. The reduction of heating in the
magnetic head leads to reduced protrusion.

15 It is to be understood that the above is merely a description of preferred
embodiments of the invention and that various changes, alterations, and vanations may
be made without departing from the true spirit and scope of the invention as set for in the
appended claims. Few if any of the terms or phrases in the specification and claims have

been given any special meaning different from their plain language meaning, and

20  therefore the specification is not to be used to define terms in an unduly narrow sense.

What is claimed is:
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to resistance for reducing the Joule heating produced in the wite coils.
Further, either one or both of the | ower and upper poles may include a
horizontally | am nated structure of alternating magnetic and non-nagnetic
dielectric layers to further reduce heating due to core |osses originating
fromeddy current |osses. The reduction of heating in the nmagnetic head

| eads to reduced protrusion. 15 It is to be understood that the above is
nmerely a description of preferred enbodinments of the invention and that
various changes, alterations, and variations may be nmade w thout departing
fromthe trgeaspisrit and scope of the invention as set for in the appended
clains. Few 1T any of the terns or phrases in the specification and clains
have been given any special neaning different fromtheir plain | anguage
meani ng, and 20 therefore the specification is not to be used to define
terms in an unduly narrow sen 1:5,claimed is: 22 CLAIMS 1. A
magneti ¢ head, comnpri ‘ﬁ@&“%ﬁ%ﬁ%bggﬁk%hg%ke; 5 awite gap |ayer forned

bet ween upper and | ower pqles of the magnetic yoke; a wite coil having a
plurality of coi pmagpeticYokehd each coil |ayer extending continuously

bet ween the upper and the | ower poles through a plane fined e wite
gap | ayes. 10 2. aWrite gaprayer form betb‘PebeI%l?W‘?I‘W?ngfeﬁofﬁ'g W@g?é%’ has

an electrical resistance sufficient to reduce thermal protrusion at an air
bearing surface @ABSE cofl hiviag a plurality of coil layers; and

each coil layer extending continuously between the upper and the lower poles

through a plane defined by the write gap layer.

10 2. The magnetic head of claim 1, wherein the write coil has an electrical

resistance sufficient to reduce thermal protrusion at an air bearing surface (ABS) of the

magnetic head.

3. The magnetic head of claim 1, wherein the write coil has an electrical

15  resistance that is less than 0.5 Ohms per coil turn.

4, The magnetic head of claim 1, wherein each coil layer has a height

between the upper and the lower poles that is 4 pm or greater.

20 - The magnetic head of claim 1, wherein each coil separating layer is less

than 0.4 pm.
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magneti c head. 3. The nagnetic head of claim1, wherein the wite coil has
an electrical 15 resistance that is less than 0.5 Chns per coil turn. 4.

The magnetic head of claim 1, wherein each coil |ayer has a height between
t he upper and the lower poles that is 4 }imor greater. 20 5. The magnetic
head of claim1, wherein each coil separating layer is less than 0.4 pm 23
6. The nmagnetic head of claim1l, wherein the wite coil further conprises a
damascene-constructed wite coil. 7. The magnetic head of claim1, wherein
each coil layer conprises copper 5 and at |east one of th pEer and | ower
pol es further co@pri sqhe naghetichadarteldinybrwhsren hhwsie il gﬁﬂle EORPTIEE B oi |
I s positioned; and a pedestal forned over/under the pole piece |ayer at an

ai r beari ng gurfage 6B ted Sritd Bil.Magnet i ¢ head of claim1, wherein each
coil layer conprises copper 1o and at |east one of the upper and | ower

pol es further conprises: a pole piece |ayer over/under which the wite coil
I s positioned; a pedestal formed over/under the pole piece layer at an air

bearing surface (ABS);.and the pol ' I « COIMA bR 186eralohfriRed tdifper
| ayers of magneti’e anJ}’ﬁdﬂ@gF&HﬁB?af COQQS@]F& g@:ﬂ F}nc&rrggtceri g% 9?@& magdr%t i C
recordi ng device, conprising: .

s and at least one of the upper and lower poles further comprises:

a pole piece layer over/under which the write coil is positioned; and

a pedestal formed over/under the pole piece layer at an air bearing surface (ABS).

8. The magnetic head of claim 1, wherein each coil layer comprises copper

10 and at least one of the upper and lower poles further comprises:
a pole piece layer over/under which the write coil is positioned;
a pedestal formed over/under the pole piece layer at an air bearing surface (ABS);
and

the pole piece layer comprising alternating layers of magnetic and non-magnetic

15  dielectric material.

9. A magnetic recording device, comprising:
at least one rotatable magnetic disk;
a spindle supporting the at least one rotatable magnetic disk;
20 a disk drive motor for rotating the at least one rotatable magnetic disk;

a magnetic head for writing data from the at least one rotatable magnetic disk;

a slider for supporting the magnetic head;
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at | east one rotatabl e nmagnetic disk; a spindle supporting the at |east one
rotatabl e magnetic disk; 20 a disk drive notor for rotating the at |east
one rotatable nagnetic disk; a magnetic head for witing data fromthe at

| east one rotatable nagnetic disk; a slider for supporting the nagnetic
head; 24 the magnetic head including: a magnetic yoke; a wite gap |ayer
formed between upper and | ower poles of the nagnetic yoke; 5 a wite coil
having a plurality of coil layers; and each coil |ayer extending
continuously between the upper and the |lower poles through a plane defined

by the wite gaptﬁ@ﬁiﬁgneti&ﬂleadl'ﬂneludmgneti c recording device of claim9,
wherein the wite coi has an 10 electrical resistance sufficient to

reduce thernal protru§irﬁggn@{ic§5ke§ir bearing surface (ABS) of the magnetic
head. 11. The magnetic recording device of claim9, wherein the wite coil

has an electrical resjstan teiSed BSSvebaphed ahd Ghwer gaaes afothk magnatic 15
12. The magnetic recorad\m%ge %@\}lEi efg %I aim9, \iﬁ]erei n each coil |ayer has a

hei ght between the_ upper and the |ower poles that is 4 p.mor greater. 13.
The magnetic recd‘iOHth device of claim9, wherein each coil separating

5 a write coil having a plurality of coil layers; and

each coil layer extending continuously between the upper and the lower

poles through a plane defined by the write gap layer.

10.  The magnetic recording device of claim 9, wherein the write coil has an

10 electrical resistance sufficient to reduce thermal protrusion at an air bearing surface

(ABS) of the magnetic head.

11. The magnetic recording device of claim 9, wherein the write coil has an
electrical resistance that is less than 0.5 Ohms per coil turn.

15

12.  The magnetic recording device of claim 9, wherein each coil layer has a

height between the upper and the lower poles that is 4 um or greater.

13.  The magnetic recording device of claim 9, wherein each coil separating

20 layer is less than 0.4 pm.
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20 layer is less than 0.4 m 25 14. The magnetic recordi ng device of claim
9, wherein the wite coil further conprises a danascene-constructed wite

coil. 15. The nagnetic recording device of claim9, wherein at |east one of
the 5 upper and | ower poles further conprises: a pole piece |ayer
over/under which the wite coil is positioned; and a pedestal forned

over/under the pole piece layer at an air bearing surface (ABS). 16. The
magneti c recording device of claim9, wherein at |east one of the to upper

and | ower poles further conprises: a pole piece |aye[ over/under ' t he
wite coil is positiofke magneterieesoming daviascoforlainy ﬁnﬂé?re{nh eﬁ‘&%& cﬁw&lgﬂ?rayer
at an air bearing surface (ABS); and the pole piece |ayer conprising

alternating &Iﬁégge%aqud@&ﬂeicbﬁsmttdnﬂﬁteMHetic 15 diel ectric material. 17.
A magnetic i conprising: a npgnetic yoke; a wite gap |ayer forned
bet ween upper and | ower poles of the magnetic yoke; 20 a wite coil having
a plurality of coil layers; and each coil |ayer extending continuously

gft Y\ﬁgnﬁggﬁe}[’\{ Lt ﬁéggp ayrgerlgnaegg rg&?digé delRe JfOUEM POMRertil at Neastippeof tied e

5 upper and lower poles further comprises:

a pole piece layer over/under which the write coil is positioned; and

a pedestal formed over/under the pole piece layer at an air bearing surface (ABS).

16. The magnetic recording device of claim 9, wherein at least one of the

10 upper and lower poles further comprises:
a pole piece layer over/under which the write coil is positioned;

a pedestal formed over/under the pole piece layer at an air bearing surface (ABS);

and

the pole piece layer comprising alternating layers of magnetic and non-magnetic

15  dielectric material.

17. A magnetic head, comprising:

a magnetic yoke;

a write gap layer formed between upper and lower poles of the magnetic yoke;

20 a write coil having a plurality of coil layers; and

each coil layer extending continuously between the write gap layer and one of the

lower pole and the upper pole of the magnetic yoke.
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18. The magnetic head of claim 17, wherein no wite coil portion is |ocated
between the wite gap | ayer and the other one of the |ower pole and the
upper pole. 5 19. The nmagnetic head of claim 17, wherein the wite coil has
an electrical resistance sufficient to reduce thernmal protrusion at an air
bearing surface (ABS) of the magnetic head. 20. The nmagnetic head of claim
17, wherein the wite coil has an electrical 10 resistance that is |ess
than 0.5 Chns per coil turn. 21. The magnetic head of claim 17, wherein
each coil |ayer has a height between the upper and the |ower poles that is
4 mor greater. 15 22. The magnetic head of claim 17, wherein each coi
separating layer is less than 0.4 m 23. The magnetic head of clai

17,
wherein the witggcoi lppf WiddRetic BeHEPsf Geien &7 dahesinemewtiohseil nerod | pqated
coil. 20 24. The nagnetic head of claim 17, wherein the one of the | ower

pol e and t Qngﬁ“geggﬁ{q \Bﬁ?ggegg%gzwep%d @9 TRk 885 6f BE IGwdr okt amdaheupzey @pleunder

whi ch the I"t1oned; and a pedestal fornmed under the pole
pi ece layer at an air bearing surface (ABS). 25. The nmgnetic head of claim
17, wherein at |east one of the upper and 5 |ower poles further conprises:

5 19.  The magnetic head of claim 17, wherein the write coil has an electrical

resistance sufficient to reduce thermal protrusion at an air bearing surface (ABS) of the

magnetic head.

20.  The magnetic head of claim 17, wherein the write coil has an electrical

{0 resistance that is less than 0.5 Ohms per coil turn.

21.  The magnetic head of claim 17, wherein each coil layer has a height

between the upper and the lower poles that is 4 um or greater.

15 22.  The magnetic head of claim 17, wherein each coil separating layer is less

than 0.4 pm.

23 The magnetic head of claim 17, wherein the write coil further comprises a
damascene-constructed write coil.

20

24.  The magnetic head of claim 17, wherein the one of the lower pole and the _

upper pole further comprises:
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a pole piece |layer over/under which the wite coil is positioned; and the
pol e piece |layer conprising alternating | ayers of magnetic and non-nagnetic
dielectric material. 10 26. A magnetic recordi ng device, conprising: at

| east one rotatable nagnetic disk; a spindle supporting the at | east one
rotatabl e magnetic disk; a disk drive notor for rotating the at |east one
rot atabl e magnetic disk; a nmagnetic head for witing data fromthe at |east
one rotatable nagnetic disk; 15 a slider for supporting the magnetic head;
the magnetic head including: a magnetic yoke, a wite gap | ayer forned

bet ween upper ang bﬁwcep@eesndﬂrwmehmawéw@l isatesitione andwrite coil having
a plurality of c0|I | ayers; and each coil |ayer extending continuously

between the witg QMta‘l %fﬁfed%ﬁdertﬂé\polefpxdcb&ybnmm ardiearing surfaee (4BFer pol e
of the magnetic yg 27. The magnetic recording device of claim 26,

wherein the wite COI| has an electrical resistance sufficient to reduce
thermal protrusion at an air bearing surface (ABS) of the nmagnetic head. 5

28. The magnetic,recoqal g, el f8adbr Clafth ™7 Swneflifta®1East 0fie WEIthe upfér! artdas

an

5 lower poles further comprises:
a pole piece layer over/under which the write coil is positioned; and

the pole piece layer comprising alternating layers of magnetic and non-magnetic

dielectric material.

10 26. A magnetic recording device, comprising:
at least one rotatable magnetic disk;
a spindle supporting the at least one rotatable magnetic disk;
a disk drive motor for rotating the at least one rotatable magnetic disk;
a magnetic head for writing data from the at least one rotatable magnetic disk;
15 a slider for supporting the magnetic head,
the magnetic head including:
a magnetic yoke;
a write gap layer formed between upper and lower poles of the magnetic
yoke;
20 a write coil having a plurality of coil layers; and
each coil layer extending continuously between the write gap layer and

one of the lower pole and the upper pole of the magnetic yoke.
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el ectri cal

resi stance of 4 Chns or |ess. 29. The magnetic recordi ng device

of claim26, wherein the wite coil has an io electrical resistance that
is less than 0.5 Chns per coil turn. 30. The magnetic recording device of
cl aim 26, wherein each coil separating layer is less than 0.4 gm 29

10

27.  The magnetic recording device of claim 26, wherein the write coil has an
electrical resistance sufficient to reduce thermal protrusion at an air bearing surface

(ABS) of the magnetic head.

28.  The magnetic recording device of claim 26, wherein the write coil has an

electrical resistance of 4 Ohms or less.

29.  The magnetic recording device of claim 26, wherein the write coil has an

electrical resistance that is less than 0.5 Ohms per coil turn.

30.  The magnetic recording device of claim 26, wherein each coil separating

layer is less than 0.4 pm.




