Magneti c Transducer for Perpendi cul ar Magnetic Recording w th Separate
Read and Wite Heads 5 Field of the Invéntion The invention relates to thin
filmmagnetic transducers for perpendicular recording and nore
particularly to the inductive wite head portion of the transducer and
even nore particularly to the design of the pole pieces for the 10
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In a typical prior art magnetic disk recording system a slider containing
15 magnetic transducers for reading and writing magnetic transitions flies above the
disk while it is being rotated by a spindle motor. The disk includes a plurality of
thin films and at least one ferromagnetic thin film in which the recording (write)
head records the magnetic transitions in which information is encoded. The
magnetic domains in the media on can be written longitudinally or
20 perpendicularly. The read and write head portions of the slider are built-up in
layers using thin film processing techniques. Typically the read head is formed
first, but the write head can also be fabricated first. The conventional write head
is inductive.
In a disk drive using perpendicular recording the recording head is
25 designed to direct magnetic flux through the recording fayer in a direction which
is generally perpendicular to the plane of the disk. Typically the disk for
perpendicular recording has a hard magnetic recording layer and a magnetically
soft underlayer. During recording operations using a single-pole type head,
magnetic flux is directed from the main pole of the recording head
30 perpendicularly through the hard magnetic recording layer, then into the plane of
the soft underlayer and back to the return pole in the recording head. The shape



| and size of the main pole and any shields are the primary factors in
determning the track width. In U S. patent RE33,949 to Mallary, et al. a
head for perpendicular recording is described which includes a "downstream
shield" which is separated 5 fromthe wite pole by a small gap. The
arrangenment is said to intercept nost of the downstream fringing flux by
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reversed.
15 Figure 1 illustrates a prior art head 26 for perpendicular recording and the
associated media 27. The head is described in an article by M. Mallary, A.
Torobi and M. Benakli published in IEEE Transactions on Magnetics, vol. 38,
no.4, July 2002. The head 26 has a trailing shield pole 33 and side shields (not
shown). The magnetoresistive sensor 31 is flanked by shields 36, 37. This head
20 is workable with a leading magnetoresistive head structure because two pancake
coils 35A, 35B are used to ensure that the read head shield 36 is at the same
magnetomotive potential as the trailing shield pole 33 and the soft underlayer 29
of the medium 27. The flux paths are illustrated by lines 39 which show the write
pole originating the flux at the ABS which then is divided between the trailing
25 shield pole 33 and the read head shield 36 after passing through the hard
ferromagnetic recording layer 28. A disadvantage of this design is that it
requires two pancake coils. It also requires a relatively thick return pole which
will have to be made of high moment material for the desirable high write field
capability, and a very narrow throat height for that element. The figure also
30 shows this design will result in write disturbance of the read shields.



ferromagnetic recording |ayer 28. A disadvantage of this design is that it
requires two pancake coils. It also requires a relatively thick return pole
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the read head and the flux bearing pole piece. The sink is preferably nade
of copperSummadpetthednventiorend to t he ABS.

15 The invention is a magnetic transducer with separated read and write
heads for perpendicular recording. The write head has a trailing shield that
extends from the retum pole piece toward the main pole piece to form the write
gap at the air-bearing surface. One embodiment of the trailing shield is a two
part structure with a pedestal and a much smaller tip that confronts the main pole

20 piece at the gap. In one embodiment a sink of non-magnetic, electrically
conductive material is disposed in the separation gap between the read head and
the flux bearing pole piece. The sink is preferably made of copper and does not
extend to the ABS.

25
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tion of a prior art recording head and nedia for perpendicul ar
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illustration of a section of a recording head according to a
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Figure 3 is a plot of H-grain angle as a function of the main grain angle.
Figure 4 is a symbolic illustration of a section of a recording head according to a
second embodiment of the invention which includes a notched trailing shield.
15 The section taken is perpendicular to the air-bearing surface. The media for
perpendicular recording is included in the view to aid in describing the functioning
of the head.
Figure 5 is a symbolic illustration of the air-bearing surface of a recording head
20 according to a second embodiment of the invention which includes a trailing
shield.
Figure 6 is a symbolic illustration of a section of a recording head according to a
third embodiment of the invention which includes a notched trailing shield with a
25 curved stitch region where the trailing shield attaches to the retum pole piece.

The section taken is perpendicular to the air-bearing surface for a top or plan
view. The media for perpendicular recording is included in the view to aid in

describing the functioning of the head.
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4 Figure 7 is a synbolic illustration of a section of a recording head
enbodi nent of the invention which includes a heat sink/shield between the
read head and the wite head. The section taken is perpendicular to the
air-bearing surface for a top or plan view. 5 Detail ed Description of the
I nvention and the Preferred Enbodiments Figure 2 is a synbolic illustration
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regard t het her an overcoat, i s ..presept.The r sepnsar.and its shields
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but ot herhe ppesTHe ABD &SERdWN Witheiut la thin film protective overcoat which would
normalily be present in a production head. The term ABS as used herein means

15 the plane as shown in the drawings without regard to whether an overcoat is
present. The read sensor and its shields are not shown in Figure 2, but could be
located on either side of the write head. This d’esign has a single coil 35. The
yoke is composed of ferromagnetic pole pieces 41, 42, 43 and 46 and trailing
shield 44. The trailing shield 44 can also be considered a pole piece. The

20 movement of the magnetic recording medium is from the main pole piece 42 to
the trailing shield 44, hence the label “trailing.” Pole piece 41 provides the
needed mass of ferromagnetic material for the main pole piece 42, but does not
extend to the ABS. Only the small area of the main pole 42 appears at the ABS.
The back of the yoke 45 (often called the “back gap”) directly connects the pole

25 pieces 42 and 41 to the return pole piece 43. The trailing shield 44 has a simple
rectangular cross-section in this design, but other shapes are possible as will
noted below. The trailing shield 44 extends from the ABS end of the return pole
43 toward the main pole 42. Without the trailing shield the write gap in this
design is limited by the thickness of coil 35 which passes between the main pole

30 piece 42 and the return pole piece 43. The trailing shield of the invention allows
the length of write gap to be optimized independently from the coil parameters.



noted below. The trailing shield 44 extends fromthe ABS end of the return
pole 43 toward the main pole 42. Wthout the trailing shield the wite gap
inthis designis limted by the thickness of coil 35 which passes between
the main pole 30 piece 42 and the return pole piece 43. The trailing shield
of the invention allows the length of wite gap to be optim zed
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fields b L ihcreasing the effective field by 2X and decreasi ng
jitter. }Pﬁgaégg)temﬁyéq?el d angle is achieved in the design when the distance

from 20 the ABRE improtemenfs ofithd aingly pole2Pailing shiedd (3T} desigeoftie of t he
write ga?n»fénrt]ite:n over the single pole (SP) design can be explained by Stoner-Wohifarth
15 model. Figure 3 is a plot of H-grain angle as a function of the main grain angle. It
can be seen that for a distribution of grain angles, increasing the angle between
H and the mean grain angle can decrease the distribution of switching fields by
1/2 thus increasing the effective field by 2X and decreasing jitter.
The optimal field angle is achieved in the design when the distance from
20 the ABS to the soft underlayer 29 is equal to the length of the write gap (the
distance between the end of the trailing shield 44 and the main pole piece 42).
The write field is decreased as the shield is brought closer to the write pole piece
because part of the flux is increasingly shared between the soft underlayer of the
media and the trailing shield. This problem is ameliorated by increasing the
25 thickness of the trailing shield and bringing the flare point of the main pole piece
42 closer to the ABS. The flare point (not shown) is where main pole piece 42
begins to widen (in a top view) away from the ABS. The advantages of this head
design are as follows:
1)  Increased dH/dX
30 2) Reduced partial erasure
3) Improved saturation



di stance between the end of the;trailing shield 44 and the main pol e piece
42). The wite field is decreased as the shield is brought closer to the
wite pole piece because part of the flux is increasingly shared between
the soft underlayer of the nedia and the trailing shield. This problemis
anel i orated by increasing the 25 thickness of the trailing shield and
bringing the flare 0| nheaa% feilfd Aolkgl € piece 42 closer to the ABS. The
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to the shield as the design point calls for tight nanometer scale dimension. One

solution to this problem is a two step design for the trailing shield. Rather than

one continuous trailing shield, a “notched” trailing shield is broken into two

15 components: a pedestal (body) and a tip. The trailing shield tip fabrication
remains critical, but the trailing shield pedestal requirements are relaxed. This
two step design will offer more structural strength during lapping, relax
lithography, and allow the trailing shield pedestal to be curved back to the return
pole.

20 Figure 4 is a symbolic illustration of a section of a recording head 268
according to a second embodiment of the invention which includes a notched,
two part trailing shield. The notched design has a larger maximum write field
than can be achieved with the notched design. Finite element modeling has
shown an 8-10% improvement in the write field. The section taken is

25 perpendicular to the air-bearing surface. The two part trailing shield includes a
pedestal 44A and a tip 44B which each have rectangular cross-sections. The tip
44B has the smaller cross-section giving the combination a “notched”
appearance. Figure 5 is an iliustration of an ABS view of the recording head
26B. The cross-track width of the tip 44B is comparable to the width of the main

30 pole piece 42 at the ABS, but the width of the pedestal 44A is much larger than

the width of the tip.



s - I
15 conponents: a pedestal (body) and a tip. The trailing shleld t|p
fabrication remains critical, but the trailing shield pedestal
requirenents are rel axed. This two step design will offer nore structural
strength during lapping, relax |ithography, and allow the trailing shield
pedestal to be curved back to the return pole. 20 Figure 4 is a synbolic
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|l ess critical than the tip 44B. This allows the pedestal 44A to be curved
or strai gwne\gwrtdalqhnesp@oeb’ohand the placement of the tip are critical parameters in
this design, using a metal gap ¢an minimize damage to the tip if no seed-layer
15 removal step is required.
A straight or curved pedestal stitch back to the return pole is possible.
Since only the tip fabrication is critical to minimize write flux lost, this design
approach allows for pedestal to be curved. A curved pedestal is preferred. Also
the tip can consist of high moment material to minimize saturation at the write
20 gap while the pedestal can be lower moment.
Figure 7 illustrates a head 26C with a trailing shield pedestal 44C that has
a curved surface where it is stitched to the return pole piece 43. A curved trailing
shield pedestal is preferred. |f the coil is fabricated first and protected with hard-
bake, the shield stitch will be curved as a result of the shrinkage of the hard-
25 Dbake.
Sliders with any of the embodiments of the write head described above
can have the read head fabricated first or second. In turn this means that in
operation in a storage device, a point on the recording media can pass under the
read head first or the write head first depending on the design option. If the read
30 head is fabricated after the write head, the S1 shield will be adjacent to the return
pole piece 43 which causes no particular problems. However, if the read head is



44A is stitched back to the return pole piece 43. In addition, this allows
easier 10 fabrication of the tip, mnimzes danage to tip and rel axes the
tip lithography. A non-magnetic nmetal such as Rh or Ru functioning as a
seed layer and wite gap material can be left intact without the need for
seed-l ayer renoval. Since the wite gap thickness control and the
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head 10 r ndthelsensyf shieldidatnade Fafr%@'éﬂéﬂgh Brtatahe Miegrigesingstiverforeanat | f t he

read 30 head is fabricated after the wite head, the S1 shield wll be

adj acent the shiglds willbelesgdhan gbeutk1Q gergant pf ﬁmﬁ@&ﬂ‘%@aﬂhp?ﬁe@ andithgs obl errs.
ooy, th ybAEsFERTPSATnt efisdrIeARed idr 16 2y e BERAAD THRLY I
41. A potgesigradule [kt whehtthe eslDotinge etwéh the main pole and the shields is
approximately nine times or more than the reluctance between the shields and
15 the soft underlayer. In a coarse approximation, the reluctance between two
magnetic elements which are substantially paralie! is the distance between them
divided by the area of overlap of the elements. Thus, the distance between the
main pole and the shields should be greater than nine times the head-to-
underlayer spacing times the length of main pole yoke times half the width of the
20  main pole yoke at the back gap divided by the product of the width of the sensor
shields at the air-bearing-surface and the thickness of those shields. The upper
limit on that thickness is set by concerns that the distance between write and
read heads not be so large that other problems arise such as lithographic
misalignment between the read and write heads. In other words, the thickness
25 should be chosen to be no larger than required to meet the reluctance
requirement just stated.

The writing pole pieces also generate more local heat than the return pole
piece. Therefore, it is preferable to include a heat sink 52 in the read/write
separation gap between the S2 and pole piece 41. The heat sink 52 is a non-

30 magnetic, electrically conductive material, preferably copper, and can also be
used as part of a lead connection, i.e., part of an electrical path from a



the main pole (or witing pole) adjacent to the sensor shields and only one
coil is that there will be sone unwanted field between the sensor shields
and the soft 5 underlayer of the medium In addition, the total flux
bet ween the shields and the soft underlayer adds to the flux fromthe nmain
pole in terns of what total flux nust be returned fromthe soft underl ayer

to the rorigbridit th tHeWsad 8GEIEas tROrddiesensor €5 apd én histifcatofithe return
pol e which mght erase data if it is too |ar SS In order to allow this
ﬂﬁ%ﬂ h

si npl e gdwadt rAtthanghdhi heah sinki canexend o prefarablypiideesmaind t he
sensor shi el ds, i | arag, e that.th net gx i f at the
oo ds et relBES 10 3vaR SCHRA soirind SrobRRS. BidlPh e shv B o ane
thus theydandmki 528s b Rishedtiine) inzensddes\hdt exténd esthe ABB iaGhi¥of the wite
field. This design rule is net when the reluctance between the main pole

and t he smbkodiment Thesinkpieferably extaads bayendthengdges efthetaad. telhect ance

Che o ucrasrcogs Pledith the AdH s S AP GHIRIE) e Sater Rl Be OS2 0 O™
par al | el ghield hExdipt fondeineietessed from thei ABS cthelhedt Rinlkepreferablyolvas | ap of

the el enents. Thus, the distance between the main pole and the shields
shoul d bapgreximately the samecoutiing 8s S2-when yiewed paraliebipdhe diagkiling- t i nes t he

| engt h of mai ol e e 1] . i . i oke at
the-back gap T Bea g ok BEEn 8sbrbel wih Yhrht  BepycaerthBodfichit o 2
the apr- iRQotid-ysesiarPasplikations forths f@semagnétiostuctbrechccordifgetotheer

limt on that thickness is set by concerns that the distance between wite
and readnventien wiltbenzprasentiogbose skilled itheyaidbl ens ari se such as

|'i thographic m salignment between the read and wite heads. In other

wor ds, the thickness 25 should be chosen to be no larger than required to
neet the reluctance requirenent just stated. The witing pole pieces also
generate nore |ocal heat than the return pole piece. Therefore, it is
preferable to include a heat sink 52 in the read/ Wite
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separation gap between the S2 and pole piece 41. The heat sink 52 is a non
30 magnetic, electrically conductive material, preferably copper, and can
al so be wused as part of a | ead connection, i.e., part of an electrical
path froma conmponent in the head such as the read sensor to a pad on a
surface of the head. Although the heat sink can extend to the ABS,

pr ef er abl(faims does not extend to the ABS to avoid potential snearing
probl enms. Figure 5 shows the heat sink 52 as a dashed-line, since it does
not extend to the ABS in this 5 enbodinment. The sink preferably extends

beyond t f =0} i - ' i d the heat sink
i syappr oQ‘? nﬁ? gﬁ;ﬂ l@h@hégﬁlg@*vécg{%ﬁg?%t% ﬁgsgéésehpgﬁqugggqugbabei ng |
r ecessed rhagmetidmmedBSyith Besdfeanderiayler pomipeissigl y has approxi mately the sane

outline as S2 when viewed parallel tao the track-line. The i tion h
been Seseri bedt ¥PHHAL Side & Mk beping ROILABER: AETRI POISBIEBEINE Rer Lses
and ap igfelhg o 19 i Bebfiid BERENELE Bnd'dAHHAN © F SPaRfo SBrfet, and

i nvention w be apparent t e skilled in the art. aims 1. Athin
fi | m magreetetern pole pikcegthat extends tp anm@inbeaningsurfacsr di ng usi ng magnetic

media wth a soft, ynder| ayer co ising:, 5 a e that includes f | ux

bearing pol e [ﬂ‘é‘?,‘le#'agpﬁﬁﬁ; {SIS‘P‘ég {%@M?W%%QE?%H@&I? B'&kANT e pearing
pol e pie s to an air-bearing surface, and a return pole piece
t hat ext gﬁ%@nﬁgﬁééﬁgﬁ-beari ng surface; a coil that passes through the yoke

bet wd8n t he e traifing shiglc cennexted e the etummpgieipieqs ar_aflaextetmdmg alangi ng
S ol AR § Bkt P el e e 5 SRR A eyl
confront itRg main pole piece to form a write gap with a length along the air-bearing
surface that is less than a thickness of the coil between the main pole piece and
the return pole piece; and
15 a read head with first and second shields with the second shield being
separated from the flux bearing pole piece by a separation gap, the separation
gap between the main pole piece and the second shieid being selected to resuit
in a reluctance between the main pole and the second shield that is substantially
larger than a predetermined reluctance between the second shield and the soft

20 underlayer.

2. The thin film magnetic recording head of claim 1 wherein the reluctance

between the main pole and the second shield that is approximately nine times or

more larger than a predetermined reluctance between the second shield and the
25 soft underlayer.
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the main pole piece to forma wite gap wwth a I ength along the air-bearing
surface that is less than a thickness of the coil between the main pole
piece and the return pole piece; and 15 a read head with first and second
shields with the second shield being separated fromthe flux bearing pole
pi ece by a separation gap, the separation gap between the nmain pole piece

and the ' \ i | |§é'r|‘:>ta?£lﬁﬁ1 en the
mai n pol Z‘fan th E‘{e\mg{e@o dbg {é@é&ﬁﬁgﬁﬁoﬂﬁ%@ grwl?égfﬁythgl arger t gﬁég@

pr edet er rappeoXimaitely nime timestoreaore: a pregetenmined iaithiearing surfaceotorsof0

underl ayer., 2. The thin.film etjc recording head of claiml erein the
el et andidePaYSERRAGG tes R BHEE ahamdia Pol ke Thes attaHidth of the

appr oxi Mhghpdle §8ké afBhaek gapditided o PF&H%IM of RAAGE &Rk TRst 4rid uct ance
between the second shield and the 257soft underlayer. 11 3. The thin film
magnefi ¢ seeond shiald$ atithecdir-beating-surface and a thicknepa ohthefirstapdisecond

appr oxi mabellé nine times or nore a predeterm ned air-bearing surface to
soft undHFSrer spacing tines a length of a main pole yoke tines half a
width of the nmain pole yoke at a back gap divided by a product of a width

of the first and 5 second shields at the air-bearing-surface and a
t hi cknesd#. dhetthin filmr sagastic secasding headediiaimy 1 wheseina ginkiafMomagnet i ¢

recordi ng_head. of , cl.aim1 erein_a sink of nop:. Netic, . rically
conduct | JeddiRis, Pl cobABRH widalls fiped i Keraaudh §Rk L 171 ¥ 1
magngpi ¢ recordi ng head of claim4 wherein the sink is recessed fromthe

air-beari ngTsurf_ace. 6. The thin film ma?ne'g i c recording head of claim4
wher ei n theTlhe thin filng raagneticirecording head of claim 4 wherein the sink is recessed

from the air-bearing surface.

6. The thin film magnetic recording head of claim 4 wherein the sink has a width
15 in a cross-track direction that is approximately equat to a width of the second
shield in the cross-track direction.

7. The thin film magnetic recording head of claim 4 wherein the sink is copper.

20 8. The thin film magnetic recording head of claim 4 wherein the sink is part of an
' electrical path from a component in the head to a pad on a surface of the head.

9. The thin film magnetic recording head of claim 1 wherein the trailing shield
has a curved stitch-region where the trailing shield attaches to the return pole
25 piece.

10. The thin film magnetic recording head of claim 1 wherein the trailing shield
has a straight stitch-region where the trailing shield attaches to the return pole
piece.

30
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15 in a cross-track direction that is approximtely equal to a width of the
second shield in the cross-track direction. 7. The thin film nmagnetic
recordi ng head of claim4 wherein the sink is copper. 20 8. The thin film
magneti c recording head of claim4 wherein the sink is part of an
el ectrical path froma conponent in the head to a pad on a surface of the

head. 9. {HheThdthin filrh MdgrER reeordatPhdad of baf 10vhele theltraling ehleld he
trailing shield has a curved stitch-region where the trailing shield

at t aches has a pedestaliportioniand 2tp pogtian andthertip perion sanfiant&hieciiad r ecor di ng
head of claim | [ling shield has a straight stitch-region
wher e thgjq?égﬁ%le\r,@?éﬁ@?%u’gﬁé%es to the return pole piece. 30 12 11. The
thin filmnmagnetic recording head of claim 1l wherein the trailing shield
has a pedestal portion and a ti ortion and the tip portion confronts the

POl C p [ P L
mai n Spoll@. ph&ie filg magneticyecerding hgag formparpendicular feeendingeRRBEisiAg:
recordi ng heaq { ' . ' L Sid@, : .t hat
i ncludes a na%ny%{ﬁ @%ﬁ?@%ﬁ{a&é?g@’d@bpgt'gér}r%érrfq)é;%r?nng"sur Ig e and a

return pguefapeedrd 4 feturrepdlensiecs thatextendsitoan aigbedrihgsarface;coi | t hat
passes through the yoke between the main pole piece and the return pole

pi ece; and 10 a&cqit tiat pagsesthepughnthe yekeetwees the feain Rale, piecganstingst al

bei ng co b N eturn pol e piece and extending al ong the
ai r- bear Fﬁ@?é@?)#éa@eec{ebﬁgéd the main pole piece, the tip being attached to

the pedestal angaingishizid with 4 pedestanandaltip, {Hecpeddstalftweing gonnetteddap wi t h
a length along the air-bearing surface that is |ess than a tgi ckness of
the coil therelbempelepines andaxensling alongdtheair-beanngsyirge toward the

main pole piece, the tip being attached to the pedestal and confronting the main

pole piece to form a write gap with a length along the air-bearing surface that is

less than a thickness of the coil between the main pole piece and the return pole

15 piece, the tip having a cross-section area orthogonal to the air-bearing surface
which is smaller than a cross-section area of the pedestal orthogonal to the air-

bearing surface.

13. The thin film magnetic recarding head of claim 12 wherein the tip has a
20 cross-track width that is approximately equal to a cross-track width of the main

pole piece.
14. The thin film magnetic recording head of claim 12 wherein the tip has a
height orthogonal to the ABS that is approximately equal to four times the length

25 of the write gap.

15. The thin film magnetic recarding head of claim 12 wherein the pedestal is
curved where the pedestal attaches to the return pole piece.

30  16. The thin film magnetic recording head of claim 12 wherein the pedestal is
straight where the pedestal attaches to the return pole piece.

13



15 piece, the tip having a cross-section area orthogonal to the air-bearing
surface which is snmaller than a cross-section area of the pedestal
orthogonal to the air- bearing surface. 13. The thin filmnagnetic
recordi ng head of claim 12 wherein the tip has a 20 cross-track w dth that
is approximately equal to a cross-track width of the main pole piece. 14.

The t hi n 17, Minerthipnkiin magaetic fovedingdbadf ofdiaiimm 2 furterrciniprigieg:t i p has a
hei ght orthogonal to the ABS that |s cﬁFrOXI mately equal to four tinmes the

length 25 of a fiex bearing pele. piece attaehe heimainRAS P18 r ecor di ng head of
ol aim 12 her of f I RRUER 17k A sdtBrHShidHE Win( e JBUR fleid kRSSO the

return pol e piece m magneti c recor claim12

wher ei n tsepardtdd $iom thesflud beadigd polshsieee bha serdration gap’taa@es to the return
pole piece. 13 17. The thin film magnetic recordi ng head of cl aim 12

further corrprlas$'F|§°f nanfmagnqié‘apl%'%v&%ﬂe%vea disroseddn thg n pol e
pi ece; g F% th first and second shields with the second shield
bei ng sep rated romthe flux bearing pole piece by a separation gap; and
5 a sink of non-magnetic, electrically conductive material disposed in the

gl O AR ey AN A O
head to gp %\Q(ét%??pftwﬁ&lﬁ% %m? ntln 'ﬂ%‘ﬂei&?o a P dihr Hfaba]dmwet' c

recordi ng hea ein the sin recesse romthe
ai r - hear ihegdsurface. 15 20. The thin filmmagnetic recording head of claim
17 wherein the sink is copper.

19. The thin film magnetic recording head of claim 17 wherein the sink is

recessed from the air-bearing surface.

15  20. The thin film magnetic recording head of claim 17 wherein the sink is copper.

14



14 21. A thin filmmagnetic recordi ng head for perpendicul ar recording
conprising: a yoke that includes flux bearing pole piece, a nain pole
pi ece attached to the flux bearing pole piece that extends to an
air-bearing surface and a return pole piece that extends to an air-bearing
surface; 5 a coil that passes through the yoke between the nmain pole piece
and the onet | ' i ' ' -tip,
t he pedesz'?élNEﬁe]Pﬁghgnoﬁ%g%P er(?@tof)dm? hggegmﬁbgg%ﬁt&rgﬁgﬁgﬁ? %(Tgﬁ%tln%g al ong
t he air- beari rgycke that includesr filix bearingspole pigce, @ main pelapiecgattachayd & t ached

wth a | eI beBRo PRIF RREe AR exien Tl BBt g B R (et

of the cqigle PRICEIRAL &BNIRIaR ArcodtriRes\ififbet Ne return pole piece, the tip
havi ng a cross-section area orthogonal” to the air-bearing surface which is

smal | 8r than a ¢oibthat passesothroughnthef yakedetweenithe maio polppigicetand the air -
bearing surface and tip having a cross-track width that is approxi mately
equal to'® "apel%g'?p?r ack width of the main pole piece at the air-bearing
surface; a regfr&ifag shidldwith'pedeilasaiPa tipsthespatfestaltbeing eoarsstad tehi el d
being separated fromthe flux bearing pole piece by a separation gap; and
a si nk oftheeturmpeletpiece and extensing glongrihe airhearing syrfage tomasddagl in t he

separat| %‘aiﬁ%oo'le ;Z)Peo%?thle‘r’tip being attached to the pedestal and confronting the main

10  pole piece to form a write gap with a length along the air-bearing surface that is
less than a thickness of the coil between the main pole piece and the return pole
piece, the tip having a cross-section area orthogonal to the air-bearing surface
which is smaller than a cross-section area of the pedestal orthogonal to the air-
bearing surface and tip having a cross-track width that is approximately equal to

15 a cross-track width of the main pole piece at the air-bearing surface;

a read head with first and second shields with the second shield being
separated from the flux bearing pole piece by a separation gap; and

a sink of non-magnetic, electrically conductive material disposed in the
separation gap.
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