29 MARCH 2007 WMagnetic Transducer for Perpendi cul ar Magnet2&EMR&ear00ng with
Separate Read and Wite Heads 5 Field of the Invention 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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per pendi cul ar recordi ng has a hard nmagnetic recording layer and a

magné: i daAvstiveswrite hgaser | ayer. During recordi ng operations using a

singl e-pole type head, magnetic flux is directed fromthe main pole of the
recordi ng head 30 perpendicularly through the hard magnetic recording | ayer,

then i ntBadkyeophdiobthef Invéhtiorsof t under | ayer and back to the return pole in
the recordi ng head. The shape
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 layer 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
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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.
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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 return 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



25 3 29 MARCH 2007 Brief Description of the Figures Fi gure2AMARCH 2§0¥bol i c
illustration of a section of a prior art recording head and nedia for

per pendi cul ar recordi ng taken perpendicular to the air-bearing surface. 5
"Figure 2 is a synbolic illustration of a section of a recordi ng head
according to a first enbodinent of the invention. The section taken is

per pendi BrigfamedRiptiBA ohithie FRRAE Ny surface. The nedia for perpendicul ar
recording is included in the viewto aid in describing the functioning of

the head. 10 Figure 3 is a plot of Hgrain angle as a function of the main
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air-bearing surface. The nedia for perpendicular recording is included in
the Viewto aid in describing the functioning of the head. Figure 5 is a

accor i nigorts 2 WL ASYADOR IhF ARk of Ykl RrR Briehg FedFRARB BT i ng

shi el d. firspembo8inmentaf Syeriraention| Thetseatiow takeh i peesdéndiculaf teatheegior di ng head
according to a third enbodi nent of the invention which includes a notched
traili ndeating siiacen the pedia foy perrandicilar regriingiieinsluded I the Viewgtoshi el d
att aches,fi 6, {88 rfbel'rtné'gﬁb Rﬂcﬁoﬁhg%‘?the—r%aéec“ on taken is perpendicular to the
ai r-bearing sur?ace or a top or plan "view. The nmedia for perpendicul ar
recdioding is included in the viewto aid in describing the functioning of

the h
© eadFigure 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 § 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 return 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.



4 29 MARCH 2007 Figure 7 is a synbolic illustration of a SBEMAREHQDOR
recordi ng head enbodi nent of the invention which includes a heat

si nk/ 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 Detailed
Description of the Invention and the Preferred Enbodi nents Figure 2 is a
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protective overcoat which would normally be present in a production head.
The term ABS as used herein neans 15 the plane as shown in the draw ngs

wi thout regard_to whet her,, an overcoat . |,sS r.esen The read sensor and its
ohi ords BEETed PeSabafon o wl] pverion ain e pfisted Bruneliel il of ther o de of
the wite head. This design has a single coil 35. The vyoke is conposed of

ferromagnetic pole pieces 41, 42, 43 and 46 and trailing shield 44. The
trailing shidligu#4? sam syinbolid dlustrationl of adestipo bé agieads26A aecardingoveent of

the magnetjc recording,nedi um.is omthe majn pole piece 4 0] e

trai | ngTtrEPRTRIENt AL R uRBpE IS Sertion FgeR mireSifiEdar fo i AbRdes ¢ e
needed "Bss figlrd BhE AABHAGEISCINBRIBE! HrenO4rel 6t 1R ERIECINCp&t BeRadde thait does
not extend fo the ABS. Only the small area of the main pole 42 appears at
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connects_.the

U L Ty e
but ot hepe HHEPEPhANBIP RS ShEWE VAitholt ld thin film protective overcoat which would
normally 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.
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ABS to t he safte inipevémeats Flhé Sirkikpble Paitifg sherbtSPDYf dédign of tHee gap (the

invention over the single pole (SP) design can be explained by Stoner-Wohlfarth

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
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shiel d {4 fef HREILGR th&Yesign 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 26B
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 illustration 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.



remains critical, but the trailing shield pedestal requi remggﬁ%ﬁfl axed.

This two step design will offer nore structural strength appi ng,
relax |ithography, and allow the trailing shield pedestal to be curved back
to the return pole. 20 Figure 4 is a synbolic illustration of a section of

a recording head 26B accordi ngﬁto a second enbodi nent of the invention

whi ch i ncl udesha heighthedthe tmod$Rrin theaidinegtiemi(ertiosTna toththddB el gn has

I ' ' [ th b hi j desi gn.
it o ArEmRD DS 15 REL Puh R SRR a8 Ted e et bR FefCh e r el
The sectjop pidke o itise 2hidh@r PRIdividthadf tiP4aiBenahe-barettitth satbéas@ckTre two
part trailing shield includes a pedestal 44A and a tip 44B which each have

r ect angloarl to eppredaEtenonethall the reap@ingdraakheidding ltee redio pole diadeon

i Vi t he, conbi nati on, a,"not ched" .. ear ance. Fi gur 4 S.an 111 ration
ot AT BT RE nae f Bieh st B5RYE Mo ref (SHET, Wit ilehoestE ha't T
44B is canpaesty ekt fhavbEd e the wité Hokd i&okébrﬂja%ﬁ_\gif 18 rélaged\BS, but

the width of the pedestal 44A is much larger than the width of the tip. 7
29 MARCEIIR007g itBhihidiwieghtfrah threABSp(v4diBdtion) e he dissecttiosh tham tthedpnal to

the ABS), i ef bl | t t f it t ' ite fl
oy P S Yo B4l 2Bt St S e Peh et e
x-di rectdQnid gfitFeul baGkio tke r&gwlpoté)g%%@rwi u_rrnaé@djmo@,nﬁn@?:ngws r@asn@cor di ng

track wwdth of the nmain pole piece 5 42 to mnimze wite ux | ost and

stillD adhbmeatiatesf thedtipf evmized damalge tpdipesndlirelaxga theitinglithagtapdy. depar at ed
fromthe wite pﬁl e, iiis fabri;gati ¥v| | 1. be rel axed,dl al | ow re{ql ts

t hi ckned©TFPBANERE MARS! pyclyias tEi°<5?§§lu Wegening< ar5eeoc/ayet A3 WHe 98Pp  44B.
Thi s al lpyerbhepedesealintth LithdiR thErvad &r séediaRl rehrhalt Bmcegest al

44A is stitched back to the return pole piece 43. I'n addition, this allows
easi er write gap thickness control and the placement of the tip are critical parameters in

this design, using a metal gap can 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 6 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. |If 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  bake.

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
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trail i ngsofsHnepdeysarRddsato the flyxdfam teg maip F’collﬁa‘”c@l”lnslC§c whiirtpafley fir Ist a][]d
Phe. ohr i MeshBlspifiee pRna MG RAbEUA Gabditr b Rl PR Eoediit UYL of

the writenhesctieserd datdeabaye po@ﬂ/hmvmdm%ré%dafaeﬁd li&wla@géetlhfl rst or
second. In turn this neans that in operation in a storage device, poi nt

on the re®Erde rYovwehisasiwie gag@eu?yrd@rwqrhether@a@nﬁ@é&twﬁ@ﬂh%m'ﬂ@%| te head

{1750 dependioge 00, LR fEs] B PGt Nenlof BEirat A0 heatohs fabrpat ed

after the vvr| hea bea ac return pole

pi ece 43thdnméldea/use)% laes padrt aoitaro pémelneasfsthalﬁem\eemanm footehendeads head is
8 29 MARCH 2007 fabricated first as in head 26D shown in F uri t he S2
shi el d wihel uiesigdliadn et e sersarvill bedery iy o e opthscwriaificn: pdhisnt | al

probl em yi ¢ Qnﬁgfégg rH@t’\R/ﬁeH“tﬁé‘rel&&%n?@'b@tﬁé’ér‘?tﬂe"r‘na‘fﬂ bBle”:anP%é%h@QJs%e”t to

t he sensor s and onIy one col
approximately nine times or more than the reiuctance between the shields and

15 the soft underlayer. In a coarse approximation, the reluctance between two
magnetic elements which are substantially parallel 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 wid{h 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



that there will be sonme unwanted field between the sensor s2fl MAssH2007 t he
soft 5 underlayer of the medium In addition, the total flux between the
shields and the soft underlayer adds to the flux fromthe main pole in
-terms of what total flux nust be returned fromthe soft underlayer to the
return pole, thus increasing the undesirable field at the return pole which
m ght er il fh sl Ha I j npl e

geonet 1 GO phenE thefieddsdcha fieitad SefisoPld Fraliara balE TS Cencor

shi el ds headn#dihough diee bratigihk ichatextdrel toetipeciBS npreferablydt deesanot t he shi el ds

i1l be | t t 10 f that th Al dth th
e RS RS oBaRRESTY <ot BaiorBhiekis By BehEs e 1S o1
Thi s d%bﬂ@inklﬁzeaéédﬁﬁf\e&iﬁﬁe, biRge it dest i Etdift aRB ABS ifRHig pol e and the

shields is approxinmately nine tinmes or nore than the reluctance between the
shi ef ds eartwbdirdenheTB@sinkprdtarbbly exterids eyorarthe exlges @fitheacoibrin thée

o the- AresaedaleatbR i TERT Sinkys aBEra ety e Sibe WdE Abpepey e
el ement shielUExcéitForbsihgNeee RRMPER tho ABSRhE Heat Sinkiifefdisbig Hae! ds shoul d

be greater than nine tinmes the head-to underlayer spacing tiimes the |l ength
of mai nappraximetaly theneampautlinehas awheroviewed pazolletdd thetraekyioke at t he back

gap divi ded t.he product, of the width. of the sensor  shields at, the

9T bear | ng- derateMo e odn beRantied Wi e B PaRGueT SR i ¢ on
thagot hipgkBeRs UsSs ARH dPPlIEAMRY 10F the RirrdrggbitR! Rt aicdRIIny#td tife and  read
heads not be so | arge that other problens arise such as |ithographic

m sal i gimentiopavilvberappacentdadhesalskilled in thesatt. 1 n ot her words, the thickness
25 shoul d be chosen to be no larger than required to neet the reluctance
requi renent 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 separation gap between the S2 and pol e piece

41. The heat sink 52 is a non 30 magnetic, electrically conductive materi al,
preferably copper, and can al so be

10



used as part of a |ead connection, i.e., part of an el ectriroaiap&ibodr oma 9
29 MARCH 2007 conponent 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,
preferably it does not extend to the ABS to avoid potential snearing

probl ens. Figure 5 shows the heat sink 52 as a dashed-line, since it does
not extend to the ABS in this 5 enbodi nent. The sink preferably extends
beyond t I#aimdges of the coil. In the cross-track direction the heat sink is
approximately the sane width as the S2 shield. Except for being recessed
fromthe ABS, the heat sink preferably has approximtely the sanme outline

as S2 when vi epechipafiml Infdgriefic t lReordingC hehd Nr  Jdrpendivifart irédbrding Beep
described with respect to particul ar enbodi nents, 10 but other uses and
appl i cat Mgggetiomedisewithen sefwgaetaxer SOMPESiNBe according to the invention

w1 be apnar gbd that RGeS Kink Bl SolepiBsé - il BBEE PR Tanabhed ™ 1. A

thin fil mmagnetic recording pendi cu recordi ng using
magnet i ¢ medi atowihetflux BeEring Lpodke pleag eandcextendssioran ai-bpakeg shdace, moduales a

flux bearing paole piece, a in, pal Lece th i ttached to the flux
beari ng pole pfeé"érg pgﬁ%pfgﬁ?él?r’%sex{%\daﬁogpla_lr eﬂ?‘ﬁg““ﬁ’ﬁ? 'ace, and a return pole
pi ece that exd esitthat pasdes #roudrethiel yolie betWernethe matwpbletpiede qrasthesetuhr ough t he
yoke between the main pole piece and the return pole piece; a trailing

shield connect BYetPEEhe return pol e piece and extending along the air-
bearing surf afgaifity\eieldiddRnERER td MereRir® BBle Jid& hhdbkteRding RidHgdhe &R ront i ng
the nmain pole piece to forma wite gap with a length along the air-bearing

bearing surface toward the main pole piece, the trailing shield 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 piece; and

a read head with first and second read shields with the second read shield

being separated from the flux bearing pole piece by a separation gap, the

separation gap between the main pole piece and the second read shield being

selected to result in a reluctance between the main pole and the second read

shield that is substantially larger than a predetermined reluctance between

the second read shield and the soft underlayer.

2. The thin film magnetic recording head of claim 1 wherein the reluctance
between the main pole and the second read shield that is approximately nine times or
more larger than a predetermined reluctance between the second read shield and the
soft underlayer.

11



surface that is less than a thickness of the coil between 2BMamtm2@5] e
piece and the return pole piece; and a read head with first and second read
shields with the second read shield being separated fromthe flux bearing
pol e piece by a separation gap, the separation gap between the nain pole

pi ece and the second read shield being selected to result in a reluctance
bet ween Bhe nmalRe M fimameghdiie re&raing heahdf clai tivtletdirathei sepatatish gap Isal | y

| arger than al'nf)redeterm ned rel uctance between, the second read shi eI d and

t he sof t 2BRQXMaGH NINe tiME qrmere ia fkr Btined 1AleRRRINgg SHEaLF 89 ftai m 1
wherein hh@eﬂﬁbb‘%?é&ﬁ@ ikt Eﬁéﬁgthrtﬁ dTRidin Peleeyardtins sfcaldfeadihehi el d
that is approXim nine tinmes or nore |ar er than a predeterm ned

rel uct anﬂ@"b@‘t)'ﬁe/@hetahé bagk ga dividen @haar@dm@ aadthsefithe gfﬁﬂéﬂﬂayer 11 29
MARCH 209gcon% re-g&esﬁlgl'dg 4 48 gl}?—%@ﬁ”&%sw?&é@ dhd% imekheds &f f’rl irst Whgr i n the
separation g approxi mat el y "ni i Mes or nore a predeterm ne

ai r- bear secgarslueéasbletcts. soft underl ayer spacing tines a | ength of a main

pol e yoke tinmes half a width of the main pole yoke at a back gap divided by
a product of a width of the first and second read shields at the

ai r - bear yng- sUTh@aRinaMM Mmabhétitk RRBRIMY hedE of ididih ®nthersiRCRhK BRdoshi el ds.

4. The thin fil mmagnetic recording head of claim1l wherein a sink of non-
magnet i c Magnetis. elecdiiqally condurtive veataialdy digposed initep separatian gae. separ ati on
gap. 5. The thin filmmagnetic recordi ng head of claim4 wherein the sink is

recessed fromthe air-bearing surface. 6. The thin film nmagnetic record| ng
head of &l ai m 4heHBinefiln ragnratickreeqeding \Heﬂﬁ'hOf claing 6r‘6%%r9tnr§8ﬁ<sﬂl r Bct i on

that is ARREOX FBhahY afBERing QuRa¥d.dth of the second shield in the

cross-track direction.

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

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.

12



7. The thin fil mmagnetic recording head of claim4 wherei RXMarREHAR0T s
copper. 8. The thin fil mmagnetic recording head of claim4 wherein the sink
is part of an electrical path froma conponent in the head to a pad on a
surface of the head. 9. The thin filmmagnetic recording head of claim1l
wherein the trailing shield has a curved stitch-region where the trailing
shi el d atttche3he thin fismn megnatic reasdrding peastef.claid. 1 Whereinihe tréiihgrsiieldhes i ¢

Gt con.  AGEROaHay o TR A AR e BegPRiorideditollstne o Dol BBRE" cce.
12 29 MARCRr0E writd gaphe thin fil m magnetic recording head of claim1l

wherein the trailing shield has a pedestal portion and a tip portion and the
tip portion confronts the main pole piece to formthe wite gap. 12. A thin

Filmmagngiic peqamdifivg NRaghdtRr rBssmmgdiHeddarfor eﬁ&béh@iﬁula@%&dréih?@- a yoke
that includes a main pole piece that extends to an air-bearing surface and
a retGPmppeing. pi ece that extends to an air-bearing surface; a coil that

passes throu t J e .l i a?r—r]ﬁje . n pole
pi ece; and a%&g?ﬁ?%g&ﬁhﬁglagﬁgmﬂﬂt?ﬁap 'g%d@gféé{t&ad%ﬁ%ﬂtl P, a:”ﬁé s%ﬁ%éeé'rst al being
connect ed to thedaretunr polppleee that erteadsitocart @nbeartngadudage;t he ai r - beari ng

surface toward the nmain pole piece, the tip being attached.to the pedestal
and conf ront iarﬁ?"tg?‘?épaﬁstﬁsﬁﬁr;%g@ﬂlﬁ @?@bF ?%‘Fﬁ‘?ﬁ‘%}{}??'épﬁgﬁ %ﬂtﬂﬁe BWngt h al ong
the air-bearingolepiéded@dt hat is [ ess than a thickness of the coil between

the main pole piece and the return pole piece, the tip having a
cross- sect i orp ERilNg Dyielthwibanedestal ansea tp. theeedasta) beingcapeedtpd EHhes snal | er

than a cross-sggfin0fol8 & ind Rtending along the air-bearing surface 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 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 recording head of claim 12 wherein the tip has a
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 of the

write gap.

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

16. The thin film magnetic recording head of claim 12 wherein the pedestal is

straight where the pedestal attaches to the return pole piece.
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pedestal orthogonal to the air-bearing surface. 13. The thi29 MaRau28@hetic
recording head of claim 12 wherein the tip has a cross-track wdth that is
approximately equal to a cross-track width of the main pole piece. 14. The
thin filmmagnetic recording head of claim 12 wherein the tip has a height
orthogonal to the ABS that is approximtely equal to four tinmes the length
of the write gapthidfim Magnétl recdrdinghead bediait T2ueher dtgngriging: of claim 12
wherein the pedestal is. curved where the pedestal attaches to the return
pol e pi ecé‘.ﬂ“% .eamp?'ﬁimﬁqeﬁtwph%%éﬁﬁew'ée PBISS§ head of claim 12 wherein
the pedesiggbad ReadWitRfi@DANSEEIRd rER) SHIEIES With thial deRBh@ FeddsHidM@beiRgUr N pol e
pi ece. 13 29 MARCH 2007 17. The thin fil mnagnetic recording héad of claim
12 further consepatag fram thafluxhegring goledliecegiyer separatinit@ar; @0dt he nai n pol e
pi ece; ar A g - j W second read
shield beiaﬁégf;m( %Z‘%grﬁét\% t';:’r%érétrt'%ggf ?Iﬁd);‘[l% ea’?‘?ﬁegaﬁég%@%?é@é‘%%f&’g’%s“égar ation
gap; and a sinlgapf non-nmagnetic, electrically conductive material disposed
in the separation gap. 18. The thin filmnmagnetic recording head of claim
17 wherein the sink is part of an electrical path froma conponent in the

head to agpad qrheahiﬁuilrﬁfmgnr@ﬁc ttRrdvepBeadl&F cidife1 1 Wherelr {he) Jimgis §lattofr ecor di ng
head of claim 17 wherein the sink is recessed fromthe air-bearing surface.

20. The tigedkricalpatihfipmia comranspdn e hraddo aad caiasutfacgpitheNgadne sink is
copper. 14 29 MARCH 2007 21. A thin filmmgnetic recording head for
per pendi cul ar recordi ng conpri sing:

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

recessed from the air-bearing surface.

20. The thin film magnetic recording head of claim 17 wherein the sink is copper.
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a yoke that includes flux bearing pole piece, a main pole pA%¥aRrgH28hed 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; a coil that
passes through the yoke between the main pole piece and the return pole

pi ece; a tra|I|n shield wwth a pedestal and a tip, the pedestal being
connect ed?to t Hethin fdmupagnede esqord h%ﬁﬁi:foemféﬁéﬁ'%@afaﬁﬁigmgﬁ@m§fl$'n%ear| ng

surface tovar &, donaha, a8 fiyPesfa poikid HALABA pREDSHURA BTaedest

and confronting the marn pole piec ma wi't ap wt
al ong t hefluai r - bear i ng surface that is less than a thickness of the coil

between the main p and ret I i , I g a
cross-section ar ea%c?laf'ﬁ%8§%a?'e?e '{éﬁg asg 5&%“%%5&8&%1%@a!}g‘\(""gnm | er
tha]n acr ozs secti cp_meap.eaecﬁattelst&nneﬁl@sh?hrhtyeratnhggprfabet0 the air- beari Ing
surface and tip having a cross ack width t i, S OXI equa to a
cross-track wacﬁoﬂ?hﬁ‘ pgsﬁ_es rOHglﬁ)iﬂeeyoﬁﬁ@@B"’%ﬁn tn? mainpole R g?%ﬁ a read
head with first and,cjepfed. read shields with the second read shi el d ' bei ng

separated fromthe flux bearing pol ecfl ece by a separation gag)ht and a sink
of non- magnet iatraiégeshield wathlaypedeatatm eprﬂmeedesltalbem@@edeqted ke

separation gap. 15 return pole piece and extending along the air-bearing surface 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 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 a cross-track width of the main pole piece at
the air-bearing surface;

a read head with first and second read shields with the second read 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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