28 MARCH 2007 Magnetic Transducer for Perpendicul ar Magnetic Recording with
Separate Read and Wite Heads 5 Field of the Invention The i 28MARCH2007
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 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



1 28 MARCH 2007 and size of the main pole and any shields are the primary
factors in determning the track width. In U S patent RE33, 928 MordBR200T y,
et al. a head for perpendicular recording is described which includes a
"downstream shi el d* which is separated 5 fromthe wite pole by a snal
gap. The arrangenent is said to intercept nost of the downstream fringing
flux by the flux return section so that the flux return section acts as a
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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. Maliary, 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 |layer 28. A disadvantage of this design is that it
requi res two pancake coils. It also requires a relatively thi 8 MarRaH2000! e
which wll have to be made of high nonment material for the desirable high
wite field capability, and a very narrow throat height for that el enment.
The figure also 30 shows this design wll result in wite disturbance of the
read shields. 2 28 MARCH 2007 Perpendi cul ar magnetic recording is
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the gap. In one enbodi ment a sink of non-nagnetic, electrically conductive
material is disposed in the separation gap between the read head and the
flux bearing pole piece. The sink is preferably nade of copper and does not
extend to the ABS.
Summary of the Invention

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, electricaily
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 28 MARCH 2007 Brief Description of the Figures Figure 1 is a synbolic
illustration of a section of a prior art recording head and rA8dYIAREHR2007

- 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
perpendi cular to the air- bearing surface. The nedia for perpendicul ar

r ecor di ngBtisf Desdrigdiott dfthé Fggureew to  aid in describing the functioning of
the head. 10 Figure 3 is a plot of Hgrain angle as a function of the main

grain angle. Figure 4 is a synbolic illustration of a section of a recording
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ai r - bear i mgduior peeperiticularexicarding takssr pependicutar to dhe attibegring sunfaiceded i n
the viewto aid in describing the functioning of the head. Figure 5is a
synbolﬁ c illustration of the air-bearing surface of a recording head 20
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recor]g{agg is included in the viéwto aid in describing the functioning of
the h :

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 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 28 MARCH 2007 Figure 7 is a synbolic illustration of a section of a
recordi ng head enbodi ment of the invention which includes a heStM4RER2EH] el d
bet ween the read head and the wite head. The section taken is

perpendi cular 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
synbolic illustration of a section of a head 26A according to a first
enbodi menfigafe ¥ eaisywirdiic diustralion ©f at sewtion ©f takeordirey headiembaiment bhe ABS.
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prot ect i viepavegigwatewshi ch would nornally be present in a production head.

The tﬁ{mABS as used herein neans 15 the plane as shown in the draw ngs
W t ho regard to whether an overcoat is present. The read sensor and its
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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
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the art. The ABS is shown without a 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.



noted below. The trailing shield 44 extends fromthe ABS end of he r?é
pole 43 toward the main pole 42. Wthout the trailing shi el d 434 &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

i ndependently fromthe coil paranmeters. 5 28 MARCH 2007 For a typical
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by 1/2 thus increasing the effective field by 2X and decreasing jitter. The
opti nmal fhiesidds amypleyéd. achi eved i n the desi gn when the distance from 20 the

ABS to the SOf'Ithequ?rrolvg%%htszgf t'hse s?rggtie po eotr:t:llfl}ﬁg sﬁ%% hSIgﬁ') Eigs?lg\hwo' 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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shield t |
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 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.
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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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saturation at the wit whil e the pedestal can be | ower nonent.

Fi gur e 6thatthererwiilds someammwfltew betwesn thagesisoesticjtisderd te 3afC t hat has
a curyved s rface ere S st hed urn A curved

trai |3 ngUNdiANeg Q%é"?%(’f'u tl“?'b It‘?tamre %er h%a%]"?@ata@g’ € st and

prot ect egoft\ﬂuhaehé%?éi’acﬂw&) th%h%x%rﬁ'tﬁe%élh%lé\m {ferkR FWiyado®s flaxresul t of
t he shrinkage of the hard 25 bake. Sliders with any of the enbodi nents of

the wri tmmad retgoei hean dhpselt updarlagardotthe retian phgadhisincreasieg the r st or
d. In,t t t

Seoona Uit Rl SERATeh IRl wer O RSN el B A 8o BFSE o 2 PO e

first deprrgith&iew thhsesﬁﬁﬁé %Boﬁ@tr*yotﬁ wcbrfk tmedisertedbthiead the niairddiat ed

after the wite head, the SI shiel’'d will be adjacent to the return pole
pi ecH 43amﬂ|thehsea&sre@uﬁkdspamadﬂﬂaage §nobgtematt weagnetoimotiveefaresdt head i s

chi ol d Wi S580sap i B3 FomabPhi il ek A vES R BT Ut Bo MG ar >
probl em w¢ @n@éﬁmdj fieigtas the §BnsdreiliRY RsP®h&n (0% \Wf itfid REitPfikle) Tfjsacent to
t he sensor shields and only one coil is
design rule is met when'the reluctance between 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 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 haif 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



that there will-be sone unwanted field between thesensor shields and the
soft 5 underlayer of the medium In addition, the total flux HSNIARGH 20Q7
shields and the soft underlayer adds to the flux fromthe main pole in
terns 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 erase data if it is too large. In order to allowthis sinple geonetry
to work, ddmpcnhattamtrm heddwech bl ¢herread wiserl@aq:rmli érina stefazerofsheel ds i s
made | ar e t he magnet o- m)tlvefor shields will be |ess
t han abo aﬁ{;% ttthhet%ét” an exend;te "b’of‘ BFﬁerfaE{Dé qcﬁérlmdem red
field at Ak ef s design
rule is ﬁ%@ gﬁﬁﬁieg§éF5@§§L@§% g?@ﬁgﬁgyﬁ%ﬁﬁ%%ﬂﬁsmfé} é;ﬁte S |elds is
appr oxi metest\gink 52 as iandes hed- Irrmar elrtdeahdd)éseno'eéxiendimmebABﬁeierth'nshe shi el ds and
15 the soft, underl a In a se a Xi ma the Iucta bet ween
too.  SagrRTPEOEIEN o 1S P LR SRBhLTHeRan brupHY e daaico e GlaMine: ance

bet ween tég@@%-tr(ébk'd‘i’r@ét@i’tﬁé‘ﬁeélréﬁﬁ( §f @V@i.h?a@ 9fthé B8nfR WidRNaS thd Bys, the

di stance between the main pole an e sh |e shoul d be greater than nine
ti mes t heshieldd-Hxcephtbe beingrecepsed frgmihee%BShthel herai tsinkoprefierablyplodse yoke
tinmes half the w,dt t he 0 maidy p oke, at di vi ded by
the pr odAPTBRMAEN NG sams ovtfise B8 s:RReS e PapeliBfio e rfRlinel o i f ace
and the thi Ck”ﬂﬁ?éln%nﬁ&%ﬁs%@bﬁ|dé%cnﬂ@t?mhtﬁﬁé§peét't6‘p*art%lér®hbbblh?éﬁﬂ@sS i's
set by concerns that the distance between wite and read heads not be so

| ar gd Ot hahut@ttih@’ruqasmcbmplmallges fardhe derromnapogtiaptiuciurerascardimgrtorthe bet ween

t he read .and vvrltﬁ heads E otﬁqher gﬁra tthe t hi ckness 25 shoul d be chosen
to be no P\é‘?'bt@rn‘f" apr??%mfﬁp 19 thgseskiled i theptict ance requirement j ust
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 material, preferably
copper, and can al so be

10



used as part of a |ead connection, i.e., part of an electrical path fron1a 9
28 MARCH 2007 conponent in the head such as the read sensor @ghQAE%%
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 IHamages of the coil. In the cross-track direction the heat sink is
approximately the same width as the S2 shield. Except for being recessed
fromthe ABS, the heat sink preferably has approximtely the sanme outline

as S2 when K'tl%ﬂﬁﬁ#nﬂﬁégﬁétﬂ retcBrdlﬁ béé%rbérﬁ%nd-m%r r@&&@id@tﬁ‘slhés been

described with respect to partlc ar enbodi nents, ot her uses and
appl i cat innagndtirmedia Widh | amﬁ@nr&lerlayst compsiagaccor d| ng to the invention

il t .t t th d ai 1. A
thin Bi1 m magrerote et Gl EGuopBung BoBLniartun 121 205 BIPRS MRSy
magnet i ¢ gidhad b the Aud BEAring B6le ﬁé@é aﬁera&ferﬁjsrm arPait-bkakifg tshﬁbcé ngddides a
flux bearin egupole piece, a nain pole piece that is attached to the flux

beari ng poledurpi pale pigas et exesds to an aii-bearing swidactir f ace, and a return pol e
Joke between e nlkPRSES o Uisth e e e rin R pBRR T, 3 T g
shiel d cosfigsiperk piecehe return pol e piece and extending along the
ai r-bearing surface toward the main pol e piece, the trailing shield
confri8nting tehaifiag shigtl eopnested to theoretura pale piccsaandexiendingsaighe al ong t he
A 'the air-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
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 shield being selected to result
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.

11



surface that is less than a thickness of the coil between the

pi ece and the return pole piece; and 15 a read head with flrsﬁskﬁﬁﬁcgéﬁgﬁd

shields with the second shield being separated fromthe flux bearing pole

pi ece by a separation gap, the separation gap between the main pole piece

and the second shield being selected to result in a reluctance between the
mai n pole and the second shield that is substantially |larger than a

pr edet er . dw thi filor magnebie regrdinghieacbeintlaing ﬁlvﬁieiemmetse@asaifqn gapis

R S Y T e e e

appr oxi W&Irﬁie&‘laveﬂgpémﬁ@ﬁrr@s a [Bnigth bha edin ool yeketivadstheifn w&ﬂh roﬂthe:t ance
bet ween the second shield and the 25 soft underlayer. 11 28 MARCH 2007 3.

The t hi n MaiNRAtBYAKE B¢ arkackiaameviies dYor PEIdGof am@ﬂb@fﬁh?ﬁﬁstﬁﬁbr ation gap
Is agpr B%'hYeIHé B?tﬁé ﬁﬁegflnﬂhﬁa?%gﬁﬁ%efh%{ﬁegg% ﬂ{er fi .%‘FQ@B @gcéﬁ&facg to

soft ~undet ayer spacin

wi dt h of dhieldsmi n poI e yoke at aback gap divided by a product of a width of
the first and 5 second shields at the air-bearing-surface and a thickness of
the first and second shields. 4. The thin filmmagnetic recordi ng head of

G o R PR Plachon® Pl RRAF o BB bl Spdiarve Tt er! 1<

di sposed I'n e separ at’ m nagneti C recordl ng head
of cl ai mMagmetics ietedttieallyi gdndustivee rederal is tisposédin ther sdpematiorggapr f ace. 6.
The thin filmmagnetic recording head of claim4 wherein the sink has a
widtHY 15 in a cross-track direction that is approxi mately equal to a width

of the sefoffe thin film magnetic recording 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 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.

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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shield in the cross-track direction. 7. The thin filmmagnetic recording
head of claim4 wherein the sink is copper. 20 8. The thin fil8&MargGHE0DT
recordi ng 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 claim1 wherein the trailing shield has a
curved stitch-region where the trailing shield attaches to the return pole

25 pi ece1110ThéF hﬁntnhhmnéggdéncrraamﬁﬁ hé &6 ef duanﬁ 1hﬁﬁére<iﬁ tHd @aillhg swiegd ei n the
trailing shield has a strai stitch-region where the trailing shield

attaches has a n@de%tahpmlpala@d Pplipperticgoane tlmmqnmrfronﬁthmm@m hin film
magneti c 1 wherein the trailing shield has a
A Ble G 1A e e el i i

pedest al a ti n and the tip portion confronts the main
pole piece to formthe wite gap. 5 12. Athin filmmagnetic recordi ng head

for perpendicular recording co r|5|ng a yoke that includes a _nmain pole
pi eceSt hat2 ek tinddmirpagnetis recoElng hga §Wr9%[@§”ﬁ#%l'3é recRrgding GRIMBrigINgGce t hat

extends 1o an PokDRS kMUY 1§55 pBIC ke 1HAAGTASS ANaRYRAGHGS Yoke

bet ween t he piece an return | ece; trailing
shi el d wisunfagepadies returrapdleaiecethat Ieatqmeldetetaai albbeagngeaﬁam ed to the
return pol e piece and extenﬁ“ along the air-hearin rface to rd the

mai n pol e pi eceCol Kiat pagses o thee betwess the deal QO QRBCEMG BBt i nd t he

mai N pol gy Rheofe bRcboLAy 2 vvrlte gap with a length along the air-bearing
surface tﬁgdt? ?’? Pegs %han a thickness of the coil between the main pole

pi ecafand t he a tailing shilc with appe«testatamj aitip, trevpedpsialdreisg copnedted tar ea
ort hogon%e trgtutnp %oﬁ‘aI prnétc?g %rnl n%’(tesnquQ aﬁ)ng 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
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 recording 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 recording 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



which is smaller than a cross-section area of the pedestal orthogonal to_the
air- bearing surface. 13. The thin fil mmagnetic recording heatB BROH2087 12
wherein the tip has a 20 cross-track width that is approximtely equal to a
cross-track wdth of the main pole piece. 14. The thin filmmagnetic
recordi ng head of claim 12 wherein the tip has a height orthogonal to the
ABS that is approximately equal to four tinmes the length 25 of the wite
gap. 15. TheThenthin fillh magrptietrecondaxphedhgf tlaimd 12ffuthar corbprisingr ei n t he

pedestal is curyve ere aches to the return pole piece. 30
16. The thin f?|f'H¥%&GH89.P8‘?Bk‘?g?(ﬂ?ﬁﬁﬁﬁﬁ% R§ MAIn,PRIePCGRrer ei n the pedest al
is straight waesgd hBad W&ﬁ&ﬁén&&éé&rﬂ%hlé@sﬁﬁﬁw fH e bR e/l 13 28
MARCH 2007 17. The thin filmmagnetic recording head of claim 12 further

conpri si n@epaiateldjfxoméaeuﬂug Q@@rlegmoaele@ettyomedpar@tloh@apaandpol e piece; a
d d with_first. and h
Capar dtod 11 ont e B wREREHG SebBeindhlE A SRSt ha’s o i

of non- maggRirhtion gbp_ctrl cally conductive material disposed in the

separation gap. 1 The thin filmmagnetic recording head of claim 17
wherein the sink is part of an electrical path froma conponent in the head

0 2 pad 9 UL A5 8lorhe A0 MR edfor T Ul Lo THIRGAEL 5o 8707 i o

head of cl &r &9y recesSsed e dar g surface.
15 20. Thgn eR¥otriddl pattnfrgmes cempeaentlinittie head tofa sadibmalsurfduey efithet he sink is
copper. 14

10 head.

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



28 MARCH 2007 21. A thin filmmagnetic recording head for per endlcular
recordi ng conprising: a yoke that includes flux bearing pole df RCH 2087 n
pol e piece 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 main pole piece
and the return pole piece; atrailing shield wwth a pedestal and a tip, the

pedest al Dri Aghmdhmanhgdetﬁroreddr@ngetsadrfoppémernb&mr@raedor@nﬁgaodinpgsiabong t he
air-bearing surf ce toward th oIe )iece, the t bei n tached to

t
The pedest ol - SRS dutides TwebRaing REICIHEes f B PRISRIPHE AHARIE DI dap it h
a | engt h @Lang Mé%.np'rgofé)ﬁrédenaa{se%gestcs Sy Seal RSN BALRkReSS of the

coi | betmeen the ma iece and the return I ece e tip having
a Cross- smdelpmrceemaaemehtisg«»aafairt-bé’am slinfadeear i ng surface which is snaller
t han g cross-sect n ar ea O&g’t he estab ort hogonal. to the air- &?ﬁrl ng

e

surface and t ifbcﬂ‘ arﬁé’aés%f Qugh Y9\',f%| aWaen thednaipRAls PrREEARA
15 a crosgtdrh igdkh of the main pole piece at the air-bearing surface
read head wth first and second shields with the second shield being
separ at ed fr ora tradingIshield adthi mgegestal m@edlm%ape@wab@elog cgapecteddoa si nk
gfepg(rjgt i ﬁnet turn EBleeéiéEE%%lcilgxté:r?dngj %tlénvgethréaaflﬁ[)earmg 537 Se{joward tng
main pole piece, the 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.
20

25
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