Head for Perpendicul ar Magnetic Recording with a Shield Structure
Connected to the Return Pole Piece 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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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 longitudinaily 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 aiso be fabricated first. The conventional write head
is inductive.
In a digk 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




the soft underlayer and back to the return pole in the recording head. The
shape 1 and size of the main pole and any shields are the prinmary factors
in determining the track width. In U S patent RE33,949 to Mllary, 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 small
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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 JEEE 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 35 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.

A perpendicular recording head with side shields is discussed in



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 |ayer 28. A disadvantage of this
design is that it requires two pancake coils. It also requires a
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with a constant shield cross-section. Per pendi cul ar nmagnetic recording is
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i nmprove the wite field gradient. Expeéerinental evidence
longitudinal magnetic recording for ultra-high density magnetic recording. The
increase demand for higher areal density has correspondingly led to increase
15 demand to explore ways to reduce the width of the write pole piece, increase the
write field strength, and improve the write field gradient. Experimental evidence
and modeling have shown that a trailing shield single pole writer (SPT) design
achieves a 4-5 dB media signal to noise advantage over writing with the trailing
edge of an unshielded pole, increase in dHy/dx of the head field, reduce partial
20 erasure, and improve saturation. These features improve transition sharpness

(linear resolution) and permit higher coercive field media (improved stability).



and nodel i ng have shown that a trailing shield single pole witer (SPT) -
design achieves a 4-5 dB nedia signal to noise advantage over witing with
the trailing edge of an unshielded pole, increase in dHy/dx of the head
field, reduce partial 20 erasure, and inprove saturation. These features
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connecting studs used in the first enbodi nent of the invention. 15 Figure 5
Is an isonetric illustration of the trailing shield, side shields and
connecting studs used in a second enbodi nent of the invention in which the
connecting studs are recessed fromthe air-bearing surface. Figure 6 is a
synmbolic illustration of the trailing shield, side shields and 20

connecti nﬁfi&[ﬁgﬁ%ﬁﬂq@w‘ﬁiﬂa‘?gwée 5 which corresponds to a section of the

taken along ¥ Fi gure 7 is a synbolic illustration of a
section of the recording head taken along Iline Ill in Figure 2. The

recor di ngf_rredi umis also shown. 25 Figure 8 is a synbolic illustration of a
desi gn r Urigufeol ipa symbelic ilbistratien ob arsection of agirict sarf regording hefdeand ayout

view at t cted level. 5 tajl ed Descriptjon of the Invention and the
Preferr ed'néﬂ%?&f)ﬁgme@dﬁ rfecaf%"'%g k‘kﬁ'ﬂrﬁﬁf PPEd'FP‘al'j;t,@ the akbegringrurfme. of a
head 30A according to a 5 first enbodi nent of the invention. This figure
and the others included herein are not to scale, in part because the

smal | er dugyenis a symbbolip diustrgtiomofithi ABS d@imrdinglh%@ﬂsamiﬁgttb%

rel ativefsi zes, and di gzr};pns are significant will be noted if "not known
to those TERi§MBRdiMentiobthe invertien.ABS i s shown wi thout the thin film
protective overcoat which would normally be present in a production head.
10 The term ABS as used herein neans the plane as shown in the draw ngs

wi t hout Figurer3listaosyinbolie llustnatiore ot @ akciion pf teaekordihg headdakem afingd and
ields S1,_S2 can be located on either side of The wite head, i.e.,
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t he i&ad ling Id WFHIUEE 25 abricated first or last. The ferromagnetic yoke
includes main (wite) pole piece 42 and return pole piece 43. The shield
structure 40 includes the trailing shield

Figure 4 is an isometric illustration of the trailing shield, side shields and
connecting studs used in the first embodiment of the invention.

15  Figure 5 is an isometric illustration of the trailing shield, side shields and
connecting studs used in a second embodiment of the invention in which the
connecting studs are recessed from the air-bearing surface.

Figure 6 is a symbolic illustration of the trailing shield, side shields and
20  connecting studs shown in Figure 5 which corresponds to a section of the taken
along line 1V in Figure 5.

Figure 7 is a symbofic illustration of a section of the recording head taken along
line I11 in Figure 2. The recording medium is also shown.

25
Figure 8 is a symbolic illustration of a design rule for placement of the connecting
studs from the wafer iayout view at the selected level.



15 44 and the side shields 44A, 44B. The novenment of the magnetic recording
mediumis fromthe return pole piece 43 to the main pole piece 42 to the
trailing shield, hence the |abel "trailing." The connecting studs 45A, 45B
extend fromthe side shields 44A, 44B to the return pole piece 43. The

poi nts where the connecting studs attach to the return pole piece are
symmetrically disposed 20 around the track Iine of the head which is a
center line on the ABS narked by the 1line iii. The connecting studs extend
from t he Detailedddrsesiption of thesinvention @ndsthe AtéferratPEdbaxlirhentshe return pol e
piece. In this enbodi nent the di stance between the connecting studs is
approxi mately 25% of the length of the return pole piece in the
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at the cespard 1f whéthebanwverduatés present t iThedteadsendBP35 ikl ReSKidflscor ner B
is located at the ABS approximately 10-50% of the width of the return pole

pi ece awayl,F3%RAN Re locatpd on ether md%@i thepvritetheadi.ed the rerd head sapdeeat ed at
the same gapQSael iddor last. The ferromagnetic yoke includes main (write) pole piece
42 and return pole piece 43. The shield structure 40 includes the trailing shield
15 44 and the side shields 44A, 44B. The movement of the magnetic recording
medium is from the return pole piece 43 to the main poie piece 42 to the trailing
shield, hence the label “trailing.” The connecting studs 45A, 45B extend from the
side shields 44A, 44B to the return pole piece 43. The points where the
connecting studs attach to the return pole piece are symmetrically disposed
20  around the track line of the head which is a center line on the ABS marked by the
line III. The connecting studs extend from the outer edges of the side shields
44A, 44B down to the return pole piece. In this embodiment the distance
between the connecting studs is approximately 25% of the length of the return
pole piece in the cross-track direction. Although the invention is not limited to
25  this configuration, the shield structure 40 does not extend beyond the connecting
-studs which in this embodiment means that the shield structure is relatively
narrow in relation to the return pole piece.
Although the trailing shield 44, the side shields, the connecting studs 45A,
45B and the return pole piece are shown as distinct elements in figures, they are
30 preferably made from the same ferromagnetic material and, therefore, wilt
seamlessly blend together. The connecting studs 45A, 45B as shown are



position to forma right angle cB with the Iength of BC being selected so
that the included angle aAC is |less than 40 degrees. This design rule
keeps the 10 reluctance between the stud (including connection between
trailing shield and the stud) and the nmain pole piece high enough to not
excessively reduce the wite field or saturate the stud. The coil does not
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with trailing shie nnectin uds 45A,

45B 36 useldciamoefhetwéenshe etljdcl(ahdmmgQ:bnhbetlombmemmmﬁg\/@hle’ld Ehﬂl{hés 2
and 3. The ﬁonnectl n styds, 30 45A, 45B have a rectangul ar cross-section in

this enb&H Wpgla pigcehigh ensughdo inst ema\@ﬂ reduce the write
field or saturate the stud. The coil does not extend to the ABS and is not shown

in this view, but it is disposed above the return pole piece 43 and behind the
connecting studs 45A, 45B.

15 Figure 3 is a symbolic illustration of a section of the recording head 20A
taken along line 11 in Figure 2 which shows the wafer layout view at the selected
level. Only a small tip area of the main pole piece 42 appears at the ABS. The
point where the main pole piece 42 begins to widen is called the flare point. Near
the main pole piece tip the thickness of the side shields 44A, 44B measured

20 orthogonal to the ABS, i.e., into the head, is preferably less than the distance to
the flare point. Farther away from the main pole piece tip the side shields are
preferably much thicker. In the embodiment shown in Figure 3, the outer
portions (away from the tip) of the side shields are trapezoidal in shape, but no
particular shape is required under the invention. The trailing shield 44 is not

25 shown in this view, but will preferably have the same thickness profile as the side
shields.

Figure 4 is an isometric illustration of the shield structure 40 with trailing
shield 44, side shields 44A, 44B and connecting studs 45A, 45B as used in the
first embodiment of the invention shown in Figures 2 and 3. The connecting studs

30  45A, 45B have a rectangular cross-section in this embodiment, but no particular
shape is required.



Figure 5 is an isonetric illustration of the trailing shield 44, side
shields 44A, 44B and connecting studs 45C, 45D used in a second enbodi nent
of the invention. In this enbodi ment the connecting studs 45C, 45D are
recessed from the ABS. Figure 6 is a synbolic illustration of the trailing
shield 44, side shields 5 44A, 44B and connecting studs 45C, 45D shown in

Figure 5 whi chegord 530 aRdSombicAI SN bthe HARINPHTGIALL Wad Ride ' 1
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15 trailing shield is filled with non-magnetic material 39. The gap between the
trailing shield and the main pole piece is formed by non-magnetic layer 37. The
flux bearing pole piece 41 is in contact with the main pole piece 42, but does not
extend to the ABS. The coil 33 is disposed between the return pole piece 43 and
the flux bearing pole piece 41. For a typical perpendicular head with a single

20  poie writer and no trailing shield, the fiux path at the ABS is from the main pole
through the hard ferromagnetic recording layer 28 into the soft underlayer 29 of
the medium and back through the recording layer to the return pole piece 43. In a
head designed according to the invention the main flux path returns to the trailing
shield 44 and the side shields 44A, 44B which are closer to the main pole piece

25 42, The trailing shield design achieves a better write field gradient and lower
media noise. Three critical parameters in this design are 1) the gaps between
the main pole piece and the shieids; 2) the ABS to soft underlayer 29 spacing,
and 3) the thickness of the shields. The ABS to soft underlayer spacing is not a
feature of the recording head, but rather is determined by the design of the

30 storage device in which the head is to be employed.



medi a noi se. Three critical paranmeters in this design are 1) the gaps
between the main pole piece and the shields; 2) the ABS to soft underl ayer
29 spacing, and 3) the thickness of the shields. The ABS to soft

under| ayer spacing is not a feature of the recording head, but rather is
determi ned by the design of the 30 storage device in which the head is to
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point of the main pole piece 42 closer to the ABS. The advant ages of this

head desiTie wiite field 15 decreased as the trajlingrehield sMds dpdghtxloserdadbe maw i al
erasype %}e plnBe Ql\ﬁegecaus%rp%trf Sfthe flux is increasingly shared between the soft
underlayer 29 of the media and the trailing shield 44. This problem is ameliorated
by increasing the thickness of the trailing shield and bringing the flare point of the
main pole piece 42 closer to the ABS. The advantages of this head design are
as follows:
15 1) Increased dH/dX
2)  Reduced partial erasure
3) Improved saturation
4) Reduced media noise
5) Tilt field eases writing on S-W media.
20
To minimize write flux loss and still achieve the desired effect, the trailing
and side shield thickness {from the ABS into the head) near the tip of the main
pole piece 42 should be roughly equal to half the track-width of the main pole
piece 42. In the cross-track direction, the side gaps should be in the range of 1
25 to 2 times the head-to-underlayer spacing with a preferred value being 1.5 times
the design point for the head-underlayer spacing. Larger side gap distances
provide little reduction of writing on the adjacent tracks; smaller side gap
distances reduce the available write flux excessively.
Optionally the thickness of the shield perpendicular to the ABS may be
30 increased for distances greater than about 1 micron from the center of the main
pole piece (track) to improve mechanical integrity and allow for some non-
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connecting studs. The invention has been described with respect to

particul ar enbodi nents, 5 but other uses and applications for the
ferromagnetic structure according to the invention wll be apparent to
those skilled in the art. 10 Clainms 1. Athin filmmagnetic recordi ng head
for perpendicular recording conprising: a nmain pole piece that extends to
an air-bearing surface; 5 a return pole piece that extends to the
air-bearing surface;
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a shield structure of ferromagnetic material extending along the air-
bearing surface near the main pole piece, the shield structure confronting
the main pole piece to forma wite gap on an opposite side of the main
pole piece fromthe return pole piece; and 10 first and second connecting
studs of ferromagnetic material extending fromthe shield structure to the
return po?gmgiece. 2. The thin filmmagnetic recording head of claim1l

wherein t Rield structure includes a trailing shield and left and right
side shields. 15 3. The thin filmnmagnetic recording head of claim?2
wherein the first and second connecting studs are symmetrically disposed
on opposi t.eAdhieimmagneticreecordingehead foc pegrenditidamietionding diomprisiegbet ween
the shield structure and th in pole piece is substantially smaller than
the mi ni num di $MARE 'ﬁﬁﬁﬁ‘?@@d?&&p alf%}ﬁ?é@gi%?@?ud and the main pol e
pieces 4. The 4 patlird pble fiBER Halt BxtcPfei' 18! € .3 wherein the
shield structure hag afi rs?ﬁt%ixf:knestg t@?ta ogor{ag@oﬁ%‘%é air-bearing

surface near téshield strpcilire offesomagnieticmateripbéxdendingealbng tive tirp at t he
ai r-bearilngrsurf%e and the first 25 thi %Ién ss is less than a length of the

tip. 5. INGi SHACERSAL She Mmain Pola,Pigca Igrstrictyre confiestiag the he
connecti t av ' RAfeleloly 0, 0 ring
surface ﬁgﬁt%gégeé(}%n fem%gﬁﬂfeés%éﬁ ghgre t@stlttE han ?tteﬁefﬁntragf p@lﬁi%gﬁéelss. 30
11 6. Thdrarhitime fétum pelgrpiede; angcor di ng head of claim 1 wherein the shield

structure is rrower than the retur ole piece.in a cross-track
di regbi on, thgpﬁ-qﬁ\g%qﬂpda connecting s%lucps gf 1Jerroﬁ1agnetlc material extending

from the shield structure to the return pole piece.

2. The thin film magnetic recording head of claim 1 wherein the shield structure
includes a trailing shield and left and right side shields.

15
3. The thin film magnetic recording head of claim 2 wherein the first and second
connecting studs are symmetrically disposed on opposite sides of the main pole
piece and the minimum distance between the shield structure and the main pole
piece is substantially smaller than the minimum distance between the first

20  connecting stud and the main pole piece.

4. The thin film magnetic recording head of claim 3 wherein the shield structure
has a first thickness orthogonal to the air-bearing surface near the main pole
piece, the main pole piece has a tip at the air-bearing surface and the first

25  thickness is less than a length of the tip.

5. The thin film magnetic recording head of claim 4 wherein the connecting studs
have a second thickness orthogonal to the air-bearing surface and the second
thickness is greater than the first thickness.

30
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second connecting studs are symretrically di sposed on opposite sides of the
mai n pol e pi ece and extend orthogonally from outer edges of the shield
structure 5 to contact to the return pole piece. 7. The thin filmnagnetic
recording head of claim1l wherein the first and second connecting studs
are recessed fromthe air-bearing surface and non-magnetic materi al

separ at espt ' . iy ring.surface. 10 8 A.thin
i m mmont | 7e R SHEraShaledepard S b d of clrt T Whetkiaiths 3B Firuphge s 2

mai n pol engirewer fHamt thextetitd polepietedh b-dr85¢-tragk HireLAGS, tie fiktahl Pol e piece
that extends to the air-bearing surface; a shield structure of

f er r onagn¥@GaRdreannecting siudsnareraymimetrically dispiosed Droepposite sides at thenear t he
mai n pol e_pie . ' structure includi a trailing,.shield and |eft
and | ght BIrGESe iR 8R4 Exferit StRodfulk M oLl gkttt ghe Rbis shugbiTe

pi ece 5t 0 toQidAtAct1h ithe rétdi paRbibéé st and second connecting studs of
ferromagnetic material extending fromthe shield structure to the return

pol e piece and being symretrically 20 di sposed on opposite sides of a
center |i t hy ou t he in pole piece. .9 .The thin filmmagnetic
recor di njﬁgé?d{hm HI’E'T' m%@WQEWH@)"?%‘fOE\ﬁ@“@BC‘% ?fe'%&fﬁg'!@ﬁ ?ﬁa s&cepd are
| ocat ed a\¥MHA i ' tor ggﬂ{gf qﬁgc | t he
mai n pol e pi gggﬁggt%eé%or%ﬁg%@ngb@?ﬁgsﬁg 1 .s he é{%ﬁ% n]p h rﬁ]\gﬁégﬁg iC

r ecor di ngnatesial séparatesithe adnmeeting stuelssindraltbe sirhearingesurface.a fir st

t hi cﬁaess orthogonal to the air-bearing surface near the nmain pole piece,
t he in pole piece has atip at the air bearing surface and the first

thi ckness.i A thiSfimi Magnéti¢ RitSrdingheadoF perpendicular recording comprising:
a main pole piece that extends to an air-bearing surface;
a return pole piece that extends to the air-bearing surface;
a shield structure of ferromagnetic material extending along the air-

15 bearing surface near the main pole piece, the shield structure including a trailing
shield and left and right side shields, the trailing shield confronting the main pole
piece to form a write gap; and

first and second connecting studs of ferromagnetic material extending
from the shield structure to the return pole piece and being symmetrically

20 disposed on opposite sides of a center line through the main pole piece.

9. The thin film magnetic recording head of claim 8 wherein first and second
connecting studs are located away from the main pole piece to reduce the flux
flow from the main pole piece to the connecting studs.

25
10. The thin film magnetic recording head of claim 8 wherein the shield structure
has a first thickness orthogonal to the air-bearing surface near the main pole
piece, the main pole piece has a tip at the air-bearing surface and the first
thickness is less than a length of the tip.

30
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30 12 11. The thin fil mmagnetic recording head of claim 10 wherein the

connecting studs have a second thickness orthogonal to the air-bearing

surface and the second thickness is greater than the first thickness. 5
12. The thin fil mmagnetic recording head of claim8 wherein the shield

structure is narrower than the return pole piece in a cross-track
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symmet ri cgtlidphavé bcwcoaadhrtzlaﬁessﬂbﬁhmm@weamﬁéaﬁn IsiFfacashdgrond
or a

connecting studs is |less than half 10 width of tThe return pole piece a
cr oss- t r &acopdrtbickness isiggeataidhamthe finst thiekngsst i c recordi ng head of claim38
wherein the first and second connecting studs are recessed fromthe
air-bearing surface and non-magnetic mnmaterial separates the connecting

st uds sf r orp. tiR i filkPAAGREtIE wedorEg HéadLdf cldint BivihdrelrheasHistd stri@gry di ng
head for perpendicular recording conprising: a nmain pole piece wth atip

t hat ext dsaarmowesthan theoredunnple pigcecin; a erasstttack ditgotiopj thecfirshandext ends to
the air-beari surface; shi el ruct of ferro netjic materi al

ext end ngePB gonnectns studs SHend adhaginalliratn suferiged of e Tefece ¢ p,
the shi elgretirddb '¢ontddtto tH RAurm pdie Piddd st s‘i)?hﬁlleﬁic.%'i‘goéiﬁbhs g fhed ht side
shields, the trailing shield being disposed ‘on an opposite side of the

mai n pol ¢ligtence betwedn the firsband secong corngttingestudhiis lesaithambalf sifiael d
confrgnting,.t mai al iece to forma,wi.te gap, the shield structure
bei nd8naﬂ'@%ﬁﬁéﬁp‘{rﬁ@°&e&8f"ﬁ %gpés'gfag%éj"ieﬁhgncr oss-track direction and
the shield 25 structure having a thickness near the nmain pole piece tip

that is less than a
13. The thin film magnetic recording head of claim 8 wherein the first and second

connecting studs are recessed from the air-bearing surface and non-magnetic
material separates the connecting studs from the air-bearing surface.

15
14. A thin film magnetic recording head for perpendicuiar recording comprising:

a main pole piece with a tip that extends to an air-bearing surface;
a return pole piece that extends to the air-bearing surface;
a shield structure of feromagnetic material extending along the air-

20 bearing surface near the main pole piece tip, the shield structure including a
trailing shield and left and right side shields, the trailing shield being disposed on
an opposite side of the main pole piece tip from the return pole piece, the trailing
shield confronting the main pole piece to form a write gap, the shield structure
being narrower than the return pole piece in a cross-track direction and the shield

25  structure having a thickness near the main pole piece tip that is less than a
length of main pole piece tip; and

first and second connecting studs of ferromagnetic material extending
from first and second outer ends of the shield structure to the return pole piece,
being symmetrically disposed on opposite sides of a center line through the main

30 pole piece and having a thickness which is greater than the thickness of the

shield structure near the main pole piece tip.
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| ength of main pole piece tip; and first and second connecting studs of
ferromagnetic material extending fromfirst and second outer ends of the
shield structure to the return pole piece, being symetrically di sposed on
.opposite sides of a center line through the main 30 pol e piece and having a
t hi ckness which is greater than the thickness of the shield structure near
the main pole piece tip. 13 15. The thin fil mmagnetic recordi ng head of
claim 14 wherein first and second connecting studs are |ocated away from

the main I [ i f it 4 WhBfei jece to
t he conneg?iﬁg@??ﬁgghqgé 6.&$ﬁ%8§ﬂﬁgﬁ??F##%Egﬁetlc ?@?gﬁﬁgﬁgﬂﬁggg5o claim
14 wher ei nonmectingrstuds ace loeateshaway froet thenmain pdie pieee te rexhedherflux t he

air-beariﬁg ﬁurf ce and non-. nagg tic materi al separates the connecting
studs 1r oflo¥HEm e ain pAlS RigPe Jethe qonnecting studs.

5
16. The thin film magnetic recording head of claim 14 wherein the first and
second connecting studs are recessed from the air-bearing surface and non-
magnetic material separates the connecting studs from the air-bearing surface.
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