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recor di g héads. di ng heads are use adi and witing
data onto magneti HIBHEIH"HHMEHS magneti c di sks. Information on the disks
is contained in ¢ ks on the disk. As the nunber of tracks per
inch is increased in magnetic recording, cross ---“~--- tracks
beconmes nore and nore of a problem Duri g\Mlnéﬂﬂsﬁ fromthe
wite poles can erase or corrupt information off adj aRe ’\ ‘%Cks ri ng
read, flux from adjacent tracks can corrupt th&Tead process. It is
therefore desirable to substantially isolate read/wite heads from adj acent

tracks. Japanese Patent Publication No. JP-62-29713 discloses an MR
RECORDING HZADS WITH SIDE SHIELDS

Background of the Invention

This application is a continuation-in-part of
copending application Serial No. 168,978 filed March 16,
1988 entitled “"Recording Heads With Side Shields"” by the
same inventor assigned to the assignee of the present
application.

This invention relates to magnetic recording
heads. _'

Magnetic recording heads are used for reading
and writing data onto magnetic media such as magnetic
disks. Information on the disks is contained in -
concentric tracks on the disk. As the number of tracks
ver inch is increased in magnetic recording, cross talk
with adjacent tracks becomes more and more of a
problem. During write, fringing fields from the write
poles can erase or corrupt information on adjacent
tracks. During read, flux from adjacent tracks can
corrupt the read process. It is therefore desirable to
substantially isolate read/write heads from adjacent
tracks. ' ' |

Summary of the Invention
According to the invention, the recording head

includes at least one magnetic pole and magnetic side
shields disposed adjacent to the pole, the side shields

\ .. ~disposed to shield the pole from adjacent tracks on a
magnetic medium. Embodiments aré disclosed for both
longitudinal and vertical recording in monopole, -
two-pole, and threé-pole heads, including inductive, MR
and Halletypé read elements. - i

In one aspect of the invention, a recording

head has at least one magnetic pole*and magnetic side
shields disposed adjacent to the at least one pole. The



el enment that is shre#ded—by—an—upﬁér yoke and a | ower yoke. British Patent
Appl i cati‘on No. Bt IﬁQEe' & 0ses a magnetic head having a magnetic
recordi ng or readln

(] osing pole constituted by . a ferritetd
di sposed coaxially ﬁm lﬂH rdi ng or reading n--'-"" [ B@t_l;N us
-Patent No. 4, 374, 40 ' '

gnetic switching deTH&eSiayi,
cores that shleld the magnetic switching. device fromlunnec& raarett C
signals on a magnetic tape and that constitute a cl osed nagnhetic path
including a gap. Gaubatz, US Patent No. 3,355,727 discloses a shield

utilized as a flux path for a -magnetic head the shield being concentric

with the core agd eQQJgfégqnthe entire._c

ay .ce saturad e or non-saturable and mnay

~

be made of magnetically soft materials. The shields may
be self-grounding. In one embodiment, the shield is
NiFe. o _

In another aspeCt} a recording head has two
magnetic poles separated by a gap and magnetic side
shields disposed adjacent the poles, the side shields
extending generally perpendicularly to the gap. The
roles may be symmetrﬂcal or not.

The head may include an inductive sensor, a
Hall sensor or an MR sensor. Where the two poles are
asymmetric, one of the poles may be magnetic ground with .
the side shield attached to the magnetic ground pole.

In another aspect, a recording head includes
three magnetic poles separated by gaps and magnetic side
shields disposed adjacent the poles, the side shieids
exte‘a1ng generally perpendicularly to the gaps.

In another aspect, a magnetic head capable of
detecting flux from a target source among a group of
sources includes at least one magnetic pole and a
magnetic shield, the shield providing to the pole 360°
of magnetic shielding against seﬁsinq by the pole of
flux from other than the target source. The head may be
a monopole type with the tip of the pole encircled by
the shield. The shield may be thick or thin relative to

-the thickness of the tip of the pole. The pole tip may
te comprised of high permeability and high magnetic
saturation material. 1In one émbodiment; the pole tip
material is a CoZr alloy and the shield is of nickel and
iron. The pole may be encircled by a solenoidal coil
‘The shield may include an upper and a lower section
joined together on their sides and in the back closure
region. Preferably the interior of the upper shield



2 According to the i THis Sheet Has BeanReplaced; prOV|ded a process for formng a
magneti ¢ head conprisk of: (a) providing a substrate workpiece
which defines inits

transverse and | ongi tudi nal di nensions, and

over the workpiece, the layer having a concave r egi

concave feature

having
e .
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configuration that generally resenbl es ghe concavit ature
and conprising a lower shield section. (c) filling said concave regi on of
shield

the | ower

section and of the lower shield section is bowed away
from the pole. The pole'may be narrow at its tip and
may broaden as it extends to the back closure region.
In another aspécr. a magnetic. head capable of
detecting flux from a target source among a group of
sources includes at least one magnetic pole, a magnetic
shield, the shield providing to the pole 360° of
magnetic shielding against sensing by the pole of flux

from other than the target source, and an alternate flux

return conductor coupled to the shield, the alternate

flux return conductor being separated at the pole tip

from the shield section by a non-magnetic insulation
layer. |

In another aspect, a process for forming a
monopole head having a pole, a pole tip, and a yoke
defining a back closure region, includes the steps of:

(a) providing a substrate workpiece which
defines in its top surface a concave feature hav1nq
desired transverse and longitudinal dimensions,

(b) depositing a magnetic layer over the
workpiece forming a lower shield section, the shield
section having a feature reflecting the concavity of the
depressed feature,

(c) forming coil winding stripes over the
workpiece,
~ (d) £illing the lower shield section
feature with insulating material,'

(e) lapping the product of step (d) down
to a flat surface,

(f) formlnq a pole upon the flat surface,

(g) forming another 1nsula;1nq layer and
upver coil windings, the latter in continuity with the
existing coil stripes, over the product of'step (),



éectibn with fille form ng a pol e upon the workpiece, (e)
form ng an-rnsulatin I§¥& ygépkgwﬁﬂnvex t opogr aphy over the workpi ece,

and (f) formng an u |on over the product of step (e) in

continuity with the I tion and the p upper
-shield section has a hat general ly re$aﬁpéﬂﬁgﬁﬁ %%EM

t opogr aphy of step (e), sald process furthem,beinchharagrgLAéeg s@i d

upper shield section being formed in continuity w
section at a pole tip region of said magnetic head to forma conplete
encircling shield around a tip of said pole to

(h) forming an insulating layer with a
convex topography over the product of step (é). and

(i) forming an upper shield section over
the ptoduct of step (h) in continuity with the lower -
shield section and the pole, reflecting the convex
topography of step (h).

Step (a) may include forming the depressed
feature by laser, ion, chemical or mechanical
?tocessinq, and may include forming a thin insulating
_layer‘over the substrate. The substrate may be AlSiMag
and the thin insulating layer may be A1203.

Step (c) may be oreceded by the step of
depositing an cptional insulating layer over the lower
shield section. Step (c) also may include forming the
ends of the stripes to extend transversely along the
track width direction beyond the dimensions of the lower
shield feature. '

Step (4) may include the insulating material
beﬂng photoresist and wherein at least a portion of the
ends of the stripes, the back closure region, and the
lower shield section are exposed for conductivity
purposes. _ _

Step (£) may be preceded by the step of forming
an alumina layer in the pole tip region of the workpiece.

Preferably the lower shield section has a back
closure region which is confined within the transverse
dimensions of the lower shield but is located beyond the
longitudinalldimensions of the feature. '

Steps (f) or (g) may be preceded by the step of

- forming an MR sensor or a Hall sensor to be located
adjacent to the pole. "

The upper and lower shield sections may be



prOV|de to said poI@m8$®adhgﬂefnqméamagnetlc shi el di ng agai nst sensing by

sai d pole of flux fr and tracks adjacent to a transition and
track to be read by f Description of the Drawing Fig. 1 is a
pole tip view of a tmo po itabl e for | opgittdinatl—r—ve a
recording; Fig. 2 is a pole tip view of a t hr ee- fotiestarEETTAS BEFRi [Lal
recording; Fig. 3 is a cross-sectionalsyiew of a synnEREPbA?ﬁB head
enpl oyi ng an inductive coil; Fig. 4 is a cross-seeon vrew of a
symetric
forxed thin or thick at least at their tips.
This process may further include the step of
. forming an alternate £lux recurn conductor coupled to at

least one. of the shield sections, this shield section
separated from the alternate flux return conductor by an
insulation layer.

Step (e) may include lapping until continﬁity
is detected between a part of the lapping system and at

~least one of the formed coil stripes, and adjusting
lapping accordingly.-

The process may also include the step of
forming a via in the back cldsure region to facilitate -
‘connection of the shield sections and the probe.

In another aspect, a magnetic head capable of
detecting flux from a target source among a group of
souzrces, includes at least one magnetic pole and a
magnetic shield, the shield bowed away from the pole.
The shield may provide 360° of magnetic shielding
against sensing by the pole of flux from. other than the
target source. The head méy include an MR element
coupled to the pole and a biasing conductor coupled to
the MR element. |

Other advantages and features will become
apparent from the following description of the preferred
embodiment and from the claims.

- - Brief Description of the Drawing

Fig. 1 is a role tip view of a two-pole head
suitable for longitudinal or vertical recording:

Fig. 2 is a pole tip view of a three-pole head

for vertical recording; _

Fig. 3 is a cross-sectional view of a symmetric
two-pole head employing an inductive coil;

Fig. 4 is a cross-sectional view of a symmetric
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3 two-pol e head e el ement sensor; Fig. 5is a
n¥ H'lﬂ"ﬂu I ¢ twg-pol e head enpl oyi ng an MR el enent;

cross-secti onal vi
nmetrir¢ two-po er e Tavgesat=gy abl e

Fig. 6 is a pole t _
side shields; Fig. 7 is a cross-sectional view pf
head enpl oyi ng an inductive sensor; Fig. 8 is e vijlew of an

asymmetric two-pol e head enploying a Hall el enent; '
zwo-20le head employing a Hall element sensor;

_ Fig. 5 is a cross-secticnal view of a symmetric
two-pole head employing an MR elemenc: '

Fig. 6 is a pole tip view of a symmetric
two-pole head having saturable side shields;

Fig. 7 is a cross-sectional view of an
asymmetric two-pole head employing an inductive sensor;
Fig. 8 is a cross-sectional view of an

asyrmmetric two-pole head employing a Hall element;

Fig. '9 is a cross-sectional view of an
asymmetric two-pole head employing aa MR sensor;

Fig. 10 is a pole tip view of an asymmetric -
two-pole head having saturable side shields for a

" gJrounded P2;

Fig. 11 is a pole tip view of another
asymmetric two-pole head having saturable side shields
for a grounded Pl;

Fig. 12 is a pole tip view of a three-pole head
before track trim;

Fig. 13 is a pole tip view of a three-pole head
after ccmplete track trim and including shield gap and
side shields; |

Fig. 14 is a pole tip view of a three-pole head
with partial track trim; .

' Fig. 15 is a pole tip view of a three-pole head
.with partial track trim and side shields;
Figs. 16A and 16B are thematic planar and pole
_ tip views, respectively, of a shielded monopole
< read/write head, shown primarily for the purpose of
describing the pole tip region; | _”

Fig. 16C is a side view of a shielded monopole
embodiment of the invention;

Fig. 17'is a pole tip view of a three-pole



Fig. 9 is a-cross-sectional view of an asymretric two-pole head enpl oyi ng
an MR sensor; Flrg,,ssj,ggtﬁggge ﬁcetdl p view of an-asymretric two-pole head
havi ng saturable : 11 is a pole tip view

a grounded PR, :
of anot her asynme ﬁ“l ead havi ng sat ﬁaﬁé%HEE?%A for a
|p view of a tihree- M. re track

grounded P1; Fig.
trim Fig. 13 is apoletip viewof a three-p ete track
tr|n1and i ncludi ng shield gap and

read/write head for vertical recording with saturable

sice shields;
Fig. 18 is a pole tip view of a two-pole head
with saturable side shields:
Tig. 19 is a pole tip view of a three-pole head
with saturable side shields:
Fig. 20 is a pole tip view of a three-pole head
with non-saturable side shields:
Fig. 21 is a planar view of a two-pole or
monopole head with self-gfcunded side shields;
Fig. 22 is a side view of a shielded monogole
embodiment of the invention; - . :
Figs. 23A,B - 25A,B show staqes in a preferred
process of the invention where Fig. 237 is a
cross-section taken along the line 1-1 in the plan view
Fig. 238, Fig. 24A is a cross—sectlcn taken along the
line 2-2 in the plan view of Fig. 24B, and Fig. 25A is a
cross-section taken along the line 3-3 in the plan view
of Fig. 25B; )
_ Fig. 26A is a side cross—sect1onal view of a
'~ latter stage of the preferred process;
Fig. 26B shows a preferred embodiment of the
probe of Fié. 26A;
Fig. 27 is a side cross-sectional view showing
formation of a convex structure above the probe before

(o]
rh

formation of the upper shield section:
| Figs. 28-29 show MR and Hall embodiments of the
J'invention; and _
Fig. 30 shows an addltlonal enbodlment of the
invention having an alternate flux return path.
Description of a Preferred Embd&ihent
The theory on which the present invention is
based will be discussed now in conjunction with Figs. 1




si de shi el ds; ﬁﬂ}‘fﬂ%*f%ﬁb@OLe_LLp view of a three-pole head with partia

track tri'my Fiqg. oIe t|p view of a three-pole head with partia
track trimand si d 16A and 16B are thematic planar and pole
tip views, respect) |elded nonopol e read/wite head shown

primarily for the crlblng the pol et Cis a

side view of a shiel ded nnnopole Flg 17 is ap |ﬁﬂ§$HggﬁMA§BEEN
t hree-pol e REPLACED

and 2. In Fig. 1, a two-pole head 10 suitable for both
longitudinal and vertical recording includes a first
poie 21 and a second pole P2. Magnetic media (not
shown) moves in the direction of an arrow ‘12 past the
head 10 so that the poie P2 is the downstream pole (last
seen by the moving media). Note that the downstream
pole P2 wraps around the role Pl providing side
shieiding, i.e., shielding from adjacent tracks parallel
to the direction parallel to the arrow 12. The side
shielding in Fig. 1 causes the longitudinal field in che
edge reqion to fall off as 1/R2, where R is the

distance from the side gap 14. Without the shielding" -
afforded by pole P2 wraéping around pole Pl, the field
would fall off more slowly (e.g., as 1/R) so that cross
talX in read and write becomes a problem. This
relationship applies when the pole 10 of Fig. 1 is used
for longitudinal recording.

The suppression of write fringing in
perpendicular récording can be achieved by'the;geometry'_
of .the heads shown in Figs. 1 and 2. A three-pole head
16 of Fig. 2 is a read/write vertical head. Pole P2 is
an inductive or flux sensing read pole. Pole Pl is the
write pole and pole P3 is a downstream pole and provides
side shield portions 18. When the geometries of Fig. 1
or Fig. 2 are used in perpendicular or vertical
recording with a soft magnetic underlayer, the fringing
perpendicular field falls exponentially with R. - Without
‘the side shields, the field falls off as approximatelv
1/R. By using side shields, the th*ckness of an erase
guard band next to an adjacent track can be reduced.

During readback, side shields ‘can be used to
intercept flux from adjacent tracks and to prevent it
from passing through the sensor. Keeping the flux out



18 is a pole tip VI Eﬁ;{
19 is-apoletip VI

Fig. 20 is a pole t|p V|em10f a three-pole head with non
shields; Fig. 21 is a planar view of .a two-pole or

of the senser can be difficult to achieve hecause

4 read/ wite .head ThigSh i

different haad symmetry properties call for different
approaches. Completely symmetric heads are shown
scnematlcal-v in Figs. 3, 4 and 5 for inductive, Hall,
and MR sensors, respectively, in two-pole heads. For
these heads. side shields must intercept the flux and
channel it squally into both poles so that no net flux
goes throuch the sensors. Such saturable side shields
20 (Fig. 6) have equal exposure areas to both poles Pl
and P2 so that they insert half the f£lux into each.

These thin sn;elds 20 saturate during write so that they
do not soax up too much flux during write and thus lead - -
to an overwrite problem. Therefore, they do not reduce
write frincing. This can be an advantage in wiping out
previous on-track data when there is significant error
in track following (this process writes wide and reads
narrow). In mechanic sets that have small tracking
error, write shielding becomes more of an advantage and
can be achieved by thickening the shields 20 so that
they do no:t saturate during write. '

With two-pole heads that are not symmetric,
side shields must be attached to the pole which is
"magnetic ground" so that the fringing f£lux bypasses the
sensor. Asymmetric heads in which the bottom pole (21)
is ground are shown in Figs. 7, 8 and 9 for inductive,
Hall, and ¥R sensors, respectively. The pole Pl in
these fiqures is ground because it is so much bigger

‘ tnan the otzher nole P2 and is the low reluctance path

. for the £iux to get out to infinity. -Similarly, the top
pole P2 can be made into the grounded pole by making it
the big cre. Fig. 10 shows side shields. 22 used with an
asymmetric two-pole head with the pole P2 serving as the
magnetic ¢round. The saturable side shields 22 are



nmonopol e ~head wit ' t @flde shields; Fig. 22 is a side view of a
shi el ded -nonopol e 0 an §gbodinen“_uf the Trvent TotT, Fi gs.
23A, B - 25A B show eferre processﬂo—l_f*ﬁ E%;f ﬁéﬂ@%ﬁN}kere

Fig. 23Ais a cross-section taken along the line|l1-1_1i %Han vijlew of
'Fig. 23B, Fig. 24Ais a cross-section taken along the Iine 2-2 1n the plan
view of Fig. 24B, and.Fig. 25A is a cross-section taken along the line 3-3
in the plan vi8WF3F°84 g°0 A mQif %A Sémilariy, Figss-ldeshpunasideew of a
latter stage ofhisabdPraf aldRil JAICANS asymmetric two-poie head with

the pole Pl serving as the magnetic ground and the

saturable side. shields 24 are attached to the pole Pl.

Thickening the side shields 22 and 24 to provide write

shielding in the context of low tracking error is

feasible for the P2 grounded designs of Fig. 11 and of

Fig. 1. However, for longitudinal recording, write

shielding with a grounded 21 (Fig. 11) will produce

transverse recording which causes undesirable pulse

sha?e effects.

| In the case of three-pole heads such as the .

‘head 16 of Fig. 2 in which the central pole is used for

readback, side shielding is less problematic. The

ground poles during readback are the top and bottom

poles (Pl and P3). These are the poles that are used

for writing. A process for producing a three-pole head

with side shields is illustrated in Figs. 12, 13, 14,

and ‘15. Fig. 12 shows a three-pole head structure 30

before ion milling is used to trim the width of the

poles P2 and Pl to the width of P3 (which also serves as

a mask). After trimming, a gap layer is deposited and a-

thin NiFe side shield layer 32 (Fig. 13) is sputtered

over the structure.  The shield 32 is then trimmed of:f

with more ion milling after a mask is placed over the

shield 32 so that it is not removed. Variations of this

process is shown in Figs. 14 and 15. During write, the

. shield 32 saturates and is effectively not there.
< During read, it intercépts flux from adjacent tracks and

channels it into Pl and P23. Little flux'qéts into B2

(the sense pole) because the area of exposure to P2 is

small relative to Pl and P3. In Figs. 14 and 15, pole

P3 is used as a milling mask for tole P2 alone. The




Fig. 26B shows a preferred embodi nent of, { he prpte=ct—Fig—26A Fig. 27 is
a side cross-sectional view show ng for nlﬁ]t i on qf Ta\‘IS:SH‘IMEIXHASfBEE'NUG above
t he probe before formation of the upper shield sectlBEPLECgB 28- 9 show MR

and Hall enbodi nents of the invention; and Fig. ate flux
return path. Description of a Preferred Enbodi ment The theory on whi ch the
present i nvent had £ibaded. witlamd Lh seilsls édvieomora %bhl}ajrf@tqngnn\g th Figs.

than the hezd in Fig. 13.
igs. 16A and 16B illustrate an embodiment of
the invention for use with a nonoooTe Type read/wrlte
head for vertical recording in which a read/write pole
tip P is surrounded by very cthick, soft magnetic
material 34. The thick, soft magnetic material 34
shields the pole tip P from the fliux emerging out of the

transitions from the adjacent or the same track during
the read cperation. During the write operation on
vertical media with a soft underlayer, the shield 34
surrounding the pole ? prevents the flux from being
sprayed in che areas of the adjacent transitions on the
same tracX or on adjacent tracks. This very thick
shielé dilutes the intensity of the write field (spreads
over the thickness of the shield) and thus does not
affect already written transitions during the write

_ process. Fig. 16C is a side view illustration of a
monopole embodiment of the_present invention. The head
of Fics. 16A, 16B and 16C may be inductive or of the
fiux sensing type. _

In a read/write vertical monopole structure 60,
such as illustrated in Figs. 16A, 163 and 16C, the
central pole, or probe 61, serves as both the read and

- write pole. Probe 61 extends from pole tip P to a back
closure region 63. A shield 34 surrounds probe 61 (at
least at tip P) in order to provide 360 degrees of
radial magnetic shielding to the probe (at least at tip
gu. Shield 34 is also an electrical shield, forming a
Faraday cage around the prcbe. Shield 34 is’ connected
to prcbe 61 in back closure region 63. Also'provided is
an inductive coil 64 encircling probe 61 and having a
multiplicity of solenocidal windings 65.

This Sheet Has Been Re; placed
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5and 2. In Fig. 1, a two-pole head 10 suitable for both I ongitudinal and
vertical - recordi ng |ncludes a first pole P1 and a second pole P2. Magnetic
medi a (not shown) noves in the direction of an jhead 10 so
that the pole P2 is the downstream pol 8% ast [$déHS BPEERSASRERN (Imedi a) .
Not e that the downstream pole P2 waps around fLhe p HﬁP%ﬂwmnchng si de
shielding, i.e., shielding fromadjacent tracks paralTel ToO tne direction

parallel to the arrow 12. The side
: _Solenoidal coil 64 is preferable over other

coil types. such as a pancake coil, since for the same

aumber of turns a solenoidal coil has lower resistance
and lower inductance compared to a pancake coil. A low
resistance head is desirable since undesirable white
noise increases directly with the square root of
resistance. Lower inductance is desirable because it
will result in a higher resonant fregquency. Aan
optimally low inductance would be one where the resonant
frequency of the coil is well beyond the orerating

- frequency of the head so as to avoid resonance during
operation. Also, lowering of inductance reduces. the
write circuitry power requirement and yields faster
write pulse rise time. '

Comparing Figs. 16B and 16C, it should be
understood that shield 34 forms an encircling shield
cenntered about the read/write monopole probe 61. As a
result, in the process of reading a transition (or
track) on a medium, probe 61 (and tip P) will be
insensitive to the flux from adjacent transitions (or
tracks). A thick shield will not affect the media in
the write operation since the flux is diluted in the
shield cross-section exposed to the air bearing
surface. In a preferred, but not iimitinq, embodiment,
the ratio of the air bearing surface cross-section of
shield to probe may be on the order of 100:1, although
10:1 is not ptecluded. _ N
R Referring now to Fig. 22, an'example embodiment
of a read/write monopole head 60 is shown formed upon a
substrate 62, where sections 34a, 34b of shfeld_34 are
connected in yoke closure region 63 to the end of
monopole probe 61. Solenoidal coil 64, having windings
65, is formed around ptobe 61, similar to the structure

-
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shielding in Fig. 1 causes the longitudinal field in the edge region to
fall off-as '1/Rerr], where Ris the distance fromthe side gap 14. Wt hout
the shielding afforded by pole P2 wapping around pole P1, the field would
fall off nmore slowy (e.g., as 1/R) solhat cross gk ER-E dGIREi t e
beconmes a problem This relationship applies when || he pgﬁ§f % f [
used for |ongitudinal recording. The suppression ' '
per pendi cul ar recordi ng can be achieved by the geonetry of the heads shown
in Figs. 1 andh@wnAinhf &g pbé@. hetmveh@nf iR ghi® embedimend/.waite verti cal

head. Pole P23b8ression or cavity 72 is defined in substrate 62

- whereby a similar cavity 72' will be defined in the
lower section 34b of shield 34 which is formed upon
substrate 62. A corresponding inverted cavity 73 is
defined preferably in mirror-image under the uprer hali
34a of shield 34, such as by forming the shield upper
half 34a uron an already convexly contoured insulation
layer 66. This convex ccntour may be formed as a part
of fhe layered buildup of the coils and insulator layers
after probe 61 has been formed. _

Referring again to Fig. 16C, a ramp 69 is shown .

. connecting pole tip P with the main shaft 6la of probe '
61. This ramp configuration can result in unwanted-
coupling of flux between probe 61 (at the ramp) and
shield 34, because of the large surface area of the ramp
and adjacent shield section and their proximity. To
avoid such coupling, probe 61 of the embodiment of Fig.
22 is desirably kept away from the shield as much as
possible, where ramp 69 is avoided by having a sleek
neck 68. As well, cavities 72', 73 reduce stray
coupling between shield 34 and probe 61. This benefit
results from creation of a desired flux path (i.e., from
the probe to the media to the shield to the back closure
region of the probe —-- see arrows 59) with lower
reluctance than the undesired leakage path across the
yoke (from pole to shield transverse to the desired flux

.- zath of arrows 59). Furthermore, the sleek neck design
of Fig. 22 provides a flatter probe topography which is
easier to manufacture than the steep ramp structure of
Fig. 16C. a

It is preferred, as shown in Figs. 16C, 22, and
27, that orobe 61 be contoured to achieve increased

-
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an inductive,or flux sensing read pole. Pole Pl is the wite pole and pole
P3 is a downstream pole and provi des side shield portlons 18. Wen the
geonetries of Fig. 1 or Fig. 2 are usedg4.n perpendi =
recording with a soft magnetic underlayer, the frindj AHPSRHENHAS BHEEN {li el d
falls exponentially with R Wthout the side shieldd, theREPGAGEDal|s pff
as approximately 1/R By using side shields, the thi €

guard band nexf,ql.a-3p ad{.‘ﬁcc‘?gﬁd\#%r{(&ca@rb?e fOUE Ok fahAG) T gadback, si de

shields can be dsed to interce ronla acent t 6 prevent
it fronlpa55|ﬁguﬁﬁﬂ§u§h°mhéneewszy th@mepn@g°the tt@n@&ﬂﬂ closure

region 63. A very thin pole tip provides better read
resolucion and also serves to sharply define the write
field gradient, but a probe which is too thin will
saturate too easily such that the prcbe will not be
functional in the write mode. Hence, a preferred probe
61 is narrow at the pole tip and broadens as it extends

away from the tip, and, at least at its tip, is
preferably comprised of a material having high
permeability and high saturation magnetizacion, such as
a copalt zirconium alloy. . : .
' In a process for making a monopole structure

such as illustrated above, it is one general approach to
deposit a thick magnetic material with a very wide tip
cross-section as a lower part of the shield. The gap,
ohotoresist insulating material, and coil conducting
stripes are formed thereover to form the first half of
the solenoidal windings, according to conventional
process steps. Thereafter, another insulation layer and
probe 61 (which is preferably thinner and narrower in
the pole tip region and thicker and wider in the yoke
region) are deposited. After this step, another set of
gap layer, photoresist insulating layer, and second half
of the solenoidal windings, is formed. This completes a
solenoidal coil around the probe. Thereafter, another
layer of photoresist insulating material is deposited

~ gnd then a thick magnetic material to form the upper
portion of the shield is deposited. The shield upper'
and lower portions are connected at the back closure
region (with the probe) and in the wings of the pole tip
region, which forms a complete encircling shield (at
least around the pole tip). Alternative conventional
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6 of the sensor can be difficult to achieve because different head symetry
properties call for different approaches. Conpletely symretric heads are

shown schensatically in Figs. 3, 4 and 5 for induc
respectively, in two-pole hebfls. For the eﬂm&ﬁth%H@%BEENe&ds

sensors,

must intercept the flux and channel it equally intjo_bot REBbAEEDso thjat no
net flux goes through the sensors. Such saturabl e 3ide snrerds

echnigues may te emn’cyed in the abcve process,
cluding substitution of non-solenoidal transducers,
without departing from the spirit and scope of the

(4}

present invention. _

A preferred embodiment of a monopole head will
ncw be_illustrated. First, as seen in Figs. 23A7,3.,
cavity 72 is formed or etched in subscrate 74, by laser,
ion., chemical or mechanical etching, for example. The
substrate may be an insulating material, such as
:-.1203 However, if the substrate is electrically
conductive (e.g. AlSiMag), then an insulating material

75, such as A1203, is deposited over the substrate. -

‘The Al O, layer 75 may also serve to improve

273
smoothness of the surface of the etched substrate 74.

Next, as seen in Fig. 24A,B, a thick magnetic
material layer 76 is deposited over substrate 74 (or
layer 75) to form the lower section 34b of shield 34.
The yoke region of lower section 34b is confined within
cavity 72 in the track width direction (the latter
indicated by the transverse arrow 21). Shield section
34b extends beyond the cavity toward the pole tip and
also in the back closure region 55 in the direction
normal to the track width direction (the latter
indicated by the 1ongitudinal arrow 22).

~ Next, as seen in Fig. 25,3, a thin insulating
layer 79 (such as alumina) is deposited over layer 76
(and the out-lying portion of layer 75), and a buffer

slay®r 114 is preferably formed in cavity 72'. Coil

winding stripes 80 for the lower half 64b of the
solenoidal coil 64 are formed over buffer layer 114 in
the cavity. The ends 81 of stripes 80 extend over
insulator 79 transversely along the track width
directicn beyond cavity 72' at a height above the top of
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20 (Flg 6) have equal exposure areas to both poles P1 and P2 so that they
insert half'the flux into each. These thin shields 20 saturate during wite
so that they do not soak up too nuch flux during MWJte and thus | ead to an

overwite problem Therefore, they do b&t reduce =i S can
be an advantage in w ping out previous on-track ’
significant error in track following (this proceg r eads

narrow). In nmechanic sets that have snmall tracking error, ww]té shleldlng

becones: nore ©fe AWh-AMARGAGACANE 528 @eeﬁcmlﬁys@hbnutémmmmqﬁdﬁe shi el ds

2 h h n r ri
0 so that they fg’oégvfi%t%n%22c9”9099c= for the second naif of che

soienoidal coil).

The cavity is now filled with insulating
material 82 (not shown in Fig. 25B), such as photo:esisc
or A1203, .
is photoresist, then the solenoidal ceil contact poilnts,
the back closure region and the wings of the shield at

for example. If the insulating material

the pole tip can be exposed using conventional
,"otol*thoc—annlc techniques. If the insulating
_material is an alumina type hard material, then the coil
contact points might be exposed by mechanical lapping or .
.laser etching, for éxample. The back closure and the
zole tip rsgions can be opened by various means, such as
chemical, for example.' In any event, these areas are
exposed in order to be able to have continuity with the
remaining and yet to be formed coil and shield sections
and wich cthe probe. In mechanical lapping, the
thickness of the deposited strlpe (and/or the pole
piece) can be adjusted so as to be used as a lapping
cenchmark.
As seen in Fig. 26A, layers 79, and 82 are
lapped down to a top sucrface 86. Preferably, a
chickness t of an alumina layer 79 will remain to form a
non—-conducting gap insulator section 85 in the pole tip
region, although layer 79 typically will extend over the
entire workpiece. In this example, probe 61 is formed
”'uébn the lapped surface 86, running up the center of the
workpiece from tip to back .closure region, and is
coupled to shield 34 (only lower section 34b is shown in
Tigs. 26a,3) through a via 100 formed in a conventional
manner (via 100 shown in dotted outliire in Fig. 25B).
In manufacture of procbe 61, it is convenient to
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Wth two-pol e heads that are not synnetric, si de shields nust be attached
to the pol'e which is "magnetic ground” so that the fringing flux bypasses
the sensor. Asymmetric heads in which the bottompole (P1) is.ground are
shown in Figs. 7, 8 and 9 for inductive, fall, gntf MR SERSOIS ===}~
respectively. The pole P1 in these figures s g ouh‘d‘b'_'-t @%EN SO0 nuch
bi gger than the other pole P2 and is the | ow relluc e flux
to get out to infinity Sintlarly, the top pole P2 can be nade Into the
grounded pol e making Lt_the g_one. shows side shiel ds.22 used
with an asynnef%F@“rmﬁ porg Réadevﬁ??ftQﬁa“gbké“Pﬁ° 8% g 3§rhﬁ s oY

depositing a cthin layer 612 shown in Fig. 26B over

insulacor base (which may actually comprise several
insulator layers planarized to receive layer 61A). A
thickening layer 618 is preferably plated over a portion
of layer 61A.

The workpiece of Fig. 26A may be completed such
as shown in Fig. 27, where upper gap insulator layer 99
covers the probe top surface, except where it is etched
away in the back closure réaion at via area 100. Next,
a maskXed photoresist layer 101 is provided to isolate
the urper coil windings seccion 64z of coil 64 from the -
probe. '

Another insulating layer 102 is then formed
over this structure. It will be appreciated by those
skilled in the art that these steps can result in a
convex topography as indicated by dotted line 89 in Figqg.
27. The upper section 34a of shield 34 can be formed

over this convex form, thus to produde a cavity 73 which
is a relative mirror-image of cavity 72°.

Fig. 28 is a simplified rendering of an
alternative embodiment of the invention having an MR
read sensor 111. In this case, coil 64 drives probe 61
in the write mode and MR sensor 111 senses flux in probe
61 from the medium in the read mode. In addition, the
MR element may be accompanied by a conductor 119 to

~facilitate transverse and longitudinal biasing of the MR

~ele:?.ent. Fig. 29 shows another alternative, but with a
Hall read element 112. The advantage of MR and Hall
sensors i§ that they are velocity independent and have |
high signal sensitivity. The MR or Hall elements may be
formed above or. below the probe without departing from
the spirit and scope of the present invention.
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magneti c ground. The saturable side shields 22 are 7 attached to the
pole P2.. Simlarly, Fig. 11 shows side shields 24 used with an asymmetric

t wo- pol e head with the pole P1 serving as the nagpetlc gfound and t he

sat urabl e side shields 24 are attached t 88the poli€ PL e side
shields 22 and 24 to provide wite shielding in %hé'? racki ng
error is feasible for the P2 grounded desi gns of

thin shield is
desirabie since it will saturate in the write mode but
will be effective in the read mode: This will enable
writing of a wide track and reading of a narrow track,

In some embodiments, & very

as will provide greater ease and accuracy in track
following.
Arnother emboalment of the invention is shown in

Fig. 30, having thin shield sections 34a, 34b (i.e., at
least thin at their tips). In addition, an alternate or
auxilliary £lux return path 118 is provided. More
particularly, a ferrite or other magnetic substrate (or
NiFe plated over a substrate such as AlSiMag) forms path .
118, is coupled to shield 34 in the back closure
secticn, and is separated by insulator 120 from the tip
of shield section 34b at the-air bearing surface (the
media side). Here, shield sections 34a, 34b are
relatively thin, as will saturate in writing, but will
be active in reading, while path 118 is relatively quite
thick to provide an unsaturaced return path during
writing. The return path being thick has the additional
feature of spreading the flux so as not to effect the
stored information on the media. As a result, a lower
reluctance flux path is provided for ingreased
read/write efficiency. While shown with an MR element,
‘this is by way of example only and without limitation as
o the scope of the invention. In a variation of this
embodiment, perhaps shield section 34a might be thicker
~or thinner than shield section 34b, according to design
choice.

't'l‘

-~

The MR or Hall element or auxilliary flux
conductor of Figs. 28, 29 and 30 may be made by
application of conventional process technology to the
novel invention described above.

-
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Fig. 1. However, for |ongitudinal recording, wite shielding_ﬂiileL

grounded P1 (Fig. 11) will produce trangverse r eGasei=rF=m T INEYE):

undesi rabl e pul se shape effects. In the case of tlhmets (o} gh as
the head 16 of Fig. 2 in which the central pole i , cl, side
shielding is | ess problematic. The ground pol es readback e the top

and bottom poles (Pl aad~P3i7 gﬁﬁig_are the _pol es &fh" re used for
tHESi g

{
Wwiting. A process for  pfoduci hg & e folfarREaZP shields is

illustrated | RRA4¥rize heal for vamtit@l Fiegord2ngheimh ®athreblipol e head
structure 30 side shields 36. During the write process. the two
magnetic shields or whiskers 36 saturate. During read,
however, the whiskers 3§ are fully effective magnetic
shields which prevent flux from adjacent transitions
from coming into the read pole Pl. The whiskers 36 may
‘te formed from the seed layers in the formation of the
vole P2. _
Another embodiment of the invention is shown in
Fig. 18 which.is a saturable side shield version of Fig.
1. That is, the shields 38 are thinner than the shield .
portions of the pole P2 of Fig. 1. The thin side-
shields 38 may be the seed layers during the formatiocn
of P2, thus saving the extra process step in depositing
the side shields. '
Fig. 19 illustrates a three-pole read/write
- head for longitudinal recording. The central pole P2
may be flux sensing or an inductive type read head. The
voles P1-23 combination acts as a write pole (P2 being |
smaller in track width than P1 and P3, thus writing wide
and reading narrow). Thin side shields 40 are a part of
the pole P3. The side shields 40 may constitute the
seed layer during the formation of pole P3. The side
shields 40 saturate during the write operation and
writes wider than read by the narrower track pole P2.
Flux is shielded by the side shields 40 during the read
operation. Fig. 20 is a version of the embodiment of
2 Fig. 19 with non-saturable side shields 42 which are
thicker than the side shields 40 in the embodiment of
Fig. 19. _ :
In Fig. 21 che side shield 48 is self-grounded
by virtue of its large area. This type of shield
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before ion mlling is used to trim.the width of the poles P2 and P1 to the
wi dt h.- of- P3- (which al so serves as a nask). After trimmng, a gap layer is
‘deposited and a thin N Fe side shield |layer 32 (Fig. 13) is sputtered over
the structure. The shield 32 is then trinmed off : FEFaIng
after a mask is placed over the shiel d¢32 so that| iTHt$ SHEBT HASRRENI.
Variations of this process is shown in Figs. 14 ﬂ d 15.RERLAGRY writ ¢
shield 32 saturates and is effectively not there. TTng read, 11t
intercepts flux from adjacent tracks and channels it into P1 and P3. Little

flux gets |nto P2 _(th__e,\esens(ee RY &k because Lhe %lepa._q £%4ROBYRR tO P2 is
ad]acent track flux. The shield dces not extend down to

the head media interface 50 in order to avoid converting

, the

low frequency residual cross talk into higher
frequencies. This design is appropriate to monopole and
two-pole heads. This design is similar to that shown in
Tig. 16. It is thus seen that the magnetic heads
including side shields disclosed herein reduce the
negative impact of fringing during read and write,
allowing for higher track density and a reduced cost per
bit stored.

It is recognized that modifications and
'variatibns of the present invention will occur to those
skilled in the art and it is intended that all such
modifications and variations be included within the
scope of the appended claims.

What is claimed is:

heet Has Been Replaced
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smal |
m | ling mask for—pote+P2—atoere— The 8 head of FIGS 14 _and 15

repono ¢ ¢ AIDUHIINNE " oo oS |
read/ wite polé tip P i% surrounded by very thick ARGRet
. Claims

relative to P1 and P3 In Figs. 14 and 15, pole P3 is used as a

1. Recording head comprising:
at least one magnetic pole; and

magnetic side shields disposed adjacent to the

at least one pole.

side shields are saturable.

Recording head comprising:
two_magnetic poles separated by a gap; and
magnetic side shields disposed adjacent the
poles, the side shields extending generally
nergendicularly to the gap.

4. The recording head of claim 1 further
inciuding an inductive sensor.

5. The recording head of claim 1 further

including a Hall sensor.

6. The recording head of claim 1 further
including an MR sensor.

7. Recording head comprising:
three magnetic poles separated by gaps: and
- magnetic side shields disposed adjacent the
poles, the side shields extending generally
perpendicularly to the gaps.

8. The recording head of claim 1 wherein the

magnetic side shields are made of magnetically soft
materials.

2. The recording head of claim 1 wherein the
1

have
trate

This Sheet Has Been Replaced

(I

i

I



mat eri al 34 The thick, soft nmagnetic material.34 _shields the pole tip P

fronltheJ149@4¥HHfﬁ+ﬁr1ﬁﬁ—Tﬁ the transitions r the same
track duri mﬂ I“)E ml on. During the w{ @@oéﬁggf £§§%5Ehv&rtlcal
medi a W|th ﬂl“ ml u {' the shighd 34 s P prevents

the flux from Bei hg Bprayeéd in the areas of the adjacent transitions on the
sane track or on adjacent tracks. This very thick shield dilutes the
intensity of the wite field (spreads over the thickness of the shield) and
t hus does not affect already witten transitions during the wite process.
Fig. 16Cis a side viewillustration of a

9. The recording head of claim 1 wherein the

side shields are saturable.

10. The recording head of claim 1 wherein the
side shieids are non-saturable. '

11. The recording head of claim 3 wherein the
Two magnetic poles are symmetric.

12. The recording head of claim 3 wherein the
two poles are asymmetric.

13. The recording head of claim 12 wherein one
of the poles is magnetic ground and the side shield is
attached to the magnetic ground pole.

o 14. The recording head of claim 1 wherein the
‘magnetic side shields are made of NiFe.

15.  The recording head of claim 1 wherein the
side shield is self-grounded.

16. The recording head of claim 15 wherein the
self-grounded side shield does not extend over the
entire pole.

L

-

~ 17. A magnetic head capable of detecting flux
from a target source among a group of sources..
comprising
at least one magnetic pole and
a magnetic shield, the shield providing to the
pole 360° of magnetic shielding against sensing by the
1 £ flux from other than the target scurce.

g

ol2 o
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nonopol e. The head of Figs. 16A, 16B and 16C may be i nductive or

of the flux—sensingtype—tn-a read/ wite verti caksgld e structure 60,

such as |Illmmm[m“|u i 16A, 16B and 16C, thg. —pr obe
serves mll umland wite pole. Prob 1S, e tip

P to a back *cl dsute Fegiort 63. A shiel 334 surrousgs—peobe at_| glast at .

tip P) in order to provide 360 degrees of radial magnetic shleldlng to the
probe (at least at tip P). Shield 34 is also an electrical shield, formng
a Faraday cage around the probe. Shield 34 is connected

18. The magnetic head of claim 17, wherein the
head is a monopole type and the tip of the pole is
encircled by the shield.

19. The magnetic head of claim 18, wherein the
shield is thick relative to the thickness of the tip

O
(& 1Y

20. The magnetic head of claim 18, wherein the
shield is thin relative to the thickness of the pole.

ct
e
®

21. The magnetic head of claim 17, wherein
pole tip is comprised of high permeability and high
magnetic saturation material.

22. The magnetic head of claim 21, wherein the
pole tTip material is a CoZr alloy and the shleld is
comprised of nickel and iron.

23. The magnetic head of claim 17, further
comprising a solenoidal coil encircling the pole.

24. The magnetic head of claim 17, wherein the
shield is comprised of an upper and a lower section
joined together on their sides and in the back closure
region.

25. The magnet1c head of claim 24, wherein the
upper shield section and the lower shield sectlon are
bowed outward. '

-
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to probe 61 i back closure region 63. Al so provided is an inductive coi

64 enC| rcli ng”ulmtﬂm““u;“! Mt/l ng a-nultiplicity of solenoidal w ndings 65.

9 Sol enoi dal abl e over other CcQig=tMpes uch as a pancake
coil, since for the“samme nunber of tyrns a sol eforga o

resistance and | ower inductance conp fed to a p
resi stance head is desirabl e since undesirable ¢

26. 7The magnetic head of claim 25, wherein the
pole is narrow at its tip and is broadenedas it extends
to the back closure region.

27. A magnetic head capable of detecting flux
from a target source among a group of sources,
comprisin '

at least one magnetic poie,

a magnetic shield, cthe shield providing to the
pole 360° of magnetic shielding against sensing by the
pole of flux from other than the target source, and

an alternate flux return conductor coupled to .
the shield, the alternate flux return conductor being
separated at the pole tip from the shield section by a
non-magnetic insulation layer;

28. A process for forming a moncpole head
having a pole, a pole tip, and a yoke with a back
‘closure region, comprising the steps of:

(a) providing a substrate workpiece which
defines in its top surface a concave feature having
desired transverse and longitudinal dimensions,

(b) depositing a magnetic layer over the
workpiece forming a lower shield section, the shield
section having a feature reflecting the concavity of the
depressed feature,
o~ (c) forming coil winding.stripes over the
workpiece, o |

(d) £illing the lower shield sectlon
feature with insulating material, ’

(e) lapping the product of step (d) down
to a flat surface,

| (£) forming a pole upcn the flat surface,

-
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noi se increases directly with the square root -of resistance. Lower
I nduct ance is desirable because it will result in a higher resonant

frequency. An op tance woul d be one mhere t he resonant
frequency of th m ﬂH H L QoerfeeEr e
as to avoid res ati on25Al so,

reduces the wite circuitry pomer ‘requi r ement _
rise tinme. Conparing Figs. 16B and 16C, it shoujid_k :
34 fornms an encircling shield centered about the read/mmlte nonopol e probe

61. As a (g) forming another insulating layer and
upper coil windings, the latter in continuity with the

existing coil stripes, over the product of step (f),
- {h) forming an insulating layer with a
convex topography over the product of step (g), and
(1) forming an upper shield section over
the product of step (h) in continuity with cthe lower
shield section and the pole, reflecting the convex
topography of step (h). '

29. The process of claim 28, wherein step (a)
includes forming the depressed feature by laser, ion,
chemical or mechanical processing.

30. The process of claim 28, wherein step (a)
includes forming a thin insulating layer over cthe
substrate.

31. The process of claim-30, wherein said
substrate is AlSiMag and thé thin insulating layer is
comprised of A1203

32. The process of claim 28, wherein step (c)
is preceded by the step of depositing an optional
insulating layer over the lower shield section.

=~ '33. The process of claim 28, where step (f) is
preceded by the step of forming an alumina layer in the
pole tip region of the workpiece.

34. The process of claim 28, wherein the lower
shield section has a back closure region which is
confined within the transverse dimensions of the lowe:

————
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“result, in reading a transition (or track) on a medi um
probe 61 (an M\ln‘“““l“t nsensitive t{ LNe Frocrom=ad acent
transitions m\“ \ ck shiel2d.wi W&S’é‘?ﬁwﬂﬂ\b BEEN pdia in the

T wite operat|0ﬂ st nde the®flux is diluted §ﬁ¥%¢EDcros section
exposed to the air bearing surface. In a preferred, but— m ting,

enbodi nent, the ratio of the air bearing surface cross-section of shield to
probe may besRpetdien®e dedcéﬁedl%yjondal-wogeb 1&&« 48l meRsgeheded:
Referring now to, F| 22, an exanpl e n% a read/ wite nonopol e
head 60 is shb%n %%%‘Upon a

35. The procs=ss of claim 28, wherein step (c)
“includes forming the ends of the stripes to extend
transversely along the track width direction beyond the
dimensions of the lower shield feature.

36. The process of claim 35, wherein in step
(d) the insulating material is photoresist and wherein
at least a portion of the ends of the stripes, the back
closure region, and the lower shield section are exposed
for conductivity purposes.

37. The process of claim 28, wherein step (g)
is preceded by the step of forming an MR sensor to be
located adjacent to the pole. |

38. The process of claim 28, wherein step (g)
is preceded by the step of forming a Hall sensor to be
located adjacent to the pole.

39. The process of claim 28. wherein the upper
and lower shield sections are formed thin at least at
their tips.

40. The process of claim 28, wherein the upper
and lower shield sections are formed thick at least at
their tips.

41. The process of claim 28, further including
‘the step of forming an alternate flux return path
coupled to at least one of the shield sections, this
shield section
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substrate 62, ectlons 343, 34b of shield 34 are connected in yoke
cl osure regqi oj ,t"” u nonopol e probe 61. Sol enoi dal coil 64,

havi ng wi ndi n round psebe 61, **==;:f—h*~~;u"__;-ture
10 shown in Fig. 16C." Fbmever in this enbodi nenj ENAB@EERY [fcavity
72 is defined in substrate 62 whereby a simlar ;;fL;iE_Eﬁfﬁull bejidef i ned

in the | ower section 34b of shield 34 which is for
separated from the alternate flux rerura conductor by an
insulation layer. ' '

42. The process of claim 28, wherein step (e)
may include lapping unt11 continuity is detected between
a part of the lapping system and at least one of the
formed coil stripes, and adjusting lapping accordingly.

43. The process of claim 34, further including
the step of forming a via in the back closure regicn to
- facilitate ccnnection of the shield sections and the
pole. : : .

44. The magnetic head of claim 19, wherein the
ratio of shield cross-section to probe cross-section, at
the air bearing surface, is about 100:1.

45. The magnetic head of claim 20, wherein the
ratio of shield cross-section to probe cross-section, at
the air bearing surface, is about 10:1.

46. A magnetic head capable of detecting flux
from a target source among a group of sources, comprising
at least one magnetic pole and
_ a magnetic shield, the shield bowed away fzom
the pole. |

- 47. The magnetic head of cla*m 46, where1n the
Shleld provides 360° of magnet1c shielding. against
sen51ng by the pole of flux from other ;han the target
source.

-
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substrate 62. A corresponding inverted cavity 73:is defined.preferably in
mrror-imge under the upper half 34a of shield 34, such as by formng the
shi el d upper half 34a upon an already convexly contoured insulation |ayer
66. Thls7ﬂﬂTT?_TﬁﬁﬁTTT“ﬁﬁV_be fornmed as a part of the |ayered buil dup of

the coils Iﬂ ﬂMﬂners after probe 6M. ef erring
again to F 9 is shown connec rngmﬁHEEHH B tth the main
shaft 6la o pFob 61. *Thi's ranp configaratign canREESHFED nt ed

coupling of flux between probe 61 (at the ra
the |l arge surface area of the ranp

48. The magnetic head of claim 46 further
ircluding an MR element coupled to the pole and a
biasing conductor coupled to the MR element.

-'\\
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and adj acent shield section and their proximty. To avoid such coupling,
probe 61 of the enbodinent of Fig. 22 is desirably kept away fromthe
shield as nuch as possible, where ranp 69 is av{frded- A eek neck
68. As well, cavities 72', 73 reduce stray coupl|i H§SoEiERIEMSBEEBN] 34 and
probe 61. This benefit results fromcreation of desRERHAGER X patih (i.e.,.

"fromthe probe to the nedia to the shield to the back cTosure regron of the

probe -- see arrows 59) with | ower rel ucésance t han the undesired | eakage
path across the yoke (frompole to shi dBPERAGSverse to the desired flux

path of arrows 59). Furt her@éﬁRDtﬂt}& ﬁEXSE &ffﬁ S?BES%%ELDS

A recording head includes at least one magnetic pole and magnetic side
shields adjacent to the pole, the side shields disposed to shield the pole from
adjacent tracks on a magnetic me'dium. Embodiments are disclosed for both
longitudinal and vertical recording in monopole, two-pole, and three-pole heads,

including inductive, MR and Hall-type read elements.

Lot 3 172 -3
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of F|g 22 provides a flatter probe topogra h*ﬂﬂﬁﬁ#ﬁT %EE er“to
manuf acture than the steep ranp structure off qu fgép eferred, as
shown in Figs. 16C, 22, and 27, that probe be contoured to achi eve

i ncreased magneti c flux conductance (or reduced reluctance) as it
extends fromthe very thin thOP to the back cl osurelSegi onP83. A very thin
pole tip provides bgxer read resol ution a X IR defi ne
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field gradient, but a probe which is too t%g@ardll saturate too easily such
that the probe will not be functional int Ite node. Hence, a preferred
probe 61 is narrow at the pole tip and broadens as it extends away fromthe
tip, and, at least at its tip, is preferably comprised of a material having
hi gh permeability and high saturation magnetization, such as a cobalt
zirconiumalloy. In a process for naking a nonopol e structure such as
illustrated above,. it is one general approach to deposit a thick nmagnetic

material with a very wide tip cross-section as a |ower part of the shield.
The gap, _ :

0 3y —r

\ Flele [z w2

P3
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phot oresi st insulating material, and coiI?@égﬁucting stripes are forned

t hereover to formthe first half of the soleffoidal w ndings, according to
conventional process steps. Thereafter, another insulation |ayer and probe
61 (which is preferably thinner and narrower in the pole tip region and
thicker and wider in the yoke region) are deposited. After this step,
anot her 'set of gap | ayer, photoresist insulating |ayer, and second half of
t he sol enoidal wi ndings, is formed. This conpletes a sol enoidal coil around
the probe. Thereafter, another |ayer of photoresist insulating material is
deposited and then a thick nmagnetic material to formthe upper
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portion of the shield is deposited. fé shield upper and | ower portions are
connected at the back closure region @?th the probe) and in the w ngs of
the pole tip region, which forns a conplete encircling shield (at |east
around the pole tip). Alternative conventi onal 12 techni ques may be

enpl oyed in the above process, including substitution of non-sol enoi dal
transducers, w thout departing fromthe scope of the
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present invention. A preferred embo nt of a monopol e head wi |l now be
illustrated. First, as seen in Figs. cavity 72 is formed or etched
in substrate 74, by |aser, ion, chen1ca or mechani cal etching, for
exanpl e. The substrate nay be an insulating material, such as -
Al[err](err]. However, if the substrate is electrically conductive (e.qg.
Al Si Mag), then an insulating material 75, such as Al[err](err], is
deposited over the substrate. The Al[err]Jerr] layer 75 may also serve to |
i nprove snoot hness of the surface of the etched substrate 74. Next, as seen -

in Fig. 24A, B, a thick magnetic

MEDIA
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INSULATOR BASE



: ) _ LY N
material |ayer 76 is deposited over subst(ﬁe 74 (or layer 75) to formthe
| oner section 34b of shield 34. The yoke region of |ower section 34b is
confined within cavity 72 in the track width direction (the latter
i ndicated by the transverse arrow 21). Shield section 34b extends beyond
the cavity toward the pole tip and also in the back closure region 55 in
the direction nornmal to the track wwdth direction (the latter indicated by
the longitudinal arrow 22). Next, as seen in Fig. 25A, B, a thip insulating
| ayer 79 (such as alumina) is deposited over |layer 76 (anf@the] out-1ying

portion of |ayer 75), and72 buf fer 75

4
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| ayer 114 is preferably fornmed in CQMZ 72'. Coil winding stripes 80 for
the I ower half 64b of the sol enoi dal | 64 are forned over buffer |ayer
114 in the cavity. The ends 81 of stripes 80 extend over insulator 79
transversely along the track width direction beyond cavity 72' at a height
above the top of 13 the cavity to facilitate their subsequent exposure
(so as to provide contact points for the second half of the

- Fle27
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sol enoidal coil). The cavity is nowfillegwith insul ating material 82 (not
shown in Fig. 25B), such as photoresist or Al[err](Jerr], for exanple. If
the insulating material is photoresist, then the sol enoidal coil contact

poi nts, the back closure region and the wings of the shield at the pole tip
can be exposed using conventional photolithographic techniques. If the
insulating material is an alumna type hard material, then the coil contact

poi nts m ght be exposed by nechanical | apping or |aser etching, for .
exanpl e. The back closure and the pole tip regions can be opened by various
means, such as : _ _ 64
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cherfcal., for exanpl'e. In any event, these
able to have continuity with the renalnlng
shield sections and with the probe. In nech
t he deposited stripe (and/or the pol e piece) s to be
used as a | apping benchmark. As seen in Fig. ,AKE%ﬁﬁgg@E%#§§ ldlis2 are .
| apped down to a top surface 86. Preferably,

hIQ S ﬁnﬁan al um na
layer 79 will remain to forma non-condi®% i ng Nggrgg [

the pole tip region, although |ayer 79 typically mnll extend over the
RECORDING HEADS WITH SIDE SHIELDS

- nﬁﬂ@ TR oo e

;:&heithlckness of

Abstract of the Disclosure

A recording head includes at least one magnetic
pole and magnetic side shields adjacent to the pole, the
side shields disposed to shield the pole from adjacent
tracks on a magnetic medium. Embodiments are disclosed
for both longitudinal and vertical recording in
monopole, two-pole, and three-pole heads, including
inductive, MR and Hall-type read elements.

Figure 22
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‘entrr‘e workp| ece. In this exanple, probe_ 61 is fornmed upon the | apped
surface 86, running up the center :of 'thé iofkpiece fromtip to back closure
regi om, and is coupled to shield 34 (only lower section 34b.is shown in

Figs. 26A,B) through a via 100 forpmed in a con CTON 0] a 100
shown in dotted outline in Fig. 2‘5/I§). In rranufchQPEA@%M ké%’?{%&' it is

ient t 14 t t hi b k 68] by | h
g;nvenl ent to create a thin probe nec D%te ammmvomor per haps
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depasiting a thin layer 61A shown in Fig. 26B over insulator base (which
may actually conprise several insulator |ayers planarized to receive |ayer
61A). A thickening layer 61B is preferably plated over a portion of |ayer
61A. The workpi ece of Fig. 26A may be conpleted such as shomn in_Eig. 27,
- : eRcept

where it is etched away .in the back ¢losure regloREaLAu Next,
masked photoresist layer 101 is provided to isol
section 64a of coil 64 fromthe probe.

RECORDING HEADS WITH SIDE SHIELDS

This invention relates to magnetic recording heads.

Magnetic recording heads are used for reading and writing data
onto magnetié media such as magnetic disks. Information on the disks is
contained in concentric tracks on the disk. As the number of tracks per
inch is increased in magnetic recording, cross talk with adjacent tracks
becomes more and more of a problem. During write, fringing fields from
the write poles can erase or corrupt information on adjécent tracks.
During read, flux from adjacent tracks can corrupt the read process. It is
therefore desirable to substantially isolate read/write heads from adjacent
tracks.

Japanese Patent Publication No. JP-62-29713 discloses an MR
element that is shielded by an uppef yoke and a lower yoke. British
Patent Application No. GB-2,092,807-A discloses a magnetic head having
a magnetic recording or reading pole and a closing pole constituted by a
ferrite ring disposed coaxially around -the recording or reading pole.
Oshima et al., US Patent No. 4,374,403 discloses a magnetic switching
device having shield cores that shield the magnetic switching device from
unnecessary magnetic signals on a magnetic tape and that constitute a
closed magnetic path including a gap. Gaubatz, US Patent No. 3,355,727
discloses a shield utilized as a flux path for a magnetic head, the shield

being concentric with the core and enclosing the entire core.



Anot her insulating layer 102 is then fornmed over this structure. It will be
appreci.ated by those skilled in the art that the _ _ N a
convex topography as indicated by dofted,line 89 HEﬁﬁgﬁingT ER]pper
section 34a of shield 34 can be formed over this |conve GI us fjo
produce a cavity 73 which is a relative mrror-infp§éteofeavi-t-y--#2- |[Fig. 28
iIs asinplified rendering of a head having an MR ; this
case, coil 64 drives probe 61 in the wite node and.- MR sensor 111 senses
flux in prdregiingofet Herekivantiiant Kaeread snrrovidgdaddi presess hkor

forming a magnetic head comprising the steps of:

L=

(a) providing a substrate workpiece which defines in.its
top surface a concave feature having desired transverse and
longitudinal dimensions; and

(b) depositing a magnetic layer over the workpiece, the
layer having a concave region with a surface configuration %
that generally resembles the concavity of the concave feature !
and comprising a lower shield sectién.

(c¢) filling said concave region of the lower shield
section with filler material,

(d) forming a pole upon the workpiece,

(e) forming an insulating layer with a convex topography.
over the workpiece, and

(£) forming an upper shield section over the product of
step (e) in continuity with the lower shield section and the |
pole so that said upper shield section has a configuration
that generally resembles the convex topography of step (e), i

said process further being characterized by said upper
shield section being formed in continuity with said lower
shield section at a pole tip region of said magnetic head to
form a complete encircling shield around a tip of said pole to
provide_to said pole 360 degrees of magnetic shielding against
sensing by said pole of flux from transitions and tracks
adjacent to a transition and track to be read by said pole.

Brief Description of the Drawing
Fig. 1 is a pole tip view of a two—poie head
suitable for longitudinal or vertical recording;

Fig. 2 is a pole tip view of a three-pole head
for vertical recording;

Fig. 3 is a cross-sectional view of a symmetric
two-pole head employing an inductive coil;

Fig. 4 is a cross-sectional view of a symmetric



MR el enent may be acconpanied by a conddctor 119 to facilitate transverse
and | ongi tudi nal biasing of the MR elenent. Fig. 29_shows another -
al'ternative, but with a Hall read elgpent 112. The —o—=iR-aad

sensors is that they are velocity in
sensitivity. The MR or Hall elenents may be forneg

pr obe.

ependent and

15 In sonme enbodiments, a very thin shielldZfs = T

two-pole head employing a Hall element sensor;

Fig. 5 is a cross-sectional view of a symmetric
two-pole head emploving an MR element;

Fig. 6 is a pole tip view of a symmetric

two-pole head having saturable side shields;

Fig. 7 is a cross-sectional view of an
asymmetric two-pole head employing an inductive sensor;
Fig. 8 is a cross-sectional view of an

asymmetric two-pole head employing a Hall element:

Fi%. 9 is a cross-sectional view of an
asymmetric two-pole head employing an MR sensor;

Fig. 10 is a pole tip view of an asymmetric .
two-pole head having saturable side shields for a ’
grounded P2;

Fig. 11 is a pole tip view of another
asymmetric two-pole head having saturable side shields
for a grounded P1l;

Fig. 12 is a pole tip view of a three-pole head
before track trim; a

Fig. 13 is a pole tip view of a three-pole head
after complete track trim and including shield gap and
side shields; |

Fig. 14 is a pole tip view of a three-pole head
with partial track trim;

Fig. 15 is a pole tip view of a three-pole head
with partial track trim and side shields;

Figs. 16A and 16B are thematic planar and pole
tip views, respectively, of a shielded monopole
read/write head, shown primarily for the purpose of
describing the pole tip region;

Fig. 16C is a side view of a shielded monopole;

Fig. 17 is a pole tip view of a three-pole .

£,



desirabl e since it wll saturate in the wite node but w fective in

the read node. This wll enable witing-of a E@ﬁds \ing of a
narrow track, as will provide greater e@ase an EELA % i n Hégﬁi ol I owi ng.
Anot her head is shown in Fig. 30, having thin hreld\@eﬁﬁfo ..... 34 34b -
(i.e., at least thin at their tips). In additiprB®@n al1T&iha

auxilliary flux return. path 118 is provided. MTe partlcularly a ferrite

or other magnetic substrate (or Ni Fe pl ated over a substrate.such as
Al Si Mag) fornms path 118, is coupled to shield 34 in the back closure

read/write head for vertical recording with saturable
side shields:;

Fig. 18 is a pole tip view of a two-pole head
with saturable side shields:

Fig. 19 is a pole tip view of a three-pale nead
with saturable side shields:

Fig. 20 is a pole tip view of a three-pole head
with non-saturable side shields:

Fig. 21 is a planar view of a two-pale or
monopole head with self-grounded side shields;

Fig. 22 is a side view of a shielded monopole

(made according to an embodiment of the invention; .

Figs. 23A,B - 25A,B show stages in a preferred
process of the invention where Fig. 23A is a
cross-section taken along the line 1-~1 in the plan view
of Fig. 23B, Fig. 24A is a cross-section taken along the
line 2-2 in the plan view of Fig. 24B, and Fig. 25A is a-
cross- section taken along the line 3-3 in the plan view
of Fig. 25B; _

Fig. 26A is a side cross-sectional view of a
latter stage of the preferred process;

Fig. 26B shows a preferred embodiment of the
probe of Fig. 26A; ' _

Fig. 27 is a side cross-sectional view showing
formation of a convex structure above the probe before
formation of the upper shield section;

Figs. 28-29 show MR and Hall embodiments of the
invention; and

Fig. 30 shows an alternate flux return path.

Description of a Preferred Embodiment
The theory on which the present invention is

based will be discussed now in conjunction with Figs. 1



section,

and is separated by insulator 120 fromthe tip of shield section

34b at ithe air bearing surface (the nedia side). Here, shield sections 34a,
34b are relatively thin, as will saturate in witing, but will be active in

r eadi ng,

return path during witing. The return”path bein

the nedia. As a result, a |ower relucténce flux

ar—orsat ur at ed

while path 118 is relatively guite thic _ -
BERPEACEMENT B&EEAd]|t i ona

abPateis

feature of spreading the flux so as not to effect]| the sLOﬁgﬁ:tgéﬁgnﬂtion on

i ncreased read/ wite efficiency. Wile shown wt

'S is by

way of exanple only and without limtation as

and 2. In Fig. 1, a two-pole head 10 suitable for both
longitudinal and vertical recording includes a first
pole Pl and a second pole P2. Magnetic media (not
shown) moves in the direction of an arrow 12 past the
head 10 so that the pole P2 is the downstream pole (last
seen by the moving media). Note that the downstream
pole P2 wraps around the pole Pl providing side
shielding, i.e., shielding from adjacent tracks parallel
to the direction parallel to the arrow 12. The side
shielding in Fig. 1 causes the longitudinal field in the
edge requn to fall off as 1/R2, where R is the
distance from the side gap 14. Without the shielding »
afforded by pole P2 wrapping around pole Pl, the field
would fall off more slowly (e.g., as 1/R) so that cross
talk in read and write becomes a problem. This
relationship applies when the pole 10 of Fig. 1 is used
for longitudinal recording.
| The suppression of write fringing in
perpendicular recording can be achieved by the geometry
of the heads shown in Figs. 1 and 2. A three-pole head
16 of Fig. 2 is a read/write vertical head. Pole P2 is
an inductive or flux sensing read pocle. Pole Pl is the
write pole and pole P3 is a downstream.pole and provides
side shield portions 18. When the geometries of Fig. 1
or Fig. 2 are used in perpendicular or vertical
recording with a soft magnetic underlayer, the fringing
perpendicular field falls exponentially with R. Without
the side shields, the field falls off as approximately
1/R. By using side shields, the thickness of an erase
guard band next to an adjacent track can be reduced.
During readback, side shields can be used to
intercept flux from adjacent tracks and to prevent it
from passing through the sensor. Keeping the flux out



to the scope of the-invention. In a variation of this enbodi ment, perhaps
shi.el d .section 34a mi ght be thicker or thinner than shield section 34b,
according to design choice. The MR or Hall elenent or auxilliary flux
conductor of Figs. 28, 29 and 30 may be jrade by application of conventional
process technology to the novel.inventid% descri ﬁgPERegﬁENTSQ%E¥L CEMENT
SHEET _ o ) =

ya .

of the sensor can be difficult to achieve because
different head symmetry properties call for different
approaches. Completely symmetric heads are shown
schematically in Figs. 3, 4 and 5 for inductive, Hall,
and MR sensors, respectively, in two-pole heads. For
these heads, side shields must intercept the flux and
channel it equally into both poles so that no net flux
goes through the sensors. Such saturable side shields
20 (Fig. 6) have equal exposure areas to both poles Pl
and P2 so that they insert half the flux into each.
These thin shields 20 saturate during write so that they
do not soak up too much flux during write and thus lead .
to an overwrite problem. Therefore, they do not reduce
write fringing. This can be an advantage in wiping out
previous on-track data when there is significant error
in track following (this process writes wide and reads
narrow). In mechanic sets that have small tracking
error, write shielding becomes more of an advantage and
can be achieved by thickening the shields 20 so that
they do not saturate during write. =

With two—-pole heads that are not symmetric,
side shields must be attached to the pole which is
"magnetic ground" so that the fringing flux bypasses the
sensor. Asymmetric heads in which the bottom pole (P1l)
is ground are shown in Figs. 7, 8 and 9 for inductive,
Hall, and MR sensors, respectively. The pole Pl in
these figures is ground because it is so much bigger
than the other pole P2 and is the low reluctance path
for the flux to get out to infinity. Similarly, the top
pole P2 can be made into the grounded pole by making it
the big one. Fig. 10 shows side shields 22 used with an
asymmetric two-pole head with the pole P2 serving as the
magnetic ground. The saturable side shields 22 are



16 Fig. 17 illustrates a three-pole type of read/wite head for vertical
recording with saturable side shields 36. During the wite process, the two
magneti c shields or whiskers 36 saturate. During regd, however, the

yhatrethprevert— Al ux from

whi skers 36 are fully effective magnetic shi elkds VETL

adj acent transitions fromconing into §he rejaﬁgpLECEMENTﬁéﬁﬁﬁl:kers 36 may
be formed fromthe seed | ayers in the formatijon of tEﬁaPBQQ PZ:iAnother
head is shown in Fig. 18 which is a saturabl g @bﬁélh 8 ef-si fin of-. Fig.

attached to the pole P2. Similarly, Fig. 11 shows side
shields 24 used with an asymmetric two-pole head with
the pole Pl serving as the magnetié ground and the
saturable side shields 24 are attached to the pole P1.
Thickening the side shields 22 and 24 to provide write
shielding in the context of low tracking error is
feasible for the P2 grounded designs of Fig. 11 and of
Fig. 1. However, for longitudinal recording, write
shielding with a grounded P1 (Fig. 11) will produce
transverse recording which causes undesirable pulse
shape effects. _

In the case of three-pole heads such as the
head 16 of Fig. 2 in which the central pole is used for
readback, side shielding is less problematic. The
ground poles during readback are the top and bottom
poles (Pl and P3). These are the poles that are used
for writing. A process for producing a three-pole head
with side shields is illustrated in Figs. 12, 13, 14,
and 15. Fig. 12 shows a three-pole head structure 30
before ion milling is used to trim the width of the
poles P2 and Pl to the width of P3 (which also serves as
a mask). After trimming, a gap layer is deposited and a
thin NiFe side shield layer 32 (Fig. 13) is sputtered
over the structure. The shield” 32 is then trimmed off
with more ion milling after a mask is placed over the
shield 32 so that it is not removed. Variations of this
process is shown in Figs. 14 and 15. During write, the
shield 32 saturates and is effectively not there.

During read, it intercepts flux from adjacent tracks and
channels it into Pl and P3. Little flux gets into P2
(the sense pole) because the area of exposure to P2 is
small relative to Pl and P3. 1In Figs. 14 and 15, pole
P3 is used as a milling mask for pole P2 alone. The



I. That is, the shields 38 are thinner than the shield portions of:-the pole
P2 of Fig. 1. The thin side shields 38 fay be the seed l.ayers during the
formation of P2, thus saving the extra process step in depositing the side
shi el ds. Fig. 19 illustrates a threeipole read/ wite head for |ongitudinal
recording. The central pole P2 may be flux sensijpg=eor—af—Tnaug e type
read head. The pol es P1-P3 conbination acts as a NﬁEPbAﬁgngaﬁ%}

smaller in track width than P1 and P3, thus witijhg wid

narrow). Thin side shields 40 are a part of the [hmFquﬁT&Gfﬁﬁﬁé i el ds
40 may constitute the

head of Figs. 14 and 15 will have more write fringing
than the head in Fig. 13.
Figs. 16A and 16B illustrate ... "~ °7-
» a monopole type read/write o :
head for vertical recording in which a read/write pole
tip P is surrounded by very thick, soft magnetic
material 34. The thick, soft magnetic material 34
shields the pole tip P from the flux emerging out of the
transitions from the adjacent or the same track during
the read operation. During the write operation on
vertical media with a soft underlayer, the shield 34
surrounding the pole P prevents the flux from being
sprayed in the areas of the adjacent transitions on the
_ same track or on adjacent tracks. This very thick
shield dilutes the intensity of the write field (spreads
over the thickness of the shield) and thus does not
affect already written transitions during the write
process. Fig. 16C is a side view illustration of_a
monopole, ‘. 7+ The head = ¢ - :
of Figs. 16A, 16B and 16C may be 1nduct1ve or of the
flux sensing type.

In a read/write vertical monopole structure 60,
such as illustrated in Figs. 16A% 16B and 16C, the
central pole, or probe 61, serves as both the read and
write pole. Probe 61 extends from pole tip P to a back
closure region 63. A shield 34 surrounds probe 61 (at
least at tip P) in order to provide 360 degrees of
radial magnetic shielding to the probe (at least at tip
P). Shield 34 is also an electrical shield, forming a
Faraday cage around the probe. Shield 34 is connected
to probe 61 in back closure region 63. Also provided is
an inductive coil 64 encircling probe 61 and having a
multiplicity of solencidal windings 65.



seed | ayer during the formation of pole P3. The side shields 40 saturate
during the wite operation and wites wider than read by the narrower track
pole P2. Flux is shielded by the side shields 40 during the read operation.
Fig. 20 is a version of the _enbodi nent Fig % e side
shiel ds 42 which are thicker than the side shiel ment of
Fig. 19. In Fig. 21 the side shield 48 is self- pf its
large area. This type of shield v

Solenoidal coil 64 is preferable over other
coil types, such as a pancake coil, since for the same
number of turns a solenoidal coil has lower resistance
and lower inductance compared to a pancake coil. A low
resistance head is desirable since undesirable white
noise increases directly with the square root of
resistance. Lower inductance is desirable because it
will result in a higher resonant frequency. An
optimally low inductance would be one where the resonant
frequency.of the coil is well beyond the operating
frequency of the head so as to avoid resonance during
operation. Also, lowering of inductance reduces the
write circuitry power requirement and yields faster
write pulse rise time.

Comparing Figs. 16B and 16C, it should be
understood that shield 34 forms an encircling shield
centered about the read/write monopole probe 61. As a
result, in the process of reading a transition (or
track) on a medium, probe 61 (and tip P) will be
insensitive to the flux from adjacent transitions (or
tracks). A thick shield will not affect the media in
the write operation since the flux is diluted in the
shield cross-section exposed to the air bearing
surface. In a preferred, but not limiting, embodiment,
the ratio of the air bearing surface cross-section of
shield to probe may be on the order of 100:1, although
10:1 is not precluded. _

Referring now to Fiqg. 22, an example embodiment
of a read/write monopole head 60 is shown formed upon a
substrate 62, where sections 34a, 34b of shield 34 are
connected in yoke closure region 63 to the end of
monopole probe 61. Solenoidal coil 64, having windings
65, is formed around probe 61, similar to the structure



17 protects the yoke 46 -as well as the pole tips 44 from adjacent track
flux. The. shield does not extend down to-the head nedia interface 50 in
order to avoid converting | ow frequency residugf~ctross._tal I i gher
frequencies. This design is approprigte to non )&E@Lﬁﬁ&h&\lﬁ -%@‘Tﬁg eads.
This design is simlar to that sho in Fig. 1 | t isqgthT§Eﬂﬁ tihat t he
magneti ¢ heads i ncl udi ng side shields disclosed ﬁ@ﬁ@rn”redUCéfrﬁ',negative
i mpact of frjnging during read and wite, allowng for highes=track-density
and a reduced cost per

shown in Fig. 16C. However, in this embodiment, a
depression or cavity 72 is defined in substrate 62
whereby a similar cavity 72' will be defined in the
lower section 34b of shield 34 which is formed upon
substrate 62. A corresponding inverted cavity 73 is
defined preferably in mirror-image under the upper half
34a of shield 34, such as by forming the shield upper
half 34a upon an already convexly contoured insulation
layer 66. This convex contour may be formed as a part

" of the layered buildup of the coils and insulator layers
after probé 61 has been formed.

Referring again to Fig. 16C, a ramp 69 is shown .
connecting pole tip P with the main shaft 6la of probe
61. This ramp configuration can result in unwanted
coupling of flux between probe 61 (at the ramp) and
shieid 34, because of the large surface area of the ramp
and adjacent shield section and their proximity. To
avoid such coupling, probe 61 of the embodiment of Fig.
22 is desirably kept away from the shield as much as
possible, where ramp 69 is avoided By having a sleek
neck 68. As well, cavities 72', 73 reduce stray
coupling between shield 34 and probe 61. This benefit
results from creation of a desired flux path (i.e., from
the probe to the media to the shield to the back closure
region of the probe -- see arrows 59) with lower
reluctance than the undesired leakage path across the
yoke (from pole to shield transverse to the desired flux
path of arrows 59). Furthermore, the sleek neck design
of Fig. 22 provides a flatter probe topography which is
easier to manufacture than the steep ramp structure of
Fig. 16C. '

It is preferred, as shown in Figs. 16C, 22, and
27, that probe 61 be contoured to achieve increased



bit stored. It is recognized that nodifications and variations of the

present. invention will occur to those skilled in the art and it is intended
that all such nodifications and variations be included within the scope of
t he appended cl ai ns. .18 GCLAIMS 1. 11A process for formng a magnetic

head (60) conprising the steps REPLACEMENTSHEET.

N Date 10001199?

magnetic flux conductance (or reduced reluctance) as it
extends from the very thin tip P to the back closure
region 63. A very thin pole tip provides better read
resolution and also serves to sharply define the write
field gradient, but a probe which is too thin will
saturate too easily such that the probe will not be
functional in the write mode. Hence, a preferred probe
61 is narrow at the pole tip and broadens as it extends
away from the tip, and, at least at its tip, is
'preferably comprised of a material having high
permeab111ty and high saturation magnetlzatlon, such as
a cobalt zirconium alloy. .
' In a process for making a monopole structure
such as illustrated above, it is one general approach to
deposit a thick magnetic material with a very wide tip
cross-section as a lower part of the shield. The gap.
photoresist insulating material, and coil conducting
stripes are formed thereover to form the first half of
the solenoidal windings, according to conventional
process steps. Thereafter, another insulation layer and
probe 61 (which is preferably thinner and narrower in
the pole tip region and thicker and wider in the yoke
region) are deposited. After this step, another set of
gap layer, photoresist insulating layer, and second half
of the solenocidal windings, is formed. This completes a
solenoidal coil around the probe. Thereafter, ancther
layer of"photoresist insulating material is deposited
and then a thick magnetic material to form the upper
portion of the shield is deposited. The shield upper
and lower portions are connected at the back closure
region (with the probe) and in the wings of the pole tip
region, which forms a complete encircling shield (at
least around the pole tip). Alternative conventional



(@)

surface a concave feature (72) having desired trang
di nensi ons, and (b) deposi ting a magnetic |ayer

the | ayer

general |y resenbl es the concavity df2 the concave fel

| ower shi
| ower shi
upon the
convex

haV|ng a concave.region (72') wth a surfi

el d section (34b), (c) filling said conc

CLV

region (72 )

g
of the

eld section with filler material (82), (d) form ng a pole (61)
wor kpi ece, (e) formng an insulating Iayer_(99;102) with a

techniques may be employed in the above process,
including substitution of non-solenocidal transducers,
without departing from the scope of the

present invention. '

A preferred embodiment of a monopole head will
now be illustrated. First, as seen in Figs. 23A.,B,
cavity 72 is formed or etched in substrate 74, by laser,
ion, chemical or mechanical etching, for example. The
substrate may be an insulating material, such as
Al,0,. However, if the substrate is electrically
conductive (e.g. AlSiMag), then an insulating material
75, such as A1203 is deposited over the substrate.

The A1203 layer 75 may also serve to improve
smoothness of the surface of the etched substrate 74.

Next, as seen in Fig. 24A,B, a thick magnetic
material layer 76 is deposited over substrate 74 (or
layer 75) to form the lower section 34b of shield 34.
The yoke region of lower section 34b is confined within

cavity 72 in the track width direction (the latter

indicated by the transverse ‘arrow 21). Shield section
34b extends beyond the cavity toward the pole tip and
also in the back closure region S5 in the direction
normal to the track width direction (the latter
indicated by the longitudinal arrow 22).

Next, as seen in Fig. 25A,B, a thin insulating
layer 79 (such as alumina) is deposited over layer 76
(and the out-lying portion of layer 75), and a buffer .
layer 114 is preferably formed in cavity 72'. Coil
winding stripes 80 for the lower half 64b of the
solenoidal coil 64 are formed over buffer layer 114 in
the cavity. The ends 81 of stripes 80 extend over
insulator 79 transversely along the track width
direction beyond cavity 72' at a height above the top of



t opogr aphy (89) over the workpiece, and (f) form ng gr—upPeEr—SHere
section.- (34a) over the product of step (e) in continui yREWEACEMENTﬁﬂEET
shield section (34b) and the pole (61) so that said upfer shljel)c[]géqmn
(34a) has a configuration that generallysresenbl es thejjchaeex.. IOpQgr@lftw
(89) of step (e), said process further being charact er “Feag=5y—<sar v T
shield section (34a) being fornmed in continuity with said | ower shteld
section (34b) at.a pole tip region of said magnetic head (.6Q) to forma
conplete encircling shield around a tip (P) of said pole (61) to provide to
said pole (61) 360 degrees of magnetic shiel ding against sensing by said
pole (61) of flux fromtransitions and tracks adjacent to a transition and
track to be read by,said pg £ g

the cavity to facilitate their subsequent exposure (so

as to provide contact points for the seccnd half of the

solenoidal coil). _

The cavity is now filled with insulating
material 82 (not shown in Fig. 25B), such as photoresist
or Al,0,, for example. If the insulating material
is photoresist, then the solenoidal coil contact points,
the back closure region and the wings of the shield at
the pole tip can be exposed using conventional
photolithographic techniques. If the insulating
material is an alumina type hard material, then the coil
contact points might be exposed by mechanical lapping or .
laser etchiné. for example. The back closure and the
pole tip regions can be opened by various means, such as
chemical, for example. In any event, these areas are
exposed in order to be able to have continuity with the
remaining and yet to be formed coil and shield sections
and with the probe. In mechanical lapping, the
thickness of the deposited stripe (and/or the pole
piece) can be adjusted so as to be used as a lapping
benchmark. _

As seen in Fig. 26A, layers 79, and 82 are
lapped down to a top surface 86. Preferably, a
thickness t of an alumina 1ayer 79 will remain to form a
non—-conducting gap insulator section 85 in the pole tip
region,.although layer 79 typically will extend over the
entire workpiece. In this example, probe 61 is formed
upon the lapped surface 86, running up the center of the
workpiece from tip to back closure region, and is
coupled to shield 34 (only lower section 34b is shown in
Figs. 26A,B) through a via 100 formed in a conventional
manner (via 100 shown in dotted outline in Fig. 25B).

In manufacture of probe 61, it is convenient to



2. The process of claim1 wherein step (c) is p
forming coil winding stripes (80) over the workpie GBEPLACEMENTSHEE?
process of claim2 further including forming the efpds of. t

to extend transversely along the traak wi dth direcfilte L;hﬁ&
di mensi ons of the |ower shi‘eld concave regi on, and
material (82) is an insulating material and step (d) is preceded by | appi ng
the product of step (c) to a flat surface (86). 4. The process of claim?2
wherein step (e) is preceded by the.step of . Edi

pf

80).

create a thin probe neck 68 by lamination, or perhaps by
depositing a thin layer 61A shown in Fig. 26B over
insulator base (which may actually comp:ise-several
insulator layers planarized to receive layer 61A). A
thickening layer 61B is preferably plated over a portion
of layer 61lA.

The workpiece of Fig. 26A may be completed such
as shown in Fig. 27, where upper gap insulator layer 99
covers the probe top surface, except where it is etched
away in the back closure region at via area 100. Next,
a masked photoresist layer 101 is provided to isolate _
the upper coil windings section 64a of coil 64 from the :
probe. .

Another insulating layer 102 is then formed
over this structure. It will be appreciated by those
skilled in the art that these steps can result in a
convex topography as indicated by dotted line 89 in Fig.
27. The upper section 34a of shield 34 can be formed
over this convex form, thus to .produce a cavity 73 which
is a relative mirror-image of cavity 72°'.

- Fig. 28 is a simplified rendering of
a head having an MR
read sensor 111. In this case, coil 64 drives probe 61
in the write mode and MR sensor 111 senses flux in probe
=Y 61 from the medium in the read mode. In addition, the
MR element may be accompanied by a conductor 119 to
facilitate transverse and longitudinal biasing of the MR
element. Fig. 29 shows another alternative, but with a
Hall read element 112. The advantage of MR and Hall
3 sensors is that they are velocity independent and have
high signal sensitivity. The MR or Hall elements ‘may be

formed above or below the probe, ——roy /-~

E.
-~ . - .
-



form ng an insulating [ayer and upper coil w ndings (64a) on the morkpiece,
the latter windings in continuity with the existing coil stripes (380).

The process of claim4 wherein the coiis5(64) is sol enoida
process of claim1 wherein the pole (61) at |eag —"’”:fgagéﬂE£T
formed with high pernmeability and high saturati ' t : The
process of claim6 wherein the pole (61) is forl ""ﬁggk -Zilr coni um
al l oy. 8. The. process of claim1 wherein a firfs ___“;_;; e up
shield section (34a) is separated froma first regron of-the pdlé (61) and
a second region (63) of said upper shield section (34a) is in contact with
a second

\‘

In some embodiments, a very thin shield is
desirable since it will saturate in the write mode but
will be effective in the read mode. This will enable
writing of a wide track and reading of a narrow track,
as will provide greater ease and accuracy in track
following. |

Another head is shown in

Fig. 30, having thin shield sections 34a, 34b (i.e., at
least thin at their tips). In addition, an alternate or
auxilliary ‘flux return path 118 is provided. More

» particularly, a ferrite or other magnetic substrate (or
NiFe plated over a substrate such as AlSiMag) forms path -
118, is coupled to shield 34 in the back closure
section, and is separated by insulator 120 from the tip
of shield section 34b at the air bearing surface (the
media side).  Here, shield sections 34a, 34b are
relatively thin, as will saturate in writing, but will
be active in reading, while path 118 is relatively quite
thick to provide an unsaturated return path during
writing. The return path being thick has the additional
feature of spreading the flux so as not to effect the
stored information on the media. As a result, a lower
reluctance flux path is provided-for increased
read/write efficiency. While shown with an MR element,
this is by way of example only and without limitation as
to the scope of the invention. In a variation of this
embodiment, perhaps shield section 34a might be thicker
or thinner than shield section 34b, according to design
choice.

The MR or Hall element or auxilliary flux
conductor of Figs. 28, 29 and 30 may be made by
application of conventional process technology to the
novel invention described above.



region (63) of said pole (61). 9. The process of claim 1 wherein sald
step of forming said pole conprises causing an upper
filler" material (82) to be substantially flat; and f
portion of said pole (61) on said subshantlally flat
10. The process of claim§ wherein said step of for

Fig. 17 illustrates a three-pole type of
read/write head for wvertical recording with saturable
side shields 36. During the write process, the two
magnetic shields or whiskers 36 saturate. During read,
however, the whiskers 36 are fully effective magnetic
shields which prevent flux from adjacent transitions
from coming into the read pole Pl. The whiskers 36 may
be formed from the seed layers in the formation of the
pole P2. ' .

Another head is shown in
Fig. 18 which is a saturable side shield version of Fig.
1. That is, the shields 38 are thinner than the shield ot
portions of the pole P2 of Fig. 1. The thin side
shields 38 may be the seed layers during the formation
of P2, thus saving the extra process step in depositing
the side shields.

Fig. 19 illustrates a three—pole read/write
head for longitudinal recording. The central pole P2
may be flux sensing or an inductive type read head. The
poles P1-P3 combination acts as a write pole (P2 being
smaller in track width than Pl and P3, thus writing wide
and reading narrow). Thin side shields 40 are a part of
the pole P3. The side shields 40 may constitute the
seed layer during the formation of pole P3. The side
shields 40 saturate during the write operation and
writes wider than read by the narrower track pole P2.
Flux is shielded by the side shields 40 during the read
operation. Fig. 20 is a version of the embodiment of
Fig. 19 with non-saturable side shields 42 which are
thicker than the side shields 40 in the embodiment of
Fig. 19.

In Fig. 21 the side shield 48 is self-grounded
by virtue of its large area. This type of shield



| ayer (99,102) includes depositing said insulating |ayer over said pole so
that said insulating layer (99) is relatiively thin o .id first reglon
of said pole and is relatively thick over a third regi i3
aligned with said concave region (72')1pof said | ower g
wher eby form ng said upper ‘shield section (34a) over. I-,er
causes sai d upper” and | ower magnetic shield secti onslkase )
greater anount near said third region of said pole than near- =T
region of said pole. 11. The process of claim 1 further conprising
form ng as sensor (64,111,112) adjacent to at |east a portion of said pole
for detecting nmagnetic flux conducted through said pole during said
operati on.

protects the yoke 46 as well as the pole tips 44 from
adjacent track flux. The shield does not extend down to
the head media interface 50 in order to avoid converting
low frequency residual cross talk into higher
frequencies. This design is appropriate to monopole and
two-pole heads. This design is similar to that shown in
Fig. 16. It is thus seen that the magnetic heads
including side shields disclosed herein reduce the
negative impact of fringing during read and write,
allowing for higher track density and a reduced cost per
bit stored.

It is recognized that modifications and
variations of the present invention will occur to those
skilled in the art and it is intended that all such
modifications and variations be included within the
scope of the appended claims.



12.°

The process of clajm 11 wherein said sensor is [

sRduct i ve sensor
(64). 13. The process of claim 1l wherein said senREpgAéE )
magnet o-resi stive (MR) sensor (111). 1#8 The procegs of 6M%N1'lggmrl 0

said sensor is a Hall sensor (112). 15. -The procesg
conprising configuring at Teast—one—ef—upper shield

shield section (34b) so Hmuﬂmm QWi | | beconme saturated v TR
magneti c flﬁfmg sai d | nﬁmmme operations on a nmedi um
) ! * L M s *

v
"——-..‘.

1. A process for forming a magnetic head (60) comprising the steps
6f :

(a) providing a substrate workpiece (74) which defines in its top
surface a concave feature (72) having desired transverse and longitudinal
dimensions, and

(b) depositing a magnetic layer (76) over the workpiece, the
layer having a concave region (72’) with a surface configuration that
generally resembles the concavity of the concave feature and comprising
a lower shield section (34b);

(c) filling said concave region (72’) of the lower shield section
with filler material (82),

.(d) forming a pole (61) upon the workpiece,

(e). forming an insulating layer (99,102) ‘with a convex
topography (89) over the workpiece, and

()  forming an upper shield section (34a) over the product of
step (e) in continuity with the lower shield section (34b) and the pole (61)
so that said upper shield section (34a) has a configuration that generally
resembles the convex topography (89) of step (e),

said process further being characterized by said upper shield section
(34a) being formed in continuity with said lower shield section (34b) at a
pole tip region of said magnetic head (60) to form a complete encircling
shield arou}id a tip (P) of said pole (61) to provide to said pole (61) 360
degrees of magnetic shielding against sensing by said pole (61) of flux
from transitions and tracks adjacent to a transition and track to be read by
said pole (61). |

2. The process of claim 1 wherein step (c) is preceded by the step of

forming coil winding stripes (80) over the workpiece.




16. " The process of craimg further conprising congs
sai d upper Shlj ﬂ and | ower shield s
section will tl“ lﬁmumuﬂﬂmmad wi t hgnmagnetic fl

wite operatlons orf a‘nmedi uf The process of

further conprises formng the upper shield section ‘

of step (e) in continuity with the |ower shield sectlon (34b) and the pole
(61) in a bRck cTRS précdss BFwlaindD) ﬁﬁ'fthé}' RkRling Formidie thy eA@S of the Cl ai m 1,

further conprising (9g) formng coil wi nding Stripes (80) over the

wor kpi ece, sttipes (Sib;iorag:tertdatrpnmhmelyca‘iomg ¢he travk sddih direation heyemd face

(86), wherein step (d) nprises formng a pole (61) upon_ t Hat sur f ace,
the dimensions o the lower shield concave regmn and wherein the filler

material (82) is an insulating material and step (d) is preceded by lapping
the product of step (c) to a flat surface (86).

4, The process of claim 2 wherem step (e) is preceded by the step of
forming an insulating layer and upper coil windings (64a) on the

workpiece, the latter windings in continuity with the existing coil stripes
(80).

5. The process of claim 4 wherein the coil (64) is solenoidal.

6. The process of claim 1 wherein the pole (61) at least at the tip (P)
thereof is formed with high permeability and high saturation

magnetization.

7. The process of claim 6 wherein the pole (61) is formed with a

cobalt zirconium alloy.

8. The process of claim 1 wherein a first region of said upper shield
section (34a) is separated from a first regipn of the pole (61) and a second
region (63) of said upper shield section (34a) is in contact with a second
region (63) of said pole (61).

9. The process of claim | wherein said step of forming said pole
comprises |
causing an upper surface (86) of said filler material (82) to be
substantially flat; and
forming at least a portion of said pole (61) on said substantially flat
I

i



()" form-ng—anether insulating layer (99,102) and upper coil w ndings
(64a), the | ty W th the existing c0|I strlpes over the
product "of Sm”mmm]'pﬁ:w " corrpr|5| form ng an=d ngiayer=t02)
with a convex*topogra over the roduct of

step (f) conprises formng an upper shield section |{34a) roduct
of step (e) in continuity with the | ower shield secf |@ma§mnd pol e
(61) in a back clgsure region (63) of a yoke. 19. (Hye=process=or— '
or claim #®pPe Wﬁ‘é&g t% said head is a nonopol e head. 20. The process of
claim 18, wherein step (a) includes formng the concave feature (72) by
| aser, i1on, chem cal or nechanical processing.

10. The process of claim 8 wherein said step of forming an insulating
layer (99,102) includes

depositing said insulating layer over said pole so that said insulating

layer (99) is relatively thin over said first region of said pole and is
relatively thick over a third region of said pole aligned with said concave
region (72°) of said lower shield section (34b), Whereby

forming said upper shield section (34a) over said insulating layer
causes said upper and lower magnetic shield sections are separated by a
greater amotnt near said third region of said pole than near said first

region of said pole.

11. The process of claim 1 further comprising forming as sensor
(64,111,112) adjacent to at least a portion of said pole for detecting

magnetic flux conducted through said pole during said operation.

12. The process of claim 11 wherein said sersor is an inductive sensor
(64).

13.  The process of claim 11 wherein said sensor is a magneto-resistive
(MR) sensor (111).

14. The”brocess of claim 11 wherein said sensor is a Hall sensor (112).

15. The process of claim 8 further comprising configuring at least one
of upper shield section (34a) and lower shield section (34b) so that said
section will become saturated with magnetic flux when said head performs

write operations on a medium.



21. ° The process—of—etaim-18,—wherein step (a) incl jFES—ForrAg—a -t
22 insulating | substatate. 22. T ‘ ENT SHEET W21,
wherein 'sai d suaﬂmu lmdlﬂmm ”WSI Mag and the thinjnsul a11|01gnma (#5)
is conprised of A1203. t23" The* process of cl ai m 20, ﬁ)ﬁf@rern step:{g); i|s
preceded by the step of depositing an, optional insul Wﬁ_ﬁ*f)‘""'over

the I ower shield section (34b) 24. The process of claim 20, wherein the

I hi el 34b)
Over shie P6.SeC’H1g Brécess of c?alm 8 further comprising configuring at least one

of said upper shield section (34a) and lower shield section (34b) so that
said section will not become saturated with magnetic flux when said

performs write operations on a medium.

17.  The process of claim 1, wherein step (f) further comprises fdrming
the upper shield section (34a) over the product of step (e) in continuity
with the lower shield section (34b) and the pole (61) in a back closure
region (63) of a yoke.

18.  The process 6f claim 1, further comprising
. (g) forming coil winding stripes (80) over the workpiece,

(h) lapping the product of step (c) down to a flat surface (86),
wherein step (d) comprises forming a pole (61) upon the flat surface,

(i)  forming another insulating layer (99,102) and upper coil
windings (64a), the latter in continuity with the existing coil stripes, over
the product of step (d),

step (e) comprising forming an insulating’layer (102) with a convex
topography (89) over the product of step (i), and

wherein step (f) comprises forming an upper shield section (34a)
over the product of step (e) in continuity with the lower shield section

(34b) and the pole (61) in a back closure regiori (63) of a yoke.

19. The"-process of claim 17 or claim 18, wherein said head is a

monopole head.

20.  The process of claim 18, wherein step (a) includes forming the

concave feature (72) by laser, ion, chemical or mechanical processing.

21.  The process of claim 18, wherein step (a) includes forming a thin



di nensi ons | d but | ocated beyorff—te
di'nmensi ons The process of (
i ncl udes formng the ends of the stripes (80) tc extegcqmn
the track width direction beyond the di mensions [pf&&y hield
concave region (72 ). 26. The process of claim?Z5, wherein in step (c) the
filler materi al ﬁ 7;ygo_to'regl st, and wherein at |east a portion of the
ends of them§t11|aFlﬁg aXQ}'O§ tq¥erJae 1ubstEdiEr e regi on (63), and the | ower
shield section (34b) are exposed for conductivity purposes. 27. The
process of c¢laim 20, wherein step (i) is preceded by the step of forning an

MR sensor (FL1) {Re hrobdsBfelafifli 2L ewheletn AR Btrat&174) is AlSiMag
and the thin insulating layer (75) is comprised of AlLO;.

a back cl o i'i,re |onili5 Iv\/mch is confined within the transvers
l ﬂ 9y ' 101,

23 The process of claim 20, wherein step (g) is preceded by the step
of depositing an optional insulating layer (75) over the lower shield section
(34b).

24.  The process of claim 20, wherein the lower shield section (34b) has
a back closure region (63) which is confined within the transverse
dimensions of the lower shield but located beyond the longitudinal

dimensions of the feature.

25.  The process of claim 20, wherein step (g) includes forming the ends
of the stripes (80) to extend transversely along the track width direction

beyond the dimensions of the lower shield (34b) concave region (72").

26.  The process of claim 25, wherein in step (c) the filler material (82)
.. is photoresist and wherein at least a portion of the ends of the stripes (80),
the back closure region (63), and the Jower shield section (34b) are

exposed for conductivity purposes.

27. The t)rocess of claim 20, wherein step (i) is preceded by the step
of forming an MR sensor (111) to be located adjacent to the pole (61).

28. The process of claim 20, wherein step (i) is preceded by the step
of forming a Hall sensor (112) to be located adjace‘nt to the pole.

29. The process of claim 20, wherein the upper and lower shield



28. " The'pro;,emrc/v\herei n step (i) is precfdgd
formng a Hal mg\\\\wmﬂ“‘ be Ioc%ed adj acent to
process ‘of cl \\ i

er et n 't he: upper—~and | ower shi el
(34a, 34b) are forifed thin at least at their tips. 30.
20, wherein the upper and I'ower shield sections (34a,34b) are fornmed thick

at least at their tips. 31. The process of claim 20, further including the

step of {orsgng. ol $8578kerethitd 5 UE TAPh el s CoUP! od to at least one

30. The process of claim 20, wherein the upper and lower shield

sections (34a,34b) are formed thick at least at their tips.

- 31.  The process of claim 20, further including the.step of forming an
alternate flux return path (118) coupled to at least one of the shield
sections (34b), this shield section separated from the alternate flux return
conductor by an insulation layer (120).

32.  The process of claim 20, wherein step (h) may include lapping until
continuity is detected between a part of the lapping system and at least one

of the formed coil stripes (80), and adjusting lapping accordingly.

'Y

33.  The process of claim 1, wherein the concave region defines a cavity
(72) and further including the step of forming a via (100) in the back
closure region (63) beyond the cavity (72°) to facilitate connection of the
shield sections and the pole. | |



sections (34b), this shield section separated fromthe alternate fl ux
ret-urn :conductor by an insulation.layer (120). 32 cess of claim
20, wherein step (h) may include | apping until c 1HEWMRCEMEN#¥ﬁé§FGd
between a part of the |apping systemand at |east| one oh t he formedfjcoi
stripes (80), and adjusting lapping accordingly. Bam cl ai m
1, wherein the concave region defines a cavity (. udi ng
the step of forming a via (100) in the back closure region (63) beyond the

cavity (72') to facilitate connection of the shleld sections and the pole.
RECORDING HEADS WITH SIDE SHIELDS

Abstract of the Disciosure

A recording head includes at least one magnetic
pole and magnetic side shields adjacent to the pole, the
side shields disposed to shield the pole from adjacent
tracks on a magnetic medium. Embodiments are disclosed
for both longitudinal and vertical recording in
monopole, two-pole, and three-pole heads, including
inductive, MR and Hall—type.read elements.

Figure 22
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