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RECORDING H~ADS WITH SIDE SHIELDS 

Backaround of the !nvention 

This applica~ion 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 

pe::- 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 
. . 

cotrupt the iead process. It is therefcire 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 po~e 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 are disclosed for both 

longitudinal and vertical recording in monopole, 

two-pole, and three-pole heads, including inductive, ~L.~ 

and Hall-type read elements. . 
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 
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side shie~ds may.be saturable or non-saturable and may 
be made of magnetically soft materials. The shields ~ay 
be self-grounding. In one embodiment, the shield is 
NiFe. 

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 
poles may be SY!Tlmetrical or not. 

The head may include an inductive sensor, a 
Hall sensor or an ~.R sensor. Where the two poles are 
asymmetric, one of the_pol_~s 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 shields 
extending 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 sensing 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 pple. The pole tip may 
be comprised of high permeability and high magnetic 
saturation material. In one embodiment, 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 
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sec~ion and of the lower shield section is bowed away 
from the pole. The pole may be narrow at its tip and 
may broaden as ic ex~ends to the back closure region. 

In another aspect. a magnetic. head capable of 
detecting flux from a targec source among a group of 
sources includes at least one magnetic pole, a magnetic 
snield, the shield providing to the pole 360° of 
magnecic shielding against sensing by the pole of flux 
from other than the ~argec 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, ~ 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 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, 

(c) forming coil winding stripes over the 
workpiece, 

(d) filling the lower shield section 
feature with insulating materi_al, 

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

(f) forming a pole· upon the flat surface, 
(g) forming another insulating layer ar.d 

upper coil windings, the latter in continuity with the 
existing coil stripes, over the product of step (f), 
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(h) forming an insulating layer with a 
convex topography over the product of step (g), and 

(i} forming an upper shield section over 
the product of ste·p (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 
proce.ssing, and_ may include forming a thin insulating 
_layer over the substrate. The substrate may be AlSiMag 
and the thin insulating layer may be Al2o3 . 

Step (c) may be preceded by the step of · 
depositing an optional 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 (d) may incl_ude the insulating material 
being photoresist and wherein at least a portion of the 
ends of the stripes, the back closure region, and the 
low~r shield section are exposed for conductivity 
purposes. 

Step (f) 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 s~ield but is located beyond the 
longitudinal dimensions of the feature. 

Steps (fl or (g} may b~ preceded by the step of 
··forming an M.~ sensor or a Hall sensor to be located 

·. 
adjacent to the pole. 

The upper and lower shield sections may be 

., 
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for~ed ~hin or thick at least at their tips. 
This process may further include the step of 

forming an alternate flux return 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 continuity 
is detected between a part of the lapping system and at 

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

The precess may also include the step of 
for~ing a via in the back closure region to facilitate 
connection of the shield sections and the probe. 

In another aspect, a magnetic_ hea~ capable of 
de~ecting flux from a target source among a group of 
sources, 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 may include an MR element 
coupled to the pole and a biasing conductor coupled ~o 
the M..~ element. 

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

· Brief Descriotion of the Drawing 
Fig. 1 is a pole tip v~ew 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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~wo-?ole head employing a Hall ele~e~~ sensor; 
Fig. 5 is a cross-sectional view of a symmetric 

::wo-;:ole head employing an MR elemen~; 
Fig. 6 !s a pole t'ip view of a syctlmetric 

~wo-pole head having saturable side shields; 
Fig. 7 is a cross-sectional view of an 

asyrrmetric two-pole head employing an inductive sensor; 

Fig. 8 is a cros~-sectiona! view of an 
asyrr:metric ·cwo-pole head ·employing a Hall element; 

Fig. ·9 is a cross-sectional view of an 

asyrrmetric two-pole head employing an MR sensor; 

Fig-. 10 is a pole tip view of an asyni°metr-ic 

~wo-pole head having saturable side shields for a 

· grounded P2; 
Fig. 11 is a pole tip view of another 

asy:rimetric two-pole head having sa~urable 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; 

Flgs. 16A and 168 are thematic planar and pole 
. . 

t_ip 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 

embodirr.ent of the invention; 
Fig. 17 is a pole tip view of a three-pole 
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~eac/•..,rice head for v~i:tical recording ·,,ri~h saturable 
sice shields; 

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

-· :lg. 19 is a pole tip view of a three-pole head 
with sat'urable side shiel.ds; 

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-grounded side shields; 

Fig. 22 is a side view of a shielded monopole 
embodiment of the invention; 

Figs. 23A,B - 25A,B shew stages in a preferred 
process of the invention where Fig. 2JA is a 
cross-section taken along the lir.e 1-l in the plan view 
of Fig. 238, Fig. 24A is a cross-section taken along the 
line 2-2 in the plan view of Fig. 248, and Fig. 25A is a 
cross-section taken along the line 3-3 in the plan view 
of Fig. 258; 

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 
~ormation of the upper shield section; 

Figs. 28-29 show MR and Hall emboqiments of the 
,···in'1ention; and 

Fig. 30 shows an additional embodiment of the 
invention having an alternate flux return path. 

Description o·f a Preferred Embodiment 
The theory on which the present invention is 

based will be discussed now in conjunction with Figs. 1 
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l, A t~o-pole head 10 suitable for both 
longitudinal and vercical recording includes a f icst 
pole ?l and a second pole.P2. Magnecic media (noc 
shown) moves 1n the direction of an arrow 12 past cqe 
head 10 so that the pole P2 is the downstream poie (last 
seen by the moving media). Note thac the downstream 
pole ?2 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. l causes the longitudinal field in the 
edge region to fall off as l/R2, ~here R is the 
distance from the side gap 14. ;·fithout the shielding·· 
afforded by pole P2 wrapping around pole Pl, the field 
would fall off more slowly (e.g., as l/R} so that cross 
talk in read and write becomes a problem. This 
relationship applies when the pole 10 of Fig. l 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 pole. Pole Pl is the 
write pole and pole P3 is a downstream pole and provides 
side shield portions 18. When che geometries of Fig. l 

or Fig. 2 are used in perpendicular or vertical 
. ·~ resording with a soft magnetic underlayer, the fringing 

perpendicular field falls exponentially with R. · Without 
the side shields, the field falls off as approximately 
l/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 t~acks and to prevent it 
from passing. through the sensor. Keeping the flux ou'\: 
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of ~he sens~~ can be dif~icult to achieve ~ecause 
different head svn-.rr.e~~v orooe~ties call for different ... ... - -
approaches. Completely symmetric heads are shown 
schemacical!y 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 
gees through the sensors. Such saturable side shields 
20 (Fig. 6) have equal exposure areas to both poles Pl 
and P2 so t~at they insert half the flux into each. 
These thin sh~elds 20 saturate during write so that they 
do not soa~ up too much flux quring write and thus lead 
to an over~rite problem. Therefore, they do not reduce 
write fringing. This can be an advantage in wiping out 
previous or.-track data when.there is significant error 
in track following (this process writes wide and reads 
narrow). In mechanic sets that have small tr~cking 
error, write shielding becomes more of an advantage and . . 
can be achieved by thickening the shields .. 20 so that 
they do no~ saturate during write. 

With two-pole heads that are not syni.metric, 
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 (Pl) 
is ground are shown in Figs. 7, 8 and 9 for inductive, 
Hall, and M.~ sensors, respectively. The pole Pl in 
these figures is ground because it is so much bigger 
~han the other oole P2 and is the low reluctance path 
-~ -
~or th~ fl~x t6 get out to infinity. -Si~ilarly, the top 
pole P2 can be made into the grounded pole··by making it 

the big- or.e. Fig. 10 shows side shields. 22··used with an 
asymmetric two-pole head with the pole P2 serving as the 
magnetic ground. Tpe saturable side shields 22 are 
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attac~ed to the.pole P2, Similarly, Fig. ll shows sice 
shields 24 used with an asyrr.metric ~No-poie head ~ith 
~he 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 rig. ll and of 
.?ig. 1. However, for longitudinal recording, write 
shielding with a grounded Pl (Fig. 11} will produce 
transverse r_ecording which causes u~desirable pulse 
shape effects. 

. In the case of three-pole heads such as the 
head I~ of Fig. 2 in which the central pole is used for 
readback, side shielding is less problema~ic. 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 sho.ws a three-pol·e 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. .... . .. '· 

, nuring read, it intercepts flux from adjacent tracks and 
channels it into Pl -and P3. Little flux g·ets into P2 
(the sense oole) because the - . 

small relative to Pl and PJ. 
P3 is used as a milling nask 

area of exposure to P2 is 
In Figs. 14 and 15, pole 

for pole P2 alone. The 

1 
' 
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head 14 and 15 will have ~ore write fringing 

than t~e he!d in Fig. 13. 

Figs. l6A and 168 illustrate an e~bodiment of 

the invention for use with a monopole type read/write 

head for va:tical recording in which a read/write pole 

ti? P is surrounded by very thick. soft magnetic 

material 34. The thick, soft magnecic material 34 

shields tee pole tip P from the flux emerging out of the 

t=ansitions 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 trac~ or on adjacent tracks. This very thick 

shiel~ diluces the intensity of the write field (spreads 

over the t~ickness of the shield) and thus does not 

af :ect already written transitions during the write 

process. Fig. 16C is a side view illust_ration of a 

monopole e:nbodiment of the_ present invention. The head 

of Figs. l6A, 168 and 16C may be inductive or of the 

flux sensing type. 

In a read/write vertical monopole structure 60, 

such as illustrated in Figs. 16A, 16:S 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 

clc;>$Ure region 63. A shield 34 surrounds probe 61 (at 

least at tip P) in order to provide 360 degree~ of. 

radial magnetic shielding to the probe (at least at tip 

1'J. 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 i~ductive coil 64 encircling probe 61 and having a 

multi~licity of solenoidal windings 65. 
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Solenoidal coil 64 is preferable over other 
coil types, such as .a pancake coil, si~ce for the same 

:mmbe!:' of turns a solenoidal co'il has lowe!:' resistance 

and lower inductance compared to a pancake coil. A low 

resistance head is desirable since ur.desirable white 

:1.oise increases directly with the square root of 

=esistance. Lower inductance is desi!:'able because it 

~ill result in a higher resonant frequency. ~.n 

optimally low inductance woul_d 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. Aiso, lowering of inductance reduces.the 

write circuitry power requirement and yields faster 

write pulse rise time. 
Comparing Figs. 168 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 ~o probe may be on the order of 100:1, although 

10:1 is not precluded. 

-- Referring now to Fig. 22, an example embodiment 

of a read/write monooole head 60 is shown formed uoon a 
- -

substrate 62, where sections 34a, 34b of sh~eld 34 are 

connected in yoke closure region 63 to the end of 

monopole probe 61. Solenoidal coil 64, having windings 

65, is forraed around probe 61, similar to the structure 

i11ii1WHif 

1 
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shown in Fiq. 16C. Howeyer, in this embodiment, a 

depress ion or cavit:y 72_ is def i:l.ed in substrate 62 

wr.ereby a similar cavity 72' will be defined in the 

lower section 34b of shield· 34.which is ·formed upon 

substrate 62. A corresponding inver~ed 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 probe 61 has been formed. 
Referring again to Fi.g. 16C, a ramp 69 is shown 

·connecting pole tip P with the main shaft 6la of probe 

61. This ramo confiauration can result in unwanted· - .. 
coupling of flux between probe 61 (at the ramp) and 

shield 34, because of the large surface area of the ra~p 

and adjace~t 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 ra.rrtp 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 de~ired 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 

reiuctance th~n the undesired leakage path across the 

yoke (from pole to shield transverse to the desired flux 

,··~th of arrows.· 59). Furthermore, the sleek neck design 

of Fig. 22 provides a flatter probe topography which is 

easier to manufacture than the steeo ramo s·tructure of - -
Fig. 16C. 

It is preferred, as shown in Figs. 16C, 22, and 

27, that probe 61 be contoured to achieve increased 
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mag~e~ic flux conductance (or reduced reluctance) as it 

ext~nds fron the very thin tip P ~o the bac~ closure 

region 63. A very thin pole tip provides ~etter read 

resolucion and also serves to sharply define the write 

field gradient, but a probe which is too thin ~ill 

saturate too easily such that the probe will not be 

functional in the write mode. Hence, a preferred probe 

61 is narrow at the oole tio 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 magnetization, such as 

a cobalt zirconium alloy. 
In a process for making a wonopole 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 pare of the shield. The gap, 

photo~esist insulating material, and coil conducting 

stripes are formed thereover to for~ 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 forrr.ed. This completes a 

S?~enoidal coil around the probe. Thereafter, another 

layer of photoresist insulating material i~ deposited 

; , ~d 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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~echn:q~es may be employ~d in the above process, 
ir.cluding subs.ti tut ion of non-solenoidal transducers, 
without: departing from the spirit and scope of the 
present invention. 

A preferred embodiment of a monopole head will 
new 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 
subst=ate may be an insulating material, such as 
Al 2o3 . However, if the substrate is electrically 
conductive (e.g. AlSiMag}, then an insulating material 
75, such as Al2o3 , is deposited over th~ substra~e. 
The Al2o3 layer 75 may also serve to improve 
smoothness of the surface of the etched substrate 74. 

Next, as seen in Fig. 2·4A,B, a thick magnetic 
~aterial 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 longitudinal arrow 22). 

Next, as seen in Fig. 25A,3, a thin insulati~g 
l~yer 79 (such as alumina) is deposited over layer 76 
(and the out--lying portion of layer 75), and a buffer 
:la~r ·114 is preferably formed in cavity 72'. Coil 
winding stripes 80 for the lower half 64b of t~e 
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 
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the ca'lity co facilitate their subseqt:ent exposure (so 

as co provice contact points for the second half of the 

solenoidal coil). 
The cavity is now filled with insulating ·· 

macerial 82 (not shown in Fig. 258), such as photoresisc 

or Al 2o3, for example. If the insulating material 

is phocoresist, then the solenoidal coil contact points, 

c~e back closure region and the wings of the shield at 

the pole ti? can be exposed using conventional 

photolithog:aphic 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 example. The back closure and the 

pole tip ragions can be opened by various means, such as 

chemical, for example. In any event, these areas are 

exposed in order to be able co have continuity with the 

remaining and yet to be formed coil and shield sections 

and with c~e probe. In mechanical lapping, the 

~hickness of the deposited stripe (and/or the pole 

piece) can be adjusted so as to be used as a lapping 

bencti.mark. 
As seen in Fig. 26A, layers 79,·and 82 are 

lapped down to a too surface 86. Preferably, a 

thickness t of an alumina layer 79 will remain to form a 

non-conducting gap insulator section 85 in the pole tip 

r~gion, although layer 79 typically will extend over the 

entire workpiece. In this example, probe 61 is formed - . 

, u~on the lapped surface 86, running u~ the center of the 

~orkpiece from tip to back .closure region, and is 

coupled to shield 34 (only lower. section 34b is shown in 

Figs. 26A~3) through a via 100 for~ed in a conventional 

~anner (via 100 shown in dotted outline in Fig. 258). 

In manufacture of probe 61, it is convenient to 

, 
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create a thin probe neck 68 by ~arnina:ion. or perhaps by 

deposi~ing a thin layer 61A shown in Fig. 268 over 

insulator base {which may actu·ally comprise several 

insulator layers planarized to receive layer 61A). A 

~hickening layer 61B is preferably plated over a por~ion 

of layer 61A. 
The workpiece of Fig. 26A may be completed such 

as shoi:..m in Fig.· 27, where upper gap insulator layer 99 

covers the probe top surface, except ~here 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 ~his 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 an 

alternative embodiment of the invention having an M..~ 

read sensor lll. 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 

M..~ element may be accompanied by a conductor 119 to 

-facilitate transverse and longitudinal biasing of the M..~ -ele~ent. Fig. 29 shows another alternative,. but with a 

Hall ·read element 112. The advantage of MR and Hall 

sensors is that they are velocity independent and have 

high signal sensitivity·. The ~1R or Hall e·lements may be 

formed above or. below the probe without departing from 

the spirit and scope of the present invention. 

-~ 
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In some embodiments .• a very thin shield is 
desirable si~ce it will saturate in the write mode but 

will be effective in the read ~ode1 This will enable 

writing of a wide track and reading of a narrow track. 

as will provide greater ease and. accuracy in track 
c 1~ . .1.0 J.OWl~g. 

Pu~other embodiment of the invention is shown in 

Fig. 30, having thin shield sections.34a, 34b (i.e .• at 

least chin at their tips). In addition, an alternate or 

auxilliary flux return path 118 is provided. ~ore 

particularly, a ferrite or ocher magnetic substrate (or 

NiFe plated over a substrate s·uch as AlSi~ag) 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, 

chis 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 thinne?:' than shield section 34b, acco'rding 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. 
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?ig. 17 illust:ates a three-oole ~vPe of - . -
cead/wrice head for vec:ical recording wi~h sacurable 
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 :rem the seed layers in the formation of the 
pole P2 • 

.il-.nother 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. l. The thin side· 
shields 38 may be the seed layers during the formation 
of P2, thcs 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 

~ay be flux sensing or an inductive type read head. -The 
poles Pl-PJ 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 PJ. 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 

·· ~1g. 19 with non-saturable side shields 42 which are 
thicker than the side shields 40 in the embodiment of 
Fig. 1°9. 

In Fig. 21 the side shield 48 is self-grounded 
by virtue of its large area. This type of shield 
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procec~s ~~e yoke 46 as well as the pole tips 44 from 

adjacent crack flux. The shield dces·noc extend down to 

the head media interface so in order co avoid converting 

low frequency residual cross talk into higher 

frequencies. This design is appropriate to monopole and 

cwo-pole heads. This design is similar to thac shown in 

:ig. 16. It is thus seen chat the magnecic heads 

including side shields disclosed herein reduce che 

negacive impact of fringing·during read and write, 

allowing for higher track density and a reduced cost per 

bit stored. 
!t 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 

mcdif ications and variations be included within the 

scope of che appended claims. 

What is claimed is: 

, 
' 
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Claims 
l. Recording head comprisi~g: 
at least one magnetic _pole; and 
~agnetic side shields disposed adjacent to ~he 

a~ leas~ one pole. 

2. The recording head of claim l wherein the 

side shields are saturable. 

3. Recording head comprising: 
two magnetic poles separated by a gap; and 
magnetic side shields disposed adjac.ent the 

poles, the side shields extending generally 

·perpendicularly to the gap. 

4. The record~ng head of claim l further 

.including an inductive sensor. 

s. The recording head of claim l further 

including a Hall sensor. 

6. The recording head of claim l further 

including an MR .sensor. 

poles, 

7. Recording head comprising: 
three magnetic poles separated by gaps; 
magnetic side shields disposed adjacent 

the side shields extending generally 

pe~p~ndicularly to the gaps. 

. 

and 
the 

8. The recording head of claim l wherein the 

magnetic side shields are made of magnetically soft 

ma~erials. 
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.· 

9. The recording head of claim l wherein the 
side shields are saturable. 

10. The recording head of claim l wherein the 
side shields are non-saturable. 

ll. The recording head of claim 3 wherein the 
t:,WO raagne-c i.c poles are symmetric. 

12. The recording head of claim 3 wherein the 

::wo poles are asymmetric. 

13. The recording head of claim 12 wherein one 
of the poles is magnetic grou~d and the side s~ield is 
a~tached to the magnetic ground pole. 

14. The recording head of claim l wherein the 
magnetic side shields are made· of Nite. 

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. 

-
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 magr.etic shielding against sensing by the 
pole of flux fron other than the target source. 

11iiiHf 

., 
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18. The ~agnetic head of claim 17. whetein 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 ~hickness of the tip of 
the pole. 

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

21. The magnetic head of claim 17, wherein the 
pole tip !s comprised of high per~eability and high 
magnetic saturation material. 

22. The magnetic head of claim 21, wherein the 
pole ~ip material is a cozr alloy and the shield 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 
tegion. -

25. The magnetic head of claim 24, wherein the 

upper shield section and the lower shield section are 
bowed outward. 

iiii1i1iUii 
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26. The magnetic head of claim 25, wherein the 
--

pole is nacrow at its tip and is broadened~as it extends 
~o the back closure region. 

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

at least one ~agnetic pole, 
a magnetic shield, the shield providing to the 

pole 360~ of magnetic shielding against sensing by the 
pole of flux f~om other than the target source, and 

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

28. A process for forming a monopole 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 dimen·sions, 

(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 
. -

workoiece, 

(d) filling the lower shield section 
feature with insulating material, 

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

(f) forming a pole upon the flat surface, 
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Cg) forming. another insulating layer and 
upper coil windings, the latter in continuity wich the 
existing coil stripes, over the ~roducc of step (f), 

(h) forming an insulating layer ,,.,ith a. 
convex topography over the produce of step (g), and 

( i) forming an upper shie~~--s~~tion over 
the product of step (h) in continuity with the 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 the 
substrate. 

31. The process of claim· 3.0, wherein said 
substrate is AlSiMag and the thin insulating layer is 
comprised of Al2o3 . 

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 lo~er 
shield sec~ion has a back closure region which is 
confined ~ithin the transverse dimensions of the lowe: 
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shie~d·but located beyond the longitudinal di~ensions of 
:he feature. 

35. The pr~c-: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 regi~n, and the lower shield section are exposed 
for conductivity purposes. 

37. The process of cl~im 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 2.~ wherein the upper 
and lower shield sections are formed thin at lease at 
their tips. 

40. The process of ·claim 28 '· wherein the upper 
and lower shield sections are formed thic~ at least at 
.i:heir 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 

iiiiU1iiUf 
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sepa:aced f:o~ the alternate flux recur~ conductor by an 
insulation layer. 

42. The process of c !aim 28, ·..1herein step ( e) 
may :nclude lapping until continuity is detected bet~een 
a part cf 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 region to 
facilitate connection 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-~ection 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 f :om 

the pole. 

47. The magnetic head of claim 46, wherein the 
shield provides 360° of magnetic shielding_. against 
sensing by the pole of flux from other than the target 
source. 

B Replaced 
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~8. The magnetic head of claim 46 further 
ir.cluding an MR elemen~ coupled to the pole and a 
biasi~g conductor coupled to the l1.i\ el.ernent. 

--

, 
l 


