2w

W

1 "READ/ WRI TE MAGNETORESI STI VE (MR HEAD WTH SUNKEN_ICOVPO\IEI\I'I'_S BACKlGRCJJNDt .
OF THE INVENTION 1. Field of the Invention The present invention relates

a merged or a piggyback magnetoresistive (MR) head which has a slunke_n

insul ation stack region, wherein conponents such as inductive pole Eleces,

coil layer and insulation layers are contained. 2. Description of the .
Rel ated Art A merged or piggyback MR head intludes a read head portion a

i i ' ti | ocated on top of the

a wite head portion, th head portion bein _
read head portion. The re é%%@ﬂ?ﬁmﬂw i’amwsm'lﬁagd\é\nfagcein
between first and second gap | ayers which are, in %Srn,tzﬁggwegg: vx/n?ch en
first and second shield |layers. The - . ou . |
exposed at an air bearing surface (ABS) for reading data froma noving |
magnetic nedium such as a rotating magnetic disk. Chagges Lgs{rgtgjgﬁégze
regions on the rotating nmagneti ?‘@éﬂ _-ﬁgrresgon I ng _

chgnges in the MR sensor which g‘r" %@?@@% Ot pot ent %ﬁl e
changes' when a sense current is conducted through the MR sensor. e wite.
head portion includes a coil. |layer (wite coil) sandw ched between N

i nsul ation | ayerts ¥igid ehthg Devention t ur n

: - The present invention relates to a merged or a piggyback magnetoresistive (MR) head

* which has a sunken irisulation stack region, wherein components such as inductive pole pieces,
coil Jayer and insulation layers are contained.
2., Destfriptidn of the Related Art
A merged or piggyback MR head includes a read head portion and a write head portion,
the write head portion being located on top of the read head portion. The read head portion
includes an'_MR sensor sandwiched beﬁween first and second gap layers: which are, in turn,
sandwiched between first and second shield layers. The MR sensor has an outside edge which
is exposed at an air bearing surface (ABS) for reading data from a moving magnetic medium,
such as a rotating magnetic disk. Changes in magnetized regions on the rotating magnetic disk
induce-corresponding resistance changes in the MR sensor which are detected in the form of
potential changes when a sense current is conducted through the MR sensor. The write head
portion includes a coil layer (v&rite coil) sandwiched between insulation layers which are, in turn
sandwiched between first and second pole pieces. Thé pole pieces terminate in pole tips and are
magnetically connected at a Eack gap, the pole tips being separated by a thin gap layer at the
ABS forming a transducing gap. The separation of thelp.ole tips is referred to as the "write gap".
Flux acrdss the write gap is recorded as information on circular tack§ in the rotating magnetic
disk. .
"Ina piggyback MR head the second shield layer and the first pole piece are separate
layers; in a merged MR head the second shield layer and the first pole piece are merged in a
common layer which functions as a write pole during a write operation and as a second s_hield

during a read operation. In both the piggyback and the merged MR heads the shield layers
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more shield layers, which Significantly adds to the reluctance of the write coil. When current is
conducted through the write coil, flux induced into the one or more shield layers causes a counter
flux field which opposes the flux field generated by the write coil. In order for the write coil to
create a flux field of acceptable magnitude it must be enlérged to accommodate the effects of the
counter flux field. This causes an additional problem. When the one or more shield layers are
subjected to a high peak magnitude flux f—ield, magnetic domains in the shield layers may be
rotated substantially from an easy axis. When the magnitude of the flux field decreases these
domains may not resume to their original orientaﬁons.. Because of ﬁxagnetostatic coupling
 between the shield layers and the MR sensor, the bias point of the MR sensor may change if the
shield layer domain disorientation is great enough. A change in the bias point fhay change th,
response of the MR sensor to such an extent that the read back signal degrades.
Thus, there is a strongly felt need to :educé the influence of the read head shield layers
- on the operation of the write head and to reduce the influence of the write head via the shield
‘layers on the operation of the read head. |
The prior art structures of piggyback and merged MR heads make their fabrication
difficult. In this regard, the height of the insulation stack above the write gap significantly

increases the vertical profile of the second pole piece. During fabrication, the high vertical
profile an the second pole piece makes it difficult to reduce the aspect ratio (thickness to width)
of the second pole tip and to control the smoothness and perpendicularity ("definition™) of the
second pole tip’s sidewails. . |

The aspect ratio is determined by the ratio of the height of the photoresist masking layer,
required to build the second pole tip, to the width of the second pole tip. In order to write at
high data rates the width of the second pole tip must be submicron. Assuming a desired width



LA ¥

3

i nsul ation | ayers above and below the wite coil and which is] 68&13HEETHASBE§§
between a pole tip region and the back gap. There is a strong{i nducREPEACED -
coupling between the wite coil and the one or nore shield |ay i
significantly adds to the reluctance of the wite coil. Wen current is
conducted through the wite coil, flux induced into the one or nore shield
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wite gap significantly )
¢ present 1nvention overcomes the limitations of the prior art MR heads by eliminating

one or more of the shield layers and/or thinning the one or more shield layers in the insulation
stack region of the piggyback or merged MR head. In the piggyback MR head one or both of
the shield layers can be eliminated or thinned dowri in the insulation stack region. In the merged

MR head the ﬁrst shield layer can be eliminated or thinned down in the insulation stack region.
| . When the ope or more shield layers is eliminated in the insulation stack region refuctance of the
_ write coil is significantly decreased. If the one or more shield layers is thinned down in the
insulati.on stack region instead of being eliminated, the decrease in reluctance, while not as great,
is still realized. This arrangement allows for a balance of interests betwe.en the write pole and
the MR sensor. By retaining a thinned down portion of one or both shield layers adequate
protection of the MR sensor from stray magnetic fields can be maintained.

The elimination and/or thinning of the one or more shield layers occurs immediately
behind the MR sensor in the direction of the back gap. This lowers the surface on which the
insulation stack region rests, resulting in a "sunken" profile.

It should be noted that the critical region of magnetic shielding for the MR sensor is

- generally the pole tip region. In this region all embodiments of the invention reﬁu'n full
thicknesses of the first and second shield layers. This provides an opportunity to uniquely direct
the paths of first and.second_leads which conduct the MR sense current. The leads extend
parallel to the ABS to locations which are transverse to the MR sensor and which are beyond.the

This Sheet Has Been Reﬂlaced
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increases the vertical profile of the second pole piece. DyriHi§ SHEET Hg%BEEN
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By eliminating or minimizing the thickne_ss of one or more shield layers in the insulation
stack region of the present invention a recessed area is provided during the construction of the
write head portion of the piggyback or merged MR head. This significantly reduces the aspect
ratio so that well defined high data rate second pole tips can be fabricated for the write head

portion. In the present invention the aspect ratio can be decreased from 10 or more down to
about 4.

An object is to provide a more efficient combined write and read head.

‘Another object is to provide a piggyback or merged MR head with reduced write coil
reluctance. C

A further object is to reducg write coil reluctance, reduce the size of the write coil and

- reduce domain movement in one or more shield'layei's during a write operation of an MR head.

Still another object is to 'acc'omplish any of the above objects as well as reduce the aspect
ratio of the head.

Still a further object is to accomphsh any of the above objects as well as provide paths
for conductor leads to the MR sensor which minimize electrical shorting between the conductor
leads and the shield layers. _

Other objects and advantages of the invention will become more apparent to one skilled

in the art upon reading the following description with reference to the accompanying drawings.

DESCRIPTION OF THE DRAWINGS
Fig. 1isa schematic illustration of a disk drive which employs the magnetic head of the
present invention.
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Anot her item of concern in pi ggyback/ merged MR head operation is presented
by the thinness of the read head insulation |ayers and the potential for
breakdown .presented thereby. SUMVARY OF THE | NVENTI ON According to one
aspect of the invention there is disclosed a conbined magnetoresistive (MR
read and i nductive wite head conprisin%: an MR read sensor sandw ched

bet ween first and second gap Iayers whi ¢h, in turn; are sandw ched between
first and second l.d | aye a wite coil which is sandw ched between

i nsul ati on Iayers ? ?é Fﬁsﬁﬁ?ﬁmﬂ§§Wdﬁﬁ@ﬁ@ﬁ“b@ﬂﬂﬁ@ﬁkﬂ$¥%t and second
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extending fromt pol e t ) e Wi | regi on
being | ocated in FhESFm$ﬂ¢m@l@mwsmamkln@gwﬁnﬁhmam&mhmmdoﬁmonm&hﬂmpole tip

r ﬁgi ZI;B]’S the MR r e?ﬁ. 3603 VertfdRf dr M- BR6A %@Nro?qjty%rr} ex%llo%ed If]nag plaoctlzsgin ?’l ong
the ’ obtaining a slanted back edge of a first shield layer of the first embodiment shown in Fig. 5.
Fig. 7 is a vertical cross-sectional view of a prior art piggyback MR head.

Fig. 8 is a vertical cross-sectional view of a second embodiment of the im'rention.

Fig. 9 is a vertical cross-sectional view of a third embodiment of the invention.

Fig. 10 is a vertical cross-sectional viev;r of a fouﬁh embodiment of the invention.

Fig. 11 is a vertical cross-sectional view of a fifth embodiment of the invention.

Fig. 12 is a vertical cross-sectional view éf a sixth embodiment of the invention.

Fig. 13 is a vertical cross-sectional view of a seventh embodiment of the invention.

Fig. 14 is a top plan schematic illustration of a merged MR head of the present invention
showing a unique scheme for routing leads from the MR sensor.

Fig. 15 is an isometric illustration of a front portion of a merged MR head with portions
removed to show paths taken by first and second leads (hidden lines) from an MR sensor.

' Fig. 16 is an isometric illustration of the left front portion of Fig. 15 with portions cut

away to show details thereof,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings wherein like reference numerals designate like or similar
parts throughout the several views, there is illustrated in Fig. 1 a maghetic disk drive 20. The
drive 20 includes a spindle 22 which suppbrts and rotates a magnetic disk 24. The spindle 22
is rotated by a motor 26 which is controlled by motor control 28. A magnetic head 30, which
may be a piggyback or merged MR head for recording and reading on the disk 24, is mounted
on a slider 32 which, in turn, is supported by a suspension and actuator assembly 34." The
suspension and actuator assembly 34 positions the slider 32 so that the magnetic head 30 is in
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the first and second shield | ayers being located in the pole tip region;

- 4 - at least one of the first and second shield |ayers being absent or
thinned down in the insulation stack region so as to provide a depression
in the insulation stack region; the wite coil and the insulation |ayers
being located within said depression; and the second pole piece being

di sposed on the wite coil and insul ation®l ayers. According to another
aspect of the ventlon there is disclosed a nethod of making a conbi ned

magnet or esi StTRRIUERFlafienship Hith aisuréage of the magtetiedisicdd, Whinehhdisii2hiavatsted an MR
read sensor bg &mmmwemrbyfws%}faé%@'&%&a%gﬁ;ﬂ&f@nmn@mﬂﬁ turn,

are sandw ch et we first and second shield te colrl which

i s sandwi chggmﬁ B TlightlyoefT [they wiface,¢f; the, disk.o The pagnatia heashdftiisi théned
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tnlagrS]e;Nm:;IhI y conﬁp a‘%{aeaﬂg %ﬂgb‘bﬁgﬁeﬁ“&’ndﬂgmgggg& °ssdlg‘r"£ signals for > and

writing information and processes readback and servo signals read from the disk 24.

' InFig. 2 there is shown a prior art merged MR head 30A which may be employed as the

magnetic head 30 on the slider 32 of Fig. 1. The head 30A includes an MR sensor (MR) which

is sandwiched between first and second gap layers G1 and G2 which, in turn, are sandwiched

‘between first and second shield layers S1 and S2. Lead layers, one of which is shown at L1 in

Fig. 2, are connected to the MR sensor and are also sandwiched between the first and second gap

layers G1 and GZ. The lead layers L1 and L2 are connected to terminal pads (not shown) which

. are located to the right of the broken poftion shown in Fig. 2. The pads provide external

_ electrical contact points for drive electronics 36 (see Fig. 1). The read portion of the head

~ comprises the aforementioned components. When the magnetic disk 24 of Fig. 1 is rotated

' adjacent the MR sensor, magnetic regions on the disk are detected by the MR sensor causing a

; . change in jts resistance. A sense current is conducted through the MR sensor via the leads which
results in changes in potential across the MR sensor which correspond to the changes in resistance
of the MR sensor. These potential changes are then processed as readback signals by the drive
electronics 36 shown in Fig,. 1.

‘The prior art merged MR head 30A also includes a write portion. The write portion
includes a write coil layer C (write coil) and an insulation layer-12 which are sandwic’hed between
insulation layers I1 and I3. This region is commonly called the insulation stack region. The
insulation layers I1 and I3, in turn, are sandwiched between first and second pole pieces P1 and
P2. The pole pieces P1 and P2 form pole tips PT1 and PT2 to the left of the insulation stack
region where the pole tips are separated by a thin gap layer G in the order of .2 pm thick. The
pole pieces P1 and P2 are magnetically connected to the right of the insulation sta'ck at a back
gap BG. Accordingly, when signal current flows through the write coil, flux is induced into the
first and second pole pieces P1 and P2 causing fringe flux to bridge across the gap G at the air
bearing surface (ABS). This fringe flux writes information to the rotating magnetic disk 24 in
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"head havi ng a pole tip region, an insulation stack region, and a coil
region, the pole tip region extending fromthe ABS to the insulation stack
region, the insulation stack region extending fromthe pole tip region to
t he back gap, and the coil region being |ocated in the. insulation stack
region but spaced fromthe pole tip region, the nmethod conprising the steps
of : depositing first and second shield |layers with each of the shield
| ayers bei ngrgmgq £ i [ he.l i - regqi; as to
prgvi de a depressi {’)tr?g:;vr?it e ?ﬁtgﬁﬁﬁhﬁg%%‘Pg‘gi&rg}ggggﬁR%%%%é ?%eh%\n}\h?rﬁ}‘e coi |
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cross-sectional \4 QpifitantPprobldndwitittht IS SEMedybd MIR3Had is the large size of the shield
layers S1 and S2 in the proximity of the write coil. The first and second shield layers S1 and
S2 are constructed of a ferromagnetic material, such as Sendust, Permalloy or iron nitride. When .

the write coil is energized, the first shield layer S1 acts as an inductance which generates a
counter electromotive force (CEMF) opposing the EMF of the write coil. The higher the
frequency or data rate of the coil the higher the inductance of the shield layer S1.

Another problem with the prior art merged MR head 30A is the lack of definition of the
second pole tip P2 at the ABS due to the high vertical profile of the second pole piece P2. This
is due to the height of the insulation stack (insulation layers I1, I2 and I3).. The 'result is a high
topography second pole piece P2 which results in an undesirable high aspect ratio. For high
density heads the width of the pole tip PT2 at the ABS must be very narrow, preferably 1 pm
or less. 'I'h_e ratio of the thickness of the photoresist 40, which is necessary to construct the
second pole piece P2, to the width of the pole tip P2 at the ABS sets the aspect ratio. If the
thickness of the photoresist is 10 um and the width of the second pole tip PT2 is 1 yum the aspe'ct
ratio is 10. The thickness of a prior art photoresist layer required to con_'struct the second pole

. piece P2 and pole tip at the ABS is typically 10 um or greater. When the photoresist is spun on _
it will assume a configuration shown at the phantom line 40 in Fig. 2. When the photoresist
layer is masked and subjected to light, the light produces poor definition of the pole tip PT2 at
the ABS because of the thickness of the photoresist. This results in a poorly defined pole tip PT2
which has irregular side walls which should be substantially vertical and precisely dimensioned
to have good definition.

Various prior art techniques have been employed to achieve a well-defined second pole
tip PT2 with a low aspect ratio. Two such techniques are shown in Figs. 3A, 3B, 4A and 4B.
In Figs. 3A and 3B, a first portion 42 of the second pole piece P2 is formed at the ABS with a
low planar profile. This provides a thin, substantially planar photoresist layer, on the order of
4 pm. Following photoresist deposition, ion beam milling or reactive ion etching is employed



Figs. 3A and 3B are ABS and vertical cross-sectional views respectively of
a nerged MR head showing a prior schenme for obtaining a well defined second
pole tip. Figs. 4A and 4B are ABS and vertical cross-sectional views
respectively of a nerged MR head showi ng anot her prior schene for obtaining
a well defined second pole tip. Fig. 5 isga vertical cross-sectional view
of a first enbodinent of the invention. Fig. 6 is a vertical
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pi ggyback VRIEHR . Fig. 8 is a vertical cross-sectional view of a second
cross-sectional view of a
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e slider shown in Fig. 1. The
hf.ad 30B has a pole tip region, an insulation stack fegion and a coil region, the pole tip region
extending ﬁ_'qm the ABS to the insulation stack region, the insulation stack region ext;:nding from
the pole tip region to the back gap'(see Fig. 2).a'nd the coil region located in the insulation stack
region but spaced from the pole tip region. In the 30B embodiment, the first and second shield
layers S1 and S2 are located in the pole tip region for the protection of the MR sensor. A
significant difference between the 30B embodiment of the present invention, and the 30A
embodiment of the prior art, shown in Fig. 2, is that in the 30B embodiment thé first shield S1
terminates between the pole tip region and the coil region along a slope 50. This provides a
.slmken' or depressed area 51 for subsequent thin film layers of the hea.d which makeup the
insulation stack. The sgcond gap layer G2 extends along the slope 50 of the first shield S1,
thence perpendicular to the ABS toward a back region of the head. It should be noted that leads
are not shown following the same path, as shown in the prior art head in Fig. 2. The leads for
the head 30B may take a different path which will be described in more detail bereinafter.
The layer S2/P1, write gap, insulation layer I1, write coil, insulation layers I2 and 13, and
fhe second pole piece P2 are all recessed by the depression provided by the first shield layer S1
in the insulation stack region lowering the height of the second pole piece above the write gap
plane so as to enhance phnadzaﬁon of the second pole tip PT2. This significantly reduces the
. aspect ratio of the resist during fabrication of the pole tip PT2, enabling coﬁstruction of the pole
tip at the ABS with a thin layer of resist, in the order of 4 pm as seen by the thickness of the



i:ig. 16 is an isonetric illustration of the left front portion of Fig. 15
W th portions cut away to show details thereof. DESCRI PTION OF THE
PREFERRED EMBCODI MENTS Referring now to the draw ngs wherein |ike reference
nuneral s designate |ike or sisfilar parts throughout the several views,
there is illustrated in Fig. 1 a magnetic disk drive 20. The drive 20
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: MR head. The slope 50 of the first shield SI' may be constructed by a resist layer with a
negative slope 52, as shown in Fig. 6. Permalloy may then be plated adjacent the negative slope,
after wﬁich the resist is removed to produce the slope 50 of the first shield S1, as shown in Fig.
5.
Fig. 7 is an illustration of a prior art piggyback head 30C which is the same as the merged
MR head shown in Fig. 2, except the second shield layer S2 and the first pole piece P1 are
separate layers which are separated by a spacer 60. The advantage of the piggyback head over
the merged MR head is that the first and second shield layers S1 and S2 may be less affected by
domain wall reorientation after high EMF write operations, tixereby promoting a constant bias
poinf for the MR sensor. The embodiment 30C; however, _hhs tfhe same disadvantages as the prior
art embodiment, shown in Fig. 2, namely: (1) large shield layers S1 and S2 in the proximity of
the write coil causing a high inductance during high data rates, and (2) a high vertical profile
of the second pole piece P2. ' ‘
' In Fig. 8 another embodiment 30D of the present invention is shown, which i$ an
improved piggyback head. In this embodiment both of the first and second shield layers S1 and
S2 terminate at 70 and 72 respectively between the pole tip region and the coil region with gap
layers G1 and G2 sloping down the back portion 70 of the first shield layer and extending toward
a back portion of the head. A large spacer layer 74 may be provided between the gap layers G1
and G2 and the first pole piece P1. The topography of the ﬁrst pole piece P1, the first insulation |
layer I1, the second insulation layer I2 and the write coil, the third insulation layer I3 and the
second pole piece P2 is reduced by the depression caused by the termination of the first and
second shield layers S1 and S2; the insulation stack is thereby "sunken”. The 30D embodiment

has an advantage over the 30B embodiment, shown in Fig. 5, in that the embodiment 30D does



as reading data and servo information therefrom Drive electronics 36
provides drive signals for witing informati on and processes readback and
servo signals read fromthe disk 24. In Fig. 2 there is shown a prior art
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bet ween tip region. The thicknesses 80 and 82 in the depression provide additional protection for the MR

sensor from the EM fields of the write coil and other external sources such the actuator motor

and other electronics. The disadvantage is that these layers 80.and 82 are inductively coupled
to the write coil. However, they are remote with respect to the write coil due to the separation
caused by the P1 layer and the spacer layer 84. Accordingly, the piggyback head allows thinner
S1 and S2 layers 80 and 82 without significant impact on the write operation of the write coil.

Fig. 10 is an emboc'h'ment 30F of the present invention which is similar to the 30E
embodiment except the second shield layer S2 is terminated at 90 and the.ﬁrst shield layer S1
hgs a re.duced thickness portion 92 extending perpendicular to the ABS in.the sunken insulation
stack region. Between the reduced thickness portion 92 and a spacer layer 94 are lead layers, one
of which is shown at 96, which are sandwiched between first and se;:ond gap layers G1 and G2
and which extend perpendicular to the ABS in the insulation stack region. The embodiment 30F
has an advantage over the 30E embodiment in that less ferromagnetic material is inductively
coupled to the write coil.

An embodiment 30G of the present invention, shown in Fig. 11, is a merged MR head
wherein the secpnd shield S2 and the first pole piece P1 are a common layer. In this
embodiment the first shield S1 has a reduced thickness portion 100 which extends perpendicular
to the ABS in the insulation stack region and the layer S2/P1 is a full thickness layer from the
ABS to a back region of the head. Since the first shield layer S1, in the proximity of the write
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i'nsulation layers |1 and 13. This region is comonly called the insulation
stack region. The insulation layers I1 and 13, in turn, are sandw ched
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stray EM fields. Leads for the MR sensor do not extend back into the head with the gap layers
G1/G2 and will be described in more detail hereinafter. .
Another embodimerit 301 of the present invention is illustrated in Fig. 13 in the form of
a merged MR head. In this embodiment a full length layer of the shield S1 is carried through
the pole tip region to the insulation stack region. The common layer S2/P1 is provided with a
pronounced height in the pole tip region but i significantly thinned down at 120 in the insulation
stack region, the thickness 120 in the insulation stack region being about 1/8 of the thickness of
the S2/P1 layer in the pole tip re:gion. This provides additional height for recessing the insulation
layers 11, I2 and I3 and the write coil within the head structure so that the second pole tip P2 can
be more planarized. In this em'bodiment the lead layers, one of which is shown at 122, extends
_ perpendicular to the ABS with the gap layers G1 and G2 in the insulation stack region.
Fig. 14, 15 and 16 show an embodiment 30J of the present invenﬁor'l which provides leads
L1 and 1.2 for the embodiments 30B, 30D and 30H of the present invention shown in Figs. 5,
8 and 12. In Fig. 14 the write coil C is shown about the back gap BG. In the embodiment 30J,
first and second gap prefill layers GI1P and GZP are employed, the first gap prefill layer G1P

being on top of the ﬁrst.gap layer G1 and the second gap prefill layer G2P being on top of the
second gap layer G2. All of the gap layers extend transverse to the head (parallel to the ABS)
from the MR sensor, the gap layers G1 and G2 covering the bottom and top of the MR to
establish a narrow read gap between the shields S1 and S2. The gap layers G1P and G2P
terminate at the 124 and 126 shortly beyond the MR sensor (about 1 xm) as shown in Fig. 16.
The leads L1 and L2, which may be contiguously connected to the MR sensor, are sandwiched
- between the gap layers G1P and G2 and extend with the gap layers on top of the first shield layer
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g2p, the read/write MR head having a pole tip region, an insulation stack region, and a coil
region, the pole tip region extending from the ABS to the insulation stack region, the msulauon
stack reglon extending from the pole tip region to the back gap, and the coil region bemg located

in the insulation stack region but spaced ﬁ'Om the pole tip region, the read/write MR head
comprising:

the first and second shield layers being located in the pole tip region;

at least one of the first and second shield layers being absent or thinned down in the
insulation stack region so as to provide a depression in the insulation stack region;

the write coil and the insulaﬁog layers being located within said depression; and

the second pole piece being disposed on the write coil and insulation layers.

2. A drive mcludmg the read/write MR head of claim 1, the dnve including:
means for moving a magnetic storage device:
means for supporting the read/write MR head adjacent a magnetic storage device; and

means connected to the read/write MR head for providing signals to and receiving signals
from the read/write MR head.

3. An read/write MR head as claimed in claim 1 including:
first and second lead layers sandwiched between the first and second gap layers and
connected to first and second opposite ends respectively of the MR sensor;

first and second conductors located transverse the MR sensor beyond the second shield
layer; and
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costly and difficult to performconsistently on a producti on pES %Ei‘f AS BEEN
Illustrates a nmerged MR head, formng a first enbodi nent 30BLof__t Iﬁ EBnt

i nvention, which may be enployed as a magnetic head 30 on the slider shown
in Fig. 1. The head 30B has a pole tip re ion, an insulation stack region
and a coil region, the pole tip region extending fromthe ABS to the

I nsul ation stack region, the insulation stack region extending fromthe
pole tip region the firshendoeerind dead layere extéiidipg prplled taithe ABSclaem theddR senseramdt ed i n
t he insul ati L | : s b ' I he 30B
enbodi nent , ctg %‘eeaf?f’?tlg%gﬂ gé%gé\dd&g |e%drTE E’g‘%]éérlg %ﬁa"’g ggth g?%b%agtlggii n the
pole tip region for the protection of the MR sensor. A significant

di fference betwegnahhad3RR MM JRRImealin Lig: Piem&ag: | nvention, and the 30A
enbodi ment of the prior art, shown in Fig. 2, is that in the 30B enbodi nent
the first shiel dﬁ@ganfié?"ﬁ?%ﬁ’@?ﬁyé‘f%én the pole tip region and the coil

regi on along a Sifh_@lﬁeonl'a%ap lIJjH'rS?ﬁﬁbﬁuﬁ&&%&uﬁdéﬁlﬁeﬂ:sﬂindd&i&ﬁ@@@@fbﬁfiﬂ@ars,‘éﬁdf or )
subsequent thi il.mlayers.o e head, whi.ch nmake the i ation,stack.
The second g%%%v&#w@?@mésw&&g‘gwﬁﬂmgn g’ﬁlﬁ%ft gtaﬁ@r‘%ﬁﬁ?fer Mg‘f’d S1,
t hence per peedid pdpdsyet;0 t he ABS toward a back region of the head. It should
be noted that |eads are not own.foll.ow.ng t he sane t Ln the
prior art head iﬁeﬁc&dgﬂ’p‘rﬁgg" aa%fg %l?g?ﬁgf%ceo-gncf gtﬁg %s%n&%écoé@?l ftlérent
pat h whi ch whd firsttaad et dobdidtorspamior e det ai-l herei nafter. The |ayer S2/Pl,
wite gap, insulaji | & en G0l ' | Sid 2 | 3,
and the second p%.% E‘gg?déi%%dz&é‘r’%“% % rec%é gﬁgkﬁg&gg&%%?o%%ﬁr%%(ded by
the first slintekhd heagiodirgglions transverse to the ABS and having terminal ends which are connected
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to first and second pads.

5. An read/write MR head as claimed in claim 1 wherein:

the first shield layer and first pole piece are separate layers.

6. An read/write MR head as claimed in claim 1 wherein: !
the first shield layer and the first pole piece are a common layer. -

7. An read/write MR head as claimed in claim 1 wherein: |
one of the first and second shield layers terminates at a back wall which is located
between the pole tip region and the coil region.

8. An read/write MR head as claimed in claim 7 wherein:
said one of the first and second shield layers is said first shield layer.

9. An read/write MR head as claimed in claim 8 including:
first and second lead layers sandwiched between the first and second gap layers and
connected to first and second opposite ends respectively of the MR sensor;
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in the insulation stack region | owering the height of the sec&an" ElFlf@eBEEN

above the wite gap plane so as to enhance pl anari zation of t

tip PT2.  This significantly reduces the aspect ratio of the resist durlng
fabrication of the pole tip PT2, enabling construction of the pole tip at
the ABS with a thin layer of resist, in thg order of 4 [ERR] as seen by the
t hi ckness of the =~ 9 resist |ayer 40 at the ABS in Fig. 5. A thinner

resist layer pernfissad socvhd QMM uﬂ?l | sl construc
good defi n|t|on ag(Per eby enhancﬁ ng t It gﬁ’s%g bé’é gg}f égf“ﬂwt her

5|gn|f|cance I mnation of a Iarge portion of the first shield Iayer

SI, which reducesthemsthmﬂdéednh@éadll eRBHARNS Saral1d1 G0 BRNERT &, fagk RE i '
coil. The por.j : %}g{sd | ayer S1 re%| nin &Psgrwéﬁnos?nmfap m t he

h first s
wite coil so [%ngafuotfmé T} 9 S$PRAy,PEfRCtPrSIERrRiNelk thapugh vis i tbe sedondigap laykr. t he
wite coil, its EVMF is not S|gn|f|cantly opposed by the CEM- of the first

shield S1. Accordf[ AN Y; I,h 3&) ne r.ovides_a significant
i nprovenent over he‘l%rl or ﬁ?fi gﬂﬁﬁgﬁ’e‘g g Sppeludingsne 50 of the first
shield S1 may be %@rﬂsdlsmdegtplpwﬁﬂla}es; st Iayer with a negative sl ope 52, as
shown in Fig. 6. tﬁ’@!e@@xhk@’l 5@:{3 ed ag}s's nt the ne ative slope
after which the resist i ?’;(}Prr?)ev 0 pro cgnihﬁ aBPr"'g'ﬁbyﬁa
shield S 1, the first R sgcnd-lead layers being sandwiched between the ﬁrst gap prefill layer and the
second gap layer; .
the second gap prefill l_ayer also having vias for connecting the first and second leads to
the first and second conductors; and
the first and second conductors extending beyond the first and second shield layers back .

into the head in directions transverse to the ABS and having terminal ends which are connected
to first and second pads. '

11. An readfwrite MR head as claimed in claim 10 wherein: .

the second shield layer includes a first portién in the pole tip region, a second portion .
in the insulation stack region and a sloping portion interconnecting the first and second portions,
the sloping portion having a sloping front wall facing the back wall of the first shield layer and
a sloping back wall forming a front wall of said depression.

12. An read{write MR head as claimed in claim 11 wherein:

the ﬁrst, second and sloping portions of the second shield are substantially the same
thickness; and

the second shield layer and the first pole piece form a single layer.

13. An read/write MR head as claimed in claim 11 wherein:

the second portion of the second shield layer is thinner than the first portion of the second
slueld layer. )
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"5. Fig. 7is anillustration of a prior art piggyback head 3 CTW%*F‘EETSH'%@EEN
same as the nerged MR head shown in Fig. 2, except the second_shi eREPIAGEP

S2 and the first pole piece Pl are separate |ayers which are Separated by a
spacer 60. The advantage of the piggyback head over the nerged MR head is
that the first and second shield layers S1 and S2 nmay be | ess affected by
domain wall reorientation after high EMgwite operations, thereby
pronoting a constant bias point for the MR sensor. The enbodi nent 30C,
however, has the rreﬁggll sadvant ages as the prior art enbodi nent, shown in
Fig. 2, namely: ?1‘?” m@ﬂR@?aﬂafﬁ?@F%mSMﬁd’hszmlthFﬁrﬁéhlplﬂd%’lemclydesf t he
wite c0|I cdopddgrigclawili, gthﬂienﬁu ace during high data rates, and (2) a high
vertical profil f the oI e e P2. In Fig. 8 another enbodi nent
30D of the pres&nt 4% ﬂ‘ﬂe "s‘ﬁ'o‘ﬂn%’ soppriaad extending doyreide plpriegbadlek head.
I n this enbwai ofiet firstohielddéyet. he first and second shield layers S11 and S2
termnate at 70 and 72 respectively between the pole tip region and the
coil region with gap layers Gl and & sl oping down the back portion 70 of
the first shiel #. Iéyeqad/HﬁuMRﬂmdctbnlgimwmcidmamm&ewortion of the head. A

| ar ge spacer | aggr e en the ers and & and
the first pole %lgg?ééd g ger%g%%s?aagﬁep% fpc’}egtpprﬁ%? 3 5FPBL PEYOD ¢ he
first insulvhishd ﬁ1°Faé§¢e¥thP1nsﬂaﬁve5§dmmehandstalopmgmm¢xaymhmtarcamdctsineﬁw| te
Do e dopid EordVaiiofd, bRk tig boidl il SGRAMPOMELRLE RS e i T oduCe

by the deprea? n_caused erm nati on
1 of the first shield Iayer and a sloping back wall which forms a front wall of said depression.

16. An read/write MR head as claimed in claim 15 wherein;
the first, second and sloping portions of the second shield are of substantially the same
thickness; and '

the second shield layer and the first pole piece form a common layer.

17. An read/write MR head as claimed in claim 15 where!in:

the second pertion of the second shield lé.yer being thinner than the first portion o!f the
second shield layer. .

18. An read/write MR head as claimed in claim 7 wherein:
said one of the first and second shield layers is said second shield layer.

19. An read/write MR head as claimed in claim 18 wherein:

the first shield layer being substantlally the same thickness in both the pole tip and
insulation stack regions.

20. An read/write MR head as claimed in claim 7 wherein:

both of the first and second shield layers terminate between the pole tip region and the
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second shield layers S1 and S2; the insulation stack is thergbyHISsSmkeEN ag BEEN
The 30D enbodi nent has an advantage over the 30B enbodi ment, |[shownRERLEEED |
5, in that the enbodi nent 30D does 10 not enpl oy a comon Tay '
second shield layer S2 and the first pole piece Pl1. Accordingly, high

magni tude EM fields occurring during wite operations of the pole pieces Pl
and P2 have | ess effect on the domain strddtures of the shield layers Si1

and S2 and t bsilation ethelt regishi p to the MR sensor. It shoul d be noted that the

| ead | ayers for the 30D enbodi nent do not extend with the gap layers Gl and
&. The lead layers for this enbodinment will be described in nore detail
hereinafter. Fi g21-9AshedsriaMRERAGE BBRed 305.; fzot.hqur(_asent i nvention which
is simlar to thﬁrs?%%&&ﬂg% 310D,- except re uced t i &ness portions 80 and
82 of the first and second fiert sudpished Bitween dheSfirse xtdeseont iap Ugrst 18

sunken i nsul Gereg Ot fretiand srgondroppsite By RsieRivelybr 1 MR (2 JERIESSi on which s
caused by their Sdanaegy gm{l 'n(r:s‘l?nege es. The't ic_knes%‘?{t) 1 ons 80 and 82
can be abouhayor_le-fourth the thi CKNESS T3Psversrothe MRstenson teyood e decohd glidlg | ayers -
S1 and S2 i e pole tip region. The thicknesses 80 and 82 in the
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connected to the first and second conductors respectively through vias in the second gap layer.

=-Q

22. An read/write MR head as claimed in claim 21 including:
first and second gap prefill layers;
B the second gap layer being sandwiched between the first and second gap prefill layers
with the exceptloq of an MR region, and the first and second lead layers béing sandwiched
petween the first gap prefill layer and the second. gap layer;

the second gap prefill layer also having vias for connecting the first and second leads to
the first and second conductors; and

the first and second cox_lductors extending beyond the first
into thg lead in directions transverse to the ABS ‘and havin
to first and second pads.

and second shield layers back
g terminal ends which are connec-t—ed

23. An read/write MR head as claimed in claim 1 wherein:

at least one of sa1d first and second shield layers includes a first portion which is located

In the pole tip region and a second portion which is located in the insulation stack region; and
the second portion is thinner than the first portion so as to ,

. ‘ provide said depression i
insulation stack region. . B e

24. An read/write MR head as claimed in claim 23 wherein:
the first shield layer is thinner in the insulation stack region than in the pole tip région.

This Sheet Has Been Replaced
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"sensor fromthe EMfields of the wite coil and ot her exter-ﬂuaﬁmg%‘gﬁﬁ%%%'\l
al —t '

the actuator notor and other electronics. The di sadvant age ilc t.h

| ayers 80 and 82 are inductively coupled to the wite coil. However, they
are renote with respect to the wite coil due to the separation caused by
the Pl | ayer and the spacer layer 84. Accasdi ngly, the piggyback head
allows thinner S1 and S2 |ayers 80 and 82 w thout significant inpact on the
write operation 23f AneadMrité MRCIRAd as dHiffed ih @lains 2Wherdii €hd ifine liield Blyerdavind €
present inveniion ich iLs,.si.mlar to the 30E enbodi nent except the second
shi el d Iayeré?ngga\lggéPﬂiﬁ&F"édn%mﬁo and the first shield layer S1 has a
reduced t hi cknedistppod secard 1€8s eonherteditothe MR @esod i dxgendipp ddvnethABPingbatih e
sunken i nsul ati t [on.. Between the reduced thickness portion 92
and a spaceﬂgﬁé?%ﬁsi%?ﬁe%%réd | ayers, one of which is shown at 96, which
are sandw ched between first and second gap |layers GL and & and which

extend per pendi %!'%k&/mm%élgtﬁxﬁ&%éﬂiﬁtﬁ%mw region. The
e

enbodi nent 30F has an advantage over e 30E enbodi nent jn that |ess
ferronmagneti ¢ nethesepend shield jayeristhinper|is the ingyation steek regien trg ip gheggle|tip rogipn.
enbodi nent 30G of the present invention, shown in Fig. 11, is a nerged MR
head wherein the second _shield S2 and the first pole piece Pl are a common
layer. In this fod et fR head 83 °I§HF%PcFla§fzﬁaY§‘e§mr' educed thi ckness
portion 100 whi ahe @séRnESIdNSePMAdhefirsigold sleck Hm ABSnintontldyer. i nsul ati on st ack
region and the layer S2/P |1 is a full thickness |ayer fromthe ABS to a
back region of the head. Since the first shield layer S1, in the proximty
of the wite 28. An read/write MR head as claimed in claim 1 wherein:

each of said first and second shield layers includes a first portion located in the pole tip

region and a second portion located in the insulation stack region; and
the second portion of at least one of the first and second shield layers is thinner than the
first portion. '

29. An readfwrite MR head as claimed in claim 28 wherein: |
the second portion of the first shield layer is thinner than the ﬁr§t portion of the first
shield layer. ‘

30. An read/write MR head as claimed in claim 29 wherein:
the first and second portions of the second shield layer have substantially the same
thickness; and

the second shield layer and the first pole piece form a common layer.

31. An read/write MR head as claimed in claim 28 wherein:
the second portion of the second shield layer is thinner than the first portion of the second
shield layer. . ' )

-
heet Has Been Replaced
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‘coil, is reduced in thickness there is |ess inductive resigtaHSSHEET HAS BEEN
operation of the wite coil. This enbodi nent enpl oys | eads,| one BEPHAPER i s
shown at 102, which are sandw ched between gap | ayers Gl and GZ and whi ch
extend perpendicular to the ABS in the insulation stack region. 1Tn Fig. 12
there is shown a further enbodi nrent 30H the present invention which is a
nmerged MR head. In this enbodi nent ‘the fiTst shield | ayer S1 term nates at

110 while the copgm, L.gkness portion 112 which
ext ends perpendlcular % @ﬁ§ﬁggéga9ﬁ?ﬁ%§|n F@n%stack region. This
enbodi ment wil | thtaspeonépblsglsOfﬁlddi:stamdese@ﬁdmdlaycrsmthmnexttbamm ﬂirsttphanftmi he 30D
enbodi nment LonR ection for the MR sensor from

of UEE b felop Ll i RS

stray EMfie “do not extend -back into the head
with the gap layers GI/& and will be described in nore detail herelnafter

Anot her embodi mexs! A3Qkadftrid DR MRS Qltkmdd Y B B ik &Lﬁ&tgﬂﬁﬁyﬁﬁaﬁger

in the formof a nerged MR head. In this enbodinent a full |engt
the shield Sfbwggéﬁ*ﬁvgdﬁﬂh¥ﬁﬁbﬂm$he pole tip region to the insulation

stack region. Tiistead¥Eedhdaleioneedi the MR! ek edehdingddoivh g $adkS! ght
in the poleg?%gﬁ&egﬂ¥gﬁmygwés stgnificantly thinned down at 120 in the

I nsul ation t hi ckness 120 in the |nsulat|on stack region
bei ng about 1/8 of the thickness of

34. A method of making a read/write MR (magnetoremstlve) head, the read/write MR
head havmg an MR read sensor sandwiched between first and second gap layers which, in turn,

“are sandwiched between first and second shield layers, a write coil which is sandwiched between
insulation layers which are, in tuin, sandwiched between first and second pole pieces, the pole
pieces terminating at pole tips which are separated by a gap layer at an air bearing surface (ABS)
and magnetically connected at a back gap, the read/write MR head having a pole tip region, an
insulation stack region, and a coil region, the pole tip region extending from the ABS to the
insulation stack region, the insulation stack region extending from the pole tip region to the back
gap, and the coil region being located in the insulation stack region but spaced from the pole txp
region, the method compnsmg the steps of:

depositing first and second shield layers w1th each of the shield layers bemg absent or
;hinned down in the insulation stack region so as to prov1de a depression in the insulation stack
region; o

forming the write coil and the insulation la}"ers within said depression; and

forming the second pole piece on the write coil and the insulation layers.

35. A method as claimed in claim 34 including the steps of:

forming first and second lead layers between the first and second gap layers and parallel
to the ABS and connecting the first and second lead layers to first and second opposite ends
respectively of the MR sensor; ) )

forming first and second conductors transverse the MR sensor beyond the second shield

/——
Has Been Reﬁa-ﬁd
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"the S2/P 1 layer in the pole tip region. This provides additional height
for recessing the insulation layers 11, 12 and 13 and the wite coil within
the head structure so that the second pole tip P2 can be nore pl anari zed.
In this enbodinent the |lead |ayers, one of which is shown at 122, extends
perpendicular to the ABS with the gap layers GlL and & in the insulation
stack region. Fig. 14, 15 and 16 show apgenbodi nent 30J of the present

i nvention whichgprovides leads LI and L2 for the enbodi ments 30B, 30D and
30H of the present jnvention shown in Figs. 5 8 and 12. In Fig. 14 the
wite coil C i $OBAiRG theHist and seeond leadlaysnyto BE first and saeoné ndndutitorerespedialy fir st

and secondthgﬁg,ﬁgseﬁlitﬁgsegﬁu%psh@? and QP are enpl oyed, the first gap
prefill layer GLP being on top of the first gap layer GL and the second gap

prefill layer GP being on top of the second gap |ayer Q. Al of the gap
layers extend B6.ansnelicdGs clineden AQABS(iRMRe! B st oi:ne ABS) from the MR

sensor, the gap la and G2 c ring.the bottomand top of the MRto
establish a na?%#ﬁ{é%d%%"‘%@%@ﬁﬂ PErs g]lﬂlg}?(fgcoglgmesgqmgmgdvggmm ayer s
GLP and GZiRtween thenfistoardt setdndl ghp refill laykri§ a0k tirgt d3€ \6e0ak 1B 1dyRs Hofdg OF
(about 1 [ . Ln Fig. . _The leads L1 and L2, which may be
cont i guousi y c%%lﬁ%eci e%weo p%ﬁﬁégﬁ% 8 &8 BRAP¥Fred bet ween the gap
| ayers GLP andfoBaing it second gap prefilhlaydn avittyavias farycemmcting thefiistahd kdeendfleddst shi el d
I ayer " to the first and second conductors; and
forming the first and second conductors beyond the first and second shield layers back
_into the head in directions transverse to the ABS and providing the first and second conductors
with terminal ends which are connected to first and second pads.

37. A method as claimed in claim 34 including the step of:
forming the _second shield layer and the first pole piece as separate layers.

38. A method as claimed in claim 34 including the step of:
.- B !
forming the second shield layer and the first pole piece as a common layer.

39. A method as claimed in claim 34 including the step of:
terminating one of the first and second shield layers at a back wall which is loca;ced
between the pole tip region and the coil region.

40. A method as claimed in claim 39 including the step of:
terminating the first shield layer at said back wall.

41. A method as claimed in claim 40 including the steps of:
forming first and second lead layers between the first and second gap layers and patallel
to the ABS and connecting the first and second lead layers to first and second opposite ends

[
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"{2 S1 transverse to the head beyond the limits of the S2/P1 |ayer. The gap
|l ayers & and &P have vias 130 and 132 through which the leads L1 and L2
are connected to conductors Cl and C2 respectively. The conductors Cl and
C2 extend back into the head free of shield | ayers and are connected to
pads 134 and 136 which, in turn, can be connected to drive electronics 36,
shown in Fig. 1. It should be noted thatlthe leads L1 and L2 are protected

al ong subst g&1%¥ f&h fuII | engt hs fromshorting to the shield |ayers
S1 and S2 by e gap Fs. Accordingly, the gap |ayers Gl and & can
be thin for gooﬂ:rmzaadrstas!cslemdwndudﬁrk farisieese geOMR 3p1BR61Sbefdnkd the Wdednd Bhielas ur e

t hat potent#ﬁi yn holes in the gap layers Gl and & do not short the |eads
to either ’he shield |ayers S1-and S2. Cbviously many nodification and
vari ations of t ¢trangcHngthe firstand sesonsidendildylers to the Firstjind sedond tvedwivesresptaizetipi Ngs

and are totggﬁ%qmﬁgﬁgﬁqugaj%mq%kpln the scope of the follow ng clains.
REPLACEMENT S

42. A method as claimed in claim 41 including the steps of:

forming first and second gap prefill layers with the second gap layer being sandwiched
between the first and second gap prefill layers, and the first and second lead layers being
sandwiched between the first gap prefill layer and the second gap layer;

forming the second gap prefill layer with vias for connecting the first and second leads
to the first and second conductors; and

forming the first and second conductors beyond the first and second shield layers back
into the head in directions transverse to the ABS and providing the first and second conductors
with terminal ends which are connected to ﬁrst.and second pads.

43. A method as claimed in claim 42 including the steps of:
forming the second shield layer with a first portion in the pole tip reg;on, a second portion

in the insulation stack region and a sloping pomon interconnecting the ﬁrst and second portxons
the sloping portion having a sloping front wall facing the back wall of Ihe first shield layer and
a sloping back wall which forms a front wall of said depression. -

44. A method as claimed in claim 43 including the steps of:
forming the first, second and sloping portions of the second shield with substantially the
same thickness; and

forming the second shield layer and the first pole piece as a single layer.

45. A method as claimed in claim 43 including the step of:
forming the second portion of the second shield layer thinner than the first portion of the
second shield layer. :

L
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-13 - dains: 1. A conbi ned magnet oresistive (MR) read and i nductive .
write head conprising: an MR read sensor sandw ched between first and
second gap |l ayers which, in turn, are sandw ched between first and second
shield layers; a wite coil which is sandwi ched between insul ation | ayers
which are, in turn, sandw ched between first and second pol e pieces, the
pol e pieces termnating at pole tips which are separated by a gap | ayer at
an air bearing surface (ABS) and magné®ically connected at a back gap; the
read/ wite MR head having a pole tip region, an insulation stack region,
and a coil regi#h, A fehddods@latohed i S1GIROAD B hOgteds'o@m t he ABS to the

I nsul ation stack r.egio0 té% L nsul gtign_stack regi on extending fromthe
ole tip regi onéf%mghhé:%ﬁsé a&kﬁ?@ﬁ’&ﬁ?@%@%gﬁ%n being located in the
p | 3 . !

i nsul ati on st actonnestugofirstant] sepmbleatisfts € NI Genot|28d kiktbhdin® Thelfikst inh%eJXB%r ead
sensor definj .eglan i Jé'e as a}#en th along the ABS; the Tirst
1&H§' ,,ggg%gk : T
and second s |%1vglr}?éz\§oed; el ‘r’%ﬂ]?t(c) a § IP’H’g pole tip region; at |east one

of the first and second shield | ayers being absent or thinned domn -
47. A method as claimed in claim 46 including the step of:
forming the second shield layer with a first portion in the pole tip region, a second portion
in the insulation stack region and a sloping portion interconnecting the first and second portions,
the sloping portion having a sloping front wall facing the back wall of the first shield layer and
a sloping back wall which forms a front wall of said depfession.

48. A method as claimed in claim 47 including the steps of:

forning the first, second and sloping portions of the second shield with substantially the
same thickness; and

forming the second shield layer and the first pole piece as a single layer.

49. A method gs claimed in claim 47 including the step of:

forming the second portion of the second-shield layer thinner than the first portion of the
second shield layer. : . ' .

50. A method as claimed in claim 39 including the step of:
terminating the second shield layer at said back wall.

51. A method as claimed in claim 50 including the step of:

forming the first shield layer with substantially the same thickness in both the pole tip and
insulation stack regions. :

52: A method as claimed in claim 39 including the step of:
terminating both of the first and second shield layers between the pole tip region and the

T
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in the insulation stack region so as to provide a depression in the

i nsul ation stack region; the wite coil and the insulation |ayers being

| ocated within said depression; and the second pol e piece being di sposed on
the wite coil and insulation |ayers. 2. A drive including the head of
claim1l1, the drive including: neans for noving a nmagnetic storage device;
means for. supporting the read/wite MR hgad adj acent a nagnetic storage
devi ce; and neans connected to the read/ wite MR head for providing signals

t o and recei mulstjors stgikaegion r om t he read/ wite MR head. 3. A head as
claimed in claim1 including: first and second | ead | ayers sandw ched

between the first and second gap l-ayers and connected to first and second.
opposite ends reSpeAtnedot us a&nfehe:mnssamgfméﬁ?saﬂd second conductors

| ocat ed transver ens t he s shield | ayer; and

?o?mﬂn@ ean? F ¥ and second gap laye¥s and parallel
to the ABS and connecting the first and second lead layers to first and second opposite ends
respectively of the MR ‘sensor;

forming first and second conductors transverse the MR sensor beyond the second shield
layer; and '

connecting the first and second lead layers to the first and second conductors respectively
through vias in the second gap layer

54. A method as claimed in claim 50 including the steps of:

forming first and second gap prefill layers; with the second gap layer being sandwiched
between the first and second gap prefill layers, and the first and second lead layers being
sandwiched between the first gap prefill layer and the second gap layer;

forming the second gap prefill layer with vias for connecting the first and second leads
to the first and second conductors; and ! )

forming the fizst and sécond conductcrs 'beyond the first and second shield layers back
into the head in directions transverse to the ABS and providing the first and second conductors
with terminal ends which are connected to first and second pads.

55. A method as claimed in claim 34 including the steps of:

forming at least one of said first and second shield layers with a first portion which is
located in the pole tip region and a second portion which is located in the insulation stack region;
and '

forming the second portion thinner than the first portion so as to provfde said depression
in the insulation stack region. '

56. A method as claimed in claim 55 including the step of:

(o
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- 14- the first and second | ead | ayers extending parallel to the ABS from
the MR sensor and connected to the first and second conductors respectively
through vias in the second gap |ayer. 4. A head as clainmed in claim3
including: first and second gap prefill layers; the first gap prefill |ayer
bei ng sandwi ched between the first gap |ayer on one side and the first and
second | ead | ayers on an opposite side, the first and second | ead | ayers
bei ng sandwi cheddbet ween the first gap prefill layer and the second gap

| ayer, the secondomung thasist sHied Diger SRREL; q,,gpl%gme n the fjrst and second

| ead | ayers gpgjpne side and the&gecondwggt%gpre |‘1nlsgf‘lé§7’§}°“d??“dﬂ theonodestin e
side, and the first gap layer, the first gap prefill layer, the first and
second | ead | ayers, 'the second gap |ayer and the second gap prefill |ayer
bei ng sandw chedsfpet e first and_second shield |ayers with the
exception that the f%gﬂtﬂocg%cfh%né%dg‘ﬁﬁ%ﬁﬁgwmgFhelsﬁmfs are not sandwi ched
between the firstoHa BedEs shicldtivet with aylepisy badk $all:had/R T €9i On; the second

gap prefill | ayetonade BV indQedh) @gmﬁs [ C ecting the first and second
l'eads to thefipst @n seconge cgn uc;}%}%e%gﬁa"m and extending the first and second
OWn te sloping back wall of the first shield layer.

58. A method as claimed in claim 55 including the step of:

forming the second shield layer thinner in the insulation stack region than in the pole &
Tegion. T

59. A method as claimed in claim 58 including the step of:

forming the second shield layer and the first pole piece as a common layer

60. A method as claimed in clajm 34 including the steps of:
. -formmg each of said first and second shield layers with a first portion located in the pole
itip region and a second portion located in the insulation stack region; and

forming the second portion of at least one of the first and sec

. ond shi i
e _eld layers thinner than

61. A method as claimed in claim 60 including the step of:

forming the second portion of the first shield layer thinner

than th i -
shield layer. e first portion of the first

62. A method as claimed in claim 61 including the steps of:

forming the first and second portions of the second shield 1

a . .
e i yer with substantially the

forming the second shield layer and the first pole piece as a common layer

A
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the!first and second conductors extendi ng beyond the first and second
shield layers back into the head in directions transverse to the ABS and

havi ng term nal ends which are connected to first and second pads. 5. A
head as clainmed in claim1 wherein: the first shield layer and first pole
pi ece are separate | ayers. 6. A head as clainmed in claim1l wherein: the

second shield layer and the first polg pi ece are a common | ayer. 7. A
head as clainmed in claim1 wherein: 8Re of the first and second shield

| ayers term nates at a back wall which is | ocated between the pole tip

regi on and t hef3edt methedjpsipimgt in claim A fnchiding thesteniofied in claim 7 wherein:

sai d one of 1 hgmfihd BE sedbHd paffoR BFhS Reslddnie )& eSthinder h thelfirdt pbrtisdlbrahed | ayer.
9. A head as clainmed in claim8 including: first and second | ead | ayers
‘sandwi chegecpred shisldlayehe first and second gap | ayers and connected to first
and second opposite ends respectively of the MR sensor;

64. A method as claimed in claim 60 inchuding the step of:

forming the second portions of the first and second shield layers thinner than the-first
" portions of the first and second shield layers respectively.

65. A method as claimed in claim 64 including the steps of:

forming the first shield layer with a sloping back wall; and

connecﬁné_ first and second leads to the MR sensor and extending the first and second
leads down the sloping back wall of the ﬁrst shield layer.

- * ¢ L m s %



-15 - first and second conductors |ocated transverse the MR sensor beyond
the second shield layer; and the first and second | ead | ayers extending -
parallel to the ABS fromthe MR sensor andgonnected to the first and
second conductors respectively through vias in the second gap | ayer. 10.
A head as clainmed in claim9 including: first and second gap prefill

| ayers; the first gap prefill |ayer being sandwi ched between the first gap
| ayer on on ! first and second | ead | ayers on an opposite side,
the first’ anH 5%%@‘8?3%@2@&&%@3&&%@»@@%@% first gap
prefill layer and the second gap | ayer, the second g P _QQMQONENTS

sandwi ched between the first and second | ead | ayers on one side and the
second gapABSTHRACT | ayer on.an opposite side, and the first gap layer, the

first gap prefill layer, the first and second | ead |l ayers, the second gap
| ayer and the second gap prefill |ayer being sandw ched between the first
and second shield |layers with the exception that the first and second gap

prefill |ayersAasombifidd sRaREYY bet ween the first and second shield
layers in ﬁai d MR region; tﬁe g@%%ﬁ‘sﬂ‘éﬁ)mbfﬂaﬂlwnimmad AR Sy i roVidg O
connect i nYheram finst ¢81) and seRmA@Rficlg layers (S2) are eliminated op i domr
. . .. Imina thinne OwWn 1In an
msulation stack region just behind g pole tip region
behind the pole tip region (PT) where head comp
stack (I1

(PT). This provides a depression 1)

onents, such as the write cojl © i i
- . | » Insulation
) and pole pieces (PT) of a write head (30), are located. Leads (L1 L2) for an MR

Fig. 5.
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| eads to the first and second conductors; and the first and second
conduct ors extendi ng beyond the first and second shield |ayers back into
the head in directions transverse to the ABS and having terninal ends which
are connected to first and second pads. 11. A head as clained in claim
10 wherein: the second shield |ayer |nclﬁ2§$ a first portion in the pole
tip region, a second portion in the insu ion stack region and a sl opi ng
portion interconnecting the first and second portions, the sloping portion
having a sloping front wall facing the back wal l 20he first shield | ayer

and a sl oping back wall formng a front ﬁall of Sai d depression. 12.- A
head as clained in claim11l wherein: é firs second and sl opi ng portions
of the second shi el é‘substanrraFFy h —sa#e—Lthkness;_and_l econd
shield | ayer and the 24y st , ece _fOrma single |ayer. - 16 -{ 13.
A head as clained ih clapr ~Q: : '

l - DRIVE t

! 2 ELECTRONICS | |

t T t

| # |

H 36 H

] 28 ’ '

! 4 ',

! .| MOTOR '

' - | CONTROL '

FIG. 1

! . FIG. 2
(PRIOR ART)



1

t he second portion of the second shield layer is thinner than the first.
portion of the second shield |ayer. 14. A head as clained in claim$8
wherein the first shield layer includes a sloping back wall, further
including: first and second | eads cong{% ted to the MR sensor and extendi ng
down the sloping back wall of the fir shield | ayer. 15. A head as
claimed in claim 14 wherein: the second shield |layer includes a first
portion in the pole tip region, a second portion which is located in the

i nsul ation stack region and a sloping portion which interconnects the first
and second portions, and the sloping portion includes a sloping front wall
whi ch faces the back mall of the first shield |layer and a sl opi ng back wall
which forns a front mg saip depregsi4qs. 16. A head as clained in
claim 15 wherein: the ﬁlrs' sec% sl opi ng portions of the second

shield are of substantlally’the saffe t hi ckness; and the second shield | ayer
and the first pole piecegform atxﬂnﬁﬂﬁaaygr. 17. .A head as clained in
claim 15 wherein: the secpnd ppr+¢n of the second shield | ayer being
thinner than thg first \\ S2/P1 (/ _ >
st ( s FIG. 3A
) | (PRIOR ART)
MR
.
45 |
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_—WRITE GAP
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portlon of the second—shield |ayer. 18.

A head as cl ai ned |

THI$ SHEET HAS BEEN "
i d_sedtFfJ-ACED

wher ei n: saldﬁ,eShge{Ht e fj rs
shield | ayer.

shield | ayer be

and insul ation

both of the Tirst and second

region and the insulation stack region.
first and second | ead | ayers sandw ched between the first and

20 i ncl udi ng:

t and second shield layers is s

? clained in claim 18 wherein: tReé TiIrst
IIy the sane thickness in both the pole tip
A $3d as claimed in claim?7 wherein:
shleld | ayers term nate between the pole tip
21. A head as clained in claim

second gap |l ayers and connected to first and second opposite ends

respectively of the MR sensor;
transverse the MR&EQFor beyond t he second shield | ayer;

f+——— INSULATION

and first and second conductors | ocat ed
- 17_

40
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TP e
EIN | P --=—  |~—COIL REGION /
Tel
PT2
RESIST . [~ ZTH P2 . S
THICKNESS |
| i / 13 — ——
WRITE ;
CAP MR | 12 / C\ / C
PTI~— (¢ | I . _
l v
| S0 s2/p1 Al203 <
\/"‘51
FIG. 5 ! .
] :
| | i G2(A|203)
PLATED }
ity RESIST
y FIG. 6
52
P2
13
PTo—~] szci\/c\/cﬁ\/c\ _/e
WRITE 1
GAP | /
) {
. S2 <
MR —
S1 T




the first -and second | ead | ayers extending parallel to the ABS fromthe M
sensor and connected to the first and second conductors respectively
through vias in the second gap |ayer. 22. A head as clained in claim?21
including: first and second gap prefill 4l@yers; the first gap prefill layer
bei ng sandw ched between the first gap Iéyer on one side and the first and
second | ead | ayers on an opposite side, the first and second | ead | ayers

bei ng sandwi ched between the first gap prefill |ayer and the second gap
| ayer, the second gap | ayer being sandmﬁched bet ween the first and second

| ead iayer S on oneA:Bisge ang_tf gap prefill layer on an opposite
side, and the first gap Ia/er gap prefill layer, the first and
ay

second | ead | aggf tHe se,ond gap I and tpe%8econd gap prefill |ayer
bei ng sandw che I,:E;et ween the first and-secon shi eld layers with the '
exception t hREGIdNe fidst d—gggond gap pref | aye+scerere@tonsandw ched

between the first andisec Eﬂ’ibLeLd Fayers—n and MR region: the,second
gap prefill |ayer al sd hay 0 vias fong?nnectlng {he first and sgcond.

| eads to the firflk2 setjond conductorsT and the {irst and secon
conduct ors ext engkng eyodg<Lhe/fTF*t ang Secondshretd—+ayers—kack into
the lead in diregcApeng_transSverse v g—ter-Ral—gends
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whi ch are connected to first and second pads. 23. A head as clainmed in
claim1 wherein: at |least one of said first and second shield | ayers
includes a first portion which is located in the pole tip region and a
second portion which is located in the %Q%UIation stack region; and the
second portion is thinner than the first-portion so as to provide said

depression in the insulation stack region. 24. A head as clained in
claim 23 wherein: the first shield layer is thinner in the insulation stack
region than in the pole tip region. - 18 - 25. A head as clainmed in

claim 23 wherein the first shield |layer having a sloping back wall, further
including: first aBg|seco NSl AcpoNected to the MR sensor and extendi ng

down t he sl oping bacr wal I} of STAGK REGI®N shield | ayer.
. . 30F
P(T)%E—T | - ~— COIL REGION e
REGION | I'/ ) .
P2
WRITE '/11 15
GAP 12
PTI~] P1 I L
| C c C

MR —

FIG. 10
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26.

t hi nner
A head as clainmed in claim26 wherein:
first pole piece forma conmon | ayer. 2§ 3 A head as clainmed in claim1
wherein: each of said first and second sﬁleld | ayers includes a first
portion located in the pole tip region and a second portion |located in the
i nsul ation stack region; and the second portion of at |east one of the

A head as clained in claim23 wherein: the second shield layer is
in the insulation stack region than in the pole tip region. 27.
t he second shield layer and the

first and second shield layers is thinner than the first portion. 29. A
head as clainmed in claim28 wherein: the second-portion of the first shield
| ayer is thinner than the first portion of the first shield layer. 30. A
head as clainmed in cLain129 wherein: the first and second portions of the
second shiel d | ay##Shave FtsINGMLABION .the sane thi ckness; - and the second
shield layer and thejfirsg po$¥59& Norm a common | ayer. 31. éomfad as
clainmed in clP er ej<t— : '
PRLES ~— COIL REGION ya
REGION ! "
k—///~/~ZTH P2 _ : <
PT2~ po ) '
WRITE A 13
GAP ~4
PT1—~
C Cc - C
MR"—"":: <
St \ ,___S2/P1
10 112 Gi/62 FIG. 12
) i
ABS|  =— INSULATION
i . STACK REGION
301
POLE “"'I ~— {~—COIL REGION - ya
REGION
P2 <
PT2~4
WRITE
GAP —~—
2
S2/P1—
I1
MR —
Gl G2 ST 120 122

FIG. 13



»
'3

the second portion of the second shield layer is thinner than the first
portion of the second shield layer. 11111111 111111 1111211111111111
REPLACEMENT SHEET - 19- 32. A head as clainmed in claim28 wherein; the
second portions of the first and seconqg%hield | ayers are thinner than the
first portions of the first and second ‘sltield | ayers respectively . 33.

A head as clained in claim32 wherein the first shield | ayer having a

sl opi ng back wall, further including: first and second | eads connected to
the MR sensor and extending down the sloping back wall of the first shield
| ayer. 34. A nmet hod of making a conbi ned nagnetoresistive (MR) read and

I nductive wite head, the head having an MR read sensor sandw ched between
first and second gap layers which, in turn, are sandw ched between first
and second shield :

C2—h—

ABS

FIG. 14
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| ayers, a wite coil which is sandw ched between insul ation |ayers which

are, in turn, sandwi ched between first and second pole pieces, the pole

pieces termnating at pole tips which are separated by a gap |layer at an

air bearing surface (ABS) and magnetically connected at a back gap, the

head having a pole tip region, an insul®8on stack region, and a coi

region, the pole tip region extending fromthe ABS to the insulation stack

region, the insulation stack region extending fromthe pole tip region to

t he back gap, and the coil region being |located in the insulation stack

regi on but spaced fromthe pole tip region, the method conprising the steps

of : depositing first and second shield |layers with each of the shield

| ayers bei ng absent or thinned down in the insulation stack region so as to

provi de a depression in the insulation stack regi 832 formin BOJrite coi

and the insulation layers within said depressLbn; and forgf%éfthe second

pole piece on the wite coil and the insul ati o\l 35. A net hod as

claimed in claim34 including the steps of: N0 and second | ead

| ayers between the first and secon@4gap | aye pd pat-dl.ell to the ABS and
I £=EF cond opposite

gcond conductors




second shield 20 | ayer; and connecting the first and se%qq%, %fk iqyer§“*—
to the first and second conductors respectively through vigs T AGRMENCSHEET

36. A nethod as clained i n clai m 35 including tfe,stedsg CNAR 1996

gap | ayer.
formng first and second gap prefill Xers wi th the seconl erng:
sandwi ched between the first and second 48p prefill layers, and the flrst

| ayer

and second | ead | ayers bei ng sandw ched between the first gap prefil
and the second gap layer; formng the second gap prefill | ayer with vias
for connecting the first and second leads to the first and second
conductors; and formng the first and second conductors beyond the first
and second shield layers back into the head in directions transverse to the
ABS and providing,the first and second conductors with term nal ends which

are connected to fir it anp pecgndqnggéﬁnﬁﬁ A qf}hod as clained in claim 34
i ncl udi ng t hepgt - STACK REGIO,
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- : - ' i i ncl uding the step of: é " hN 9997
. 38. A nethod as clained in claim34 inc £ 3o UANl ol
![ﬁge;Zcond shield layer and the first pole piece as a common |[RAe: gg_ ﬂ

| i i FRIACEMENT SHEET
form ng the second shield layer and the first pole piece as s@p3FHACEM

met hod as clainmed in claim 34 includi ngkth_ _lstﬁﬁ_'m;]: i tselrgnegflteldnge?\rfl\geﬁit?\gc
first and second shield layers at a bac I C : ( tween L
' ' ' A nethod as clained in claim

le tip region and the c0|!. region. 40. ( .
Pﬁcl udi ﬁg tﬁé)fsthépseo‘bnd pekmgd{s 'm|m§?‘£3ﬁﬁ’éﬁs§%§§€# ﬁ%ﬁei’{@tggeség# qto?lgl,(i:],ﬁi g

|1. 41. A nmethod as clained in clai I . ;
:‘A?'r'"é't and seéﬁ?ﬂi‘dllé’d%lﬂpayéemm? ﬁgwfeti: ﬁ:ag?sig rlg.ng\es(s:lgn Bﬂgggq? g%?‘éﬁ% %?tdto

| to the.ABS and connecti ng e first > .

1I‘D ?; 2![ | :nd seé%i?fbcagpﬁd%‘i%t ¢efingd second pole &f Eﬂdt I\/Ia?ﬂ ?kep:ggfatigggoir‘p; ?;?QIS ?éf;nalglﬁfl me:ng

i rst transverse the |
fslhlr Z} daIngereiﬁé] QC&SHE %g et t?pr gidewalls can result in poor resolution of written data. Thus, there

is a strongly felt need to reduce the second pole tip's aspect ratio so that high

resolution, high data rate write heads can be fabricated to match the high resolution of
the read heﬁds combined therewith.

Another item of concern in piggyback/merged MR head operation is presented
by the thinness of the read head insulation layers and the potential for breakdown
presented thereby.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed a combined
magnetoresistive (MR) read and inductive write head comprising:

an MR read sensor sandwiched between first and second gap layers which, in
turn, are sandwiched between first and second shield layers;

a write coil which is sandwiched between insulafion layers which are, in turn,
sandwiched between first and second pole pieces, the pole pieces terminating at pole
tips which are separated by a gap layer at an air bearing surface (ABS) and
magnetically connected at a beck gap;

the read/write MR head having a pole tip region, an insulation stack region,
and a coil region, the pole tip region extending from the ABS to the insulation stack
region, the insulation stack region extending from the pole tip region to the back gap,
and the coil region being located in the insulation stack region but spaced from the pole
tip region;

the MR read sensor defining an MR region which has a length along the ABS:

) the first and second shield layers being located in the pole tip region;



connecting the first and second |ead |ayers to the first and| sRcUMPEMENT SHEET

conductors respeatively through vias in the second gap |ayer|| 42. g@
as claimed in claim4l including the steps of: formng first a{?ﬁeﬁm- ;

prefill layers with the second gap Iayer_gging sandwi ched between tThe Tirst
and second gap prefill layers, and the first and second | ead | ayers being
sandwi ched between the first gap prefill layer and the second gap |ayer;

form ng the secondt@sapt grecdf thé firstuad s¥dohd sﬂeﬁﬁla&&%b@ﬂ%@%&ﬂt% i ?d‘ﬁé\ﬁﬁ and
second |l eads to the first and second conductors; and formng the tfirst and

second condunthe instletiomstatkregion st asaoprovidoadepriesdtlin iy ehisuldtidalstdckt 0 t he
head in directions transverse to the ABS and providing the first and second
conduct ors VPglNt er mi nal ends which are connected to first and second pads.
43. A nethod as clainmed in claim42 including the steps of: formng the
second shiel d | aydhe Writceil and the ipsyatiopdayens being pesatediwighin sgidalepreasisrr ond
portion in the insulation stack region and a sl oping portion

i nt erconnect®™fg the first and second portions, the sloping portion having a

sloping front wall, facing the.back.wal.l of the first shield |ayer and a
sl opi ng back wal | %.fegﬂn‘?g?ﬁé’lﬁeﬁﬁegﬁél ¢d of a‘ivﬂted?b]raé‘gsm%?um?yﬁsﬁet hod

a0 oL 11 ot A M o OF R Sefiirol Bl B | Rpmod 5O
making a combined magnetoresistive (MR) read and inductive write head, the head
having an MR read sensor sandwiched between first and second gap layers which, in
turn, are sandwiched between first and second shield laiyers, a write coil which is
sandwiched between insulation layers which are, in turn, sandwiched between first and
second pole pieces, the pole pieces terminating at pole tips which are separated by a
gap layer at an air bearing surface (ABS) and magneticélly connected at a back gap, the
head having a pole tip region, an insulation stack region, and a coil region, the pole tip
region extendiijlg from the ABS to the insulation stack region, the insulation stack
region extending from the polé tip region to the back gap, and the coil region being
located in the insulation stack region but spaced from the pole tip region, the method
c_omprising the steps of: o

depositing first and second shield layers with each of the shield layers being
absent or thinned down in the insulation stack region so as to provide a depression in
the insulation stack regioh;
forming the write coil and the insulation layers within said depression; and
forming the second pole piece on the write coil and the insulation layers.
DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of a disk drive which employs the magnetic

head of the present invention.




‘ firrst_poie
same t hi ckness; and form ng the second shield |ayer and the 9
pi ece as a sfF ngI e:layer. 45. A nethod as claimed in claim43 ﬁﬁPMPﬁU'ﬁNTeSHEET

step of: form ng the second portion of the second shield |ay at‘ll ni@e} JANA1097

1 1 1 Ia-r n?d ........
the first portion of the second shield |ayer. 22:.46. A net s
in cIaim48incIudingthe steps of: formﬁ theflrst shield lTayer with a
sl opi ng back and connecting first and second | eads to the MR sensor

[ Il of the
and ext endi ng "’c’ﬂ’é first and second | eads down the sl oping back wa
first shield layerl. 47. A coribied msneloddsiide '(Mﬁlrééﬂnddfsmhﬂ& tg h(? step

tlp
of: formn Jhﬁ%r%s? nd shield layer with a first portionin
region, a geco I?g)tlon in the insulation stack regl on and a S|Op| ng

ortion inter connean MRyread setisor sandmcheddﬁmnﬁﬁﬁﬁarﬂfb‘écodd‘ﬁ h! on
0 e e e T R e o
and a sl oping back waJ | whi orns a f ai epr essi

a wr1te coil wh1ch is sandwiched between insulation layers which are, in turn,
sandwiched between first and second pole pieces, the pole pieces terminating at pole
tips which are separated by a gap layer at an air bearing surface (ABS) and
magnetically connected at a back gap;

the read/write MR head having a pole tip region, an insulation stack region,
and a coil region, the pole tip region extending from the ABS to the insulation stack
region, the insulation stack region extending from the pole tip region to the back gap,
and the coil region being located in the insulation stack region but spaced from the pole
tip region; _

the MR read sensor defining an MR region which has a lengﬂ{ along the ABS;

the first and second shield layers being located in the pole tip region;

at least one of the first and second shield layers being absent or thinned down
in the insulation stack region so as to provide a depression in the insulation stack
region; ‘_

the write coil and the insulation layers being located within said depressioh;
and :

the second pole piece being disposed on the write coil and insulation layers.

2, A drive including the head of claim 1, the drive: including:

means for moving a magnetic storage device;

means for supportmg the read/write MR head ad_]acent a magnetlc storage
device; and :

means connected to the read/write MR head for providing signals to and
receiving signals from the read/write MR head.

3. A head as claimed in claim 1 including:

first and second lead layers sandwiched between the first and second gap layers
and connected to first and second opposite ends respectively of the MR sensor;

first and second conductors located transverse the MR sensor beyond the
second shield layer; and

I



' ‘ ' ' ' ' ' ;|| FEPTABEMERS SHEET
48.° A nethod,as claimed in claim47 including the steps of:|| frppihBEME)
first, second and sl oping portions of the second shield witjh substantially
the sane thickness; and formng the second shi eldd_ I ayler:anz 521 Eu&ajm\bqggg ______
iece as a single layer. 49. A nethod as clainmed in claim A4 _ ,
glt ep of: form'%g theysecond portion of t id4second shi el d | ayer thinner than

[ [ hi | ai med in
the first portion gof the second shield |ayer. 50. A nethod as c .
claim39 i ﬁcl udi ng%"ré)rsﬁ’@pseﬁ?l?dleéﬂﬁYﬂtSteixmgldmg@asddeMdﬂEMBS dronfutRr MR  sai d

; i ' ncl.udi { of .
o . e s AL e S ST el B hin e

' ' hod as clained in
both the pole tip 'Msul ation stack regions. 52. A netl
cl ai m 39 !Dncl udi ng4t he sdpadhs chimed natldime3 hetfdigd: the first and second

shield | ayers bet WagR ahdlSeddl Gap pRoAfifGQL and the 23

the first gap prefill layer being sandwiched between the first gap layer on one
side and the first and second lead layers on an opposite side, the first and second lead
layers being sandwiched between the first gap prefill layer and the second gap layer,
the second gap layer being sandwiched between the first and second lead layers on one
side and the second gap prefill layer on an opposite side, and

the first gap layer, the first gap prefill layer, the first and second lead layers,
the second gap layer and the second gap prefill layer being sandwiched between the
first and second shield layers with the exception that the first and second gap prefill
layers are not sandwiched between the first and second shield layers in said MR region;

the second gap prefill layer also having vias for connecting the first and
second leads to the first and second conductors; and

the first and second conductors extending beyond the first and second shield
layers back into the head in directions transverse to the ABS and having terminal ends
which are connected to first and second pads.

5. A head as claimed in claim 1 wherein:

the first shield layer and first pole piece are separate layers.

6. A head as claimed in claim 1 wherein:

the second shield layer and the first pole piece are a commonulayer.

7. . A head as claimed in claim 1 wherein:

one of the first and second shield layers terminates at a back wall which is
located between the pole tip region and the coil region.

8. A head as claimed in claim 7 wherein:
said one of the first and second shield layers is said first shield layer.
9. A head as claimed in claim 8 including:

first and second lead layers sandwiched between the first and second gap layers
and connected to first and second opposite ends respectively of the MR sensor;

|




. sandwi ched bet ween

i nsul ation stack region. 53. A method as claimed in claim52 |j REPLAFCHYENRSHEET
steps of: formng’first and second | ead | ayers between the fijrst agq%éﬂﬂ@q 7
gap layers and parallel to the ABS and connecting the first ndéteeéond-t-eat.....
| ayers to first and second opposite ends respectively of the MR Sensor,
formng first and second conductors transvBtse the MR sensor beyond t he

. second shield layer; and connecting the first and second |lead |ayers to the

.
first and second cdhsiandgesondeensdugtprsdpsatedriransyerse thesMRrsensay beyondthegap

~layer. 54. A sBBIHaORiedd 14yeRiamgd in claim50 including the steps of: formng
first and second ga refill layers; with the second gap | ayer bein

| the, Brsf apd second lead dayeas gepndingpatpllel tg jhe éﬁgafﬁmnmgﬂi r st
~and second | senbok ayé contpeiedgo sk fist afistcbrd varlnctoberespectivelgabronsk vids!in iy er

. and the seco p,.l [, formng the second gap prefill layer with vias
. for connecti %gccgﬁegapﬁngetr. and second | eads to the first and second

 conductors; and forl@i ng thbedd assflaivaed i cloim@ inddndiogt or s beyond the first

. and second shield Iggy L6 st Refiifavafad i n directions transverse to the
ABS and provi di ng tfﬁe | st an%llis egon ythduct ors with term nal ends which

are connected to fithefirshgap pesfitlhiaygrheing sandwiched between the first gap layer on one
side and the first and second lead layers on an opposite side, the first and second lead

layers being sandwiched between the first gap prefill layer and the second gap layer,
the second gap layer being sandwiched between the first and second lead layers on one
side and the second gap prefill layer on an opposite side, and

the first gap layer, the first gap prefill layer, the first and second lead layers,
the second gap layer and the second gap prefill layer being sandwiched between the
first and second shield layers with the exception that the first and second gap prefill
layers are pot sandwiched between the first and second shield layers in said MR region;

the second gap prefill layer also having vias for connecting the first and second
leads to the first and second conductors; and

~ the first and second conductors extending beyond the first and second shield

layers back into the head in directions transverse to the ABS and having terminal ends
which are connected to first and second pads.

11. A bead as claimed in claim 10 wherein:

the second shield layer includes a first portion in the pole tip region, a second
portion in the insulation stack region and a sloping portion interconnecting the first and
second portions, the sloping portion having a sloping front wall facing the back wall of
the first shield layer and a sloping back wall forming a front wall of said depression.

12, A head as claimed in claim 11 wherein: '

the first, second and sloping portions of the second shield are substantially the
same thickness; and

the second shield layer and the first pole piece form a single layer.

-
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55. A nethod as claimed in claim34 including the steps of: [ff RERLAGEMENT SHEET
| east one of said first and second shield layers with a firgt port,i n@@ﬁ@
is located in the pole tip region and a second portion whic Dstel:gcﬁ.t. AN LS
the insul ation stack region; and form ng the second portion i
the first portion so as to provide said d&dression in the insulation stack
region. 56.° A nmethod as clainmed in claim55 including the step of: 24
form’hng tlhe first Bhiel dAheadas ¢laimeddn claimtlHewheareint at i on st ack regi on than
in the pole tip - | : ' 1Al ' ' i ' t he
steps of: formng t?ﬁgé(%?‘rlg ? F%%dlb%qué Péa%&gglﬁ\}\]/?itdﬁh%@gf op@é%@c@éﬁw&%@%
connect i ng fthe secomdshicktlaner.| eads to the MR sensor and extending the first

znd tSﬁcgnd I e?d_s dgv.m t ”f heAd asin{elaqh_cmhls Wherefietht iffr§itshield Riyer indiles aS8.
ethod as ] opailng'la)ackI vrs}al(f, Me?glciugfnglzjdl ng the step of:
first and second leads connected to the MR sensor and extending down the

sloping back wall of the first shield layer.

15. A head as claimed in claim 14 wherein:

the second shield layer includes a first portion in the pole tip region, a second
portion which is located in the insulation stack region and a sloping portion which
interconnects the first and second portions, and the sloping portion includes a sloping
front wall which faces the back wall of the first shield layer and a sloping back wall
which forms a front wall of said depression.

16. A head as claimed in claim 15 wherein: .

the first, second and sloping portions of the second shield are of substantially
the same thickness; and '

the second shield layer and the first pole piece form a common layer.

17. A head as claimed in claim 15 wherein:

the second portion of the second shield layer being thinner than the first
portion of the second shield layer. '

18. A head as claimed in claim 7 wherein:

said one of the first and second shield layers is said second shield layer.

19. A head as claimed in claim 18 wherein:

the first shield layer being substantially the same thickness in both the pole tip
and insulation stack regions. - '

20. A head as claimed in claim 7 wherein:

both of the first and second shield layers terminate between the pole tip region
and the insulation stack region. '

21. A head as claimed in claim 20 including:

first and second lead layers sandwiched between the first and second gap layers
and connected to first and second opposite ends respectively of the MR sensor; and

first and second conductors located transverse the MR sensor beyond the
second shield layer; '

* [ L M S *



"
fornming the second shield layer thinner in the i nsul ation stafkREm_gicEMémag
ip région. 59. A nethod as claimed in claimb58 ijcl udgg Hl\lﬁ 1997

step of: fornming the second shield |ayer and the first pole pj aege d5°; S

in the pole t

conmon | ayer

form ng each

| ocated in th
i nsul ation st
the first and
met hod as cl a
portion of th
first shield

of: formng t
substantial ly
the first pol

HEET

60. A nethod as clained in clgiﬁ134 i ncluding tf ps—at
of said first and second shi &l layers with a first portion
e pole tip region and a second portion |located in the
ack re&Fbﬁ%

sasopand sdinetidd taitRrfirst 4Hdeedndt Jb%ﬂu&t&;% &%ﬂe@ﬁv&g 'H‘Erhgéh 8 in fe

v
% I n alm 60 including the step of: formng t second
% ﬂ‘ri&pggr}'ie’é‘l d layer thinner than the first portion of the

st aihisecondlead layees excanding prvaliel oo thef ABS ftomaste MRe of

| ayer. 282. AAnksatias chimed i olxith 2hinchgiing:61 i ncl udi ng the steps

he fir glstan sé@%grggp%g%fgi lgggrs,of the second shield |layer with

t he sane_t hi rimMng the second shield | ayer and
e pi ecthefirstgappretill laygy being sandwiched between the first gap layer on one

side and the first and second lead layers on an opposite side, the first and second lead
layers being sandwiched between the first gap prefill layer and the second gap layer,
the second gap layer being sandwiched between the first and second lead layers on one
side and the second gap prefill layer on an opposite side, and

the first gap layer, the first gap prefill layer, the first and second lead layers,
the second gap layer and the second gap prefill layer being sandwiched between the
first and second shield layers with the exception that the first and second gap prefill
layers are not sandwiched between the first and second shield layers in said MR region;

the second gap prefill layer also having vias for connecting the first and second
leads to the first and second conductors; and

the first and second conductors extending beyond the first and second shield
layers back into the lead in directions transverse to the ABS and having terminal ends
which are connected to first and second pads.

23. A head as claimed in claim 1 wherein:

at least one of said first and second shield layers includes a first portion which
is located in the pole tip region and a second portion which is located in the insulation
stack region; and

the second portion is thinner than the first portion so as to provide said
depression in the insulation stack region. '

24. A head as claimed in claim 23 wherein:

the first shield layer is thinner in the insulation stack region than in the pole tip
region.
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25.63. ‘A nethod as claimed in claim60 including the step qf REPOAGEMENT ISHMEET
second porti'on Qf the second shield |ayer thinner than the first r ty N g
the second shield layer. 64. A nethod as clainmed in clai mg0Dpigci: Hé ﬁ .-

step of: formng the second portions of t first and secord"
thinner than the first portions of the first and second shield |ayers
respectively. 65. nethod as clainmed in clalq%64 I_ncl udi_n the ste s of:

forming the first 2§h| el & beadeas clgimgd an claigy 23 § st shy Hexing
first and seppnsk bkOsall, Fuither ﬁ;ﬁumﬁgsor and extendi ng the first and second

| eads down the sl %ﬁistn&dbs%g’ondvﬁads conm cte% tfoitﬁg MR ch:n%ldaxlfgﬁénding down the
sloping back wall of the first shield layer.
26. A head as claimed in claim 23 wherein:
the second shield layer is thinner in the insulation stack region than in the pole

tip region.
27. A head as claimed in claim 26 wherein:
the second shield layer and the first pole piece form a common layer.
28. A head as claimed in claim 1 wherein:

each of said first and second shield layers includes a first portion located in the
pole tip region and a second portion located in the insulation stack region; and

the second portion of at least one of the first and second shield layers is thinner
than the first portion.

29. A bead as claimed in claim 28 wherein:

the second portion of the first shield layer is thinner than the first portion of
the first shield layer.

30. A head as claimed in claim 29 wherein:

the first and second portions of the second shield layer have substantially the
same thickness; and

the second shield layer and the first pole piece form a common layer.

31. A head as claimed in claim 28 wherein:

the second portion of the second shield layer is thinner than the first portion of
the second shield layer.
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32. A head as claimed in claim 28 wherein;

the second portions of the first and second shield layers are thinner than the
first portions of the first and second shield layers respectively .

33. A head as claimed in claim 32 wherein the first shield layer having a
sloping back wall, further including:

first and second leads connected to the MR sensor and extending down the
sloping back wall of the first shield layer. |

34, A method of making a combined magnetoresistive (MR) read and
inductive write head, the head having an MR read sensor sandwiched between first and
second gap layers which, in turn, are sandwiched between first and second shield
layers, a write coil which is sandwiched between insulation layers which are, in turn,
sandwiched between first and second pole pieces, the pole pieces terminating at pole
tips which are separated by a gap layer at an air bearing surface (ABS) and
magnetically connected at a back gap, the head having a pole tip region, an insulation
stack region, and a coil region, the pole tip region extending from the ABS to the
insulation stack region, the insulation stack region extending from the pole tip region to
the back gap, and the coil region being located in the insulation stack region but spaced
from the pole tip region, the method comprising the steps of:

depositing first and second shield layers with each of the shield layers being
absent or thinned down in the insulation stack region so as to provide a depression in
the insulation stack region;

forming the write coil and the insulation layers within said depression; and

forming the second pole piece on the write coil and the insulation layers.

35. A method as claimed in claim 34 including the steps of:

forming first and second lead layers between the first and second gap layers
and parallel to the ABS and connecting the first and second lead layers to first and
second opposite ends respectively of the MR sensor;

forming first and second conductors transverse the MR sensor beyond the
second shield

e
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S1 transverse to the héad beyond the limits of the S2/P1 layer The gap layers G2 and
G2P have vias 130 and 132 through which the leads L1 and L2 are connected to
conductors C1 and C2 respectively. The conductors Cl1 and C2 extend back into the
head free of shield layers and are connected to pads 134 and 136 which, in turn, can be
connected to drive electronics 36, shown in Fig. 1. It should be noted that the leads L1
and L2 are protected along substantially their full lengths from shorting to the shield
layers S1 and S2 by double gap layers. Accordingly, the gap layers G1 and G2 can be
thin for good read resolution while the gap layers G1P and G2P ensure that potential pin
holes in the gap layers G1 and G2 do not short the leads to either of the shield layers S1
and S2. -

Obviously many modification and variations of the invention are possible in light
of the above teachings and are to be construed only within the scope of the following
claims.



