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The present invention relates to a magnetoresistive head for reading information
from and writing information to a recording medium, and to a method of |
manufacturing a magnetoresistive head.

Standard magnetoresistive (MR) heads are fabricated with the writer portion
fabricated on top of the reader portion. US Patent No. 4,803,580 discloses one such
device.

MR heads are used in magnetic storage systems to detect magnetically encoded
information from a magnetic storage medium or disc and to write magnetically
encoded information to the storage medium. In a read mode, a time dependent
magnetic field associated with a transition from a ﬁagneﬁc storage medium directly
modulates the resistivity of an MR element, In Wﬁon, the change in resistance of
the MR element can be detected by passing a sense current through the MR element
and measuring the voltage across the MR element, ‘The resulting signal can be used to
recover information or data from the magnetic storage medium. '

Practical MR elements are typically formed using ferromagnetic metal alloys
because of their high magnetic permeability, an example of which is nickel iron
(NiFe). A ferroinagnetic material is deposited in a thin film upon the surface of an
electrically insulated substrate or wafer, Changing magnetic fields originating from
the magnetic storage medium producc a change in the magnetization direction of the
MR element and thereby change the resistance of tﬁe sensor. This phenomenon is
called the MR effect.

The element itself comprises a strip of MR material deposited on a2 magnetic
shicld layer to form an MR element. A series of depositions and etching processes
form an active region from a portion of the MR element. The active region is the area
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of the MR element that senses changing magnetic fields from the magnetic storage
medium. An upper magnetic shield acts as a barrier between the MR element and the
surface of the magnetic storage medium to prevent changing magnetic ficlds associated
with transitions passing by the head from linking back to the element, The magnetic
shield aiso serves to protect the element from receiving stray- magnetic fields
associated with transitions from surrounding magnetic storage media.

One problem which affects performance of MR heads is the degree to which
surfaces in the head can be fabricated fiat or "planarized.” In particular, in prior art
heads, the top shield of an MR sensor has a dip just above the active region of the MR
element. This degrades off track pérformance. Lack of planarization can also cause
an electrical short either between the contacts to the MR clement and the top shield or
between the top shield and subsequent fabricated layers. In addition, the top surface
of the bottom shield is usually coated with sendust, which is relatively rough for a thin
film. This relatively rough surface can also cause shorting problems between the
bottom shicld and the contact film. Attempts at planarizing MR readers have focused
on smoothing the bottom shield, planarizing the insulator above the MR sensor, or
smoothing the top shield. These steps take additional process time and can Timit
design flexibility.

According to one aspect of the invention, there is provided a method of
manufacturing an magnetoresistive head, the method being characterised by
comprising: fabricating a bottom pole m a basecoat with a recessed portion above the
bottom pole distal from an air bearing surface of the head; positioning a polymer
insulator and conductive coils in the recessed portion above the bottom pole;
planarizing a top surface of the polymer insulator positioned in the recessed portion;
fabricating a write gap on top of the top surface of the polymer; forming a pole tip of
non-magnetic high moment material in the write gap proximal to the air bearing
surface; planarizing a top surface of the write gap; fabricating a top pole/bottom shield
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pole/bottom shield; forming a magnetoresistive element on top of a portion of the first
reader gap proximal to the air bearing surface; fabricating electrical contacts on top of
a portion of the first reader gap, the contacts electrically connecting the
magnetoresistive element to a region outside of the magnetoresistive head; fabricating
a second reader gap on top of the electrical contacts and the magnetoresistive element;
and fabricating a top shield on top of the second reader gap.

According to another aspect of the invention, there is provided a
magnetoresistive head for reading information from a storage medium and for writing
information to the storage medium, the magnetoresistive head characterised by
comprising: a bottom pole having a recessed portion positioned above the bottom pole
distal from an air bearihg sufface of the head; a polymer insulator positioned in the
recessed portion of the bottom pole having a plurality of coils spaced throughout the
polymer insulator, the polymer insulator having a planarized top surface; a write gap
positioned on top of the polymer insulator, the write gap having 2 planarized top
surface; a pole tip positioned in the write gap proximal to the air bearing surface; a top
pole/bottom shield positioned on top of a portion of the write gap and the pole tip; a
first reader gap positioned on top of the top pole/bottom shield; a magnetoresistive
element positioned on top of the first reader gap proximal to the air bearing surface;
electrical contacts positioned on top of the magnetoresistive element connecting the
magnetoresistive element to a region outside the magnetoresistive head; a second
reader gap on top of the magnetoresistive element and the contacts; and a shield
positioned on top of the second reader gap.

According to a further aspect of the invention, there is provided a method of
manufacturing a magnetoresistive head, the method comprising forming a multi-
layered write portion and forming a multi-layered read porﬁon, characterised in that
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In this arrangement the insulating layer of the write portion may be polymer or
another insulating material.

The magnetoresistive heads of the present invention may be referred to as
inverted magnetoresistive heads, ‘This term is used in the following text.

In one aspect the present invention is an inverted magnetoresistive head and a
method of manufacturing an inverted magnetoresistive head for reading magnetically
stored information from a magnetic storage medium. The inverted magnetoresistive
head may include a reader positioned on top of a writer. The writer may include a
recessed bottom pole filled with coils and polymer insulators above the recessed
portion above the bottom pole. This bottom pole and coil structure may then be
planarized. A write gap oxide layer may be deposited on top of the planarized bottom
pole/coil structure. A high moment material top pole tip may be formed and the
remaining part of the top pole structure, which is also the bottom shield of the reader,
may then be formed. This bottom shield may be planarized. The first reader gap
oxide layer may-be deposited on top of the planarized bottom shield. A
magnetoresistive element may be formed on top of the first reader gap oxide layer.
Contacts may connect the magnetoresistive element to a region outside the
magnetoresistive head. A second reader gap may be positioned on top of the
magnetoresistive element and the contacts. A top shield may be positioned on top of
the second reader gap.

For a better understanding of the invention, an embodiment will now be
described by way of example with reference to the accompanying drawings, in which:-

Figure 1A is a cross-sectional view of the layer structure of a prior art

magnetoresistive head.
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Figure 1B is a cross-sectional view showing the layer structure of the air
bearing surface of a prior art magnetoresistive head. |

Figure 2 is a cross-sectional view of the Iayer structure of 2 bottom pole of a
writer of a magnetoresistive head prior to planarization.

Figure 3 is a cross-sectional view of the layer structure of a bottom poie of a
writer of a magnetoresistive head after planarization.

Figure 4 is a cross-sectional view of the layer structure of a bottom portion of a
writer showing a recessed channel in the write gap.

Figure 5 is a cross-sectional view of the layer structure of a writer of a
magnetoresistive head,

Figure 6 is a cross-sectional view showing the layer of the air bearing surface
of a writer of a magnetoresistive head.

Figure 7 is a cross-sectional view of the layer structure of a complete
magnetoresistive hwd

Figure 8 is a cross-sectional view showing the layer structure of the air bearing
surface of a complete magnetoresistive head.

Firstly, a prior art magnetoresistive head will be described.

Figure 1A is a cross-sectional view of the layer structure of the prior art
magnetoresistive (MR) head 10. MR head 10 of Figure 1 is a siandard MR head
having the writer portion of the head positioned on top of the reader portion of the
head. MR head 10 includes basecoat oxide 12, bottom shield 14, ﬁrst reader gap
oxide layer 16, electrical contacts 18, MR element 20, second reader gap oxide layer
22, top shield/bottom pole 24, write gap oxide layer 26, polymer insulator layers 28a,
28b, and 28c, conductive coil layers 30a and 30b, and top pole 32. _

Bottom shield 14 is deposited upon basecoat oxide 12. First read gap oxide
layer 16 is then deposited upon bottom shield 14, Next, MR element 20 is deposited
in a magnetic field and patterned. MR element 20 is the portion of MR head 10 which
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during a read operation. Electrical contacts 18 are then deposited on MR element 20

and first read gap oxide layer 16. Second read gap oxide layer 22 is then deposited.

The two oxide layers, 16 and 22, comprise the read gaps, inside which MR element 20

is fabricated. Next, top shield/bottom pole 24 is laid down. Top shield/bottom pole

24 is normally utilized to provide the top shield of the reader portion of MR head 10

as well as the bottom pole of the writer portion of MR head 10.

Write gap oxide layer 26 is deposited, followed by polymer insulator layer 28a,
conductive coil layer 30a, polyiner insulator layer 28b, conductive coil layer 30b, and
polymer insulator layer 28c. Finally, top pole 32 is deposited 1o complete the
fabrication of MR head 10. Top shield/bottom pole 24 and top pole 32 provide the
writing capability of MR head 10 during a write operation. The number of conductive
coils 30 and polymer insulator layers 28 are determined by design and affect the
inductance capabilities of the writer portion of MR head 10. Bach polymer insulator
layer, however, must be cured at temperatures between 200°C and 400°C for varying
lengths of time depending upon the specific polymer. Only the lower half of this
temperature range for the curing process will avoid possible degradation of the
magnetics of the reader portion of MR head 10. This limits the choice of polymers
available as insulators for MR head readers.

Figure 1B is a cross-sectional view showing the layer structure of the air
bearing surface of the MR head. As shown in Figure 1B, MR head 10 is fabricated
such that a top surface of second read gap oxide layer 22 is not flat or planarized. The
non-planar surface of second read gap oxide layer 22 dictates that subsequent deposited
layers of MR head 10 are also not flat or planarized. In particular, top pole 32, which
is covered by overcoat oxide layer 33, can be offset from the center of MR head 10,
which can degrade the quality of tracks written from MR head 10. In addition, it is
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desired that each deposited layer of MR head 10 is flat or planarized to prevent
shorting of later deposited layers, thereby rendering MR head 10 inoperable.

Figure 2 is a cross-sectional view showing the layer structure near air bearing -
surface 52 of bottom pole 56 according to an embodiment of the present invention,
Inverted MR head 50 includes base coat 54, bottom pole 56, polymer insulator 58
having top surface 60-and dip 62, and condué:tive coils 64. Leading edge 51 is
identified relative to air bearing surface 52. _

In order to fabricate inverted MR head 50, bottom pole 56, formed from plated
permalloy, is initially deposited into a recessed portion of basecoat 54.  The recess in
basecoat 54 is formed through a combination of chemical etching and ion milling.
Polymer insulator 58 and conductive coils 64 fill the recessed portion above bottom
pole 56. Conductive coils 64, which are typically made of copper, can be positioned
in polymer insulator 58 in one row, or as seen ixi Figure 2, conductive coils 64 can be
positioned in 2 plurality of rows. The number of conductive coils 64 and polymer
insulator layers 58 affects the inductance capabilities of the writer portion of inverted
MR head 50.

As shown m Figure 2, top surface 60 of polymer insulator 58 can be somewhat
irregular. Dip 62 can arise due to lbss of polymer volume during the curing process.
In the present embodiment, the top surface 60 of polymer insulator 58 is made flat or
planarized 5o that the remaining layers of inverted MR head 50 which are deposited on
top of top surface 60 are deposited on a flat surface. Thus, any rough, jagged portions
of top surface 60, including dip 62, should be eliminated.

As shown in Figure 3, all jagged and rough portions of top surface 60,
including dip 62, have been eliminated, This elimination is normally done in one of
two ways. First, the polymer materfal forming polymer insulator 58 can be deposited
such that top surface 60 is higher than bottom pole 56. Top surface 60 can then
undergo both a blanket reactive jon etch-back process and/or a chemical-mechanical
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bottom pole 56. Secon(_i, the polymer material forming polymer insulator 58 can be
deposited having rough top surface 60 and dip 62 (shown in Figure 2). A layer of
silica can be deposited such that the top surface of the silica layer is slightly above
bottom pole 56. Then, photoresist is deposited on top of the silica layer. When the
photoresist hardens, it will be perfectly level due to sutface tension. The photoresist
and silica layer can then undergo a blanket reactive ion etch-back process that removes
the silica and photoresist at the same rate, unti top surface 60 of polymer insulator 58
is both smooth and ennrely flat.

As shown in Figure 4, inverted MR head 50 further includes write gap oxide
layer 66 having top surface 68 and channel 70. Write gap oxide layer 66 is deposited
on top of top surface 60 of polymer insulator 58. Write gap oxide layer 66 can be
formed from a variety of insulating materials, such as silica, alumina, or diamond-like
carbon, Channel 70, located near air-bearing surface 52, is then ion-milled into write
gap oxide layer 66 to define actual write gap 66a beneath channel 70, This allows
extremely accurate definition of the pole tip 72 (shown in Figures 5 and 6). The
reason is that the photoresist is deposited upon a flat surface, allowing more precise

! : development of the features in the photoresist mask. Write gap oxide layer 66a at air
bearing surface 52 beneath channel 70 has 2 height in the range of approximately 0.1
microns to 1.0 microns, and preferably in the range of approximately 0.2 t0 0.8
microns.

As shown in Figure S, pole tip 72 is positioned at trailing edge 73 of air
bearing surface 52 of inverted MR head 50. Pole tip 72 is an insert formed from a
high moment magnetic material such as iron nitride or cobalt iron. A high moment
magnetic material is capable of supporting a larger density flux than the permalloy
used in standard MR heaﬂs. The high moment insert forming pole tip 72 concentrates
the magnetic flux and allows writing of a narrow track.
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The high momentum magnetic material forming pole tip 72 is either plated or
sputtered into channel 70 until it is significantly higher than top surface 68 of write
gap oxide layer 66. The thickness of the high moment insert depends upon the
magnetic materials in the writer design. Typical values for the thickness of the insert
range from 0.5 to 2.0 microns, and typical values for the track width of the pole tip
range from 2.0 to 5.0 microns. In one preferred embodiment of the inveation used for

1 plated inserts such as cobalt iron (Cogg Fejq), a non-magnetic seed layer such as
nickel vanadium (Nigg V) can be used, which then becomes part of the write gap.
The protruding section of high moment material is then masked #nd permalloy is
plated around it ho'obtain an approximately level surface. The masking above the
insert is then remaved and the entire shield is plated as & unit to the dagired thickness.
The top surface of the top pole 72/bottom shield 74 combination will very likely
contain irregularities, which are then removed by chemical mechanical polishing.

Figure 6 is a side cross-sectional view showing air bearing surface 52 of a
writer of inverted MR head 50. As shown in Figure 6, pole tip 72 is aligned above
bottom pole 56; with the critical portion of write gap oxide layer 66A located between
bottom pole 56 and pole tip 72. The distance between bottom pole 56 and pole tip 72,
which is the critical distance of write gap oxide layer 66 is in the range of
approximately 1,000 to 10,000 angstroms, and preferably in the range of
approximately 2,000 to 8,000 angstroms. In one preferred embodiment, bottom pole
56 has a height in the range of approximately 2.0 to 4.0 micrometers, write gap oxide
layer 66 formed between top surface 60 of polymer insulator 58 and top surface 68 has
a height in the range of approximately 2,000 to 8,000 angstroms, pole tip 72 has a
height in the range of approximately 5,000 to 20,000 angstroms, and bottom shield 74
between top surface 68 of write gap oxide layer 66 and top surface 76 of bottom shield
74 has a height in the range of approximately 1.5 to 4.0 micrometers.
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head 50, including both the writer and the reader portions of inverted MR head 50.
Once bottom shield 74 has been deposited and planarized, the remaining layers of the
reader can be deposited on the flat surface of bottom shield 74, Deposition on a series
of flat surfaces alleviates shorting, which is a critical issue in standard MR heads.
Once the writer portion-of inverted MR head 50 has been fabricated, first
reader gap oxide layer 78 is deposited on top of bottom shield 74. In one preferred

embodiment, first reader gap oxide layer 78 has a height of less than 4,000

Angstroms, MR element 80 is fabricated on first reader gap oxide layer 78 near
trailing edge 73 of inverted MR head 50. MR element 80 may be a single film or
composite film structure. The specific embodiment of MR element 80 does not affect
the usefulness of MR head 50. Electrical contacts 82 are then deposited, followed by
second reader gap oxide layer 84, top shield 86, and overcoat oxide layer 88, In one
preferred embodiment, second reader gap oxide layer 84 has a height of less than
4, 000 Angstroms and the top shield 86 has a height in the range of approxitmately 1.5
to 4.0 micrometers. In addition, a boundary control stabilization layer, a permanent
magnet stabilization iayer, and/or an additional layer of contacts for inductive
cancellation or low circuit resistance can be incorporated into the MR reader if
necessary for a particular épplicaﬁm. |

Figure 8 is an air bearing surface view of inverted MR head 50 showing both
the reader and the writer. As shown in Figure 8, bottom pole 56, top pole 72, and
MR eclement 80 are aligned with one another. This invention improves the accuracy of
the alignment of the MR sensor to the top pole, since there are only one or two
intervening mask layers to complicate mask alignment, as compared to ten or more
intervening mask layers in prior art non-inverted MR heads. The alignment of bottom
pole 56, top pole 72, and MR element 80 is critical in forming an MR head which can
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information to the magnetic storage medium.

There are several agvantages of inverted MR head 50 of the described
embodiment of the present invention. First, precise definition of the top pole 72 is
achieved. Second, the distance between MR element 80 and top pole 72 is
substantially reduced over the prior art. This allows inverted MR head 50 to write
higher linear densities on the disc or other magnetic storage medium. Third, planarity
of the top pole 72 allows the reader and the writer to be offset without the top pole
having a dip in it, such as the dip of the prior art shown in Figure 1B. Fourth, use of
sendust or other rough fihﬁs for the top shield will not cause shorting due to
roughness, since the only film above the top shield surface is the overcoat. Fifth,
building the writer prior to building the reader allows use of high temperature curing
polymers such as polyimide and benzene cyclo-butene (BCB) without degrading the
MR sensor magnetics or other properties. Sixth, building the writer prior to building
the reader allows use of spin valves or giant MR sensors since high temperature
polymet cures could cause interdiffusion among the extremely thin layers of giant MR
Sensors or spin valv&e,. thus destroying their effectiveness. Giant MR sensors have a
structure consisting of layers of magnetic and layers of non-magnetic material,
preferably ferromagnetic/non-ferromagnetic material or materials similar thereto.
Permalloy may or may not be part of the layered pattern. In such MR sensors the
change in resistance due to the position of a given magnétic filed can be in excess of
65%. By having all high temperature cures completed before the reader portion is
built, few restrictions are placed on the use of giant MR and/or spin valves sensors, In
particular, the materials for the reader and writer may be optimized independently of
each other to a much greater extent than the prior art.
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1. A method of manufacturing an magnetoresistive head (50), the method betag
characterised by comprising:

fabricating a bottom pole (56) in a basecoat (54) with a recessed portion above
the bottom pole distal from an air bearing surface (52) of the head (50);

positioning a polymer insulator (58) and conductive coils (64) ia the recessed
portion above the bottom pole (65); '

planarizing a top surface (60) of the polymer insulator (56) positioned in the
recessed portion; .

' fabricating a write gap (66A) on top of the top surface (60) of the polymer;

forming a pole tip (72) of non-magnetic high moment material in the write gap
(66A) proximal to the air bearing surface (52);

planarizing a top surface of the write gap (66A);

fabricating a top pole/bottom shield (74) on top of the pole tip (72) and the
write gap (66A); |

fabricating a first reader gap (78) on top of the top pole/bottom shield (74);

forming a magnetoresistive element (80) on top of a portion of the first reader
gap (78) proximal to the air bearing surface (52);

fabricating electrical contacts (82) on top of a portion (78) of the first reader

- gap (78), the contacts electrically connecting the magnetoresistive element (80) to a

region outside of the magnetoresistive head (50);

fabricating a second reader gap (84) on top of the electrical contacts (82) and
the magnetoresistive element (80); and

fabricating a top shield (86) on top of the second reader gap (84).

2. The method of claim 1 wherein the step of fabricating a bottom pole (56)
further comprises plating polymer into the basecoat (54).
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3. The méthod of claim 1 or 2 wherein the step of planarizing the top surface (60)

of the polymer insulator (58) further comprises reactive ion etching the top surface
(60) of the polymer insulator (58) and/or polishing the top surface of the polymer
insulator (58) with & chemical-mechanical polish until the top surface of the polymer
insulator (58) is substantially smooth,

4,  The method of claim 1 or 2 wherein the step of plananzmg the top surface of
the polymer insulator (38) further comprises:

depositing a layer of silica on top of the top surface of the polymer insulator
58

depositing a photoresist layer on top of the silica layer; and

reactive ion etching the silica layer and the photoresist layer until the top
surface of the polymer insulator (58) is substantially smootﬁ.

5.  The method of any one of the preceding claims wherein the bottom pole (56) is
made of 4 plated permalloy.

6. ‘The method of any one of the preceding claims wherein the write gap (66A) is
formed from silica, diamond-like carbon and/or alumina.

7.  The method of any preceding claim further comprising ion milling a channel
(70) into the write gap layer (66); and filling the channel (70) with the non-magnetic
high moment material (72).
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met hod of manufacturing an inverted magnetoresistive head eadi-f

magnet i cal | y—stored—i-nf-orfmtion from a magneti c storage mermtns shhaet HM BEL\I‘J

inverted nagn%grsge%{ﬁatshve head may i nclude a reader positi

witer.
pol ymer

pned HERIRT mi a

The. wri da recessed bottom pole fil | ed=wrth—eort5s—and
I nsul at M”wm recessed portion above the bottom pole. .
bottom pol e an ¢ may then be planari zed. '

| ayer may be deposited on top of the plalfarized bottom
A high nonent material top pole tip may be fornmed and t

8. A magnetoresistive head (50) for reading information from a storage medium
and for writing information to the storage medium, the magnetoresisti\}e head
characterised by comprising:

a bottom pole (56) having a recessed portion positioned above the bottom pole
distal from an air bearing surface (52) of the head (50);

a polymer insulatof (58) positioned in the recessed portion pf the bottom pole
(56) having 2 plurality of coils (64) spaced throughout the polymer insulator (58), the
polymer insulator (58) having a planarized top surface (60);

a write gap (66A) positioned on top of the polymer insulator (58), the write gap
having a planarized top surface;

a pole tip (72) positioned in the write gap (66A) proximal to the air bearing
surface (56);

a top pole/bottom shield (74) positioned on top of a portion of the write gap
(66A) and the pole tip (72);

a first reader gap (78) positioned on top of the top pole/bottom shield (74);

a magnetoresistive element (80) positioned on top of the first reader gap (78)
proximal to the air bearing surface (56);

electrical oontacﬁ (82) positioned on top of the magnetoresistive element (80)
connecting the magnetoresistive element to a region outside the magnetoresistive head
(50); '

a second reader gap (84) on top of the magnetoresistive element (80) and the
contacts (82); and |
| a shield (86) positioned on top of the second reader gap.

9. The magnetoresistive head of claim 8 wherein a portion of a write gap
positioned between the bottom pole (56) and the pole tip (72) has & height in the range
of approximately Q.1 microns to 1.0 microns.
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remai-ning part of _the top pole structure which is al so the-be}-t—gm—q-hu-m—m T
of the reader, may then be formed: This bottom shield may bg plisMeer ’JSE._NJJ

The first reader Thia Sheatdiad Bedn R¥SceyBY e deposited on top ofjjthe preriayCEed
bott om shi el d. Am W e el enment may be formed on

reader gap oxide | may connggt the magnet oresi stive el enent
to a regi on outsi esi stive head. ‘A second reade

positioned on top of the nmagnetoresistive elenent and the iﬁmﬂﬁlmﬂﬂﬂ“‘
shield may be positioned on top of :

10, The magnetoresistive head of claim 8 or 9 wherein the bottom pole (56) has a
height in the range of appronmaecly 2.0 to 4.0 micrometers.

11. The magnetoresistive head of claim 8, 9 or 10 wherein the write gap oxide
(66A) between the bottom pole (56) and the pole tip (72) has a height in the range of
approximately 1,000 to 10,000 angstroms.

12. The magnetoresistive head of any one of claims 8 to 11 wherein the pole tip
(72) has a height in the range of approximately 5,000 to 20,000 angstroms.

13.  The magnetoresistive head of any one of claims 8 to 12 wherein the bottom
shield (74) has a height in the range of approximately 1.5 to 4.0 micrometers.

! 14. The magnetoresistive head of any one of claims 8 to 13 wherein the first read
I gap oxide layer (78) and/or second read gap oxide layer (84) has a height of less than
4,000 angstroms.

15.  The magnetoresistive head of any one of claims 8 to 14 wherein the top shield
(86) has a height in the range of approximately 1.5 to 4.0 micrometers.

| 16. The magnetoresistive head of any one of claims 8 to 15 wherein the pole tip
I (72) further comprises a non-magnetic high moment material (72) which fills a channel
in which the write gap (66A) proximate to the air bearing surface (52).

17.  The magnetoresistive head of any one of claims 8 to 16 having the features
defined in any one of claims 2 to 7.
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18. A method of manufacturing a magnetoresistive head (50), the method
comprising forming a multi-layered write portion (56-74) and forming a multi-layered
read portion (78-86), characterised in that the read portion is formed on top of the

the | ayer struc

write portion, and/or in that at least one layer of the head (50) is planarized.



-5- - Fi gur'e 1B is a cross-sectional view showing the |ayer structure of the

ai.r ‘bearing surface of a prior art nmagnetoresistive head. F,ﬁ'?%"z'sam

tross-sectional view of the 1ayer structure of a bottom polﬁ ISEHGETtHAS BEEN l*
2 |

a magnet or esi st’i ve head prior to planarization. Figure 3 is REPLACED
cross-sectional view of the layer structure of a bottom pole of a-

18- e
" This Sheet Has Been Reﬂlaced

MAGNETORESISTIVE HEAD AND
METHOD OF MANUFACTURE THEREOF

An inverted magnetoresistive head (50) and a method of mannfacturing an R
inverted magnetoresistive head is disclosed. The method of manufacturing the
inverted magnetoresistive head includes fabricating a writer. The writer includes a
recessed bottom pole (56) filled with copper coils (64) and polymer (58) , as well as a
write gap (66A), a pole tip (72), and a top pole/bottom shield (74). A top surface of
both the pblymer (56) and the write gap (66A) are plmmﬁzed to provide a substantially
smooth surface upon which a reader (78, 80, 82, 84, 86) can be placed. The reader is
fabricated on top of the writer (56, 58, 64, 66, 66A, 72, 74) and includes a first
reader gap (78), a magnetoresistive element (80), a second reader gap (84), and a
shield (86).

[Fig. 7]



witer of a magnet oresi stive head after planarization. Figure _4.is a

cross-sectional view of the layer structure of a bottom port | ofy8kr@etidesieen
-showi ng a recessed channel in the wite gap. Figure 5 is a clfoss- s§gﬁLAU§ﬁ
view of the layer structure of a witer of a nmagnet or esi st i vé=heat ECHHe:

6 is a cross-sectional view showing the |ayer of the air bearlng surface of
a witer of a magnetoresistive head.
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Figure 7 is a cross-sectional V|em10f the | ayer struc
magnet oresi stive head. Figure 8 is a cross-sectional

“structure of the air bearing surface of
. Firstly, a prior art magnetoresistive head wl |
a cross-sectional
magnet oresi stive (MR) head 10.

3.C

onpl ete magnet or
be descri bed:

view of the layer structure of the prior art _ )
MR head 10 of Figure 1 is a standard MR head

ture of
vi ew shipwiHig sHIEETlmeeBEbN
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having the witer portion of the head p05|t|oned on top of the reader
portion of the head. MR head 10 includes basecoat  oxide 12, b tTplrg §h"§+¢h\b8
14, first reader gap oxide |ayer- 16, el ect,fj,cal contacts 18, eRIBLACED
second r-eader .gap oxide |layer 22, top shield/ bottom pol e 24, i gap——-—=:.. =
oxi de | ayer 26, polymer insulator |ayers 28a, 28b, and 28c,—conductive r‘nJJ '
| ayers 30a and 30b, and top pole 32. Bottomshield 14 is dep05|ted upo

basecoat oxide 12. First read gap oxide layer 16 is then dep Re laced
bottom shield 14. Next, MR el emarg.ozo i s deposited I II II
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in.a magnetic field and patterned. MR element 20 is the port
10 which -6- senses a magnetic field assomated wWth atr
magneti c storage medi umduring a read opgat ion. Electrical

then deposited on MR el errent 20
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~and first read gap oxide | ayer 16. Second read gap'OXide![j%ﬁéS%zéﬁ%A§%%kN

deposited. The two oxide |ayers, 16 and 22, conprise the ACES!
which MR element 20 is fabricated. Next, top shield/botto }-gri-gh
down. Top shield/ bottom pole 24 is nor(rally utilized to provide the top -
shield of ‘the reader portion of MR head 10 as wel | as the—bottom pol e of

the witer portion of MR head 10. Wite gap oxide |ayer sghgetq%mnk
foll owed by polymer insulator |ayer 28a, conductive coil
i nsul ator |ayer 28b, conductive coil layer 30b, and . “““\




po) ymer insulator |ayer 28c. Finally, top pole 32 is depogrted Ol |

the fabrication of MR head 10. Top shi ¢l d/ bottom pol & 24 andile Eﬁ&gﬁgéﬁ“ “

.. provide the witing capability of M h”‘é\g 10 during a wilie_qpe ik
nunber of conductive coils 30 and poly i nsul ator | ayers 28 are

det ermined by design and affect the inductance capabiliiies of the Witer ™

-portion of MR head 10. Each pol yner insulator -l ayer, hOV\EMesheetMBeebRTiu&

at tenperatures between [err] and [err] for varying | engt Emmﬂ'll"lrmlll I

dependi ng upon the specific polyner. Only the | ower halif
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tenperature range for the curing process will avoid possible degradati on of
~the magnetics of the reader portion of MR head 10. This linm.ts the choice .
"of polyners available as insulators for MR head reade+s—%ELQUIe*l__js_a
"cross-sectional view showing the |ayer structure of trFe air bear| ng surface-

of the MR head. As shown in Figure 1B, MR head 10 .is ed hat a
top surface of second read gap oxide |ayer. 22 is not d zed.
The non-pl anar surface aof second read gap oxide | ayer at
subsequent deposited
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| ayers of MR head 10 are al so not flat or planarized.

In particular—top—

pol e 32, which is covered by overcoat oxide |ayer 33, can be off eln bt R
‘the center of MR head 10, which can degrade the quality ofThl$‘ ﬁ\ \“\{ﬁ\

from MR head 10.

I n addition,
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desired that each deposited | ayer of MR head 10 is-flat—or-planarized to

i noper abl e.

prevent shorting of |ater deposited |ayers, thereby renderhnﬁ

|

- Figure 2 is a cross-sectional view show
near air bearing surface 52 of bottom pole 56 accordi
the present invention.

| nverted MR head 50 includes b

MR head 10

R edct ur e
jﬂ' i ment of
ttom :

pol e 56, polyner insulator 58 having top3surface 60 and dip 62, and .
conductive coils 64. Leading edge 51 is identified relative to air bearing

surface 52.
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| n order to fabricate inverted MR head 50, bottom pole 56, fornmed from ___

pl at ed pernal |l oy,

64 fill

can be positioned in polyner

is initially deposited into a recessed portion of
basecoat 54. The recess in basecoat 54 is formed throughh
chem cal etching and ion mlling. Polynmer insulator 58 an
the recessed portion above bottom pole 56. Conduc
which are typically made of copper

58 in one row, or as seen in Figure 2, copductive coils 64 can be

positioned in a plurality of

pol ymer

rows. The nunber of conductive coils 64 and
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I nsul ator layers 58 affects the inductance capabilities of the witer
portion of inverted MR head 50. As shown in Figure 2, top surface 60 of
pol ymer insulator 58 can be sonmewhat irregular. Dip 62 can arise due to
| oss of polymer vol-une during the curing process. Tn the present '
enbodi ment, the top surface 60 of pol yner i nsul at or Th8Sheet HaEB&n RbpMcedor
pl anari zed so that the remaining |ayers of inverted h are
deposited on top of top surface 60 are_deposited on Thus,
any rough, jagged portions
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of top surface 60, including dip 62, should be elimnated. As shown in
Figure 3, all jagged and rough portions of top surface 60, including dip
62, have been elimnated. This elimnation is nornmally done in one of two

ways. First, the polymer material form ng polyner insulator 58 can be

deposited such that top surface 60 is higher than bot t oFhipihes HeH laced
surface 60 can then undergo both a bl anket reactive ion Ss
and/ or a chem cal - mechani cal _6-
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-8- polish until top surface 60 of polyner insulator 58 isFheth=saneth-and
| evel with bottom pole 56. Second, the polyner material folf RargagetinBrsHz=T
i nsul at or 58 can be deposited -having rough top surface 60 jand di %2 iJ hown
in Figure 2). A layer of silica can be deposited such that Da&):t.gh SLAEQBQS
PE D cecetved on W 87 AS

of the silica layer is slightly above -1-

MAGNETORESISTIVE HEAD AND
METHOD OF MANUFACTURE THEREOF

The present invention relates to a magnetoresistive héad for reading information
from and writing informatién to a recording medium, and to a method of
manufacturing a magnetoresistive head.

Standard magnetoresistive (MR) heads are fabricated with the writer portion
fabricated on top of the reader portion. US Patent No. 4,803,580 discloses one such
device.

MR heads are used in magnetic storage systems-to detect magnetically encoded .
information from a magnetic storage medium or disc and to write magnetically
encoded information to the storage medium. In a read mode, a time dependent
magnetic field associated with a transition from a magnetic storage medium directly
modulates the. 'resistivity of an MR element. In operation, the change in resistance of
the MR element can be detected by passing a sense current through the MR element
and measuring the voltage across the MR element. The resulting signal can be used to
recover information or data from the magnetic storage medium.

Préctical MR elements are typically formed using ferromagnetic metal alloys
because of their high magnetic permeability, an example of which is nickel iron
(NiFe). A ferromagnetic material is deposited in a thin film upon the surface of an
electrically insulated substrate or wafer. Changing magnetic fields originating from

- the magnetic storage medium produce a change in the magnetization direction of the
MR element and thereby change the resistance of the sensor. This phenomenon is
called the MR effect.

The element itself comprises a strip of MR material deposited on a magnetic
shield layer to form an MR element. A series of depositions and etching processes

form an active region from a portion of the MR element. The active region is the area



bottom pol e 56. Then, photoresist is ddp f
When the photoresist hardens, it wll baqﬁééfng Agéﬁéévéél‘lh

To su
tensi on. The photoresist and silica | ayl hl ank t} AUG 1995
reactive ion etch-back process that renoves the silica andi{iphoforesist af
the sane rate, until top surface 60 of -pol ymer insulator 58 is both snooth
and entirely flat. As shown in Figure 4, inverted MR head 50 further
i ncludes wite gap oxide |ayer 66 havi ng top surface 68 and channel 70.

Wite gap (pHhdfm B¥fienBhial Sen9&RAThIRE magnetic fields from the magnetic storage

medium. An upper magnetic shield acts as a barrier between the MR element and the

eﬂéﬂ»ﬁ_ﬁl&f\g;—[ﬁ%’ Sheet

surface of the magnetic storage medium to prevent changing magnetic fields associated
with transitions passing by the head from linking back to the element. The magnetic
shield also serves to protect the element from receiving stray magnetic fields
associated with transitions from surrounding magnetic storage media.

" One problem which affects performance of MR heads is the degree to which
surfaces in the head can be fabricated flat or "planarized." In particular, in prior art
heads, the top shield of an MR sensor has a dip just above the active region of the MR
element. This degrades off track performance. Lack of planarization can also cause

" an electrical short either between the contacts to the MR element and the top shield or .
between the top shield and subsequent fabricated layers. In addition, the top surface
of the bottom shield is usually coated with sendust, which is relatively rough for a thin
film. This relétively rough surface can also cause shorting problems bétween the
bottom shield and the contact film. Attempts at planarizing MR readers have focused
on smoothing the bottom shield, planarizing the insulator above the MR sensor, 61'
smoothing the top shield. These steps take additional process time and can limit
design flexibility.

According to one aspect of the invention, there is provided a method of
manufacturing an magnetoresistive head, the method being characterised by
comprising: fabricating a bottom pole in a basecoat with a recessed portion above the
bottom pole distal from an air bearing surface of the head; positioning a polymer
insulatbr and conductive coils in the recessed portion above the bottom pole;
planarizing a top surface <")f the polymer insulator positioned in the recessed portion;
fabricating a write gap on top of the top surface of the polymer; forming a pole tip of
non-magnetic high moment material in the write gap proximal to the air bearing

surface; planarizing a top surface of the write gap; fabricating a top pole/bottom shield

This Sheet Has Been Relilac
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on top of top surface 60 of polyner insulator 58. Wite gap d -
can be fornmed froma variety of insulating materials, such ag SEPRAQLEMENT SHEET
alum na, or dianond-1like carbon. Channel 70, |ocated near airf gearl np 1 1 AUG 19%
surface 52, is then ion-nmlled into wite gap oxide |ayer 66 |t B2@éfi-ne- .. Sox.
actual wite gap 66a beneath channel 70.-3fhis allows extrenely accurate -
~definition of the pole tip 72 (shown in Figures 5 and 6). The reason is

that the photoresist is deposited upon a flat surface, allow ng nore

pi eci se_devg) gaTHhe Bbic HPad b Wik gaf; tBRCRINY £RR? kel on Wi dFn03p

oxi de | ayer

pole/bottom shield; forming a magnetoresistive element on top of a portion of the first
reader gap proximal to the air bearing surface; fabricating electrical contacts on top of
a portion of the first reader gap, the contacts electrically connecting the
magnetoresistive element to a region outside of the magnetoresistive head; fabricating
a second reader gap on top of the electrical contacts and the magnetoresistive element;
and fabricating a top shield on top of the second reader gap.

According to annther aspect of the invention, there is provided a
magnetoresistive head for reading information from a storage medium and for writing
information to the storage medium, the magnetoresistive head characterised by
comprising: a bottom pole having a recessed portion positioned above the bottom pole
distal from an air bearing surface of the head; a polymer insulator positioned in the
recessed portion of the bottom pole having a plurality of coils spaced throughout the
polymer insulntor, the polymer insulator having a planarized top surface; a write gap
positioned on top qf the polymer insulator, the write gap having a planarized top
surface; a pole tip positioned in the write gap proximal to the air bearing surface; a top
pole/bottom shield positioned on top of a portion of the write gap and the pole tip; a
first reader gap positioned on top of the top pole/bottom shield; a magnetoresistive
element positioned on top of the first reader gap proximal to the air bearing surface;
electrical contacts positioned on top of the magnetoresistive element connecting the
magnetoresistive element to a region outside the magnetoresistive head; a second
reader gap on top of the magnetoresistive element and the contacts; and a shield
positioned on top of the second reader gap.

According to a further aspect of the invention, there is provided a method of
manufacturing a magnetoresistive head, the méthod comprising forming a multi-

layered write portion and forming a multi-layered read portion, characterised in that



bearing surface 52 beneath channel 70 has a height in the ran - ‘.‘Z&:ch
approximately 0.1 mcrons to 1.0 mcrons, and preferably in t! e ra g i‘fq
approximately 0.2 to 0.8 microns. As shown in Figure 5, pol e e 2 I‘Ml’ AUG ]995
positioned at trailing edge 73 of air bearing surface 52 of

head 50. Pole tip 72 is an insert formnmed-4-rom a hi gh nonent magnetlc

material such as iron nitride or cobalt iron. A high nonent magnetic

material is capable of supporting a larger density flux than the pernall oy

the read portion is formed on top of the write portion, and/or in that at least one layer
of the head is planarized.

In this arrangement the insulating layer of the write portion may be polymer or
another insulating material.

The magnetoresistive heads of the present invention may be referred to as
inverted magnetoresistive heads. This term is used in the following text.

In one aspect the present invention is an inverted magnetoresistive head and a
method of manufacturing an inverted magnetoresistive head for reading magnetically
stored information from a magnetic storage medium. The inverted magnetoresistive
head may include a reader positioned on top of a writer. The writer may include a
recessed bottom pole filled with coils and polymer insulators above the recessed
portion above the bottom pole. This bottom pole and coil structure may then be
planarized. A write gap oxide layer may be deposited on top of the planarized bottom
pole/coil struc;ure. A high moment material top pole tip may be formed and the
remaining part of the top pole structure, which is also the bottom shield of the reader,
may then be formed. This bottom shield may be planarized. The first reader gap
oxide layer may be deposited on top of the planarized bottom shield. A
magnetoresistive element may be formed on top of the first reader gap oxide layer.
Contacts may connect the magnetoresistive element to a region outside the
magnetoresistive head. A second reader gap may be positioned on top of the
magnetoresistive element and the contacts. A top shield may be positioned on top of

the second reader gap. '

For a better understanding of the invention, an embodiment will now be
described by way of example with reference to the accompanying drawings, in which:-

Figure 1A is a cross-sectional view of the layer structure of a prior art

magnetoresistive head.



used in standard MR heads. The high nmonent insert form ng pof
concentrates the magnetic flux and allows witing of a narrog ﬁ"&é‘f?tmu‘”&ﬂEcT
The hi gh nmomentum magnetic material formng pole tip 72 is ej ther pIIatleﬂUG ]995 _

-5-

Figure 1B is a cross-sectional view showing the layer structure of the air
bearing surface of a prior art magnetoresistive head.

Figure 2 is a cross-sectional view of the layer structure of a bottom pole of a
writer of a magnetoresistive head prior to planarization.

Figure 3 is a cross-sectional view of the layer structure of a bottom pole of a
writer of a magnetoresistive head after planarization.

Figure 4 is a cross-sectional view of the layer structure of a bottom portion of a
writer showing a recessed channel in the write gap.

Figure 5 is a cross-sectional view of the layer structure of a writer of a
magnetoresistive head.

Figure 6 is a cross-sectional view showing the layer of the air bearing surface
of a writer of a magnetoresistive head.

Figure 7 is a cross-sectional view of the layer structure of a complete
magnetoresistive head.

Figure 8 is a cross-sectional view showing the layer structure of the air bearing
surface of a complete magnetoresistive head.

Firstly, a prior art magnetoresistive head will be described.

Figure 1A is a cross-sectional view of the layer structure of the prior art
magnetoresistive (MR) head 10. MR head 10 of Figure 1 is a standard MR head |
having the writer portion of the head positioned on top of the reader portion of the
head. MR head 10 includes basecoat oxide 12, bottom shield 14 first reader gap
oxide layer 16, electriéal contacts 18, MR element 20, second reader gap oxide layer
22, top shield/bottom pole 24, write gap oxide layer 26, poly.mer insulator layers 28a,
28b, and 28c, conductive coil layers 30a and 30b, and top pole 32.

Bottom shield 14 is deposited upon basecoat oxide 12. First read gap oxide
layer 16 is then deposited upon bottom shield 14. Next, MR element 20 is deposited
in a magnetic field and patterned. MR element 20 is the portion of MR head 10 which



sputtered into channel 70 until it is significantly higher t Op_Sur- ]
68 of wite gap oxide |ayer 66. The thickness of the high FELAGEMENT SHEET
depends upon the magnetic materials in the witer design. Typical

u
for the thickness of the insert range from0.5 to 2.0 m crorj,‘spa‘@rid\f-l pﬁﬂﬁiﬁm

values for the track width of the pole t6p range from2.0 to 5.0 m crons.
I'n one preferred enbodi nent of the invention used for plated inserts such
as cobalt iron [err], a non-magnetic seed | ayer such as nickel vanadi um

[“_:er r] can Qeensgss g (ljﬂagn imCHela ggs%cg?ecdo With a%arngitig}cl fi['or?t? a%zilgtngticq gt%i'age medium
during a read operation. Electrical contacts 18 are then deposited on MR element 20
and first read gap oxide layer 16. Second read gap oxide layer 22 is then deposited.
The two oxide layers, 16 and 22, comprise the read gaps, inside which MR element 20
is fabricated. Next, top shield/bottom pole 24 is laid down. Top shield/bottom pole
24 is normally utilized to provide the toﬁ shield of the reader portion of MR head 10
as well as the bottom pole of the writer portion of MR head 10.

| Write gap oxide layer 26 is deposited, followed by polymer insulator layer 28a,
conductive coil layer 30a, polymer insulator layer 28b, conductive coil layer 30b, and

- polymer insulator layer 28c. Finally, top pole 32 is deposited to complete the |

fabrication of MR head 10. Top shield/bottom pole 24 and top pole 32 provide the
writing capability of MR head 10 during a write operation. The number of conductive
coils 30 and polymer insulator layers 28 are determined by design and affect the
inductance ca;;abilities of the writer portion of MR head 10. Each polytﬁer insulator
layer, however, must be cured at temperatures between 200°C and 400°C for varying
lengths of time depending upon the specific polymer. Only the lower half of this
temperature range for the curing process will avoid possible degradation of the
magnetics of the reader portion of MR head 10. This limits the choice of polymers
available as insulators for MR head readers.

Figure 1B is a cross-sectional view showing the layer structure of the air
bearing Isurfaqe of the MR head. 'As shown in Figure 1B, MR head 10 is fabricated
such that a top surface of second read gap oxide layer 22 is not flat or planarized. The
non-planar surface of second read gap oxide layer 22 dictates that subsequent deposited
layers of MR head 10 are also not flat or planarized. In particular, top pole 32, which
is covered by overcoat oxide layer 33, can be offset from the center of MR head 10,
which can degrade the quality of tracks written from MR head 10. In addition, it is



The protruding section of high nonent material is then mask '
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shorting of later deposited layers, thereby rendering MR head 10 inoperable.

| Figure 2 is a cross-sectional view showing the layer structure near air bearing
surface 52 of bottom pole 56 according to an embodiment of the present invention.
Inverted MR head 50 includes base coat 54, bottom pole 56, polymer insulator 58

" having top surface 60 and dip 62, and conductive coils 64. Leading edge 51 is
identified relative to air bearing surface 52.

In order to fabricafe inverted MR head 50, bottom pdle 56, formed from plated
permalloy, is initially deposited into a recessed portion of basecoat 54. The recess in
basecoat 54 is formed thrbugh a combination of chemical etching and ion milling.
Polymgr insulator 58 and conductive coils 64 fill the recessed portion above bottom
pole 56. Conductive coils 64, which are typically made of copper, can be positioned
in polymer insulator 58 in one row, or as seen in Figure 2, conductive coils 64 can be
positioned in a; plurality of rows. The number of conductive coils 64 and polymer
insulator layers 58 affects the inductance capabilities of the writer portion of inverted
MR head 50.

As shown in Figure 2, top surface 60 of polymer insulator 58 can be somewhat
irregular. Dip 62 can arise due to loss of polymer volume during the curing process.
In the present embodiment, the top surface 60 of polymer insulator 58 is made flat or
planarized so that the remaining layers of inverted MR head 50 which are deposited on
top of top surface 60 are deposited on a flat surface. Thus, any rough, jagged portions
of top surface 60, including dip 62, should be eliminated.

As shown in Figure 3, all jagged and rough portions of top surface 60,
including dip 62, have been eliminated. This elimination is normally done in oné of
two ways. First, the polymer material forming polymer insulator 58 can be deposited
such that top surface 60 is higher than bottom pole 56. Top surface 60 can then

undergo both a blanket reactive ion etch-back process and/or a chemical-mechanical
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- preferably in the range of approximatelgy 2,000 to 8,000 angstrons. In one
-preferred enbodi nent, bottom pole 56 has a height in the range of
approximately 2.0 to 4.0 mcroneters, wite gap oxide |ayer 66 forned

(DetVeen OB R ikl fop surtace 68 Of BOlymer Tnsulaior 38 13 both Smooth and level withe o
bottom pole 56. Second, the polymer material forming polymer insulator 58 can be
deposited having rough top surface 60 and dip 62 (shown in Figure 2). A layer of
silica can be deposited such that the top surface of the silica layer is slightly above
bottom pole 56. Then, photoresist is deposited on top of the silica layer. When the
photoresist hardens, it will be perfectly level due to surface tension. The photoresist
and silica layer can then undergo a blanket reactive ion etch-back process that removes
the silica and photoresist at the same rate, until top surface 60 of polymer insulator 58
is both smooth and entirely flat. |

As shown in Figure 4, inverted MR head 50 further includes write gap oxide
layer 66 having top surface 68 and channel 70. Write gap oxide layer 66 is deposited
on top of top surface 60 of polymer insulator 58. Write gap oxide layer 66 can be
formed from a_variety.of insulating materials, such as silica, alumina, or diamond-like
carbon. Channel 70, located near air-bearing surface 52, is then ion-milled into write
gap oxide layer 66 to define actual write gap 66a beneath channel 70. This allows
extremely accurate definition of the pole tip 72 (shown in Figures 5 and 6). The
reason is that the photoresist is deposited upon a flat surface, allowing more precise
development of the features in the photoresist mask. Write gap oxide layer 66a at air
bearing surface 52 beneath channei 70 has a height in the range of approximately 0.1
microns to 1.0 microns, and preferably in the range of approximately 0.2 to 0.8
microns. | |

As shown in Figure §, pole tip 72 is positioned at trailing edge 73 of air
bearing surface 52 of inverted MR head 50. Pole tip 72 is an insert formed from a
high moment magnetic material such as iron nitride or cobalt iron. A high moment
magnetic material is capable of supporting a larger density flux than the permalloy
used in standard MR heads. The high moment insert forming pole tip 72 concentrates

the magnetic flux and allows writing of a narrow track.
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The high momentum magnetic material forming pole tip 72 is either plated or
sputtered ihto channel 70 until it is significantly higher than top surface 68 of write
gap oxide layer 66. The thickness of the high moment insert depends upon the
magnetic materials in tﬂe writer design. Typical values for the thickness of the insert
range from 0.5 t0 2.0 miéroné_, and typical values for the track width of the pole tip
range from 2.0 to 5.0 microns. In one preferred embodiment of the invention used for
plated inserts such as cobalt iron (Cogg Fej(), a non-magnetic seed layer such as
nickel vanadium (Nigg V7q) can be used, which then becomes part of the write gap.
The protruding section of high moment material is then masked and permalloy is
plated around it to obtain an approximately level surface. The masking above the
insert is then removed and the entire shield is plated as a unit to the desired thickness.
The top surface of the top pole 72/bottom shield 74 combination will very likely
contain irregularities, which are then removed by chemical mechanical polishing.

Figure'-6 is a side cross-sectional view showing air bearing surface 52 of a
writer of inverted MR head 50. As shown in Figure 6, pole tip 72 is aiigned above
bottom pole 56; with the critical portion of write gap oxide layer 66A located between
bottom pole 56 ahd pole tip 72. The distance between bottom pole 56 and pole tip 72,
which is the critical distance of write gap oxide layer 66 is in the range of
approximately 1,000 to 10,000 angstroms, and preferably in the range of
approximately 2,000 to 8,000 angstroms. In one preferred embodiment, bottom pole
56 has a height in the range of approximately 2.0 to 4.0 micrometers, write gap oxide
layer 66 formed between top surface 60 of polymer insulator 58 and top surface 68 has
a height in the range of approximately 2,000 to 8,000 angstroms, pole tip 72 has a
height in the range of approximately 5,000 to 20,000 angstroms, and bottom shield 74
between top surface 68 of write gap oxide layer 66 and top surface 76 of bottom shield

74 has a height in the range of approximately 1.5 to 4.0 micrometers.
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entire fabricated inverted MR head 50, including both the vw‘i‘%‘?%r&”"ﬁ%%sgﬁﬁ
reader portions of inverted MR head 50. Once bottom shield {4 has bpanUG 1995
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deposited on the flat surface of bottoml€hield 74. Deposi tion on a series
of flat surfaces alleviates shorting, which is a critical issue in standard
MR heads.

Figure 7 is a cross-sectional view showing the entire fabricated inverted MR
head 50, including both the writer and the reader portions of inverted MR head 50.
‘Once bottom shield 74 has been de_posited and planarized, the remaining layers of the
reader can be deposited on the flat surface of bottom shield 74. Deposition on a series
of flat surfaces alleviates shorting, which is a critical issue in standard MR heads.

Once the writer portion of inverted MR head 50 has been fabricated, first
reader gap oxide layer 78 is deposited on top of bottom shield 74. In one preferred
embodiment, first reader gap oxide layer 78 has a height of less than 4,000
Angstroms. MR element 80 is fabricated on first reader gap oxide layer 78 near
trailing edge 73 of inverted MR head 50. MR element 80 may be a single film or
composite film structure. The specific embodiment of MR element 80 does not affect \
the usefulness of MR head 50. Electrical contacts 82 are then deposited, followed by
second reader gap oxide layer 84, top shield 86, and overcoat oxide layer 88. In one
preferred embodlment second reader gap ox1de layer 84 has a helght of less than
4, 000 Angstroms and the top shield 86 has a height in the range of approximately 1.5
to 4.0 micrometers. In addition, a boundary control stabilization layer, a permanent
magnet stabilization layer, and/or an additional layér of contacts for inductive
cancellation or low circuit resistance can be incorporated into the MR reader if
necessary for a particular application.

Figure 8 is an air bearing surface'viéw of inverted MR head 50 showing both
the reader and the writer. As shown in Figure 8, bottom pole 56, top pole 72, and
MR element 80 are aligned with one another. This invention improves the accuracy of
the alignment of the MR sensor to the top pole, since there are only one or two
intervening mask layers to corﬁplicate mask alignment, as con;pared to ten or more
intervening mask layers in prior art non-inverted MR heads. The alignment of bottom

pole 56, top pole 72, and MR element 80 is critical in forming an MR head which can
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contacts 8aoff frekiigly rdfPAiFbintftion 1R QWRsknBYc storage medium and write
information to the magnetic storage medium.

There are several advantages of inverted MR head 50 of the described
embodiment of the present invention. First, precise definition of the top pole 72 is
achieved. Second, the distance between MR element 80 and top pole 72 is
substantially reduced over the prior art. This allows inverted MR head 50 to write
higher linear densities on the disc or other magnetic storage medium. Third, planarity
of the top pole 72 allows the reader and the writer tb be offset without the top pole
having a dip in it, such as the dip of the prior art shown in Figure 1B. Fourth, use of .
sendust or other rough films for the top shield will not cause shorting due to
roughness, since the only film above the top shield surface is the overcoat. Fifth,
building the writer prior to building the reader allows use of high temperature curing
polymers such as polyimide and benzene cyclo-butene (BCB) without degrading the
MR sensor mignetics or other properties. Sixth, building the writer prior to building
the reader allows use of spin valves or giant MR sensors since high temperature
polymer cures could cause interdiffusion among the extremely thin layers of giant MR
sensors or spin valves, thus destroying their effectiveﬁess. Giant MR sensors have a
structure consisting of layers of magnetic and layers of non-magnetic material,
preferably ferromagnetic/non-ferromagnetic material or materials similar thereto.
Permalloy may or may not be part of the layered pattern. In such MR sensors the
change in resistance due to the position of a given magnetic filed can be in excess of
65%. By having all high temperature cures completed before the reader portion is
built, few restrictions are blac,ed on the use of giant MR and/or spin valves sensors. In
particular, the materials for the reader and writer may be optimized independently of

each other to a much greater extent than the prior art.
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embodiments, workers skilled in the art will recognize that changes may be made in

form and detail without departin'g from the spirit and scope of the invention.
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1. A method of manufacturing an magnetoresistive head (50), the method bemg

. characterised by comprising:

fabricating a bottom pole (56) in a basecoat (54) with a recessed portion above

the bottom pole distal from an air bearing surface (52) of the head (50);

positioning a polymer insulator (58) and conductive coils (64) in the recessed

portion above the bottom pole (65);

planarizing a top surface (60) of the polymer insulator (56) positioned in the

recessed portion;

fabricating a write gap (66A) on top of the top surface (60) of the polymer;

forming a pole tip (72) of non-magnetic high moment material in the write gap

(66A) proximal to the air bearing surface (52);

planarizing a top surface of the write gap (66A);

fabricating a top pole/bottom shield (74) on top of the pole tip (72) and the

write gap (66A);

fabricating a first reader gap (78) on top of the top pole/bottom shield (74);

~ forming a magnetoresistive element (80) on top of a portion of the first reader

gap (78) proximai to the air bearing surface (52);

fabricating electrical contacts (82) on top of a portion (78) of the first reader

gap (78), the contacts electrically connecting the magnetoresistive element (80) to a

region outside of the magnetoresistive head (50);

fabricating a second reader gap (84) on top of the electrical contacts (82) and

the magnetoresistive element (80); and

fabricating a top shield (86) on top of the second reader gap (84).

2. The method of claim 1 wherein the step of fabricating a bottom pole (56)

further comprises plating polymer into the basecoat (54).
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3. The method of claim 1 or 2 wherein the step of planarizing the top surface (60)
of the polymer insulator (58) further comprises reactive ion etching the top surface
(60) of the polymer insulator (58) and/or polishing the top surface of the polymer
insulator (58) with a chemical-mechanical polish until the top surface of the polymer
insulator (58) is substantially smooth.

4, The method of claim 1 or 2 wherein the step of planarizing the top surface of
the polymer insulator (58) further comprises:

depositing a layer of silica on top of the top surface of the polymer insulator
(58); |

depositing a photoresist layer on top of the silica layer; and

reactivg ion .etching the silica layer and the photoresist layer until the top

surface of the polymer insulator (58) is substantially smooth.

5. The method of any one of the preceding claims wherein the bottom pole (56) is

_ made of a plated permalloy.

6. The method of any one of the preceding claims wherein the write gap (66A) is

formed from silica, diamond-like carbon and/or alumina.

7. The method of any preceding claim further comprising ion milling a channel
(70) into the write gap layer (66); and filling the channel (70) with the non-magnetic
high moment material (72). |
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- 8. A magnetoresistive head (50) for reading information from a storage medium

and for writing information to the storage medium, the magnetoresistive head
characterised by comprising:

a bottom pole (56) having a recessed portion positioned above the bottom pole
dista_l from an air bearing surface (52) of the head (50);

a polymer insulator (58) positioned in the recessed portion of the bottom pole
(56) having a plurality of coils (64) spaced throughout the polymer insulator (58), the
polymer insulator (58) having a planarized top surface (60); |

a write gap (66A) positioned on top of the polymer insulator (58), the write gap
having a planarized top surface; | ‘

a pole tip (72) positioned in the write gap (66A) proximal to the air bearing
surface (56); |

a top pole/bottom shield (74) pbsitioned on top of a ﬁortion of the write gap
(66A) and the pole tip (72);

a first reader gap (78) positioned on top of the top pole/bottom shield (74);

a magnetoresistive element (80) positioned on top of the first reader gap (78)
proximal to the air bearing surface (56);

electrical contacts (82) positioned on top of the magnetoresistive element (80)
connecting the magnetoresistive element to a region outside the magnetoresistive head
(50); |

a second reader gap (84) on top of the magnetoresistive elerﬁent (80) and the
contacts (82); and

a shield (86) positioned on top of the second reader gap.

9. The magnetoresistive head of claim 8 wherein a portion of a write gap
positioned between the bottom pole (56) and the pole tip (72) has a height in the range

of approximately 0.1 microns to 1.0 microns.
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10.  The magnetoresistive head of claim 8 or 9 wherein the bottom pole (56) has a

height in the range of approximately 2.0 to 4.0 micrometers.

11.  The magnetoresistive head of claim 8, 9 or 10 wherein the write gap oxide
(66A) between the bottom pole (56) and the pole tip (72) has a height in the range of
approximately 1,000 to 10,000 angstroms. '

12. The magnetoresistive head of any one of claims 8 to 11 wherein the pole tip

(72) has a height in the range of approximately 5,000 to 20,000 angstroms.

13.  The magnetoresistive head of any one of claims 8 to 12 wherein the bottom

shield (74) has a height in the range of approximately 1.5 to 4.0 micrometers.

14. The magnetoresistive head of any one of claims 8 to 13 wherein the first read
gap oxide layer (78) and/or second read gap oxide layer (84) has a height of less than

4,000 angstroms.

15.  The magnetoresistive head of any one of claims 8 to 14 wherein the top shield

(86) has a height in the range of approximately 1.5 to 4.0 micrometers.

16.  The magnetoresistive head of any one of claims 8 to 15 wherein the pole tip
(72) further comprises a non-magnetic high moment material (72) which fills a channel

in which the write gap (66A) proximate to the air bearing surface (52).

17.  The magnetoresistive head of any one of clairﬁs 8 to 16 having the features

defined in any one of claims 2 to 7.
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18. A method of manufacturing a magnetoresistive head (50), the method
comprising forming a multi-layered write portion (56-74) and forming a multi-layered
read portion (78-86), characterised in that the read portion is formed on top of the

write portion, and/or in that at least one layer of the head (50) is planarized.
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3. The nethod of claim1 or 2 wherein the step of planar jzipg—the-to )
surface (60) of the polymer insulator (58) further conpriseg HME@ENWEET

etching the top surface (60) of the polyner insulator (58) gnd/or ojlglpﬁm

the top surface of the polymer insulator (58) with a chem cilpsech

polish until the top surface of the polyner insulator (58)
-snmoot h. 4. The nmethod of claim 1l or 2 wherein the s\?ép\'@frezjea\nwhahngl €9
the top surface of the polyner insulator (58) further conprises:

ABSTRACT
MAGNETORESISTIVE HEAD AND
METHOD OF MANUFACTURE THEREOF

An inverted magnetoresistive head (50) and a method of manufacturing an
inverted magnetoresistive head is disclosed. The method of manufacturing the
inverted magnetoresistive head includes fabricating a writer. The writer includes a
recessed bottom pole (56) filled with copper coils (64) and polymer (58) , as well as a
write gap (66A), a pole tip (72), and a top pole/bottom shield (74). A top surface of
both the polymer (56) and the write gap (66A) are planarized to provide a substantially .
smooth surface upon which a reader (78, 80, 82, 84, 86) can be placed. The reader is
fabricated on top of the writer (56, 58, 64, 66, 66A, 72, 74) and includes a first
reader gap (78), a magnetoresistive element (80), a second reader gap (84), and a

shield (86).

Fig. 7
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a polymer insulator (58) positioned in the recessed portion f o
pol e (56) having a plurality of coils (64) spaced throughout tﬁﬁ’%@b@MTSHFET

i nsul ator (58), the polyner insulator (58) having a planarizgd top ggﬂmm
(60); a wite gap (66A) positioned on top of the polymer insiilRor ?5) -----------------
the wite gap having a planarized top surface; a pole tip (7Z2Zy posrtioned

in the wite gap (66A) proximal to the a4r bearing surface (56);
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a top pole/bottomshield (74) positioned on top of a portioff T Vi .

gap (66A) and the pole tip (72); afirst reader gap (78) posié%ﬁﬁé§§N§%&E§%EET
of the top pole/bottomshield (74); a nmagnetoresistive el err&*n%atéBOz 1 ‘SEP '9&5
positioned on top of the first reader gap (78) proximl to [ o Y- T T Tl

surface (56); electrical contacts (82) positioned on top of the
magnet oresi stive el enent (80) connectigg the nagnetoresistive elenment to a
regi on outside the magnetoresistive head
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(50); a second reader gap (84) on top of the nagnetoresisflﬁgpgﬂﬁmmgn $Bﬁ&T
and the contacts (82); and a shietd (86) positioned on to
reader gap. 9. The magnet oresi stive head of claim8 whe Qbﬁe

b
a wite gap positioned between the bottom pole (56) and t =725
has a height in the range of approximately 0.1 mcrons to 1.0 m crons.
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poI e ('56) has
m.cronet ers.
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arp\SInesh Hasi Beert nge of approximately 2.0 CBMENT SHEET
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1 he wite gap OXI

of the MR element that senses changing magnetic fields from the magnetic storage
medium. An upper magnetic shield acts as a barrier between the MR element ahd the
surface of the magnetic storage mé.dium to prevent changing magnetic fields associated
with transitions passing by the head from linking back to the element. The magnetic
shield also serves to protect the element from receiving stray magnetic fields
associated with transitions from surrounding magnetic storage media.

One problem which affects performance of MR heads is the degree to which
surfaces in the head can be fabricated flat or "planarized." In particular, in prior art
heads, the top shield of an MR sensor has a dip just above the active region of the MR
element. This degrades off track performance. Lack of planarization can also cause
an electrical short either between the contacts to the MR element and the top shield or
between the top shield and subseiluent fabricated layers. In addition, the top surface
of the bottom shield is usually coated with sendust, which is relatively rough for a thin
film. This relatively rough surface can also cause shorting problems between the
bottom shield and the contact film. Attempts at planarizing MR readers have focused
on, smoothing the bottom shield, planarizing the insulator above the MR sensor, or
smoothing the top shield. These steps take additional process time and can limit
design flexibility.

According to one aspect of the invention, there is provided a method of
_manufacturing an magnetoresistive head, the method being characterised by
comprising: fabricating a bottom pole in a basecoat with a recessed portion above the
bottom pole distal from an air bearing surface of the head; positioning a polymer
insulator and conductive coils in the recessed portion above the bottom pole;
planarizing a top surface of the polymer insulator positioned in the recessed portion;
fabricating a write gap on top .of the top surface of the polymer; forming a pole tip of

high magnetic moment material in the write gap proximal to the air bearing surface;

planarizing a top surf_acé of the write gap; fabricating a top pole/bottom shield



(66A)° bet ween t he bottompoete {5@ andum' ﬁl I ,iﬂi,ﬁ“n)z r&%kggﬁmh? ~1-96

t he range of apprr%s}ié&tlfaggee,’lme 0 10 2 the pole tip

RRELACEMEN] SHEET

Vol 2840 B8

magnet or esi sti ve f cl .
(72) has a height H f approxi rrately 5,000"to 20,
13. The magnet o j

of ; any-i3+e of clains 8 to 1
bottomshield (74) has a height i n the range of approxi mat el
m cronmeters. 14. The magnet oresi stive head of any one of

wherein t Aidt read

1. A method of manufacturing an magnetoresistive head (50), the method being
characterised by comprising:

fabricating a bottom pole (56) in a basecoat (54) with a recessed portion above
the bottom pole distal from an air bearing surface (52) of the head (50);

positioning a polymer insulator (58) and conductive coils (64) in the recessed
portion above the bottom pole (65);

planarizing a top surface (60) of the polymer insulator (56) positioned in the
recessed portion;

fabricating a write gap (66A) on top of the top surface (60) of the polymer;

forming a pole tip (72) of high magnetic moment material in the write gap
(66A) proximal to the air bearing surface (52);

planarizing a top surface of the write gap (66A);

fabricating a top pole/bottom shield (74) on top of the pole tip (72) and the
write gap (66A);

fabricating a first reader gap (78) on top of the top pole/bottom shield (74);

forming a magnetoresistive element (80) on top of a portion of the first reader
gap (78) proximal to the air bearing surface (52); |

fabricating electrical contacts (82) on top of a portion (78) of the first reader
gap (78), the contacts electrically connecting the magnetoresistive element (80) to a
region outside of the magnetoresistive head (50);

fabricating a second reader gap (84) on top of the electrical contacts (82) and
the magnetoresistive element (80); and

fabricating a top shield (86) on top of the second reader gap (84).

2. The method of claim 1 wherein the step of fabricating a bottom pole

(56) further comprises plating polymer into the basecoat (54). :
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magneti c nonent material (72) which fills a channel in whigh the ite

(66A) proximate to the air bearing surface (52). Date;..:.\.%r.ﬁ..;lug?ﬁ%

3. The method of claim 1 or 2 wherein the step of plaharizing the top surface (60)
of the polymer insulator (58) further comprises reactive ion etching the top surface
(60) of the polymer insulator (58) and/or polishing the top surface of the polymer
insulator (58) with a chemical-mechanical polish until the top surface of the polymer

insulator (58) is substantially smooth.

4, The method of claim 1 or 2 wherein the step of planarizing the top- surface of
the polymer insulator (58) further comprises:

depositing a layer of silica on top of the top surface of the polymer insulator
(58);

depositing a photoresist layer on top of the silica layer; and

reactive ion etching the silica layer and the photoresist layer until the top

surface of the polymer insulator (58) is substantially smooth.

5. The method of any one of the preceding claims ‘wherein the bottom pole (56) is

made of a plated permalloy.

6. The method of any one of the preceding claims wherein the write gap (66A) is

formed from silica, diamond-like carbon and/or alumina.

7. The method of any preceding claim further comprising ion milling a channel
(70) into the write gap layer (66); and filling the channel (70) with the high magnetic
moment material (72).
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10.  The magnetoresistive head of claim 8 or 9 wherein the bottom pole (56) has a

height in the range of approximately 2.0 to 4.0 micrometers.

11.  The magnetoresistive head of claim 8, 9 or 10 wherein the write gap oxide
(66A) between the bottom pole (56) and the pole tip (72) has a height in the range of
approximately 1,000 to 10,000 angstroms.

12.  The magnetoresistive head of any one of claims 8 to 11 wherein the pole tip

(72) has a height in the range of approximately 5,000 to 20,000 angstroms.

13.  The magnetoresistive head of any one of claims 8 to 12 wherein the bottom

shield (74) has a heighf in the range of approximately 1.5 to 4.0 micrometers.

14.  The magnetoresistive head of any one of claims 8 to 13 wherein the first read
gap oxide layer (78) and/or second read gap oxide layer (84) has a height of less than

4,000 angstroms.

15.  The magnetoresistive head of any one of claims 8 to 14 wherein the top shield

(86) has a height in the range of approximately 1.5 to 4.0 micrometers.

16.  The magnetoresistive head of any one of claims 8 to 15 wherein the pole tip
(72) further comprises a high magnetic moment material (72) which fills a channel in

which the write gap (66A) proximate to the air bearing surface (52).

17.  The magnetoresistive head of any one of claims 8 to 16 having the features

defined in any one of claims 2 to 7.
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of the MR element that senses changing magnetic fields from the magnetic storage
medium. An upper magnetic shield acts as a barrier between the MR element and the
surface of the magnetic storage medium to prevent changing magnetic fields associated
with transitions passing by the head from linking back to the element. The magnetic
shield also serves to protect the element from receiving stray magnetic fields
associated with transitions from surrounding magnetic storage media.
One problem which affects performance of MR heads is the degree to which
‘ surfaces in the head can be fabricated flat or “planarized.” In particular, in prior art
Lo heads, the top shield of an MR sensor has a dip just above the active region of the MR
element. This degrades off track performance. Lack of planarization can also cause
an electrical short either between the contacts to the MR element and the top shield or
between the top shield and subsequent fabricated layers. In addition, the top surface
of the bottom shield is usually coated with sendust, which is relatively rough for a thin
film. This relatively rough surface can also cause shorting problems between the
bottom shield and the contact film. Attempts at planarizing MR readers have focused
on smoothing the bottom shield, planarizing the insulator above the MR sensor, or
smoothing the top shield. These steps take additional pfocess time and can limit

I design flexibility.

According to one aspect of the invention, there is provided a method of
manufacturing an magnetoresistive head, the method being characterised by
comprising: fabricating a bottom pole in a basecoat with a recessed portion above the
bottom pole distal from an air bearing surface of the head; positioning a polymer
insulator and conductive coils in the recessed portion above the bottom pole;
planarizing a top surface of the polymer insulator positioned in the recessed portion;
fabricating a write gap on top of the top surface of the polymer; forming a pole tip of

high magnetic moment material in the write gap proximal to the air bearing surface;

planarizing a top surface of the write gap; fabricating a top pole/bottom shield
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1. A method of manufacturing an magnetoresistive head (50), the method being

characterised by comprising:

fabricating a bottom pole (56) in a basecoat (54) with a recessed portion above
the bottom pole distal from an air bearing surface (52) of the head (50);

positioning a polymer insulator (58) and conductive coils (64) in the recessed
portion above the bottom pole (65);

planarizing a top surface (60) of the polymer insulator (56) pbsitioned in the
recessed portion;

fabricating a write gap (66A) on top of the top surface (60) of the polymer;

forming a pole tip (72) of high magnetic moment material in the write gap

(66A) proximal to the air bearing surface (52);

planarizing a top surface of the write gap (66A);

fabricating a top pole/bottom shield (74) on top of the pole tip (72) and the
write gap (66A); . '

fabricating a first reader gap (78) on top of the top pole/bottom shield (74);

forming a magnetoresistive element (80) on top of a portion of the first reader
g;ap (78) proximal to the air bearing surface (52); |

' fabricating electrical contacts (82) on top of a portion (78) of the first reader

gap (78), the contacts electrically connecting the magnetoresistive element (80) to a
region outside of the magnetoresistive head (50);

fabricating a second reader gap (84) on top of the electrical contacts (82) and
the magnetoresistive element (80); and

fab’ricating a top shield (86) on top of the second reader gap (84).

2. The method of claim 1 wherein the step of fabricating a bottom pole

(56) further comprises plating polymer into the basecoat (54).
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3. The method of claim 1 or 2 wherein the step of planarizing the top surface (60)
of the polymer insulator (58) further comprises reactive ion etching the top surface
(60) of the polymer insulator (58) and/or ﬁolishing the top surface of the polymer
insulator (58) with a chemical-mechanical polish until the top surface of the polymer

insulator (58) is substantially smooth.

4, The method of claim 1 or 2 wherein the step of planarizing the fop surface of
the polymer insulator (58) further cbmprises:

depositing a layer of silica on top of the top surface of the polymer insulator
(8);

depositing a photoresist layer on top of the silica layer; and

reactive ion etching the silica layer and the photoresist layer until the top

surface of the polymer insulator (58) is substantially smooth.

5. The method of any' one of the preceding claims wherein the bottom pole (56) is
made of a plated permalloy.
6. ' The method of any one of the preceding claims wherein the write gap (66A) is

formed from silica, diamond-like carbon and/or alumina.

7. The method of any preceding claim further comprising ion milling a channel
- (70) into the write gap layer (66); and filling the channel (70) with the high magnetic

moment material (72).
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10.  The magnetoresistive head of claim 8 or 9 wherein the bottom pole (56) has a
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height in the range of approximately 2.0 to 4.0 micrometers.

11.  The magnetoresistive head of claim 8, 9 or 10 wherein the write gap oxide
(66A) between the bottom pole (56) and the pole tip (72) has a height in the range of
approximately 1,000 to 10,000 angstroms.

12.  The magnetoresistive head of any one of claims 8 to 11 wherein the pole tip

(72) has a height in the range of approximately 5,000 to 20,000 angstroms.

13. The magnetoresistive head of any one of claims 8 to 12 wherein the bottom

shield (74) has a height in the range of approximately 1.5 to 4.0 micrometers.

14.  The magnetoresistive head of any one of claims 8 to 13 wherein the first read
gap oxide layer (78) and/or second read gap oxide layer (84) has a height of less than

4,000 angstroms.

15. The magnetoresistive head 6f any one of claims 8 to 14 wherein the top shield

(86) has a height in the range of approximately 1.5 to 4.0 micrometers.

16.  The magnetoresistive head of any one of claims 8 to 15 wherein the pole tip

(72) further comprises a high magnetic moment material (72) which fills a channel in

which the write gap (66A) proximate to the air bearing surface (52).

17.  The magnetoresistive head of any one of claims 8 to 16 having the features

defined in any one of claims 2 fd 7.



