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123 115  130 122 Abstract: A magnetic recording head (105) includes a zero
throat (120) formed on a bottom pole layer (110) and a dielectric  layer
(130) formed over a portion of the bottom pole layer and over a portion of
the zero throat. A bottom pole extension (140). a  gap layer (150). and a
top pole extension (160) are plated in a pole tip region (114) of the
recording head so that the dielectric layer  separates the plated layers
in the pole tip region from the zero throat. The dielectric layer prevents
the bottom pole extension and  gap layer from plating over the zero
throat, and reduces the magnetic flux leakage between a bottom pole
extension and a top pole  extension of the recording head. 2 2 NOV 2004 WO
01/93268 PCT/US01/17827 MAGNETIC RECORDING HEAD WITH DIELECTRIC LAYER
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This application claims the benefit of provisional application No.
60/209,014 filed  on June 1, 2000, entitled "Self-Aligned Selective
Multiple Layer Plating Process." 5 TECHNICAL FIELD This invention relates
to improved magnetic recording heads. More particularly,  the invention
relates to magnetic recording heads with a dielectric layer, and to
methods  for utilizing this layer to reduce magnetic flux leakage in the
recording head. 10 BACKGROUND  Magnetic recording heads are commonly used
to record data to a magnetic data storage medium, such as a computer hard
drive. A computer hard drive uses at least one  disc coated with magnetic
material and a recording head suspended over the surface of  the disc. The
surface of the recording head that is substantially parallel to the
surface of 15 the disc is known as an air bearing surface. The recording
head has a pair of opposing  poles, known as a top pole and a bottom pole,
that are made of a magnetic material. The  poles are separated by a
nonmagnetic gap layer in a region near the air bearing surface  known as
the pole tip region. The recording head includes at least one inductive
coil that  generates magnetic flux through the top pole and the bottom
pole. A magnetic field is 20 formed across the gap layer at the air
bearing surface to record data to the disc. A portion of the magnetic flux
generated by the inductive coil is often transmitted  between the top and
bottom poles in a region outside the pole tip region. The leakage of
magnetic flux in the recording head impacts the magnetic field at the air
bearing surface,  and may degrade the performance of the recording head.
25 A cross-sectional view of a conventional magnetic recording head 3 is
shown in  FIG. 1. The conventional recording head 3 has a bottom pole
layer 10 of a magnetic  material, such as permalloy. The bottom pole layer
10 may serve as a magnetic shield  layer for a magnetoresistive sensor
(not shown in FIG. 1), in which case the bottom pole  layer 10 is known as
a shared pole layer 10. To insulate the inductive coils 26 of the 30
recording head 3 from the magnetic material of the bottom pole layer 10, a
zero throat 20 1 2 2 NOV 2004 



WO 01/93268 PCT/US01/17827 is formed on a selected region 15 of the bottom
pole layer 10. The zero throat 20  provides a base 25 on which the
inductive coils 26 may be formed. The zero throat 20 is  typically made of
a nonconductive material, such as a cured photoresist material. The
inductive coils 26 are surrounded by insulative material 27, such as a
cured photoresist 5 material, that is formed over the zero throat 20. A
bottom pole extension 40, a gap layer 50 and a top pole extension 60 are
formed  in succession on the bottom pole layer 10. The bottom pole
extension 40 is plated over a  selected portion 11 of the bottom pole
layer 10 not overlain by the zero throat 20. The  gap layer 50, which is
made of a nonmagnetic material such as PdNi (Palladium nickel), 10 is
plated over the bottom pole extension 40. Both the bottom pole extension
40 and the  gap layer 50 extend from an air bearing surface 80 and overlie
a region 23 on the zero  throat 20. The top pole extension 60 is plated
over the gap layer 50 and also extends from  the air bearing surface 80
and overlies the region 23 of the zero throat 20. A top pole  layer 70 is
formed over a portion 63 of the top pole extension 60 and the insulation
layer  15 27 that surrounds the inductive coils 26. To write data to the
magnetic media, the inductive coils 26 generate magnetic flux,  and a
magnetic field is formed between the top pole extension 60 and the bottom
pole  extension 40 at the air bearing surface 80. Referring to FIG. 2, to
make the magnetic recording head 3 of FIG. 1, an optional  20 seed layer
12 may be deposited over an exposed region 11 of the bottom pole layer 10
that is not overlain by the zero throat 20, as well as over a surface 21
of the zero throat 20.  The seed layer 12 is a thin layer of magnetic
material that provides a base for plating  additional layers. After the
seed layer 12 is deposited, the bottom pole extension 40, the  gap layer
50 and the top pole layer 60 are electroplated in a pole tip region 14, as
well as 25 over the region 23 of the zero throat 20. Subsequently, the gap
layer 50 is plated over the  bottom pole extension 40, and the top pole
extension 60 is plated over the gap layer 50.  After the top pole layer 70
is deposited (FIG. 1), a lapping process may be used to form  the air
bearing surface 80 of the recording head 3,. 2 



2 2 NOV 2004 WO 01/93268 PCT/US01/17827 SUMMARY  Referring to FIGS. 1-2,
the magnetic flux generated by the inductive coils 26 should completely
and uninterruptedly transmit in a path between the bottom pole  extension
40 and the top pole extension 60 at the air bearing surface 80. However,
since  5 the bottom pole extension 40 and the gap layer 50 are plated over
the region 23 of the zero throat 20, some of the magnetic flux is lost in
a flux leakage region 16 between the  bottom pole extension 40 and the top
pole extension 60. The flux leakage region 16 is  located at the interface
between the overlapping areas of the layers 40, 50, and 60 over the
region 23 of the zero throat 20. The magnetic flux at the air bearing
surface 80 is 10 essential to the writing capabilities of the recording
head, and the loss of magnetic flux in  the flux leakage region 16 (FIG.
2) may degrade the performance of the recording head.  In general, the
invention is directed to improved recording heads with reduced  magnetic
flux leakage, and methods for their manufacture. In one embodiment, the
invention is a magnetic recording head including a zero  15 throat formed
over a region of a bottom pole layer, a pole tip region with a bottom pole
extension and a gap layer, and a dielectric layer that separates the zero
throat from the  bottom pole extension and the gap layer. The dielectric
layer reduces the magnetic flux  leakage of the magnetic recording head.
In a second embodiment, the invention is a magnetic recording head
including a  20 zero throat formed over a region of a bottom pole layer, a
bottom pole extension, a top  pole extension, and a means for reducing
overlapping area between the bottom pole  extension and the top pole
extension over the zero throat. In a third embodiment, the invention is a
method of manufacturing a magnetic  recording head including forming a
zero throat on a bottom pole layer; forming a 25 dielectric layer over a
portion of the bottom pole layer and over a portion of the zero  throat;
and plating a first layer on the bottom pole layer to in a pole tip
region. The  dielectric layer separates the first layer in the pole tip
region from the zero throat. In a fourth embodiment, the invention is a
method for selective multi-layer plating  



including depositing a dielectric material over a region of a seed layer,
masking a pattern  30 over the seed layer and the dielectric material,
plating at least one plated layer in the seed 3 2 2 NOV 2004 WO 01/93268
PCT/US01/17827 layer region, removing at least a portion of the dielectric
material to form an exposed area  of the seed layer; and plating over the
plated layer and the exposed area of the seed layer. The dielectric layer
occupies an area over the zero throat in the magnetic flux  leakage region
that otherwise may be occupied by the components of the pole tip region,
5 such as the bottom pole extension, the gap layer, and the top pole
extension. The dielectric layer prevents the bottom pole extension and gap
layer from contacting the zero  throat, so the magnetic flux loss in the
flux leakage region may be reduced or  substantially eliminated. In
addition, the dielectric layer may be used in combination  with a
photoresist pattern during the manufacturing process to more precisely
control the 10 plating of the bottom pole extension, the gap layer, and
the top pole extension using a  self-aligned selective plating process.
The details of one or more embodiments of the invention are set forth in
the  accompanying drawings and the description below. Other features,
objects, and  advantages of the invention will be apparent from the
description and drawings, and from  15 the claims. DESCRIPTION OF DRAWINGS
FIG. 1 is a cross-sectional view of a conventional magnetic recording
head. FIG. 2 is a cross-sectional view of the zero throat from the
conventional magnetic  recording head of FIG. 1. 20 FIGS. 3A-E are
cross-sectional views of a process for manufacturing the magnetic
recording head of the invention. FIG. 4 is a cross-sectional view of the
zero throat of a magnetic recording of the  invention. FIG. 5 is a
cross-sectional view of the magnetic recording head of FIG. 4.  25' Like
reference symbols in the various drawings indicate like elements. 



DETAILED DESCRIPTION FIGS. 3A-E illustrate a process for manufacturing a
portion of a recording head  105 of the invention. Referring to FIG. 3A, a
zero throat 120 is formed on a selected  portion 115 of a bottom pole
layer 110. An optional seed layer 112 maybe then deposited 22NOV2004 WO
01/93268 PCT/US01/17827 over the exposed surfaces 111 and 121 of the
bottom pole layer 110 and the zero throat  120, respectively. As shown in
FIG. 3B, a dielectric layer 130 is then deposited on the seed layer  112
over the bottom pole layer 110 and the zero throat 120. A portion of the
dielectric 5 layer 130 is then removed to expose a region 113 of the seed
layer 112 in a pole tip region  114. The dielectric layer 130 may be made
of any dielectric material. Suitable dielectric  materials include, for
example, metal oxides such as aluminum oxide (A1203) or SiO2.  The
dielectric layer 130 may be deposited by any conventional means and
subsequently  removed from the region 113 using, for example, a
photo-defined etch mask and a HF 10 (hydrofluoric) etching process.
Referring to FIG. 3C, a bottom pole extension 140 is plated over the
region 113, and a  gap layer 150, and a top pole extension 160 are
subsequently plated over the bottom pole  extension 140. The bottom pole
extension 140, the gap layer 150, and the top pole  extension 160 are
preferably plated using a self-aligned selective plating process in which
15 the sidewalls of these layers are aligned with an appropriately shaped
photoresist pattern.  Although the photoresist pattern may not cover the
zero throat 120, the bottom pole  extension 140 and the gap layer 150, and
the top pole extension 160 do not plate onto the  zero throat 120 due to
the presence of the dielectric layer 130. The dielectric layer 130,  which
acts as an additional masking element, allows selective plating of the
bottom pole 20 extension 140, the gap layer 150 and the top pole extension
160 in the pole tip region 114  away from the zero throat 120. Referring
to FIG. 3D, after the top pole extension 160 is plated over the gap layer
150, the portion of the dielectric layer 130 that is not covered by the
top pole extension  160 is removed to expose a surface 124 of the seed
layer 112 over the zero throat 120. 



25 The portion of the dielectric layer 130 that is removed to expose the
surface 124 may be  removed using an etching process without the need to
apply an etch mask since the  portion of the dielectric layer 130 that
remains is already masked by the top pole  extension 160. Referring to
FIG. 3E, using the previously mentioned photoresist pattern, a top  30
pole layer 170 is plated over the top pole extension 160 and the exposed
surface 124 of  the seed layer 112 that overlies the zero throat 120.
After the top pole layer 170 is formed 5 2 2 NOV 2004 WO 01/93268
PCT/US01/17827 to the desired thickness, the patterned photoresist used to
shape the bottom pole extension  140, the gap layer 150, the top pole
extension 160, and the top pole layer 170 is removed  and an encapsulation
layer 190 (not shown in FIG. 3E) may be formed over the recording  head
105. 5 Referring to FIG. 4, a recording head 105 of the invention includes
a zero throat  120 formed on a selected portion 115 of the bottom pole
layer 110 to provide an insulated  region where the inductive coils (not
shown in FIG. 4) may be formed. An optional seed  layer 112 may be
deposited on an exposed surface 111 and 121 of the bottom pole layer  110
and the zero throat 120, respectively. A layer 130 of a dielectric
material is formed 10 over a portion 117 of the bottom pole layer 110 and
over a portion 123 of the zero throat  120. The dimensions of the
dielectric layer 130 may vary depending on the thickness of  the bottom
pole extension 140 and the gap layer 150 as required for a particular
application, but the length and thickness of the layer 130 should be
selected to prevent  contact between the layers 140, 150, and 160 in the
pole tip region 114 and the zero throat 15 120 and thereby reduce flux
losses in the flux leakage region 116. Thus, in this  embodiment of the
invention the dielectric layer 130 separates the zero throat 20 from the
bottom pole extension 140, the gap layer 150 and the top pole extension
160 so that the  bottom pole extension 140 and the gap layer 150 are not
plated in the flux leakage region  116. 20 Referring again to FIGS. 4-5,
the top pole layer 170 extends over the top pole  



extension 160 and the insulator layer 127, and an encapsulation layer 190
may be formed  over the top pole layer 170. Since the dielectric layer 130
reduces the overlapping area  between the bottom pole extension 140 and
the top pole extension 160 over the zero  throat 120, the magnetic flux
leakage in the magnetic recording head 5 may be 25 minimized. A number of
embodiments of the invention have been described. Nevertheless, it  will
be understood that various modifications may be made without departing
from the  spirit and scope of the invention. For example, a portion of the
dielectric layer 130 may be removed to expose a 30 surface 124 of the seed
layer 112 after the gap layer 150 is plated, instead of after the top
pole extension 160 is plated (FIG. 3D). In this embodiment, the bottom
pole extension 6 2 2 NOV 2004 WO 01/93268 PCT/US01/17827 140 and the gap
layer 150 are separated from the zero throat 120 by the dielectric layer
130, but there the top pole extension may not be necessary. After the
portion of the  dielectric layer is removed to expose the surface 124, the
top pole layer 170 may be  plated directly over the gap layer 150 and the
exposed surface 124 of the seed layer 112  5 that overlies the zero throat
120. The dielectric layer may be employed as a masking element in any
selective  multi-layer plating process. For example, if the dielectric
material is deposited over a  specified region of a layer, a pattern may
be masked over the layer and the dielectric  material. At least one plated
layer may be deposited on the layer by removing the 10 dielectric material
to form an etched dielectric area; and plating over the plated layer and
the etched dielectric area. Accordingly, other embodiments are within the
scope of the following claims. 7 2 2 NOV 2004 WHAT IS CLAIMED IS: 1. A
magnetic recording head comprising a zero throat formed over a region of a



bottom pole layer and spaced from an air bearing surface, a pole tip
region 5 terminating on one edge on said air bearing surface on an a
second edge near said  zero throat comprising a bottom pole extension and
a gap layer, and a dielectric  layer spaced from said air bearing surface
that separates the zero throat from the  bottom pole extension and gap
layer, wherein the dielectric layer reduces the  magnetic flux leakage of
the magnetic recording head. 10 2. The magnetic recording head of claim 1,
further comprising a top pole extension  plated over the gap layer such
that the gap layer is between the bottom pole  extension and the top pole
extension. 15 3. The magnetic recording head of claim 2, wherein the
dielectric layer is formed  over a portion of the zero throat so as to
reduce overlapping area between the  bottom pole extension and the top
pole extension over the zero throat. 4. The magnetic recording head of
claim 1, wherein the dielectric layer is made of a  20 material selected
from the group consisting of metal oxides and cured photoresist. 5. The
magnetic recording head of claim 4, wherein the dielectric layer is a
metal  oxide selected from the group consisting OF A1203 and Si02 25 6.
The magnetic recording head of claim 1, further comprising a seed layer
between  the zero throat and the dielectric layer. 30 7. A magnetic
recording head comprising:  a bottom pole layer; a zero throat formed over
a first region of the bottom pole layer; a gap layer disposed on the
bottom pole layer extending laterally away  from the zero throat to an air
bearing surface; and a dielectric layer isolating the gap layer from the
zero throat. 35 8. The magnetic recording head of claim 7, further
comprising a top pole extension  layer disposed over the gap layer and
separated from the zero throat by the  dielectric layer such that the gap
layer is between the bottom pole layer and the  top pole extension layer. 



40 9. The magnetic recording head of claim 7, wherein the dielectric layer
is spaced  from the air bearing surface. 10. The magnetic recording head
of claim 7, wherein the dielectric layer is made of at  least a material
selected from the group consisting of metal oxides and cured  45
photoresist. 8 2 2 Nov 2004 11. The magnetic recording head of claim 7
further comprising a bottom pole  extension layer disposed between the
bottom pole layer and the gap layer. 12. The magnetic recording head of
claim 8 further comprising a top pole extension  5 layer disposed between
the top pole layer and the gap layer, the top pole extension  layer
separated from the zero throat by the dielectric layer. 13. The magnetic
recording head of claim 12, wherein the top pole layer contacts the
dielectric layer, the zero throat and the top pole extension layer. 10 14.
The magnetic recording head of claim 12 further comprising a seed layer
having a  first side disposed on the bottom pole layer and the zero
throat, and a second side  having the dielectric layer, a bottom pole
extension layer and top pole layer  disposed thereon, wherein the bottom
pole extension layer is disposed between  15 the bottom pole layer and the
gap layer. 9 




