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(57) ABSTRACT 

A thin film magnetic head is provided. The thin film magnetic 
head includes an upper coil wire group and a lower coil wire 
group. Two columns of coil contact groups that are formed on 
both end portions of individual coil wires of the upper coil 
wire group and the lower coil wire group, connect both end 
portions of the coil wires. An insulating resist layer buries a 
space between coil contacts of the coil contact groups. An 
inorganic insulating layer buries a space between the two 
columns of coil contact groups. The upper coil wire group, the 
lower coil wire group, and the two columns of coil contact 
groups formathin film coil that applies a magnetic recording 
field to the magnetic material layer. The insulating resist layer 
and the inorganic insulating layer are located at the same 
lamination height as the two columns of coil contact groups. 

4 Claims, 2 Drawing Sheets 
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1. 

THIN FILMI MAGNETIC HEAD THAT HAS 
SOLENOID TYPE RECORDING COIL 

This application claims the benefit of Japanese Patent 
Application No. 2005-345730 filed Nov. 30, 2005, which is 
hereby incorporated by reference. 

BACKGROUND 

1. Field 
The present embodiments relate to a thin film magnetic 

head that has a Solenoid type recording coil. 
2. Related Art 
Generally, a recording element portion of a thin film mag 

netic head includes a magnetic material layer that is formed of 
a magnetic material. A thin film coil induces a recording 
magnetic field to the magnetic material layer. A magnetic gap 
layer is formed at a front end of the magnetic material layer. 
Magnetic information is recorded on a recording medium by 
a leakage magnetic field from the magnetic material layer 
through the magnetic gap layer at a surface that faces the 
recording medium. 

Recently, a solenoid type thin film coil that is wound 
around a magnetic material layer as a core Such that a three 
dimensional space around the magnetic material layer is effi 
ciently used has been developed, thereby reducing the size of 
a recording element portion. The Solenoid type thin film coil 
includes a lower coil wire group that has a plurality of coil 
wires formed below the magnetic material layer, an upper coil 
wire group that has a plurality of coil wires formed above the 
magnetic material layer, and a coil contact layer that electri 
cally connects end portions of individual coil wires of the 
lower coil wire group and the upper coil wire group. The 
solenoid type thin film coil may be exemplarily formed 
according to the following process. 

First, a lower coil wire group is formed by arranging a 
plurality of coil wires formed of, for example, Cu, to extend in 
a track width direction below the magnetic material layer in a 
height direction. A coil insulating layer is formed to bury the 
lower coil wire group and their pitches. A part of the coil 
insulating layer is removed so as to expose both end portions 
of the individual coil wires of the lower coil wire group, and 
a coil contact layer group is formed on both end portions. At 
the same time, an auxiliary yoke layer is formed so as to be 
magnetically connected to the magnetic material layer. 

Each space between the coil contact layers of the coil 
contact layer group and each space between each coil contact 
layer and the auxiliary yoke layer are buried with an insulat 
ing resist, and an alumina is formed on the insulating resist so 
as to planarize an upper Surface of the auxiliary yoke layer. A 
magnetic material layer is formed on the auxiliary yoke layer, 
and the upper coil wire group is formed on the magnetic 
material layer through a coil insulating base layer. Both end 
portions of the individual coil wires of the upper coil wire 
group are connected to the lower coil wire group through the 
coil contact layer. 

JP-A-8-7222 is an example of the related art. 
However, in the known solenoid type thin film coil, since 

the space between the coil contact layers and the space 
between each coil contact layer group and the auxiliary yoke 
layer are buried with an insulating resist layer and alumina is 
formed on the insulating resist layer, if the thin film coil 
generatesheat, the insulating resist expands, which causes the 
recording element portion to protrude toward the Surface that 
faces the recording medium. 

In the related art, if the recording element portion protrudes 
toward the Surface that faces the recording medium, the pro 
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2 
truding portion may damage the recording medium or the 
recording element portion itself may be damaged. Also in the 
related art, if the upper surface of the auxiliary yoke layer is 
planarized by a CMP processing, resist Smear may occur. In 
order to avoid the resist Smear, alumina may be used to bury 
the space between the coil contact layers. Since the coil 
contact portion has a narrow pitch gap with respect to its 
thickness (an aspect ratio is Small), it is difficult to completely 
bury the space between the coil contact layers with alumina, 
and pores may occur. 

SUMMARY 

The present embodiment may obviate one or more of the 
drawbacks inherent in the related art. For example, in one 
embodiment, a thin film magnetic head has insulation 
between coil contacts and can control protrusion of a record 
ing element portion due to coil heat. 

Generally, if insulating resist is used to bury only a space 
between coil contacts, the space between the coil contacts is 
reliably buried and an insulating resist region becomes Small. 
Therefore, the amount of heat expansion of the insulating 
resist is Suppressed, and thus it is possible to control the 
protrusion of the recording element portion. When a CMP 
processing is performed on the Surface of an auxiliary yoke 
layer, it is also possible to reduce smear during the CMP 
processing. 

In one embodiment, a thin film magnetic head includes an 
upper coil wire group and a lower coil wire group that are 
respectively located above and below a magnetic material 
layer and respectively have a plurality of coil wires arranged 
in a height direction to extend in a track width direction. Two 
columns of coil contact groups are formed on both end por 
tions of individual coil wires of the upper coil wire group and 
the lower coil wire group and connect both end portions of the 
coil wires. An insulating resist layer buries a space between 
coil contact layers of the coil contact groups, and an inorganic 
insulating layer that buries a space between the two columns 
of coil contact groups. The upper coil wire group, the lower 
coil wire group, and the two columns of coil contact groups 
form a thin film coil that applies a recording magnetic field to 
the magnetic material layer. The insulating resist layer and the 
inorganic insulating layer are disposed at the same lamination 
height as the two columns of coil contact groups. 

In one embodiment, a thin film magnetic head includes an 
upper coil wire group and a lower coil wire group that are 
respectively located above and below a magnetic material 
layer and that respectively have a plurality of long coil wires 
arranged in a height direction to extend in a track width 
direction. Two columns of coil contact groups are formed on 
both end portions of individual coil wires of the upper coil 
wire group and the lower coil wire group and connect both 
end portions of the coil wires. An auxiliary yoke layer is 
formed at the same lamination height as the coil contact 
groups and is magnetically connected to the magnetic mate 
rial layer. An insulating resist layer buries a space between 
coil contact layers of the coil contact groups while being out 
of contact with the auxiliary yoke layer. An inorganic insu 
lating layer buries a space between the coil contact groups and 
the auxiliary yoke layer. 
The upper coil wire group, the lower coil wire group, and 

the two columns of coil contact groups form a thin film coil 
that applies a recording magnetic field to the magnetic mate 
rial layer. The insulating resist layer and the inorganic insu 
lating layer are disposed at the same lamination height as the 
two columns of coil contact groups. 
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In one embodiment, the inorganic insulating layer is 
formed of, for example, Al-O, SiO, or Al-Si-O. 

In one embodiment, since the insulating resist is formed 
only on a space between the coil contact layers and the inor 
ganic insulating layer covers regions other than the space 
between the coil contact layers, it is possible to provide a thin 
film magnetic head that can ensure insulation between coil 
contacts and can control protrusion of a recording element 
portion due to coil heat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial longitudinal cross-sectional view of one 
embodiment of a laminate structure of a thin film magnetic 
head; 

FIG. 2 is a partial plan view of one embodiment of a coil 
contact group; and 

FIG. 3 is a partial transverse cross-sectional view of one 
embodiment of a coil contact group. 

DETAILED DESCRIPTION 

Exemplary embodiments will now be described with ref 
erence to the drawings. In the drawings, an X direction is 
defined as a track width direction, a Y direction is defined as 
a height direction, and a Z direction is defined as a lamination 
direction of individual layers that forms a thin film magnetic 
head. 

FIG. 1 is a partial longitudinal cross-sectional view that 
shows a laminate structure of a thin film magnetic head. A thin 
film magnetic head H is a vertical magnetic head that applies 
a vertical magnetic field dd to a recording medium M and 
magnetizes a hard film Ma of the recording medium M in a 
Vertical direction so as to perform a recording operation. The 
recording medium Mincludes the hard film Ma that has high 
residual magnetization and is provided on a Surface of the 
recording medium M, and a soft film Mb that has high mag 
netic transmittance and is provided inside the hard film Ma. 
The recording medium M has, for example, a disc shape and 
rotates with a center of the disk as a center of a rotation axis. 

In one embodiment, the thin film magnetic head H 
includes, on an trailing end surface 101b of a slider 101, a 
nonmagnetic insulating layer 102, a recording element por 
tion W. and a surface protective layer 103 that covers the 
recording element portion W. The slider 101 is formed of a 
nonmagnetic material, for example, Al2O.TiC. A medium 
opposing surface 101a of the slider 101 faces the recording 
medium M. In this embodiment, if the recording medium M 
rotates, the slider 101 floats from the surface of the recording 
medium M by airflow. Alternatively, the slider 101 slides on 
the recording medium M. The nonmagnetic insulating layer 
102 and the surface protective layer 103 are formed of an 
inorganic material, for example, Al-O or SiO. 
The recording element portion Wincludes a main magnetic 

layer 110, an auxiliary magnetic layer 115, and a magnetic 
gap layer 113 that is interposed between the main magnetic 
layer 110 and the auxiliary magnetic layer 115 at an opposing 
surface F to the recording medium M, a recording coil C that 
applies a recording magnetic field to the main magnetic layer 
110 and the auxiliary magnetic layer 115, and an auxiliary 
yoke layer 117 that is magnetically connected to the main 
magnetic layer 110. 

In one embodiment, the main magnetic layer 110 is formed 
of a ferromagnetic material that has a high Saturated magnetic 
flux density, for example, Ni Fe, Co Fe, or Ni Fe Co. 
The main magnetic layer 110 has a predetermined length in 
the Y direction (height direction) in the drawing from the 
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4 
opposing Surface F. In addition, a length in the X direction 
(track width direction) of a front end surface 110a exposed 
toward the opposing surface F is defined as a track width. The 
auxiliary yoke layer 117 is formed of a magnetic material that 
has a lower Saturated magnetic flux density than that of the 
main magnetic layer 110 and is formed immediately below 
the main magnetic layer 110. 
The auxiliary yoke layer 117 magnetically functions as a 

part of the main magnetic layer 110. An insulating material 
layer 111 and an inorganic insulating layer 127 are formed of 
for example, Al2O, SiO, or Al Si-O and are formed 
around the main magnetic layer 110 and the auxiliary yoke 
layer 117. 
The magnetic gap layer 113 that is formed of a nonmag 

netic material, for example, alumina, SiO, Au, or Ru is 
provided on the main magnetic layer 110 and the insulating 
material layer 111. The auxiliary magnetic layer 115 is 
formed of a ferromagnetic material that has a high Saturated 
magnetic flux density, for example, Ni-Fe, Co-Fe, or 
Ni Fe Co. A front end surface 115a of the auxiliary mag 
netic layer 115 exposed toward the opposing surface F is 
formed to face the main magnetic layer 110 to be space by a 
gap interval G. The auxiliary magnetic layer 115 is connected 
to the main magnetic layer 110 by a connection portion 115b 
located at the inner side than the opposing surface 115a in the 
height direction. 
A height determining layer 114 is formed on the magnetic 

gap layer 113 at a position spaced by a predetermined dis 
tance from the opposing Surface F. The height determining 
layer 114 is formed of an inorganic or organic material. A slot 
height of the thin film magnetic head H is defined by the 
distance from the opposing surface F to a front edge of the 
height determining layer 114. 
A recording coil includes a lower coil wire group 121 that 

is formed on the nonmagnetic insulating layer 102 through a 
coil insulating base layer 120, an upper coil wire group 124 
that is formed on the magnetic gap layer 113 through a coil 
insulating base layer 123, and coil contact groups 126 (see 
FIGS. 2 and 3) that connect the lower coil wire group 121 and 
the upper coil wire group 124. 
The lower coil wire group 121 and the upper coil wire 

group 124 are respectively formed by arranging a plurality of 
coil wires in the height direction to extend in the recording 
track width direction. End portions of the individual coil 
wires are connected to each other by the coil contact groups 
126 so as to be wound around the main magnetic layer 110 
and the auxiliary yoke layer 117 as a core, such that a solenoid 
coil is formed. Each of the coil wires of the lower coil wire 
group 121 and the upper coil wire group 124 is formed by one 
or more nonmagnetic metal materials selected from a group 
of for example, Au, Cu, Ni, or Al. 
The lower coil wire group 121 and the upper coil wire 

group 124 are respectively covered with coil insulating layers 
122 and 125 formed of an organic insulating material. Such as 
resist. An upper Surface of each of the coil insulating layers 
122 and 125 is planarized, and the auxiliary yoke layer 117 
and the auxiliary magnetic layer 115 are respectively formed 
on the planarized surface. 

FIG. 2 is a schematic plan view that shows a coil contact 
group and FIG. 3 is a schematic cross-sectional view that 
shows a coil contact group. As shown in FIGS. 2 and 3, the 
coil contact groups 126 are formed on both end portions of 
individual coil wires of the lower coil wire group 121 in the 
track width direction. The coil contact groups 126 are placed 
at both end portions of the coil wires to have the same pitch 
interval as the coil pitch interval in the height direction. Two 
columns of coil contact groups 126 have the same lamination 
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height as the auxiliary yoke layer 117 formed on the coil 
insulating layer 122 that covers the lower coil wire group 121. 

In each of the coil contact groups 126, a space between the 
coil contacts is completely buried with an insulating resist R. 
The insulating resist R is coated on only the space between the 
coil contacts of the coil contact group 126 at the same lami 
nation height as the coil contact groups 126 and the auxiliary 
yoke layer 117. For example, the insulating resist R does not 
exist in regions other than the coil contact groups 126 and are 
out of contact with the auxiliary yoke layer 117. The space 
between the auxiliary yoke layer 117 and the coil contact 
groups 126 is buried with an inorganic insulating layer 127 
for planarizing the upper Surface of the auxiliary yoke layer 
117. 
The inorganic insulating layer 127 is formed of an inor 

ganic material, for example, Al2O, SiO, or Al-Si-O. The 
inorganic insulating layer 127 has a smaller thermal expan 
sion coefficient than that of the insulating resist R, it does not 
undergo thermal expansion, unlike the insulating resist R. 
After the auxiliary yoke layer 117 and the coil contact groups 
126 are formed, the inorganic insulating layer 127 is entirely 
formed by coating the insulating resist R only on the space 
between the coil contacts, and subsequently a CMP process 
ing is performed. 

In one embodiment, if the insulating resist R is used to bury 
only the space between the coil contacts of the coil contact 
groups 126 (i.e. as described above), even though the pitch 
interval of the coil contact group 126 (pitch interval between 
the lower coil wire group 121 and the upper coil wire group 
124) is smaller than the thickness of the coil contact, it is 
possible to completely bury the space between the coil con 
tacts and it is also possible to ensure insulation between the 
coil contacts. 

In this embodiment, since the insulating resist R is partially 
coated, even though the recording coil (the lower coil wire 
group 121 and the upper coil wire group 124) generates heat, 
the thermal expansion of the insulation resist R due to heat is 
Small, such that it is possible to prevent excessive protrusion 
of the recording element portion W toward the recording 
medium. In one embodiment, if the insulating resist R is 
partially coated, it is possible to reduce resist Smear during the 
CMP processing for planarizing the upper surface of the 
auxiliary yoke layer 117. 

In this embodiment, the coil contact groups 126 that con 
nect the lower coil wire group 121 and the upper coil wire 
group 124 are formed at the same lamination height as the 
auxiliary yoke layer 117. The coil contact groups 126 may be 
formed at a lamination height different from that of the aux 
iliary yoke layer 117. When the coil contact groups 126 are 
formed at a lamination height different from that of the aux 
iliary yoke layer 117, that is, when the auxiliary yoke layer 
117 is not formed between the two columns of coil contact 
groups 126, the space between the two columns of coil con 
tact groups 126 is preferably buried with an inorganic insu 
lating layer. 

In the above description, the embodiment in which the 
present embodiments are applied to a vertical magnetic 
recording head has been described, but the present embodi 
ments can be applied to a longitudinal recording type thin film 
magnetic head. 

Various embodiments described herein can be used alone 
or in combination with one another. The forgoing detailed 
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6 
description has described only a few of the many possible 
implementations of the present invention. For this reason, this 
detailed description is intended by way of illustration, and not 
by way of limitation. It is only the following claims, including 
all equivalents that are intended to define the scope of this 
invention. 
The invention claimed is: 
1. A thin film magnetic head comprising: 
an upper coil wire group and a lower coil wire group that 

are respectively located above and below a magnetic 
material layer and that respectively have a plurality of 
coil wires arranged in a height direction to extend in a 
track width direction; 

two columns of coil contact groups that are formed on both 
end portions of individual coil wires of the upper coil 
wire group and the lower coil wire group and connect 
both end portions of the coil wires; 

an insulating resist layer that buries a space between coil 
contacts of the coil contact groups; and 

an inorganic insulating layer that buries a space between 
the two columns of coil contact groups, 

wherein the upper coil wire group, the lower coil wire 
group, and the two columns of coil contact groups form 
a thin film coil that applies a magnetic recording field to 
the magnetic material layer, and 

the insulating resist layer and the inorganic insulating layer 
are located in at least a cross section of the two columns 
between coil contact groups that is perpendicular to the 
lamination direction. 

2. The thin film magnetic head according to claim 1, 
wherein the inorganic insulating layer is formed of Al2O, 
SiO, or Al-Si-O. 

3. A thin film magnetic head comprising: 
an upper coil wire group and a lower coil wire group that 

are respectively located above and below a magnetic 
material layer and that respectively have a plurality of 
long coil wires arranged in a height direction to extend in 
a track width direction; 

two columns of coil contact groups that are formed on both 
end portions of individual coil wires of the upper coil 
wire group and the lower coil wire group and connect 
both end portions of the coil wires; 

an auxiliary yoke layer that is formed at the same lamina 
tion height as the coil contact groups and is magnetically 
connected to the magnetic material layer; 

an insulating resist layer that buries a space between coil 
contact layers of the coil contact groups while being out 
of contact with the auxiliary yoke layer; and 

an inorganic insulating layer that buries a space between 
the coil contact groups and the auxiliary yoke layer, 

wherein the upper coil wire group, the lower coil wire 
group, and the two columns of coil contact groups form 
a thin film coil that applies a recording magnetic field to 
the magnetic material layer, and 

the insulating resist layer and the inorganic insulating layer 
are disposed in at least across section of the two columns 
between coil contact groups that is perpendicular to the 
lamination direction. 

4. The thin film magnetic head according to claim 3, 
wherein the inorganic insulating layer is formed of Al2O, 
SiO, or Al-Si-O. 

k k k k k 


