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(57) ABSTRACT 

A method of manufacturing a magnetic head manufactures 
a magnetic head having a base, and a laminate Stacked on the 
base and including a magneto-resistive device. The method 
mechanically polishes a Surface of a structure including the 
base and the laminate close to a magnetic recording medium, 
wherein the Surface of the Structure includes an end face of 
the laminate including an end face of the magneto-resistive 
device and a Surface of the base. Next, the method Selec 
tively etches a first region on the Surface of the Structure 
close to the magnetic recording medium, wherein the first 
region includes the Surface of the base but does not include 
the end face of the magneto-resistive device. Subsequently, 
the method entirely etches the Surface of the Structure close 
to the magnetic recording medium. 
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MAGNETIC HEAD, METHOD OF 
MANUFACTURING SAME, AND HEAD 

SUSPENSIONASSEMBLY 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a magnetic head 
for use in a magnetic disk apparatus and the like, a method 
of manufacturing the same, and a head Suspension assembly 
using the magnetic head. 
0002 With the trend to a larger capacity and a smaller 
size of hard disk drives (HDD), heads are required to have 
a higher Sensitivity and larger output. To meet this require 
ment, magnetic heads using magneto-resistive devices based 
on a variety of principles are now under development. For 
example, Strenuous efforts have been made to improve 
characteristics of GMR (Giant Magneto-Resistive) head 
currently available on the market. On the other hand, intense 
development is under way for a tunnel magneto-resistive 
(TMR) head which can be expected to have a resistance 
changing ratio twice or more higher than the GMR head. The 
GMR head employs a giant magneto-resistive (GMR) 
device for a magneto-resistive device, while the TMR head 
employs a tunnel junction magneto-resistive device (TMR 
device) for a magneto-resistive device. In addition, a variety 
of types of magnetic heads are known in the GMR head and 
TMR head. 

0003) Any type of magnetic head which employs a mag 
neto-resistive device comprises a base, and a laminate 
stacked on the base and including a magneto-resistive 
device. One Surface of the base and an end face of the 
magneto-resistive device are in face of a magnetic recording 
medium directly or through a protection film Such as a DLC 
(Diamond-Like-Carbon) film or the like. The surface of the 
protection film, if provided, forms an air bearing Surface 
(ABS), while the surface of the base and the end face of the 
magneto-resistive device form the ABS when the protection 
film is not provided. 
0004. In a process of manufacturing the magnetic head 
described above, a structure including the base and laminate 
(generally, a bar cut from a wafer, on which a plurality of 
magnetic heads are arranged in a line (an aggregate of 
bar-shaped magnetic heads)) undergoes a polishing step for 
mechanically polishing a Surface thereof on the ABS Side. 
This polishing Step plays an important role for exposing the 
end face of the magneto-resistive device on the ABS side for 
highly Sensitively detecting a weak magnetic field from a 
magnetic recording medium, and Simultaneously for defin 
ing the height of the magneto-resistive device in the vertical 
direction relative to the polished Surface to provide a speci 
fied resistance. 

0005 Since the structure is polished using hard particles 
Such as diamond, Smear (metal pieces produced during the 
polishing) is produced on the end face of the laminate 
including the magneto-resistive device on the ABS Side. 
This Smear can form a current path which bypasses the 
magneto-resistive device. The current path thus formed 
causes a reduction in the Sensitivity and output of the 
magneto-resistive device, and Substantially disables the 
magneto-resistive device. 

0006 To solve this problem, JP-A-11-175927 corre 
sponding to U.S. Pat. No. 6,174.736 discloses a technique 
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for removing the smear by dry etching an end face of a TMR 
device after it has been mechanically polished. This Smear 
removing technique collectively dry etches the Overall end 
face of a laminate including the TMR device, as well as the 
overall end face of a Substrate (corresponding to the base) 
which supports the laminate when the end face of the TMR 
device is dry etched. 
0007 Now, a method of manufacturing a magnetic head 
using the conventional Smear removing technique men 
tioned above will be described with reference to FIGS. 41A, 
41B, 41C. FIGS. 41A, 41B, 41C are explanatory diagrams 
Schematically illustrating essential Steps in the manufactur 
ing method. 
0008 Referring first to FIG. 41A, a reference numeral 
200 denotes a bar cut from a wafer as described above. The 
bar 200 comprises a base 201, and a laminate 202 stacked on 
the base 201. The laminate 202 includes a TMR device 203. 
The ABS side (lower side in the figure) of the bar 200 
illustrated in FIG. 41A is mechanically polished. The pol 
ishing results in a step “a” between a lower surface 202a of 
the laminate 202 including a lower surface 203a of the TMR 
device 203 and a Surface 201a of the base 201 close to a 
magnetic recording medium, as illustrated in FIG. 41B. The 
Step “a” as illustrated is caused by a polishing rate of the 
base 201 lower than a polishing rate of the laminate 202 
from the fact that the base 201 (generally made of Al-O- 
TiC, SiC, or the like) is harder than the laminate 202 (made 
of a magnetic material such as NiFe, sendust, CoFeNi, or the 
like). The step “a” after polishing is on the order of 3 nm to 
5 nm. 

0009 For removing smear produced by the polishing, the 
overall lower surface of the polished bar 200 as illustrated in 
FIG. 41B is collectively dry etched by parallel flat sputter 
etching using an Argas, ion beam etching using the Argas, 
ion milling using the Argas, or the like. Consequently, the 
Step “a” is extended to approximately 10-20 nm, as illus 
trated in FIG. 41C. This is because in Such dry etching, the 
base 201 is etched at a lower rate than the laminate 202, with 
a large ratio of the etching rate of the later to that of the 
former. 

0010 Conventionally, however, no attention has been 
paid to the fact that the step “a” is extended by the dry 
etching for removing Smear. The Step “a” having the size of 
as much as 10-20 nm would cause a failure in Supporting the 
future trend of increasingly higher recording density. For 
improving more and more the recording density, the Step “a” 
must be minimized to make a magnetic spacing (spacing 
between an end face of a magneto-resistive device close to 
a magnetic recording medium and a magnetic layer of the 
magnetic recording medium) as narrow as possible. These 
aspects similarly apply to a variety of other magnetic heads 
as well as the TMR head. 

0011 JP-A-11-175927 also discloses that an end face of 
a TMR device is dry etched by using a Cl-based, a F-based, 
and an O gas. However, the use of these gases results in the 
formation of an insensitive region (erosion, oxide films, and 
the like) on the surface of the TMR device, causing an 
unfavorable reduction in output when the recording density 
is higher. 

SUMMARY OF THE INVENTION 

0012. It is an object of the present invention to provide a 
magnetic head which is capable of generating a high output 
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Signal from a magneto-resistive device even on a narrow 
track to increase the recording density, a method of manu 
facturing the same, and a head Suspension assembly using 
the magnetic head. 
0013 A method of manufacturing a magnetic head 
according to a first aspect of the present invention is pro 
Vided for manufacturing a magnetic head having a base, and 
a laminate Stacked on the base and including a magneto 
resistive device. The method includes a polishing Step for 
mechanically polishing a Surface of a structure including the 
base and the laminate close to a magnetic recording medium, 
wherein the Surface of the Structure includes an end face of 
the laminate including an end face of the magneto-resistive 
device and a Surface of the base; and a first etching Step after 
Said polishing Step for Selectively etching a first region on 
the Surface of the Structure close to the magnetic recording 
medium, wherein the first region includes the Surface of the 
base but not including the end face of the magneto-resistive 
device. 

0.014. The etching conducted in the first etching step may 
include either wet etching or dry etching. When the wet 
etching is conducted, an etchant for use in the wet etching 
is not particularly limited, but may be an etchant which 
includes, for example, at least one of acid and alkali. 
Alternatively, the dry etching, when conducted, is not par 
ticularly limited in type, but may be, for example, reactive 
ion etching, reactive ion beam etching, ion beam etching, 
Sputter etching, or ion milling. 
0.015 According to the first aspect, since the first region 
is selectively etched after the polishing step, the difference 
in level can be adjusted between the Surface of the base close 
to the magnetic recording medium and the end face of the 
magneto-resistive device close to the magnetic recording 
medium. Therefore, even if the mechanical polishing of the 
Structure causes a difference in level between the Surface of 
the base close to the magnetic recording medium and the end 
face of the magneto-resistive device close to the magnetic 
recording medium, it is possible to eventually reduce the 
difference in level between the Surface of the base close to 
the magnetic recording medium, which forms the ABS 
through the protection film or in direct, and the end face of 
the magneto-resistive device close to the magnetic recording 
medium. In addition, even if the structure is etched for 
removing Smear after the Structure has been mechanically 
polished, with a relatively large difference in etching rate 
between the base and the magneto-resistive device, it is 
possible to eventually reduce the difference in level between 
the Surface of the base close to the magnetic recording 
medium, which forms the ABS through the protection film 
or in direct, and the end face of the magneto-resistive device 
close to the magnetic recording medium. 
0016 Consequently, the method according to the first 
aspect can manufacture a magnetic head which can generate 
a high output Signal from the magneto-resistive device even 
on a narrow track to increase the recording density. 
0.017. The method of manufacturing a magnetic head 
according to Second aspect of the present invention further 
comprises, in the first aspect, a Second etching Step after the 
polishing Step and before or after the first etching Step for 
entirely etching the Surface of the Structure close to the 
magnetic recording medium. 
0.018. According to the second aspect, the second etching 
Step can remove Smear produced in the polishing Step. 
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0019. The etching conducted in the second etching step 
may include either wet etching or dry etching. When the wet 
etching is conducted, an etchant for use in the wet etching 
is not particularly limited, but may be an etchant which 
includes, for example, at least one of acid and alkali. 
Alternatively, the dry etching, when conducted, is not par 
ticularly limited in type, but may be, for example, ion beam 
etching, Sputter etching, or ion milling. When the dry 
etching is conducted, an etching gas for use therein is 
preferably, one type of gas or a mixture of two or more gases 
Selected from a group comprising. He gas, Negas, Argas, Kr 
gas and Xe gas. Since the use of Such a rare gas for the 
etching gas avoids the formation of an insensitive region 
(erosion, oxide film, and the like) on the Surface of the 
magneto-resistive device, it is possible to manufacture a 
magnetic head which can generate a high output signal from 
the magneto-resistive device even on a narrow track to 
increase the recording density. The feature described above 
applies to a Second etching Step in a ninth aspect, later 
described. 

0020. In the method of manufacturing a magnetic head 
according to a third aspect of the present invention, the 
laminate comprises a first and a Second magnetic Shield film 
formed on the base to Sandwich the magneto-resistive 
device, the Surface of the Structure close to the magnetic 
recording medium includes end faces of the first and Second 
magnetic shield films close to the magnetic recording 
medium, and the first region does not include end faces of 
the first and Second magnetic Shield films, in the first or 
Second aspect. 
0021 According to the third aspect, since not only the 
end face of the magneto-resistive device but also the end 
faces of the magnetic Shield films are removed from a region 
to be selectively etched (the first region), an increase in 
difference in level is avoided between the end faces of the 
first and Second magnetic shield films close to the magnetic 
recording medium and the end face of the magneto-resistive 
device close to the magnetic recording medium. This is 
preferable because the magnetic shield effect is not 
degraded. 

0022. In the method of manufacturing a magnetic head 
according to a fourth aspect, the first etching Step in any of 
the first to third aspects comprises the Steps of forming a 
resist on a region on the Surface of the Structure close to the 
magnetic recording medium except for the first region 
before the etching in the first etching Step, and removing the 
resist after the etching in the first etching Step. 
0023 The fourth aspect gives an example in which a 
resist is employed for an etching mask for use in the first 
etching Step. However, in the first to third aspects, the 
etching mask is not limited to the resist. 
0024. In the method of manufacturing a magnetic head 
according to a fifth aspect of the present invention, the first 
region in any of the first to fourth aspects Substantially Solely 
includes the Surface of the base on the Surface of the 
Structure close to the magnetic recording medium. 
0025. According to the fifth aspect, since the region to be 
Selectively etched (the first region) is Substantially limited to 
the surface of the base, no groove will be formed in the ABS. 
It is therefore possible to manufacture a magnetic head 
which is highly Stable in its floating. 
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0026. In the method of manufacturing a magnetic head 
according to a Sixth aspect of the present invention, the first 
region in any of the first to fourth aspects includes a 
predetermined region on the end face of the laminate close 
to the base on the Surface of the Structure close to the 
magnetic recording medium. 
0.027 According to the sixth aspect, while the magnetic 
head is slightly degraded in the floating Stability due to a 
groove formed in the ABS (air bearing Surface) as compared 
with the fifth aspect, such a groove will not adversely affect 
in practice as long as its depth is not excessively large. 
0028. The method of manufacturing a magnetic head 
according to a Seventh aspect of the present invention further 
comprises, in any of the first to Six aspects, the Step of Setting 
a target region for the first region, the target region including 
a region on the Surface of the base on the Surface of the 
Structure close to the magnetic recording medium, and a 
predetermined region close to the base in a region on the end 
face of the laminate on the Surface of the Structure close to 
the magnetic recording medium. 
0029. The target region for setting the first region can be 
shifted from the actual first region due to variations involved 
in the manufacturing. However, the target region Set in a 
manner of the Seventh aspect is preferable because Such 
Setting reduces the rate at which defective products are 
produced due to the variations, and increases the yield rate. 
0.030. In the method of manufacturing a magnetic head 
according to an eighth aspect of the present invention, the 
predetermined region in the target region Set for the first 
region in the Seventh aspect has a width in a range of 0.05 
tim to 3.0 lim. 
0031. The target region set in a manner of the eighth 
aspect for Setting the first region is preferable because Such 
Setting can improve the yield rate while maintaining the 
magnetic head floating Stability. 

0.032 The method of manufacturing a magnetic head 
according to a ninth aspect of the present invention further 
comprises, in the first aspect, a Second etching Step after the 
polishing Step and before or after the first etching Step for 
Selectively etching a Second region on the Surface of the 
Structure close to the magnetic recording medium, the Sec 
ond region not including the Surface of the base but includ 
ing the end face of the magneto-resistive device. The etching 
conducted in the Second etching Step may include either wet 
etching or dry etching. 

0.033 According to the ninth aspect, the second etching 
Step can remove Smear produced in the polishing Step. In the 
Second aspect, the etching Step is a combination of the 
Selective etching of the first region and the entire etching, 
whereas in the ninth aspect, the etching Step is a combination 
of the Selective etching of the first region and the Selective 
etching of the Second region. The ninth aspect can also 
provide Similar advantages to those of the Second aspect. 
0034. In the method of manufacturing a magnetic head 
according to a tenth aspect of the present invention, the base 
is made of a material in a group comprising Al-O-TiC and 
SiC in any of the first to ninth aspects. Since the base is a 
main component of a slider of the magnetic head, the base 
is preferably made of a hard material Such as Al-O-TiC 
and SiC as described in the tenth aspect. 
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0035 A magnetic head according to an eleventh aspect of 
the present invention comprises a base having a Surface, 
located close to a magnetic recording medium, for forming 
an air bearing Surface directly or through a protection film, 
and a laminate Stacked on the base and including a magneto 
resistive device, wherein the Surface of the base close to the 
magnetic recording medium differs in level from an end face 
of the magneto-resistive device close to the magnetic record 
ing medium by 2 nm or leSS in absolute value. 
0036). According to the eleventh aspect, since the abso 
lute value of the level in difference is equal to or less than 
2 nm, a magnetic spacing is significantly reduced as com 
pared with before, So that the magnetic head can generate a 
high output Signal even on a narrow track to increase the 
recording density. 
0037. A magnetic head according to a twelfth aspect of 
the present invention comprises a base having a Surface, 
located close to a magnetic recording medium, for forming 
an air bearing Surface directly or through a protection film, 
and a laminate Stacked on the base and including a magneto 
resistive device, and a first and a Second magnetic shield film 
formed on the base to Sandwich the magneto-resistive 
device, wherein the Surface of the base close to the magnetic 
recording medium differs in level from an end face of at least 
one of the first and Second magnetic Shield films close to the 
magnetic recording medium by 2 nm or leSS in absolute 
value. 

0038 Generally, the magnetic shield film is made of a 
material such as NiFe, CoFeNi, Sendust and the like, while 
the magneto-resistive device is made of Ni, Co, Fe, Mn, Pt 
and the like. Since both the magnetic shield films and the 
magneto-resistive device are made of magnetic materials 
based on transition metals, both components present a Small 
difference in the etching rate. Consequently, the end faces of 
the first and Second magnetic shield films close to the 
magnetic recording medium are Substantially equal in level 
to the end face of the magneto-resistive device close to the 
magnetic recording medium. Thus, in the twelfth aspect, the 
Surface of the base close to the magnetic recording medium 
differs in level from the end face of at least one magnetic 
Shield film close to the magnetic recording medium by 2 nm 
or less in absolute value, so that the absolute value of the 
difference in level is reduced between the Surface of the base 
close to the magnetic recording medium and the end face of 
the magneto-resistive device close to the magnetic recording 
medium, as is the case with the eleventh aspect. Thus, the 
magnetic head according to the twelfth aspect has a mag 
netic spacing Significantly reduced as compared with before, 
and therefore can generate a high output Signal even on a 
narrow track to increase the recording density. 
0039. In the magnetic head according to a thirteenth 
aspect of the present invention, the laminate includes a 
groove formed on the end face close to the magnetic 
recording medium, the groove extending along a boundary 
between the Surface of the base close to the magnetic 
recording medium, the Surface forming the air bearing 
Surface directly or through the protection film, and the end 
face of the laminate close to the magnetic recording medium 
in the eleventh or twelfth aspect. 
0040. The magnetic head structured to have the groove as 
described in the thirteenth aspect can be manufactured by 
the manufacturing method according to the aforementioned 
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Sixth aspect, So that the magnetic head can be manufactured 
at a higher yield rate to reduce the cost. 
0041. A magnetic head according to a fourteenth aspect 
of the present invention comprises a base having a Surface, 
located close to a magnetic recording medium, for forming 
an air bearing Surface directly or through a protection film, 
and a laminate Stacked on the base and including a magneto 
resistive device, wherein the laminate includes a groove 
formed on an end face close to the magnetic recording 
medium, the groove extending along a boundary between 
the Surface of the base close to the recording medium and the 
end face of the laminate close to the recording medium. The 
magnetic head according to the fourteenth aspect can also 
provide Similar advantages to those of the thirteenth aspect. 
0042. In the magnetic head according to a fifteenth aspect 
of the present invention, the groove has a depth of 30 nm or 
less with reference to the Surface of the base close to the 
magnetic recording medium, the Surface forming the air 
bearing Surface directly or through the protection film in the 
thirteenth or fourteenth aspect. 
0043. In the thirteenth and fourteenth aspects, the groove 
having an excessive depth would largely affect the magnetic 
head floating Stability. The influence affecting the floating 
Stability can be Suppressed by Setting the depth of the groove 
as described in the fifteenth aspect. For further improving 
the magnetic head floating Stability, the depth of the groove 
is preferably 20 nm or less, and more preferably 10 nm or 
leSS. 

0044. A head suspension assembly according to a six 
teenth aspect of the present invention comprises a magnetic 
head and a Suspension for Supporting Said magnetic head 
near a leading end thereof, wherein the magnetic head is 
manufactured by the manufacturing method according to 
any of the first to tenth aspects, or the magnetic head is the 
magnetic head according to any of the eleventh to fifteenth 
aspects. According to the Sixteenth aspect, the head Suspen 
Sion assembly can increase the recording density of a 
magnetic disk apparatus and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIG. 1 is a schematic perspective view generally 
illustrating a magnetic head according to a first embodiment 
of the present invention; 
0.046 FIG. 2 is a schematic enlarged cross-sectional 
View diagrammatically illustrating a main portion of the 
magnetic head illustrated in FIG. 1; 
0047 FIG. 3 is another enlarged cross-sectional view 
diagrammatically illustrating the main portion of the mag 
netic head illustrated in FIG. 1; 
0.048 FIG. 4 is a flow chart generally illustrating an 
exemplary method of manufacturing the magnetic head 
illustrated in FIG. 1; 

0049 FIGS. 5A, 5B are schematic views illustrating a 
Step which forms part of a wafer proceSS in the method of 
manufacturing the magnetic head illustrated in FIG. 1; 
0050 FIGS. 6A, 6B are schematic views illustrating 
another Step which forms part of the wafer proceSS in the 
method of manufacturing the magnetic head illustrated in 
FIG. 1; 
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0051 FIGS. 7A, 7B are schematic views illustrating 
another Step which forms part of the wafer proceSS in the 
method of manufacturing the magnetic head illustrated in 
FIG. 1; 
0.052 FIGS. 8A, 8B are schematic views illustrating 
another Step which forms part of the wafer proceSS in the 
method of manufacturing the magnetic head illustrated in 
FIG. 1; 
0053 FIG. 9 is a cross-sectional view diagrammatically 
illustrating another Step which forms part of the wafer 
process in the method of manufacturing the magnetic head 
illustrated in FIG. 1; 
0054 FIGS. 10A, 10B are schematic perspective views 
diagrammatically illustrating a step of cutting a bar in FIG. 
4; 
0055 FIG. 11 is a schematic cross-sectional view illus 
trating the bar cut away by the cutting step in FIG. 4; 
0056 FIGS. 12A, 12B are schematic cross-sectional 
ViewS illustrating a bar after a lapping Step in FIG. 4; 
0057 FIGS. 13A, 13B, 13C are schematic cross-sec 
tional views diagrammatically illustrating how the bar is 
processed in respective Steps in a first and a Second proceSS 
in FIG. 4; 
0058 FIG. 14 is an explanatory diagram showing an 
incident angle of an ion beam; 
0059 FIGS. 15A, 15B, 15C are schematic cross-sec 
tional views diagrammatically illustrating how the bar is 
processed in a different way in respective Steps in the first 
and second processes in FIG. 4; 
0060 FIGS. 16A, 16B, 16C are schematic cross-sec 
tional views diagrammatically illustrating how the bar is 
processed in another different way in respective Steps of the 
first and second processes in FIG. 4; 
0061 FIG. 17 is a schematic perspective view diagram 
matically illustrating an exemplary modification to the mag 
netic head according to the first embodiment of the present 
invention; 
0062 FIG. 18 is a schematic enlarged cross-sectional 
View diagrammatically illustrating a main portion of the 
magnetic head illustrated in FIG. 17; 
0063 FIG. 19 is a flow chart generally illustrating 
another exemplary method of manufacturing the magnetic 
head illustrated in FIG. 1; 
0064 FIGS. 20A, 20B are schematic cross-sectional 
ViewS diagrammatically illustrating how the bar is processed 
in respective steps of a first process in FIG. 19, 
0065 FIGS. 21A, 21B are schematic cross-sectional 
ViewS diagrammatically illustrating how the bar is processed 
in respective steps of a second process in FIG. 19, 
0066 FIGS. 22A, 22B schematic cross-sectional views 
diagrammatically illustrating how the bar is processed in a 
different way in the respective Steps of the first process in 
FIG. 19; 
0067 FIGS. 23A, 23B schematic cross-sectional views 
diagrammatically illustrating how the bar is processed in a 
different way in the respective Steps of the Second proceSS in 
FIG. 19; 
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0068 FIG. 24 is a schematic enlarged cross-sectional 
View diagrammatically illustrating a main portion of a 
magnetic head according to a Second embodiment of the 
present invention; 

0069 FIG. 25 is another schematic enlarged cross-sec 
tional view diagrammatically illustrating the main portion of 
the magnetic head illustrated in FIG. 24; 

0070 FIGS. 26A, 26B are schematic views illustrating 
one Step which forms part of a wafer proceSS in a method of 
manufacturing the magnetic head illustrated in FIG. 24, 

0071 FIGS. 27A, 27B are schematic views illustrating 
another Step which forms part of the wafer proceSS in the 
method of manufacturing the magnetic head illustrated in 
FIG. 24; 

0072 FIGS. 28A, 28B are schematic views illustrating a 
further step which forms part of the wafer process in the 
method of manufacturing the magnetic head illustrated in 
FIG. 24; 

0073 FIGS. 29A, 29B are schematic views illustrating a 
further step which forms part of the wafer process in the 
method of manufacturing the magnetic head illustrated in 
FIG. 24; 

0074 FIGS.30A, 30B are schematic views illustrating a 
further step which forms part of the wafer process in the 
method of manufacturing the magnetic head illustrated in 
FIG. 24; 

0075 FIG. 31 is a schematic view illustrating a further 
step which forms part of the wafer process in the method of 
manufacturing the magnetic head illustrated in FIG. 24, 

0.076 FIG. 32 is a schematic cross-sectional view illus 
trating a bar which is cut away by a cutting Step in the 
method of manufacturing the magnetic head illustrated in 
FIG. 24; 

0077 FIGS. 33A, 33B are schematic cross-sectional 
views illustrating the bar of FIG. 32 after it has been lapped; 

0078 FIG. 34 is a schematic perspective view illustrat 
ing the configuration of a main portion of a magnetic disk 
apparatus according to a third embodiment of the present 
invention; 

007.9 FIG. 35 is a graph showing the relationship of a 
final level difference to an ion beam incident angle 0 in the 
Second proceSS based on the results of measurements made 
on Examples 1-6 listed in Table 2; 

0080 FIG. 36 is a graph showing the relationship of the 
head output to the ion beam incident angle 0 in the Second 
proceSS based on the results of measurements made on 
Examples 1-6 listed in Table 2; 

0.081 FIG. 37 is a graph showing the relationship of a 
final level difference to an ion beam incident angle 0 in the 
Second proceSS based on the results of measurements made 
on Examples 7-12 listed in Table 3; 

0082 FIG. 38 is a graph showing the relationship of the 
head output to the ion beam incident angle 0 in the Second 
proceSS based on the results of measurements made on 
Examples 7-12 listed in Table 3; 
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0.083 FIG. 39 is a graph showing the relationship of a 
floating amount yield rate to a target offset amount Co. based 
on the results of measurements made on Examples 13-21 
listed in Table 4; 
0084 FIG. 40 is a graph showing the relationship of the 
floating amount yield rate to an average value B ave2 of the 
depths of grooves based on the results of measurements 
made on Examples 22-27 listed in Table 5; and 
0085 FIGS. 41A, 41B, 41C are explanatory diagrams 
Schematically illustrating a main portion in a conventional 
method of manufacturing a magnetic head. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0086. In the following, a magnetic head, a method of 
manufacturing the same, and a head Suspension assembly 
using the magnetic head according to the present invention 
will be described with reference to the accompanying draw 
IngS. 

0087 First, a magnetic head according to a first embodi 
ment of the present invention will be described with refer 
ence to FIGS. 1 to 3. 

0088 FIG. 1 is a schematic perspective view generally 
illustrating the magnetic head according to the first embodi 
ment of the present invention. For the Sake of description, an 
X-axis, a Y-axis and a Z-axis, orthogonal to one another, are 
defined as shown in FIGS. 1 to 3. The Z-axis matches a 
direction in which a magnetic recording medium is moved, 
and an XZ plane is parallel to ABS (air bearing Surface). 
Each of the figures described below also shows the X-axis, 
Y-axis, and Z-axis corresponding to the X-axis, Y-axis, and 
Z-axis in FIG. 1, respectively. 
0089 FIG. 2 is a schematic enlarged cross-sectional 
View along a plane parallel to the XZ plane, diagrammati 
cally illustrating a portion of a GMR device 4 and an 
inductive magnetic transducing device 5 of the magnetic 
head illustrated in FIG. 1. FIG. 3 is a schematic enlarged 
croSS-Sectional view along a plane parallel to a YZ plane, 
diagrammatically illustrating the portion of the GMR device 
4 and inductive magnetic transducing device 5 of the mag 
netic head illustrated in FIG. 1. FIG. 3 also shows the 
relationship with a magnetic recording medium 90. 
0090 The magnetic head according to the first embodi 
ment comprises a base 1 constituting a slider; a laminate 2 
stacked on the base 1; and a protection film 3 made of a DLC 
(Diamond-Like-Carbon) film or the like, and is configured 
as a composite magnetic head, as illustrated in FIG. 1. The 
laminate 2 includes a GMR device 4 as a magneto-resistive 
device which Serves to be a magnetic head element for 
reproduction, and an inductive magnetic transducing device 
5 as a magnetic head element for recording. Alternatively, 
the magnetic head according to the present invention may be 
a magnetic head exclusive for reproduction which does not 
comprise a magnetic head element for recording. While the 
magnetic head according to the first embodiment includes 
one each of the devices 4, 5, the devices 4, 5 are not 
particularly limited in number. 
0091. The magnetic head has rails 11, 12 on a surface 
opposite to the magnetic recording medium 90, and the 
surfaces of the rails 11, 12 define air bearing surfaces (ABS). 
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In the example illustrated in FIG. 1, there are two rails 11, 
12, but the number of rails is not limited to two. For 
example, the slider 1 may have one to three rails, or the ABS 
may be a flat surface without rails. In addition, the ABS may 
be formed in a variety of geometric shapes for improving a 
floating characteristic and the like. The magnetic head 
according to the present invention may have any type of 
ABS. 

0092. In the first embodiment, the protection film 3 is 
applied only on the Surfaces of the rails 11, 12, So that the 
surface of the protection film 3 defines the ABS. Alterna 
tively, the protection film 3 may be applied on the entire 
Surface of the magnetic head opposite to the magnetic 
recording medium. While the protection film 3 is preferably 
provided, the protection film 3 may not be necessarily 
provided. When the protection film 3 is not provided, the 
ABS is defined by the surface of the base 1 close to the 
magnetic recording medium and the Surface of the laminate 
2 close to the magnetic recording medium. 
0093. The GMR device 4 and inductive magnetic trans 
ducing device 5 are disposed on the rail 12 near an air outlet 
end TR, as illustrated in FIG. 1. A direction in which the 
magnetic recording medium is moved is identical to the 
Z-axis direction in FIG. 1, and also identical to a direction 
in which air flows when the magnetic recording medium is 
rapidly moved. Air enters from an air inlet end LE and exits 
from the air outlet end TR. The slider 1 is provided on an end 
face of the air outlet end TR with draw-out electrodes 41, 42 
connected to the GMR device 4, and draw-out electrodes 43, 
44 connected to the inductive magnetic transducing device 
5. 

0094. As illustrated in FIGS. 2 and 3, the GMR device 
4 and inductive magnetic transducing device 5 are laminated 
on an underlying layer 21 deposited on the base 1 within the 
laminate 2 Stacked on the base 1. The base 1 is generally 
made of a hard material such as AITic (AlO TiC), SiC or 
the like. The underlying layer 21 is preferably made, for 
example, of alumina (Al2O) of 5 um or less in thickness or 
3 um or leSS in thickness. The underlying layer 21 may not 
be provided in Some cases. 
0.095 As illustrated in FIGS. 2 and 3, the GMR device 
4 comprises a lower ferromagnetic layer 24, a non-magnetic 
layer 25, and an upper ferromagnetic layer 26 laminated in 
order from the base 1. These layers 24, 25, 26 constitute a 
spin valve film. As illustrated in FIG. 3, end faces of these 
layerS 24, 25, 26 close to the magnetic recording medium 
define the end face of the GMR device 4 close to the 
magnetic recording medium. Though not shown in the 
figures, the lower ferromagnetic layer 24 is comprised, for 
example, of laminated layers of different materials. For 
example, the lower ferromagnetic layer 24 is comprised of 
a Ta layer, an NiFe layer, and a CoFe layer laminated in 
order from the base 1. Used as a material for the non 
magnetic layer 25 may be, for example, Cu, Au, Ag, or the 
like. Though not shown in the figures, the upper ferromag 
netic layer 26 is comprised, for example, of laminated layers 
of different materials. For example, the upper ferromagnetic 
layer 26 is comprised of a CoFe layer, a Ru layer, a CoFe 
layer, a PtMn layer, and a Ta layer laminated in order from 
the base 1. For example, the lower ferromagnetic layer 24 
has a thickness in a range of 5 nm to 50 nm, the non 
magnetic layer 25 in a range of 1 nm to 3 nm, and the upper 
ferromagnetic layer 26 in a range of 5 nm to 50 nm. 
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0096. As illustrated in FIG. 2, hard magnetic layers. 27a, 
27b made of Cr/CoPt (cobalt platinum alloy), Cr/CoCrPt 
(cobalt chromium platinum alloy), Tiw/CoPt, Tiw/CoCrPt, 
or the like are disposed on both sides of the layers 24, 25, 26, 
respectively, as magnetic domain control films. Lead layers 
28a, 28b are disposed on the hard magnetic layers. 27a, 27b, 
respectively. With this configuration, a Sense current flowing 
into the GMR device 4 can be drawn out from the draw-out 
electrodes 41, 42 through the hard magnetic layers. 27a, 27b 
and lead layers 28a, 28b. 

0097 As illustrated in FIGS. 2 and 3, the GMR device 
4 is Sandwiched between a lower magnetic Shield layer 22 
and an upper magnetic shield layer 30 laminated on the 
underlying layer 21 through a lower insulating layer 23 and 
an upper insulating layer 29. Likewise, as illustrated in FIG. 
2, the hard magnetic layers. 27a, 27b and lead layers 28a, 28b 
are also Sandwiched between the magnetic shield layerS 22, 
30 through the insulating layers 23, 29. The magnetic shield 
layerS 22, 30 are made of a magnetic material Such as NiFe, 
respectively. For example, the lower magnetic Shield layer 
22 has a thickness in a range of 1 um to 3 um, while the 
upper magnetic shield layer 30 has a thickness in a range of 
1 um to 4 lum. The upper magnetic shield layer 30 also 
functions as a lower pole of a recording head unit including 
the inductive magnetic transducing device 5. Alternatively, 
the lower pole may be provided Separately from the upper 
magnetic shield layer 30, and an Al-O layer or the like may 
be interposed between both. For example, the insulating 
layers 23, 29 have thicknesses in a range of 10 nm to 100 
nm, respectively, and made of Al-O, AIN (aluminum 
nitride), or SiO, respectively. 
0098. As illustrated in FIGS. 2 and 3, the inductive 
magnetic transducing device 5 comprises the upper mag 
netic shield layer 30; a gap layer 31 made of alumina or the 
like; a thin film coil 32; an insulating film 33 surrounding the 
thin film coil 32; an upper magnetic layer 34 made of NiFe 
or the like, and a protection layer 35 made of alumina or the 
like. Leading ends of the upper magnetic Shield layer 30 and 
upper magnetic layer 34 close to the magnetic recording 
medium are a lower pole and an upper pole which oppose 
acroSS a gap layer 31 having a Small thickness, and infor 
mation is written on the magnetic recording medium at the 
lower pole and upper pole. The upper magnetic Shield layer 
30 and upper magnetic layer 34 have their yokes coupled to 
each other to complete a magnetic circuit in a back gap (not 
shown) on the opposite side of the lower pole and upper 
pole. The thin film coil 32 is formed within the insulating 
film 33 as spirally wound about a joint of the yokes. Both 
ends of the thin film coil 32 are electrically connected to the 
draw-out electrodes 43, 44. The number of turns and the 
number of films of the thin film coil 32 are arbitrary. The 
inductive magnetic transducing device 5 may also be arbi 
trary in Structure. 
0099. In FIG. 3, the magnetic recording medium 90 
comprises a magnetic layer 91 and a protection film 92. A 
magnetic spacing MS is determined by the thickness of the 
protection film 92, the thickness of the protection film 3, a 
head floating amount (flying height) FH, and a level differ 
ence A'. For improving the recording density, the magnetic 
spacing MS must be narrowed down. 

0100. As illustrated in FIG. 3 the level difference A 
refers to the difference in level between the Surface of the 
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base 1 forming the ABS through the protection film 3 close 
to the magnetic recording medium 90 (in the first embodi 
ment, the Surface of the base 1 on the rails 11, 12 close to the 
magnetic recording medium 90), and the end face of the 
GMR device 4 close to the magnetic recording medium 90. 
The magnetic spacing MS can be reduced more as the level 
difference A is Smaller, thereby improving the recording 
density. In the first embodiment, the absolute value of the 
level difference A' is preferably 2 nm or less (therefore, 
either of the surfaces may be higher than the other). Alter 
natively, the absolute value of the difference in level (level 
difference) A between the surface of the base 1 forming the 
ABS through the protection film 3 close to the magnetic 
recording medium 90 and the end face of at least one of the 
magnetic shield layerS 22, 30 close to the magnetic record 
ing medium 90 is preferably 2 nm or less. In the first 
embodiment, the end face of the GMR device 4 close to the 
magnetic recording medium 90 levels substantially with the 
end faces of the magnetic shield layers 22, 30 close to the 
magnetic recording medium 90. 

0101) While FIG. 3 shows that the end face of the 
laminate 2 close to the magnetic recording medium 90 is 
identical in level at any location, actually, portions made of 
different materials are slightly different in level. 

0102) Next, an exemplary method of manufacturing the 
magnetic head according to the first embodiment will be 
described with reference to FIG. 4. FIG. 4 is a flow chart 
generally illustrating the manufacturing method. 

0103 First, the manufacturing method begins with a 
wafer process (step S1). Specifically, a wafer 101 made of 
Al-O. TiC, SiC, or the like is provided for use as the base 
1, and the laminate 2 is formed in each of a large number of 
magnetic head forming areas in matrix on the wafer 101 by 
using the thin film forming technology and the like. 

0104. The wafer process will be generally described with 
reference to FIGS. 5 to 9. FIGS. 5 to 9 are diagrams 
generally illustrating respective Steps which form the wafer 
process. FIGS. 5A, 6A, 7A, 8A are schematic plan views. 
FIG. 5B is a schematic cross-sectional view taken along a 
line F-G in FIG. 5A, FIG. 6B is a schematic cross-sectional 
view taken along a line F-G in FIG. 6A, FIG. 7B is a 
Schematic croSS-Sectional view taken along a line F-G in 
FIG. 7A, and FIG. 8B is a schematic cross-sectional view 
taken along a line F-G in FIG. 8A. FIG. 9 is a schematic 
cross-sectional view corresponding to FIG. 8B. In FIG. 7A, 
TW indicates the horizontal width of the GMR device 4. 

0105. In the wafer process, the underlying layer 21, lower 
magnetic shield layer 22, lower insulating layer 23, lower 
ferromagnetic layer 24, non-magnetic layer 25, and upper 
ferromagnetic layer 26 are first laminated on the wafer 101 
in sequence (FIGS.5A, 5B). Next, the lower ferromagnetic 
layer 24, non-magnetic layer 25, and upper ferromagnetic 
layer 26 are partially removed, and the hard magnetic layers 
27a, 27b and lead layers 28a, 28b are formed therein (FIGS. 
6A, 6B). Next, the lower ferromagnetic layer 24, non 
magnetic layer 25, and upper ferromagnetic layer 26 are 
patterned into the shape of the GMR device 4 by ion milling 
(FIGS. 7A, 7B). Subsequently, the upper insulating layer 29 
and upper magnetic shield layer 30 are formed in Sequence 
(FIGS. 8A, 8B). Finally, the thin film coil 32, gap layer 31, 
insulating film 33, upper magnetic layer 34, and protection 
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layer 35 are formed (FIG. 9), followed by further formation 
of electrodes 41-44, and the like. Thus, the wafer process is 
completed. 

0106) The wafer 101 which has undergone the wafer 
process is illustrated in FIG. 10A. However, FIG. 10A 
omits elements formed on the wafer 101 and only illustrates 
individual magnetic head areas R. 

0107 As illustrated in FIG. 4, after the wafer process 
(step S1), the wafer 101 illustrated in FIG. 10A is cut by a 
diamond cutter or the like into bars (constructions), each of 
which has a plurality of magnetic head areas R arranged in 
a line (step S2). FIG. 10B illustrates this bar 102. The upper 
surface of the bar 102 parallel to the XZ plane in FIG. 10B 
defines a Surface on the ABS side. As illustrated in FIG. 11, 
end faces of the respective films 21-26, 29-31, 33,34 and the 
like appear on this Surface. Also, the electrodes 41-44 and 
the like in FIG. 1 appear on a surface parallel to the XY 
plane, viewed in front, in FIG. 10B. However, illustration of 
them is omitted in FIG. 10B. 

0108 FIGS. 10A, 10B are schematic perspective views 
diagrammatically illustrating a step of cutting bars 102 after 
the wafer process. FIG. 11 is a schematic cross-sectional 
View along a plane parallel to the YZ plane, illustrating the 
bar 102 cut away by the cutting step. 

0109) Next, the bar 102 illustrated in FIGS. 10B and 11 
is lapped (mechanically) on the ABS side for defining the 
height of the GMR device 4 (MR height) and the like (step 
S3). For example, in this step, the bar 102 is set on a fixing 
jig, and pressed against a Surface plate. The Surface of the 
bar 102 on the ABS side is polished by dipping a suspension 
including diamond abrasive grain, and rotating the Surface 
plate. 

0110. The bar 102 after the lapping step is illustrated in 
FIG. 12A. FIG. 12A is a schematic cross-sectional view 
along a plane parallel to the YZ plane, diagrammatically 
illustrating the lapped bar 102. As illustrated in FIG. 12A, 
the lapped bar 102 has a level difference (difference in the 
Y-axis direction) between the end face of the laminate 2 
close to the magnetic recording medium 90 and a Surface 1 a 
of a wafer portion 101 (since the wafer portion 101 corre 
sponds to the base 1, the wafer portion 101 is called the 
“base 1 in the following description) close to the magnetic 
recording medium 90 due to a difference in lapping rate 
between the base 1 and laminate 2. While FIGS. 12A, 12B 
illustrate that the end face of the laminate 2 close to the 
magnetic recording medium 90 is identical in level at any 
location, actually, portions made of different materials are 
slightly different in level. 
0111 For convenience of description, as illustrated in 
FIG. 12B, A represents a level difference between the end 
face 1a of the base 1 and an end face 22a of the lower 
magnetic Shield layer 22 close to the magnetic recording 
medium 90 (with reference to the end face 1a, “+” indicates 
that the end face 22a is lower, while “-” indicates that the 
end face 22a is higher); B represents a level difference 
between the end face 1a of the base 1 and an end face 21a 
of the underlying layer 21 close to the magnetic recording 
medium 90 (with reference to the end face 1a, “+” indicates 
that the end face 21a is lower, while “-” indicates that the 
end face 21a is higher); and C represents a level difference 
between the end face 21a and end face 22a (with reference 
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to the end face 21a, "+” indicates that the end face 22a is 
lower, while “-” indicates that the end face 22a is higher). 
Therefore, A=B+C is established. This definition similarly 
applies to the level difference after first and Second processes 
later described. The end face of the GMR device 4 close to 
the magnetic recording medium 90 is substantially identical 
in level with the end face 22a of the lower magnetic shield 
layer 22. 
0112 Generally, Smear is produced on the end face (the 
right-hand end face in FIG. 12A) of the laminate 2 of the 
lapped bar 102 close to the magnetic recording medium 90. 
However, in FIG. 12A, the illustration of the Smear is 
omitted. 

0113 As illustrated in FIG. 4, the lapping step (step S3) 
is followed by an etching Step for etching the Surface of the 
bar illustrated in FIGS. 12A, 12B close to the magnetic 
recording medium 90. In this embodiment, the etching step 
includes first and Second processes which are performed in 
this order. In the first process, a first region including the 
Surface of the base 1 and not including the end face of the 
GMR device 4 is selectively etched within a region on the 
Surface of the bar 102 close to the magnetic recording 
medium 90. In the second process, the surface of the bar 102 
close to the magnetic recording medium 90 is entirely 
etched. In the present invention, the order of the first proceSS 
and Second process may be reversed. 
0114 Now, specific examples of the first and second 
processes will be described with reference to FIGS. 4, 13A, 
13B, 13C, FIGS. 13A, 13B, 13C are schematic cross 
Sectional views diagrammatically illustrating how the bar 
102 is processed in respective Steps in the first and Second 
processes. First, as illustrated in FIG. 13A, a resist 80 is 
formed on a region other than the first region on the Surface 
of the bar 102 close to the magnetic recording medium 90 
(the upper surface in FIG. 13A) in the first process (step S4). 
Next, the Surface of the bar 102 as illustrated in FIG. 13A 
close to the magnetic recording medium 90 is etched with 
the resist 80 used as a mask (step S5). After this etching, the 
resist 80 is removed (step S6). By now, the first process is 
terminated. FIG. 13B illustrates the bar 102 after the ter 
mination of the first process (after the termination of Step 
S6). The second process performed after the first process 
includes entirely etching the surface of the bar 102 as 
illustrated in FIG. 13B close to the magnetic recording 
medium 90 (the upper surface in FIG. 13B) (step S7). Thus, 
the second process is terminated. FIG. 13C illustrates the 
bar 102 after the termination of the second process (after the 
termination of step S7). When the laminate 2 is etched at a 
higher rate than the base 1 at Step S7, the dry etching at Step 
S5 is conducted in consideration of the difference in the 
etching rate. Specifically, the base 1 is etched until the level 
of the surface 1a of the base 1 is lower by a predetermined 
amount than the level of the end face of the laminate 2 close 
to the magnetic recording medium 90, as illustrated in FIG. 
13B, such that the end face of the laminate 2 close to the 
magnetic recording medium 90 (particularly, the end face 4a 
of the GMR device 4) substantially matches the surface 1a 
of the base 1 in level after step S7, as illustrated in FIG. 
13C. On the other hand, when the base 1 and laminate 2 are 
etched Substantially at the same etching rate at Step S7, the 
dry etching at Step S5 is conducted in consideration of the 
etching rate Such that the end face of the laminate 2 close to 
the magnetic recording medium 90 (particularly the end face 
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4a of the GMR device 4) substantially matches the surface 
1a of the base 1, though not shown. 

0.115. When dry etching is employed at step S5, prefer 
ably employed is, for example, reactive ion etching, reactive 
ion beam etching, ion beam etching, Sputter etching, or ion 
milling. When dry etching is employed at step S7, preferably 
employed is, for example, ion beam etching, ion milling, or 
Sputter etching. At Step S7, a He gas, a Negas, an Argas, 
a Kr gas or a Xe gas, or a mixture of two or more of these 
gases are preferably used as an etching gas. The use of Such 
a rare gas at step S7 will avoid the formation of an 
insensitive region (erosion, oxide film, and the like) on the 
end face 4a of the GMR device 4. On the other hand, at step 
S5, the end face 4a of the GMR device 4 is covered with the 
resist 80, so that the formation of insensitive region need not 
be taken into account in Selecting an etching gas. 

0116. When ion beam etching or ion milling is employed 
at step S7, an incident angle 0 (see FIG. 14) of the ion beam 
to a normal direction N to the Surface of the bar 102 close 
to the magnetic recording medium 90 is preferably Set in a 
range of 40 to 88 for generating a higher output signal 
from the GMR device 4. More preferably, the incident angle 
0 is set in a range of 60° to 85. In FIG. 14, an ion gun 95 
includes a grid 96, and the ion beam is incident in a direction 
indicated by 97 (normal direction to the surface of the grid 
95). 
0117. At one or both of steps S5, S7, wet etching may be 
employed instead of dry etching. When wet etching is 
employed, for example, an etchant including at least one of 
acid and alkali may be used. The acid may be either 
inorganic acid or organic acid, and likewise, the alkali may 
be either inorganic alkali or organic alkali. Inorganic acid 
may be, for example, hydrofluoric acid, nitric acid, hydro 
chloric acid, or phosphoric acid, while organic acid may be, 
for example, acetic acid, lactic acid, oxalic acid, citric acid, 
or tartaric acid. Inorganic alkali may be, for example, 
potassium hydroxide or Sodium hydroxide, while organic 
alkali may be, for example, tetramethyl ammonium hydrox 
ide (TMAH). Specific examples of etching solutions are 
listed in Table 1 below. 

TABLE 1. 

etching solution 

(1) mixture of hydrofluoric acid of 40 vol. 76, aqueous 
solution of nitric acid of 69 vol. 76, and acetic 
acid, mixed in volume ratio of 20:50:5 

(2) mixture of lactic acid, aqueous solution of nitric 
acid of 68 vol. 76, hydrofluoric acid of 48 vol. 76, 
mixed in volume ratio of 30:10:10 

(3) mixture of aqueous solution of TMAH of 3 mass % and 
aqueous solution of sodium hydroxide of 3 mass % 

(4) aqueous solution of a mixture of nitric acid and 
hydrofluoric acid 

(5) mixture of hydrochloric acid of 38 vol. 76 and water, 
mixed in volume ratio of 1:4 

(6) aqueous solution of orthophosphoric acid of 18 
vol.% 

(7) aqueous solution of a mixture of nitric acid and 
sodium nitrate 

(8) aqueous solution of a mixture of potassium 
hydroxide and hydrogen peroxide solution 

(9) aqueous solution of a mixture of sodium hydroxide 
and hydrogen peroxide solution 
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0118. After the second process (step S7), the protection 
layer 3 such as a DLC film or the like is formed on the 
Surface of the bar 102 close to the magnetic recording 
medium 90 (step S8). Subsequently, regions of the bar 102 
are selectively etched except for the rails 11, 12 on the 
Surface of the bar 102 close to the magnetic recording 
medium 90 to form the rails 11, 12 (step S9). Finally, bar 102 
is mechanically singulated into individual magnetic heads 
by machining (step S10). Thus, the magnetic head according 
to the first embodiment is completed. 

0119) The aforementioned FIGS. 13A, 13B, 13C illus 
trate an example in which a region to be etched at Step S7 
(the first region) is actually set to only the Surface 1a of the 
base 1. Specifically, as illustrated in FIG. 13A, the resist 80 
is formed just on the end face of the laminate 2 close to the 
magnetic recording medium 90, and the position of an end 
face 80a of the resist 80 close to the base 1 in the Z-axis 
direction matches the position of a boundary Kin the Z-axis 
direction between the Surface 1a of the base 1 and the end 
face of the laminate 2 close to the magnetic recording 
medium 90. The boundary Kextends in the X-axis direction 
in FIG. 13A 

0120 When the resist 80 is formed at step S4, even if a 
target formation region is set for the resist 80 such that the 
position of the end face 80a of the resist 80 in the Z-axis 
direction matches the position of the boundary K in the 
Z-axis direction as illustrated in FIG. 13A, variations in the 
position at which the resist 80 is formed would actually 
cause, for each production lot, the position of the end face 
80a of the resist 80 in the Z-axis direction to match the 
position of the boundary K in the Z-axis direction as 
illustrated in FIG. 13A, the position of the end face 80a in 
the Z-axis direction to shift toward the base 1 (to the right 
in FIG. 15A) from the boundary K by an offset amount C. 
as illustrated in FIG. 15A, or the position of the end face 80a 
in the Z-axis direction to shift toward the laminate 2 (to the 
left in FIG. 16A) from the boundary K by an offset amount 
C. as illustrated in FIG.16A. FIGS. 15A-15C and 16A-16C 
are Schematic cross-sectional ViewS diagrammatically illus 
trating how the bar 102 is processed in the respective 
processes corresponding to FIGS. 13A,-13C, respectively. 

0121 When the end face 80a of the resist 80 formed at 
step S4 shifts toward the base 1 by the offset amount C. as 
illustrated in FIG. 15A, a region of the base 1 having a width 
approximately equal to C. and extending in the X-axis 
direction along the boundary K remains as a protrusion 1 
after step S6, as illustrated in FIG. 15B. Therefore, even 
after step S7, a region of the base 1 having a width 
approximately equal to C. and extending in the X-axis 
direction along the boundary K remains as a protrusion 1d 
corresponding to the protrusion 1c, as illustrated in FIG. 
15C. The protrusion 1d is not preferred because the resulting 
magnetic head could collide with the magnetic recording 
medium due to the protrusion 1d. 

0122). On the other hand, when the end face 80a of the 
resist 80 formed at step S4 shifts toward the laminate 2 by 
the offset amount C as illustrated in FIG. 16A, a region to 
be etched at Step S7 (the first region) is comprised of a region 
on the Surface 1a of the base 1 and a region of the laminate 
2 having a width equal to C and extending in the X-axis 
direction along the boundary K. In this event, after Step S6, 
a region of the laminate 2 having a width approximately 
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equal to C, and extending in the X-axis direction along the 
boundary K is formed as a groove 2c, as illustrated in FIG. 
16B. Therefore, a region having a width approximately 
equal to C and extending in the X-axis direction along the 
boundary K also forms a groove 2d, corresponding to the 
groove 2c, after step S7, as illustrated in FIG. 16C. Unlike 
the protrusion 1d, the groove 2d is preferable Substantially 
similar to the case illustrated in FIGS. 13A, 13B, 13C, 
because it does not cause a Significant degradation in mag 
netic head floating Stability or a reduction in the output 
signal from the GMR device 4. For limiting the influence of 
the groove 2d on the magnetic head floating Stability, the 
depth f3 of the groove 2d is preferably 30 nm or less, more 
preferably 20 nm or less, and further more preferably 10 nm 
or leSS. The offset amount C preferably has a dimension 
equal to or Smaller than the thickness of the underlying layer 
21 Such that the groove 2d does not extend to the magnetic 
Shield layer 22 for preventing the influence on the magnetic 
shield effect. 

0123 when the end face 80a of the resist 80 formed at 
step S4 shifts toward the laminate 2 by the offset amount C. 
as illustrated in FIG. 16A, a groove 200 appears at a 
location of the ABS corresponding to the groove 2d, as 
illustrated in FIGS. 17 and 18. The groove 200 is trans 
ferred from the groove 2d through the protection film 3. 
FIGS. 17 and 18 illustrate an exemplary modification to the 
magnetic head according to the first embodiment. FIG. 17 is 
a Schematic perspective view diagrammatically illustrating 
the magnetic head according to this exemplary modification, 
and corresponds to FIG. 1. FIG. 17 is a schematic enlarged 
croSS-Sectional view along a plane parallel to the YZ plane, 
diagrammatically illustrating a portion of the magnetic head 
including the GMR device 4 and inductive magnetic trans 
ducing device 5 illustrated in FIG. 17, and corresponds to 
FIG. 3. In FIGS. 17 and 18, elements identical or corre 
sponding to those in FIGS. 1 and 3 are designated by the 
Same reference numerals, and repetitive description thereon 
is omitted. 

0.124 Taking into account variations in the position at 
which the resist 80 is actually formed, the actual position of 
the end face 80a of the resist 80 in the Z-axis direction is 
more likely to match the position of the boundary K or shift 
toward the laminate 2 from the position of the boundary K, 
and the actual position of the end face 80a of the resist 80 
in the Z-axis direction is less likely to shift from the 
boundary K toward the base 1 when a target position for the 
end face 80a of the resist 80 in the Z-axis direction is set at 
a position deviated from the boundary Ktoward the laminate 
2 by an offset amount (target offset amount) Co. (see FIG. 
16A) at step S4 at which the resist 80 is formed, than when 
the target position is set at the position of the boundary K. 
0.125 From the foregoing, the target position is prefer 
ably set at the position deviated from the boundary K toward 
the laminate 2 by the offset amount (target offset amount) Co. 
for improving the yield rate of the magnetic head. Stated 
another way, a target region for a region (the first region) to 
be etched at Step S7 is preferably comprised of a region on 
the Surface 1a of the base 1 of the bar 102 close to the 
magnetic recording medium 90 and a predetermined region 
(a region extending along the boundary K in the X-axis 
direction) close to the base 1 within a region of an end face 
of the laminate 2 on the Surface of the bar 102 close to the 
magnetic recording medium 90. The target offset amount Co 
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(i.e., the width of the predetermined region) is preferably 
made larger than the amount of variations in the position at 
which the resist 80 is actually formed in order to improve the 
yield rate. On the other hand, an excessively large target 
offset amount Co is not preferable because it would cause the 
actually formed groove 2d to extend to the magnetic Shield 
layer 22, resulting in the influence on the magnetic shield 
effect. The result of experiments, later described, revealed 
that the target offset amount Co is particularly preferably set 
in a range of 0.05 um to 3.0 lum. 
0.126 Since the foregoing manufacturing method illus 
trated in FIG. 4 can reduce the level difference A while 
removing the Smear, the method can manufacture a magnetic 
head which can generate a high output signal from the GMR 
device 4 even on a narrow track to increase the recording 
density. 

0127 Next, another exemplary method of manufacturing 
the magnetic head according to the first embodiment will be 
described with reference to FIG. 19. FIG. 19 is a flow chart 
generally illustrating the manufacturing method. In FIG. 19, 
elements identical or corresponding to those in FIG. 4 are 
designated by the same reference numerals, and repetitive 
description thereon is omitted. 

0128. The manufacturing method illustrated in FIG. 19 
differs from the manufacturing method illustrated in FIG. 4 
only in the etching process for etching the Surface of the bar 
102 close to the magnetic recording medium 90, illustrated 
in FIGS. 12A, 12B after the lapping step (step S3). Spe 
cifically, while the manufacturing method illustrated in FIG. 
19 also performs the first process and Second process in this 
order, it differs from the manufacturing method illustrated in 
FIG. 4 in the contents of the first and second processes. 
0129. In this example, the first process includes selec 
tively etching a first region on the surface of the bar 102 
close to the magnetic recording medium 90 which includes 
the Surface of the base 1 and does not include the end face 
of the GMR device 4. The second process includes selec 
tively etching a Second region on the Surface of the bar 102 
close to the magnetic recording medium 90 which does not 
include the Surface of the base 1 but includes the end face 4a 
of the GMR device 4. In the present invention, the first 
proceSS and Second process may be reversed in order. 
0130 Now, specific examples of the first and second 
processes will be described with reference to FIGS. 20 and 
21. FIGS. 20 and 21 are schematic cross-sectional views 
diagrammatically illustrating how the bar 102 is processed 
in respective Steps in the first and Second processes. 

0131. In this example, as illustrated in FIG. 20A, a resist 
81 is first formed on a region on the surface of the bar 102 
close to the magnetic recording medium 90 (the upper 
surface in FIG. 20A) except for the first region in the first 
process (step S21). Next, the surface of the bar 102 as 
illustrated in FIG. 20A close to the magnetic recording 
medium 90 is etched with the resist 81 used as a mask (step 
S22). After this etching, the resist 81 is removed (step 23). 
By now, the first process is terminated. FIG. 20B illustrates 
the bar 102 after the termination of the first process (after the 
termination of step S23). The first process is followed by the 
Second process, where a resist 82 is formed on a region of 
the Surface of the bar 102 as illustrated in FIG. 20B close to 
the magnetic recording medium 90 except for the Second 
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region, as illustrated in FIG. 21A (step S24). Next, the 
Surface of the bar 102 as illustrated in FIG. 21A close to the 
magnetic recording medium 90 is etched with the resist 82 
used as a mask (step S25). After this etching, the resist 82 is 
removed (step S26). Thus, the Second process is terminated. 
FIG 21B illustrates the bar 102 after the termination of the 
Second process (after the termination of step S26). In this 
example, the etching at Step S22 is conducted Such that the 
surface 1a of the substrate 1 substantially matches in level 
the end face of the laminate 2 close to the magnetic 
recording medium 90 (particularly the end face 4a of the 
GMR device 4) after step S26, as illustrated in FIG. 21B. 
0.132. When dry etching is employed at step S22, pref 
erably employed is, for example, reactive ion etching, reac 
tive ion beam etching, ion beam etching, Sputter etching, or 
ion milling. When dry etching is employed at step S25, 
preferably employed is, for example, ion beam etching, ion 
milling, or Sputter etching. At Step S25, a He gas, a Negas, 
an Argas, a Kr gas or a Xe gas, or a mixture of two or more 
of these gases are preferably used as an etching gas. The use 
of such rare gas at step S25 will avoid the formation of an 
insensitive region (erosion, oxide films, and the like) on the 
end face 4a of the GMR device 4. On the other hand, at step 
S22, the end face 4a of the GMR device 4 is covered with 
the resist 81, so that the formation of insensitive region need 
not be taken into account in Selecting an etching gas. 

0.133 When ion beam etching or ion milling is employed 
at step S25, an incident angle 0 (see FIG. 14) of the ion 
beam to a normal direction N to the Surface of the bar 102 
close to the magnetic recording medium 90 is preferably Set 
in a range of 40 to 88 for generating a higher output signal 
from the GMR device 4. More preferably, the incident angle 
0 is set in a range of 60 to 85. 
0.134. At one or both of steps S22, S25, wet etching may 
be employed instead of dry etching. When wet etching is 
employed, for example, an etchant including at least one of 
acid and alkali may be used. The acid may be either 
inorganic acid or organic acid, and likewise, the alkali may 
be either inorganic alkali or organic alkali. Inorganic acid 
may be, for example, hydrofluoric acid, nitric acid, hydro 
chloric acid, or phosphoric acid, while organic acid may be, 
for example, acetic acid, lactic acid, oxalic acid, citric acid, 
or tartaric acid. Inorganic alkali may be, for example, 
potassium hydroxide or Sodium hydroxide, while organic 
alkali may be, for example, tetramethyl ammonium hydrox 
ide (TMAH). Specific examples of etching solutions are 
listed in the aforementioned Table 1. 

0135) The aforementioned FIGS. 20 and 21 illustrate an 
example in which a region to be etched at Step S22 (the first 
region) is actually set to only the Surface 1a of the base 1, 
and a region to be etched at Step S25 (the Second region) is 
actually Set to only the end face of the laminate 2 close to the 
magnetic recording medium 90. Specifically, as illustrated in 
FIG. 20A, the resist 81 is formed just on the end face of the 
laminate 2 close to the magnetic recording medium 90, and 
the position of an end face 81a of the resist 81 close to the 
base 1 in the Z-axis direction matches the position of a 
boundary K in the Z-axis direction between the surface 1 a 
of the base 1 and the end face of the laminate 2 close to the 
magnetic recording medium 90. Also, as illustrated in FIG. 
21A, the resist82 is formed just on the surface 1a of the base 
1, and the position of an end face 82a of the resist 82 close 
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to the laminate 2 in the Z-axis direction matches the position 
of the boundary K in the Z-axis direction. The boundary K 
extends in the X-axis direction in FIGS. 20 and 21. 

0136. When the resist 81 is formed at step S21, even if a 
target formation region is Set for the resist 81 Such that the 
position of the end face 81a of the resist 81 in the Z-axis 
direction matches the position of the boundary K in the 
Z-axis direction as illustrated in FIG. 20A, variations in the 
position at which the resist 81 is formed would actually 
cause, for each production lot, the position of the end face 
81a of the resist81 to shift from the position of the boundary 
K in the Z-axis direction. Similarly, when the resist 82 is 
formed at Step S24, even if a target formation region is Set 
for the resist 82 such that the position of the end face 82a of 
the resist 82 in the Z-axis direction matches the position of 
the boundary K in the Z-axis direction as illustrated in FIG. 
21A, variations in the position at which the resist 82 is 
formed would actually cause, for each production lot, the 
position of the end face 82a of the resist 82 to shift from the 
position of the boundary K in the Z-axis direction. 

0137 An example of the resists 81, 82 thus shifted is 
illustrated in FIGS. 22A, 22B, 23A, 23B. FIGS. 22A, 22B 
and FIGS. 23A, 23B are schematic cross-sectional views 
diagrammatically illustrating the bar 102 in the respective 
steps corresponding to FIGS. 20A, 20B and 21A, 21B, 
respectively. In this example, as illustrated in FIG.22A, the 
end face 81a of the resist 81 formed at step S21 is shifted 
toward the laminate 2 by an offset amounty, and a region 
to be etched at Step S22 (the first region) is comprised of a 
region on the Surface 1a of the base 1 and a region on the 
laminate 2 having a width equal to Y and extending along 
the boundary Kin the X-axis direction. Therefore, the region 
of the laminate 2 having the width approximately equal to Y 
and extending along the boundary K in the X-axis direction 
forms a groove 2e, as illustrated in FIG.22B, after step S22. 
In this example, as illustrated in FIG.23A, the end face 82a 
of the resist 82 formed at step S24 is shifted toward the 
laminate 2 by an offset amount e (in this example, e <y), 
and a region to be etched at Step S25 (the Second region) is 
comprised of a region on the end face of the laminate 2 close 
to the magnetic recording medium 90, except for a region 
which has a width equal to e and extending along the 
boundary Kalong the X-axis direction. Therefore, the region 
of the laminate 2 extending along the boundary K in the 
X-axis direction forms a groove 2f, as illustrated in FIG. 
23B, after step S26. It should be noted that a groove similar 
to the groove 2f is formed even when e2Y though the 
groove would have a different cross-sectional shape from the 
groove 2f Such a groove 2for the like, even if formed, is 
preferable, as is the case with that illustrated in FIGS. 20 
and 21, because it does not cause a significant degradation 
in magnetic head floating Stability or a reduction in the 
output signal from the GMR device 4. For reducing the 
influence of the groove 2for the like on the magnetic head 
floating stability, the depth f3 of the groove 2for the like is 
preferably 30 nm or less, more preferably 20 nm or less, and 
further more preferably 10 nm or less. The width of the 
groove 2for the like in the Z-axis direction is preferably 
equal to or Smaller than the thickness of the magnetic Shield 
layer 22 Such that the groove 2for the like does not extend 
to the magnetic shield layer 22 for preventing the influence 
on the magnetic shield effect. 
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0.138. However, an unwanted situation similar to that 
illustrated in FIG. 15C, for example, could arise to cause a 
collision with the magnetic recording medium depending on 
the directions in which the end faces 81a, 82a of the resists 
81, 82 are shifted. 
0.139. From the foregoing, the target position for the end 
face 81a of the resist 81 in the Z-axis direction is preferably 
set at a position deviated from the boundary K toward the 
laminate 2 by the offset amount (target offset amount) Yo (see 
FIG.22A) at step S21 at which the resist 81 is formed, for 
improving the yield rate of the magnetic head. Stated 
another way, a target region for a region (the first region) to 
be etched at Step S22 is preferably comprised of a region on 
the Surface 1a of the base 1 of the bar 102 close to the 
magnetic recording medium 90 and a predetermined region 
(a region extending along the boundary K in the X-axis 
direction) close to the base 1 within a region of an end face 
of the laminate 2 on the Surface of the bar 102 close to the 
magnetic recording medium 90. In this event, preferably, the 
target position for the end face 82a of the resist 82 in the 
Z-axis direction is Set at a position deviated from the 
boundary K toward the laminate 2 by an offset amount 
(target offset amount) e (see FIG. 23A) at step 24 at which 
the resist 82 is formed. The target offset amount Y is 
preferably made larger than the amount of variations in the 
position at which the resist 81 is actually formed in order to 
improve the yield rate. The target offset amount eo is 
preferably made larger than the amount of variations in the 
position at which the resist 82 is actually formed in order to 
improve the yield rate. On the other hand, excessively large 
target offset amounts Yo, eo are not preferable because they 
would cause the actually formed groove 2for the like to 
extend to the magnetic Shield layer 22, resulting in the 
influence on the magnetic Shield effect. The target offset 
amounts Yo, eo are particularly preferably Set in a range of 
0.05 um to 3.0 lim. 
0140 Since the foregoing manufacturing method illus 
trated in FIG. 19 can reduce the level difference A while 
removing the Smear, the method can manufacture a magnetic 
head which can generate a high output signal from the GMR 
device 4 even on a narrow track to increase the recording 
density, as is the case with the manufacturing method 
illustrated in FIG. 4. 

0141 Next, a magnetic head according to a second 
embodiment of the present invention will be described with 
reference to FIGS. 24 and 25. 

0.142 FIG. 24 is a schematic enlarged cross-sectional 
view along a plane parallel to the XZ plane (plane parallel 
to the ABS), diagrammatically illustrating a portion of the 
magnetic head according to the Second embodiment of the 
present invention including a TMR device 6 and a inductive 
magnetic transducing device 5, and corresponds to FIG. 2. 
FIG. 25 is a Schematic enlarged croSS-Sectional view along 
a plane parallel to the YZ plane, diagrammatically illustrat 
ing a portion of the magnetic head including the TMR device 
6 and inductive magnetic transducing device 5 illustrated in 
FIG. 24, and corresponds to FIG. 3. FIG.25 also shows the 
relationship with a magnetic recording medium 90. In FIGS. 
24 and 25, elements identical or corresponding to those in 
FIGS. 2 and 3 are designated by the same reference 
numerals, and repetitive description thereon is omitted. 
0143. The magnetic head according to the second 
embodiment differs from the magnetic head according to the 
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first embodiment in that a laminate 2 includes a TMR device 
6 instead of the GMR device 4, as a magneto-resistive 
device. The insulating films 23, 29 are removed, and a sense 
current is adapted to flow to the TMR device 6 through a 
lower magnetic Shield layer 22 which additionally functions 
as a lower electrode and an upper magnetic shield layer 30 
which additionally functions as an upper electrode, perpen 
dicularly to the film Surface (i.e., in the Z-axis direction). In 
addition, the laminate 2 of the magnetic head according to 
the second embodiment differs from the laminate 2 of the 
magnetic head according to the first embodiment only in the 
following aspects. 

0144. In the second embodiment, as illustrated in FIGS. 
24 and 25, a lower ferromagnetic layer 61, a tunnel barrier 
layer 62, an upper ferromagnetic layer 63, hard magnetic 
layers 64a, 64b, and an insulating layer 65 are laminated 
instead of the respective elements 23-26, 27a, 27b, 28a, 28b, 
29 in FIGS. 2 and 3, between the lower magnetic shield 
layer 22 which additionally functions as the lower electrode 
and the upper magnetic shield layer 30 which additionally 
functions as the upper electrode. In the Second embodiment, 
the TMR device 6 is comprised of the tunnel barrier layer 62, 
the ferromagnetic layers 61, 63 formed to sandwich the 
tunnel barrier layer 62, and the like. A material suitable for 
the ferromagnetic layers 61, 63 may be Fe, Co, Ni, FeCo, 
NiFe, CoZrNb, FeCoNi, and the like. A material Suitable for 
the tunnel barrier layer 62 may be Al-O, NiO, GdO, MgO, 
Ta-Os, MoC), TiO, WO, and the like. While the actual 
TMR device 6 generally has a laminate Structure including 
a larger number of films than three as illustrated, the Second 
embodiment shows a minimally required laminate for the 
basic operation of the TMR device 6 for simplifying the 
description. In the Second embodiment, the lower ferromag 
netic layer 61 is a free layer which freely varies its magne 
tization direction in response to an external magnetic field, 
while the upper ferromagnetic layer 63 is a pinned layer, the 
magnetization direction of which is fixed. While a pinning 
layer is laminated on the upper ferromagnetic layer 63 for 
pinning the magnetization direction of the upper ferromag 
netic layer 63, the illustration thereof is omitted. As illus 
trated in FIG. 24, the hard magnetic layers 64a, 64b are 
placed on one and the other Side of the lower ferromagnetic 
layer 61 which therefore has a Single magnetic domain. The 
magnetic Shield layerS 22, 30 are additionally used as 
electrode layers for applying the TMR device 6 with a 
current in the Z-axis direction. 

0145 As illustrated in FIG. 25, a magnetic spacing MS 
is determined by the thickness of the protection layer 92, the 
thickness of the protection layer 3, a head floating amount 
(flying height) FH, and a level difference A in a manner 
similar to the description made with reference to FIG. 3. The 
magnetic spacing MS must be narrowed down for improving 
the recording density. 

0146). As illustrated in FIG. 25, the level difference A 
refers to the difference in level between the Surface of the 
base 1 forming the ABS through the protection film 3 close 
to the magnetic recording medium 90 (in the Second 
embodiment, the Surface of the base 1 on the rails 11, 12 
close to the magnetic recording medium 90), and the end 
face of the TMR device 6 close to the magnetic recording 
medium 90. The magnetic spacing MS can be reduced more 
as the level difference A' is smaller, thereby improving the 
recording density. In the Second embodiment, the absolute 
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value of the level difference A is preferably 2 nm or less 
(therefore, either of the Surfaces may be higher than the 
other). Alternatively, the absolute value of the difference in 
level (level difference) A between the surface of the base 1 
forming the ABS through the protection film 3 close to the 
magnetic recording medium 90 and the end face of at least 
one of the magnetic shield layers 22, 30 close to the 
magnetic recording medium 90 is preferably 2 nm or less. In 
the second embodiment, the end face of the TMR device 6 
close to the magnetic recording medium 90 levels substan 
tially with the end faces of the magnetic shield layers 22, 30 
close to the magnetic recording medium 90. 

0147 While FIG. 25 shows that the end face of the 
laminate 2 close to the magnetic recording medium 90 is 
identical in level at any location, actually, portions made of 
different materials are slightly different in level. 
0.148. The magnetic head according to the second 
embodiment may be manufactured by the manufacturing 
method illustrated in FIG. 4 and the method according to the 
exemplary modification thereto, or manufactured by the 
manufacturing method illustrated in FIG. 19 and the method 
according to the exemplary modification thereto, as is the 
case with the magnetic head according to the first embodi 
ment. Therefore, description on the method of manufactur 
ing the magnetic head according to the first embodiment is 
basically applied to a method of manufacturing the magnetic 
head according to the Second embodiment, So that repetitive 
description thereon is omitted. 
0149 However, specific processing in the wafer process 
(step S1) illustrated in FIG. 19 in the method of manufac 
turing the magnetic head according to the Second embodi 
ment differs from Specific processing in the wafer process 
(step S1) illustrated in FIG. 4 in the method of manufac 
turing the magnetic head according to the first embodiment. 
For this reason, the following description will outline the 
wafer process with reference to FIGS. 26 to 31. 
0150 FIGS. 26 to 31 are diagrams generally illustrating 
respective steps which form the wafer process. FIGS. 26A, 
27A, 28A,29A, 30A are schematic plan views. FIG. 26B is 
a Schematic cross-sectional view taken along a line H-J in 
FIG. 26A, FIG. 27B is a schematic cross-sectional view 
taken along a line H-J in FIG. 27A, FIG.28B is a schematic 
cross-sectional view taken along a line H-J in FIG. 28A, 
FIG. 29B is a schematic cross-sectional view taken along a 
line H-J in FIG. 29A, and FIG. 30B is a schematic cross 
sectional view taken along a line H-J in FIG.30A. FIG. 31 
is a Schematic cross-sectional view corresponding to FIG. 
30B. In FIG.29A, TW represents the horizontal width of the 
TMR device 6, while PMD represents the width between the 
hard magnetic layers 64a, 64b (called the “Permanent Mag 
net Distance”). 
0151. In the wafer process, a wafer 101 made of Al-O- 
TiC, SiC or the like is provided to constitute a base 1. The 
aforementioned laminate 2 is formed in each of a large 
number of magnetic head formation areas in matrix on the 
wafer 101 by using the thin film forming technology and the 
like. 

0152. In the wafer process, an underlying layer 21, a 
lower magnetic shield layer 22, a lower ferromagnetic layer 
61, a tunnel barrier layer 62, and an upper ferromagnetic 
layer 63 are first laminated on the wafer 101 in sequence 
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(FIGS. 26A, 26B). Next, the lower ferromagnetic layer 61, 
tunnel barrier layer 62, and upper ferromagnetic layer 63 are 
partially removed by ion milling (FIGS. 27A, 27B). Next, 
hard magnetic layers 64a, 64b are partially formed (FIGS. 
28A, 28B). Then, the tunnel barrier layer 62 and upper 
ferromagnetic layer 63 are patterned into a predetermined 
shape by ion milling (FIGS. 29A, 29B). Next, an upper 
magnetic shield layer 30 is formed after forming an insu 
lating layer 65 (FIGS.30A, 30B). Finally, a thin film coil32, 
a gap layer 31, an insulating film 33, an upper magnetic layer 
34, and a protection layer 35 are formed (FIG.31), followed 
by the formation of electrodes 41-44 and the like. Thus, the 
wafer proceSS is completed. 
0153. Like the method of manufacturing the magnetic 
head according to the first embodiment, the method of 
manufacturing the magnetic head according to the Second 
embodiment also includes a cutting step (step S2) for cutting 
the bar 102 in FIG. 4 or 19 from the wafer which has 
undergone the wafer process, and a lapping step (step S3) for 
lapping the bar 102. 
0154 FIG. 32 is a schematic cross-sectional view along 
a plane parallel to the YZ plane, illustrating the bar 102 cut 
away by the cutting step, and corresponds to FIG. 11. FIGS. 
33A, 33B are Schematic cross-sectional views along a plan 
parallel to the YZ plane, diagrammatically illustrating the 
lapped bar 102, and correspond to FIGS. 12A, 12B, respec 
tively. As illustrated in FIG. 33B, the definitions for the 
level differences A, B, C are similar to those in FIG. 12B. 
The end face of the TMR device 6 close to the magnetic 
recording medium 90 substantially levels with the end face 
22a of the lower magnetic shield layer 22. 
O155 Subsequently, the magnetic head according to the 
Second embodiment is completed by performing the respec 
tive steps illustrated in FIG. 4 or 19 described in connection 
with the first embodiment. 

0156 Next, a head suspension assembly according to a 
third embodiment of the present invention will be described 
with reference to FIG. 34. 

O157 FIG. 34 is a general plan view illustrating a head 
Suspension assembly according to the third embodiment, 
when seen from a plane opposite to a magnetic recording 
medium. 

0158. The head suspension assembly according to the 
third embodiment comprises a magnetic head 71; and a 
Suspension 72 for Supporting the magnetic head 71 which is 
mounted near a leading end thereof. The magnetic heads 
according to any of the first and Second embodiments and 
the exemplary modifications thereto may be used as the 
magnetic head 71. FIG. 34 only illustrates a slider (base) 1 
(see also FIG. 1) as a component of the magnetic head 71. 
0159. The suspension 72 comprises a flexure 73 on which 
the slider 1 of the magnetic head 71 is mounted; a load beam 
74 for Supporting the flexure 73 and applying a pressing 
force (load) to the slider 1 of the magnetic head 71; and a 
base plate 75. 
0160 Though not shown, the flexure 73 is comprised of 
a Substrate extending in a Strip shape from a leading end to 
a proximal end thereof and made of a thin Stainless Steel 
plate or the like; an insulating layer formed on the Substrate 
and made of a polyimide layer or the like; four conductor 
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patterns 81a-81d formed on the insulating layer for inputting 
and outputting Signals, and a protection layer formed on the 
conductor patterns and made of a polyimide layer or the like. 
The conductor patterns 81a-81d extend substantially over 
the entire length of the flexure 73 along a lengthwise 
direction thereof. 

0.161 The flexure 73 is formed at a leading end with a 
groove 82 Substantially in an inverted C-shape, in a plan 
view, to provide a gimbal 83 to which the slider 1 of the 
magnetic head 71 is bonded with a bonding agent or the like. 
The flexure 73 is formed with four bonding pads each 
electrically connected to one end of a conductor pattern 
81a-81d at a location close to a bonding pad (electrodes) 
41-44 (see FIG. 1) formed on the slider 1. These bonding 
pads are electrically connected to the bonding pads 41-44 of 
the slider 1, respectively, with gold balls or the like. The 
flexure 73 is also formed near a proximal end with bonding 
pads 84a–84d electrically connected to the other ends of the 
conductor patterns 81a-81 d, respectively, for connection to 
an external circuit. 

0162 The load beam 74 is formed of a relatively thick 
stainless steel plate or the like. The load beam 74 comprises 
a rigid portion 74a at a leading end Substantially in a 
triangular shape in a plan View, a base plate joint near the 
proximal end; a resilient portion 74b positioned between the 
rigid portion 74a and the joint for generating a pressing force 
which is applied to the slider 1 of the magnetic head 71; and 
a Supporting portion 74c extending from the joint to one side 
for supporting the proximal end of the flexure 74. In FIG. 
34, a bent-up portion 74d is formed for increasing the 
rigidity of the rigid portion 74a, and a hole 74e is formed for 
adjusting the pressing force generated by the resilient por 
tion 74b. The flexure 73 is secured to the rigid portion 74a 
of the load beam 74 at a plurality of spot welding points 91 
by laser welding or the like. Also, a base plate 75 is secured 
to the joint of the load beam 74 at a plurality of spot welding 
points 92. A portion of the flexure 73 near the proximal end 
is supported by a Support 74c of the load beam 74 which 
protrudes from the base plate 75 to one side. 

0163. In the third embodiment, the head suspension 
assembly is mounded with the magnetic head according to 
any of the first and Second embodiments and the exemplary 
modifications thereto, as the magnetic head 71, So that when 
the head Suspension assembly according to the third embodi 
ment is used in a magnetic disk drive or the like, the 
resulting magnetic disk drive can provide a higher recording 
density. 

0164. A large number of bars corresponding to the bar 
102 illustrated in FIG. 12 and having the same structure as 
one another (hereinafter called the “GMR sample bar”) were 
fabricated by the same method corresponding to steps S1-S3 
in FIG. 4 under the same conditions. A main structure of 
these GMR sample bars will be described with reference to 
FIG. 12A. In the GMR sample bar, the GMR device 4 was 
comprised of films of Ta (5 nm thickness)/NiFe (3 nm 
thickness)/CoFe (1 nm thickness)/Cu (2.5 nm thickness)/ 
CoFe (3 nm thickness)/Ru (0.8 nm thickness)/CoFe (2 nm 
thickness)/PtMn (15 nm thickness)/Ta (5 nm thickness) in 
order from the base 1. The horizontal width TW of the GMR 
device 4 (see FIG. 7) was set at 0.17 um. Also, in the GMR 
sample bar, the wafer 101 constituting the base 1 was formed 
of an AlTic Substrate; the underlying layer 21, an alumina 
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layer of 5 um thickness, the lower magnetic Shield layer 22, 
a permalloy (NiFe) layer of 2 um thickness; The lower 
insulating layer 23, an alumina layer of 25 nm thickness, the 
upper insulating layer 29, an alumina layer of 25 nm 
thickness; the upper magnetic Shield layer 30, a permalloy 
layer of 4 um thickness, the gap layer 31, an alumina layer; 
the upper magnetic layer 34, a permalloy layer; and the 
protection layer, an alumina layer. The lapping at Step S2 
was conducted using a Suspension including diamond abra 
Sive grain having an average grain diameter of 0.1 um Such 
that the GMR device 4 had a height (MR height) of 0.13 um. 
0165 For some of these GMR sample bars, the level 
differences A, B, C were measured pursuant to the definition 
shown in FIG. 12B. An atomic force microscope (AFM) 
was used for the measurements. Any of the GMR sample 
bars under measurement presented the level difference A 
approximately equal to +4.5 nm, the level difference B 
approximately equal to +3.9 mm; and the level difference C 
approximately equal to +0.6 nm, thus Substantially elimi 
nating variations among the measured Sample bars. There 
fore, all the GMR sample bars are assumed to have the level 
differences A, B, C of these values. 
0166 A large number of bars corresponding to the bar 
102 illustrated in FIG. 33A and having the same structure as 
one another (hereinafter called the “TMR sample bars”) 
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grain having an average grain diameter of 0.1 um Such that 
the TMR device 6 had a height (MR height) of 0.13 um. 
0167 For some of these TMR sample bars, the level 
differences A, B, C were measured pursuant to the definition 
shown in FIG. 33B. An atomic force microscope (AFM) 
was used for the measurements. Any of the TMR sample 
bars under measurement presented the level difference A 
approximately equal to +4.4 nm, the level difference B 
approximately equal to +3.6 nm, and the level difference C 
approximately equal to +0.8 nm, thus Substantially elimi 
nating variations among the measured Sample bars. There 
fore, all the TMR sample bars are assumed to have the level 
differences A, B, C of these values. 

0168 A predetermined number of the GMR sample bars 
were processed in Steps corresponding to the first proceSS 
(steps S4-S6), second process (step S7), and steps S8-S10 
illustrated in FIG. 4 to fabricate magnetic heads which were 
used as samples of Examples 1-6 listed in Table 2 below. For 
each of Examples 1-6, Samples different in production lot 
were fabricated from a plurality of GMR sample bars with 
respect to the first and Second processes. In addition, a Single 
GMR sample bar was processed in Steps corresponding to 
the second process (step S7) and steps S8-S10 illustrated in 
FIG. 4 to fabricate a magnetic head which was used as a 
sample of Comparative Example 1 listed in Table 2 below. 

TABLE 2 

GMR head 

First Process Second Process Final Level 
IBE IBE Difference Head 

Co Incident Time Incident Time A. B C Output 
Sample (um) Angle 0 (Minutes) Angle 0 (Minutes) (nm) (nm) (nm) (mVIum) 
Example 1 O.OOO Oo 3.5 Oo 7.6 11.7 O.2 11.5 1.3 
Example 2 OOOO Oo 38 30° 5.7 8.8 0.5 8.3 1.7 
Example 3 O.OOO Oo 4.4 45° 5.4 4.9 0.4 5.3 2.8 
Example 4 O.OOO Oo 4.7 60° 7.1 1.9 -0.3 2.2 3.6 
Example 5 O.OOO Oo 5 O 700 1.O.O O.2 0.4 -0.2 4.2 
Example 6 O.OOO Oo 5.5 85° 25.0 -1.5 0.4 -1.9 3.4 
Comparative Ole Oo 7.6 14.6 2.4 12.2 0.5 
Example 
1. 

were fabricated by the same method corresponding to Steps 0169. In Examples 1-6, the aforementioned target offset 
S1-S3 in FIG. 4 under the same conditions. A mainstructure 
of these TMR sample bars will be described with reference 
to FIG.33A. In the TMR sample bar, the TMR device 6 was 
comprised of films of Ta (10 nm thickness)/NiFe (3 nm 
thickness)/CoFe (1 nm thickness)/AlO (0.6nm thickness)/ 
CoFe (3 nm thickness)/Ru (0.8 nm thickness)/CoFe (2 nm 
thickness)/PtMn (15 nm thickness)/Ta (5 nm thickness) in 
order from the base 1. The TMR device 6 had the horizontal 
width TW (see FIG.29A) of 0.17 lum. The width PMD (see 
FIG. 29A) between the hard magnetic layers 64a, 64b was 
0.37 lum. Also, in the TMR sample bar, the wafer 101 
constituting the base 1 was formed of an AlTic Substrate; the 
underlying layer 21, an alumina layer of 5 um thickness, the 
lower magnetic shield layer 22, a permalloy (NiFe) layer of 
2 um thickness; the upper magnetic shield layer 30, a 
permalloy layer of 4 um thickness, the gap layer 31, an 
alumina layer; the upper magnetic layer 34, a permalloy 
layer; and the protection layer, an alumina layer, as is the 
case with the GMR sample bar. The lapping at step S2 was 
conducted using a Suspension including diamond abrasive 

amount Co. (see FIG. 16A) was set to 0.000 um at step S4 in 
the first process to form the resist. Also, in Examples 1-6, ion 
beam etching was conducted at Step S5 in the first proceSS 
using an Argas at gas pressure of 4x10"Torr as an etching 
gas with an ion beam irradiated at an incident angle 0 (see 
FIG. 14) of 0°, an ion acceleration voltage of 300 V, and an 
ion current density of 0.2 mA/cm, for an etching time as 
shown in Table 2. In Comparative Example 1, in turn, the 
first process (steps S4-S6) was not performed. 
0170 Also, in Examples 1-6 and Comparative example 1, 
ion beam etching was conducted in the Second process (Step 
S7) using an Argas at gas pressure of 2x10" Torr as an 
etching gas with an ion acceleration Voltage of 250 V, and an 
ion current density of 0.1 mA/cm, for an etching time as 
shown in Table 2. The incident angle 0 (see FIG. 14) of the 
ion beam in this event was Set at different angles in 
Examples 1-6, as shown in Table 2. In Comparative 
Example 1, the incident angle 0 was set at 0 identical to 
Example 1. 
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0171 The processing at steps S8-S10 illustrated in FIG. 
4 was performed under the same conditions for any of 
Examples 1-6 and Comparative Example 1. In this event, the 
rails were Set in terms of the shape, dimensions and the like 
such that a target value for the flying height FH (see FIG. 3) 
was 10 nm. At step S8, the protection film 3 was formed of 
a DLC film of 3 nm thickness. 

0172 For Examples 1-6 and Comparative Example 1, 
final level differences A, B, C pursuant to the definition 
shown in FIG.12B were measured using AFM, respectively, 
after the second process (step S7) and before the formation 
of the protection film (step S8). Also, a testing apparatus 
Similar to a magnetic disk apparatus was used to rotate a 
magnetic disk at a predetermined rotational Speed to mea 
Sure the output (head output) reproduced from the samples 
(floating magnetic heads) of Examples 1-6 and Comparative 
Example 1 provided after step S10. The used magnetic disk 
had a protection film (corresponding to the protection film 
92 in FIG. 3) of 3 nm thickness formed on a magnetic layer. 
It should be noted that the flying height FH could not be 
measured Simultaneously with the measurement of the 
reproduced output, and therefore was measured Separately 
using a technique which relied on optical interference. 
0173 A plurality of samples (magnetic heads) even in the 
Same Example 1 included those which presented the flying 
height FH approximately matching the target value (10 nm), 
those which presented the flying height FH largely deviated 
from the target value, and those which had no flying height 
FH (meaning that the magnetic head collides with the 
magnetic disk), depending on different production lots with 
respect to the first and Second processes. The same was true 
also in Examples 2-6. Presumably, this can be caused by 
variations in the position at which the resist is formed, 
described above with reference to FIGS. 15 and 16. To 
make this clear, Table 2 shows the results of measured final 
level differences A, B, C and head output for those Samples 
(magnetic heads), the flying height FH of which was mea 
sured within a range of 10 nmi.3 nm for Examples 1-6. Since 
the sample (magnetic head) of Comparative Example 1 
presented the measured flying height FH within the range of 
10 nmit5 nm, Table 2 shows the results of measured final 
level differences A, B, C, and head output of the Sample. 

0.174 AS can be seen from Table 2, Examples 1-6 which 
underwent both the first process and Second process pre 
Sented reduced final level differences A and increased head 
output, as compared with Comparative Example 1 which 
underwent only the Second process without the first process. 
Therefore, the magnetic heads of Examples 1-6 can generate 
a high output Signal from a magneto-resistive device even on 
a narrow track to improve the recording density, as com 
pared with the magnetic head of Comparative Example 1. 

0.175 FIG. 35 is a graph showing the relationship of the 
final level differences A, B, C to the incident angle 0 of the 
ion beam in the Second process, based on the results of the 
measurements made on Examples 1-6 shown in Table 2. 
FIG. 36 is a graph showing the relationship of the head 
output to the incident angle 0 of the ion beam in the Second 
process, based on the results of the measurements on 
Examples 1-6 shown in Table 2. As can be seen from Table 
2 and FIGS. 35, 36, the incident angle 0 of the ion beam set 
in a range of 40 to 88 in the second process is preferable 
because Such Setting results in a reduction in the absolute 
value of the final level difference A to approximately 6.0 nm 
or less, and an increase in the head output to approximately 
2.5 mV or more. Particularly, the incident angle 0 of the ion 
beam set in a range of 60 to 80 in the second process is 
preferable because Such Setting results in a Significant reduc 
tion of the absolute value of the final level difference A to 
approximately 2.0 nm or less, and a significant increase in 
the head output to approximately 3.4 mV or more. 

0176 A predetermined number of the TMR sample bars 
were processed in Steps corresponding to the first process 
(steps S4-S6), second process (step S7), and steps S8-S10 
illustrated in FIG. 4 to fabricate magnetic heads which were 
used as samples of Examples 7-12 listed in Table 3 below. 
For each of Examples 7-12, samples different in production 
lot were fabricated from a plurality of TMR sample bars 
with respect to the first and Second processes. In addition, 
two TMR Sample bars were processed in Steps correspond 
ing to the second process (step S7) and steps S8-S10 
illustrated in FIG. 4 to fabricate magnetic heads which were 
used as Samples of Comparative Examples 2, 3 listed in 
Table 3 below. 

TABLE 3 

TMR head 

First Process Second Process Final Level 
IBE IBE Difference Head 

Clo Incident Time Incident Time A. B C Output 
Sample (um) Angle 0 (Minutes) Angle 0 (Minutes) (nm) (nm) (nm) (mV) 
Example 7 O.OOO Oo 3.5 Oo 7.6 10.8 -0.5 11.3 O.41 
Example 8 O.OOO Oo 3.8 30° 5.7 8.4 O.3 8.1 O.45 
Example 9 O.OOO Oo 4.4 45° 5.4 5.4 -0.2 5.6 2.3 
Example O.OOO Oo 4.7 60° 7.1 1.6 0.5 2.1 4.2 
1O 
Example O.OOO Oo 5.0 700 1.O.O 0.5 O8 -0.3 4.9 
11 
Example O.OOO Oo 5.5 85° 25.0 -1.5 0.4 -1.9 3.5 
12 
Comparative Ole Oo 7.6 14.5 2.6 11.9 O.11 
Example 
2 
Comparative Ole 700 1.O.O 11.3 0.5 -0.1 1.9 
Example 
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0177 Examples 7-12 and Comparative Example 2 were 
manufactured by the completely Same method under the 
completely same conditions as those of the aforementioned 
Examples 1-6 and Comparative Example 1, except that the 
TMR sample bar was used instead of the GMR sample bar. 
Comparative Example 3 was manufactured by the com 
pletely same method under the completely Same conditions 
as those of Comparative Example 2, except that the incident 
angle 0 of the ion beam was chosen to be 70 in the second 
process (step S7). 
0.178 Like Examples 1-6 and Comparative Example 1, 
final level differences A, B, C pursuant to the definition 
shown in FIG.33B were measured using AFM, respectively, 
after the second process (step S7) and before the formation 
of the protection film (step S8) for Examples 7-12 and 
Comparative Examples 2, 3. 
0179 Also, the flying height FH and reproduced output 
(head output) were measured for the samples of Examples 
7-12 and Comparative Examples 2, 3 provided after step S10 
by the same method and under the same conditions as 
Examples 1-6 and Comparative Example 1. 

0180. Similar to Table 2, Table 3 shows the results of 
measurements made on the final level differences A, B, C 
and head output of Samples (magnetic heads), the flying 
height FH of which was measured within a range of 10 
nmit5 nm for Examples 7-12. Since the samples (magnetic 
heads) of Comparative Examples 2, 3 presented the mea 
sured flying height FH within the range of 10 nmi.3 nm, 
Table 3 shows the results of measured final level differences 
A, B, C, and head output of the Samples. 
0181 AS can be seen from Table 3, Examples 7-12 which 
underwent both the first proceSS and Second process pre 
Sented reduced final level differences A and increased head 
output, as compared with Comparative Example 2 which 
underwent only the Second process without the first process. 
Therefore, the magnetic heads of Examples 7-12 can gen 
erate a high output Signal from a magneto-resistive device 
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even on a narrow track to improve the recording density, as 
compared with the magnetic head of Comparative Example 
2. Though Comparative Example 3 presents larger head 
output than Examples 7, 8, this is because the incident angle 
0 of the ion beam was set at 70 in the second process. 
Comparative Example 3 has Smaller head output than 
Example 11 for which the incident angle 0 of the ion beam 
was likewise set at 70 in the second process. It is under 
stood from the foregoing that a magnetic head which under 
goes the first process can generate higher head output. 

0182 FIG. 37 is a graph showing the relationship of the 
final level differences A, B, C to the incident angle 0 of the 
ion beam in the Second process, based on the results of the 
measurements on Examples 7-12 shown in Table 3. FIG.38 
is a graph showing the relationship of the head output to the 
incident angle 0 of the ion beam in the Second process, based 
on the results of the measurements on Examples 7-12 shown 
in Table 3. As can be seen from Table 3 and FIGS. 37,38, 
the incident angle 0 of the ion beam set in a range of 40 to 
88 in the Second process is preferable because Such setting 
results in a reduction of the absolute value of the final level 
difference A to approximately 6.0 nm or less, and an increase 
in the head output to approximately 2 mV or more. Particu 
larly, the incident angle 0 of the ion beam Set in a range of 
60 to 80 in the second process is preferable because such 
Setting results in a Significant reduction of the absolute value 
of the final level difference A to approximately 2.0 nm or 
less, and a significant increase in the head output to approxi 
mately 3.5 mV or more. 

0183) A predetermined number of the GMR sample bars 
were processed in Steps corresponding to the first proceSS 
(steps S4-S6), second process (step S7), and steps S8-S10 
illustrated in FIG. 4 to fabricate magnetic heads which were 
used as samples of Examples 13-21 listed in Table 4 below. 
For each of Examples 13-21, samples different in production 
lot were fabricated from a plurality of GMR sample bars 
with respect to the first and Second processes. 

TABLE 4 

(GMR head) 

First Process Second Process Floating Head 
(IBE) (IBE) Amount Output 

Co Incident Time Incident Time Yield Aave1 Bave1 Wave1 
Sample (um) Angle 0 (Minutes) Angle 0 (Minutes) Rate (nm) (nm) (mVium) 

Example O.OO Oo 5.0 70 O.O 43% O.2 18 4.1 

3 O 
Example O.O2 O 5.0 70 O.O 60% 0.4 4.1 4.0 
4 
Example O.05 Oo 5.0 70 O.O 77% O.2 5.6 4.2 
5 O 
Example O.10 Oo 5.0 70 O.O 87% O.1 7.4 4 3 

6 O 
Example O.30 Oo 5.0 70 O.O 93% -0.3 8.5 4.2 

7 O 

Example OSO Oo 5.0 70 O.O 90% O.3 8.6 4.0 

8 O 

Example 1.00 O 5.0 70 O.O 73% O.1 8.4 4.1 

9 O 
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TABLE 4-continued 

GMR head 

First Process Second Process Floating 
IBE IBE Amount 

Co Incident Time Incident Time Yield Aave1 
Sample (um) Angle 0 (Minutes) Angle 0 (Minutes) Rate (nm) 

Example 2.OO Oo 5 O 700 1O.O 90% O1 
2O O 
Example 3.00 Oo 5.0 700 1O.O 77% -0.1 
21 O 

0184. In Examples 13-21, the aforementioned target off 
set amount Co. (see FIG. 16A) was set to different values as 
shown in Table 4 at step S4 in the first process to form the 
resist for each of Examples 13-21. Also, in Examples 13-21, 
ion beam etching was conducted at Step S5 in the first 
process using an Argas at gas pressure of 4x10"Torr as an 
etching gas with an ion beam irradiated at an incident angle 
0 (see FIG. 14) of 0°, an ion acceleration voltage of 300 V, 
and an ion current density of 0.2 mA/cm, for an etching 
time of 5 minutes. 

0185. Also, in Examples 13-21, ion beam etching was 
conducted in the Second process (step S7) using an Argas at 
gas pressure of 2x10" Torr as an etching gas with an ion 
beam irradiated at an incident angle 0 (see FIG. 14) of 70, 
an ion acceleration Voltage of 250 V, and an ion current 
density of 0.1 mA/cm, for an etching time of 10 minutes. 
0186 The processing at steps S8-S10 illustrated in FIG. 
4 was performed under the same conditions for any of 
Examples 13-21. In this event, the rails were set in terms of 
the shape, dimensions and the like Such that a target value 
for the flying height FH (see FIG. 3) was 10 nm. At step S8, 
the protection film 3 was formed of a DLC film of 3 nm 
thickness. 

0187. For Examples 13-21, a final level difference A 
pursuant to the definition shown in FIG. 12B, and the depth 
f3 (see FIG.16C) of the groove 2d were measured using the 
AFM, respectively, after the second process (step S7) and 
before the formation of the protection film (step S8). Also, 
a testing apparatus Similar to a magnetic disk apparatus was 
used to rotate a magnetic disk at a predetermined rotational 
Speed to measure the output (head output) reproduced from 
the samples (floating magnetic heads) of Examples 13-21 
provided after step S10. The used magnetic disk had a 
protection film (corresponding to the protection film 92 in 
FIG. 3) of 3 nm thickness formed on a magnetic layer. It 
should be noted that the flying height FH could not be 
measured Simultaneously with the measurement of the 
reproduced output, and therefore was measured Separately 
using a technique which relied on optical interference. 

0188 Aplurality of samples (magnetic heads) even in the 
Same Example 13 included those which presented the flying 
height FH approximately matching the target value (10 nm), 
those which presented the flying height FH largely deviated 
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Head 
Output 

Bave1 Wave1 
(nm) (mVium) 
8.6 4.1 

8.5 4.0 

from the target value, and those which had no flying height 
FH (meaning that the magnetic head collides with the 
magnetic disk), depending on different production lots with 
respect to the first and Second processes. The same was true 
also in Examples 14-21. Presumably, this can be caused by 
variations in the position at which the resist is formed, 
described above with reference to FIGS. 15 and 16. Here, 
assuming that a population comprised a predetermined num 
ber of samples of Example 13 which were different from one 
another in production lot with respect to the first and Second 
processes, the proportion of Samples of Example 13, the 
fling height FH of which was measured within the range of 
10 nmit5 nm, to the population was calculated as a yield rate 
(hereinafter called the “floating amount yield rate” because 
this is a yield rate calculated with reference to the floating 
amount). Likewise, the floating amount yield rate was 
calculated for each of Examples 14-21 in a manner Similar 
to Example 13. The calculated floating amount yield rates 
are shown in Table 4. 

0189 Also, for Example 13, an average value Aave 1 of 
the level difference A, an average value Bave 1 of the depth 
B of the groove 2d, and an average value Vave 1 of the head 
output were calculated for those samples in the population, 
which presented the measured flying height FH within the 
range of 10 nmit5 nm. Likewise, for each of Examples 
14-21, an average value Aave 1 of the level difference A, an 
average value Bave 1 of the depth f3 of the groove 2d, and 
an average value Vave 1 of the head output were calculated 
for like Samples in the population in a manner Similar to 
Example 13. These results are also shown in Table 4. 
0190 FIG. 39 is a graph showing the relationship of the 
floating amount yield rate to the target offset amount Co., 
based on the results of the measurements made on Examples 
13-21 shown in Table 4. It should be noted that different 
scales are employed on the horizontal axis of FIG. 39 before 
and after 1.0 lim. As can be seen from Table 4 and FIG. 39, 
the target offset amount Co Set in a range of 0.05 um to 3.0 
tum is preferable because the resulting floating amount yield 
rate is increased to 73% or more. 

0191) A predetermined number of the GMR sample bars 
were processed in Steps corresponding to the first proceSS 
(steps S4-S6), second process (step S7), and steps S8-S10 
illustrated in FIG. 4 to fabricate magnetic heads which were 
used as samples of Examples 22-27 listed in Table 5 below. 
For each of Examples 22-27, samples different in production 
lot were fabricated from a plurality of GMR sample bars 
with respect to the first and Second processes. 
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TABLE 5 

GMR head 

First Process Second Process 
IBE IBE 

Co Incident Time Incident Time Bave2 Aave2 
Sample (um) Angle 0 (Minutes) Angle 0 (Minutes) (nm) (nm) 

Example O.30 Oo 3.0 700 5.0 5.1 O1 
22 O 
Example O.30 Oo 5.0 700 1O.O 8.5 -0.3 
23 O 
Example O.30 Oo 9.1 700 32.3 15.4 O.2 
24 O 
Example O.30 Oo 11.8 700 47.3 20.1 -0.4 
25 O 
Example O.30 Oo 15.1 700 65.2 25.7 -0.1 
26 O 
Example O.30 Oo 19.8 700 90.5 33.6 -0.2 
27 O 

0.192 In Examples 22-27, the aforementioned target off 
set amount Co. (see FIG. 16A) was set to 0.300 um at step 
S4 in the first process to form the resist. Also, in Examples 
22–27, ion beam etching was conducted at step S5 in the first 
process using an Argas at gas pressure of 4x10"Torr as an 
etching gas with an ion beam irradiated at an incident angle 
0 (see FIG. 14) of 0°, an ion acceleration voltage of 300 V, 
and an ion current density of 0.2 mA/cm, for an etching 
time as shown in Table 5. 

0193 Also, in Examples 22-27, ion beam etching was 
conducted in the Second process (step S7) using an Argas at 
gas pressure of 2x10" Torr as an etching gas with an ion 
beam irradiated at an incident angle 0 (see FIG. 14) of 70, 
an ion acceleration Voltage of 250 V, and an ion current 
density of 0.1 mA/cm, for an etching time as shown in 
Table 5. 

0194 The processing at steps S8-S10 illustrated in FIG. 
4 was performed under the same conditions for any of 
Examples 22-27. In this event, the rails were set in terms of 
the shape, dimensions and the like Such that a target value 
for the flying height FH (see FIG. 3) was 10 nm. At step S8, 
the protection film 3 was formed of a DLC film of 3 nm 
thickness. 

0195 For Examples 22–27, a final level difference A 
pursuant to the definition shown in FIG. 12B, and the depth 
f3 (see FIG.16C) of the groove 2d were measured using the 
AFM, respectively, after the second process (step S7) and 
before the formation of the protection film (step S8). Also, 
a testing apparatus Similar to a magnetic disk apparatus was 
used to rotate a magnetic disk at a predetermined rotational 
Speed to measure the output (head output) reproduced from 
the samples (floating magnetic heads) of Examples 22-27 
provided after step S10. The used magnetic disk had a 
protection film (corresponding to the protection film 92 in 
FIG. 3) of 3 nm thickness formed on a magnetic layer. It 
should be noted that the flying height FH could not be 
measured Simultaneously with the measurement of the 
reproduced output, and therefore was measured Separately 
using a technique which relied on optical interference. 

0196) A plurality of samples (magnetic heads) even in the 
Same Example 22 included those which presented the flying 
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Floating Head 
Amount Output 

Yield Wave1 
Rate (mVium) 
93% 3.6 

93% 4.2 

90% 4.3 

83% 4.2 

73% 4.3 

60% 4.1 

height FH approximately matching the target value (10 nm), 
those which presented the flying height FH largely deviated 
from the target value, and those which had no flying height 
FH (meaning that the magnetic head does not float from the 
magnetic disk) depending on different production lots with 
respect to the first and Second processes. The same was true 
also in Examples 23-27. Presumably, this can be caused by 
variations in the position at which the resist is formed, 
described above with reference to FIGS. 15 and 16. Here, 
assuming that a population comprised a predetermined num 
ber of samples of Example 22 which were different from one 
another in production lot with respect to the first and Second 
processes, the proportion of Samples of Example 22, the 
fling height FH of which was measured within the range of 
10 nmit5 nm, to the population was calculated as the floating 
amount yield rate. Likewise, the floating amount yield rate 
was calculated for each of Examples 23-27 in a manner 
Similar to Example 22. The calculated floating amount yield 
rates are shown in Table 5. 

0.197 Also, for Example 22, an average value Vave 1 of 
the head output was calculated for those Samples in the 
population, which presented the measured flying height FH 
within the range of 10 nmi.3 nm. Additionally, for Example 
22, an average value Aave2 of the level difference A, an 
average value B ave2 of the depth B of the groove 2d were 
measured for all Samples within the population of Example 
22. Further, for each of Examples 23-27, an average value 
Aave2 of the level difference A, an average value B ave2 of 
the depth 3 of the groove 2d, and an average value Vave 1 of 
the head output were calculated in a manner Similar to 
Example 22. These results are also shown in Table 5. 

0198 FIG. 40 is a graph showing the relationship of the 
floating amount yield rate to the average value Bave2 of the 
depth f3 of the groove 2d, based on the results of the 
measurements made on Examples 22-27 shown in Table 5. 
As can be seen from Table 5 and FIG. 40, the depth f3 of the 
groove 2d equal to or Smaller than 30 nm is preferable 
because the resulting floating amount yield rate is increased 
to 65% or more. Particularly, the depth B of the groove 2d 
equal to or Smaller than 20 nm is more preferable because 
the resulting floating amount yield rate is increased to 83% 
or more. Moreover, the depth f3 of the groove 2d equal to or 
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smaller than 10 nm is further more preferable because the 
resulting floating amount yield rate is increased to 93% or 
OC. 

0199 Samples corresponding to Examples 13-27 were 
not fabricated based on the TMR sample bars. However, 
since the TMR head is similar to the GMR head in the 
floating of the head, it is contemplated that experiments on 
the TMR head will show similar results to those of the 
experiments made on Examples 13-27. 
0200 While the present invention has been described in 
conjunction with the respective embodiments as well as 
exemplary modifications and examples thereof, the present 
invention is not limited to those. 

0201 For example, the magnetic heads and the methods 
of manufacturing the same described in the foregoing 
respective embodiments are illustratively applied to the 
magnetic heads having the GMR device or TMR device in 
the structures described above. The present invention, how 
ever, can be applied to magnetic heads having a GMR device 
in a different structure, a TMR device in a different structure, 
and a different magneto-resistive device, and the methods of 
manufacturing Such magnetic heads. Specifically, the 
present invention can be applied, for example, to (1) a 
magnetic head which uses a TMR device for a magneto 
resistive device and has a CPP (Current Perpendicular to 
Plane) structure; (2) a magnetic head which uses an anti 
ferromagnetic coupling magnetic multi-layered film for a 
magneto-resistive device and has a CPP structure; (3) a 
magnetic head which uses a spin valve magnetic multi 
layered film for a magneto-resistive device and has a CPP 
Structure; (4) a magnetic head which uses a dual spin valve 
magnetic multi-layered film for a magneto-resistive device 
and has a CPP structure; (5) a magnetic head which uses a 
Spin valve magnetic multi-layered film for a magneto 
resistive device and has a CIP (Current in Plane) structure; 
(6) a magnetic head which uses a dual spin valve magnetic 
multi-layered film for a magneto-resistive device and has a 
CIP structure; and the like as well as methods of manufac 
turing Such magnetic heads. 
0202 As described above, the present invention can 
provide a magnetic head which is capable of generating a 
high output Signal from a magneto-resistive device even on 
a narrow track to increase the recording density, and a 
method of manufacturing the same. 
0203. In addition, the present invention can provide a 
head Suspension assembly which is capable of increasing the 
recording density of a magnetic disk apparatus and the like. 

What is claimed is: 
1. A method of manufacturing a magnetic head having a 

base, and a laminate Stacked on Said base and including a 
magneto-resistive device, Said method comprising: 

a polishing Step for mechanically polishing a Surface of a 
Structure including Said base and Said laminate close to 
a magnetic recording medium, Said Surface of Said 
Structure including an end face of Said laminate includ 
ing an end face of Said magneto-resistive device and a 
Surface of Said base, and 

a first etching Step after Said polishing Step for Selectively 
etching a first region on the Surface of Said structure 
close to the magnetic recording medium, Said first 
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region including the Surface of Said base but not 
including the end face of Said magneto-resistive device. 

2. A method of manufacturing a magnetic head according 
to claim 1, further comprising: 

a Second etching Step after Said polishing Step and before 
or after Said first etching Step for entirely etching the 
Surface of Said Structure close to the magnetic recording 
medium. 

3. A method of manufacturing a magnetic head according 
to claim 1, wherein: 

Said laminate comprises a first and a Second magnetic 
shield film formed on said base to Sandwich said 
magneto-resistive device; 

Said Surface of Said Structure close to the magnetic record 
ing medium includes end faces of Said first and Second 
magnetic shield films close to the magnetic recording 
medium; and 

Said first region does not include end faces of Said first and 
Second magnetic Shield films. 

4. A method of manufacturing a magnetic head according 
to claim 1, wherein Said first etching Step comprises the Steps 
of: 

forming a resist on a region on the Surface of Said 
Structure close to the magnetic recording medium 
except for Said first region before the etching in Said 
first etching Step; and 

removing said resist after the etching in said first etching 
Step. 

5. A method of manufacturing a magnetic head according 
to claim 1, wherein Said first region Substantially Solely 
includes the Surface of Said base on the Surface of Said 
Structure close to the magnetic recording medium. 

6. A method of manufacturing a magnetic head according 
to claim 1, wherein Said first region includes a predeter 
mined region on the end face of Said laminate close to Said 
base on the Surface of Said Structure close to the magnetic 
recording medium. 

7. A method of manufacturing a magnetic head according 
to claim 1, further comprising the Step of Setting a target 
region for Said first region, Said target region including a 
region on the Surface of Said base on the Surface of Said 
Structure close to the magnetic recording medium, and a 
predetermined region close to Said base in a region on the 
end face of Said laminate on the Surface of Said structure 
close to the magnetic recording medium. 

8. A method of manufacturing a magnetic head according 
to claim 7, wherein Said predetermined region in Said target 
region Set for Said first region has a width in a range of 0.05 
tim to 3.0 lim. 

9. A method of manufacturing a magnetic head according 
to claim 1, further comprising: 

a Second etching Step after Said polishing Step and before 
or after Said first etching Step for Selectively etching a 
Second region on the Surface of Said Structure close to 
the magnetic recording medium, Said Second region not 
including the Surface of Said base but including the end 
face of Said magneto-resistive device. 

10. A method of manufacturing a magnetic head accord 
ing to claim 1, wherein Said base is made of Al-O-TiC or 
SiC. 
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11. A magnetic head comprising: 
a base having a Surface for forming an air bearing Surface 

directly or through a protection film, Said Surface being 
located close to a magnetic recording medium; and 

a laminate Stacked on Said base and including a magneto 
resistive device, 

wherein Said Surface of Said base close to the magnetic 
recording medium differs in level from an end face of 
Said magneto-resistive device close to the magnetic 
recording medium by 2 nm or leSS in absolute value. 

12. A magnetic head according to claim 11, wherein Said 
laminate includes a groove formed on the end face close to 
the magnetic recording medium, Said groove extending 
along a boundary between Said Surface of Said base close to 
the magnetic recording medium, Said Surface forming the air 
bearing Surface directly or through the protection film, and 
Said end face of Said laminate close to the magnetic record 
ing medium. 

13. A magnetic head comprising: 
a base having a Surface for forming an air bearing Surface 

directly or through a protection film, Said Surface being 
located close to a magnetic recording medium; and 

a laminate Stacked on Said base and including a magneto 
resistive device, and a first and a Second magnetic 
shield film formed on said base to Sandwich said 
magneto-resistive device, 

wherein Said Surface of Said base close to the magnetic 
recording medium differs in level from an end face of 
at least one of Said first and Second magnetic shield 
films close to the magnetic recording medium by 2 nm 
or leSS in absolute value. 

14. A magnetic head according to claim 13, wherein Said 
laminate includes a groove formed on the end face close to 
the magnetic recording medium, Said groove extending 
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along a boundary between Said Surface of Said base close to 
the magnetic recording medium, Said Surface forming the air 
bearing Surface directly or through the protection film, and 
Said end face of Said laminate close to the magnetic record 
ing medium. 

15. A magnetic head according to claim 14, wherein Said 
groove has a depth of 30 nm or less with reference to said 
Surface of Said base close to the magnetic recording medium, 
Said Surface forming the air bearing Surface directly or 
through the protection film. 

16. A magnetic head comprising: 
a base having a Surface for forming an air bearing Surface 

directly or through a protection film, Said Surface being 
located close to a magnetic recording medium; and 

a laminate Stacked on Said base and including a magneto 
resistive device; 

wherein Said laminate includes a groove formed on the 
end face close to the magnetic recording medium, Said 
groove extending along a boundary between Said Sur 
face of Said base close to the magnetic recording 
medium and Said end face of Said laminate close to the 
magnetic recording medium. 

17. A magnetic head according to claim 16, wherein Said 
groove has a depth of 30 nm or less with reference to said 
Surface of Said base close to the magnetic recording medium, 
Said Surface forming the air bearing Surface directly or 
through the protection film. 

18. A head Suspension assembly comprising: 

a magnetic head manufactured by the method of manu 
facturing a magnetic head according to claim 1; and 

a Suspension for Supporting Said magnetic head near a 
leading end thereof. 


