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A magnetoresistive effect type reproducing head is formed 
by stacking a loWer magnetic shield made of magnetic 
material, a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, an upper inter-layer insula 
tion ?lm, and an upper magnetic shield made of magnetic 
material, on a substrate in this order, Wherein a resistivity of 
at least one of the loWer and upper magnetic shields is more 
than 200 pQ-cm. 
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MAGNETORESISTIVE EFFECT TYPE 
REPRODUCTING HEAD AND MAGNETIC DISK 

APPARATUS EQUIPPED WITH THE 
REPRODUCING HEAD 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a neW magnetore 
sistive effect type reproducing head, and a recording-repro 
ducing separation type magnetic head, a head disk assembly, 
and a magnetic disk apparatus, Which use the reproducing 
head. 

[0002] A magnetoresistive effect type reproducing head 
using a magnetoresistive effect or a giant magnetoresistive 
effect is made of a magnetic multi-layer ?lm possessing the 
magnetoresistive effect or the giant magnetoresistive effect, 
a magnetoresistive effect type element including electrodes 
provided at both sides of the magnetic multi-layer ?lm, and 
magnetic shield ?lms arranged at the upper and loWer sides 
of the magnetoresistive effect type element. 

[0003] A principle of magnetic ?eld detection using a 
magnetoresistive effect type element is to make use of 
phenomena that the electrical resistance of a magnetic 
multi-layer ?lm changes corresponding to the strength of 
magnetic ?eld applied to the magnetic multi-layer ?lm 
possessing a magnetoresistive effect or a giant magnetore 
sistive effect. Further, changes of the applied magnetic ?eld 
are detected by ?oWing current in the magnetic multi-layer 
?lm and measuring a potential difference generating 
betWeen both sides of the magnetic multi-layer ?lm. HoW 
ever, this principle is Well knoWn. 

[0004] In reproducing stray magnetic ?eld from informa 
tion magnetically recorded in a magnetic disk installed in a 
magnetic disk apparatus, it is Well knoWn to cover the upper 
and loWer sides of a magnetoresistive effect type element 
With magnetic shield ?lms via insulation substance in order 
to improve the spatial resolution and reduce magnetic ?eld 
leaking from a motor and so on, Which causes noise. 

[0005] According to development for a method of more 
densely recording information in a magnetic disk apparatus, 
in order to improve the spatial resolution, it has been tried 
and is also Well knoWn that the distance betWeen an upper 
magnetic shield and a loWer magnetic shield, that is, a 
magnetic gap of a reproducing head, is reduced. Further, 
conventionally, 80Ni—Fe permalloy, Fe—Al—Si Sendust, 
Co noncrystalline magnetic material, etc., are mainly used 
for a magnetic shield ?lm. In Japanese Patent Laid-Open 
124121/1996, it is disclosed that a magnetic shield of 
Ni—Fe—P alloy or Ni—Fe—B alloy is formed by an 
electroplating method. 

[0006] A magnetoresistive effect type reproducing head 
has the structure in Which a magnetoresistive effect type 
element is formed on a loWer magnetic shield via an 
insulation ?lm, and an upper magnetic shield is also formed 
on the magnetoresistive effect type element via an insulation 
?lm. 

[0007] According to requirement for high increase of the 
recording density, especially, the linear recording density, in 
a magnetic disk apparatus, the distance betWeen a loWer 
magnetic shield and an upper magnetic shield is reduced to 
improve the spatial resolution. Consequently, the thickness 
of respective insulation ?lms betWeen a magnetoresistive 
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effect type or giant magnetoresistive effect type element and 
each of the upper and loWer magnetic shields is largely 
reduced. Thus, the Withstand voltage betWeen the magne 
toresistive effect type and the respective upper and loWer 
magnetic shields tends to be easily deteriorated. It is con 
sidered that the deterioration of the Withstand voltage in the 
insulation ?lms is caused by pin holes in the insulation ?lms. 

[0008] The respective resistivity p of a 80Ni—Fe permal 
loy ?lm, a Fe—Al—Si Sendust ?lm, and a Co—Nb—Zr 
alloy ?lm, Which are conventionally used for the upper and 
loWer magnetic shield ?lms, is approximately 20 pQcm, 80 
pQcm, and 100-150 pQcm, respectively. On the other 
hand, the average resistivity p of a sensor part in a magne 
toresistive effect type element, although the resistivity 
depends on the composition of the sensor part, is approxi 
mately 20-100 pQ-cm. That is, the resistivity of the sensor 
part in a magnetoresistive effect type element is approxi 
mately the same degree as that of the magnetic shields. 
Moreover, since the thickness of the sensor part in a mag 
netoresistive effect type element is about 50 nm, and that of 
the magnetic shields is about 1-3 nm, the resistance of the 
sensor part in a magnetoresistive effect type element is less 
than 1/20 of that of a corresponding region in each magnetic 
shield. Therefore, if the magnetic gap is reduced, it possibly 
occurs that current leaks from a pin hole generating part such 
as a boundary region betWeen each electrode and the sensor 
part in a magnetoresistive effect type element, at Which a 
thickness gap is large and the thickness of the insulation ?lm 
tends to become thin, and an insulation break-doWn of the 
magnetoresistive effect type element is caused by the current 
leakage. Even if the current leak occurs Without an element 
break-doWn, since the resistance of the sensor part in a 
magnetoresistive effect type element is less than 1/20 of that 
of a corresponding region in each magnetic shield, the most 
amount of current ?oWs into the magnetic shields, and the 
information reproduction of the magnetoresistive effect type 
becomes impossible. This problem is inevitable in reducing 
the magnetic gap of the presently used structure in a mag 
netoresistive effect type element. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
neW magnetoresistive effect type reproducing head, and a 
recording-reproducing separation type magnetic head, a 
head disk assembly, and a magnetic disk apparatus, using the 
reproducing head, Which can prevent the degradation of the 
Withstand voltage betWeen a magnetoresistive effect type 
element and each of an upper magnetic shield and a loWer 
magnetic shield, the degradation being caused When the 
thickness of an insulation ?lm formed betWeen a magne 
toresistive effect type element and each of the magnetic 
shields is made very thin to correspond to requirement for a 
high recording density. 
[0010] A feature of the present invention to attain the 
above object is to provide a magnetoresistive effect type 
reproducing head formed by stacking a loWer magnetic 
shield made of magnetic material, a loWer inter-layer insu 
lation ?lm made, a magnetoresistive effect type element 
including a magnetic part, an insulation part, and electrical 
conductivity parts, for detecting magnetic ?eld by using one 
of a magnetoresistive effect and a giant magnetoresistive 
effect, an upper inter-layer insulation ?lm, and an upper 
magnetic shield made of magnetic material, on a substrate in 
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this order, and a recording-reproducing separation type 
magnetic head including a magnetic induction type record 
ing head and the reproducing head Which are neighboring 
each other via a magnetic shield, Wherein one or both of the 
loWer and upper magnetic shields includes a magnetic layer 
of a resistivity of more than 200 pQ-cm. 

[0011] Further, a feature of the present invention is that in 
the above magnetoresistive effect type reproducing head, a 
magnetic layer possessing a resistivity of more than 200 
pQcm is provided betWeen at least one of the loWer and 
upper magnetic shields and a corresponding one of the 
inter-layer insulation ?lms. 

[0012] Moreover, a feature of the present invention is that 
in the above magnetoresistive effect type reproducing head, 
a magnetic layer possessing a resistivity of more than 200 
pQcm is provided in at least a region covering the magne 
toresistive effect type element, in at least one of the loWer 
inter-layer insulation ?lm and the upper inter-layer insula 
tion ?lm. 

[0013] Further, a feature of the present invention is that in 
the above magnetoresistive effect type reproducing head, at 
least one of the upper and loWer magnetic shields includes 
a magnetic layer possessing a high resistivity of more than 
200 pQ-cm and a loW-resistance magnetic layer Which 
neighbor each other via an insulation layer. 

[0014] Further, a feature of the present invention is to 
provide a magnetoresistive effect type reproducing head 
formed by stacking a loWer inter-layer insulation ?lm, a 
magnetoresistive effect type element for detecting magnetic 
?eld by using a magnetoresistive effect, and an upper 
inter-layer insulation ?lm, Wherein a magnetic layer pos 
sessing a resistivity of more than 200 pQcm is provided in 
at least a region covering a sensor part of the magnetore 
sistive effect type element, in at least one of the loWer 
inter-layer insulation ?lm and the upper inter-layer insula 
tion ?lm. 

[0015] The above-mentioned magnetic layer of more than 
200, preferably more than 350, more preferably more than 
500, is made of a chemical compound including at least one 
element of a group of Co, Fe, and Ni and at least one element 
of a group of O, N, F, C, P, S, and B. 

[0016] Another feature of the present invention is to 
provide a magnetic disk apparatus including a magnetic disk 
of a diameter of less than 3.5 inches, a means for rotating the 
magnetic disk, the above-mentioned magnetoresistive effect 
type reproducing head and a magnetic induction type thin 
?lm recording head. 

[0017] In the present invention, a magnetic ?lm of a high 
resistivity (more than 200 pQ-cm) is used at a part of at least 
one or both of an upper magnetic shield ?lm and a loWer 
magnetic shield ?lm, in the vicinity of a magnetic gap. 
Moreover, under the conditions that the resistance of the 
magnetic shield ?lms is suf?ciently larger than that of the 
sensor part in the magnetoresistive effect type element, even 
if sensing current leaks into the magnetic shield ?lms, Which 
is caused by pin holes generated in an insulation ?lm 
betWeen each magnetic shield ?lm and a magnetoresistive 
effect type element, the leaking current is restricted, and the 
break-doWn of the magnetoresistive effect type element 
scarcely occurs. Assuming that sensing current shunts to the 
magnetic shield, it is possible to keep the decrease of a 
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reproducing output of the head small by suppressing the 
leakage current to a small quantity. Thus, it is desirable to set 
the resistance of the magnetic shield ?lms as approximately 
10 times of that the sensor part of the magnetoresistive effect 
type element. 

[0018] As a magnetic ?lm of a high resistivity and an 
eXcellent soft magnetic performance, a magnetic ?lm made 
of chemical compound material of (magnetic metal (Fe, Co, 
Ni)-metal-X (O, F, N)), or a magnetic ?lm made of material 
produced by adding C, P, S, B, etc., to alloy of Ni—Fe, 
Fe—Co, Ni—Fe—Co, etc., is knoWn. 

[0019] In the present invention, magnetic material of a 
high resistivity is used for a part of at least one of the upper 
and loWer magnetic shields in a reproducing head using a 
magnetoresistive or giant magnetoresistive effect, Which is 
used for a recording-reproducing separation type magnetic 
thin ?lm head in a magnetic disk apparatus and so forth. 
Therefore, under the conditions that the magnetic gap deter 
mined by the distance betWeen the upper and loWer mag 
netic shields is narroW, even if sensing current leaks betWeen 
the magnetoresistive effect type element and one of the 
upper and loWer magnetic shields, the information repro 
ducing is possible. By using the magnetoresistive effect type 
reproducing head of Which the magnetic gap is narroW, 
according to the present invention, it is possible to provide 
a magnetic disk apparatus of a high linear recording density, 
further, of Which an aZimuth angle correction is small, since 
the distance betWeen the reproducing head and a recording 
head can be made narroW. 

[0020] Further, a feature of the present invention is to 
provide a head disk assembly having a magnetic disk in 
Which information is recorded, a recording-reproducing 
separation type magnetic head composed of a magnetic 
induction type recording head for recording information in 
the magnetic disk, a magnetoresistive effect type reproduc 
ing head for reproducing information recorded in the mag 
netic disk, and a drive means for rotating the magnetic disk, 
Wherein the magnetoresistive effect type reproducing head 
has any one of the above-mentioned features, and a record 
density is more than 10 G bits/in2. 

[0021] Furthermore, a feature of the present invention is to 
provide a magnetic disk apparatus including a plurality of 
head disk assemblies having a magnetic disk in Which 
information is recorded, a recording-reproducing separation 
type magnetic head composed of a magnetic induction type 
recording head for recording information in the magnetic 
disk, a magnetoresistive effect type reproducing head for 
reproducing information recorded in the magnetic disk, and 
a drive means for rotating the magnetic disk, Wherein each 
head disk assembly accords to the above latest feature of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of a ?rst embodiment according to the present 
invention. 

[0023] FIG. 2 is an elevational cross section of a magne 
toresistive effect type element. 

[0024] FIG. 3 is a perspective vieW of a spin-valve 
magnetoresistive effect type reproducing head of another 
embodiment according to the present invention. 
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[0025] FIG. 4 is an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of another embodiment according to the present 
invention. 

[0026] FIG. 5A and FIG. 5B shoW an elevational cross 
section facing a recording medium, of a magnetoresistive 
effect type reproducing head of another embodiment accord 
ing to the present invention, and a plan vieW of arrangement 
of the magnetoresistive effect type element and an upper 
magnetic shield of a high resistivity. 

[0027] FIG. 6 is an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of another embodiment according to the present 
invention. 

[0028] FIG. 7A and FIG. 7B shoW an elevational cross 
section facing a recording medium, of a magnetoresistive 
effect type reproducing head of another embodiment accord 
ing to the present invention, and a plan vieW of arrangement 
of the magnetoresistive effect type element and an upper 
magnetic shield of a high resistivity. 

[0029] FIG. 8 is a conceptual diagram for shoWing a 
composition of a hard disk apparatus. 

[0030] FIG. 9 is a longitudinal cross section of a magnetic 
induction type recording head. 

[0031] FIG. 10 is a perspective vieW for a partially 
sectional diagram of a recording-reproducing separation 
type magnetic head. 

[0032] FIG. 11 is a perspective vieW of a negative pres 
sure slider. 

[0033] FIG. 12 is a perspective inside vieW of a magnetic 
disk apparatus. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Embodiment 1 

[0034] FIG. 1 shoWs an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of a ?rst embodiment according to the present 
invention. The multi-layer structure shoWn in FIG. 1 
includes a substrate 11, a loWer magnetic shield 12 formed 
on the substrate 11, a loWer inter-layer insulation ?lm 14, a 
sensor part 15 of a magnetoresistive effect type element, an 
upper inter-layer insulation ?lm 14‘, an upper magnetic 
shield 13, Which are piled in this order, further electrodes 16 
being provided at both sides of the sensor part 15 of a 
magnetoresistive effect type element. In this embodiment, 
Fe—Si—O possessing the resistivity p of about 16000 #9 
cm is used for the upper and loWer magnetic shields 12 and 
13. The upper and loWer magnetic shields 12 and 13 have the 
thickness of 1.6 pm, and the magnetic gap betWeen the upper 
and loWer magnetic shields 12 and 13 is set as 0.18 pm. As 
the magnetoresistive effect type element, a magnetic resis 
tance reading converter including a later-mentioned hard 
magnetic bias ?lm is used. The sensor part 15 of the 
magnetoresistive effect type element has the multi-layer 
structure in Which a magnetic ?lm, an insulation ?lm, and a 
conductive ?lm, in this order from the upper part, and since 
the magnetoresistive effect ?lm, an intermediate ?lm, and a 
bias ?lm, have the thickness of 20 nm, 10 nm, and 20 nm, 
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respectively, the thickness of the loWer inter-layer insulation 
?lm 14 formed on the loWer magnetic shield 12 is set as 50 
nm, and the upper inter-layer insulation ?lm 14‘ formed on 
the magnetoresistive effect type element is set as 80 nm, so 
that the magnetoresistive effect ?lm is positioned at the 
center of the magnetic gap. Since the average resistivity p of 
the sensor part 15 of the magnetoresistive effect type ele 
ment is about 50 pQcm, and its length, Width, and thickness, 
are 1 pm, 1 pm, and 50 nm, respectively, the resistance of the 
sensor part 15 is 10 Q. On the other hand, since the magnetic 
shields 12 and 13 have the resistivity p of about 16000 
pQcm, and their thickness is 1.6 pm, the resistance of each 
magnetic shield at the sensor region is 100 Q. That is, since 
the resistance betWeen both the electrodes 16 changes only 
by about 10%, that is, from 10 Q to 9.1 Q, even if sensing 
current leaks to each magnetic shield, the sensor part 15 of 
the magnetoresistive effect type element does not break 
doWn. Further, since sensing current ?oWing in the sensor 
part 15 decreases only by 9%, the output of the sensor part 
15 decreases about by 17%, and the sensor part 15 still has 
a suf?cient reproducing ability. In the above-mentioned 
estimation, it is assumed that a short-circuit is caused by pin 
holes and so on Which are generated in the insulation ?lm 14 
or 14‘ betWeen the sensor part 15 of the magnetoresistive 
effect type element and one of the magnetic shields 12 and 
13. If a short circuit does not occur in the insulation ?lms 14 
and 14‘, the amount of current shunted to the magnetic 
shields 12 and 13 is less than the above-mentioned estima 
tion, the decreased poWer of the reproduced output is also 
beloW the above-mentioned estimation level. Further, 
although the resistance of the magnetic shields 12 and 13 is 
estimated as for the sensor region of the magnetoresistive 
effect type element, the thickness of each magnetic shield, at 
the region other than the vicinity of the sensor part 15 is set 
as considerably thicker. Therefore, sensing current hardly 
leaks to the magnetic shields, and the above estimation 
model is reasonably conservative. In this embodiment, the 
upper and loWer magnetic shield ?lm 12 and 13 are com 
posed of only a Fe—Si—O ?lm possessing the resistivity p 
of 16000 pQcm. HoWever, it is possible to use a magnetic 
multi-layer ?lm by alternately laminating a high-resistance 
magnetic ?lm and an insulating ?lm. 

[0035] FIG. 2 shoWs a conceptual illustration of the 
magnetoresistive effect type element (hereafter, referred to 
as MR element). The MR element is composed of the sensor 
part 15 (MR layer) and the electrodes 16 including hard 
magnetic bias layers for generating a vertical bias in the MR 
layer. Further, the electrodes 16 including the hard magnetic 
bias layers possesses the electrical and magnetic continuity 
With the MR sensor 15. Although the hard magnetic bias ?lm 
in the electrodes 16, each of Which includes a hard magnetic 
bias layer, can be composed of a single alloy layer of CoCr, 
CoPt, CoCrPt, etc., it is desirable to compose the bias ?lm 
With one of the above alloy layers and a metal layer of W, 
Au, Cr, etc., Which is used as an upper or loWer layer in the 
bias ?lm. The thickness of the hard magnetic bias ?lm is set 
as such that the predetermined bias ?uX can be obtained. 
Moreover, the lateral bias Which is also necessary for the 
MR sensor 15 is realiZed by using a soft ?lm bias, a branch 
bias, a spiral bias, or any other comformable lateral bias. 

[0036] FIG. 3 shoWs a perspective vieW of a magnetic 
head using a spin-valve magnetoresistive ?lm (MR sensor) 
of another embodiment according to the present invention. 
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[0037] The MR sensor of the present invention has a 
multi-layer structure in Which a ?rst magnetic layer 32 of 
soft ferromagnetic material, a non-magnetic layer 1, and a 
second magnetic layer 2 of ferromagnetic material, are 
laminated on a substrate 31 made of glass, ceramic, etc. The 
tWo ferromagnetic layers 32 and 2 are composed so that the 
angle betWeen the magnetiZed directions of the tWo layers is 
about 90 deg. When the magnetic ?eld is not applied to those 
layers. Further, the magnetiZed direction of the second 
magnetic layer 2 is ?xed to the same direction of a magnetic 
record medium. The magnetiZed direction of the ?rst mag 
netic layer 32 of soft ferromagnetic material declines by 90 
deg. to the magnetic ?eld direction of the second magnetic 
layer 2 if the magnetic ?eld is not applied to the ?rst 
magnetic layer 32. If the magnetic ?eld is applied, the 
rotation of magnetiZation in the ?rst magnetic layer 32 
occurs in response to the application of the magnetic ?eld, 
and the magnetiZation direction of the ?rst magnetic layer 32 
changes. Numeral 8 indicates electrodes. 

[0038] To keep a single magnetic domain state in the ?rst 
magnetic layer 32 oriented in the direction parallel to the 
surface of this paper, a means for generating a vertical bias 
is provided for the ?rst magnetic layer 32. The hard ferro 
magnetic layer 7 possessing a high saturation magnetic 
coercive force, a high orthogonal magnetic property, and a 
high resistance, is used as the means for generating the 
vertical bias. The hard ferromagnetic layer 7 contacts the 
side end region in the surface of the ?rst magnetic layer 32 
of soft ferromagnetic material. The magnetiZed direction of 
the hard ferromagnetic layer 7 is parallel to the surface of 
this paper. 

[0039] Further, it is also possible to generate the necessary 
vertical bias by contacting an antiferromagnetic layer to the 
side end region of the ?rst magnetic layer 32 in place of the 
ferromagnetic layer 7. As for this antiferromagnetic layer, it 
is desirable to use antiferromagnetic material possessing the 
blocking temperature suf?ciently different from that of the 
antiferromagnetic layer 3 used to ?X the magnetiZed direc 
tion of the second magnetic layer 2 of ferromagnetic mate 
rial. 

Embodiment 2 

[0040] FIG. 4 shoWs an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of another embodiment according to the present 
invention. In this embodiment, each of the upper magnetic 
shield 12 and the loWer magnetic shield 13 has the multi 
layer structure Which is composed of a loWer loW-resistance 
magnetic shield ?lm 122 or 132 of a 46Ni—Fe ?lm (p: about 
45 pQcm, and the thickness: 1.5 pm) formed by an elec 
troplating method and an upper high-resistance magnetic 
shield ?lm 121 or 131 of a Fe—Ni—O ferrite ?lm (p: about 
1 pQcm, the thickness: 0.5 pm) formed by an electroplating 
method. Moreover, a spin-valve type giant magnetoresistive 
effect ?lm is used for the sensor part 15 of the magnetore 
sistive effect type element, and the sensor part 15 has the 
multi-layer structure composed by laminating layers of Ta (5 
nm)/CrMnPt (30 nm)/CoFe (3 nm)/Cu (2 nm)/CoFe (1 
nm)/NiFe (5 nm)/Ta (5 nm) in this order from the upper part. 
Since the free layer in the spin-valve type ?lm is made of a 
CoFe/NiFe layer in this embodiment, the thickness of the 
loWer inter-layer insulation ?lm 14 formed on the loWer 
magnetic shield 12 and the thickness of the upper inter-layer 
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insulation ?lm 14‘ formed on the magnetoresistive effect 
type element are set as 85 nm and 50 nm, respectively, so 
that the free layer is positioned at the center of the magnetic 
gap. That is, the interval of the magnetic gap is 0.186 pm. In 
ferrite material such as Fe—Ni—O used in this embodi 
ment, since its resistivity is high enough, the insulation 
break-doWn of the magnetoresistive effect type element 
occurs hardly. Further, it is possible to set the thickness of 
the insulation ?lm betWeen the magnetoresistive effect type 
element and each of the upper and loWer magnetic shields as 
almost 0 by optimiZing the high-resistance shield ?lms (high 
resistivity, very thin thickness, and improvement in soft 
magnetic characteristics). For eXample, in the spin-valve 
type giant magnetoresistive effect ?lm, it is possible to set 
the thickness of the insulation ?lm formed on the loWer 
magnetic shield 12 as 35 nm, and set the thickness of the 
insulation ?lm formed on the magnetoresistive effect type 
element as 0. That is, it is possible to reduce the interval of 
the magnetic gap to 86 nm. Furthermore, it is possible to use 
a magnetic multi-layer ?lm formed by alternately laminating 
a magnetic ?lm and an insulation ?lm for one or one pair of 
the high-resistance upper and loWer magnetic shields 121 
and 131, and one or one pair of the loW-resistance upper and 
loWer magnetic shields 122 and 132. 

Embodiment 3 

[0041] FIG. 5A and FIG. 5B shoW a composition of a 
magnetoresistive effect type reproducing head of another 
embodiment according to the present invention. FIG. 5A is 
an elevational cross section facing a recording medium, and 
FIG. 5B is a plan vieW of arrangement of the sensor part 15 
a magnetoresistive effect type element, the electrodes 16, 
and an upper magnetic shield 131 (region surrounded by 
dotted lines) of a high resistivity. In this embodiment, the 
interval betWeen the high-resistance upper and loWer mag 
netic shield 131 and 121 is set as 0.146 pm. In a method of 
producing the magnetoresistive effect type reproducing head 
of this embodiment, at ?rst, a 46Ni—Fe ?lm of a 2 pm 
thickness is formed on the substrate 11, and processed to 
have the shape of the loWer magnetic shield. Further, after a 
Fe—Ni—O ferrite ?lm (p: about 1 pQcm) of a 0.5 pm 
thickness is piled up by an electroplating method, a mask to 
cover the region forming the sensing part of the magnetore 
sistive effect type element is formed, and an A1203 ?lm is 
piled up by 0.5 pm. Further, A1203 piled up on the mask is 
removed together With the mask. After an A1203 ?lm is piled 
up by 65 nm, the sensor part 15 of the spin-valve type 
magnetoresistive effect element and the electrodes 16 are 
formed. Furthermore, an A1203 ?lm is piled up by 30 nm, 
and a Fe—Ni—O ferrite ?lm of a 0.5 pm thickness is formed 
by an electroplating method. A mask to cover the region 
forming the sensing part of the magnetoresistive effect type 
element is formed, and an A1203 ?lm is piled up by 0.5 p m. 
Further, A1203 piled up on the mask is removed together 
With the mask. Further, 46Ni—Fe ?lm is piled up by 2 pm, 
and processed to have the shape of the upper magnetic 
shield. In ferrite material such as Fe—Ni—O used in this 
embodiment, since its resistivity is high enough, the insu 
lation break-doWn of the magnetoresistive effect type ele 
ment occurs hardly. Further, it is possible to set the thickness 
of the insulation ?lm formed betWeen the magnetoresistive 
effect type element and one of the upper and loWer magnetic 
shields as almost 0 by optimiZing the high-resistance shield 
?lms. Furthermore, it is possible to use a magnetic multi 
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layer ?lm formed by alternately laminating a magnetic ?lm 
and an insulation ?lm for one or one pair of the high 
resistance upper and loWer magnetic shields 121 and 131, 
and one or one pair the loW-resistance upper and loWer 
magnetic shields 122 and 132. 

Embodiment 4 

[0042] FIG. 6 shoWs an elevational cross section facing a 
recording medium, of a magnetoresistive effect type repro 
ducing head of another embodiment according to the present 
invention. In this embodiment, the loWer and upper mag 
netic shields 12 and 13 are composed of a loW-resistance 
magnetic shield ?lm (122 or 132) of 80Ni—Fe permalloy, an 
inter-layer insulation ?lm (123 or 133) of A1203, and a 
high-resistance magnetic shield ?lm (121 or 131) of 
Fe—Hf—O (p: about 2000 pQcm). The thickness of each 
of the loWer and upper magnetic shield ?lms is 2 pm, and the 
distance in the magnetic gap is 0.18 pm. The upper magnetic 
shield is composed by laminating layers of 80Ni—Fe (1.8 p 
m)/Al2O3 (50 nm)/Fe—Hf—O (0.2 pm) in this order from 
the upper part, and The loWer magnetic shield is composed 
by laminating those layers in the reverse order. The com 
position of the magnetoresistive effect type element used in 
this embodiment is similar to that in the ?rst embodiment, 
and the resistance of the sensor part 15 is about 10 Q. 
Further, since the resistivity p of the high-resistance mag 
netic shield ?lm is approximately 2000 pQcm, and its 
thickness is 0.2 pm, the resistance of a part of the magnetic 
shield ?lm, Which is positioned over or under the sensor 
region, is approximately 100, and sufficiently larger than that 
of the sensor part 15. Therefore, even if current leaks to the 
magnetic shield, the output of the sensor part 15 decreases 
only a little, and its reproducing ability can be kept. Fur 
thermore, it is possible to use a magnetic multi-layer ?lm 
formed by alternately laminating a magnetic ?lm and an 
insulation ?lm for one or one pair of the high-resistance 
upper and loWer magnetic shields 121 and 131, and one or 
one pair of the loW-resistance upper and loWer magnetic 
shields 122 and 132. 

Embodiment 5 

[0043] FIG. 7A and FIG. 7B shoW a composition of a 
magnetoresistive effect type reproducing head of another 
embodiment according to the present invention. FIG. 7A is 
an elevational cross section facing a recording medium, and 
FIG. 7B is a plan vieW of arrangement of the high-resistance 
upper magnetic shield 131 (a region surrounded by dotted 
lines), the sensor part 15 of the magnetoresistive effect type 
element, and the electrodes 16. In this embodiment, the 
interval betWeen the high-resistance upper and loWer mag 
netic shields 131 and 121 is set as 0.14 pm. In a method of 
producing the magnetoresistive effect type reproducing head 
of this embodiment, at ?rst, a 80Ni—Fe ?lm of a 2 p m 
thickness is formed on the substrate 11, and processed to 
have the shape of the loWer magnetic shield. Further, after 
A1203 is piled up by 30 nm, a Co—Fe—B—Si—O ferrite 
?lm (p: about 500 pQ-cm) of a 0.5 nm thickness is formed, 
and a mask to cover the region forming the sensing part of 
the magnetoresistive effect type element is shaped. Further, 
an A1203 ?lm is piled up by 50 nm, and the A1203 piled up 
on the mask is removed together With the mask. After an 
AlzO3 ?lm is piled up by 30 nm, the sensor part 15 and the 
electrodes 16 are formed. Furthermore, an A1203 ?lm is 
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piled up by 60 nm, and a Co—Fe—B—Si—O ferrite ?lm of 
a 50 nm thickness is formed by an electroplating method. A 
mask to cover the region forming the sensing part of the 
magnetoresistive effect type element is formed, and an 
AlzO3 ?lm is piled up by 50 nm. Further, after the A1203 
piled up on the mask is removed together With the mask, and 
A1203 is piled up by 30 nm. Lastly, 46Ni—Fe ?lm is piled 
up by 2 pm, and processed to have the shape of the upper 
magnetic shield. Since the resistance of the sensor part 15 of 
the magnetoresistive effect type element is about 10 Q, and 
the resistivity p of the high-resistance magnetic shield ?lm 
and its thickness are approximately 2000 pQcm and 0.2 pm, 
respectively, the resistance of a part of the magnetic shield 
?lm, Which is positioned over or under the sensor region, is 
approximately 100 Q, and suf?ciently larger than that of the 
sensor part 15. Therefore, even if current leaks to the 
magnetic shield, the output of the sensor part 15 decreases 
only a little, and its reproducing ability can be kept. Fur 
thermore, it is possible to use a magnetic multi-layer ?lm 
formed by alternately laminating a magnetic ?lm and an 
insulation ?lm for one or one pair of the high-resistance 
upper and loWer magnetic shields 121 and 131, and one or 
one pair of the loW-resistance upper and loWer magnetic 
shields 122 and 132. 

Embodiment 6 

[0044] In the above embodiments 1-5, the structure of the 
upper magnetic shield 13 is the same as that of the loWer 
magnetic shield 12. HoWever, it is possible to use a 80Ni— 
Fe permalloy ?lm, a Fe—Al—Si Sendust ?lm, a C0 non 
crystalline ?lm, or a magnetic multi-layer ?lm composed by 
alternately laminating one of those magnetic ?lms and an 
insulation ?lm, Which have been conventionally used, for 
the loWer magnetic shield, and use the high-resistance 
magnetic material for only the upper magnetic shield 13. 
Furthermore, it is also possible to use a multi-layer ?lm 
composed of a conventional material layer, an insulation 
layer, and the high-resistance magnetic material layer, as 
shoWn in FIG. 5, for the loWer magnetic shield 12, and use 
the high-resistance material for only the part in the upper 
magnetic shield 13, Which is positioned over or under the 
sensor region, as shoWn in FIG. 6, and further, use a 
combination of the compositions shoWn in FIG. 5 and FIG. 
6. Moreover, although the insulation ?lms of A1203 are used 
in the above embodiments, it is possible to use oxide such 
as SiO2 or nitride such as SiN for the insulation ?lms. 
Furthermore, in not only the second and third embodiment 
but also any one of the above-mentioned embodiments, it is 
possible to set the thickness of one or both the insulation ?lm 
formed betWeen the magnetoresistive effect type element 
and one of the upper and loWer magnetic shields as almost 
0 by optimiZing the high-resistance shield ?lms. 

[0045] Moreover, although the magnetic resistance read 
ing converter including a hard magnetic bias ?lm is used as 
the magnetoresistive effect type element in the embodiments 
1-5, it is possible to use a magnetoresistive effect type 
element to Which the exchange coupling With an antiferro 
magnetic ?lm is applied, for magnetic domain controlling. 

[0046] Further, in the examples 1-5, it is possible to use 
any one of the MR element shoWn in FIG. 2, the spin valve 
magnetoresistive effect type element shoWn in FIG. 3, and 
the giant magnetoresistive effect element, as the magnetore 
sistive effect type element. 
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Embodiment 7 

[0047] FIG. 8 is a conceptual diagram for showing a 
composition of a hard disk apparatus using the magnetore 
sistive effect type reproducing head and the spin-valve 
magnetoresistive effect type reproducing head mentioned in 
the embodiments 1-7. This hard disk apparatus has a disk 
rotating shaft 164 and a spindle motor 165 for rotating the 
shaft 164 at a high speed, and one or more (tWo in this 
embodiment) magnetic disks 167 are attached to the disk 
rotating shaft 164 at a predetermined distance. The attached 
magnetic disks 167 rotate together With the disk rotating 
shaft 164. Each magnetic disk is a circular plate of a 
predetermined radius and a predetermined thickness, and 
permanent magnet ?lms are formed on both surfaces of each 
magnetic disk, each permanent magnet ?lm composing an 
information recording surface. Moreover, this magnetic disk 
apparatus includes a rotating shaft 162 for positioning a 
magnetic head slightly apart from the magnetic disks 167, 
and a voice coil motor 163 for driving the shaft 162. Further, 
a plurality of access arms 161 are attached to the rotating 
shaft 162, and a recording/reproducing head 160 (hereafter, 
simply referred to as head) is attached at the top of each 
access arm 161. Therefore, each head 160 moves in the 
radius direction by rotating the head 160 by a predetermined 
angle With the rotating shaft 162, and is positioned at a 
designated place. Moreover, the position of each head 160 is 
kept apart from the surface of each disk 167 by about tens 
nm by a balance betWeen buoyancy generated by the high 
speed rotation of the disk 167 and the pressing force due to 
a gimbals of an elastic member composing a part of the arm 
161. The spindle motor 165 and the voice coil motor 163 are 
connected to a hard disk controller 166, and the rotation 
speed and the positioning of the head 160 are controlled by 
the hard disk controller 166. 

[0048] FIG. 9 shoWs a longitudinal cross section of a 
magnetic induction type thin ?lm recording head used in the 
hard disk apparatus according to the present invention. This 
thin ?lm head includes a loWer magnetic shield ?lm 186, a 
loWer magnetic ?lm 184 formed on the ?lm 186, and an 
upper magnetic ?lm 185. A non-magnetic insulation sub 
stance 189 eXists betWeen the magnetic ?lms 184 and 185. 
Numeral 188 indicates a magnetic gap. Aslider having an air 
bearing surface (ABS) supports the head. Further, While a 
disk is rotated, the slider approaches the recording medium 
of the rotating disk and generates the buoyancy. 

[0049] Furthermore, the thin ?lm magnetic head possesses 
a top part of the magnetic gap 188 via a coil 187. 

[0050] The coil 187 is formed above the loWer magnetic 
?lm 184, for eXample, by an electroplating method, and the 
coil 187 and the ?lm 184 are electromagnetically connected 
to each other. Further, the coil 187 is buried in the insulation 
substance 189, and electrical contacts are provided at its 
central part and outside end terminal. Those contacts are 
connected to an electrical poWer line and a head circuit for 
reading out/Writing in information (Which are not shoWn in 
a ?gure). 

[0051] In the present invention, a thin ?lm Wire forming 
the coil 187 is Wound in a someWhat distorted elliptic shape, 
and a narroWer Width part in the thin ?lm Wire is arranged 
nearest to the magnetic gap 188. The Width of the thin ?lm 
Wire is made gradually larger as the Wire is farther aWay 
from the magnetic gaps 188. 
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[0052] The coil 187 provided betWeen the gap 190 and the 
magnetic 188 has dens and many turns, and the Width of the 
thin ?lm Wire forming the coil 187 is comparatively narroW 
in the vicinity of the gap 190 or the magnetic gap 188. The 
rapid increase of the Width in the thin ?lm Wire in a region 
far aWay from the magnetic gap 188 causes the decrease of 
the resistance. Further, since the elliptic coil 187 has not an 
angle part or a sharp corner, it does not include a part of a 
specially large resistance. Moreover, an elliptic coil has a 
shorter length in comparison With an rectangular coil or a 
circular coil. Therefore, the total resistance of the coil 187 is 
comparatively small, and the heat generated in it is also 
comparatively a little. Further, the adequate heat radiating 
performance can be realiZed in the elliptic coil 187. Accord 
ingly, since the heat generation is reduced, the layer destruc 
tion in the multi-layer thin ?lm, and the layer elongation or 
the layer eXpansion of the multi-layer thin ?lm, can be 
prevented. Thus, the cause of a ball-chip projection at the air 
bearing surface (ABS ) can be removed. 

[0053] An elliptic coil in Which the Width of a thin ?lm 
layer coil Wire is changed at a constant change rate can be 
formed by a conventional cheap electroplating method such 
as a sputtering method, a vapor deposition method, and so 
forth. In a coil of other shape, especially, shape having an 
angle part, the Width in a coil Wire formed by an electro 
plating method tends to be non-uniform. In an elliptic coil, 
removing small parts projected from sides of a thing ?lm 
layer Wire formed to a coil loads only a small stress to the 
coil. 

[0054] In this embodiment, a coil of many turns is formed 
into an approximately elliptic shape betWeen the magnetic 
cores (magnetic ?lms) 184 and 185, and its Width is made 
gradually larger from the magnetic gap 188 toWard the back 
gap 190. Corresponding to the increase in the coil Wire 
Width, a signal output increases, and the generated heat 
decreases. 

[0055] FIG. 10 is a perspective vieW for a partially 
sectional diagram of a recording-reproducing separation 
type magnetic head including the magnetic induction type 
recording head and the magnetoresistive effect type repro 
ducing head according to the present invention. The record 
ing-reproducing separation type magnetic head consists of 
the reproducing head including a loWer magnetic shield 182, 
a magnetoresistive effect ?lm 110, a magnetic domain 
control ?lm 141, and electrode terminals 140, Which are 
formed on a substrate 150 serving also as a head slider, and 
the magnetic induction type recording head in Which mag 
neto-motive force is generated betWeen the upper magnetic 
core 185 serving also as an upper magnetic shield and the 
loWer magnetic core 186 serving also as a loWer magnetic 
shield by an electromagnetic effect by a coil 142. 

[0056] FIG. 11 is a perspective vieW of a negative pres 
sure slider. The negative pressure slider 170 is composed of 
a negative pressure generating surface 178 surrounded by an 
air introducing surface 179 and tWo positive pressure gen 
erating surfaces 177 for generating buoyancy and a groove 
174 provide at a boundary region betWeen the negative 
pressure generating surface 178 and both the air introducing 
surface 179 and the positive pressure generating surfaces 
177. At the end sides 175 of air outlets, the recording 
reproducing separation type magnetic thin ?lm head ele 
ments 176 including the magnetic induction type recording 
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head for recording information in the magnetic disk and the 
MR sensor for reproducing the information recorded in the 
magnetic disk are installed. 

[0057] While the negative pressure slider 170 is ?oating, 
air introduced through the air introducing surface 179 is 
expanded on the negative pressure generating surface 178. 
Further, since an air ?oW is also branched to the groove 174, 
an air ?oW passing from the air introducing surface 179 to 
the end sides of air outlets 175 exists in the groove 174. 
Therefore, even if ?oating dusts are introduced through the 
air introducing surface 179 While the negative pressure 
slider 170 is ?oating, the dusts are led inside the groove 174. 
Further, the dusts are sWept along in the air ?oW, and 
exhausted from the end sides 175 of air outlets to the outside 
of the negative pressure slider 170. Furthermore, since air 
alWays ?oWs and stagnation of air does not exist While the 
negative pressure slider 170 is ?oating, the introduced dusts 
does not cohere. 

[0058] FIG. 12 shoWs a perspective inside vieW of a 
magnetic disk apparatus. The magnetic disk apparatus is 
composed of a magnetic disk for recording information, a 
DC motor for rotating the magnetic disk (not shoWn in a 
?gure), a magnetic head for Writing in/reading out informa 
tion, and a positioning device including an actuator, a voice 
coil motor, etc., for supporting the magnetic head and 
positioning it toWard the magnetic disk. In this example, ?ve 
disks are attached to a rotating shaft to increase the total 
memory capacity. 

[0059] According to this embodiment, also for a medium 
With high coercive force, the MR sensor has the excellent 
performance in a high frequency region, indicating the data 
transmission rate of more than 15 MB/s, and the recording 
frequency of more than 45 MHZ, in a state of the disk 
rotation speed of more than 4000 rpm. That is, it becomes 
possible to obtain a highly sensitive MR sensor exhibiting 
excellent MR effects such as reduction of access time, 
increase of a memory capacity. Thus, it is possible to realiZe 
a magnetic disk apparatus possessing the surface recording 
density of more than 10 Gb/in2. 

[0060] In accordance With the present invention, even if 
sensing current shunts to one of upper and loWer magnetic 
shields because of degradation in the Withstand voltage 
betWeen a magnetoresistive effect type element and each 
magnetic shield, Which is caused When the magnetic gap of 
a reproducing head determined by the interval betWeen the 
upper and loWer magnetic shields is narroWed, the degra 
dation in the Withstand voltage can be prevented, and the 
insulation break-doWn in the magnetoresistive effect type 
element hardly occurs, since the resistance of the magnetic 
shields is high, and the shunting amount of the sensing 
current is restricted. Further, it is possible to provide a 
magnetoresistive effect type reproducing head in Which even 
if sensing current shunts to the magnetic shields, the repro 
ducing output decreases only a little, and the reproducing 
ability of the head can be kept. Furthermore, by using a 
magnetoresistive effect type reproducing head of Which the 
magnetic gap is narroW, according to the present invention, 
since the interval betWeen a recording head and a recording 
head can be also narroWed, it is possible to provide a 
magnetic disk in Which the linear recording density is high, 
and a necessary aZimuth correction is small. 
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What is claimed is: 

1. A magnetoresistive effect type reproducing head 
formed by stacking a loWer magnetic shield made of mag 
netic material, a loWer inter-layer insulation ?lm, a magne 
toresistive effect type element for detecting magnetic ?eld 
by using a magnetoresistive effect, an upper inter-layer 
insulation ?lm, and an upper magnetic shield made of 
magnetic material, on a substrate in this order, Wherein a 
resistivity of at least one of said loWer and upper magnetic 
shields is more than 200 pQcm. 

2. A magnetoresistive effect type reproducing head 
according to claim 1, Wherein said one of said loWer and 
upper magnetic shields possessing a resistivity of more than 
200 pQ-cm is made of a chemical compound including at 
least one of an element group of Co, Fe, and Ni and at least 
one of an element group of O, N, F, C, P, S, and B. 

3. A magnetoresistive effect type reproducing head 
formed by stacking a loWer magnetic shield made of mag 
netic material, a loWer inter-layer insulation ?lm, a magne 
toresistive effect type element for detecting magnetic ?eld 
by using a magnetoresistive effect, an upper inter-layer 
insulation ?lm, and an upper magnetic shield made of 
magnetic material, on a substrate in this order, Wherein a 
magnetic layer possessing a resistivity of more than 200 
pQ-cm is provided betWeen one of said loWer and upper 
magnetic shields and a corresponding one of said loWer and 
upper inter-layer insulation ?lms. 

4. A magnetoresistive effect type reproducing head 
formed by stacking a loWer magnetic shield made of mag 
netic material, a loWer inter-layer insulation ?lm, a magne 
toresistive effect type element for detecting magnetic ?eld 
by using a magnetoresistive effect, an upper inter-layer 
insulation ?lm, and an upper magnetic shield made of 
magnetic material, on a substrate in this order, Wherein a 
magnetic layer possessing a resistivity of more than 200 
pQ-cm is provided in at least a region covering said mag 
netoresistive effect type element, in at least one of said loWer 
and upper inter-layer insulation ?lms. 

5. A magnetoresistive effect type reproducing head 
formed by stacking a loWer magnetic shield made of mag 
netic material, a loWer inter-layer insulation ?lm, a magne 
toresistive effect type element for detecting magnetic ?eld 
by using a magnetoresistive effect, an upper inter-layer 
insulation ?lm, and an upper magnetic shield made of 
magnetic material, on a substrate in this order, Wherein at 
least one of said loWer and upper magnetic shields includes 
a loW-resistance magnetic layer and a magnetic layer pos 
sessing a high resistivity of more than 200 pQ-cm Which 
neighbor each other via insulation material. 

6. A magnetoresistive effect type reproducing head 
formed by stacking a loWer inter-layer insulation ?lm, a 
magnetoresistive effect type element for detecting magnetic 
?eld by using a magnetoresistive effect, and an upper 
inter-layer insulation ?lm, on a substrate in this order, 
Wherein a magnetic layer possessing a resistivity of more 
than 200 pQ-cm is provided inside at least one of said loWer 
and upper inter-layer insulation ?lms. 

7. A magnetoresistive effect type reproducing head 
according to one of claims 2-6, Wherein said magnetic layer 
possessing a resistivity of more than 200 pQ-cm is made of 
a chemical compound including at least one of an element 
group of Co, Fe, and Ni and at least one of an element group 
of O, N, F, C, P, S, and B. 
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8. Arecording-reproducing separation type magnetic head 
including a magnetoresistive effect type reproducing head 
and a magnetic induction type recording head Which are 
separated from each other via a magnetic shield, Wherein 
said magnetoresistive effect type reproducing head is formed 
by stacking a loWer magnetic shield made of magnetic 
material, a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, an upper inter-layer insula 
tion ?lm, and an upper magnetic shield made of magnetic 
material, on a substrate in this order, Wherein a resistivity of 
at least one of said loWer and upper magnetic shields is more 
than 200 pQcm. 

9. Arecording-reproducing separation type magnetic head 
according to claim 1, Wherein said one of said loWer and 
upper magnetic shields possessing a resistivity of more than 
200 pQ-cm is made of a chemical compound including at 
least one of an element group of Co, Fe, and Ni and at least 
one of an element group of O, N, F, C, P, S, and B. 

10. A recording-reproducing separation type magnetic 
head including a magnetoresistive effect type reproducing 
head and a magnetic induction type recording head Which 
are separated from each other via a magnetic shield, Wherein 
said magnetoresistive effect type reproducing head is formed 
by stacking a loWer magnetic shield made of magnetic 
material, a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, an upper inter-layer insula 
tion ?lm, and an upper magnetic shield made of magnetic 
material, on a substrate in this order, Wherein a magnetic 
layer possessing a resistivity of more than 200 pQ-cm is 
provided betWeen one of said loWer and upper magnetic 
shields and a corresponding one of said loWer and upper 
inter-layer insulation ?lms. 

11. A recording-reproducing separation type magnetic 
head including a magnetoresistive effect type reproducing 
head and a magnetic induction type recording head Which 
are separated from each other via a magnetic shield, Wherein 
said magnetoresistive effect type reproducing head is formed 
by stacking a loWer magnetic shield made of magnetic 
material, a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, an upper inter-layer insula 
tion ?lm, and an upper magnetic shield made of magnetic 
material, on a substrate in this order, Wherein a magnetic 
layer possessing a resistivity of more than 200 pQ-cm is 
provided in at least a region covering said magnetoresistive 
effect type element, in at least one of said loWer and upper 
inter-layer insulation ?lms. 

12. A recording-reproducing separation type magnetic 
head including a magnetoresistive effect type reproducing 
head and a magnetic induction type recording head Which 
are separated from each other via a magnetic shield, Wherein 
said magnetoresistive effect type reproducing head is formed 
by stacking a loWer magnetic shield made of magnetic 
material, a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, an upper inter-layer insula 
tion ?lm, and an upper magnetic shield made of magnetic 
material, on a substrate in this order, Wherein at least one of 
said loWer and upper magnetic shields includes a loW 
resistance magnetic layer and a magnetic layer possessing a 
high resistivity of more than 200 pQcm Which neighbor 
each other via insulation material. 

Aug. 16, 2001 

13. A recording-reproducing separation type magnetic 
head including a magnetoresistive effect type reproducing 
head and a magnetic induction type recording head Which 
are separated from each other via a magnetic shield, Wherein 
said magnetoresistive effect type reproducing head is formed 
by stacking a loWer inter-layer insulation ?lm, a magnetore 
sistive effect type element for detecting magnetic ?eld by 
using a magnetoresistive effect, and an upper inter-layer 
insulation ?lm, on a substrate in this order, Wherein a 
magnetic layer possessing a resistivity of more than 200 
pQ-cm is provided inside at least one of said loWer and upper 
inter-layer insulation ?lms. 

14. A recording-reproducing separation type magnetic 
head according to one of claims 10-13, Wherein said mag 
netic layer possessing a resistivity of more than 200 pQ-cm 
is made of a chemical compound including at least one of an 

element group of Co, Fe, and Ni and at least one of an 
element group of O, N, F, C, P, S, and B. 

15. A magnetic disk apparatus comprising: a magnetic 
disk of a diameter of less than 3.5 inches, means for rotating 
said magnetic disk, said magnetoresistive effect type repro 
ducing head according to one of claims 1-7, and an induction 
type magnetic thin ?lm recording head. 

16. A magnetic disk apparatus comprising: a magnetic 
disk of a diameter of less than 3.5 inches, means for rotating 
said magnetic disk, and said recording-reproducing separa 
tion type magnetic head according to one of claims 8-14. 

17. A head disk assembly including a magnetic disk in 
Which information is recorded, a recording-reproducing 
separation type magnetic head composed of a magnetic 
induction type recording head for recording information in 
said magnetic disk, a magnetoresistive effect type reproduc 
ing head for reproducing information recorded in said mag 
netic disk, and a drive means for rotating said magnetic disk, 
Wherein said magnetoresistive effect type reproducing head 
accords to one of claims 1-7, and a record density is more 
than 3 G bits/in2. 

18. A head disk assembly including a magnetic disk in 
Which information is recorded, a recording-reproducing 
separation type magnetic head composed of a magnetic 
induction type recording head for recording information in 
said magnetic disk, a magnetoresistive effect type reproduc 
ing head for reproducing information recorded in said mag 
netic disk, and a drive means for rotating said magnetic disk, 
Wherein said recording-reproducing separation type mag 
netic head accords to one of claims 8-14, and a record 
density is more than 3 G bits/in2. 

19. A magnetic disk apparatus comprising a plurality of 
head disk assemblies, each assembly including a magnetic 
disk in Which information is recorded, a recording-repro 
ducing separation type magnetic head composed of a mag 
netic induction type recording head for recording informa 
tion in said magnetic disk, a magnetoresistive effect type 
reproducing head for reproducing information recorded in 
said magnetic disk, and a drive means for rotating said 
magnetic disk, Wherein each head disk assembly accords to 
claim 15 or 16. 


