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(57) ABSTRACT

As recording density of sensors is increased, it is desired to 
lower the areal resistivity (RA) ofTMR sensors. Decreasing 
RA to 1.0 Qµm2 or below badly influences the read signal 
since the interlayer coupling magnetic field (Hint) between 
the pinned layer and the free layer increases sharply and 
impedes the free rotation of magnetization of the free layer. 
According to one embodiment, a tunnel junction type mag­
neto-resistive head solves this problem by having a layered 
film comprising an underlying layer, a crystalline orientation 
control layer, an antiferromagnetic layer, a first ferromagnetic 
layer, an antiparallel coupling layer, a second ferromagnetic 
layer, an insulation barrier layer, and a third ferromagnetic 
layer between a lower magnetic shield layer and an upper 
magnetic shield layer, wherein a crystallographic plane of the 
antiferromagnetic layer is directed parallel to a film surface 
by growing the antiferromagnetic layer substantially con­
formably on the crystalline orientation control layer. 
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TUNNEL JUNCTION TYPE 
MAGNETO-RESISTIVE HEAD 

RELATE D APPLICATIONS 

The present application claims priority to a Japanese Patent 
Application filed Oct. 27, 2008 under Appl. No. 2008-
27 5851, which is incorporated herein by reference. 

2 
pinned due to exchange coupling with the antiferromagnetic 
layer, the pinned layer does not easily change the direction of 
its magnetic moment. The third ferromagnetic layer is called 
a free layer and the direction of its magnetic moment easily 
changes by an externally applied magnetic field. 

Magnetic information recorded on a medium may be 
reproduced through the following process. A signal magnetic 
field occurring from a recorded bit enters the sensor. The 
signal magnetic field rotates the magnetic moment of the free 

FIEL D OF THE INVENTION 

The present invention relates to a tunnel junction type 
magneto-resistive head mounted in magnetic recording/re­
producing device such as a magnetic disk drive. 

10 layer. This changes the relative angle of the magnetic moment 
of the free layer with respect to that of the pinned layer. The 
changed relative angle changes the probability of spin-depen­
dent electron scattering, resulting in a change in the resistance 
of the sensor. By converting this resistance change of the 

BACKGROUND OF THE INVENTION 
15 sensor to an electrical signal, the recorded bit information is 

reproduced. 

Magnetic disk drives are desired for their large capacity, 
and the demand for these drives is intensifying more and more 
for uses as so-called household information appliances such 20 
as video recorders, audio equipment, car navigation equip­
ment, video cameras, etc., in addition to the drives' conven­
tional application as major storage devices for computers. 
Accordingly, technologies for improving the areal recording 
density of hard disk drives have been developed. To improve 25 
the recording density, it is sometimes necessary to make the 
write and read track width and the read gap of a magnetic head 
wider. Specifically, the magneto-resistive (MR) sensor used 
as a read device may be made smaller including the read track 
width, stripe height and film thickness thereof. Here, the 30 
terms "read track width" and "stripe height" respectively 
represent the width and depth of the sensor as viewed from the 
medium facing the magnetic head. 

Higher recording density may be realized by making the 
width and bit length of tracks recorded on the recording 35 
medium smaller. This lowers the magnitude of read signal 
magnetic flux generated from bits recorded on the medium. 
Therefore, in order to realize higher recording density, the 
sensitivity of the sensor used in the read head can be raised. 

Until recent years, GMR (Giant Magneto-Resistive) film 40 
had been used as the sensor in a read head. The MR ratio is a 

The TMR sensor differs from the GMR sensor in that the 
sense current flowing through the TMR sensor is perpendicu­
lar to the sensor film while the sensor current through the 
GMR sensor is along the sensor film. Thus, its electrode 
structure for applying a current to the sensor film is also 
different from that of the GMR sensor. In principle, although 
both lie in the common phenomenon that resistance changes 
depending on electron-spin scattering in a magnetic structure, 
these electrons in the GMR sensor are conduction electrons 
which move in metal while in the TMR sensor they are elec-
trons which pass through an insulation barrier layer by the 
tunnel effect. 

FIG. 15 is an example of an estimated road map of the read 
track width, stripe height and areal resistivity (RA) for higher 
areal recording densities in the future. In FIG. 15, RA is an 
electrical resistance perpendicular to the sensor film surface 
of one µm2. Since the TMR sensor passes a current perpen­
dicularly through the film, the resistance of the sensor is 
inversely proportional to the area of the sensor. 

Raising the recording density results in a decrease of the 
sensor area through which the sense current passes since the 
read track width and stripe height are made smaller. Thus, if 
the RA remains the same, the resistance increases in reverse 
proportion to the sensor area. For example, if the recording 
density is raised from 350 Gb/in2 to 1000 Gb/in2 as is shown 
in FIG. 15, the resistance quadruples since the sensor area 
decreases to a fourth. When the resistance increases like this, 
the signal processing circuitry does not properly operate. 

parameter that can represent the sensitivity performance of a 
magneto-resistive sensor. The MR ratio, expressed in per­
centage (%), indicates the ratio of the sensor's change in 
resistance to the minimum resistance. In GMR sensors, the 
MR ratio is 15% at most. 

For areal recording densities not higher than 100 Gb/in2, 
GMR films were used as sensors in read heads. Beyond 100 
Gb/in2, however, still higher sensitivity TMR ( Tunnel Mag­
neto-Resistive) films are used as sensors in place of GMR 
films since GMR films are not sufficient in sensitivity. 

45 Therefore, the resistance of the sensor, as viewed from the 
signal processing circuitry, is kept constant to avoid prob­
lems. That is, decreasing the areal resistivity RA of the sensor 
as the sensor is reduced in size is appropriate. In FIG. 15, RAs 
are calculated so as to keep constant the resistance of the 

The basic structure of the TMR sensor film is basically the 
same as that of the GMR film, which is commonly referred to 

50 sensor even when the sensor area is reduced. As shown in 
FIG. 15, the RA is decreased to 1.0 and 0.4 at areal recording 
densities of 500 Gb/in2 and 1000 Gb/in2, respectively. 
Although FIG. 15 is merely an estimation which may include 
large or small differences from true values, it represents a as a spin valve, except that an insulation barrier layer is 

formed in place of a non-magnetic conductive spacer. The 
TMR sensor film has a layered structure comprising: an 
underlying layer; an antiferromagnetic layer; a first ferromag­
netic layer which is exchange-coupled to the antiferromag­
netic layer; a second ferromagnetic layer whose magnetic 
moment is coupled in antiparallel with the magnetic moment 60 
of the first ferromagnetic layer via an antiparallel coupling 
layer; an insulation barrier layer; and a third ferromagnetic 
layer. The first and second ferromagnetic layers are called a 
pinned layer. Since the magnetic moments of the first and 
second ferromagnetic layers constituting the pinned layer are 
strongly coupled in antiparallel with each other and the mag­
netic moment of the first ferromagnetic layer is strongly 

55 future trend. 
As described above, for higher recording density, it is tech­

nologically logical for the sensor to have a higher MR ratio 
and a lower RA. In initial TMR sensors, insulation barrier 
layers were made of alumina or titanium oxide. Their MR 
ratio was about 30% while that of GMR sensors was 15% at 
most. This much larger MR ratio contributed to realizing 
higher sensitivity sensor films, resulting in commercializa­
tion of TMR heads. 

Then, studies of magnesium oxide earnestly began as a 
65 material for insulation barrier layers in TMR sensors. Atten­

tion to this material is attributable to W. H. Buttler who 
indicated in 2001 that according to theoretical calculation, 
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MR ratios beyond 1000% may be realized by a structure 
comprising a (001 )-oriented MgO layer sandwiched between 
(001 )-oriented iron layers. Further, Yuasa et al. disclosed that 
MgO (001) is grown conformably on single-crystal Fe (001) 
by using the MBE method, exhibited 180% at room tempera- 5 
ture, the highest MR ratio at that time. 

Although such a high MR ratio was attractive in view of 
many desired applications, the proposed structure comprising 
MgO grown conformably on single-crystal Fe was difficult to 
directly apply to electronic devices, such as magnetic heads 10 
and MRAMs, since the sensor must be formed on a polycrys­
talline magnetic shield. 

4 
60273 and Jap. Pat. No. 3083237, it is described that the 
orientation (111) of the fee structure of Mnir is used and 
preferable, respectively. 

Usually, out of all of the crystallographic planes, the clos­
est-packed plane has the smallest interfacial energy. There­
fore, crystal generally grows so that the closest-packed plane 
forms the surface. FIGS. 16A-16B show crystallographic 
conformability relations. Since Ru has a hexagonal close­
packed (hep) crystal structure and its (001) plane is closest-
packed, Ru is preferentially (001)-oriented. Mnir on Ru is 
(111 )-oriented since Mnir has a face-centered cubic crystal 
structure, its (111) plane is closest-packed and, as shown in 
FIG. 16A the lattice mismatching of the (111) plane with Ru 
(001) is as small as 1.1 %. In the case ofNiFeCr or NiFe, its 
crystal system is fee and the (111) plane is closest-packed. 
Therefore, NiF eCr or NiF e is preferentially ( 111 )-oriented 
and Mnlr thereon is also (111 )-oriented since Mnir also has a 
fee crystal structure, its (111) plane is closest-packed, the 
lattice mismatching of the (111) plane with NiFeCr or NiFe is 

According to Japanese Patent Office (JPO) Pub. No. JP-A-
2008-135432, high crystallinity MgO can be deposited on an 
amorphous CoFeB alloy film by a sputtering method to 15  
obtain, by annealing it ,  a high MR ratio of 180% at room 
temperature. However, its areal resistivity is as high as 1000 
Qµm2, according to this reference, leaving a problem to be 
solved before the method can be applied to hard disk read 
heads. 

Therefore, studies have been made to attain a MgO-used 
TMR sensor having a lower RA and improved MR ratio, 
aimed at applications like hard disk read heads. In K. 
Tsunekawa et al., "CoFeB/MgO/CoFeB Magnetic Tunnel 
Junctions with High TMR Low Junction Resistance", Inter- 25 
Mag 2005, FB-05, Apr. 7, 2005, a method for fabricating an 
insulation barrier layer is disclosed. In this method, after a 
thin metallic magnesium layer of approximately 0.4 nm is 
deposited, a magnesium oxide layer is formed by a RF sput­
tering method with a MgO target. This method has realized a 30 
high MR ratio of 100% with an RA of 2.0 Qµm2. 

20 about 5.9%, relatively small, and the interfacial energy of the 
Mnir (111) plane is small. 

In this document, the interlayer-coupling magnetic field 
Hint is also considered. The interlayer-coupling magnetic 
field Hint is a magnetic field which the free layer receives 
from the pinned layer. Since the free layer is always subject to 35 
the interlayer-coupling magnetic field Hint, this magnetic 
field, if large, affects the free rotation of the free layer's 
magnetization and consequently lowers the symmetry prop­
erty and intensity of the read signal waveform. In this docu­
ment, the Hint increases as the RA decreases (that is, the 40 
thickness of the MgO layer decreases) and reaches to as large 
is 80 Oe at an RA of2.0 and greatly exceeds 100 Oe at an RA 
of 1.0. The inventors predicted that if the RA is further 
decreased below 1.0, the Hint would steeply increase and 
reach to 200 Oe and it would become necessary to decrease 45 
the Hint in such a low RA region. In this connection, in the 
case of GMR head sensors, the interlayer-coupling magnetic 
field was controlled to 30 Oe at its highest. 

In K. Tsunekawa et al., "CoFeB/MgO/CoFeB Magnetic 
Tunnel Junctions with High TMR and Low Junction Resis- 50 
tance", Inter Mag 2005, FB-05,Apr. 7, 2005, an antiferromag­
netic PtMn layer is deposited on an underlying Ta layer. 
However, this structure is almost never used in TMR heads 
due to poor practicality since the magnetization of the pinned 
layer is not sufficiently pinned. In the current structure 55 
employed in commercialized versions, the underlying layer is 
a layered film composed of Ta and Ru layers, Ta and NiFeCr 
alloy layers, or Ta and NiFe alloy layers, the anti ferromag­
netic layer is made ofMnir alloy, the first ferromagnetic layer 
is made ofCoFe alloy, and the antiparallel coupling layer is 60 
made of Ru. 

As mentioned earlier, to realize higher recording density in 
the future, the RA can be lowered to 1.0 Qµm2 or lower. 
Lowering the RA below 1.0 Qµm2 remarkably enlarges the 
Hint. Therefore, suppressing the Hint is one way to help 
achieve a lowered RA. 

As a generation mechanism of the Hint, it is put forward 
that the Hint is attributable to the waviness of the interfaces of 
the insulation layer with the ferromagnetic layers. Its theory is 
illustrated in FIG. 17. If the waviness is large, magnetic poles 
are generated at the interfaces. A Hint is generated as a result 
of interaction between magnetic poles (190 and 200 in FIG. 
17) at the respective interfaces of the pinned layer 160 and 
free layer 150. This theory is known as Neel's orange peel 
coupling. If the MgO layer is thinned to decrease the RA for 
meeting the demand for higher densities, this sharply 
enhances the interaction between magnetic poles, the inter­
action being generated due to the waviness of the interfaces 
with the pinned layer and free layer, and thus sharply enlarges 
the Hint. For example, J. C. S. Kools et al., "Effects of finite 
magnetic film thickness on Neel coupling in spin valves", J. 
Appl. Phys., Vol. 85, No 8 (1999), p. 4466-4468, describes 
this interaction in spin valves. 

In addition, as shown in K. Tsunekawa et al., CoFeB/MgO/ 
CoFeB Magnetic Tunnel Junctions with High TMR and Low 
Junction Resistance", InterMag 2005, FB-05, Apr. 7, 2005, if 
the MgO layer is thinned enough to decrease the RA to below 
2.0 Qµm2, the MR ratio sharply decreases. Below 1.0 Qµm2, 
the sharp decrease of the MR ratio is very remarkable. Sup-
pressing this decrease of the MR ratio is another technique 
that can help realize higher recording density. 

Therefore, a technique which can suppress the Hint and 
suppress the decrease in MR ratio would be very beneficial to 
the manufacturing of read head sensors with higher areal 
densities. 

SUMMARY OF THE INVENTION 

As recording density of sensors is increased, it is desired to 
lower the areal resistivity (RA) ofTMR sensors. Decreasing 
RA to 1.0 Qµm2 or below badly influences the read signal 
since the interlayer coupling magnetic field (Hint) between 
the pinned layer and the free layer increases sharply and 
impedes the free rotation of magnetization of the free layer. 

In the currently used above structure whose underlying 
layer is a laminated film composed of Ta and Ru layers, Ta and 
NiFeCr alloy layers, or Ta and NiFe alloy layers, the antifer­
romagnetic Mnir alloy layer has a face centered cubic (fee) 
crystal structure with the orientation (111) grown preferen­
tially parallel to the film surface. In JPO Pub. No. JP-A-2008-

65 According to one embodiment, a tunnel junction type mag­
neto-resistive head solves this problem by having a layered 
film comprising an underlying layer, a crystalline orientation 
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control layer, an antiferromagnetic layer, a first ferromagnetic 

layer, an antiparallel coupling layer, a second ferromagnetic 

layer, an insulation barrier layer, and a third ferromagnetic 
layer between a lower magnetic shield layer and an upper 
magnetic shield layer, wherein a non-closest-packed crystal­
lographic plane of the antiferromagnetic layer is directed 
parallel to a film surface by growing the antiferromagnetic 
layer substantially conformably on the crystalline orientation 
control layer. 

6 
FIGS. llA-llC show the results of examining the interfa­

cial waviness between the second ferromagnetic layer and the 

insulation barrier layer in terms of waviness height h and 
waviness period A. 

FIG. 12 shows how the interlayer coupling magnetic field 
(Hint), areal resistivity (RA), and MR ratio are dependent on 
the amount of etching when plasma etching is performed on 
the second ferromagnetic layer, according to one embodi­
ment. 

A method for manufacturing a tunnel junction type mag- 10 

neto-resistive head comprises depositing the crystalline ori­
entation control layer by sputtering in a mixed gas of argon 
and nitrogen to produce a preferential growth of the crystal­
lographic (001) plane of a Ni alloy, wherein the tunnel junc­
tion type magneto-resistive head has an underlying layer, a 15 

crystalline orientation control layer, an antiferromagnetic 
layer, a first ferromagnetic layer, an antiparallel coupling 
layer, a second ferromagnetic layer, an insulation barrier layer 
and a third ferromagnetic layer stacked between a lower mag­
netic shield layer and an upper magnetic shield layer. 20 

FIG. 13 includes graphs indicating how the MR ratio and 
interlayer coupling magnetic field (Hint) of a TMR sensor are 
dependent on the areal resistivity (RA) when the second 
ferromagnetic layer of the TMR sensor is made of a CoFeB 
alloy layer and a CoFe alloy layer, according to one embodi­
ment. 

FIG. 14 is a graph indicating how the interlayer coupling 
magnetic field (Hint) is dependent on the Boron content of the 
CoFeB alloy of the second ferromagnetic layer, according to 
one embodiment. 

FIG. 15 predicts the read track width, stripe height, and 
areal resistivity (RA) that may lead to higher recording den­
sity. 

Any of these embodiments may be implemented in a mag­
netic data storage system such as a disk drive system, which 
may include a magnetic head, a drive mechanism for passing 
a magnetic medium ( e.g., hard disk) over the magnetic head, 
and a controller electrically coupled to the magnetic head. 

Other aspects and advantages of the present invention will 
become apparent from the following detailed description, 
which, when taken in conjunction with the drawings, illus­
trate by way of example the principles of the invention. 

BRIEF DE SCRIP TION OF THE DRAWINGS 

FIG. 1 shows lattice mismatching between the (001) crys­
talline plane of the Ni Fe crystalline orientation control layer 
and a non-closest-packed plane (001) of the Mnir antiferro­
magnetic layer in a TMR sensor film in accordance with one 
embodiment. 

FIG. 2 shows the basic structure of a TMR head in accor­
dance with one embodiment. 

FIG. 3 shows out-of-plane X-ray diffraction spectrums of 
Mnir antiferromagnetic layers in layered films prepared for 
the purpose of examination of crystalline orientation. 

FIG. 4A is a process chart indicating the process for fabri­
cating a TMR sensor film in accordance with one embodi­
ment. 

FIG. 4B is a process chart indicating the process for fabri­
cating a TMR sensor film in accordance with one embodi­
ment. 

FIG. 5 is a performance graph indicating the areal resistiv-

FIGS. 16A-16B show lattice mismatching of the Mnir 
(111) plane with the closest-packed plane (001) of Ru and 

25 with the (111) plane of NiFe. 

30 

FIG. 17 is provided for explaining the cause of the inter­
layer coupling magnetic field (Hint) according to Neels' 
orange peel coupling model. 

DE TAILE D DE SCRIP TION 

The following description is made for the purpose of illus­
trating the general principles of the present invention and is 
not meant to limit the inventive concepts claimed herein. 

35 Further, particular features described herein can be used in 
combination with other described features in each of the 
various possible combinations and permutations. 

Unless otherwise specifically defined herein, all terms are 
to be given their broadest possible interpretation including 

40 meanings implied from the specification as well as meanings 
understood by those skilled in the art and/or as defined in 
dictionaries, treatises, etc. 

It must also be noted that, as used in the specification and 
the appended claims, the singular forms "a," "an" and "the" 

45 include plural referents unless otherwise specified. 
The following description discloses several preferred 

embodiments of disk-based storage systems and/or related 
systems and methods, as well as operation and/or component 
parts thereof. 

ity (RA) and MR ratio of each of the respective TMR heads in 50 
accordance with some embodiments and an example of a 
conventional TMR head. 

In one general embodiment, a tunnel junction type mag-
neto-resistive head comprises a layered film comprising an 
underlying layer; a crystalline orientation control layer; an 
antiferromagnetic layer; a first ferromagnetic layer; an anti­
parallel coupling layer; a second ferromagnetic layer; an 

FIG. 6 is a performance graph indicating the areal resistiv-
ity (RA) and interlayer coupling magnetic field (Hint) of each 
of the respective TMR heads in accordance with some 
embodiments and an example of a conventional TMR head. 

FIG. 7 is a cross-sectional view of a conventional TMR 
sensor film observed by a transmission electron microscope. 

FIG. 8 is a cross-sectional view of a TMR sensor film in 

55 insulation barrier layer, and a third ferromagnetic layer 
between a lower magnetic shield layer and an upper magnetic 
shield layer, wherein a non-closest-packed crystallographic 
plane of the antiferromagnetic layer is directed parallel to a 

accordance with one embodiment, observed by a transmis- 60 
sion electron microscope. 

film surface by growing the anti ferromagnetic layer substan­
tially conformably on the crystalline orientation control layer. 

In another general embodiment, a method for manufactur­
ing a turmel junction type magneto-resistive head comprises 
depositing a crystalline orientation control layer by sputtering 
in a mixed gas of argon and nitrogen to produce a preferential 
growth of the crystallographic (001) plane of a Ni alloy. The 
tunnel junction type magneto-resistive head comprises an 

FIG. 9 is a cross-sectional view of a TMR sensor film in 
accordance with one embodiment, observed by a transmis­
sion electron microscope. 

FIG. 10 is a cross-sectional view of a TMR sensor film in 65 
accordance with one embodiment, observed by a transmis­
sion electron microscope. underlying layer, a crystalline orientation control layer, an 
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antiferromagnetic layer, a first ferromagnetic layer, an anti­

parallel coupling layer, a second ferromagnetic layer, an insu­

lation barrier layer, and a third ferromagnetic layer stacked 

between a lower magnetic shield layer and an upper magnetic 

shield layer. 

As described previously, to realize higher recording den­

sity, it is desirable to decrease the areal resistivity RA to 1.0 

Qµm2 or below. However, decreasing the RA to such a low 

value impedes the essential feature of the free layer or free 

magnetization since the interlayer coupling magnetic field 

between the pinned layer and the free layer increases sharply, 

as described above. In addition, decreasing the RA to 1.0 

Qµm2 or below desensitizes the sensor since the MR ratio 

sharply decreases. 

Therefore, according to one embodiment, such a tunnel 

type magneto-resistive head is provided in which the inter­

layer coupling magnetic field Hint is small and the MR ratio 

is not substantially lowered although the areal resistivity RA 

is reduced to 1.0 Qµm2 or below. Also, in another embodi­

ment, a manufacturing method thereof is provided. 

In one embodiment, a layered TMR sensor is used. This 
layered TMR sensor film structure comprises: an underlying 
layer; a crystalline orientation control layer on the underlying 
layer; an antiferromagnetic layer on the crystalline orienta­
tion control layer; a first ferromagnetic layer which is 
exchange-coupled to the antiferromagnetic layer; a second 
ferromagnetic layer whose magnetic moment is coupled in 
antiparallel with the magnetic moment of the first ferromag­
netic layer via an antiparallel coupling layer; an insulation 
barrier layer on the second ferromagnetic layer; and a third 
ferromagnetic layer on the insulation barrier layer, wherein 
the antiferromagnetic layer has a cubic or tetragonal crystal 
structure and its non-closest-packed plane (for example, 
(001) plane) is grown in parallel to the film surface. 

It has been found that if a non-closest-packed crystallo­
graphic plane of Mnir is grown, the surface waviness of Mnlr 
reduces and the respective layers stacked thereon also 
become less wavy. This reveals that the interface between the 
pinned layer and the insulation barrier layer and the interface 
between the free layer and the insulation barrier layer become 
less wavy, which reduces the amount of magnetic poles 
appearing at the interface between the free layer and the 
insulation barrier layer and the interface between the pinned 
layer and the insulation barrier layer, and the interlayer cou­
pling magnetic field Hint is suppressed. 

What is important here is the fact that when the (001) plane 
of Mnir, which is not the closest-packed plane, is grown, its 
surface becomes less wavy. It is suggested that this fact is 
attributable to the following mechanism. 

As described earlier, since the closest-packed plane of 
Mnir is (111 ), the (111) plane has the smallest interfacial 
energy. Usually due to this, the (111) plane preferentially 
grows in parallel to the film surface. On the other hand, 
preferential growth of the (001) plane does not usually occur 
since the (001) plane is not the closest-packed plane and has 
a large interfacial energy. According to one embodiment, 
however, the method of manufacturing reduces the surface 
waviness by growing the non-closest-packed plane (001) 
which usually does not preferentially grow. The surface 
energy is given by the product of the surface area and the 
interfacial energy. When a plane having a larger interfacial 
energy appears at the surface, the surface area reduces more 
so as to suppress the increase of the surface energy. The 
surface area is the smallest when the surface is completely 
flat. Thus, when a plane having a large interfacial energy is 
grown, the surface constituted by this plane becomes less 

8 

wavy than the surface constituted by the growth of a plane 
having a small interfacial energy. 

Usually, since planes with large interfacial energies do not 
appear at the surface, the above-mentioned advantage can not 
be utilized. In one embodiment, however, less wavy inter­
faces are realized than is usually unattainable by using a 
crystal growth technology which constructs the surface via a 
crystallographic plane having a large interfacial energy. As a 
result, the problem of reducing the interlayer coupling mag-

10 netic field between the pinned layer and the free layer is 
successfully solved. 

The following provides a description of the crystal growth 
technology for constructing the surface via a crystallographic 
plane having a large interfacial energy. Normal deposition of, 

15 for example, NiFe, on a Ta underlying layer results in a 
(111 )-oriented NiFe layer thereon since the closest-packed 
plane (111) of NiFe grows preferentially. When a Mnir anti­
ferromagnetic layer is then deposited under this condition, 
since the closest-packed plane (111) of Mnir grows preferen-

20 tially, it is not possible to construct the surface via the (001) 
crystallographic plane having a large interfacial energy. 

In accordance with one embodiment, the NiFe layer is 
deposited by sputtering with a nitrogen-mixed argon gas. 
Nitrogen atoms are interstitially incorporated into the NiFe 

25 crystal. This makes the (001) plane have a smaller interfacial 
energy than the (111) plane. Therefore, it is possible to realize 
(001)-oriented NiFe by preferential growth of the (001) 
plane. Then, Mnlr is deposited on the (001)-oriented NiFe. 
Although the preferential orientation of Mnir is (111 ), (001 )-

30 oriented Mnir grows so as to lower the interfacial energy of 
the interface with the NiFe. Thus, it is possible to grow a 
crystallographic plane having a large interfacial energy. 

In general terms, to make it possible that a crystallographic 
plane of a material A having a large interfacial energy grows 

35 in parallel to the film surface, a crystal control layer B is 
deposited first. The crystal control layer B is a layer of a 
material having a crystallographic plane which lattice­
matches well with the crystallographic plane of the material A 
to be grown thereon. This well matching crystallographic 

40 plane is grown to constitute the crystal control layer B. In the 
above example, this layer corresponds to the (001)-oriented 
NiFe layer obtained by depositing NiFe in an atmosphere of 
Ar and N. Then, the material A is deposited on the crystal 
control layer B. Since the material A grows in conformance 

45 with the previously grown plane of the material B, its crys­
tallographic plane grows to constitute the surface, and has a 
large interfacial energy. 

It is preferable that a material used as a crystal control layer 
has a preferentially grown crystallographic plane which 

50 matches well with a crystallographic plane of the material to 
be deposited thereon having large interfacial energy, or else 
the material to be deposited thereon may not grow in the 
desired orientation. 

This crystal growth technique is applicable to such mate-
55 rials as Mnlr, but not to all materials. For example, on a 

(001 )-oriented NiFe layer, it is not possible to deposit a Co Fe 
alloy layer having the non-closest-packed plane (001) grown. 
This technique is inapplicability to CoFe because of the 
excessively large difference of interfacial energy between the 

60 closest-packed plane (111) and the not-closest-packed plane 
(001). That is, although the (001)-oriented layer grows from 
the interface to a thickness of 2 or 3 atoms due to good 
matching of the not closest-packed plane (001) with the 
underlying layer, the orientation changes to (111) as the thick-

65 ness increases since the interfacial energy of the closest­
packed plane (111) is remarkably smaller than that of the 
(001) plane. 
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On the less wavy surface of an antiferromagnetic layer 
having the (001) plane grown as described above, a first 
magnetic layer, antiparallel coupling layer, second ferromag­
netic layer, insulation barrier layer, and third ferromagnetic 
layer are deposited, preferably in this order. The surface wavi- 5 
ness of the antiferromagnetic layer is copied to the interface 
between the second ferromagnetic layer and the insulation 
barrier layer and to the interface between the insulation bar­
rier layer and the third ferromagnetic layer. Therefore, in a 
case where the surface waviness of the antiferromagnetic 10 
layer is small, the interface between the second ferromagnetic 
layer and the insulation barrier layer and the interface 
between the insulation barrier layer and the third ferromag­
netic layer become less wavy. Since this decreases the mag­
netic poles which may appear at the two interfaces and there- 15 
fore reduces the interaction between the two magnetic layers, 
it is possible to reduce the interlayer coupling magnetic field 
Hint. 

The second ferromagnetic layer is deposited after the first 
ferromagnetic layer and antiparallel coupling layer are depos- 20 
ited on the antiferromagnetic layer having the non-closest­
packed plane grown parallel to the film surface. It has been 
surprisingly discovered that constructing the second ferro­
magnetic layer with two layers made respectively of CoFeB 
alloy and CoFe alloy remarkably reduces the interlayer cou- 25 
piing magnetic field. Although its mechanism is not clear yet, 
a remarkably large reduction effect is obtained by application 
on an antiferromagnetic Mnlr layer having the non-closest­
packed plane (001) grown parallel to the film surface. Its 
effect will be detailed in the description of several embodi- 30 
ments. Preferably, the thickness of the CoFe layer is about 10 
angstroms or smaller since increasing the thickness of the 
Co Fe layer beyond about 10 angstroms merely lowers the MR 
ratio without further reducing the Hint, an undesirable effect. 

The second ferromagnetic layer may be a CoFeB alloy 35 
layer, according to one embodiment. In this case, after the first 
ferromagnetic layer, antiparallel coupling layer and the sec­
ond ferromagnetic CoFeB layer are deposited, preferably in 
this order, on the antiferromagnetic layer having the non­
closest-packed plane grown parallel to the film surface, the 40 
CoFeB layer is etched by argon plasma etching. As the 
amount of etching is increased, the CoFeB surface becomes 
less wavy. It is possible to realize a super flat surface with 
sub-angstrom waviness. 

10 
exchange-coupled to the antiferromagnetic layer 24; a second 
ferromagnetic layer 266 whose magnetic moment is coupled 
in antiparallel with the magnetic moment of the first ferro-
magnetic layer 262 via an anti parallel coupling layer 264; an 
insulation barrier layer 28; a third ferromagnetic layer 30; and 
a cap layer 32. The first and second ferromagnetic layers 262, 
266 together are called a pinned layer 26. Since the magnetic 
moments of the first and second ferromagnetic layers 262 and 
264 constituting the pinned layer 26 are strongly coupled in 
antiparallel with each other and the magnetic moment of the 
first ferromagnetic layer 262 is strongly pinned due to 
exchange-coupling with the antiferromagnetic layer 24, the 
pinned layer 26 does not easily change the direction of its 
magnetic moment. On the other hand, the third ferromagnetic 
layer 30 is called a free layer and the direction of its magnetic 
moment easily changes by an externally applied magnetic 
field. By using the drawings, several embodiments may be 
described in detail. 

According to s first embodiment, the following five kinds 
of layered films were fabricated in the same vacuum facility 
and the crystalline orientation of the antiferromagnetic Mnlr 
layer in each layered film was examined by X-ray diffraction. 

(1) Substrate/ Ta3 nm (Ar)/Ni-15 at % Fe2 nm (Ar)/Mn-22 
at % Ir l0 m (Ar)/Ru4 nm(Ar) 

(2) Substrate/ Ta3 nm(Ar)/Ru2 nm(Ar)/Mn-22 at % Ir l0 
nm(Ar)/Ru4 nm(Ar) 

(3) Substrate/ Ta3 nm(Ar)/Ni-15 at % Fe2 nm(Arl0 seem+ 
N2 3 sccm)/Mn-22 at % Irl0 nm(Ar)/Ru4 nm(Ar) 

( 4) Substrate/ Ta3 nm(Ar)/Ni-15 at % Fe2 nm(Arl0 seem+ 
N2 6 sccm)/Mn-22 at % Irl0 nm(Ar)/Ru4 nm(Ar) 

(5) Substrate/ Ta3 nm(Ar)/Ni-15 at % Fe2 nm(Arl0 seem+ 
N2 10 sccm)/Mn-22 at % Ir l0 nm(Ar)/Ru4 nm(Ar) 

The layered structures (1) and (2) have been used conven­
tionally. For (1 ), a 3 nm Ta layer used as the underlying layer 
20 is deposited on the substrate, a 2 nm NiFe alloy layer used 
as the crystalline orientation control layer 22 is deposited on 
the underlying layer, a 10 nm Mnlr alloy layer used as the 
antiferromagnetic layer 24 is deposited on the crystalline 
orientation control layer, and a 4 nm Ru layer used as the 
protection layer is deposited on the antiferromagnetic layer. 
All layers from the underlying layer to the protection layer are 
deposited by a sputtering method by using a pure argon (Ar) 
gas as the sputtering gas. Each pair of parentheses in the 
notation of (1) through (5) contains an atomic symbol indi­
cating the kind of the sputtering gas and, if pertinent, the flow 
rate of the gas. Film structure (2), similar to the film structure 
(1 ), is also deposited by using argon (Ar) gas. Film structure 
(2) is different from (1) in that a 2 nm Ru layer, instead of a 
NiFe alloy layer, is used as the crystalline orientation control 

Although performing plasma etching on the second ferro- 45 
magnetic CoFeB layer can create a superiorly flat surface, this 
also introduces the problem of lowering the MR ratio. There­
fore, CoFeB is deposited again after plasma etching is done. 
This can restore the lowered MR ratio without substantially 
increasing the waviness of the interface. 50 layer 22. 

In FIG. 3, results of examining the crystalline orientations 
of the films (1) and (2) by out-of-plane X-ray diffraction are 
respectively given reference numerals 41 and 42. The Mnlr 
(111) diffraction peak and Mnir (222) diffraction peak are 

According to one embodiment, it is possible to provide a 
tunnel type magneto-resistive head in which the interlayer 
coupling magnetic field Hint is small and the MR ratio is not 
substantially lowered, although the areal resistivity RA is 
reduced to 1.0 Qµm2 or below. 55 recognized respectively around at 28=44° and 28=92° . 

Firstly, with reference to FIG. 2, the basic configuration of 
a tunnel junction type magneto-resistive head (TMR head) is 
described, according to one embodiment. In FIG. 2, the TMR 
head is viewed from the air bearing surface (ABS) side. The 
TMR head 10 comprises a layered TMR film 12 between a 60 
lower magnetic shield layer (also serving as an electrode 
layer) 14 and an upper magnetic shield layer (also serving as 
an electrode layer) 16. On the lower magnetic shield layer 
(electrode layer) 14, used as a substrate, the TMR film 12 is 
fabricated. The TMR film 12 includes: an underlying layer 65 
20; a crystalline orientation control layer 22; an antiferromag­
netic layer 24; a first ferromagnetic layer 262 which is 

Although the Mnir (111) diffraction peaks overlap with those 
of Ru (002), the Mnir (222) peaks are clearly recognized 
separately from the Ru (004) peaks. Therefore, in each of the 
structures (1) and (2), the antiferromagnetic Mnlr layer has 
the closest-packed plane (111) grown therein as understood. 
This fact is similar to that indicated in JPO Pub. No. JP-A-
2008-60273 and Jap. Pat. No. 3083237, cited earlier. 

The film structures (3), (4) and (5) are similar to (1) but 
unique in that a mixed gas of argon (Ar) and nitrogen (N 2) is 
used as the sputtering gas for depositing a NiFe alloy layer as 
the crystalline orientation control layer. For the structure (3), 
N2 gas is supplied at a flow rate of about 3 standard cubic 
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centimeter per minute (seem) in addition to Ar gas at about 10 
seem. For the structure (4), N2 gas is supplied at about 6 seem 

12 

in addition to Ar gas at about 10 seem. For the structure (5), Ar 
gas and N2 gas are supplied respectively at about 10 seem. 
When the antiferromagnetic Mnlr layer is deposited on the 5 
crystalline orientation control NiFe layer, only Ar gas is sup­
plied like in structures (1) and (2). 

(7) Substrate/Ta 31 mn/Ni-15 at % Fe(001) 2 nm/Mn-22 at 
% Ir(001) 6 mn/Co25 at % Fel .9 nm/Ru0.4 mn/Co-34 at 
% Fe-15 at % B 2.1 mn/MgO/Co-10 at % Fe 0.4 
nm/Co-8 at % Fe-16 at % B 3.5 mn/Ta 3 mn/Ru 4 nm 

( 6) is a conventional example of a sensor structure. 
Both crystalline orientation control NiFe layer and anti 

ferromagnetic Mnlr layer have the closest-packed planes 
(111) grown respectively. In the sensor structure (7) in accor­
dance with one embodiment, both crystalline orientation con­
trol NiFe layer and anti ferromagnetic Mnir layer have the 
non-closest-packed planes (001) grown respectively. FIG. 5 

In FIG. 3, results of examining the crystalline orientations 
of those films obtained respectively by using a mixed gas of 
argon and nitrogen when the crystalline orientation control 10 
NiFe alloy layers were deposited are given reference numer-
als 43, 44 and 45, respectively. As apparent from the figure, 
the Mnir (111) diffraction peaks around at 28=44 ° and the 
Mnir (222) diffraction peaks at 28=92° are not recognizable. 
Instead, diffraction peaks appear around at 28=48°. They are 15  
the diffraction peaks of Mnlr (002) parallel to Mnlr (001). 
This indicates that when a mixed gas of argon and nitrogen is 
used to deposit the crystalline orientation control layer by 
sputtering like in structures (3), ( 4) and (5), the antiferromag­
netic Mnlr layer has the not-closest packed plane (001) 20 

and FIG. 6 show how the MR ratio and the interlayer coupling 
magnetic field Flint are dependent on the areal resistivity RA, 
respectively. The data obtained with the structures (6) and (7) 
are given reference numerals 1 and 2, respectively. The MR 
ratio of the structure (7) in accordance with one embodiment 
is 10%-15% higher than that of the structure (6). As well, the 
Hint is reduced by 20-30 Oe. As a result of growing the 
respective non-closest-packed planes (001) of the crystalline 
orientation control NiFe layer and antiferromagnetic Mnlr, 
the sensor performance is remarkably improved. grown. 

For the structures (1) and (2), FIG. 16B shows the atomic 
arrangements at the interface between the crystalline orien­
tation control NiFe or Ru layer and the antiferromagnetic 
Mnir layer, according to one embodiment. In the case of 
structure (2), since the lattice mismatching is as small as 1.1 % 
between the closest-packed hep (001) plane of Ru and the 
closest-packed fee (111) plane of Mnir and the interfacial 
energy of the fee (111) plane is small, the Mnlr layer becomes 
(111 )-oriented due to the preferential fee (111) growth. Simi­
larly in the case of structure (1 ), since the lattice mismatching 
between the closest-packed fee (111) plane of NiFe and the 
closest-packed fee (111) plane of Mnir is 5.9%, relatively 
small, the Mnir layer becomes (111 )-oriented. 

For the structures (3), ( 4) and (5), FIG. 1 shows the atomic 
arrangements at the interface between the crystalline orien­
tation control NiFe layer and the antiferromagnetic Mnlr 
layer. Since the crystalline orientation control NiFe layer is 
deposited by sputtering with argon and nitrogen, the fee (001) 
plane is grown. As described earlier, this is because nitrogen 
atoms are interstitially incorporated into NiFe crystal, which 
makes the interfacial energy of the (001) plane smaller than 
that of the (111) plane and therefore causes the preferential 
growth of the (001) plane. Since the lattice mismatching 
between the NiFe (001) plane and the Mnir (001) plane is 
small, i.e., 5.9%, the (001) plane of Mnir grows so as to 
decrease the interfacial energy with NiFe. Consequently, as 
indicated by reference numerals 43, 44 and 45 in FIG. 3, the 
non-closest-packed plane (001) of Mnir grows. Although 
NiFe is deposited as the crystalline orientation control layer 
in this consideration, the same result is obtained by constitut­
ing the crystalline orientation control layer by two layers 
made respectively of NiFeCr and NiFe both of which are 
deposited with a mixed gas of argon and nitrogen. 

Since the samples discussed so far were prepared for the 
purpose of study of orientation, only the underlying layer 
through the antiferromagnetic layer were deposited. They are 

To examine the cause of the above-mentioned performance 
improvements, the cross-sectional structures of the sensors 
(6) and (7) were examined by using a transmission electron 

25 microscope. FIG. 7 is a cross-sectional image of structure (6) 
while FIG. 8 is a cross-sectional image of structure (7) in 
accordance with several embodiments. Reference numeral 28 
refers to the insulation barrier MgO layer. The waviness of the 
insulation barrier MgO layer is smaller in (7) than in (6). By 

30 detailed image analysis, the height h and period A of interfa­
cial waviness ofMgO were evaluated and the result is shown 
in FIGS. llA-11B. In the (001)-oriented structure (7) in 
accordance with one embodiment, corresponding to E in the 
graph, h=4.9 angstroms (0.49 nm) and A=l 10 angstroms (11 

35 nm). In the conventional (111)-oriented structure (6) corre­
sponding to F in the graph, h= 12.7 angstroms (1.27 nm) and 
A=180 angstroms (18 nm). The interfacial waviness ofMgO 
in the structure (7) is reduced compared with that in the 
structure (6). FIG. 17 is provided for theoretically explaining 

40 why the interlayer coupling magnetic field may be suppressed 
by this reduced interfacial waviness ofMgO. Magnetic poles 
190 and 200 may appear at the interface between the insula­
tion barrier layer 28 and the upper ferromagnetic layer 30 and 
at the interface between the insulation barrier layer 28 and the 

45 lower ferromagnetic layer 266. When the interfacial waviness 
is made smaller, the interlayer coupling magnetic field Hint 
may be suppressed since the amounts of magnetic poles 
decrease. In addition, the MR ratio is increased. 

According to another embodiment, as described above, the 
50 interlayer coupling Hint and the MR ratio are improved by 

reducing the interfacial waviness of MgO. Therefore, this 
embodiment is aimed at further reducing the interfacial wavi­
ness of MgO, and to that end, a plasma etching process was 
carried out after the second ferromagnetic layer 266 was 

55 deposited. 

not complete TMR sensors. Therefore, by going through the 
process shown in FIG. 4(A) and FIG. 4(8), the following 
TMR films were completed and their performances as sensors 60 
were evaluated, according to several embodiments. The "sub­
strate" appearing below is the lower magnetic shield layer 
(also serving as an electrode layer). 

(8) Substrate/Ta3 mn/Ni-15 at % Fe(001) 2 mn/Mn-22 at % 
Ir(00l) 6 mn/Co25 at % Fel .9 mn/Ru0.4 mn/Co-34 at % 
Fe-15 at % B4.5 mn/plasma etching/Mgo/Co-10 at % Fe 
0.4 mn/Co-8 at % Fe-16 at % B 3 .5 nm/Ta 3 mn/Ru 4 nm 

FIG. 12 shows how the interlayer magnetic field Hint, areal 
resistivity RA and MR ratio change depending on the amount 
of etching by plasma etching ofCo-34 at % Fe-15 at % B. As 
the etching amount is increased to around 2 angstroms, the 
Hint sharply decreases from 200 Oe to 100 Oe. The initial 
Hint of as large as 200 Oe is attributable to the second ferro­
magnetic layer 266 being as thick as 45 angstroms. Due to this 

(6) Substrate/Ta 3 mn/Ni-15 at % Fe(ll 1) 2 mn/Mn-22 at 
% Ir(l 11) 6 mn/Co25 at % Fel .9 mn/Ru0.4 mn/Co-34 at 65 
% Fe-15 at % B 2.1 mn/MgO/Co-10 at % Fe 0.4 
mn/Co-8 at % Fe-16 at % B 3.5 mn/Ta 3 mn/Ru 4 nm thickness, its interfacial waviness is very large, which sub-
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stantially enlarges the Hint. The initially large waviness is 
sharply decreased only by 2 angstrom etching. Beyond 2.0 
angstroms, the Hint gradually decreases. The MR ratio also 
gradually decreases. FIG. 9 shows a cross-sectional image of 
a TMR sensor film after 240-angstrom etching is performed. 5 
This image is obtained by a transmission electron microscope 
(TEM). Reference numeral 264 refers to the antiparallel cou­
pling Ru layer while reference numeral 28 refers to the insu­
lation barrier MgO layer. The waviness of the insulation 
barrier MgO layer is remarkably reduced as compared with 10  
the waviness of the anti-parallel coupling Ru layer. FIG. llC 
shows results of evaluating the interfacial waviness of the 
MgO layer. The height of waviness is 0.8 angstrom, smaller 
than a single-atom layer. A super flat interface is realized. The 
data given reference numeral 4 in FIG. 5 and FIG. 6 shows 15  
how the MR ratio and Hint change depending on the RA when 
the thickness of the MgO layer of the sensor film in accor­
dance with the present embodiment is changed. The Hint is 
reduced by about 30 to 40 Oe as compared with the Hint of 
reference numeral 1 that shows the conventional example. 20 
This reduction of the Hint is realized as a result of flattening 
the MgO interface as shown in FIG. 9. However, the MR ratio 
is lowered by 10% to 15% as compared with the MR ratio of 
the reference numeral 1 that shows the conventional example. 

In the previous embodiment, reduction of the interlayer 25 
magnetic field Flint is realized by performing plasma etching 
of the second ferromagnetic CoFeB layer so as to reduce the 
interfacial waviness of MgO to about 1 angstrom or smaller. 
However, since this lowers the MR ratio, CoFeB alloy is 
additionally deposited to a depth of about 6 angstroms in 30 
order to restore the lowered MR ratio. FIG. 5 and FIG. 6 show 
how the MR ratio and Hint of the present embodiment are 
dependent on the RA. Data concerning the present embodi­
ment are given reference numeral 5. Its film structure is 
shown below. 35 
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B and Co25 at % Fe. With the total thickness of the double­
layered structure kept constant, the thickness ofCo-25 at % 
Fe was varied. 

(10) Substrate/Ta 3 mn/Ni-15 at % Fe(0Ol) 2 nm/Mn-22 at 
% Ir(0Ol) 6 mn/Co25 at % Fel .9 nm/Ru0.4 mn/Co-34 at 
% Fe-15 at % B (2.l -X)mn/Co25 at % Fe Xmn/MgO/ 
Co-10 at % Fe 0.4 mn/Co-8 at % Fe-16 at % B 3.5 mn/Ta 
3 mn/Ru 4 nm 

Its results are shown in FIG. 13. Symbol CF in the figure 
represents the Co-25 at % Fe layer and each numerical value 
is the thickness ofthe Co-25 at % Fe layer.As is apparent from 
FIG. 13(b), the interlayer coupling magnetic field Hint 
remarkably reduces as the Co-25 at % Fe is increased from 0 
to 6 angstroms (0.6 nm). At an RA of 1.0, the interlayer 
magnetic coupling magnetic field Hint is halved from 70 Oe 
to 38 Oe. Beyond 6 angstroms (0.6 nm), the Hint reduction 
effect disappears since the Hint does not change although the 
thickness of Co-25 at % Fe is increased to 8 angstroms (0.8 
nm). The MR ratio is shown in FIG. 13(a). Although the MR 
ratio does not show a remarkable decrease while the thickness 
of the Co-25 at % Fe is increased from O to 6 angstroms (0.6 
nm). However, when the thickness is increased further to 8 
angstroms, the MR ratio sharply decreases. It was therefore 
clarified that unless the thickness of the Co-25 at % Fe 
exceeds 6 angstroms (0.6 nm), it is possible to remarkably 
suppress the interlayer coupling magnetic field Hint without 
substantially lowering the MR ratio. The MR ratio and inter­
layer coupling magnetic field Hint in the present embodiment 
are dotted in FIG. 5 and FIG. 6. The data obtained with the 
present embodiment are given reference numeral 3 .  In FIG. 6, 

the interlayer coupling magnetic field Hint is 40 to 70 Oe 
smaller than that in the conventional example 1. In FIG. 5, the 
MR ratio is 15% to 20% improved as compared with that of 
the conventional example 1. 

Although in the above description of the embodiments, the 
crystalline orientation control layer is a (001)-oriented NiFe 
alloy layer, this control layer may have a layered structure 
comprising Ni-contained (001)-oriented alloy layers such as 
a (001)-oriented NiFeCr alloy layer and a (001)-oriented 

(9) Substrate/Ta3 mn/Ni-15 at % Fe(00l) 2 mn/Mn-22 at % 
Ir(001)6 mn/Co25 at % Fel.9 nm/Ru0.4 nm/Co-34 at % 
Fe-15 at % B4.5 mn/plasma etching 2.5 mn/Co-34 at % 
Fe-15 at % B 0.6 mn/MgO/Co-10 at % Fe 0.4 mn/Co-8 
at % Fe-16 at % B 3.5 mn/Ta 3 mn/Ru 4 nm 

As understood from data 5 in FIG. 5, the MR ratio is 
restored as compared with data 4 obtained by performing 
only plasma etching on the second ferromagnetic layer. The 
MR ratio is about 10% higher than that of the conventional 
example 1. The Hint is somewhat larger than data 4 but about 
20-30 Oe smaller than that of the conventional example 1. 

40 NiFe alloy layer. In addition, although the anti ferromagnetic 
layer is made ofMn-22 at % Ir, the Ir content may be any value 
between 15 at % and 30 at %. As well, although the first 
ferromagnetic layer is made ofCo-25 at % Fe, the Fe content 
may be not smaller than 20 at wt %. As well, although the 

Results of observing the MgO interface in the structure of 

45 second ferromagnetic layer is made ofCo-34 at % Fe-15 at % 
B, the B content may not be any smaller than 10 at wt % since 
the interlayer coupling magnetic field decreases as the B 
content is raised and remains the same level when the B the present embodiment (where CoFeB is deposited again 

after plasma etching) by using a transmission electron micro­
scope are shown in FIG. 10. TheMgO interface is as flat as the 50 
super flat MgO interface obtained by performing only plasma 
etching. Data in FIG. llA indicates the interfacial waviness h 
in the present embodiment. Its waviness h is about 1 ang­
strom, remarkably smaller than the waviness of 13 angstroms 
in the conventional example ( data F). This remarkably 55 
reduced waviness results in the remarkably suppressed Hint 
as compared with the conventional example 1 (FIG. 6). 

In the description of one of the previously described 
embodiments, it is pointed out that the interlayer coupling 
magnetic field Hint can be suppressed by growing the non- 60 
closest-packed plane (001) of Mnir since this reduces the 
surface waviness of the second ferromagnetic layer. In the 
sensor (7) in accordance with this embodiment, the second 
ferromagnetic layer has a singled-layered structure made of 
Co-34 at % Fe-15 at % B. In the sensor (10) in accordance 65 
with the present embodiment, the second ferromagnetic layer 
has a double-layered structure made ofCo-34 at % Fe-15 at % 

content is further raised beyond 10 at % as shown in FIG. 14. 
In addition, although the insulation barrier side of the second 
ferromagnetic layer is made ofCo-25 at % Fe in one embodi-
ment, this alloy may instead be a different alloy containing at 
least one of Co and Fe. Further, although the third ferromag­
netic layer has a layered structure comprising a Co-10 at % Fe 
layer and a Co-8 at % Fe-16 at % B layer, this layered struc­
ture may instead be an alloy layer comprising at least one 
element selected from Co, Fe and Ni or a layered structure of 
alloy layers each containing at least one of the elements 
selected therefrom. In addition, while the insulation barrier 
layer is made of MgO, this layer should be not thicker than 
about 10 angstroms. 

It should be noted that methodology presented herein for at 
least some of the various embodiments may be implemented, 
in whole or in part, in computer hardware, software, by hand, 
using specialty equipment, etc. and combinations thereof. 

While various embodiments have been described above, it 
should be understood that they have been presented by way of 
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example only, and not limitation. Thus, the breadth and scope 
of an embodiment of the present invention should not be 
limited by any of the above-described exemplary embodi­
ments, but should be defined only in accordance with the 
following claims and their equivalents. 

What is claimed is: 
1. A tunnel junction type magneto-resistive head, the head 

comprising: 
a layered film comprising an underlying layer; 
a crystalline orientation control layer; 
an antiferromagnetic layer; 
a first ferromagnetic layer; 
an antiparallel coupling layer; 
a second ferromagnetic layer; 
an insulation barrier layer; and 
a third ferromagnetic layer between a lower magnetic 

shield layer and an upper magnetic shield layer, 
wherein a non-closest-packed crystallographic plane of the 

antiferromagnetic layer is directed parallel to a film sur­
face by growing the antiferromagnetic layer substan­
tially conformably on the crystalline orientation control 
layer, 

wherein the crystalline orientation control layer is an alloy 
layer comprising Ni 

and is a (001)-oriented crystalline layer. 
2. The tunnel junction type magneto-resistive head accord­

ing to claim 1, wherein the antiferromagnetic layer has a 
face-centered cubic or face-centered tetragonal crystallo­
graphic structure, and the (001) plane of the crystallographic 
structure is parallel to the film surface. 

3. The tunnel junction type magneto-resistive head accord­
ing to claim 1, 

wherein the underlying layer comprises Ta, 
wherein the crystalline orientation control layer comprises 

16 
6. A method for manufacturing a tunnel junction type mag­

neto-resistive head as recited in claim 1, the method compris­
ing: 

depositing the crystalline orientation control layer by sput­
tering in a mixed gas of argon and nitrogen to produce a 
preferential growth of the crystallographic (001) plane 
of the Ni alloy. 

7. The method for manufacturing a tunnel junction type 
magneto-resistive head according to claim 6, further compris-

10 ing depositing the antiferromagnetic layer by conformably 
growing a Mnlr alloy layer on the crystalline orientation 
control layer. 

8. The method for manufacturing a tunnel junction type 
magneto-resistive head according to claim 6, further compris-

15 ing depositing the second ferromagnetic layer by partially 
removing a CoFeB alloy layer by argon plasma etching after 
the CoFeB alloy layer is deposited so as to reduce the wavi­
ness of an interface with the insulation barrier layer. 

9. The method for manufacturing a tunnel junction type 
20 magneto-resistive head according to claim 8, further compris­

ing depositing a CoFeB alloy layer after the CoFeB alloy 
layer is partially removed by argon plasma etching. 

10. The method for manufacturing a tunnel junction type 
magneto-resistive head according to claim 6, further compris-

25 ing depositing a second CoFe alloy layer in the second ferro­
magnetic layer on the antiparallel coupling layer after a first 
Co Fe alloy layer is deposited so as to reduce a waviness of an 
interface with the insulation barrier layer. 

11. A tunnel junction type magneto-resistive head, the head 
30 comprising: 

a layered film comprising an underlying layer; 
a crystalline orientation control layer; 
an antiferromagnetic layer; 
a first ferromagnetic layer; 

a NiFe alloy or a layered structure comprising a NiFeCr 35 
alloy and a NiFe alloy, 

an antiparallel coupling layer; 
a second ferromagnetic layer; 

wherein the antiferromagnetic layer comprises an Mnlr 
alloy, and 

wherein the insulation barrier layer comprises MgO. 
4. The tunnel junction type magneto-resistive head accord- 40 

ing to claim 1, 
wherein the antiferromagnetic layer comprises a Mnlr 

alloy, and 
wherein interfaces between the insulation barrier layer and 

the second ferromagnetic layer and interfaces between 45 
the insulation barrier layer and the third ferromagnetic 
layer are substantially flat such that a difference of 
height between a bottom of a lowest valley and a top of 
a highest peak is less than about 6 angstroms and a 
valley-to-valley average interval is greater than about 60 50 
angstroms. 

5. The tunnel junction type magneto-resistive head accord­
ing to claim 1, 

wherein the underlying layer comprises Ta, 
wherein the crystalline orientation control layer comprises 55 

a NiFe alloy or a layered structure comprising a NiFeCr 
alloy layer and a NiFe alloy layer, 

wherein the antiferromagnetic layer comprises a Mnlr 
alloy, 

wherein the first ferromagnetic layer comprises a CoFe 60 
alloy, 

wherein the antiparallel coupling layer comprises Ru, 
wherein the second ferromagnetic layer comprises a 

CoFeB alloy, 
wherein the insulation barrier layer comprises MgO, and 65 
wherein the third ferromagnetic layer comprises a CoFeB 

alloy. 

an insulation barrier layer; and 
a third ferromagnetic layer between a lower magnetic 

shield layer and an upper magnetic shield layer, 
wherein a non-closest-packed crystallographic plane of the 

antiferromagnetic layer is directed parallel to a film sur­
face by growing the antiferromagnetic layer substan­
tially conformably on the crystalline orientation control 
layer, 

wherein the insulation barrier layer comprises MgO, 
wherein the second ferromagnetic layer is a layered struc­

ture comprising a CoFeB alloy layer and a CoFe alloy 
layer, and 

wherein the CoFe alloy layer is in contact with the insula­
tion barrier layer. 

12. The tunnel junction type magneto-resistive head 
according to claim 11, wherein the CoFe alloy layer of the 
second ferromagnetic layer has a thickness less than about 6 
angstroms. 

13. The tunnel junction type magneto-resistive head 
according to claim 11, 

wherein the third ferromagnetic layer is a layered structure 
comprising a CoFe alloy layer and a CoFeB alloy layer, 
and 

wherein the CoFe alloy layer is in contact with the insula­
tion barrier layer. 

14. A tunnel junction type magneto-resistive head, the head 
comprising: 

a layered film comprising an underlying layer; 
a crystalline orientation control layer; 
an antiferromagnetic layer; 
a first ferromagnetic layer; 
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an antiparallel coupling layer; 
a second ferromagnetic layer; 
an insulation barrier layer; and 
a third ferromagnetic layer between a lower magnetic 

shield layer and an upper magnetic shield layer, 
wherein a non-closest-packed crystallographic plane of the 

antiferromagnetic layer is directed parallel to a film sur­
face by growing the antiferromagnetic layer substan­
tially conformably on the crystalline orientation control 
layer, 10 

wherein the underlying layer comprises Ta, 
wherein the crystalline orientation control layer comprises 

a NiFe alloy or a layered structure comprising a NiFeCr 
alloy layer and a NiFe alloy layer, 

wherein the antiferromagnetic layer comprises a Mnlr 
alloy, 

18 
wherein the first ferromagnetic layer comprises a CoFe 

alloy, 
wherein the antiparallel coupling layer comprises Ru, 
wherein the second ferromagnetic layer comprises a 

CoFeB alloy, 
wherein the insulation barrier layer comprises MgO, and 
wherein the third ferromagnetic layer comprises a CoFeB 

alloy, 
wherein a CoFe alloy layer is positioned between the sec­

ond ferromagnetic layer and the insulation barrier layer, 
and 

wherein a CoFe alloy layer is positioned between the insu­
lation barrier layer and the third ferromagnetic layer. 

* * * * * 
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