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(57) ABSTRACT 

A magneto-resistive device is provided for reducing the 
deterioration in the characteristics of the device due to 
annealing. The magneto-resistive device has a magneto 
resistive layer formed on one surface side of a base, and an 
insulating layer formed of tWo layers and deposited around 
the magneto-resistive layer. The layer of the insulating layer 
closest to the base is made of a metal or semiconductor 
oxide. This layer extends over end faces of a plurality of 
layers made of different materials from one another, Which 
make up the magneto-resistive device, and is in contact With 
the end faces of the plurality of layers With the same 
materials. 
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MAGNETO-RESISTIVE DEVICE AND METHOD 
OF MANUFACTURING SAME, MAGNETIC HEAD, 
HEAD SUSPENSION ASSEMBLY AND MAGNETIC 

DISK APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a magneto-resis 
tive device and a method of manufacturing the same, and a 
magnetic head, a head suspension assembly and a magnetic 
disk apparatus Which use the magneto-resistive device. 

[0002] With the trend to a larger capacity and a smaller 
siZe of hard disk drives (HDD), heads are required to have 
a higher sensitivity and a larger output. To meet these 
requirements, strenuous efforts have been made to improve 
the characteristics of GMR heads (Giant Magneto-Resistive 
Head) currently available on the market. On the other hand, 
intense development is under Way for a tunnel magneto 
resistive head (TMR head) Which can be expected to have a 
resistance changing ratio tWice or more higher than the 
GMR head. 

[0003] Generally, the GMR head differs from the TMR 
head in the head structure due to a difference in a direction 
in Which a sense current is fed. A head structure adapted to 
feed a sense current in parallel With a ?lm surface, as in a 
general GMR head, is referred to as a CIP (Current In Plane) 
structure, While a head structure adapted to feed a sense 
current perpendicularly to a ?lm surface, as in the TMR 
head, is referred to as a CPP (Current Perpendicular to 
Plane) structure. Since the CPP structure can use a magnetic 
shield itself as an electrode, it is essentially free from 
short-circuiting betWeen the magnetic shield and a device 
(defective insulation) Which is a serious problem in reducing 
a lead gap in the CIP structure. For this reason, the CPP 
structure is signi?cantly advantageous in providing a higher 
recording density. 
[0004] Other than the TMR head, also knoWn as a head in 
CPP structure is, for example, a CPP-GMR head Which has 
the CPP structure, though a spin valve ?lm (including a 
specular type and dual spin valve type magnetic multilayer 
?lms) is used for a magneto-resistive device. 

[0005] Any type of CPP-based heads has an upper elec 
trode and a loWer electrode for supplying a current to a 
magneto-resistive layer formed on a base, formed on the top 
(opposite to the base) and on the bottom (close to the base) 
of the magneto-resistive layer, respectively. The CPP-based 
head comprises an insulating layer for limiting a current path 
betWeen the upper electrode and loWer electrode is arranged 
around a main layer (for example, a tunnel barrier layer in 
a TMR head) of the magneto-resistive layer. The limited 
current path substantially matches an effective region for 
detecting a magnetic ?eld from a magnetic recording 
medium. A TMR head is disclosed as an example of the 
CPP-based head in JP-A-2001-23131 corresponding to US. 
Pat. No. 6,473,257 and JP-A-2001-52316 corresponding to 
US. patent application Publication No. 2003/0151859. 

[0006] In a conventional general CPP-based head as dis 
closed in JP-A-2001-23131, an insulating layer for limiting 
a current path betWeen an upper electrode and a loWer 
electrode is formed of a single-layer ?lm. This insulating 
layer is generally made of A1203 or SiO2. 

[0007] Generally, for manufacturing a conventional CPP 
based head as disclosed in JP-A-2001-23131, constituent 
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layers formed on a substrate, Which make up a magneto 
resistive layer, are milled using a resist mask to pattern the 
constituent layers. Then, the resist mask is used as it is to 
form an insulating layer of A1203 or SiO2 around the 
constituent layers by a lift-off method. 

[0008] On the other hand, in a conventional TMR head 
disclosed in JP-A-2001-52316, an insulating layer for lim 
iting a current path betWeen an upper electrode and a loWer 
electrode is composed of a ?rst insulating layer formed near 
an end face of a ferromagnetic tunnel junction ?lm (corre 
sponding to a magneto-resistive layer) having a tunnel 
barrier layer as Well as a pinned layer and a free layer Which 
sandWich the tunnel barrier layer, and a second insulating 
layer Which surrounds the end face of the ferromagnetic 
tunnel junction ?lm through the ?rst insulating layer. The 
?rst insulating layer is made of oxides of metal materials 
Which constitute the ferromagnetic tunnel junction ?lm 
pattern formed Within the ferromagnetic tunnel junction ?lm 
pattern. In other Words, the ?rst insulating layer is a layer 
made of metal oxides produced by oxidiZing the constituent 
layers themselves of the ferromagnetic tunnel junction ?lm, 
used as base materials, respectively, and is not a layer 
disposed on the end face of the ferromagnetic tunnel junc 
tion ?lm pattern from the outside of the ferromagnetic tunnel 
junction ?lm pattern. Consequently, metal oxide ?lms made 
of different materials from one another are in contact With 
the end faces of a plurality of layers made of different 
materials from one another, Which make up the ferromag 
netic tunnel junction ?lm, and the ?rst insulating layer is 
composed of a sequence of these metal oxide ?lms made of 
different materials from one another. The second insulating 
layer is made of an Al oxide, a Si oxide, or the like. 

[0009] For manufacturing the conventional TMR head 
disclosed in JP-A-2001-52316, (a) a ferromagnetic tunnel 
junction ?lm pattern (constituent layers Which make up a 
magneto-resistive layer) formed on a substrate is milled 
using a resist mask to pattern the constituent layers; (b) the 
end face portions of the constituent layers themselves, used 
as base materials, are naturally oxidiZed or oxidiZed by a 
plasma oxidation method or the like to produce the ?rst 
insulating layer from the end faces themselves; and (c) the 
second insulating layer is formed around the constituent 
layers using the resist mask as it is by a lift-off method. 

[0010] According to the conventional TMR head dis 
closed in JP-A-2001-52316, even if the milling causes 
milling re-deposits to stick near the ends of the constituent 
layers during the manufacturing, the milling re-deposits are 
oxidiZed and included in the ?rst insulating layer Which does 
not provide a bypass path for a sense current, advanta 
geously preventing a reduction in the MR ratio, as described 
in JP-A-52316. 

[0011] It should be understood that generally, magnetic 
heads have not only a reproducing device such as a TMR 
device, a GMR device and the like, but also a recording 
device such as an inductive magnetic transducing device and 
the like, so that a composite magnetic head is typically 
provided for reproducing and recording magnetic informa 
tion. During manufacturing of such a composite magnetic 
head, generally, a reproducing device is formed on a sub 
strate before a recording device is laminated thereon. Then, 
annealing is performed as a photoresist curing step When a 
coil is fabricated during the fabrication of the recording 
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device. For example, JP-A-2001-52316 describes that for 
manufacturing a composite magnetic head Which has a 
recording device laminated on a TMR device, annealing is 
performed for tWo hours at 250° C. as a photoresist curing 
step during the fabrication of a coil of the recording device. 

[0012] The result of a research made by the inventors has 
revealed that the conventional magnetic heads as disclosed 
in JP-A-2001-23131 and JP-A-2001-52316 suffer from dete 
riorated characteristics of the TMR devices due to the 
annealing. In this regard, description Will be made beloW. 

[0013] The inventors fabricated a magnetic head similar to 
that disclosed in JP-A-2001-23131. The fabricated magnetic 
head had an inductive magnetic transducing device lami 
nated on a TMR device as a recording device. Also, anneal 
ing Was performed as a photoresist curing step during the 
fabrication of a coil of the recording device. Further, in the 
course of the fabrication of the magnetic head, the fabricated 
TMR device underWent the ?rst measurement of the char 
acteristics thereof (the resistance and MR ratio of the TMR 
device) before the creation of the recording device on the 
fabricated TMR device. Then, the TMR device again under 
Went the second measurement of the characteristic thereof 
(the resistance and MR ratio of THE TMR device) after the 
recording device had been created. 

[0014] A comparison of the results of the ?rst measure 
ment With the results of the second measurement has 
revealed that the characteristics of the TMR device after the 
creation of the recording device Were signi?cantly deterio 
rated as compared With those before the creation of the 
recording device, contrary to an assumption that the char 
acteristics of the TMR device Would be the same before and 
after the creation of the recording device. Speci?cally, the 
resistance of the TMR device taken in the second measure 
ment Was higher than the resistance of the TMR device taken 
in the ?rst measurement, While the MR ratio of the TMR 
device taken in the second measurement Was loWer than the 
MR ratio of the TMR device taken in the ?rst measurement. 
The TMR device has a challenge of reducing the resistance 
of the device itself because noise proportionally increases as 
the resistance of the device is higher. Further, a higher MR 
ratio is desired because a reduced MR ratio causes a smaller 
head output. 

[0015] The results of more detailed experiments made by 
the inventors have revealed that the aforementioned dete 
rioration in the characteristics of the TMR device (increased 
resistance and reduced MR ratio) are caused by the anneal 
ing performed for fabricating the recording device. 

[0016] Magneto-resistive devices such as the TMR device 
have a variety of applications such as a magnetic detector, 
MRAM (Magnetic Random Access Memory), and the like, 
other than magnetic heads, and the annealing is sometimes 
involved in these applications. 

SUMMARY OF THE INVENTION 

[0017] It is an object of the present invention to provide a 
magneto-resistive device Which can reduce the deterioration 
in the device characteristics due to annealing, and a method 
of manufacturing the same, as Well as a magnetic head, a 
head suspension assembly, and a magnetic disk apparatus 
Which use the magneto-resistive device. 

[0018] The result of a further research made by the inven 
tors has revealed that the deterioration in the characteristics 
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of the TMR device (increased resistance and reduced MR 
ratio) due to annealing appears to be caused under the 
in?uence of moisture, oxygen, hydrocarbons (HC), and the 
like adsorbed on the end face of the magneto-resistive 
device When it is exposed to the atmosphere after patterning 
thereof (or even if the magneto-resistive layer is not exposed 
to the atmosphere, moisture, oxygen, HC, and the like 
remaining as impurities in a vacuum chamber can adsorb on 
the end face of the magneto-resistive layer). 

[0019] Based on the foregoing, the inventors thought it 
possible to reduce the deterioration in the characteristics of 
the magneto-resistive device due to the annealing by 
employing technical means set forth in respective aspects of 
the present invention as described beloW. The experiments 
described later have revealed that the technical means are 
actually effective. 

[0020] A magneto-resistive device according to a ?rst 
aspect of the present invention includes a magneto-resistive 
layer formed on one surface side of a base, and an insulating 
layer formed to be in contact With an effective region 
effectively involved in detection of magnetism in the mag 
neto-resistive layer Without overlapping With the effective 
region, Wherein the insulating layer comprises tWo or more 
layers, the layer of the insulating layer closest to the base is 
made of a metal or semiconductor oxide, and the layer of the 
insulating layer closest to the base extends over end faces of 
a plurality of layers made of different materials from one 
another and making up the magneto-resistive layer, and is in 
contact With the end faces of the plurality of layers With the 
same materials. 

[0021] When focusing attention only on the fact that the 
insulating layer may include tWo layers and that the layer of 
the insulating layer closest to the base may be made of a 
metal oxide in the magneto-resistive device according to the 
?rst aspect, the magneto-resistive device according to the 
?rst aspect is thought to apparently have a structure similar 
to the conventional TMR head disclosed in JP-A-2001 
52316. This is because the layer of the insulating layer 
closest to the base in the ?rst aspect corresponds to the ?rst 
insulating layer in the conventional TMR head disclosed in 
JP-A-2001-52316, and the remaining layer of the insulating 
layer in the ?rst aspect corresponds to the second insulating 
layer in the conventional TMR head disclosed in JP-A-2001 
52316. 

[0022] HoWever, in the ?rst aspect, the layer of the insu 
lating layer closest to the base extends over the end faces of 
the plurality of layers made of different materials from one 
another and making up the magneto-resistive layer, and is in 
contact With the end faces of the plurality of layers With the 
same materials, so that the magneto-resistive device can be 
manufactured by a manufacturing method according to a 
?fth aspect of the present invention, later described. Spe 
ci?cally, after patterning one or more of the constituent 
layers making up the magneto-resistive layer, end portions 
of the constituent layers are not oxidiZed, but instead, an 
oxidiZable layer is deposited in a region in Which the one or 
more of the constituent layers have been removed by the 
patterning, and the deposited oxidiZable layer can be oxi 
diZed to provide the layer of the insulating layer closest to 
the base. On the contrary, in the conventional TMR head 
disclosed in JP-A-2001-52316, as described above, the ?rst 
insulating layer is formed Within the constituent layers 
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Which make up the magneto-resistive layer (i.e., the ?rst 
insulating layer is a layer produced by oxidizing end por 
tions themselves of the constituent layers), and the ?rst 
insulating layer is composed of a sequence of metal oxide 
?lms made of materials different from one another corre 
sponding to respective materials, respectively, Which make 
up- the magneto-resistive layer. Thus, the conventional 
TMR head disclosed in JP-A-2001-52316 cannot be manu 
factured by the manufacturing method according to the ?fth 
aspect of the present invention. 

[0023] The result of a research made by the inventors, later 
described in detail, have revealed that the magneto-resistive 
device manufactured by the manufacturing method accord 
ing to the ?fth aspect of the present invention, later 
described, can reduce the deterioration in the characteristics 
(increased resistance and reduced MR ratio) of the magneto 
resistive device due to annealing. Presumably, this is 
because When the oxidiZable layer is deposited as a base 
material for oxidation, in addition to the constituent layers 
Which make up the magneto-resistive layer, in a region in 
Which the one or more of the constituent layers have been 
removed by the patterning after patterning the one or more 
of the constituent layers during the manufacturing, the 
in?uence exerted by adsorbates on the end face of the 
magneto-resistive layer is reduced by the nature (the nature 
of absorbing and trapping oxygen, and the like) of the 
oxidiZable layer. 

[0024] Thus, the magneto-resistive device according to the 
?rst aspect can be manufactured by the manufacturing 
method according to the ?fth aspect of the present invention, 
later described, so that it can reduce the deterioration in the 
characteristics thereof (increased resistance and reduced MR 
ratio) due to annealing. On the contrary, the conventional 
TMR head disclosed in JP-A-2001-52316 cannot be manu 
factured by the manufacturing method according to the ?fth 
aspect of the present invention, later described, so that it 
appears not to be able to reduce the deterioration in the 
characteristics thereof due to annealing. 

[0025] In the ?rst aspect, When the insulating layer 
includes tWo or more layers, all the layers may be made of 
the same material. Here, tWo or more layers made of the 
same material means that there is an interface existing 
betWeen the respective layers. In the conventional TMR 
head disclosed in JP-A-2001-23131, the insulating layer 
formed around the constituent layers of the magneto-resis 
tive layer is a single-layer, and accordingly does not have an 
interface in the laminating direction. Therefore, the conven 
tional TMR head disclosed in JP-A-2001-23131 cannot 
either manufactured by the manufacturing method according 
to the ?fth aspect of the present invention, later described, 
and accordingly cannot reduce the deterioration in the 
characteristics thereof due to annealing. 

[0026] Since the layer of the insulating layer closest to the 
base is made of an oxide and has the insulating property, this 
layer Will not provide a bypass path for a sense current, and 
therefore Will not cause a reduction in the MR ratio due to 
the formation of a bypass path. 

[0027] In a magneto-resistive device according to a second 
aspect of the present invention, the oxide is an oxide of a 
material selected from a group consisting of Al, Si, Ti, V, Cr, 
Mn, Fe, Ni, Co, Cu, Zn, Zr, Nb, Mo, Hf, Ta, and W in the 
?rst aspect. 
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[0028] The second aspect enumerates preferred examples 
of materials for the oxide for making the layer of the 
insulating layer closest to the base, but the oxide is not 
limited to these examples in the ?rst aspect. 

[0029] In a magneto-resistive device according to a third 
aspect of the present invention, the effective region is a 
region in Which a current ?oWs in a direction substantially 
perpendicular to the ?lm surface in the magneto-resistive 
layer in the ?rst or second aspect. 

[0030] The magneto-resistive device according to the third 
aspect shoWs an example Which employs a CPP structure. 
Since the CPP structure requires an insulating layer for 
limiting a current path betWeen the upper electrode and 
loWer electrode, a large technical meaning lies in the 
reduced deterioration in the characteristics due to annealing. 

[0031] In a magneto-resistive device according to a fourth 
aspect of the present invention, the magneto-resistive layer 
includes a tunnel barrier layer formed on one surface side of 
a free layer, a pinned layer formed on one surface side of the 
tunnel barrier layer opposite to the free layer, and a pin layer 
formed on one surface side of the pinned layer opposite to 
the tunnel barrier layer, in the third aspect. 

[0032] While the fourth aspect shoWs an example in Which 
the third aspect is applied to a TMR device, the third aspect 
is not limited to the TMR device but may be applied as Well 
to a CPP-GMR device and the like. 

[0033] A method of manufacturing a magneto-resistive 
device according to a ?fth aspect of the present invention 
includes the steps of depositing constituent layers making up 
a magneto-resistive layer on a base, patterning one or more 
layers of the constituent layers, depositing an oxidiZable 
layer in a region in Which the one or more layers of the 
constituent layers have been removed by the patterning, 
oxidiZing the oxidiZable layer, and depositing an insulating 
layer on the oxidiZable layer. 

[0034] The manufacturing method according to the ?fth 
aspect can manufacture the magneto-resistive device Which 
can reduce the deterioration in the characteristics thereof 
(increased resistance and reduced MR ratio) due to anneal 
mg. 

[0035] While the oxidiZable layer is generally made of a 
metal or a semiconductor and has the electric conductivity, 
the manufacturing method according to the ?fth aspect 
includes the step of oxidiZing the oxidiZable layer, so that 
even if the oxidiZable layer eventually remains, the oxidiZ 
able layer merely remains as an oxide layer. Therefore, even 
if the oxidiZable layer eventually remains, this layer Will not 
provide a bypass path for a sense current, and therefore Will 
not cause a reduction in the MR ratio due to the formation 
of a bypass path. 

[0036] In the manufacturing method according to the ?fth 
aspect, the base may be or may not be placed in the 
atmosphere after the step of patterning and before the step of 
depositing the oxidiZable layer. When the base is placed in 
the atmosphere, moisture, oxygen molecules, and the like 
Will adsorb on end faces of remaining portions of the 
constituent layers after they have been patterned. HoWever, 
since the oxygen is thought to be absorbed and trapped by 
the oxidiZable layer after the deposition of the oxidiZable 
layer, it is possible to reduce the deterioration in the char 
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acteristics of the magneto-resistive device due to annealing. 
However, it is preferred not to place the base in the atmo 
sphere after the step of patterning and before the step of 
depositing the oxidiZable layer. The foregoing discussion is 
also applied to a sixteenth aspect and the like, later 
described. 

[0037] Also, in the manufacturing method according to the 
?fth aspect, dry etching may or may not be performed for 
cleaning the surface immediately before the step of depos 
iting the oxidiZable layer. Even Without the dry etching 
performed to reduce moisture, oxygen molecules, and the 
like in the atmosphere, adsorbed on the end faces of the 
remaining portions of the constituent layers after they have 
been patterned, the oxygen is thought to be absorbed and 
trapped by the oxidiZable layer after the deposition of the 
oxidiZable layer. It is therefore possible to reduce the dete 
rioration in the characteristics of the magneto-resistive 
device due to annealing even Without necessarily performing 
the dry etching. HoWever, the dry etching is preferably 
performed for cleaning the surface immediately before the 
step of depositing the oxidiZable layer. The foregoing dis 
cussion is applied as Well to the sixteenth aspect and the like, 
later described. 

[0038] In a method of manufacturing a magneto-resistive 
device according to a sixth aspect of the present invention, 
the step of oxidiZing includes, in the ?fth or sixth aspect, the 
step of placing the base in the atmosphere to naturally 
oxidiZe the oxidiZable layer in the ?fth aspect. 

[0039] The natural oxidiZation as in the sixth aspect is 
preferably utiliZed because the manufacturing process is 
simpli?ed. Alternatively, the step of oxidiZing may include 
forced oxidiZation such as plasma oxidiZation, radical oxi 
diZation, ion beam oxidiZation, exposure to oZone, or the 
like. When the forced oxidiZation is involved, the base may 
be or may not be placed in the atmosphere after the step of 
depositing the oxidiZable layer and before the step of 
depositing the insulating layer. Also, in the ?fth aspect, the 
step of oxidiZing is not limited to the natural oxidiZation or 
forced oxidiZation, but may be a step of oxidiZing the 
oxidiZable layer through absorption of oxygen from other 
layers by the action of annealing. 

[0040] A method of manufacturing a magneto-resistive 
device according to a seventh aspect of the present invention 
further includes the step of performing dry etching for 
cleaning the surface immediately before the step of depos 
iting the insulating layer. 

[0041] While the dry etching as in the seventh aspect is 
preferable for removing impurities and the like, this dry 
etching is not necessarily performed in the ?fth or sixth 
aspect. 

[0042] In a method of manufacturing a magneto-resistive 
device according to an eighth aspect of the present inven 
tion, the step of performing dry etching includes the step of 
performing the dry etching in the same vacuum chamber in 
Which the step of depositing the insulating layer is per 
formed in the seventh aspect. 

[0043] When dry etching is performed for cleaning the 
surface immediately before the step of depositing the insu 
lating layer, the dry etching can be readily performed in the 
same vacuum chamber in Which the step of depositing the 
insulating layer is performed, as in the eighth aspect. 
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Examples of dry etching for use in this event may be sputter 
etching and ion beam etching. 

[0044] In a method of manufacturing a magneto-resistive 
device according to a ninth aspect of the present invention, 
the oxidiZable layer substantially remains after the step of 
performing dry etching and after the step of depositing the 
insulating layer in the seventh or eighth aspect. 

[0045] In a method of manufacturing a magneto-resistive 
device according to according to a tenth aspect of the present 
invention, the oxidiZable layer is substantially removed by 
the step of performing dry etching in the seventh or eighth 
aspect. 

[0046] It has been con?rmed by an experiment, later 
described, that the deterioration in the characteristics of the 
magneto-resistive device due to annealing can be reduced 
irrespective of Whether the oxidiZable layer remains or not 
after the dry etching as in the ninth and tenth aspects. 

[0047] A method of manufacturing a magneto-resistive 
device according to an eleventh aspect of the present inven 
tion further includes, in the ?fth or sixth aspect, the step of 
removing the oxidiZing layer before the step of depositing 
the insulating layer. 

[0048] As mentioned above, It has been con?rmed by an 
experiment, later described, that the deterioration in the 
characteristics of the magneto-resistive device due to 
annealing can be reduced even if the oxidiZable layer does 
not eventually remain. Therefore, the manufacturing method 
according to the eleventh aspect can also contribute to 
reducing the deterioration in the characteristics of the mag 
neto-resistive device due to annealing. 

[0049] While the dry etching in the tenth aspect also 
serves as the step of removing in the eleventh aspect, the step 
of removing in the eleventh aspect is not limited to the dry 
etching for cleaning the surface. 

[0050] A method of manufacturing a magneto-resistive 
device according to a tWelfth aspect of the present invention 
includes the steps of depositing constituent layers making up 
a magneto-resistive layer on a base, patterning one or more 
layers of the constituent layers, depositing a layer formed of 
a single-layer ?lm or a composite-layer ?lm made of a metal 
and/or a semiconductor in a region in Which the one or more 
layers of the constituent layers have been removed by the 
patterning, removing the layer formed of a single-layer ?lm 
or a composite-layer ?lm made of a metal and/or a semi 
conductor, and depositing an insulating layer in the region in 
Which the one or more layers of the constituent layers have 
been removed by the patterning after the step of removing 
the layer. In this disclosure, “metal and/or semiconductor” 
means “one or both of metal and semiconductor.” 

[0051] In the manufacturing method according to the 
tWelfth aspect, When an oxidiZable layer is used for the layer 
formed of a single-layer ?lm or a composite-layer ?lm made 
of a metal and/or a semiconductor as in the sixth aspect 
described later, the oxidiZable layer need not be eventually 
left as mentioned above, so that it is possible to reduce the 
deterioration in the characteristics of the magneto-resistive 
device due to annealing, in a manner similar to the ?fth 
aspect. 

[0052] On the other hand, in the manufacturing method 
according to the tWelfth aspect, When a substantially oxi 


























