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SPIN VALVE MAGNETORESISTIVE EFFECT 
TYPE ELEMENT ASSESSMENT METHOD AND A 
SPIN VALVE MAGNETORESISTIVE EFFECT 
TYPE ELEMENT ASSESSMENT DEVICE 

TECHNICAL FIELD 

[0001] The present invention relates to a spin valve mag 
netoresistive effect type element assessment method and a 
spin valve magnetoresistive effect type element assessment 
device for assaying the magnetization state in a pinned layer 
in a spin valve magnetoresistive effect type element. 

BACKGROUND ART 

[0002] A spin valve magnetoresistive effect type element 
or an element called a spin valve element has been known 
as an element for a magnetic sensor. 

[0003] The spin valve magnetoresistive effect type ele 
ment is an element comprising, as shoWn in FIG. 10, a free 
layer 31 made of a ferromagnetic material (Ni—Fe, etc.), an 
intermediate layer 32 made of a non-magnetic metal mate 
rial (typically, Cu), a pinned layer 33 made of a ferromag 
netic material (Ni—Fe, etc.), and an antiferromagnetic layer 
34 made of an antiferromagnetic material (Mn—Fe). 

[0004] The spin valve magnetoresistive effect type ele 
ment (hereinafter, referred to as the SV element) is an 
element that detects an external magnetic ?eld by exploiting 
the fact that the element resistance varies considerably With 
a difference betWeen the direction of magnetiZation in the 
free layer 31 and that in the pinned layer 33, and used as a 
magnetic data reading element in an magnetic disk device, 
a magnetic tape device, a magnetic card reader, etc., for 
example. 
[0005] The antiferromagnetic layer 34 in the SV element 
is a layer that prevents the direction of magnetiZation in the 
pinned layer 33 from being dependent on an external mag 
netic ?eld (?xes the direction of magnetiZation to the initial 
direction). The intermediate layer 32 is a layer that Weakens 
the exchange interaction betWeen the free layer 31 and 
pinned layer 33, and made thinner than the correlation length 
of conduction electrons. The free layer 31 is a layer, in Which 
the direction of magnetiZation is free to change in response 
to an external magnetic ?eld, and typically subjected to heat 
treatment in the magnetic ?eld so as to have an easy axis that 
is perpendicular to the direction of magnetiZation in the 
pinned layer 33. 

[0006] Thus, the SV element detects a difference betWeen 
the direction of magnetiZation in the free layer 31 and that 
in the pinned layer 33 caused by an external magnetic ?eld 
as variance in resistance. Therefore, detectability of mag 
netic ?eld is affected considerably by the magnetiZation state 
in the pinned layer 33. Also, because the magnetiZation state 
in the pinned layer 33 is ?xed by the antiferromagnetic layer 
34, if a temperature raises above the Neel temperature at a 
portion Within the antiferromagnetic layer 34, there may 
occur inconveniences such that the detectability of magnetic 
?eld is degraded, or the SV element no longer functions as 
the magnetic ?eld detecting element. 

[0007] More speci?cally, given that the magnetiZation 
state in the pinned layer 33 and the p-H characteristics of the 
SV element immediately after the manufacturing are as 
those shoWn in FIGS. 11(a) and 11(b), respectively, if the 
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magnetiZation state in the pinned layer 33 changes to the one 
as shoWn in FIG. 12(a) in a use, then the p-H characteristics 
may change correspondingly to the one as shoWn in FIG. 12 
(b). Further, if the direction of magnetiZation in the pinned 
layer 33 is completely inversed as shoWn in FIG. 13 (a), 
then the 0-H characteristics of the SV element may change 
correspondingly to the one as shoWn in FIG. 13 

[0008] As a preventive technique against such character 
istics deterioration caused by a change of the magnetiZation 
state in the pinned layer 33, US. Pat. No. 5,650,887 dis 
closes a magnetic disk device and a magnetic ?eld sensor 
for, When the 0-H characteristics of the SV element are 
deteriorated, providing the pinned layer With circumstances 
(magnetic ?eld and temperature) capable of restoring the 
magnetiZation state to the initial state by alloWing a current 
of a predetermined pattern to pass through. 

[0009] According to the magnetic disk device disclosed in 
the above publication, deterioration of the 0-H characteris 
tics of the SV element provided in a magnetic head is 
detected by an increase in an error rate. Also, the magnetic 
?eld sensor detects deterioration of the 0-H characteristics 
by a drop in an output from the sensor. 

[0010] By using the aforementioned technique, it is pos 
sible to restore the characteristics of the SV element that 
have been deteriorated in response to a change of the 
magnetiZation state in the pinned layer. HoWever, if the 
characteristics of the SV element are de?cient from the start, 
it is impossible to upgrade such de?cient characteristics to 
the standards. In other Words, an SV element may be 
produced, in Which the magnetiZation in the pinned layer 33 
is not inversed, but the gradient of the 0-H characteristics is 
smaller than a typical one. 

[0011] Adapting the foregoing technique to such an SV 
element, hoWever, cannot upgrade the characteristics of the 
SV element to the standards by means of current passing 
treatment. On the contrary, this causes a magnetic disk 
device or a magnetic ?eld sensor to trigger the current 
passing treatment in response to a slight inversion of the 
magnetiZation (trigger the current passing treatment fre 
quently). Also, incorporating a magnetic head employing 
such an SV element in a normal magnetic disk device could 
only result in a magnetic disk device With strong likelihood 
of becoming incapable of reading data. 

[0012] The present invention is devised to solve the above 
problems, and therefore, has an object to provide a spin 
valve magnetoresistive effect type element assessment 
method and a spin valve magnetoresistive effect type ele 
ment assayer, Which can assessment the existence of an area 
in the pinned layer in the spin valve magnetoresistive effect 
type element Where the magnetiZation has been inversed. 

DISCLOSURE OF THE INVENTION 

[0013] According to a spin valve magnetoresistive effect 
type element assessment method of the present invention, a 
resistance value of a spin valve magnetoresistive effect type 
element is measured While a relative location correlation 
betWeen the spin valve magnetoresistive effect type element 
and a magnetic ?eld having a predetermined intensity dis 
tribution is adjusted. Then, a magnetiZation state in a pinned 
layer in the spin valve magnetoresistive effect type element 
is assayed based on a correlation betWeen the relative 
location correlation and resistance value obtained from 
measuring. 
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[0014] In other Words, it is dif?cult to ?nd directly the 
magnetization state (position, Width, etc. of a portion Where 
magnetization is inverted) in the pinned layer by the relative 
location correlation betWeen the SV element and magnetic 
?eld and the correlation betWeen the SV element and resis 
tance value obtained from the foregoing measuring. HoW 
ever, it is easy to compute a correlation that Would be 
measured by presuming the magnetiZation state in the 
pinned layer. 

[0015] Hence, by measuring the relative location correla 
tion betWeen the SV element and magnetic ?eld and the 
correlation betWeen the SV element and resistance value like 
in the present invention, it is possible to presume the 
magnetiZation state and the Width and position of a magne 
tiZation inverted area in the pinned layer from similarity 
With the correlation obtained by means of computation and 
the correlation obtained by means of measurement. 

[0016] In addition, a spin valve magnetoresistive effect 
type element assessment device of the present invention is a 
device for assaying a magnetiZation state in a pinned layer 
in a spin valve magnetoresistive effect type element incor 
porated in a magnetic head, including: a magnetic disk 
having an assaying track, in Which predetermined magnetic 
information is recorded; an actuator Which maintains the 
magnetic head over the magnetic disk, the actuator also 
changes a distance betWeen the magnetic head and a rotation 
center of the magnetic disk; and a position dependency data 
measuring and outputting unit Which outputs position 
dependency data representing position dependency of a 
resistance value of the spin valve magnetoresistive effect 
type element by measuring the resistance value of the spin 
valve magnetoresistive effect type element While changing a 
position of the magnetic head in relation to the assaying 
track under control of the actuator. 

[0017] According to the above spin valve magnetoresis 
tive effect type element assayer, the SV element assessment 
method of the present invention can be adapted to an SV 
element incorporated in a magnetic head. In other Words, 
because the magnetiZation state in the pinned layer in the SV 
element inside the magnetic head can be assayed, by using 
the present assayer, it becomes possible to judge, before the 
magnetic head is incorporated in a magnetic disk device, 
Whether the magnetic head is normal or the magnetic head 
has normal characteristics due to heat treatment in the 
magnetic ?eld, etc. Also, it becomes possible to effectively 
develop and conduct a study on a magnetic head that does 
not readily cause magnetiZation inversion in the pinned layer 
in the SV element and a magnetic disk device. 

[0018] The position dependency data measuring and out 
putting unit is not limited to the type that measures the 
resistance value of the SV element per se, and can be of any 
type that measures a value equivalent to the resistance value. 
For example, it maybe a type that measures a current by 
applying a constant voltage to the SV element or a type that 
measures a voltage by supplying a constant current to the SV 
element. Also, an output form of the position dependency 
data can be a display on a display screen, print out on a sheet 
of paper, a formation of a ?le, etc. 

[0019] When achieving the spin valve magnetoresistive 
effect type element assessment device of the present inven 
tion, the assaying track prepared on the magnetic disk can 
have any Width. HoWever, if it is arranged in such a manner 
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that the assaying track is a track having a Width narroWer 
than a core Width of the spin valve magnetoresistive effect 
type element subject to assaying, the spin valve magnetore 
sistive effect type element assessment device can be a device 
that outputs the position dependency data With Which quali 
tative analysis is readily made. Magnetic information 
recorded in the assaying track is not especially limited. 
HoWever, periodic magnetic information generally used in 
assaying the magnetic disk is preferable. 

[0020] Also, When achieving the spin valve magnetoresis 
tive effect type element assessment device of the present 
invention, a time variation data measuring and outputting 
unit Which measures the resistance value of the spin valve 
magnetoresistive effect type element, and outputs time 
variation data representing time variation associated With 
measuring can be additionally provided. By preparing the 
assaying track Where magnetic information that makes a 
dibit reproducing Waveform obtainable is recorded on the 
magnetic disk When the time variation data measuring and 
outputting unit is additionally provided, in case that the 
magnetiZation is inverted in more than half the area in the 
pinned layer in the SV element, one can obtain time variance 
data that directly indicates the occurrence of the magneti 
Zation inversion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a block diagram schematically shoWing 
an arrangement of a spin valve magnetoresistive effect type 
element assessment device in accordance With one embodi 
ment of the present invention; 

[0022] FIG. 2 is an explanatory vieW shoWing a track 
pro?le measured by the spin valve magnetoresistive effect 
type element assessment device according to the embodi 
ment; 

[0023] FIG. 3 is an explanatory vieW shoWing a track 
pro?le measured by the spin valve magnetoresistive effect 
type element assessment device according to the embodi 
ment; 

[0024] FIG. 4 is an explanatory vieW shoWing a track 
pro?le measured by the spin valve magnetoresistive effect 
type element assessment device according to the embodi 
ment; 

[0025] FIG. 5 is an explanatory vieW shoWing a track 
pro?le measured by the spin valve magnetoresistive effect 
type element assessment device according to the embodi 
ment; 

[0026] FIG. 6 is an explanatory vieW shoWing a track 
pro?le measured by the spin valve magnetoresistive effect 
type element assessment device according to the embodi 
ment; 

[0027] FIG. 7 is an explanatory vieW shoWing a presumed 
magnetiZation state in a pinned layer in a spin valve mag 
netoresistive effect type element for a simulation; 

[0028] FIG. 8 is a vieW shoWing a simulation result When 
the length in a core axis direction of the spin valve magne 
toresistive effect type element is longer than a Width of an 
assaying track; 
[0029] FIG. 9 is a vieW shoWing a simulation result When 
the length in a core axis direction of the spin valve magne 
toresistive effect type element is shorter than a Width of an 
assaying track; 
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[0030] FIG. 10 is a schematic vieW explaining an arrange 
ment of the spin valve magnetoresistive effect type element; 

[0031] FIG. 11 is an explanatory vieW showing a corre 
lation betWeen a magnetization state in the pinned layer and 
magnetic ?eld detecting characteristics of the spin valve 
magnetoresistive effect type element; 

[0032] FIG. 12 is an explanatory vieW shoWing a corre 
lation betWeen a magnetiZation state in the pinned layer and 
magnetic ?eld detecting characteristics of the spin valve 
magnetoresistive effect type element; and 

[0033] FIG. 13 is an explanatory vieW shoWing a corre 
lation betWeen a magnetiZation state in the pinned layer and 
magnetic ?eld detecting characteristics of the spin valve 
magnetoresistive effect type element. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0034] A preferred embodiment of a spin valve magne 
toresistive effect type element assessment method and a spin 
valve magnetoresistive effect type element assessment 
device of the present invention is explained in detail beloW. 

[0035] FIG. 1 shoWs a schematic arrangement of a spin 
valve magnetoresistive effect type element assessment 
device in accordance With one embodiment of the present 
invention. The spin valve magnetoresistive effect type ele 
ment assessment device (hereinafter, referred to as the SV 
element assayer) of the present embodiment is a device for 
assaying the state in a pinned layer in a spin valve magne 
toresistive effect type element (hereinafter, referred to as the 
SV element) incorporated in a magnetic head for a ?xed type 
magnetic disk device, and as shoWn in the draWing, com 
prises a head testing device 11, an ampli?er 12, an oscillo 
scope 13, and a personal computer (PC) 14. 

[0036] The head testing device 11 is one type of magnetic 
disk device arranged in such a manner that a magnetic head 
21 (hereinafter, referred to as the SV head) provided With the 
SV element can be readily attached or replaced. The head 
testing device 11 is provided With a magnetic disk 22, in 
Which information of a predetermined pattern is stored in 
more than one track. The ampli?er 12 is a device that further 
ampli?es an output from a reproducing ampli?er (not 
shoWn), provided inside the head testing device 11, for 
outputting a voltage corresponding to a resistance of the SV 
element. An output from the ampli?er 12 is inputted to the 
oscilloscope 13 also serving as a so-called transient memory 
under the control of the PC 14. 

[0037] The PC 14 stores a program for controlling the 
head testing device 11 and oscilloscope 13 systematically, 
and the SV element assessment device measures a track 
pro?le, namely, the data enabling assaying of the magneti 
Zation state in the SV element inside the SV head 21. 

[0038] The folloWing description Will describe more con 
cretely an arrangement and an operation of the present SV 
element assayer. The magnetic disk 22 inside the head 
testing device 11 is a disk provided With tWo types of tracks: 
a plurality of tracks each having a different Width at Which 
magnetic information enabling observation of a dibit repro 
ducing Waveform is Written; and tracks each having a 
different Width at Which magnetic information enabling 
observation of a solitary reproducing Waveform is Written. 
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[0039] In addition, measuring condition information, com 
posed of measuring start position information rs, measuring 
end position information rE, and measuring interval infor 
mation or for each track, is set (stored) in the PC 14. 
Although more speci?c use of each kind of information 
forming the measuring condition information Will be 
described beloW, as to rS and rE, values are set such that a 
deviation betWeen each of rS and rE and a distance rc from 
the center of the magnetic disk 22 of the center line on the 
corresponding track, “rS-rc” and “rc-rE”, is approximately 
as large as the core Width of the SV element inside the SV 
head 21. Also, a value ranging from one-tenths to one 
hundredths of “rS-rE” is set to or. 

[0040] When the SV head 21 (SV element) is assayed by 
the present assayer, the operator incorporates the SV head 21 
subject to assaying in the head testing device 11, and inputs 
to the PC 14 a measuring start command including infor 
mation specifying a track that should be used. 

[0041] Upon receipt of the input of the start command, the 
PC 14 reads out the measuring condition information for the 
speci?ed track. Then, the PC 14 starts to rotate the magnetic 
disk 22 by controlling the head testing device 11, While at the 
same time sWinging the SV head 21 so that its center is 
placed over the circumference at a distance rS from the 
center of the magnetic disk 22. 

[0042] Subsequently, the PC 14 makes the oscillator 13 
measure a peak-to-peak amplitude of a reproducing output 
from the SV head 21 in the current state. Then, the PC 14 
takes in the measured value and stores the same in a 
one-to-one correspondence With a measuring position, after 
Which the PC 14 sWings the SV head 21 toWard the inner 
radius by or, and obtains the peak-to-peak amplitude of the 
reproducing output from the sWung SV head 21 by means of 
the oscilloscope 13. 

[0043] The PC 14 repeats the foregoing control until the 
center of the SV head 21 is placed over a position at a 
distance rE from the center of the magnetic disk 22. Upon 
completion of the measurement at the distance rE, the PC 14 
displays on its oWn display screen a track pro?le, namely, a 
graph shoWing measuring position dependency of the peak 
to-peak amplitude, based on a set of the peak-to-peak 
amplitudes stored therein in correspondence With their 
respective measuring positions. 

[0044] Subsequently, the PC 14 sWings the SV head 21 to 
a measuring position corresponding to each peak position in 
the track pro?le, and makes the oscilloscope 13 measure 
time variation (reproducing Waveform) of a reproducing 
output from the SV head 21 in the current state. 

[0045] Then, When the oscilloscope 13 completes the 
measurement of the reproducing Waveform, the PC 14 takes 
in the measuring result and stores the same therein. Subse 
quently, the PC 14 controls the head testing device 11 to end 
the measurement, and upon input of a predetermined com 
mand from the operator, displays the reproducing Waveform 
measured by the oscilloscope 13 on its oWn display screen. 

[0046] The folloWing description Will describe more con 
cretely an operation of the SV element assessment device 
(operation of the PC 14) by Way of an example case Where 
assaying is made by using a track, in Which magnetic 
information enabling observation of a dibit reproducing 
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Waveform and Which has a Width narrower than the Width of 
the SV element (Width of the free layer) subject to assaying. 

[0047] In this case, When the magnetization in the pinned 
layer in the SV element has not been inverted, a track pro?le 
31 having a single peak as shoWn in FIG. 2 is displayed on 
the display screen of the PC 14. Also, the PC 14 measures 
a reproducing Waveform 41 With its measuring position 
indicated by an arroW, and displays the same When directed 
so. 

[0048] In contrast, When the pinned layer has an inverted 
magnetiZation area as Wide as approximately one-third of 
the entire Width (length in the core aXis direction) at the 
center, the PC 14 displays a track pro?le 32 having three 
peaks as shoWn in FIG. 3. 

[0049] In addition, as a reproducing Waveform at each 
peak position, (1) When the Width of the track used in 
assaying is more than tWo times as long as the magnetiZation 
inverted area at the center of the pinned layer, reproducing 
Waveforms in the shapes as denoted by 42, 43-(1), and 44 are 
measured, and (2) When the Width of the track used in 
assaying is less than tWo times as long as the magnetiZation 
inverted area at the center of the pinned layer, reproducing 
Waveforms in the shapes as denoted by 42, 43-(2), and 44 are 
measured. 

[0050] When the magnetiZation has been inverted entirely 
in the pinned layer, a track pro?le 34 having a single peak 
as shoWn in FIG. 5 is obtained, and a reproducing Waveform 
having the identical shape With a reproducing Waveform 48 
is observed at each measuring position. 

[0051] In addition, When effecting the measurement by 
using the track, in Which magnetiZation information 
enabling observation of a solitary reproducing Waveform is 
recorded, as shoWn in FIG. 6, track pro?les of the identical 
shapes as those obtained When using the track for observing 
the dibit reproducing Waveform are obtained for each mag 
netiZation state in the pinned layer. 

[0052] When the present assessment device is actually 
used, the magnetiZation state in the pinned layer is assayed 
from the track pro?le thus obtained, and the PC 14 stores, as 
assaying data, simulation results of the SV element assess 
ment device for a presumed magnetiZation state in the 
pinned layer in the SV element inside the SV head 21. 

[0053] More speci?cally, the PC 14 stores, on the assump 
tion that the magnetiZation state in the pinned layer is the 
one schematically shoWn in FIG. 7, a simulation result 
(FIG. 8) in a case Where the SV head having the read head 
core Width of 1.2 pm is used for a track having a Width of 
0.4 pm, and a simulation result (FIG. 9) in a case Where the 
same SV head is used for a track having a Width of 1.5 pm, 
etc. By comparing the actually measured track pro?le With 
the simulation results, and by further carrying out a simu 
lation When necessary, the user of the present assessment 
device speci?es the magnetiZation state in the pinned layer 
(Width and position of inverted magnetiZation). 

[0054] As has been discussed, according to the spin valve 
magnetoresistive effect type element assessment method of 
the present invention, it is possible to assessment existence 
of an area in the pinned layer in the SV element Where the 
magnetiZation has been inverted. 
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[0055] Also, by using the spin valve magnetoresistive 
effect type element assessment device of the present inven 
tion, it becomes possible to judge, before the magnetic head 
provided With the SV element is incorporated in the mag 
netic disk device, Whether the magnetic head is normal or 
not, or the magnetic head has normal characteristics due to 
heat treatment in the magnetic ?eld, etc. In addition, it 
becomes possible to effectively develop and conduct a study 
on a magnetic head that does not readily cause the magne 
tiZation inversion in the pinned layer in the SV element and 
a magnetic disk device. 

INDUSTRIAL APPLICABILITY 

[0056] The spin valve magnetoresistive effect type ele 
ment assessment method and spin valve magnetoresistive 
effect type element assessment device of the present inven 
tion are useful in assaying the magnetiZation state in the 
pinned layer in the spin valve magnetoresistive effect type 
element, and in particular, in assaying the existence of an 
area in the pinned layer in the spin valve magnetoresistive 
effect type element Where the magnetiZation has been 
inversed. 

1. A spin valve magnetoresistive effect type element 
assessment method comprising the steps of: 

measuring a resistance value of a spin valve magnetore 
sistive effect type element is While a relative location 
correlation betWeen said spin valve magnetoresistive 
effect type element and a magnetic ?eld having a 
predetermined intensity distribution is adjusted; and 

assaying a magnetiZation state in a pinned layer in said 
spin valve magnetoresistive effect type element is 
based on a correlation betWeen said relative location 
correlation and resistance value obtained in the mea 
surement. 

2. A spin valve magnetoresistive effect type element 
assessment device for assaying a magnetiZation state in a 
pinned layer in a spin valve magnetoresistive effect type 
element incorporated in a magnetic head, said device com 
prising: 

a magnetic disk having an assaying track, in Which 
predetermined magnetic information is recorded; 

an actuator Which maintains said magnetic head over said 
magnetic disk, said actuator also changes a distance 
betWeen said magnetic head and a rotation center of 
said magnetic disk; and 

a position dependency data measuring and outputting unit 
Which outputs position dependency data representing 
position dependency of a resistance value of said spin 
valve magnetoresistive effect type element by measur 
ing the resistance value of said spin valve magnetore 
sistive effect type element While changing a position of 
said magnetic head in relation to said assaying track 
under control of said actuator. 

3. The spin valve magnetoresistive effect type element 
assessment device according to claim 2, Wherein said assay 
ing track in said magnetic disk is a track having a Width 
narroWer than a core Width of said spin valve magnetore 
sistive effect type element. 

4. The spin valve magnetoresistive effect type element 
assessment device according to claim 2, further comprising: 
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a time variation data measuring and outputting unit Which netoresistive effect type element, and outputs time 
measures the resistance value of said spin valve mag- variation data representing time variation associated 
netoresistive effect type element, and outputs time with measuring, 
variation data representing time variation associated 6_ The Spin Valve magnetoresistive effect type element 
Wlth méasunng _ _ assessment device according to claim 4, Wherein said assay 

5' The 5pm Yalve magnetoreslénve effect type elénlent ing track is a track, in Which magnetic information that 
assessment devlce accordmg to Chum 3’ further Compnsmg' makes a dibit reproducing Waveform obtainable is recorded. 

a time variation data measuring and outputting unit Which 
measures the resistance value of said spin valve mag- * * * * * 


