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(57) ABSTRACT 

There is disclosed a magnetic ?eld characteristics evaluation 
apparatus for turning off a switching signal, measuring the 
surface of a magnetic ?eld generating member in a magne 
tized state by AFM, and storing AFM signal together With a 
position signal corresponding to a scanning position in a 
memory to display a surface con?guration based on the 
AF M signal. Subsequently, the switching signal is turned on, 
the magnetic head is set to a magnetized state, the AFM 
signal is referred to, the magnetic head surface is measured 
by MFM, and MFM signal together With the position signal 
corresponding to the scanning position are stored in the 
memory to display a surface magnetic ?eld distribution 
based on the MFM signal. Therefore, it is possible to 
accurately specify, from the surface, a position in Which the 
magnetic ?eld is generated. 
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MAGNETIC FIELD CHARACTERISTICS 
EVALUATION APPARATUS AND MAGNETIC 
FIELD CHARACTERISTICS MEASURING 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2000-087655, ?led Mar. 27, 2000; and No. 2000 
087656, ?led Mar. 27, 2000, the entire contents of both of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a magnetic ?eld 
characteristics evaluation apparatus for evaluating a device 
for generating a magnetic ?eld, and a measuring method for 
evaluating the device for generating the magnetic ?eld. 
More particularly, it relates to a magnetic ?eld characteristic 
evaluation apparatus for specifying a portion for generating 
a magnetic ?eld of a magnetic head as the device for 
generating the magnetic ?eld, and a measuring method for 
specifying the portion for generating the magnetic ?eld. 

[0003] As a Well-knoWn device for generating a magnetic 
?eld, a magnetic head is exempli?ed. The magnetic head is 
used, for eXample, in a hard disk drive to magnetically Write 
data into a magnetic disk Which rotates as a magnetic 
recording medium, and to magnetically read data from the 
magnetic disk. The magnetic head is provided, in its struc 
ture, With a magnetic gap as magnetic ?uX generating 
portion for generating a reproducing or recording magnetic 
?uX. The magnetic head is usually designed or manufactured 
in such a manner that the magnetic ?uX is generated only 
from the magnetic gap. In some cases, oWing to a de?ciency 
in a manufacturing process or a design problem, there is a 
possibility that a leak magnetic ?uX is generated from an 
undesired place other than the magnetic gap. With the 
miniaturiZation of the magnetic head, the hard disk drive is 
structured such that the magnetic head is ?oatingly disposed 
above the magnetic disk rotating in a further micro gap. In 
this hard disk drive, there is a problem that not only the 
normal magnetic ?uX from the magnetic gap but also the 
leak magnetic ?uX from the undesired place Writes data into 
the magnetic disk, or deletes or reWrites original data. This 
problem is found out after the magnetic head is incorporated 
into the hard disk drive, and at this point of time it is 
evaluated that the magnetic head is a defective product. 

[0004] With regard to conventional evaluation of the mag 
netic head, the magnetic head is incorporated into the hard 
disk drive, and steps for Writing and reproducing the data are 
then implemented. At this time, it is judged or evaluated 
Whether or not the magnetic head is defective. Instead of 
such a judging or evaluating method, there has been a 
demand for an apparatus and a method in Which even in the 
case of a miniaturiZed magnetic head, magnetic recording 
head characteristics can be evaluated by its surface analysis 
With a high sensitivity and a high resolution. 

BRIEF SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide a 
magnetic ?eld characteristics evaluation apparatus and a 
magnetic ?eld characteristics measuring method that can 

Oct. 18, 2001 

accurately measure a surface con?guration (in a Word, 
topography) of a device for generating a magnetic ?eld, and 
eXactly specify a magnetic ?eld generating portion of the 
magnetic ?eld generating device. 

[0006] According to the present invention, there is pro 
vided a magnetic ?eld characteristics evaluation apparatus 
having the folloWing characteristic constitution. 

[0007] The constitution comprises: a setting device con 
?gured to selectively set a magnetic ?eld generating member 
in one of a magnetiZed state in Which a magnetic ?uX is 
generated and a non-magnetiZed state in Which no magnetic 
?uX is generated; 

[0008] a probe, at least partially formed of magnetic 
material, con?gured to sense the magnetic ?eld generating 
member during vibration of the probe; 

[0009] a displacement detector con?gured to scan the 
magnetic ?eld generating member With the probe vibrated 
and detect a ?rst displacement of the probe in the non 
magnetiZed state and a second displacement of the probe in 
the magnetiZed state; 

[0010] a surface pro?le measuring circuit con?gured to 
measure a surface pro?le of the magnetic ?eld generating 
member in the non-magnetiZed state based on the detected 
?rst displacement; and 

[0011] a magnetic distribution measuring circuit con?g 
ured to separate the probe from the magnetic ?eld generating 
member in the magnetized state by a constant distance based 
on the surface pro?le measured by the surface pro?le 
measuring circuit, and measure a magnetic distribution of 
the magnetic ?eld generating member based on the detected 
second displacement. 

[0012] Moreover, to achieve the objects, according to the 
present invention, there is provided a magnetic ?eld char 
acteristics evaluation apparatus having the folloWing char 
acteristic constitution. 

[0013] The constitution comprises: a setting device con 
?gured to selectively set a magnetic ?eld generating member 
in one of a magnetiZed state in Which a magnetic ?uX is 
generated and a non-magnetiZed state in Which no magnetic 
?uX is generated; 

[0014] a probe, at least partially formed of magnetic 
material, con?gured to sense the magnetic ?eld generating 
member during vibration of the probe; 

[0015] a displacement detector con?gured to scan the 
magnetic ?eld generating member With the probe vibrated 
and detect a ?rst displacement of the probe in the non 
magnetiZed state and a second displacement of the probe in 
the magnetiZed state; 

[0016] a surface pro?le measuring circuit con?gured to 
measure tWo surface pro?les of the magnetic ?eld generat 
ing member in corresponding to the non-magnetiZed state 
and the magnetiZed state based on the detected ?rst dis 
placement and second displacement respectively; and 

[0017] calculating circuit con?gured to calculate a differ 
ence betWeen the surface pro?le based on the detected ?rst 
displacement and the surface pro?le based on the detected 
second displacement. 
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[0018] Furthermore, to achieve the aforementioned 
objects, according to the present invention, there is provided 
a magnetic ?eld characteristics measuring method having 
the following characteristic constitution. 

[0019] The magnetic ?eld characteristics measuring 
method comprises: setting a non-magnetiZed state in Which 
no magnetic ?uX is generated from a magnetic ?eld gener 
ating member; 
[0020] scanning the magnetic ?eld generating member 
With a probe, at least partially formed of magnetic material, 
that senses the magnetic ?eld generating member during 
vibration of the probe; 

[0021] detecting a ?rst displacement of the probe; 

[0022] measuring a surface pro?le of the magnetic ?eld 
generating member in the non-magnetiZed state based on the 
detected ?rst displacement; 

[0023] setting a magnetiZed state in Which the magnetic 
?uX is generated from the magnetic ?eld generating mem 
ber; 
[0024] separating the probe from the magnetic ?eld gen 
erating member in the magnetiZed state by a constant 
distance based on the surface pro?le; 

[0025] scanning the magnetic ?eld generating member 
With the probe vibrated; 

[0026] detecting a second displacement of the probe; and 

[0027] measuring a magnetic distribution of the magnetic 
?eld generating member based on the detected second 
displacement. 

[0028] Moreover, to achieve the objects, according to the 
present invention, there is provided a magnetic ?eld char 
acteristics measuring method having the folloWing charac 
teristic constitution. 

[0029] The magnetic ?eld characteristics measuring 
method comprises: setting a non-magnetiZed state in Which 
no magnetic ?uX is generated from a magnetic ?eld gener 
ating member; 
[0030] scanning the magnetic ?eld generating member 
With a probe, at least partially formed of magnetic material, 
that senses the magnetic ?eld generating member during 
vibration of the probe; 

[0031] detecting a ?rst displacement of the probe; 

[0032] measuring a ?rst surface pro?le of the magnetic 
?eld generating member in the non-magnetiZed state based 
on the detected ?rst displacement; 

[0033] setting a magnetiZed state in Which the magnetic 
?uX is generated from the magnetic ?eld generating mem 
ber; 
[0034] scanning the magnetic ?eld generating member 
With the probe vibrated; 

[0035] detecting a second displacement of the probe; and 

[0036] measuring a second surface pro?le of the magnetic 
?eld generating member in the magnetiZed state based on 
the detected second displacement; and 

[0037] calculating a difference betWeen the ?rst surface 
pro?le and the second surface pro?le. 
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[0038] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0039] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to eXplain the principles of the invention. 

[0040] FIG. 1 shoWs respective Waveform diagrams of a 
surface con?guration With irregularities having a portion 
Whose magnetic ?eld is strong in a speci?c position, an 
atomic force microscope (hereinafter abbreviated as AFM) 
signal indicating an output surface con?guration as a result 
of measurement of the surface con?guration With a conven 
tional magnetic ?eld characteristics evaluation apparatus, 
and a magnetic force microscope (hereinafter abbreviated as 
MFM) signal indicating a surface magnetic ?eld distribution 
based on the AFM signal; 

[0041] FIG. 2 is a functional block diagram of a magnetic 
?eld characteristics evaluation apparatus including a mag 
netic head as a magnetic ?eld generating member according 
to a ?rst embodiment of the present invention; 

[0042] FIG. 3 is a detailed functional block diagram of 
FIG. 2; 

[0043] FIG. 4 is a functional block diagram in a current 
application system shoWn in FIG. 2 or 3; 

[0044] FIG. 5 is a How chart shoWing ?oW that a sWitch 
is turned on or off to generate a magnetic ?eld over the 
magnetic head according to the ?rst embodiment of the 
present invention; 

[0045] FIG. 6 is a How chart shoWing ?oW that the AMF 
data and the MFM data about the magnetic head shoWn in 
FIG. 2 are acquired according to the ?rst, a second or a third 
embodiment of the present invention; 

[0046] FIG. 7 is a functional block diagram in a current 
application system in the second embodiment of the present 
invention; 

[0047] FIG. 8 is a How chart shoWing ?oW that a magnetic 
?eld over the magnetic head shoWn in FIG. 7 is generated 
based on comparison betWeen a current value setting signal 
and a presetting signal in controller of the second embodi 
ment of the present invention; 

[0048] FIG. 9 is a functional block diagram in the current 
application system in the third embodiment of the present 
invention; 

[0049] FIG. 10 is a How chart shoWing ?oW that every 
sWitch terminal is turned on or off to generate a desired 
magnetic ?eld over the magnetic head shoWn in FIG. 9 
according to the third embodiment of the present invention; 
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[0050] FIG. 11 shows respective Waveform diagrams of 
the surface con?guration With irregularities having the por 
tion Whose magnetic ?eld is intense in a speci?c position, 
and the AFM signal indicating the output surface con?gu 
ration as a result of measurement of the surface con?gura 
tion With the conventional magnetic ?eld characteristics 
evaluation apparatus; 

[0051] FIG. 12 is a functional block diagram of the 
magnetic ?eld characteristics evaluation apparatus including 
the magnetic head as the magnetic ?eld generating member 
according to a fourth embodiment of the present invention; 

[0052] FIG. 13 is a How chart shoWing ?oW that a 
magnetic ?eld over the magnetic head shoWn in FIG. 12 is 
acquired based on ?rst AME data and second AFM data 
according to the fourth or a ?fth embodiment of the present 

invention; 
[0053] FIG. 14 is a diagram shoWing a place in Which a 
leak magnetic ?eld is generated from the magnetic head 
shoWn in FIG. 12; 

[0054] FIG. 15A is a diagram shoWing a recording 
medium magnetic ?eld distribution recorded using the mag 
netic head shoWn in FIG. 15B, and FIG. 15B is a diagram 
shoWing the place in Which the leak magnetic ?eld is 
generated over the magnetic head shoWn in FIG. 12; and 

[0055] FIG. 16 is a functional block diagram of the 
magnetic ?eld characteristics evaluation apparatus including 
the magnetic head as the magnetic ?eld generating member 
according to the ?fth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] An embodiment of a magnetic ?eld characteristics 
evaluation apparatus and a magnetic ?eld characteristics 
measuring method of the present invention Will be described 
hereinafter With reference to the accompanying draWings. 

[0057] Prior to description of the embodiment of the 
magnetic ?eld characteristics evaluation apparatus accord 
ing to the embodiment of the present invention, a principle 
of the apparatus Will be described. 

[0058] In the present embodiment, the surface of a mag 
netic ?eld generating member With a magnetic ?eld gener 
ated therein, such as a magnetic head, is scanned by an AF M 
to measure a surface con?guration of the magnetic ?eld 
generating member. Moreover, the surface of the magnetic 
?eld generating member With the magnetic ?eld generated 
therein, such as the magnetic head, is scanned by an MFM 
to specify a portion that has intense magnetic ?eld such as 
magnetic ?eld leakage. Here, the AFM is an apparatus for 
using a probe to scan the surface of the magnetic ?eld 
generating member and measure the surface con?guration of 
the magnetic ?eld generating member. In the measurement 
by the AFM, since the probe scans the surface con?guration 
along irregularities, the AFM signal indicating the surface 
con?guration of the magnetic ?eld generating member can 
be obtained. The MFM is an apparatus for scanning the 
surface of the magnetic ?eld generating member With the 
probe formed of magnetic material to measure a magnetic 
?eld distribution of the magnetic ?eld generating member. 
In the measurement by the MEM, mainly used is a method 
of scanning the surface con?guration in a position apart 
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from the surface con?guration at a constant distance 
betWeen the probe and the surface, and obtaining an MFM 
signal indicating a magnetic ?eld intensity of the position 
based on the surface con?guration obtained by the measure 
ment using the AFM. 

[0059] In order to obtain the AFM and MFM signals by 
one probe, it is necessary to use a probe that contains the 
magnetic material. 

[0060] As shoWn in FIG. 1, in case the probe is formed of 
the magnetic material, the probe scans the position of the 
magnetic ?eld generating member Where the magnetic ?eld 
eXists. Then, even When a neighborhood of the position With 
the magnetic ?eld present therein is ?at, the AF M reacts With 
the magnetic ?eld, the AFM signal has a peak in the 
neighborhood of the position Where the magnetic ?eld 
eXists. Therefore, the surface con?guration of the magnetic 
head cannot accurately be measured. In case the surface 
con?guration cannot accurately be measured in this manner, 
the MFM cannot operate While keeping the constant distance 
from the magnetic head surface, and the MFM signal cannot 
re?ect an accurate magnetic ?eld distribution. 

[0061] In the embodiment of the present invention, in case 
a current ?oWing through the magnetic head is turned on or 
off to generate or eliminate the magnetic ?eld over the 
magnetic head, the surface con?guration and accurate mag 
netic ?eld distribution of the magnetic head can be mea 
sured. That is to say, ?rst While no current is applied to the 
magnetic head and the magnetic ?eld of the magnetic head 
disappears, the probe is alloWed to scan the magnetic ?eld 
generating member and an almost real AFM signal that 
indicates the surface con?guration of the magnetic head is 
measured. The AFM signal measured While the magnetic 
head is in the non-magnetiZed state is stored in a memory. 
Since the AFM signal measured in the non-magnetiZed state 
of the magnetic head undergoes no in?uence of the magnetic 
?eld, the surface con?guration of the magnetic head can 
accurately be measured. Subsequently, in the case of apply 
ing a current to the magnetic head to generate the magnetic 
?eld in the magnetic head, the probe is alloWed to scan the 
magnetic ?eld generating member and the MFM signal is 
measured. In case the MFM signal is measured, the mag 
netic ?eld generating member is scanned by the probe While 
the accurate surface con?guration of the magnetic head 
obtained by the AFM signal measured in the non-magne 
tiZed state of the magnetic head is referred to from the 
memory. As a result, since the probe can be operated at the 
constant distance from the magnetic head surface in the 
measurement by the MEM, it is possible to measure the 
accurate magnetic ?eld distribution of the magnetic head. 

[0062] A concrete eXample of the magnetic ?eld charac 
teristics evaluation apparatus and magnetic ?eld character 
istics measuring method according to the ?rst embodiment 
of the present invention Will be described With reference to 
FIGS. 2 to 5. FIG. 2 is a block diagram of the characteristics 
evaluation apparatus including a magnetic head 1 as a 
magnetic ?eld generating member. 

[0063] The magnetic ?eld characteristics evaluation appa 
ratus shoWn in FIG. 2 is provided With a probe 3 for 
scanning the surface of the magnetic head 1, the surface of 
the probe 3 being coated With magnetic material or including 
magnetic material, and a cantilever 4 on one end of Which 
the probe 3 is supported. In order to vibrate the cantilever 4, 
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a vibrating element (not shown) of a force measuring device 
13 is disposed on the other end of a cantilever 4. The 
magnetic head 1 is connected to a current application system 
2 for supplying a magnetiZing current of a direct current 
(hereinafter referred to as DC) or an alternating current 
(hereinafter referred to as AC) to the magnetic head 1. A 
signal generator 6 for outputting an external signal 7 that sets 
the magnetiZing current is connected to a signal processor 
11. Moreover, the signal processor 11 outputs a current 
setting signal for setting the magnetiZing current to the 
signal generator 6, and outputs a sWitching signal 12 for 
turning on or off the magnetiZing current or a current value 
setting signal 12 for setting a magnetiZing current value to 
the current application system 2. The magnetic ?eld char 
acteristics evaluation apparatus shoWn in FIG. 2 is further 
provided With a displacement detector 8 for detecting a 
displacement of the probe 3, that is, the displacement of a tip 
end of the cantilever 4. An amplitude signal from this 
displacement detector 8 is processed by the force measuring 
device 13, and supplied, to the signal processor 11, as the 
AFM signal indicating the surface con?guration of the 
magnetic head and the MFM signal indicating the magnetic 
?eld distribution of the magnetic head 1. 

[0064] The current application system 2 is a circuit for 
applying, to the magnetic head 1, the current adjusted to 
indicate a predetermined value to generate the magnetic ?eld 
from the magnetic head 1. Here, the current passed through 
the magnetic head 1 may be a DC, an AC, or an AC and DC. 
The probe 3 is coated and magnetiZed With the magnetic 
material. This probe 3 measures the surface con?guration 
and surface magnetic ?eld of the magnetic head 1 as the 
magnetic ?eld generating member. Additionally, the probe 3 
is not limited to the probe coated With the magnetic material 
or including the magnetic material, and the probe itself may 
be formed of the magnetic material or including the mag 
netic material, or a part of the probe may be formed of the 
magnetic material. The cantilever 4 is connected to the probe 
3 on one end thereof, and has a mechanical resonance 

frequency our. 

[0065] The signal generator 6 inputs, to the current appli 
cation system 2, the external signal for controlling the 
amplitude, phase, and frequency of the magnetiZing current 
output from the current application system 2. 

[0066] The displacement detector 8 is disposed in the 
vicinity of the cantilever 4 to detect a displacement of the 
cantilever 4, and outputs the displacement as an amplitude 
signal indicating the amplitude. The displacement detector 8 
is usually provided With a laser light source and a divided 
photodiode, and inputs a re?ected light of laser light to the 
divided photodiode for detecting the displacement. Alterna 
tively, the displacement detector 8 may be provided With the 
laser light source and an optical ?ber, and detect the dis 
placement by interference of the laser light. 

[0067] The force measuring device 13 converts the ampli 
tude signal from the displacement detector 8 into an MFM 
signal 9 (signal having information on the magnetic ?eld 
distribution in the vicinity of the magnetic head 1) and an 
AFM signal 10 (signal having information on the surface 
con?guration of the magnetic head 1), and outputs the MFM 
signal 9 and the AFM signal 10. The MFM signal 9 is 
measured by detecting the phase from the amplitude signal. 
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Moreover, the force measuring device 13 vibrates the can 
tilever 4 at a desired frequency to three-dimensionally move 
the cantilever 4. 

[0068] The signal processor 11 detects the value of the 
current ?oWing through the magnetic head 1 from the 
current application system 2, and outputs, to the current 
application system 2, the current value setting signal 12 for 
adjusting a magnitude of the magnetiZing current value 
passed through the magnetic head 1 or the sWitching signal 
12 for ?oWing or not the magnetiZing current through the 
magnetic head 1. Thereby, the magnetiZing current is con 
trolled. Moreover, the signal processor 11 outputs the current 
value setting signal to the signal generator 6, so that in case 
the external signal for setting the amplitude, phase, and 
frequency of the magnetiZing current is input to the current 
application system 2 through the signal generator 6, the 
desired magnetiZing current ?oWs through the magnetic 
head 1. Furthermore, the signals (MFM signal 9 and AFM 
signal 10) indicating the surface magnetic ?eld and surface 
con?guration of the magnetic head 1 as the magnetic ?eld 
generating member are input via the force measuring device 
13 to the signal processor 11. Additionally, the signal pro 
cessor 11 has a function of: storing the current value signal 
indicating the current value (amplitude, phase, and fre 
quency of the current) ?oWing through the magnetic head 1, 
and the AFM and MFM signals indicating the surface 
con?guration and surface magnetic ?eld of the magnetic 
head 1 as the magnetic ?eld generating member; processing 
these signals; generating an image signal; and displaying an 
image of the magnetic head 1. 

[0069] Moreover, as shoWn in FIG. 3, the force measuring 
device 13 shoWn in FIG. 2 is a vibrating pieZoelectric 
element 105 Which is disposed on the other end of the 
cantilever 4 to support the cantilever 4. A frequency setting 
signal for vibrating the vibrating pieZoelectric element 105 
is applied to the vibrating pieZoelectric element 105 from the 
signal processor 11. The vibrating pieZoelectric element 105 
is supported by a scanning pieZoelectric element 107. In case 
a scanning signal is input to the scanning pieZoelectric 
element 107 from the signal processor 11, the scanning 
pieZoelectric element 107 is distorted in a three-dimensional 
direction (x, y and Z directions). As a result, the cantilever 
4 supported by the scanning pieZoelectric element 107 is 
displaced in the three-dimensional direction, so that the 
probe 3 can scan the surface of the magnetic head 1. 
Moreover, the amplitude signal from the displacement 
detector 8 is supplied to an amplitude-to-direct current 
voltage converter 111. In the amplitude-to-direct current 
voltage converter 111, the amplitude signal is converted to 
a direct-current voltage signal, and the direct-current voltage 
signal is supplied to a feedback circuit 112, and a feedback 
signal in the feedback circuit 112 is generated based on the 
amplitude signal converted to the direct-current voltage 
signal. The feedback signal is supplied to the scanning 
pieZoelectric element 107, and supplied as the AFM signal 
to the signal processor 11. Moreover, the amplitude signal 
from the displacement detector 8 is output to a phase 
detector 109. In the phase detector 109, the amplitude signal 
is converted to the MFM signal, and supplied to the signal 
processor 11. Additionally, the scanning pieZoelectric ele 
ment 107 supports the vibrating pieZoelectric element 105, 
but as other case the scanning pieZoelectric element 107 may 
be disposed in a position for supporting the magnetic head 
1. That is to say, the scanning pieZoelectric element 107 may 
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be disposed so that a relative position of the magnetic head 
1 and probe 3 can be adjusted. 

[0070] The vibrating piezoelectric element 105 is attached 
to an end portion being different from the tip end of the 
cantilever 4 to Which the probe 3 is attached. The vibrating 
pieZoelectric element 105 vibrates the cantilever 4 at the 
desired frequency. 

[0071] The scanning pieZoelectric element 107 is disposed 
on the vibrating pieZoelectric element 105 to three-dimen 
sionally move the cantilever 4 and adjust the relative posi 
tion of the magnetic head 1 and probe 3 to a desired position. 
That is to say, the cantilever 4 is moved by a predetermined 
amount on a plane parallel to the surface of the magnetic 
head 1 facing the probe 3, and a plane parallel to a plane 
vertical to the surface of the magnetic head 1 to adjust the 
relative position of the magnetic head 1 and the probe 3. 

[0072] The amplitude-to-direct current voltage converter 
111 is a circuit for converting the amplitude signal supplied 
from the displacement detector 8 to the direct-current volt 
age signal. The direct-current voltage signal corresponding 
to the amplitude of the cantilever 4 is generated from the 
amplitude-to-direct current voltage converter 111. This 
direct-current voltage signal is input to the feedback circuit 
112. The feedback circuit 112 generates the feedback signal 
for suppressing an amplitude ?uctuation to set the amplitude 
to be constant. This feedback signal is supplied to the 
scanning pieZoelectric element 107, and further supplied as 
the AFM signal to the signal processor 11. 

[0073] The phase detector 109 detects the phase of the 
amplitude signal output from the displacement detector 8, 
and outputs, to the signal processor 11, the MFM signal 
indicating the magnetic ?eld distribution in the vicinity of 
the magnetic head 1 by the MFM. Additionally, in case the 
magnetic ?eld is generated by the AC, a synchronous Wave 
detector (not shoWn) is disposed in the vicinity of an output 
end of the phase detector 109. 

[0074] In the present embodiment, as shoWn in FIG. 4, the 
current application system 2 is provided With: a signal 
source 201 for generating a certain constant frequency signal 
to apply the current to the magnetic head 1; and a processing 
circuit 203 to Which the frequency signal, the external signal 
7, and a current value control signal for controlling a current 
value are input. The processing circuit 203 adds or modu 
lates (amplitude modulation, phase modulation, frequency 
modulation) these signals, and outputs such processed sig 
nals to a sWitch 204. A sWitching signal 121 for turning on 
or off the sWitch 204 is input to the sWitch 204 for control 
ling Whether or not the processed signal is output to an 
ampli?cation circuit 206. In the ampli?cation circuit 206, 
the processed signal is ampli?ed, and applied as the mag 
netiZing current to the magnetic head 1. The magnetiZing 
current is input to a current value detector 207 via the 
magnetic head 1. The current value detector 207 detects the 
current value of the magnetiZing current, outputs, to the 
processing circuit 203, the current value control signal for 
controlling the magnetiZing current value, and further out 
puts the current value signal indicating the current value to 
a current monitor 208. The current monitor 208 displays the 
magnetiZing current value. Moreover, the current monitor 
208 is a monitor that a user con?rms the value of the current 
?oWing through the magnetic head 1. Therefore, even When 
the current monitor 208 is not disposed, the current appli 
cation system 2 normally functions. 
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[0075] With reference to FIG. 5, How of the embodiment 
of the magnetic ?eld characteristics evaluation apparatus 
according to the embodiment of the present invention Will be 
described. The sWitching signal 121 is input to the sWitch 
204 (ST-A1). The sWitching signal 121 turns on or off the 
sWitch 204 (ST-A2). In case the sWitch 204 is turned on, a 
controlled signal that amplitude, phase, and frequency are 
controlled is ampli?ed to preset values, and then the con 
trolled signal is applied to the magnetic head 1 as a mag 
netiZing current (ST-A3). In this case, magnetic ?eld 
adjusted to a preset value is generated over the magnetic 
head 1 (ST-A4). On the other hand, in case the sWitch 204 
is turned off, the magnetiZing current is not applied to the 
magnetic head 1 (ST-A5). In this case, magnetic ?eld is not 
generated over the magnetic head 1 (ST-A6). 
[0076] For the current application system 2 shoWn in FIG. 
4, an inner constitution slightly differs betWeen a case a DC 
or a current With a loW frequency less than about 1 MHZ is 
passed through the magnetic head 1 (hereinafter referred to 
as loW-frequency case), and another case a current With a 
high frequency of about 1 MHZ or more is passed through 
the magnetic head (hereinafter referred to as high-frequency 
case). For the signal source 201, in the loW-frequency case 
a normal signal generator, synthesiZer or another loW 
frequency signal source is used, and in the high-frequency 
case a signal source of an RF (radio frequency) signal 
generator is mainly used. For the processing circuit 203, in 
the loW-frequency case a general-purpose operational ampli 
?er, miXer, or transistor is used, and in the high-frequency 
case, a high-frequency operational ampli?er or a miXer (e.g. 
composed of gallium arsenic) or the like is used. Similarly 
for the sWitch 204, in the loW-frequency case an analog 
sWitch IC (integrated circuit) or a transistor is used, or a 
mechanical sWitch is applied. In the high-frequency case, it 
is necessary to use a sWitch using for RF signal in Which a 
high-frequency device (eg composed of gallium arsenic) or 
the like is used. Similarly in the ampli?cation circuit 206, in 
the loW-frequency case, an operational ampli?er that can 
realiZe a high current output, or a booster circuit by the 
transistor may be realiZed. In the high-frequency case, the 
ampli?cation circuit 206 needs to use the high-frequency 
device (eg composed of gallium arsenic) or the like (opera 
tional ampli?er or transistor). The current value detector 207 
is, for eXample, a combination of a current-to-voltage con 
version circuit and an amplitude-to-direct current voltage 
converter in Which an FET (?eld-effect transistor) opera 
tional ampli?er or an PET is used. Especially in the high 
frequency case, a method of using an electromagnetic induc 
tion, a current probe using an electric-?eld optical effect, or 
the like is also used. In signal lines 209 used to apply the 
current, in case the high-frequency current is applied to the 
magnetic head 1, it is necessary to use a cable or a terminal 
satisfactory in voltage standing-Wave ratio characteristics. 
Moreover, incorporation of the voltage-to-current conver 
sion circuit in the ampli?cation circuit 206 makes the current 
value detector 207 or the current monitor 208 unnecessary. 

[0077] In the aforementioned magnetic ?eld characteris 
tics evaluation apparatus, the surface con?guration and 
magnetic ?eld distribution of the magnetic head 1 are 
measured as folloWs. With reference to FIG. 6, in measure 
ment by the AFM, ?rst the sWitching signal 121 for setting 
the sWitch 204 to an off state to prevent the magnetic ?eld 
from being generated from the magnetic head 1 is input to 
the sWitch 204 from the signal processor 11 (ST-B1). Sub 
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sequently, the probe 3 is brought close to the magnetic head 
1 to implement the measurement by the AFM. A method of 
this measurement is similar to a usual AFM measurement 
method, and surface irregularities of the magnetic head 1 are 
measured. That is to say, the probe 3 is brought close to the 
magnetic head 1, and the frequency setting signal is applied 
to the vibrating pieZoelectric element 105 at a frequency 
substantially almost equal to a resonance frequency (l)I of the 
cantilever 4 to vibrate the probe 3 (ST-B2). Moreover, in 
response to the scanning signal from the signal processor 11, 
the scanning pieZoelectric element 107 is driven to linearly 
move the probe 3, and the surface of the magnetic head 1 is 
linearly scanned. After completing the scanning of a certain 
line, the neXt line is scanned, so that the surface of the 
magnetic head 1 is tWo-dimensionally scanned by the probe 
3 With vibration (ST-B3). The displacement of the scanning 
probe 3 is detected by the displacement detector 8, and the 
amplitude signal as a displacement detection signal is sup 
plied to the amplitude-to-direct current voltage converter 
111. The amplitude-to-direct current voltage converter 111 
generates the direct-current voltage signal corresponding to 
the amplitude, and supplies this signal to the feedback circuit 
112. The feedback circuit 112 generates the feedback signal 
to maintain the amplitude of the probe 3 to be constant, and 
the feedback signal is supplied to the scanning pieZoelectric 
element 107. Therefore, the surface of the magnetic head 1 
is alWays scanned While the amplitude of the probe 3 is 
maintained to be constant. In case there are irregularities on 
the surface of the magnetic head 1, the direct-current voltage 
signal from the amplitude-to-direct current voltage con 
verter 111 ?uctuates. The feedback signal from the feedback 
circuit 112 varies in accordance With a siZe of the surface 
irregularities. This feedback signal is supplied as the AFM 
signal to the signal processor 11, and stored in the memory 
(not shoWn) together With a position signal corresponding to 
a scanned position (ST-B4). In the signal processor 11, the 
image signal can be generated by the AFM signal and 
position signal to generate the image With a shape in the 
surface of the magnetic head 1. In case the AFM measure 
ment is eXecuted in such non-magnetiZed state, the AFM 
signal 10 undergoes no in?uence by the magnetic ?eld, and 
the surface con?guration of the magnetic head 1 can accu 
rately be measured. 

[0078] In the measurement by the MFM, the magnetic 
?eld distribution over the magnetic head 1 is measured 
based on the surface con?guration of the magnetic head 1 
obtained by implementing the measurement by the AFM as 
described above. That is to say, based on the magnetic head 
surface con?guration obtained by the AFM measurement, 
the probe 3 is detached from the magnetic head 1 by a 
predetermined constant distance (here, this distance depends 
on the apparatus), the distance is held, and the magnetic ?eld 
distribution over the magnetic head 1 is measured. First, the 
current is applied to the magnetic head 1 from the current 
application system 2 to generate the magnetic ?eld (ST-B5). 
The processing circuit 203 outputs the sWitching signal 121 
for turning on the sWitch 204 to the sWitch 204 in order that 
the processed signal from the processing circuit 203 can be 
output to the ampli?cation circuit 206. In case the sWitch 
204 is turned on, the processed signal ampli?ed by the 
ampli?cation circuit 206 is applied as the magnetiZing 
current to the magnetic head 1. The current value of the 
magnetiZing current is detected in the current value detector 
207, the current value control signal for controlling the 
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magnetiZing current value is output to the processing circuit 
203 and the current value signal indicating the current value 
is output to the current monitor 208. A predetermined 
magnetiZing current is applied to the magnetic head 1 in this 
manner. In this case, the magnetic ?eld having intensity in 
accordance With the value of the current ?oWing through the 
magnetic head 1 is generated over the magnetic head 1. 

[0079] Subsequently, the probe 3 is brought close to the 
magnetic head 1 to execute the measurement by the MFM. 
In this case, the signal is applied to the vibrating pieZoelec 
tric element 105 at the frequency substantially almost equal 
to the resonance frequency of the cantilever 4 by a circuit 
(not shoWn) for generating a frequency setting signal cor 
responding to a predetermined frequency, and the probe 3 is 
vibrated (ST-B6). Moreover, in response to the scanning 
signal from the signal processor 11, the scanning pieZoelec 
tric element 107 is driven, the probe 3 is linearly moved, and 
the surface of the magnetic head 1 is linearly scanned. After 
completing the scanning of the certain line, the neXt line is 
scanned, so that the surface of the magnetic head 1 is 
tWo-dimensionally scanned by the vibrating probe 3 (ST 
B7). The displacement of the scanning probe 3 is detected by 
the displacement detector 8, the amplitude signal as the 
displacement detection signal is supplied to the phase detec 
tor 109. The phase detector 109 generates the phase signal 
corresponding to the amplitude, and this signal is converted 
to the MFM signal and supplied to the signal processor 11. 
In case the magnetic ?eld eXists on the surface of the 
magnetic head 1 in a certain scanned position, the phase 
signal in the phase detector 109 ?uctuates, and the phase 
signal varies in accordance With a magnitude of the surface 
magnetic ?eld. That is to say, the phase signal ?uctuates in 
accordance With the magnitude of the magnetic ?eld in the 
surface of the magnetic head 1. The phase signal is supplied 
as the MFM signal to the signal processor 11, and stored in 
the memory (not shoWn) together With the position signal 
corresponding to the scanned position (ST-B8). In the signal 
processor 11, the image signal can be generated by the MFM 
signal and position signal to generate the image of the 
magnetic ?eld in the surface of the magnetic head 1. 

[0080] As described above, the measurement by the AFM 
can be implemented under the state in Which there is no 
magnetic ?eld over the magnetic head 1, and the surface 
con?guration of the magnetic head 1 can accurately be 
measured. Therefore, the distance to the probe 3 from the 
surface of the magnetic head 1 becomes constant, and the 
magnetic ?eld distribution can also accurately be measured 
by the MFM. 

[0081] Subsequently, after the measurement by the AFM 
in the non-magnetiZed state of the magnetic head 1, the 
surface of the magnetic head 1 is all scanned in a measuring 
process by the MFM in the magnetiZed state of the magnetic 
head 1 in a position in Which the con?guration of the 
magnetic head 1 is de?ned by the AFM measurement. 
Thereby, the accurate surface con?guration of the magnetic 
head 1 and the magnetic ?eld distribution in the vicinity of 
the magnetic head 1 can be measured. 

[0082] Moreover, the displacement detector 8 and force 
measuring device 13 can also neWly be developed to mea 
sure the magnetic head 1, but can be incorporated in a 
commercial or eXisting apparatus for use. 

[0083] Furthermore, the AFM measurement may be a 
measurement by a static AFM Which does not vibrate the 




















