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METHOD OF RECORDING/REPRODUCING AN 
INFORMATION SIGNAL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method of 
recording information signals in digital form on a memory 
medium at a relatively high density or reproducing (or 
detecting) information signals previously recorded in digital 
form on a memory medium at a relatively high density, and 
a head device and a memory medium used for the recording/ 
reproducing method. 

[0002] Various kinds of large-capacity memories are pres 
ently knoWn, for example, a semiconductor memory repre 
sented by a DRAM or Flash memory, a magnetic tape 
represented by a video recorder, and a disk memory repre 
sented by a compact disk or hard disk. These memories 
having problems, for example, in terms of high bit cost and 
loW access speed may be not suitably used for the future 
information inputting/outputting apparatuses such as a 
microprocessor or netWork requiring the more increased 
data transfer rate and data capacity. A related art hard disk, 
optical disk or magnetic tape is loWer tWo digits or more in 
cost per unit data (bit) than a semiconductor memory; 
hoWever, it is signi?cantly inferior in access time, data 
transfer time and volume of the disk to the semiconductor 
memory. 

[0003] At present, With the enhanced performances of 
computers and the increased communication speed of infor 
mation netWorks, the quantity of data to be processed has 
become larger and the processing rate of data to be pro 
cessed has become high. To meet such technical develop 
ment, it is desired to realiZe a read only memory and a 
Writable memory With the cost per bit kept substantially 
comparable to that of a magnetic disk or optical disk and 
With the access time, data transfer time and volume of the 
memory increased to the levels comparable to those of a 
semiconductor memory. 

[0004] The siZe of a semiconductor chip, for example, 
used in a DRAM has become larger With the progressing 
technical generation, and it is expected that the siZe of a 
semiconductor chip be more than about 3><3 cm at the 4 
Gbit-generation. In this case, the area including a package 
Will be about 12 cm2. To be used like such a DRAM, a 
memory to be developed is desired to have a siZe smaller 
than the above value and a loW bit cost. 

[0005] The memory capacity stored in the above-de 
scribed area (about 12 cm2) is preferably equivalent to a 
capacity, for example, Which is capable of storing dynamic 
images for about one hour, and more speci?cally, the 
memory capacity is required to have about 12 Gbits, that is, 
a memory density of at least 1 Gbit/cm2 in consideration of 
digital image signals With the compressed frequency band. 

[0006] As the memory capable of meeting the above 
described requirement, there have been extensively studied 
memories of a type using a so-called SPM (Scanning Probe 
Microscope) such as a STM (Scanning Tunneling Micro 
scope) or AFM (Atomic Force Microscope). 

[0007] Such a memory has been described in detail, for 
example, in “H. J. Mamin et al.: IBM J. Res. Develop. Vol. 
39, 681 (1995)”. This memory detects an information signal 
using a head device 100 shoWn in FIG. 10A. The head 
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device 100 has a beam cantilevered With its one end ?xed on 
a head substrate 102, Which is generally called a cantilever 
103, and a head element 101 as a signal detecting portion 
(hereinafter, referred to simply as “head element”) formed at 
the leading end of the cantilever 103. The head element 101 
is sharply pointed into the shape of a triangular or quadran 
gular prism by a semiconductor process. The leading end of 
the head element 101 sharply pointed up to the level of 
atomic siZe is moved close to the surface of a substance to 
be measured (data surface in the case of the memory), and 
an interatomic force acting betWeen the head element 101 
and the surface of the substance or a tunneling current 
?oWing therebetWeen is directly or indirectly measured, to 
thus obtain information therefrom. 

[0008] B. D. Terris et al. have reported in “Appl. Phys. 
Lett. 69(27), 4262(1996)” a method of preparing a data 
patten applicable to a disk-like medium by an electron beam 
plotting apparatus, transferring the patten on an ultraviolet 
cured resin layer formed on a glass disk by a so-called glass 
2P process to prepare a data disk, and reproducing data 
signals stored in the disk by an AFM. 

[0009] H. J. Mamin et al. have reported in “Sensors and 
Actuators A48, 215(1995)” a method of bringing a leading 
end of an AFM in contact With a high polymer substrate, 
heating the leading end of the AFM by laser to melt the 
surface of the high polymer substrate, thereby recording data 
on the surface of the high polymer substrate, and reproduc 
ing the data at a reproducing rate as high as 1 Mbit/sec by 
the AFM. 

[0010] The apparatus for recording/reproducing informa 
tion signals in each of these documents carries out record 
ing/reproducing With the disk medium rotated using one 
AFM head. 

[0011] H. Kado et al. have reported in “Appl. Phys. Lett. 
66(22), 2961(1995)” a method of forming a platinum thin 
?lm on a silicon substrate and also forming an amorphous 
GeSbZTe4 ?lm thereon, carrying out recording by applying a 
pulsive electric ?eld betWeen a sharpened conductive head 
element and the platinum thin ?lm, and carrying out repro 
ducing by detecting a difference in electric conductivity as 
a change in current. 

[0012] The above detection of data using the AFM, hoW 
ever, is not suitable for reproducing information signals at a 
high rate because the interatomic force is converted into a 
mechanical displacement of the cantilever 103 and the 
displacement is detected by a displacement meter using a 
pieZoelectric effect or laser. Also in the case Where infor 
mation signals are recorded or reproduced on or from a 
rotating disk-like recording medium, the above detection of 
data using the AF M is disadvantageous in that it takes a time 
to Wait rotation and the access speed becomes loW. 

[0013] To improve an effective data transfer rate, there has 
been knoWn a method of carrying out parallel processing 
using a plurality of head devices. For example, S. C. Minne 
et al. have reported in “Appl. Phys. Lett. 67(26), 
3918(1995)” an apparatus in Which tWo AFM head devices 
With leading ends of head elements separated 100 pm from 
each other are arranged in parallel Whereby images of a 
grating With a cycle of 5 pm are reproduced. In this parallel 
processing apparatus, ZnO having a pieZoelectric effect is 
used for part of each cantilever to individually displace the 
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tWo cantilevers in the depth direction, and the siZe of the 
cantilever becomes larger (length: 420 pm, Width: 85 pm) 
for suf?ciently ensuring the displacement, With a result that 
the mechanical resonance frequency becomes loW to reduce 
the data transfer rate. Accordingly, even in the case of using 
a plurality of the AFM head devices, the data transfer rate is 
not improved so much. 

[0014] The data reproducing apparatus (microscope) using 
a plurality of the head elements described in the above 
document does not report a method or mechanism of detect 
ing or correcting a positional relationship betWeen each head 
element and desired data in the direction parallel to the 
surface to be measured, causing a problem that the address 
management for data Which is important for the memory 
apparatus cannot be performed. Even if each distance and 
positional relationship betWeen tWo pieces of respective 
head elements has been clearly measured and also the 
positional relationship betWeen either one of the head ele 
ments and the address of the data surface has been measured, 
the relationship betWeen each head element and the data 
position cannot be kept resulting from a difference in ther 
mal expansion coef?cient betWeen the head array and the 
substrate of the recording medium, for eXample, caused by 
temperature change. 

[0015] In the memory apparatus using the SPM, since the 
leading end of the head element 101 of the head device 100 
is very sharpened as shoWn in FIG. 10B and only the leading 
end of the head element 101 is brought in contact With the 
data surface, if an impact force is applied to the memory 
apparatus during reproducing of data, the data surface in 
contact With the leading end of the head element 101 may be 
applied With a very high local pressure, Which causes a fear 
of breakage of data stored in the data surface. For eXample, 
S. C. Minne et al. have reported in “Sensors and Actuators 
A48, 215 (1955)” that a leading end of a head element is 
formed into a spherical shape having a curvature of 100 nm 
or less. A spring constant of the cantilever is in the order of 
1 N/m. NoW, it is assumed that a leading end of a head 
element applied With an impact force is displaced 10 nm on 
the data surface side and is brought in contact With the data 
surface; and the leading end of the head element is formed 
into a ?at circular shape having a radius of 10 nm. In this 
case, a pressure applied to the ?at circle portion is as very 
high as 3><107 N/m2, Which Will cause breakage data stored 
on the data surface of a medium, insofar as the medium is 
made from a usual material. Even if there does not occur 
breakage of data, since the leading end of the head element 
is Worn, there arises another problem that the shape of the 
leading end is changed and thereby the resolution in record 
ing or reproducing is reduced. 

[0016] In the above-described recording/reproducing 
method proposed by H. Kado, since a current value upon 
reproducing is 10 pA at a location Where information signals 
have been not recorded and is 1 nA at a location Where 
information signals have been recorded, a reproducing sig 
nal With a suf?cient S/N can be obtained When the data 
reproducing rate is loW because the frequency band of the 
reproducing signal is narroW; hoWever, a reproducing signal 
With a suf?cient S/N cannot be ensured at the above small 
signal current of about 1 nAWhen the data reproducing rate 
is high because the frequency band of the reproducing signal 
becomes Wide. 
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SUMMARY OF THE INVENTION 

[0017] An object of the present invention is to provide a 
method of recording/reproducing information signals 
on/from a ROM and a Writable memory medium at an access 
speed in the order of us, a recording density of 1 to 10 
GBS/cm2, and a data transfer rate in the order of Gbit/sec 
Without breakage of the data. 

[0018] To achieve the above object, according to the 
present invention, there is provided a method of recording/ 
reproducing an information signal, including the steps of: 
making a head device face to a memory medium having a 
?at recording surface, the head device including a plurality 
of head elements tWo-dimensionally arranged each of Which 
has at its leading end a ?at portion having an area of 0.1 pm2 
or less; moving the head device relative to the memory 
medium a distance more than a gap betWeen tWo adjacent 
ones of the head elements; and recording an information 
signal at a speci?c position of the recording surface at a 
recording density of 1 Gbit/cm2 or more, or reproducing an 
information signal previously recorded on the recording 
surface at a speci?c position by the head device. 

[0019] As described above, according to the method of 
and apparatus for recording/reproducing information signals 
in accordance With the present invention, there can be 
obtained a ROM system and a Writable memory system 
having an access speed in the order of us, a recording density 
of 1 to 10 GBs/cm2, and a data transfer rate in the order of 
Gbit/s. 

[0020] The information signal recording/reproducing 
apparatus of the present invention is inferior in processing 
rate and reliability to a semiconductor memory but is loWer 
tWo digits or more in bit cost than the semiconductor 
memory, and therefore, it can be applied to a variety of 
technical ?elds. That is to say, the recording/reproducing 
apparatus of the present invention may be used in applica 
tions including a CD, MD, electronic game machine, DVD 
and video camera, in place of an optical disk and a magnetic 
disk, particularly, it may be effectively used for a portable 
CD player called a Walkman, digital camera or may be used 
in place of a hard disk for a lap top type computer or the 
terminal of a portable computer. 

[0021] The method of and apparatus for recording/repro 
ducing information signals in accordance With the present 
invention are also very effectively used for applications 
Which require processing of a large amount of data, high 
speed retrieval, and high speed access, for eXample, for a 
recognition data base for video recognition and image 
recognition and a data bank for video demand distribution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a side vieW, With an essential portion 
enlarged, shoWing the shape of a leading end of a head 
element as a ?rst embodiment of the present invention; 

[0023] FIG. 2 is a side vieW, With an essential portion 
enlarged, shoWing the shape of a leading end of a head 
element as a second embodiment of the present invention; 

[0024] FIG. 3 is a side vieW, With an essential portion 
enlarged, shoWing the shape of a leading end of a head 
element as a third embodiment of the present invention; 
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[0025] FIG. 4 is a side vieW, With an essential portion 
enlarged, showing the shape of a leading end of a head 
element as a fourth embodiment of the present invention; 

[0026] FIG. 5 is a conceptional vieW illustrating a method 
of recording/reproducing information signals according to 
the present invention; 

[0027] FIG. 6 is a conceptional plan vieW of a memory 
medium suitably used for the method of recording/repro 
ducing information signals according to the present inven 
tion; 

[0028] FIG. 7 is a conceptional plan vieW of a head device 
suitably used for the method of recording/reproducing infor 
mation signals according to the present invention; 

[0029] FIGS. 8A to 8H are process diagrams illustrating 
a method of manufacturing the head device as the ?rst 
embodiment of the present invention; 

[0030] FIGS. 9A to 9D are process diagrams illustrating 
a method of manufacturing the head device as the second 
embodiment of the present invention; and 

[0031] FIGS. 10A and 10B are conceptional vieWs shoW 
ing a related art head device, Wherein FIG. 10A is a side 
vieW of the head device and FIG. 10B is a side vieW, With 
an essential portion enlarged, shoWing a head element of the 
head device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Hereinafter, embodiments of the present invention 
Will be described With reference to the accompanying draW 
ings. 

[0033] Referring ?rst to FIGS. 1 to 4, there Will be 
described various head elements of the present invention. 

[0034] FIG. 1 is a side vieW, With an essential portion 
enlarged, shoWing the shape of a leading end of a head 
element as a ?rst embodiment of the present invention; FIG. 
2 is a side vieW, With an essential portion enlarged, shoWing 
the shape of a leading end of a head element as a second 
embodiment of the present invention; FIG. 3 is a side vieW, 
With an essential portion enlarged, shoWing the shape of a 
head element as a third embodiment of the present inven 
tion; and FIG. 4 is a side vieW, With an essential portion 
enlarged, shoWing the shape of a leading end of a head 
element as a fourth embodiment of the present invention. 

[0035] First, the head element as the ?rst embodiment of 
the present invention Will be described With reference to 
FIG. 1. 

[0036] As described above, the leading end of the related 
art head element, shoWn in FIG. 10B, is pointed sharply 
enough to alloW detection of a change at the atomic siZe 
level, and is regarded as a semi-spherical shape having a 
very small curvature in an enlarged vieW, so that When the 
leading end of the related art head element is brought in 
contact With a memory medium, the contact point of the 
memory medium is locally applied With a very high pres 
sure, causing a fear of breakage of data stored on the 
memory medium. The head element shoWn in FIG. 1 is 
intended to solve such a disadvantage. 
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[0037] In FIG. 1, reference numeral 1A indicate the head 
element of the present invention. To reduce a pressure 
applied to a memory medium at the time of the above 
collision, a leading end 2 of the head element 1A as an 
information signal detecting portion or an information signal 
detecting electrode is ?attened as indicated by reference 
numeral 3. Taking it into account to detect an information 
signal recorded at a density of 1 Gbit/cm2 or more, the siZe 
of the leading end of the head element 1A is required to be 
in a range of 0.1 pm2 or less. 

[0038] The larger the area of the ?at portion 3 becomes, 
the more the force generated at the collision With a memory 
medium is dispersed. As a result, the probability of breakage 
of data is reduced. For example, in the case Where the cell 
siZe of data to be reproduced (detected) is 01x01 pm and 
it is judged Whether the data is “1” or “0” on the basis of the 
presence or absence of a recess of the cell siZe, the spacial 
resolution upon reproducing may be set at a value in the 
order of the cell siZe. Assuming that the resolution is set at 
a value being a half of the cell siZe, that is, 0.05><0.05 pm, 
the siZe of the ?at portion 3 of the leading end 2 of the head 
element 1A may be set at a value in the same order, that is, 
005x005 pm. The contact area of the ?at portion 3 is a 
square having one side of 0.05 pm, although the contact area 
of the leading end of the related art head element is a circle 
having a radius of 10 nm. That is, the area ratio therebetWeen 
becomes 8, and thereby the impact pressure applied to the 
?at portion 3 upon collision is reduced to one-eighth of the 
impact pressure applied to the leading end of the related art 
head element upon collision. It is to be noted that the 
Wording “?at” means not only a perfect ?at state but also a 
surface someWhat coarsened or a shape having a curvature 
similar to or smoother than that of the data cell siZe. 

[0039] Although only the ?attening of the leading end of 
the head element exhibits an effect of reducing the impact 
upon collision, the structure of a head element 1B as the 
second embodiment shoWn in FIG. 2 is more effective, in 
Which a peripheral portion 4 of a conductive leading end 2 
is made from a non-conductive material, Whereby the con 
tact area With a memory medium upon collision is extended 
Without substantially extending the area of a ?at portion 3 of 
the leading end 2 as the information signal recording portion 
or detecting portion. 

[0040] The leading end of the head element may be 
formed into a shape different from a prism or needle as in the 
related art AFM. Concretely, as shoWn in FIG. 3, a head 
element IC as the third embodiment of the present invention 
is con?gured such that a thin ?lm as a leading end 2 is 
formed on the surface of a substrate 5 made from a non 

conductive material, Whereby the ?atness of the leading end 
2 can be more easily ensured. 

[0041] The shape of the leading end 2 of each of the head 
element IC shoWn in FIG. 3 and the head element 1B shoWn 
in FIG. 2 is advantageous as folloWs: namely, in the case of 
reproducing a memory medium on Which information sig 
nals are recorded (stored) in the form of irregularities, the 
leading end 2 is prevented from being erroneously bitten in 
each recess of the irregularities of the memory medium 
because the ?at portion 3 of the leading end 2 can be Wider 
than the area of the recess. This is effective to essentially 
prevent an error of a reproducing signal or mechanical 
breakage of the data surface caused by erroneous biting of 
the leading end 2 in the recess. 
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[0042] Ahead element 1D as the fourth embodiment of the 
present invention shown in FIG. 4 is con?gured such that a 
leading end 2 having a columnar structure is formed on the 
surface of a substrate 5. With this structure, even if the edge 
of the leading end 2 is Worn, the siZe of the leading end 2 is 
not changed, Whereby the spacial resolution in recording or 
reproducing is not reduced. 

[0043] In the case Where the area of the ?at portion of the 
leading end of each head element is enlarged to make Wider 
the contact area With a memory medium as described above, 
there is a possibility that the data surface of the memory 
medium is degraded by friction and Wear. To protect of the 
data surface of the memory medium or the leading end 2 of 
the head element, either or both of them are preferably 
formed With a conductive material having a small friction 
coef?cient and a large hardness. For eXample, either or both 
of them may be covered With a ?lm made from carbon or 
carbon hydride (diamond like carbon) by a sputtering or 
CVD process. It is effective that such a ?lm is further thinly 
coated With a lubricant made from a high polymer material. 
The high polymer lubricant preferably has a conductivity; 
hoWever, even if the high polymer lubricant is insulating, it 
alloWs reproducing using ac current insofar as it has a thin 
?lm thickness. 

[0044] A method of increasing a data transfer rate upon 
reproducing data Will be described beloW. 

[0045] For reproducing a large-capacity of data instantly, 
it is required to increase a data transfer rate as Well as an 
access speed. 

[0046] To increase a data transfer rate, it is important to 
ensure a suf?cient S/N even in a Wide frequency band, and 
to adopt a reproducing method Which is essentially not 
limited to the data transfer rate, for eXample, a reproducing 
method limited to the resonance frequency of the apparatus. 
In the case of the AF M or STM, the spacial resolution is very 
high; hoWever, the output is dependent on a very Weak force 
or current such as an interatomic force or tunneling current, 
so that it is dif?cult to obtain a large reproducing signal and 
hence to obtain a suf?cient S/N in a Wide frequency band. 

[0047] In vieW of the foregoing, according to the present 
invention, there is adopted a method of reproducing infor 
mation signals in Which the data “1” or “2” is made to 
correspond to sWitching of a current and reproducing is 
performed by turn-on/turn-off of the current. 

[0048] FIG. 5 is a conceptional vieW of an information 
signal recording/reproducing apparatus as an embodiment 
for illustrating the method of recording/reproducing infor 
mation signals according to the present invention; FIG. 6 is 
a conceptional plan vieW of a memory medium suitably used 
for the method of recording/reproducing information signals 
according to the present invention; and FIG. 7 is a concep 
tional plan vieW of a head device suitably used for the 
method of recording/reproducing information signals 
according to the present invention. 

[0049] In FIG. 5, reference numeral 10 indicates an infor 
mation signal recording/reproducing apparatus as the 
embodiment of the present invention. The recording/repro 
ducing apparatus 10 includes a memory medium 20 shoWn 
in FIG. 6, a head device 30 shoWn in FIG. 7, a poWer supply 
11, and an ampli?er 12. 
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[0050] It is to be noted that in the speci?cation the Wording 
“recording/reproducing apparatus” means not only an appa 
ratus having both the “recording and reproducing” functions 
but also an apparatus having only the “recording” function 
or the “reproducing” function. 

[0051] The memory medium 20 of the present invention 
has a structure shoWn in FIGS. 5 and 7 in Which a 
conductive layer 22 is formed on a quadrilateral shaped ?at 
conductive substrate 21. The recording surface of the con 
ductive layer 22 is, as shoWn in FIG. 6, sectioned into a 
plurality of sectors 23 arranged, for eXample, in a cross-cut 
pattern. One sector 23 is a unit data area Which alloWs 
reproducing by a speci?c one head element 1. On each 
sector 23 are recorded information signals in the form of 
irregularities. 

[0052] The head device 30 is so con?gured as shoWn in 
FIGS. 5 and 7 in Which a number of head elements 1 (of a 
type selected from the head elements 1A, 1B and 1C) are 
arranged, on a substrate 5, in a speci?c tWo-dimensional 
pattern, for eXample, in such a matrix pattern that the head 
elements 1 correspond to the sectors 23 of the memory 
medium 20 on a one-for-one basis in the X-direction and the 
Y-direction With the distance (pitch) betWeen at least the 
adjacent heads on the X-direction set at a value of Pa and 
With the head pitch in the Y-direction set at a value of Pb. 
That is to say, one head element 1 operates in one sector 23 
as a recording region or reproducing region. 

[0053] The method of reproducing information signals 
according to the present invention using the recording/ 
reproducing apparatus 10 of the present invention Will be 
described beloW. 

[0054] FIG. 5 shoWs a principle of reproducing informa 
tion signals previously recorded in the form of irregularities 
on each sector 23 of the memory medium 20 in a state in 
Which the head device 30 is brought in contact With the 
memory medium 20. Referring to FIG. 5, an electric ?eld is 
applied betWeen the conductive substrate 21 of the memory 
medium 20 and the head element 1 by the poWer supply 11. 
While not shoWn, a mechanism is provided for suitably 
bringing the head element 1 in contact With the memory 
medium 20, and only When the head element 1 is brought in 
contact With the projection of the irregularities of the 
memory medium 20, a current is alloWed to How from the 
head element 1 to the memory medium 20. Such a current 
is current-voltage converted and ampli?ed by the ampli?er 
12 into a large signal voltage. 

[0055] In the case Where the contact area of the head 
element 1 in contact With the memory medium 20 is 0.05>< 
0.05 pm, assuming that the current density is 5><108 A/m2, a 
current of 1.4 pA ?oWs only When the head element 1 is 
brought in contact With the projection of the memory 
medium 20, and assuming that the resistance upon current 
voltage conversion is 500 hm, the current of 1.4 pA is 
current-voltage converted into a voltage of 70 pV. Accord 
ingly, a suf?cient S/N can be obtained even for a reproducing 
signal frequency band of 10 MHZ. 

[0056] In the case of using the resistance of 500 hm upon 
current-voltage conversion, a thermal noise of the resistance 
becomes predominant as the noise in the ideal case. Assum 
ing that the signal frequency band is 10 MHZ and the 
temperature is 300 K, the thermal noise current is calculated 
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into a value of 57 nA. The signal current of at least 200 nA, 
preferably, 570 nA is required for reproducing a digital 
signal in a state not being obstructed by the noise current. In 
the case of reproducing information signals at the above 
current density of 5><108 A/m2, the contact area of the head 
element 1 in contact With the memory medium 20 becomes 
at least 0.0004 pmz, preferably, 0.0011 pmz, and accord 
ingly, if the contact portion of the head element 1 has a 
square shape, the siZe of the contact portion becomes at least 
0.02><0.02 pm, preferably, 0033x0033 pm. 

[0057] In the embodiment shoWn in FIG. 5, a dc electric 
?eld is applied to the head element 1; hoWever, an ac electric 
?eld may be applied thereto. In the case Where an extremely 
thin insulating layer is formed on the head element 1 or on 
the reproduced surface of the memory medium 20 or in the 
case Where a space such as an extremely thin air layer is 
formed betWeen the head element 1 and the reproduced 
surface of the memory medium 20, it is preferred to apply 
an ac electric ?eld having a high frequency. 

[0058] In the case of using a focus mechanism for bringing 
the head device 30 in contact With the memory medium 20 
using an electrostatic force, there is a fear of interference 
betWeen the electric ?eld required for signal detection and 
the electric ?eld required for the focus mechanism. To avoid 
such an inconvenience, it is preferred to use, for signal 
detection, an ac electric ?eld having a frequency very higher 
than the resonance frequency of a movable portion of the 
head device 30. 

[0059] In the above-described document “H. Kado et al.: 
Appl. Phys. Lett. 66(22), 2961(1995)”, information signals 
are reproduced from the Writable memory medium made 
from amorphous GeSbZTe4 by making use of a change in 
electric conductivity betWeen states before and after record 
ing. In this technique, since the reproducing signal current is 
as Weak as 1 nA, it is dif?cult to carry out reproducing at a 
high rate. The reason Why the reproducing signal current is 
Weak is that if the reproducing current is large, the conduc 
tivity of the non-recorded portion of the memory medium 20 
Will be changed, that is, the recording Will be performed, and 
consequently the reproducing current cannot be set at a large 
value. To make large the reproducing current, it is required 
to make large a current value to start recording on the 
non-recorded portion. To meet such a requirement, it is 
effective to change the composition of the material, ?lm 
thickness, or the shape of the head element. 

[0060] As described in the above embodiment, for the read 
only memory medium 20, the possibility of recording is very 
small and thereby the upper limit of the reproducing current 
can be increased. For a Writable type memory medium, 
control of the current to start recording differs depending on 
the recording mechanism. In general, the recording mecha 
nism is classi?ed into a type in Which recording is performed 
by heat generated due to How of a current, a type in Which 
recording is performed by an electric ?eld locally increased, 
and a type in Which recording is performed by a pressure 
generated upon collision betWeen a head element (probe) 
and a memory medium. In each type of the recording 
mechanism, the sharper the leading end of the head element 
(probe), the smaller the current to start recording. Accord 
ingly, it is dif?cult to obtain a large reproducing current. 
From this vieWpoint, the leading end of the head element 
(probe) is desired to a ?at structure Which alloWs a repro 
ducing signal current of 10 nA or more. 
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[0061] For carrying out rapid access, it is desired to make 
the movable portion as small and light as possible and also 
to make the moving distance as short as possible. A disk 
medium utiliZing apparatus such as a hard disk apparatus or 
optical disk apparatus generally mounts one head per one 
recording surface and moves the disk medium in the radial 
direction thereof by a sWing arm or linear actuator. It may be 
considered that a number of magnetic heads or optical heads 
are arranged in the radial direction to reduce the moving 
distance per one head, thereby improving the access speed 
to the desired radial position; hoWever, this method has 
disadvantages that the magnetic head or optical head is high 
in cost per one head and also the volume is large and thereby 
the siZe of the memory apparatus is increased. Actually, the 
method of improving the access speed by arranging a 
number of magnetic heads or optical heads has been not 
adopted. 
[0062] On the contrary, since the head device 30 of the 
present invention is extremely small and a plurality of the 
head elements can be easily manufactured (as Will be 
described later), the head device 30 can be con?gured to 
have a multi-head as shoWn in FIG. 5. The head device 30 
of the present invention can be also con?gured such that a 
plurality of heads are arranged in the radial direction of a 
rotating memory medium such as a disk, Whereby the heads 
can be accessed to all of the information signals recorded on 
the memory medium by moving each head at least a distance 
more than a pitch betWeen the adjacent heads in the radial 
direction of the memory medium. 

[0063] In the above con?guration, assuming that the head 
pitch is 1 mm, the heads can be instantly accessed to desired 
tracks only by moving them a distance of 1 mm. 

[0064] Even in the case of adopting such a con?guration, 
hoWever, for a rotating type disk medium, it takes a time to 
Wait rotation. To cope With such an inconvenience, it may be 
considered to rotate the disk medium at a high speed; 
hoWever, this method has a problem in terms of stability and 
reliability of a spindle motor. 

[0065] According to the present invention, as shoWn in 
FIGS. 5 to 7, the access speed is improved by bringing the 
head device 30 having a plurality of the head elements 1 
arranged in a matrix pattern in contact With the recording 
surface of the memory medium 20, and moving the head 
device 30 relative to the memory medium 20 a pitch P of the 
head element 1. 

[0066] The head device 30 can be moved in the X and Y 
directions by moving a movable stage on Which the head 
device 30 is mounted, for example, using a stepping motor, 
DC motor, or pieZoelectric actuator. 

[0067] In the case Where the pitch P betWeen the head 
elements 1 is 2 mm, that is, in the case Where the arrange 
ment density of the head elements 1 of the head device 30 
is 25 head elements/cm2, a movement distance to a data 
position is about 1 mm. In this case, assuming that an 
average driving speed of the actuator is 1 m/s, the access 
speed becomes 1 ms Which is faster several times than the 
related art one. If the pitch P betWeen the head elements is 
made shorter, for example, to 0.2 mm, the access speed can 
be made fast to 100 us. 

[0068] As described above, in the case of reproducing 
information signals recorded on the memory medium 20 



US 2001/0043545 A1 

using the head device 30 including a plurality of the head 
elements 1, data stored on a plurality of the sectors 23 of the 
memory medium 20 can be simultaneously reproduced by 
the plurality of the head elements 1. For a long information 
signal, it is undesirable to continuously reproduce it by one 
head element 1. Such a long information signal may be ?rst 
divided into parts and recorded on a plurality of different 
ones of the sectors 23 on the memory medium 20. In this 
case, the long information signal can be reproduced for a 
short time by simultaneously scanning a plurality of ones of 
the head elements 1 correspondingly to the plurality of ones 
of the sectors 23 on Which the parts of the long information 
signal are recorded. 

[0069] In addition to the reproducing rate, the head device 
30 has another advantage. When an information signal is 
divided into parts and recorded on a plurality of ones of the 
sectors 23 as described above, even if a part of the infor 
mation signal stored on a certain sector 23 is broken or a 
certain head element 1 is broken doWn, it is possible to 
eliminate such a fear that all of the parts of the information 
signal cannot be reproduced, and to carry out reproducing 
With no error using suitable error collection. As a result, it is 
effective to divide an information signal into parts and 
record the parts on different ones of the sectors 23. 

[0070] A plurality of recording/reproducing apparatuses 
10 may be prepared by changing the combination of the head 
device 30 and the memory medium 20 for each recording/ 
reproducing apparatus, Wherein an information signal in the 
same information signal series is dispersedly recorded on or 
reproduced from different ones of the plurality of different 
recording/reproducing apparatuses 10, to thereby improve 
the reliability or improve the effective data transfer rate. 

[0071] The addressing method using the above recording/ 
reproducing apparatus 10 Will be described beloW. 

[0072] To reproduce a desired information signal, it is 
necessary to con?rm at What position the desired informa 
tion signal is recorded on the memory medium 20 and access 
the head device 30 to the position, and more speci?c, it is 
necessary to con?rm positional information of the desired 
information signal and move the head element 1 to the 
position (in the in-plane direction and the depth direction). 
Here, the positional adjustment in the in-plane direction (X, 
Y direction) is called “positioning” and the positional adjust 
ment in the depth direction is called “focusing” for the sake 
of convenience. 

[0073] To make each head element 1 of the head device 30 
face to the corresponding sector 23 of the memory medium 
20 and carry out positioning of the head element 1 to the 
sector 23 upon recording or reproducing, it is desired to 
move the entire head device 30 or move the memory 
medium 20 With the head device 30 ?xed. For carrying out 
the positioning, each head element 1 must be moved in the 
in-plane direction a distance of about the pitch P betWeen the 
head elements 1. For eXample, in the case Where the pitch P 
betWeen the head elements 1 is 0.1><0.1 mm, each head 
element 1 can be moved a distance of 0.1 mm or more. In 

the case of independently positioning the head elements 1, 
there must be provided actuators each capable of moving 
each head element 1 a distance of 0.1 mm or more. That is 
to say, each mechanism movable the pitch P betWeen the tWo 
adjacent head elements 1 must be formed Within a gap 
betWeen the tWo adjacent head elements 1. This is dif?cult 
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to be realiZed. On the contrary, there is no problem in the 
case of moving the entire head device 30 a distance of about 
0.1 mm. 

[0074] The movement of the entire head device 30, hoW 
ever, is disadvantageous in carrying out ?ne positioning 
betWeen each head element 1 and the position of a desired 
information signal. This is because the movement of the 
entire head device 30 makes it impossible to correct an error 
of the pitch P betWeen the head elements 1 caused at steps 
of manufacturing the head device 30, an error of the interval 
betWeen information signals caused at steps of manufactur 
ing the memory medium 20, or an error of positioning 
caused by a difference in thermal eXpansion coef?cient 
betWeen the memory medium 20 and the head device 30 
depending on a change in service environment, for eXample, 
temperature and moisture. 

[0075] To carry out the error correction (hereinafter, 
referred to as “?ne positioning”), it is effective to provide an 
actuator capable of moving each head element 1 a micro 
distance. In the case of the above positioning, the head 
element 1 is moved a distance of 0.1 mm; hoWever, in the 
case of ?ne positioning, the head element 1 is suf?cient to be 
moved a distance of one-tenth or less of the pitch P betWeen 
the head elements 1. Accordingly, ?ne positioning can be 
suf?ciently achieved using a small-siZed actuator using a 
pieZoelectric element. 

[0076] In this Way, the head device 30 of the present 
invention is controlled in tWo steps: the positioning (course 
positioning) step for moving the entire head device 30 and 
the ?ne positioning step for ?nely moving each head ele 
ment 1. 

[0077] In addition to the above tWo-step control, there is 
a more simpli?ed recording/reproducing method in Which 
only the course positioning is performed and the ?ne posi 
tioning is not performed. In this method, after each head 
element 1 is substantially moved by course positioning to a 
position Where reproducing or recording is to be performed, 
information signals on the periphery of the position are 
collectively reproduced or recorded; and in the case of 
reproducing, the information signals thus obtained are stored 
in a buffer memory and then data at the desired position is 
speci?ed by signal processing. For eXample, in the case of 
reproducing information signals along a line called a track 
on Which the information signals are recorded, the repro 
ducing is performed Without tracking control. In this case, 
by reproducing information signals at a cycle being tWice or 
more of at least a cycle (pitch) of the track, the desired 
information signal can be restored by the subsequent signal 
processing. In the case Where information signals are tWo 
dimensionally recorded, information signals may be repro 
duced at a cycle being tWice of a cycle in each of the 
X-direction and the Y-direction. Here, the siZe of the leading 
end of the head element 1 may be set at a large value to make 
high the spacial resolution and make large a signal current, 
and more speci?cally, the length of the head element 1 is 
desired to be in a range of one-tenth to one-half of the pitch 
of the above track. 

[0078] The information signals are preferably stored in the 
buffer memory as digital signals discontinuous With time for 
ease of the subsequent signal processing. The sampling 
cycle for taking signals in the buffer memory is desired to be 
a length equivalent of the cell siZe or one bit of the 
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information signal or a time being a half or less that required 
for movement of the head device by course positioning. 

[0079] If both the memory medium 20 and the head device 
30 are very excellent in terms of smoothness and ?atness, 
focusing may be omitted; hoWever, actually, it is difficult to 
keep constant the ?atness of each of the memory medium 20 
and the head device 30 by the effect of deformation due to 
temperature and moisture or Warping due to the ?lm stress. 
Assuming that the siZe of the memory medium 20 is 2><2 
mm and the angle of Warping is 2°, the heights in the depth 
direction at both the ends of the memory medium 20 are 
different 70 pm from each other. Like the above-described 
positioning case, it is difficult to provide actuator’s functions 
capable of moving the head elements the above distance for 
each head element. Accordingly, even in this case, a tWo 
step control is effective like the above positioning case. 

[0080] To achieve rough focusing, it is desirably simple to 
?atten both the head device 30 and the memory medium 20. 
For this purpose, a substrate of each of the head device 30 
and the memory medium 20 may be formed of a thick plate 
made from a material having a large elastic modulus; or the 
substrate of the head device 30 may be formed of a thick 
plate made from a less deformable material having a larger 
elastic modulus While the substrate of the memory medium 
20 may be formed of a thin plate made from a deformable 
material having a small elastic modulus. Upon recording/ 
reproducing, the above memory medium 20 is brought in 
close-contact With the ?at stage or the head device 30 is 
pushed on the memory medium 20 to thus obtain a desired 
?atness. 

[0081] As the less deformable material having a large 
elastic modulus, there may be used a ceramic material such 
as glass, or a metal such as silicon, aluminum, or stainless 
steel. As the deformable material, there may be used a high 
polymer such as acrylic resin, polycarbonate, or nylon. 

[0082] It is effective to bring the memory medium 20 in 
close-contact With the stage or the head device 30 using an 
electrostatic force. 

[0083] To achieve ?ne focusing, it is desired to mount 
actuator mechanisms movable about 10 pm or less in the 
depth direction independently on respective head elements 
1. The actuator mechanism is represented by an electrostatic 
element or pieZoelectric element. Whether or not the head 
element 1 is in contact With the memory medium 20 is 
judged by monitoring an impedance in a reproducing signal 
line or recording circuit. Accordingly, the contact of the head 
element 1 With the memory medium 2 can be stably feed 
back controlled using the signal thus monitored. The ?ne 
focusing mechanism may be provided per one head element 
1 as described above, or may be provided per one of a 
plurality of adjacent head elements 1. 

[0084] In addition to an information signal, an address 
signal for giving a relative position of the memory medium 
20 to the head element 1 or the head device 30 is recorded 
on the memory medium 20. To be more speci?c, the address 
signal, Which is for giving tWo-dimensional positional infor 
mation in the sector 23, may be previously recorded on the 
memory medium 20 in the form of irregularities, or may be 
recorded on the memory medium 20 by the head device 30 
upon recording. 
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[0085] A method of manufacturing the memory medium 
20 Will be described beloW. 

[0086] The read only memory medium 20 is preferably 
con?gured such that ?ne irregularities formed on the sub 
strate surface are used as signals. Like a compact disk, an 
original plate on Which a pattern of ?ne irregularities is 
formed by photolithography or using an electron beam 
plotting apparatus is prepared, and a substrate With the 
pattern of ?ne irregularities is formed by injection-molding 
or extrusion-molding using the original plate as a die, to 
obtain a memory medium. 

[0087] Alternatively, a substrate coated With an ultraviolet 
cured resin is separately prepared, and a pattern of ?ne 
irregularities is formed on the resin layer using a so-called 
2P (Photo Polymerization) process. 

[0088] The substrate may be made from glass or metal as 
Well as a high polymer such as acrylic resin or polycarbon 
ate. 

[0089] The Writable memory medium 20 is prepared by 
preparing a ?at substrate With no irregularities or a substrate 
on part of Which irregularities as an address signal are 
formed by the above-described method, and forming, on the 
substrate, a material alloWing an impedance betWeen the 
head element 1 and the memory medium 20 to be locally 
changed before and after local application of an electric 
?eld, current, heat, or pressure. 

[0090] As such a material, there may be used amorphous 
GeSb2T4 described in the above-described document, a high 
polymer dissolved or deformed by heat or pressure, a 
capacitor for storing electric charges, or a ferroelectric 
material. 

[0091] The head element 1 or the head device 30 can be 
formed on a ?at substrate made from glass or the like by a 
semiconductor process. The movable portion for ?ne focus 
ing is formed of a membrane supported on the substrate by 
means of a cantilever beam or a double-end ?Xed beam 

using a micromachinning process. In addition, ICs such as a 
focus-servo controller, head ampli?er, and current driver 
may be integratedly mounted in the substrate of the head 
device 30. 

[0092] An embodiment of a method of manufacturing the 
head device 30 Will be described With reference to FIGS. 8A 
to 8H and FIGS. 9A to 9D. 

[0093] FIGS. 8A to 8H are process diagrams illustrating 
a method of manufacturing the head device as the ?rst 
embodiment of the present invention; and FIGS. 9A to 9D 
are process diagrams illustrating a method of manufacturing 
the head device as the second embodiment of the present 
invention. 

[0094] First, at the step shoWn in FIG. 8A, there is 
prepared a substrate 31 (equivalent to the substrate 5 of the 
head device 30) formed of a silicon Wafer containing an 
impurity at a relatively high concentration (that is, having a 
conductivity). The substrate 31 may be already formed With 
a signal processing circuit or current driver. 

[0095] A so-called sacri?ce layer having a trapeZoidal 
cross section is, at the step shoWn in FIG. 8B, patterned 
on-the surface of the substrate 31 by a micromachinning 
process. The sacri?ce layer Will be removed later by etching. 
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The material for forming the sacri?ce layer is suitably 
selected from a photoresist, aluminum and SiO2 in consid 
eration of the combination With other materials Which Will 
be formed in the subsequent steps. Here, a photoresist is 
patterned by exposure and development. Reference numeral 
32 indicates the photoresist pattern. 

[0096] Then, at the step shoWn in FIG. 8C, a ?lm 33 made 
from an aluminum alloy is formed to a thickness of one to 
several pm. The ?lm 33 Will be formed into a vertically 
movable spring member functioning as a ?ne focusing 
mechanism. 

[0097] The aluminum alloy ?lm 33 is patterned into a 
pattern 34 at the step shoWn in FIG. 8D. The pattern 34 has 
a plurality of central portions functioning as a plurality of 
springs, positioned over an approximately central portion of 
the trapeZoidal photoresist pattern 32, and a peripheral 
portion-?xed on the periphery of the substrate 31. In addi 
tion, FIG. SD-(B) is a sectional vieW taken on line A-A of 
FIG. 8D-(A). 

[0098] The process goes on to the step shoWn in FIG. SE 
at Which a ?ne square patten of a photoresist 35, having one 
side less than the thickness of the aluminum alloy ?lm 33, 
is-formed at a central portion of the aluminum alloy ?lm 33 
positioned over an approximately center of the trapeZoidal 
photoresist pattern 32. 

[0099] The aluminum alloy ?lm 33 is isotropically etched 
using phosphoric acid at the step shoWn in FIG. 8F. At this 
time, the etching is completed before the square photoresist 
35 is perfectly separated from the aluminum alloy ?lm 33 so 
that the leading end of the aluminum alloy ?lm 33 remains 
as a ?at portion. 

[0100] The substrate 31 is annealed in a gas atmosphere 
containing oxygen at the step shoWn in FIG. 8G. With this 
annealing, the stress caused in the aluminum alloy ?lm 33 
can be relieved, and the surface of the aluminum alloy ?lm 
33 except for the leading end (Which is in contact With the 
micro-photoresist 35) for forming a head element is oxidiZed 
to be converted into the insulating surface. 

[0101] After annealing, the trapeZoidal photoresist 32 and 
the micro-photoresist 35 are removed by a resist releasing 
agent at the step shoWn in FIG. 8H. As a result, a cavity 6 
is formed betWeen the aluminum alloy ?lm 33 and the 
substrate 31 (equivalent to the substrate 5 shoWn in FIGS. 
3 and 4); a portion of the trapeZoidal aluminum alloy ?lm 
33 over the cavity 6 forms a spring 7; and a head element 1 
including a leading end 2 having a ?at shape 3 is formed at-a 
central portion of the spring 7. It is to be noted that the head 
element thus formed is indicated by the same reference 
numeral 1 as that of the head element shoWn in FIGS. 3 and 
4. 

[0102] Finally, the silicon substrate 31 is provided With an 
electrode, folloWed by application of a DC bias voltage, and 
amorphous carbon hydride is selectively formed on the ?at 
portion made from the aluminum alloy having a conductive 
surface by CVD (Chemical Vapor Deposition) process, to 
obtain the head element 1. 

[0103] Although only one head element is shoWn in FIGS. 
8A to 8H used for description of this embodiment, a number 
of head elements can be simultaneously formed on the 
substrate 31 and also a number of head devices 30 can be 
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simultaneously manufactured in accordance With the manu 
facturing process of this embodiment. 

[0104] The method of manufacturing the head device as 
the second embodiment of the present invention Will be 
described With reference to FIGS. 9A to 9D. In this manu 
facturing method, the columnar head element ID shoWn in 
FIG. 4 is manufactured. 

[0105] First, at the step shoWn in FIG. 9A, a thick 
insulating ?lm 42 having a thickness of about 1 pm is 
formed on the surface of a substrate 41 Which has a 
conductivity at least on its surface. The insulating ?lm 42 
may be made from silicon oxide, silicon nitride, photoresist, 
or polyimide. 

[0106] At the step shoWn in FIG. 9B, a mask 43 made 
from a material Withstanding etching for the insulating ?lm 
42 is formed on the insulating ?lm 42 except for a portion 
equivalent to the columnar leading end of the head element 
1D. In addition, the mask 43 is preferably formed by X-ray 
lithography using synchrotron radiation or photolithography 
using ultraviolet rays having a short Wavelength such as a 
ArF excimer laser. 

[0107] Then, at the step shoWn in FIG. 9C, a portion of 
the insulating ?lm 42 equivalent to the leading end of the 
head element ID is anisotropically removed by RIE (Reac 
tive Ion Etching), to form a leading end forming portion 44. 

[0108] After removal of the mask 43, at the step shoWn in 
FIG. 9D, 21 metal such as nickel is formed in the leading end 
forming portion 44 by plating using the conductive substrate 
41 as an electrode, to form a leading end 2. The surface of 
the leading end 2 thus formed is ?nished by polishing to 
improve the ?atness thereof. 

[0109] In this Way, the head element 1D including the 
columnar leading end 2 shoWn in FIG. 4 is obtained. 

[0110] Although only one head element is shoWn in FIGS. 
9A to 9D used for description of this embodiment, like the 
previous embodiment, a number of head elements can be 
simultaneously formed on the substrate 41 and also a 
number of head devices 30 can be simultaneously manufac 
tured in accordance With the manufacturing process of this 
embodiment. 

[0111] While the preferred embodiments of the present 
invention have been described using speci?c terms, such 
description is for illustrative purposes only, and it is to be 
understood that many changes and variations may be made 
Without departing from the scope or spirit of the folloWing 
claims. 

What is claimed is: 
1. A head element for recording or reproducing an infor 

mation signal, comprising: 

a ?at portion formed at a leading end of said head element, 
Wherein the area of said ?at portion is 0.1 gm2 or-less 
and is one-tenth or more of a recording cell siZe of a 
memory medium or the area of one bit. 

2. A head element for recording or reproducing an infor 
mation signal, comprising: 

a leading end portion formed into a columnar shape 
extending longer in the direction perpendicular to the 
surface of a substrate of said head element. 
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3. Ahead element according to claim 1 or 2, wherein said 
leading end of said head element comprises a conductive 
member for recording or detecting an information signal and 
a non-conductive member adjacent to said conductive mem 
ber, said non-conductive member being not alloWed to 
record or detect an information signal. 

4. A head device comprising: 

a plurality of head elements described in any one of 
claims 1 to 3, Which are tWo-dimensionally arranged on 
the surface of a substrate of said head device With a 
speci?c pitch. 

5. A head device comprising: 

a plurality of head elements described in any one of 
claims 1 to 3, Which are arranged on a substrate of said 
head device at a density of 25 heads/cm2 or more. 

6. A head element or a head device according to any one 
of claims 2 to 5, Wherein said substrate is a conductive 
substrate. 

7. A head device comprising: 

a plurality of head elements having mechanisms, said 
mechanisms alloWing each of said head elements to be 
independently moved a speci?c distance in the direc 
tion perpendicular to a substrate of said head device. 

8. Ahead element and a head device according to any one 
of claims 1 to 7, Wherein each of said head elements is 
driven a micro-distance in either or both of the X-aXis 
direction and the Y-aXis direction by an electrostatic force or 
piezoelectric effect. 

9. A memory medium in Which an address signal is 
formed of an information signal to be tWo-dimensionally 
recorded on a recording plane. 

10. A memory medium in Which an address signal is 
formed on a recording surface in the form of tWo-dimen 
sional irregularities. 

11. A memory medium in Which a recording surface on 
Which an information signal is to be recorded is divided into 
information signal recording sectors of the same number as 
that of head elements of a head device for recording or 
reproducing an information signal described in any one of 
claims 4 to 8. 

12. Amemory medium in Which irregularities correspond 
ing to an information signal are formed on the surface by 
injection-molding or extrusion-molding. 

13. A memory medium according to any one of claims 9 
to 12, Wherein the substrate is made from a conductive 
material or is a non-conductive substrate on the surface of 
Which a conductive thin layer is formed. 

14. Amemory medium according to claim 13, Wherein the 
recording surface is covered With a conductive carbon thin 
?lm or a diamond-like carbon thin ?lm. 

15. A memory medium comprising: 

a substrate ?attened Without irregularities or partially 
formed With irregularities, the surface of Which is 
covered With a thin ?lm, 

Wherein said thin ?lm is made from a material alloWing an 
impedance betWeen said memory medium and a head 
element to be locally changed before and after local 
application of an electric ?eld, current, heat or pressure 
by said head element. 
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16. A method of recording/reproducing an information 
signal, comprising the steps of: 

making a head device face to a memory medium having 
a ?at recording surface, said head device including a 
plurality of head elements tWo-dimensionally arranged 
each of Which has at its leading end a ?at portion 
having an area of 0.1 pm2 or less; 

moving said head device relative to said memory medium 
a distance more than a gap betWeen tWo adjacent ones 

of said head elements; 

and recording an information signal at a speci?c position 
of said recording surface at a recording density of 1 
Gbit/cm or more, or reproducing an information signal 
previously recorded on said recording surface at a 
speci?c position by said head device. 

17. A method of recording/reproducing an information 
signal, comprising the steps of: 

sectioning a recording surface of said memory medium 
described in claim 11 into sectors; and 

dividing an information signal of the same information 
signal series into parts and dispersedly recording the 
parts of the information signal on different ones of said 
sectors in the form of irregularities at a recording 
density of 1 Gbit/cm2 or more. 

18. A method of recording/reproducing an information 
signal according to claim 16 or 17, Wherein an information 
signal is recorded on the recording surface of said memory 
medium in the form of irregularities or an information signal 
recorded on the recording surface of said memory medium 
in the form of irregularities is reproduced. 

19. A method of recording/reproducing an information 
signal according to claim 18, Wherein the information signal 
recorded on the recording surface in the form of irregulari 
ties is reproduced by applying an electric ?eld betWeen said 
head element and the recording surface of said memory 
medium, and detecting an impedance betWeen said head 
element and said memory medium, said impedance being 
changed due to said irregularities corresponding to the 
information signal, 

20. A method of recording/reproducing an information 
signal according to claim 19, Wherein the information signal 
recorded on the recording surface in the form of irregulari 
ties is reproduced by detecting an impedance betWeen said 
head element and the recording surface of said memory 
medium While bringing the leading end of said head element 
not in contact With the recesses of the irregularities but in 
contact With the projections of the irregularities. 

21. A method of recording/reproducing an information 
signal according to any one of claims 16 to 18, Wherein the 
information signal is reproduced by applying an electric 
?eld having a frequency higher than a mechanical primary 
resonance frequency of a driving portion of said head device 
betWeen the leading end of said head element and the 
recording surface of said memory medium, and detecting a 
current modulated depending on the information signal. 

22. A method of recording/reproducing an information 
signal according to any one of claims 16 to 21, Wherein an 
information signal is recorded or reproduced by moving said 
head device relative to said memory medium in a state in 
Which part of said head elements of said head device face to 
the recording surface of said memory medium. 
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23. An apparatus for recording/reproducing an informa 
tion signal, comprising: 

a memory medium including a ?at information signal 
recording surface; 

a head device arranged to be opposed to and in parallel to 
said information signal recording surface of said 
memory medium, said head device including a plurality 
of head elements described in claim 1 tWo-dimension 
ally arranged With a speci?c pitch; 

an applying device for applying an electric ?eld, current, 
heat or pressure betWeen said information signal 
recording surface of said memory medium and each of 
said head elements; 

a driving device for moving said head device relative to 
said memory medium an extreme micro-distance; and 

a recording/reproducing circuit for supplying an informa 
tion signal to be recorded to each of said head elements 
of said head device or taking out the information signal 
recorded on said memory medium by each of said head 
elements. 

24. An apparatus for recording/reproducing an informa 
tion signal according to claim 23, Wherein said applying 
device applies an electric ?eld having a frequency higher 
than a mechanical primary resonance frequency of said 
driving portion betWeen each of said head elements of said 
head device and the recording surface of said memory 
medium. 

25. A method of manufacturing a micro-head element, 
comprising: 

a ?rst step of forming a sacri?ce layer made from a resist 
on a ?at surface of a conductive substrate in such a 
manner that a central portion of said sacri?ce layer is 
formed into a trapeZoidal shape in cross section; 

a second step of forming a metal ?lm having a thickness 
of one to several pm over the entire surface of said 
conductive substrate in such a manner as to cover the 

surface of said sacri?ce layer; 

a third step of forming a symmetrical spring pattern on a 
central portion of said trapeZoidal metal ?lm; 

a fourth step of forming a micro-resist ?lm having one 
side less than the thickness of said metal ?lm on a 
central portion of said spring pattern; 

a ?fth step of etching said metal ?lm directly before said 
micro-resist ?lm is perfectly separated from said metal 
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?lm, to form a micro-head element including a leading 
end having a ?at portion; and 

a siXth step of removing said sacri?ce layer and said 
micro-resist ?lm, to form a spring, made from said 
metal ?lm, for elastically supporting said micro-head 
element. 

26. A method of manufacturing a micro-head element, 
comprising: 

a ?rst step of forming an insulating ?lm having a speci?c 
thickness on the surface of a substrate Which has a 
conductivity at least on the surface; 

a second step of forming a mask on said insulating ?lm at 
a speci?c position eXcept for a portion equivalent to the 
cross-section of a columnar head element to be manu 

factured; 
a third step of removing a portion of said insulating ?lm 

equivalent to the cross section of said columnar head 
element; and 

a fourth step of forming a metal layer in the portion from 
Which said insulating ?lm is removed by plating, to 
form said columnar head element. 

27. A method of recording/reproducing an information 
signal, in Which an information signal is reproduced from a 
?at memory medium on Which information is tWo-dimen 
sionally arranged and recorded, by moving a head element, 
arranged to be opposed to and in parallel to the information 
signal recording surface of said memory medium, relative to 
said memory medium, comprising the steps of: 

tWo-dimensionally sampling a reproducing signal at an 
interval being a half or less of a pitch betWeen signals 
tWo-dimensionally arranged on said memory medium; 

temporarily storing a speci?c amount of the data in a 
buffer memory; 

identifying, from said reproducing signal, an address 
signal as tWo-dimensional positional information 
stored on said memory medium; and 

signal-processing a time at Which the address signal is 
reproduced, a relative speed betWeen said head element 
and said memory medium, a relative moving direction 
betWeen said head element and said memory medium, 
and a data roW stored in said buffer memory, thereby 
decoding the content of the data at a speci?c position on 
said memory medium. 

* * * * * 


