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MAGNETO-OPTICAL RECORDING AND 
REPRODUCING APPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a magneto-optic 
recording medium reproduction device, and more speci? 
cally to that employs near-?eld light and domain expansion. 

[0003] 2. Description of the Background Art 

[0004] Magneto-optic recording medium has been noted 
as a highly reliable recording medium With reWritability and 
high storage capacity and has been put to practical use as the 
memory for computer and the like. HoWever, further high 
density recording and reproducing technique has been 
sought for as the amount of information is further increased 
and the device is further miniaturiZed. 

[0005] High density recording and reproducing technique 
is constituted by medium technique and device technique. 
The former technique includes a narroWed pitch of medium, 
an improved resolution for reproduction by means of mag 
netic multilayered ?lm, and the like. The technique by 
means of magnetic multilayered ?lm employs the fact that 
the intensity of laser spot forms Gaussian distribution to 
selectively transfer the magnetiZed state of a recording layer 
to a reproducing layer and read the magnetiZed state of the 
reproducing layer, and at present mainly has the three types 
of FAD (Front Aperture Detection), RAD (Rear Aperture 
Detection) and CAD (Center Aperture Detection). Accord 
ing to these techniques, the front or rear side or the vicinity 
of the center of a laser spot serves as a reproduction aperture 
to reduce the substantial diameter of a laser spot and thus 
increase reproduction density. The latter technique includes 
optical super-resolution technique for obtaining a conden 
sation spot Which exceeds the diffraction limit of laser beam, 
reduction in Wavelength of laser beam and the like. Further 
more, near-?eld light recording and reproducing technique 
is provided for positioning one end surface of an optical ?ber 
adjacent to a magneto-optic recording medium and irradi 
ating the magneto-optic recording medium With laser beam 
from the optical ?ber to record and reproduce signals. This 
technique alloWs formation of a recording domain of 
approximately 0.06 pm. 

[0006] For reproduction by near-?eld light recording and 
producing technique, hoWever, the reproduced signals Which 
are detected are small due to the small domain, suf?cient 
C/N ratio cannot be obtained, and reproduced signals are 
disadvantageously lost. 

SUMMARY OF THE INVENTION 

[0007] Therefore, an object of the present invention is to 
provide a magneto-optic recording medium reproduction 
device capable of accurately reproducing a signal recorded 
in a small domain, and a method of reproducing the same. 

[0008] Another object of the present invention is to pro 
vide a magneto-optic recording medium suitable for the 
reproduction device and reproduction method mentioned 
above. 

[0009] According to one aspect of the present invention, a 
magneto-optic recording medium reproduction device for 
reproducing a signal from a magneto-optic recording 
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medium With a recording layer and a reproducing layer 
includes a laser device, an optical device, a detector and a 
magnetic ?eld application device. The laser device oscillates 
laser beam. The optical device has an end surface adjacent 
to the magneto-optic recording medium, and irradiates the 
magneto-optic recording medium With the laser beam from 
the laser device via the end surface and receives the laser 
beam re?ected from the magneto-optic recording medium 
via the end surface. The detector detects the laser beam 
received by the optical device. The magnetic ?eld applica 
tion device applies an alternating magnetic ?eld to the 
magneto-optic recording medium to expand and shrink a 
domain created in the reproducing layer. 

[0010] Preferably, the optical device includes an optical 
?ber Which has a core, a ?rst clad and a second clad. The 
core has a ?rst refractive index. The ?rst clad is formed 
around the core and has a second refractive index smaller 
than the ?rst refractive index. The second clad is formed 
around the ?rst clad and has a third refractive index smaller 
than the second refractive index. 

[0011] Preferably, the optical device includes a ?rst optical 
?ber and a second optical ?ber. The ?rst optical ?ber has a 
?rst core and a ?rst clad. The ?rst core has a ?rst diameter 
and a ?rst refractive index. The ?rst clad is formed around 
the ?rst core and has a second refractive index smaller than 
the ?rst refractive index. The second optical ?ber has a 
second core and a second clad. The second core has a second 
diameter larger than the ?rst diameter, and a third refractive 
index. The second clad is formed around the second core and 
has a fourth refractive index smaller than the third refractive 
index. 

[0012] Preferably, the optical device a solid immersion 
lens, an objective lens and an optical system. The solid 
immersion lens has an end surface and a curved surface 
opposite to the end surface. The objective lens is arranged on 
the curved surface side of the solid immersion lens and is 
coaxial With the solid immersion lens. The optical system 
forms a ?rst laser beam With a ?rst diameter and a second 
laser beam With a second diameter larger than the ?rst 
diameter coaxially incident on the objective lens. 

[0013] Preferably the reproduction device further includes 
a diffraction grating element for transmitting the laser beam 
from the laser device straight and diffracting the laser beam 
received by the optical device toWards the detector. The 
diffraction grating element further preferably includes a 
hologram. 
[0014] According to another aspect of the present inven 
tion, a magneto-optic recording medium reproduction 
method for reproducing a signal from a magneto-optic 
recording medium having a recording layer and a reproduc 
ing layer magnetiZed in a predetermined direction includes 
the steps of: irradiating a magneto-optic recording medium 
With laser beam having a mixed intensity distribution of ?rst 
and second intensity distributions each having a different 
beam diameter; applying an alternating magnetic ?eld to the 
magneto-optic recording medium to expand and shrink a 
domain created in a reproducing layer When the magneto 
optic recording medium is irradiated With the laser beam; 
and detecting a laser beam re?ected from the magneto-optic 
recording medium. 

[0015] Preferably, the step of detecting includes detecting 
the laser beam When a reproduced signal based on the 
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intensity of the laser beam re?ected from the magneto-optic 
recording medium is the greatest reproduced signal. 

[0016] Still preferably, the step of detecting includes 
detecting the laser beam at the timing of applying a magnetic 
?eld in the direction opposite to the predetermined direction 
in Which the reproducing layer is magnetiZed. 

[0017] According to still another aspect of the present 
invention, a magneto-optic recording medium includes a 
substrate, a recording layer and a reproducing layer. The 
recording layer is positioned on the substrate and formed of 
a magnetic material. The reproducing layer is positioned on 
the recording layer and formed of a magnetic material. 

[0018] The magneto-optic recording medium still prefer 
ably includes an intermediate layer positioned betWeen the 
recording layer and the reproducing layer and formed of a 
non-magnetic material. 

[0019] Preferably, minimum siZe of stable domain of the 
reproducing layer is larger than that of the recording layer. 

[0020] The magneto-optic recording medium reproduc 
tion device is miniaturiZed since it uses an optical device 
having an end surface adjacent to the magneto-optic record 
ing medium, rather than an objective lens, to irradiate the 
magneto-optic recording medium With laser beam. Further 
more, the reproduction device transfers a domain of the 
recording layer to the reproducing layer and eXpands the 
transferred domain siZe to reproduce a signal so that the 
intensity of the reproduced signal is improved and conse 
quently a su?icient high C/N ratio can be obtained. 

[0021] Furthermore, a so-called multi-clad, step indeX 
optical ?ber is used as the optical device in the reproduction 
device to irradiate the magneto-optic recording medium With 
laser beam. Thus, the intensity of the beam spot is signi? 
cantly increased only at the center, only a desired domain 
Within the recording layer is transferred to the reproducing 
layer, and consequently a precise reproduced signal can be 
obtained. 

[0022] Alternatively, a so-called single-clad, step indeX 
optical ?ber, and a single-clad step indeX optical ?ber having 
a larger core than that of the other optical ?ber are used as 
the optical device in the reproduction device to irradiate the 
magneto-optic recording medium With laser beam. Thus, 
only the intensity of the beam spot is signi?cantly increased 
only at the center and consequently a precise reproduced 
signal can be obtained as Well. 

[0023] Alternatively, a solid immersion lens is used as the 
optical device in the reproduction device to alloW tWo laser 
beams different in diameter incident coaXially on the objec 
tive lens. Thus, only the intensity of the beam spot is 
signi?cantly increased only at the center and consequently a 
precise reproduced signal can be obtained as Well. 

[0024] Furthermore, the reproduction device employs a 
hologram to transmit laser beam from the laser device 
straight and diffract the laser beam re?ected from the mag 
neto-optic recording medium. Thus, the laser device and the 
detector can be arranged in a same plane and this can reduce 
the siZe of the optical system formed of the laser device and 
the detector. 

[0025] According to the magneto-optic recording medium 
reproduction method, a laser beam re?ected from an 
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expanded domain is detected at the timing of applying a 
magnetic ?eld in the direction opposite to that in Which the 
reproducing layer is initially magnetiZed, and a suf?ciently 
large reproduced signal can thus be obtained. 

[0026] Furthermore, since the recording layer and the 
reproducing layer are positioned successively from the sub 
strate side of the magneto-optic recording medium, laser 
beam can be radiated from the side opposite to the substrate. 
This alloWs an end surface of the optical ?ber or the like to 
be arranged more adjacent to the recording layer and thus a 
signal to be reproduced from a smaller recording domain. 

[0027] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 shoWs a cross section shoWing one eXample 
of a magneto-optic recording medium suitable for a repro 
duction device according to a ?rst embodiment of the 
present invention. 

[0029] FIG. 2 shoWs a cross section shoWing another 
eXample of the magneto-optic recording medium. 

[0030] FIG. 3 shoWs a con?guration of the magneto-optic 
recording medium reproduction device according to the ?rst 
embodiment together With its reproduction principle. 

[0031] FIG. 4A represents the refractive indeX of the 
optical ?ber shoWn in FIG. 3, 

[0032] FIG. 4B shoWs a cross section shoWing a con?gu 
ration of the optical ?ber, and 

[0033] FIG. 4C represents intensity distributions of laser 
beams emanating from the optical ?ber. 

[0034] FIGS. 5A and 5B are front and bottom vieWs 
shoWing a con?guration of the receiving/emitting unit 
shoWn in FIG. 3, respectively. 

[0035] FIG. 6 shoWs a vieW for illustrating the reproduc 
tion operation of the reproduction device shoWn in FIG. 3. 

[0036] FIG. 7 shoWs a vieW for illustrating the transfer 
and expansion of a domain of the magneto-optic recording 
medium shoWn in FIG. 1. 

[0037] FIGS. 8A-8D shoW vieWs of the steps for illustrat 
ing the reproduction principle of the magneto-optic record 
ing medium shoWn in FIG. 2. 

[0038] FIG. 9 shoWs still another eXample of the mag 
neto-optic recording medium together With its reproduction 
principle. 

[0039] FIGS. 10A and 10B shoW Waveform diagrams 
representing a magnetic ?eld applied and reproduced signals 
obtained in the reproduction device shoWn in FIG. 3. 

[0040] FIGS. 11A and 11B shoW a con?guration of a 
magneto-optic recording medium according to a second 
embodiment of the present invention together With its repro 
duction principle. 
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[0041] FIG. 12 shows a con?guration of a magneto-optic 
recording medium reproduction device according to a third 
embodiment of the present invention. 

[0042] FIG. 13 shoWs an optical path passing through the 
solid immersion lens and objective lens shoWn in FIG. 12. 

[0043] FIG. 14A shoWs more speci?cally an optical path 
of laser beam transmitted through the solid immersion lens 
shoWn in FIG. 13, and FIG. 14B represents the intensity 
distribution of the laser beam in plane A-A‘ in FIG. 14A. 

[0044] FIG. 15 shoWs a con?guration of a magneto-optic 
recording medium reproduction device according to a fourth 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Embodiments of the present invention Will noW be 
speci?cally described With reference to the draWings. Iden 
tical or corresponding portions in the ?gures are labeled by 
identical reference characters and a description thereof is not 
repeated. 

[0046] First Embodiment 

[0047] A con?guration of a magneto-optic recording 
medium Will ?rst be described suitable for a magneto-optic 
recording medium reproduction device according to a ?rst 
embodiment of the present invention. 

[0048] Referring to FIG. 1, a magneto-optic recording 
medium 10 includes a transparent substrate 1, a recording 
layer 2 formed on transparent substrate 1, a reproducing 
layer 4 formed on recording layer 2, and a protection layer 
5 formed on reproducing layer 4. Transparent substrate 1 is 
formed of glass, polycarbonate or the like. Recording layer 
2 is formed of a magnetic material, such as TbFeCo. 
Reproducing layer 4 is formed of a magnetic material, such 
as GdFeCo. Protection layer 5 is formed of a transparent 
dielectric material, such as SiN. 

[0049] Recording layer 2, reproducing layer 4 and protec 
tion layer 5 are successively deposited by magnetron sput 
tering. Recording layer 2 has a ?lm thickness of 500 to 3000 
A, reproducing layer 4 has a ?lm thickness of 50 to 1000 A, 
and protection layer 5 has a ?lm thickness of 180 to 220 

[0050] Magneto-optic recording medium 10 has recording 
layer 2 closer to transparent substrate 1 and reproducing 
layer 4 closer to protection layer 5. Accordingly, radiation of 
laser beam for recording and reproduction is provided from 
the protection layer 5 side, rather than the transparent 
substrate 1 side. 

[0051] It should be noted that recording layer 2 is not 
limited to the TbFeCo mentioned above, and may be a 
single- or multi-layered magnetic ?lm formed of an element 
selected among Tb, Dy and Nd and Fe, Co and Ni, or a 
single- or multi-layered magnetic ?lm formed of one ele 
ment of Pt and Pd and one element selected among Fe, Co 
and Ni. 

[0052] Reproducing layer 4 is not limited to the GdFeCo 
mentioned above, and may be a magnetic ?lm formed of one 
element selected among GdFe, GdCo and TbCo or among 
Ho, Gd, Tb and Dy and one element selected among Fe, Co 
and Ni. 
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[0053] Furthermore, as shoWn in a magneto-optic record 
ing medium shoWn in FIG. 2, an intermediate layer 3 may 
be inserted betWeen recording layer 2 and reproducing layer 
4. Intermediate layer 3 is formed of a non-magnetic material 
(i.e. a dielectric material), such as SiN, AlN, TiN, SiO2, 
A1203, SiC, TiC, ZnO, SiAlON, ITO (idium tin oxide) and 
SnO2, and has a ?lm thickness of 30 to 300 By inserting 
intermediate layer 3, a domain With a stable shape can be 
formed in reproducing layer 4 in enlarging and reproducing 
the domain, as described later. 

[0054] Desirably, minimum siZe of stable domain of 
reproducing layer 4 is larger than that of recording layer 2, 
since the process is not required for enlarging a domain 
transferred from recording layer 2 to reproducing layer 4 and 
accordingly the necessity of applying an alternating mag 
netic ?eld to magneto-optic recording medium 10 or 11, as 
described later, can be dispensed With. Magnetic materials 
With a large the minimum siZe of stable domain is applicable 
to reproducing layer 4 of either of magneto-optic recording 
medium 10 or 11. 

[0055] A con?guration of the magneto-optic recording 
medium reproduction device according to the ?rst embodi 
ment of the present invention Will noW be described for 
reproducing a signal from magneto-optic recording medium 
10 or 11. 

[0056] Referring to FIG. 3, the reproduction device 
includes a receiving/emitting unit 6, an optical ?ber 7 and a 
magnetic head 9. 

[0057] Optical ?ber 7 has an end surface 77 arranged 
adjacent to magneto-optic recording medium 10. The dis 
tance betWeen end surface 77 and a surface of magneto-optic 
recording medium 10 is, for eXample, 0.2 pm (With a 
tolerance of 10.1 pm). 

[0058] Emitting/receiving unit 6 arranged on the surface 
78 side of optical ?ber 7 and includes a semiconductor laser 
6a, a photodetector 6b and a hologram plate 6c. Semicon 
ductor laser 6a provides oscillation of laser beam With a 
Wavelength of 635 nm (With a tolerance of :15 nm) or a 
Wavelength of 680 nm (With a tolerance of :15 nm), Which 
is provided to end surface 78 of optical ?ber 7. Photode 
tector 6b is arranged neXt to semiconductor laser 6a and 
receives laser beam from end surface 78 of optical ?ber 7. 
Hologram plate 6c includes a glass substrate and a hologram 
formed on the glass substrate, and splits incident laser beam 
into the 0th-order, :?rst-order, . . . :nth-order diffracted 

beams. Accordingly, 0th-order diffracted beam (i.e., a beam 
transmitted straight through hologram plate 6c Without dif 
fraction) of laser beam radiated from semiconductor laser 6a 
and transmitted through hologram plate 6c enters end sur 
face 78 of optical ?ber 7. MeanWhile, +?rst-order or —?rst 
order diffracted beam of laser beam radiated from end 
surface 78 of optical ?ber 7 and transmitted through holo 
gram plate 6c enters photodetector 6b. 

[0059] Optical ?ber 7 receives laser beam from semicon 
ductor laser 6a via end surface 78, guides the laser beam in 
the UM direction in the ?gure, and irradiates magneto-optic 
recording medium 10 With the laser beam via end surface 77. 
Optical ?ber 7 also receives laser beam re?ected from 
magneto-optic recording medium 10 via end surface 77, 
guides the laser beam in the MU direction in the ?gure, and 
irradiates hologram plate 6b With the laser beam via end 



US 2001/0015937 A1 

surface 78. Formed in optical ?ber 7 is a polarizing ?lter 8 
which transmits only laser beam de?ecting in a speci?c 
direction. In this example, polarizing ?lter 8 is formed to 
transmit only laser beam which de?ects in the direction 
perpendicular to the plane of the drawing. Semiconductor 
laser 6a is arranged so that laser beam radiated therefrom is 
polariZed in the direction perpendicular to the plane of the 
drawing. Thus, laser beam radiated from semiconductor 
laser 6a will not be blocked by polariZing ?lter 8. 

[0060] Magnetic head 9 includes an electromagnetic coil 
9a and an magnetic head driving circuit 9b for supplying 
alternating current to electromagnetic coil 9a. Thus, elec 
tromagnetic head 9 applies an alternating ?eld AF to mag 
neto-optic recording medium 10, eXpands a domain trans 
ferred into reproducing layer 4 depending on a recording 
domain 21 in recording layer 2, and thus forms and shrinks 
a domain 41 which is larger than recording domain 21. The 
magnitude of alternating ?eld AF ranges from 50 to 3000 e. 
The pulse width of alternating ?eld AF ranges from 20 to 
500 nsec. 

[0061] Optical ?ber 7 is a multi-clad, step indeX optical 
?ber as shown in FIGS. 4A and 4B, and includes a core 7c 
with a refractive indeX n1 (e.g., 1.50 to 1.70), an inner 
circumferential clad 7b formed around core 7c and having a 
refractive indeX n2 (e.g., 1.45 to 1.65), and an outer circum 
ferential clad 7a formed around inner circumferential clad 
7b and having a refractive indeX n3 (e.g., 1.40 to 1.60). 
Refractive indeX n3 is smaller than refractive indeX n2, and 
refractive indeX n2 is smaller than refractive indeX n1. 
Suitable materials for core 7c, inner circumferential clad 7b 
and outer circumferential clad 7a are multi-component 
glass, plastic and the like of SiO2 which contains NaZO, CaO 
and GeO each having a different component ratio from each 
other. 

[0062] Furthermore, a tip of optical ?ber 7 is desirably 
tapered 79 such that the diameter of the tip of optical ?ber 
7 is smaller than that of the body of optical ?ber 7. In this 
eXample, a tip of inner circumferential clad 7b has a diam 
eter of 0.1 pm (with a tolerance of 10.05 pm) and the body 
has a diameter of 300 pm (with a tolerance of 1100 pm). 

[0063] For optical ?ber 7 as described above, laser beam 
proceeds through core 7c as well as inner circumferential 
clad 7b. Laser beam which has proceeded through core 7c 
forms on magneto-optic recording medium 10 a beam spot 
which has a sharp intensity distribution 13 with a narrow 
beam diameter W1, as shown in FIG. 4C. Meanwhile, a 
laser beam which has proceeded through inner circumfer 
ential clad 7b forms on magneto-optic recording medium 10 
a beam spot which has a gentle intensity distribution 14 with 
a wide beam diameter W2, as shown in FIG. 4C. Thus, the 
miXed intensity distribution of these intensity distributions is 
extremely high only at the intensity of the center of the beam 
spot. 
[0064] In emitting/receiving unit 6, semiconductor laser 
6a and photodetector 6b are arranged in a same plane, as 
shown in FIG. 5A. Mounted on the light receiving surface 
of photodetector 6b is a polariZing ?lter 6a' which transmits 
one of p polariZation component and s polariZation compo 
nent of a +?rst-order or —?rst-order diffracted beam L211. 
Emitting/receiving unit 6 has three cuts k1-k3 each formed 
for every 90°. Semiconductor laser 6a is arranged such that 
semiconductor laser 6a has an emitting point 61 positioned 
on line k2-k3. 
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[0065] The following equations (1) and (2) are estab 
lished: 

sin 0=Mp (1) 

Z1=L tan 0 (2) 

[0066] wherein L represents the distance between semi 
conductor laser 6a and hologram plate 6c, p represents the 
pitch of a ?ne corrugated structure (indicated by vertical 
stripe in the ?gure) which forms a hologram of hologram 
plate 6c, 0 represents :?rst-order diffraction angle caused by 
hologram plate 6c, )t represents the wavelength of laser 
beam, and Z1 represents the distance between semiconductor 
laser 6a and photodetector 6b. 

[0067] Furthermore, the following equation (3) is estab 
lished from equations (1) and (2): 

[0068] Thus, as wavelength A of laser beam is increased, 
:?rst-order diffraction angle 0 caused by hologram plate 6c 
is also increased. Consequently, distance Z1 between semi 
conductor laser 6a and photodetector 6b is also increased. 
Distance Z1 is also changed depending on distance L 
between semiconductor laser 6a and hologram plate 6c. 
Accordingly, with pitch p of hologram plate 6c and distance 
L between semiconductor laser 6a and hologram plate 6c as 
parameters, Table 1 shows calculated distances Z1 between 
semiconductor laser 6a and photodetector 6b. When pitch p 
ranges from 1.5 to 35 pm and distance L ranges from 3 to 25 
mm for a laser beam wavelength of 635 nm, distance Z1 
ranges from 0.45 to 2.2 mm. Accordingly, distance Z1 is here 
set ranging from 0.45 to 2.2 mm and distance L ranging from 
3 to 25 mm. 

TABLE 1 

Distance Distance between Distance between 
between emission point emission point 

Pitch of emitting point and detection and detection 
hologram: and hologram: point for beam of point for beam of 
pQum) L(mm) 635 nm:Z1 (mm) 680 nm:Z2 (nm) 

1.5 3 1.4018 1.5258 
2 3 1.0044 1.0846 
3 5 1.0828 1.1636 
3 4.5 0.9745 1.0473 
3 4 0.8683 0.9309 
5 5 0.6402 0.6864 
4.5 15 2.1381 2.2930 
5 15 1.9205 2.0591 
8 15 1.1944 1.2796 

10 10 0.6360 0.6816 
10 15 0.9544 1.0224 
10 8 0.5090 0.5453 
8 10 0.7963 0.8531 
5 10 1.2804 1.3728 
3 10 2.1657 2.3272 
8 25 1.9906 2.1327 

10 25 1.5907 1.7039 
15 25 1.0593 1.1345 
20 25 0.7942 0.8505 
25 25 0.6352 0.6803 
30 25 0.5293 0.5668 
35 25 0.4536 0.4858 

[0069] Table 1 also shows a distance Z2 between semi 
conductor laser 6a and photodetector 6b with use of semi 
conductor laser 6a which provides oscillation of laser beam 
with a wavelength of 680 nm. When pitch p of hologram 
plate 6c ranges from 1.5 to 35 pm and distance L between 
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semiconductor laser 6a and hologram plate 6c ranges from 
3 to 25 mm, distance Z2 ranges from 0.48 to 2.3 mm. 
Accordingly, distance Z2 in this example is set ranging from 
0.48 to 2.3 mm and distance L ranging from 3 to 25 mm. 

[0070] Although hologram plate 6c is arranged in emit 
ting/receiving unit 6 such that hologram plate 6c is inte 
grated With semiconductor laser 6a and photodetector 6b, 
hologram plate 6c may be arranged separately from emit 
ting/receiving unit 6. Although emitting/receiving unit 6 is 
provided With hologram plate 6c, as shoWn in FIG. 5A, a 
half mirror may be provided betWeen end surface 78 of the 
optical ?ber and semiconductor laser 6a to re?ect laser beam 
L21 re?ected from magneto-optic recording medium 10 such 
that laser beam L21 is perpendicular to photodetector 6b. 

[0071] An operation of the magneto-optic recording 
medium reproduction device con?gured as above Will noW 
be described. 

[0072] As shoWn in FIG. 6, a laser beam With a Wave 
length of 635 nm that is radiated from emitting/receiving 
unit 6 at semiconductor laser 6a and is de?ected in the 
direction perpendicular to the plane of the draWing diffuses 
and thus enters hologram plate 6c. The laser beam incident 
on hologram plate 6c is diffracted at hologram plate 6c and 
split into Oth-order, :?rst-order, . . . :nth-order diffracted 

beams. Oth-order diffracted beam is transmitted straight 
through hologram plate 6c Without diffracting at hologram 
plate 6c, and enters end surface 78 of optical ?ber 7. Since 
the laser beam radiated from semiconductor laser 6a is 
de?ected in the direction perpendicular to the plane of the 
draWing, it is transmitted through polariZing ?lter 8 in 
optical ?ber 7. Thus, a laser beam L1 incident on core 7c 
proceeds through core 7c and is radiated from end surface 77 
toWard magnetic recording medium 10. MeanWhile, a laser 
beam L2 incident on inner circumferential clad 7b proceeds 
through inner circumferential clad 7b and is radiated from 
end surface 77 toWards magneto-optic recording medium 
10. 

[0073] Laser beam L1, Which has proceeded through core 
7c, forms a beam spot With a sharp intensity distribution, as 
shoWn in FIG. 4C, and the diameter of the spot is 600 A 
(With a tolerance of 1200 A), Which is almost the same siZe 
as recording domain 21 in recording layer 2. Thus, laser 
beam L1 radiated onto magneto-optic recording medium 10 
raises the temperature of only the area of recording domain 
21 to a predetermined temperature or more. 

[0074] When the temperature of recording domain 21 
exceeds the predetermined temperature, recording domain 
21 in recording layer 2 is transferred to reproducing layer 4 
and a domain 40 Which is approximately same in siZe as 
recording domain 21 is formed in reproducing layer 4, as 
shoWn in FIG. 7. A direction 40a in Which domain 40 is 
magnetiZed is the same as a direction 21a in Which recording 
domain 21 is magnetiZed. 

[0075] When the direction of alternating ?eld AF applied 
from magnetic head 9 is then the same as direction 40a in 
Which the transferred domain 40 is magnetiZed, domain 40 
is expanded in the plane of magneto-optic recording medium 
10 to form a domain 41, Which is larger than recording 
domain 21. 

[0076] A laser beam L11 of laser beam L1 proceeding 
through core 7c that is re?ected by the expanded domain 41 
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is diffused outWard and Will not return to end surface 77 of 
optical ?ber 7. MeanWhile, a laser beam L21 of laser beam 
L2 proceeding through inner circumferential clad 7b that is 
re?ected by the expanded domain 41 is not diffused out 
Wards and Will return to end surface 77 of optical ?ber 7. 
Thus, laser beam L21 incident on end surface 77 proceeds 
through core 7c and inner circumferential clad 7b in the 
opposite direction. Since the plane of polariZation of laser 
beam L21 re?ected at the expanded domain 41 is slightly 
rotated due to Kerr effect, polariZing ?lter 8 transmits only 
a polariZation component of laser beam L21 proceeding through 
core 7c and inner circumferential clad 7b in the opposite 
direction that is the same in polariZation direction as polar 
iZing ?lter 8. 

[0077] Laser beam L21 transmitted through polariZing ?l 
ter 8 is radiated from end surface 78 of optical ?ber 7 
toWards hologram plate 6c to alloW a +?rst-order or —?rst 
order diffracted beam L211 of laser beam L21 incident on 
photodetector 6b via polariZing ?lter 6d. Photodetector 6b 
produces a reproduced signal according the incident, dif 
fracted beam L211. Since Kerr rotation angle is changed 
depending on the direction in Which reproducing layer 4 is 
magnetiZed, the reproduced signal changes depending on the 
magnetiZation direction in reproducing layer 4. 
[0078] Expanded domain 41 is shrunk When the direction 
of alternating ?eld AF is opposite to magnetiZed direction 
40a after detection of the reproduced signal. Repetition of 
the operation as described above alloWs signals to be suc 
cessively reproduced from recording domains of recording 
layer 2. 
[0079] In order to obtain a reproduced signal With high 
C/N ratio, a signal should be reproduced from a domain in 
reproducing layer 2 When the domain is expanded. 

[0080] As shoWn in FIG. 7, reproducing layer 4 is mag 
netiZed in one predetermined direction (in this example, the 
doWnWard direction in the ?gure) before domain 21 is 
transferred from recording layer 2. When magnetiZation 
direction 21a for recording domain 21 in recording layer 2 
is transferred to domain 40 in reproducing layer 4 by 
exchanging coupling and the direction of alternating ?eld 
AF is the same as magnetiZation direction 40a, domain 40 
is expanded to domain 41. Thus, in order to obtain the 
maximum reproduced signal, photodetector 6b need only 
detector laser beam L21 re?ected from magneto-optic 
recording medium 10 When alternating ?eld AF is applied in 
the direction opposite to the initial magnetiZation direction 
for reproducing layer 4 (i.e., in the upWard direction in the 
?gure). 
[0081] In reproducing a signal from recording domain 22 
With magnetiZation direction 21a and an opposite magneti 
Zation direction 22a for recording domain 21, a recording 
layer has already been substantially transferred and 
expanded, since the initial magnetiZation direction for repro 
ducing layer 4 is the same as magnetiZation direction 22a for 
domain 22 to be reproduced. Accordingly, the transfer, 
expansion and erasure of magnetiZation are observed only 
With respect to a recording domain Which is magnetiZed in 
a direction opposite to the initial magnetiZation direction for 
reproducing layer 4. Consequently, photodetector 6b need 
only detect laser beam L21 re?ected from magneto-optic 
recording medium 10 When alternating ?eld AF is applied in 
a direction opposite to the initial magnetiZation direction for 
reproducing layer 4. 
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[0082] Note that for an initial magnetization direction for 
reproducing layer 4 opposite to that shoWn in FIG. 7, 
transfer of magnetiZation and expansion of a domain are 
observed When a signal is reproduced from recording 
domain 22. Accordingly, to obtain the maximum reproduced 
signal, photodetector 6b need only detect laser beam L21 
re?ected from magneto-optic recording medium 10 While 
alternating ?eld AF is applied in the same direction as 
magnetiZation direction 22a for recording domain 22. 

[0083] The description hereinabove has been provided 
With respect to reproducing a signal from magneto-optic 
recording medium 10 shoWn in FIG. 1. The description 
hereinafter is provided With respect to reproducing a signal 
from magneto-optic recording medium 11 shoWn in FIG. 2. 

[0084] As shoWn in FIG. 8A, reproducing layer 4 is 
magnetiZed in one predetermined direction (i.e., the upWard 
and doWnWard directions in the ?gure). 

[0085] As shoWn in FIG. 8B, When laser beam L1 With a 
sharp temperature distribution then illuminates magneto 
optic recording medium 11, magnetiZation direction 21a in 
recording domain 21 as the illuminated position is trans 
ferred to reproducing layer 4 to form domain 40 With a 
magnetiZation direction opposite to an initial magnetiZation 
direction. The transfer is provided due to magnetostatic 
coupling rather than exchange coupling, since non-magnetic 
intermediate layer 3 is formed betWeen recording layer 2 and 
reproducing layer 4. 

[0086] As shoWn in FIG. 8C, When the direction of 
alternating ?eld AF is then same as magnetiZation direction 
40a in domain 40, domain 40 is expanded as shoWn in FIG. 
8C to form domain 41, Which is larger than recording 
domain 21. Laser beam L21 re?ected from the expanded 
domain 41 is detected by photodetector 6b to generate a 
reproduced signal. 

[0087] It should be noted that since intermediate layer 3 is 
formed betWeen recording layer 2 and reproducing layer 4, 
the magnetic Wall of domain 41 is not ?xed by recording 
domain 22, Which is adjacent to recording domain 21 and 
has the opposite magnetiZation direction 22a. Thus, a 
domain can be expanded more stably than in magneto-optic 
recording medium 10 Without intermediate layer 3. 

[0088] Then, as shoWn in FIG. 8D, the expanded domain 
41 is shrunk When the direction of alternating ?eld AF is the 
same as the initial magnetiZation direction for reproducing 
layer 4. 

[0089] With recording layer 2 and reproducing layer 4 of 
magneto-optic recording media 10 and 11 shoWn in FIGS. 
1 and 2 formed successively from the substrate 1 side, laser 
beam is radiated from the opposite, protection layer 5 side, 
since radiating a laser beam from the thin protection layer 5 
side alloWs end surface 77 of optical ?ber 7 to be arranged 
closer to recording and reproducing layers 2 and 4 of 
magneto-optic recording medium 10 and 11 than radiating a 
laser beam from the thick substrate 1 side. 

[0090] As shoWn in FIG. 9, hoWever, a magneto-optic 
recording medium 12 With reproducing layer 4 and record 
ing layer 2 formed successively from the substrate 1 side can 
also provide reproduction by the reproduction device. Mag 
neto-optic recording medium 12 has an optical interference 
layer 15 of SiN or the like formed betWeen substrate 1 and 
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reproducing layer 4 to enhance the reproducing signal. 
Formed betWeen intermediate layer 3 and recording layer 2 
is a shield layer 16 of AlTi or the like for separating 
recording layer 2 more completely from reproducing layer 4. 

[0091] According to the ?rst embodiment, optical ?ber 7 
has end surface 77 arranged adjacent to magneto-optic 
recording medium 10 Which is then irradiated With laser 
beam via end surface 77. Thus, a signal can be accurately 
reproduced even from small recording domain 21 of e.g., 
600 A. 

[0092] Furthermore, since alternating ?eld AF is applied 
to recording medium 10, domain 40 transferred from record 
ing layer 2 to reproducing layer 4 is expanded and a signal 
is reproduced from the expanded domain 41. Consequently, 
a large reproduced signal can be obtained. When an alter 
nating ?eld is not applied (H=0), an obtained reproduced 
signal is extremely small, as shoWn in FIG. 10A. By 
contrast, When an alternating ?eld is applied, a large repro 
duced signal can be obtained, as shoWn in FIG. 10B. 

[0093] Furthermore, since optical ?ber 7 is a multi-clad, 
step index optical ?ber, the intensity distribution of laser 
beam L1 proceeding through core 7c has a sharp shape and 
thus only an extremely small recording domain 21 can be 
transferred to reproducing layer 4. Consequently, precise 
reproduced signal can be obtained. 

[0094] Since hologram plate 6c is provided for diffracting 
a laser beam re?ected from a magneto-optic recording 
medium, semiconductor laser 6a and photodetector 6b can 
be arranged in a same plane. Furthermore, the use of 
emitting/receiving unit 6 into Which semiconductor laser 6a, 
photodetector 6b and hologram plate 6c are integrated 
together alloWs reduction of the siZe of the entire reproduc 
tion device. 

[0095] Second Embodiment 

[0096] The single optical ?ber 7 described above may be 
replaced With tWo optical ?bers 61 and 62, as shoWn in 
FIGS. 11A and 11B. Optical ?ber 61 irradiates magneto 
optic recording medium 10 With laser beam for the transfer 
and expansion of a domain. Optical ?ber 62 irradiates 
magneto-optic recording medium 10 With laser beam and 
also receives laser beam re?ected from magneto-optic 
recording medium 10. 

[0097] Optical ?ber 61 for radiation has a core 61c With a 
refractive index ranging from 1.50 to 1.70, and a clad 61a 
Which is formed around core 61c and has a refractive index 
ranging from 1.40 to 1.60. The refractive index of clad 61a 
is smaller than that of core 61c. Thus, optical ?ber 61 is a 
single-clad, step index optical ?ber. 

[0098] Optical ?ber 62 for reception has a core 62b With 
a refractive index ranging from 1.50 to 1.70, and a clad 62a 
Which is formed around core 62b and has a refractive index 
ranging from 1.40 to 1.60. The refractive index of clad 62a 
is smaller than that of core 62b. Thus, optical ?ber 62 is also 
a single-clad, step index optical ?ber. 

[0099] The diameter of core 62b of the receiving optical 
?ber 62 is larger than that of core 61c of the radiating optical 
?ber 61. Thus, optical ?ber 61 radiates laser. beam L1 Which 
has a sharp intensity distribution 13 With a small, beam 
diameter W1, as shoWn in FIG. 4C. Optical ?ber 62 radiates 
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laser beam L2 Which has a broad intensity distribution With 
a large, beam diameter W2 shown in FIG. 4C. 

[0100] A reproduction process of the reproduction device 
Will noW be described Which employs the tWo optical ?bers 
61 and 62 as described above. 

[0101] As shoWn in FIG. 11A, When laser beam L1 
proceeds through core 61c of optical ?ber 61 and is then 
radiated to magneto-optic recording medium 10 via an end 
surface 661, the temperature of only recording domain 21 in 
recording layer 2 is raised to at least a predetermined 
temperature and recording domain 21 is transferred to 
reproducing layer 4 by exchange coupling to create domain 
40 Which is expanded to domain 41 by alternating ?eld AF. 

[0102] As shoWn in FIG. 11B, While domain 40 is 
expanded to domain 41, magneto-optic recording medium 
10 is rotated and domain 40 (41) is thus moved under optical 
?ber 62. Thus, the expanded domain 41 is irradiated With 
laser beam Which proceeds through core 62b of optical ?ber 
62 and is radiated via an end surface 662. Re?ected laser 
beam L22 of laser beam L2 radiated to the expanded domain 
41 returns to end surface 662 of optical ?ber 62 and is 
detected by photodetector 6b, as in the ?rst embodiment. 
The expanded domain 41 is shrunk by alternating ?eld AF, 
as described above. 

[0103] Third Embodiment 

[0104] A magneto-optic recording medium reproduction 
device according to a third embodiment of the present 
invention includes a solid immersion lens 80, an objective 
lens 81, a semiconductor laser 82, a collimator lens 83, a 
semiconductor laser 84, a collimator lens 85, a half mirror 
86, a photodetector 87 and a magnetic head—88. 

[0105] Solid immersion lens 80 has a plane 80a adjacent 
to magneto-optic recording medium 10, and a spherical 
surface 80b opposite to plane 80a. Objective lens 81 is 
arranged on the curved surface 80b side of solid immersion 
lens 80 such that the optical axis of solid immersion lens 80 
matches that of objective lens 80. Semiconductor laser 82 
provides oscillation of laser beam With a Wavelength of 635 
nm. Collimator lens 83 forms parallel laser beam L81 based 
on the laser beam radiated from semiconductor laser 82. 
Collimator lens 85 forms parallel laser beam L82 based on 
the laser beam from semiconductor laser 84. The diameter 
D82 of laser beam L82 is larger than the diameter D81 of 
laser beam L81. Half mirror 86 mixes laser beams L81 and 
L82 to alloW laser beams L81 and L82 coaxially incident on 
objective lens 81. Photodetector 87 receives laser beam 
re?ected from magneto-optic recording medium 10 and 
transmitted through solid immersion lens 80 and objective 
lens 81. Magnetic head 88 applies alternating ?eld AF to 
magneto-optic recording medium 10 and expands and 
shrinks a domain created in reproducing layer 4 of magneto 
optic recording medium 10. 

[0106] The reproduction device further includes a half 
mirror 89, a Wollaston prism 90, a condenser lens 91 and a 
differential ampli?er 92. Half mirror 89 transmits laser beam 
L81 from collimator lens 83 straight and re?ects laser beam 
re?ected from magneto-optic recording medium 10 toWards 
photodetector 87. Wollaston prism 90 splits laser beam 
re?ected from half mirror89 into p polariZation component, 
s polariZation component and laser beam mixed With s and 
p polariZation components. Condenser lens 91 condenses 
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laser beam transmitted through Wollaston prism 90 onto 
photodetector 87. Differential ampli?er 92 generates a 
reproduced signal, depending on a signal generated by 
photodetector 87 based on the p polariZation component and 
a signal generated by photodetector 87 based on the s 
polariZation component. Note that photodetector 87 also 
generates an error signal for focusing control or tracking 
control based on the laser beam mixed With s and p polar 
iZation components. 

[0107] A reproduction process of the reproduction device 
con?gured as described above Will noW be described. 

[0108] Laser beam radiated from semiconductor laser 82 
is rendered parallel by collimator lens 83 to form laser beam 
L81 With a small diameter D81. MeanWhile, laser beam 
radiated from semiconductor laser 84 is rendered parallel by 
collimator lens 85 to form laser beam L82 With a large 
diameter D82. Laser beam L81 is transmitted through half 
mirror 86 straight to alloW laser beam L81 incident on 
objective lens 81. MeanWhile, laser beam L82 is re?ected by 
half mirror 86 to alloW laser beam L82 incident on object 
lens 81. Thus, the optical system formed of collimator lenses 
83 and 85 and half mirror 86 forms laser beam L81 With 
diameter D81 and laser beam L82 With diameter D82 larger 
than diameter D81 and alloWs laser beams L81 and L82 
coaxially incident on objective lens 81. 

[0109] Since tWo laser beams L81 and L82 different in 
diameter enter objective lens 81, as shoWn in FIG. 13, tWo 
laser beams L81 and L82 each enter the spherical surface of 
solid immersion lens 80 at a different angle. Thus, the spot 
diameter of laser beam L81 formed by solid immersion lens 
80 is larger than that of laser beam L82 formed by solid 
immersion lens 80, as shoWn in FIG. 14A. Accordingly, the 
mixed intensity distribution of laser beams L81 and L82 in 
plane A-A‘ in FIG. 14A is as shoWn in FIG. 14B. This 
intensity distribution is similar to that shoWn in FIG. 4C, 
With the intensity of laser beam signi?cantly larger at the 
center than at the outer circumference. 

[0110] Consequently, laser beam from objective lens 81 is 
further condensed and only an extremely small recording 
domain of e.g., no more than 0.1 pm can be transferred to 
reproducing layer 4. Furthermore, since alternating ?eld AF 
is applied to magneto-optic recording medium 10 by mag 
netic head 88, a domain created in reproducing layer 4 is 
expanded and the expanded domain is irradiated With laser 
beam L81 With a broad intensity distribution. Thus, the 
intensity of a reproduced signal detected by photodetector 
87 is increased as Well as the ?rst and second embodiments. 

[0111] Fourth Embodiment 

[0112] As shoWn in FIG. 15, a magneto-optic recording 
medium reproduction device according to a fourth embodi 
ment of the present invention includes the con?guration of 
the third embodiment plus a beam splitter 93, a collimator 
lens 94 and re?ecting mirrors 95 and 96. It should be noted, 
hoWever, that the device is not provided With semiconductor 
laser 84 shoWn in FIG. 12 and is only provided With a single 
semiconductor laser 82. Collimator lens 94 replaces colli 
mator lens 85 shoWn in FIG. 12. Although half mirrors 86 
and 89 are opposite in arrangement to those shoWn in FIG. 
12, half mirrors 86 and 89 in the fourth embodiment may 
also be arranged as shoWn in FIG. 12. 

[0113] Beam splitter 93 splits laser beam radiated from 
semiconductor laser 82 into tWo by transmitting the laser 








