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NEAR-FELD LIGHT-EMITTING ELEMENT 
AND OPTICAL, HEAD 

0001. This is a Continuation of application Ser. No. 
11/185,868 filed July 21, 2005. The disclosure of the prior 
application is hereby incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an element which 
emits a enhanced near-field light, as well as to an optical head 
applying the element. 
0004 2. Description of the Related Art 
0005. In a related-art optical disk drive and a related-art 
optical lithography system, respectively, recording density 
and the width of a pattern are limited by the size of a light spot 
to be used and the limit is the order of the wavelength of the 
laser light to be used because it is impossible to reduce the 
spot size to less than the wavelength in the case of far-field 
concentration used in these devises. 
0006 Near-field light which emitted through a minute 
aperture formed in a metal film has recently drew much 
attention as means for producing a minute light spot exceed 
ing the limit. In the case of the near-field light, since the spot 
size of the light is limited by the size of the aperture only, 
reducing the aperture size can reduce the spot size far less 
than the diffraction limit. 
0007. However, in the case of a simple aperture, the inten 
sity of emitted near-field light is known to decrease in pro 
portion to the fourth power of a ratio of the aperture to the 
wavelength (see, e.g., H. A. Bethe. Theory of Diffraction by 
Small Holes, Physical Review, Second Series, Vol. 66, pp. 
163 to 182 (1944)). 
0008. As the means of breaking through the limit and 
enhancing the intensity of the near-field light, the excitation 
of surface plasmon by irradiating a laser beam on a metal film 
is promising. 
0009 Namely, the field intensity of light around the aper 
ture is enhanced by interacting irradiated laser beam to the 
Surface plasmon resonantly, whereby the intensity of the 
near-field light emitted through the aperture is also enhanced. 
A structure for periodically forming corrugations concentri 
cally in a metal film around the aperture has been proposed as 
the means of interacting the irradiated laser beam to the 
surface plasmon efficiently (see JP-A-2004-70288). 
0010 FIGS. 11A and 11B show a near-field light-emitting 
element described in JP-A-2004-70288. As shown in FIG. 
11A, the near-field light-emitting element is a rectangular 
metal film 10 formed on a transparent medium 6. The metal 
film 10 has a flat first surface 10a contacting the transparent 
medium 6, a second surface 10b opposing the first Surface 
10a, an aperture 10d formed so as to penetrate through the 
first to the second surfaces 10a, 10b, and plural ring-shaped 
recessed sections 10e formed periodically in the second sur 
face 10b around the aperture 10d. 
0011. Here, the recessed sections 10e will be described in 
detail. The periodicity P of the recessed sections 10e is deter 
mined such that the product of the periodicity “P” and the 
refractitive index “n” of the transparent medium 6 becomes 
slightly smaller than the maximum wavelength w of the laser 
beam propagating through the metal film 10. The width of the 
recessed section 10e is made smaller than the periodicity P. 
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The width of the actual corrugated pattern is set to 0.1 to 0.6 
um, and the periodicity of the same is set to 0.4 to 2 Lum. In an 
optimal case, the intensity of near-field light 4e emitted from 
the aperture 10d is reported to have been enhanced by a factor 
of several hundreds times of that achieved in a case of no 
periodic pattern. It is also reported that the greater the peri 
odicity, the higher the rate of enhancement and that the rate of 
enhancement is increased as the cross-sectional profiles of 
corrugations are closer to rectangular in shape (see Collection 
of Proceedings 3, Spring Joint Lecture related to the Japan 
Society of Applied Physics 2004, 29p-D-10, p-1139). 
0012 However, according to the related-art near-field 
light-emitting element, a corrugated pattern must be formed 
inadvance in a transparent medium in order to form a periodic 
pattern, which in turn makes processes complicated. Particu 
larly, when an corrugated pattern is formed in a light-con 
densing plane of a Solid immersion lens or Solid immersion 
mirror, which is effective for forming near-field light, diffi 
culty is encountered in placing the lens or mirror in a photo 
lithography system, because the lens or mirror has a curved 
Surface. Thus, simple processes have been sought. 
0013 Moreover, since plasmon reflectivity from d each 
corrugation is low plural corrugations are required in order to 
achieve Sufficient reflection. Accordingly, a laser beam must 
be irradiated onto the corrugated pattern across plural corru 
gated periods. Therefore, the diameter of the light spot can be 
converged only to a size in the order of about 1 Lum. In this 
case, the majority of light is reflected and absorbed by the 
metal film 10, and hence the utilization efficiency of light, i.e., 
the intensity of emitted near-field light in relation to the 
intensity of the irradiated laser beam, is low. Even when the 
diameter of the aperture 10d assumes a value of 0.1 um, only 
a utilization efficiency on the order of 2% or thereabouts is 
achieved. 
0014. In particular, in the case of an optical disk drive, the 
utilization efficiency of light is very important. For example, 
in the case of a phase-change medium used in a DVD or the 
like, required recording power density is 1 MW/cm orthere 
abouts. In the case of an aperture having a diameter of 0.1 um, 
the irradiated laser beam requires power of about 0.1 mW. 
Accordingly, in the case of a light utilization efficiency of 2%, 
the irradiated laser beam requires power of about 50 mW. 
0015. In the field of an optical disk, recording density of 1 
Tb/(inch) is considered to be required in the future. In that 
case, the diameter of the near-field light must be narrowed to 
a size of about 30 nm, which in turn reduces the utilization 
efficiency further. For this reason, much higher power is 
required for the irradiation. If not, most of the power is not 
used for recording but is absorbed by the metal film or dissi 
pated in the optical head. As a result, the metal film or the 
optical head is heated, which raises various problems such as 
thermal distortion or exfoliation of the film. When the present 
method is used for photolithography, similar problems arise. 

SUMMARY OF THE INVENTION 

0016. The present invention provides a near-field light 
emitting element which is easy to manufacture and can emit 
near-field light of high intensity at a high optical utilization 
efficiency, as well as providing an optical head. 
0017. According to an aspect of the present invention, a 
near-field light-emitting element includes a transparent 
medium having a plane of incidence into which a laser beam 
enters, and a light-condensing plane on which the laser beam 
having entered the plane of incidence is concentrated, and a 
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metal body provided on the light-condensing plane of the 
transparent medium having a first Surface contacting the 
light-condensing plane, a second surface opposing the first 
Surface, and an aperture which is formed to penetrate through 
the first surface to the second surface at a position where the 
laser beam is concentrated and which emits a near-field light 
obtained from the laser beam. The metal body is arranged 
apart from a center of the aperture by a predetermined dis 
tance to connect together the first Surface and the second 
Surface, and has a plasmon reflection plane that reflects 
toward the aperture a surface plasmon excited on the first and 
second Surfaces by the laser beam concentrated at the aper 
ture. 

0018. According to an aspect of the present invention, an 
optical head includes a transparent medium having a plane of 
incidence into which a laserbeam enters, and a light-condens 
ing plane on which the laser beam having entered the plane of 
incidence is concentrated, and a metal body provided on the 
light-condensing plane of the transparent medium having a 
first Surface contacting the light-condensing plane, a second 
Surface opposing the first Surface, and an aperture which is 
formed to penetrate through the first to the second surface at 
a position where the laser beam is concentrated and which 
emits a near-field light obtained with the laser beam. The 
metal body is arranged apart from a center of the aperture by 
a predetermined distance to connect together the first Surface 
and the second Surface, and has a plasmon reflection plane 
that reflects toward the aperture a Surface plasmon excited on 
the first and second surfaces by the laser beam concentrated 
near the aperture. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 Embodiments of the present invention will be 
described in detail based on the following figures, wherein: 
0020 FIGS. 1A to 1C show the principal section of an 
optical head according to a first embodiment of the present 
invention, wherein FIG. 1A is a front cross-sectional profile 
of the optical head, FIG. 1B is a cross-sectional profile of the 
principal section, and FIG. 1C is a bottom view of the prin 
cipal section; 
0021 FIG. 2 shows a simulation result showing wave 
length dependence of near-field light attributable to plasmon 
resonance excitation according to the first embodiment of the 
present invention; 
0022 FIG. 3 is a view showing a modification of an outer 
shape of a metal film according to the first embodiment of the 
present invention; 
0023 FIGS. 4A to 4F are views showing modifications of 
an aperture of the metal film according to the first embodi 
ment of the present invention; 
0024 FIGS. 5A to 5C show the principal section of an 
optical head according to a second embodiment of the present 
invention, wherein FIG. 5A is a front cross-sectional profile 
of the optical head, FIG. 5B is a cross-sectional profile of the 
principal section, and FIG. 5C is a bottom view of the prin 
cipal section showing a metal film; 
0025 FIGS. 6A and 6B show the principal section of an 
optical head according to a third embodiment of the present 
invention, wherein FIG. 6A is a cross-sectional profile of the 
principal section of the optical head, and FIG. 6B is a bottom 
view of the principal section showing a metal film; 
0026 FIG. 7 is a view showing a modification of a metal 
film according to the third embodiment of the present inven 
tion; 
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(0027 FIGS. 8A and 8B show the principal section of an 
optical head according to a fourth embodiment of the present 
invention, wherein FIG. 8A is a cross-sectional profile of the 
principal section of the optical head, and FIG. 8B is a bottom 
view of the principal section showing a metal film; 
(0028 FIGS. 9A to 9F are views showing modifications of 
a metal film according to the fourth embodiment of the 
present invention; 
(0029 FIGS. 10A and 10B show the principal section of an 
optical head according to a fifth embodiment of the present 
invention, wherein FIG. 10A is a cross-sectional profile of the 
principal section of the optical head, and FIG.10B is a bottom 
view of the principal section showing a metal film; and 
0030 FIGS. 11A and 11B are views showing a related-art 
plasmon resonance excitation pattern. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

0031 FIGS. 1A to 1C show the principal section of an 
optical head according to a first embodiment of the present 
invention. FIG. 1A is a front cross-sectional profile of the 
optical head, FIG. 1B is a cross-sectional profile of the prin 
cipal section, and FIG. 1C is a bottom view of the principal 
section. 
0032. The optical head 1 has a flying slider 2 which travels, 
in a flying manner, over an optical disk 100 in which is formed 
a recording layer 101. Placed on top of this flying slider 2 are 
a semiconductor laser3 for emitting a laser beam 4a, a colli 
mator lens 5 for shaping the laser beam 4a emitted from the 
semiconductor laser 3 into collimated light 4b, and a trans 
parent medium 6 which concentrates the collimated light 4b 
output from the collimator lens 5 on a lower surface 2a 
serving as a light-condensing plane of the flying slider 2, to 
thus formalight spot 4d. A metal film 10 having a rectangular 
aperture 10d for emitting near-field light 4e is deposited on 
the lower surface 2a of the flying slider 2. The semiconductor 
laser 3, the collimator lens 5, and the transparent medium 6 
are housed in a head case 8. This head case 8 is supported by 
a suspension 9. The semiconductor laser 3 and the collimator 
lens 5 are retained by the flying slider 2 by means of retaining 
sections 7A and 7B made of a fused quartz plate. 
0033. The transparent medium 6 is formed through use of 
a first plane 6a serving as a plane of incidence into which the 
collimated light 4b enters, and a portion of a paraboloid of 
revolution. The transparent medium 6 has a third plane 6c 
serving as a reflection plane which reflects the laser beam 
having entered the first plane 6a through use of a reflection 
film 6d provided on the surface of the third plane 6c, and a 
second plane 6b which comes into contact with the flying 
slider 2. Moreover, a material whose refractive index is 
greater than one and which has a translucent characteristic, 
for instance, glass BK7 (a refractive index of 1.5), dense flint 
glass (a refractive index of 1.91), cadmium sulfide CdS (a 
refractive index of 2.5), sphalerite ZnS (a refractive index of 
2.37), or the like, can be used as a material for the transparent 
medium 6. A portion of a spheroid may also be used for 
forming the third plane 6c. In addition, the reflection plane 
may also be formed from a hologram or a diffraction grating. 
0034. The flying slider 2 is formed from a material whose 
diffraction grating is equal to that of the transparent medium 
6 and has a translucent characteristic. A recessed section2b is 
formed Such that negative pressure generated in areas other 
than Surroundings of the light spot 4d formed on the lower 



US 2009/0252002 A1 

surface 2a. A distance between the metal film 10 and the 
optical disk 100 is maintained constantly by means of the 
negative pressure generated by the recessed section2b and the 
spring force of the Suspension 9. The transparent medium 6 
and the flying slider 2 may be reasonably formed into a single 
piece. 
0035. For instance, a InGaP-based edge emitting semicon 
ductor laser having a wavelength of 650 nm can be used for 
the semiconductor laser3. A direction 40 into which the laser 
beam emitted from the semiconductor laser 3 is to be polar 
ized is perpendicular to the longitudinal direction of the rect 
angular aperture 10d. By means of this configuration, Surface 
plasmon is resonantly coupled with the laser beam on the 
surface of the metal film 10 to thus be excited. Further, the 
Surface plasmon propagates to the edge Surface 10c of the 
metal film 10 and is reflected by the edge surface 10c to thus 
converge at the aperture 10d. By means of the converging 
plasmon, the near-field light 4e emitted from the aperture 10d 
is significantly enhanced. 
0036. The laser beam may also be circularly polarized, 
which make it possible to excite surface plasmon resonantly 
in both longitudinal and perpendicular direction of the rect 
angular aperture. In an optical disk system, such as a phase 
change optical disk drive, because a W/4 plate must be placed 
at an arbitrary position along the optical pass of the optical 
system in order to separate the incident light and the reflected 
light from each other, circularly-polarized light is irradiated 
on the plane of the optical disk consequently. In this case, this 
optical system can be used in unmodified form, and hence 
circular polarization is advantageous even in this regard. 
0037 (Structure of a Metal Film) 
0038. The metal film 10 is made from a metal material 
having low electrical resistance, e.g., gold (Au), silver (Ag), 
aluminum (Al), or the like. As shown in FIG. 1B, the metal 
film 10 includes the first surface 10a deposited on the lower 
surface 2a of the flying slider 2, the second surface 10b 
formed at a position opposing the first Surface 10a, the aper 
ture 10d that assumes a rectangular shape (measuring, e.g., 
0.05x0.1 um) and penetrates through the first to the second 
surface 10a, 10b, and the edge surface 10c which is arranged 
a predetermined distance away from the aperture 10d and 
serves as a plasmon reflection plane. The metal film 10 has a 
thickness (e.g., about 50 nm) sufficient for blocking the laser 
beam, and the distance (radius) from the center of the aperture 
10d to the edge surface 10c is set to a size less than or equal to 
the resonance frequency of the Surface plasmon (e.g., 0.5 
Lm). 
0039 (Preparation of the Metal Film) 
0040. The metal film 10 can be prepared by depositing a 
metal film on an object of film-deposition (i.e., the lower 
Surface 2a of the flying slider 2) and, Subsequently, etching 
the metal film through photolithography. The metal film can 
also be formed by depositing a metal film on an object of 
film-deposition, forming a resist pattern on the thus-depos 
ited metal film, and, subsequently, lifting off the metal film 
around the object through use of the resist film. These prepa 
ration methods enable preparation of the metal film 10 
through a single photolithography process, and hence are 
extremely efficient. 
0041 (Operation of the Optical Head) 
0042 Operation of the optical head will be described 
below. 

0043. The laser beam 4a emitted from the semiconductor 
laser 3 is shaped into the collimated light 4b by means of the 
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collimator lens 5, and the thus-collimated light enters the first 
plane 6a of the transparent medium 6. The collimated light 4b 
having entered the first plane 6a of the transparent medium 6 
is reflected by the reflection film 6d formed on the surface of 
the third plane 6c of the transparent medium 6, to thus con 
verge at the aperture 10d of the metal film 10 provided on the 
lower surface 2a of the flying slider 2. The laser beam having 
concentrated at the aperture 10d induces excitation of surface 
plasmon on the first and second surfaces 10a, 10.b of the metal 
film 10. The thus-excited Surface plasmon propagates to an 
outer periphery, and the majority of the Surface plasmon 
reflected by the edge surface 10c travels toward the aperture 
10d and converges at the same. Hence, the near-field light 4e 
emitted from the aperture 10d is significantly enhanced by 
means of interaction between the laser beam and the plasmon 
in the vicinity of the aperture 10d. In the first embodiment, the 
metal almost breaks off at the edge surface 10c of the metal 
film 10, in contrast with the corrugated pattern formed in a 
related-art metal film. Consequently, the majority of the plas 
mon having propagated is reflected. For this reason, the 
enhancement effect is greatly increased when compared with 
the case of the related-art metal film. 
0044 FIG.2 shows a result of computation, through use of 
an FDTD (Finite-Difference Time-Domain) method, of a 
wavelength dependence of field intensity of the near-field 
light 4e emitted from the aperture 10dby means of excitation 
of plasmon performed by the first and second surfaces 10a, 
10b of the metal film 10 according to the first embodiment. As 
can be seen from the drawing, the embodiment indicated by a 
solid line exhibits a considerably broad resonance effect from 
a wavelength of 500 nm to 900 nm. When compared with a 
case where the field intensity spreads endlessly without a 
boundary of the metal film (as indicated by a broken line), 
ten-fold or greater enhancement is exhibited. As mentioned 
above, the enhancement effect equivalent to that exhibited in 
the related-art case is ascertained to be attained by reflection 
induced by a single boundary of the metal film, as well. Since 
the wavelength dependence of resonance excitation is broad, 
significant fluctuations do not arise in an output even when 
the laser wavelength has fluctuated. Even when the radius of 
the metal film 10 is changed within the range of 0.3 to 1 Lum or 
thereabouts, the enhancement effect can be exhibited. 

Advantage of the First Embodiment 

0045. The first embodiment yields the following advan 
tages. 
0046 (A) Since the surface plasmon excited by the first 
and second surfaces 10a, 10b of the metal film 10 is reflected 
by the edge surface 10c, the near-field light 4e emitted from 
the aperture 10d can be significantly enhanced by means of 
interaction between the laser beam 4c concentrated at the 
aperture 10d and the Surface plasmon, thereby enhancing the 
utilization efficiency of light. 
0047 (B) In contrast with the periodic corrugated struc 
ture of the related-art embodiment, the plasmon excited 
around the metal film is almost totally reflected. Accordingly, 
a sufficient enhancement effect is achieved by means of only 
a single metal film 10, so that the structure and manufacturing 
processes can be greatly simplified. 
0048 (C) Since the wavelength dependence of resonance 
plasmon excitation is broad, an output is liable to few changes 
attributable to fluctuations in the wavelength of an employed 
laser. Moreover, there is no necessity for highly-accurate 
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adjustment of a film size in relation to the wavelength of an 
employed laser. High-yield manufacturing processes become 
feasible. 
0049 (D) The only requirement is to shape the metal film 
into a mere circular or rectangular shape. The metal film can 
be readily formed through use of ordinary photolithography, 
and hence manufacturing cost can be curtailed. 
0050. The present optical head enables recording/play 
back operation while the distance between the optical head 
and a disk Surface is kept minute (20 nm or thereabouts) 
through use of the flying slider 2. However, the present optical 
head is not limited to this. Needless to say, the optical head of 
a type which uses the intensity of light reflected from a disk 
also yields the same advantage as that yielded in the present 
embodiment, through use of the present metal film. 
0051 FIG.3 shows a modification of an outer shape of the 
metal film 10 according to the first embodiment. As shown in 
FIG.3, even when the outer shape of the metal film 10 is given 
a rectangular shape whose one side has a length double the 
radius of the metal film 10 shown in FIGS. 1A to 1C, an 
enhancement effect analogous to that yielded above is 
obtained. Moreover, even when the outer shape is made into 
an oval shape, an enhancement effect similar to that men 
tioned above is also yielded. 
0052 FIGS. 4A to 4F show modifications of the aperture 
of the metal film 10 according to the first embodiment. Even 
when the aperture 10d of the metal film 10 is formed into any 
of the shapes shown in FIGS. 4A to 4F, the aperture has an 
enhancement effect analogous to that mentioned above. Spe 
cifically, even when the shape of the aperture 10d is formed 
into a circular shape shown in FIG. 4A or a triangular shape 
shown in FIG. 4B, an enhancement effect analogous to that 
mentioned above is yielded. The shape of the aperture 10d 
may be formed into a coaxial shape shown in FIG. 4C, 
wherein a minute metal section 11 is arranged concentrically 
around the center of the circular aperture 10d. Alternatively, 
the shape of the aperture 10d may be formed into a concave 
shape having a protruding section 12 at the center thereof, as 
shown in FIG. 4D. This enables further enhancement of the 
emitted near-field light 4e. Even when the shape of the aper 
ture 10d is formed into a slit shape shown in FIG. 4E, an 
enhancement effect similar to that mentioned previously is 
yielded. The shape of the aperture 10d may beformed into the 
shape of a cross, as shown in FIG. 4F. As a result, the near 
field light 4e in a crossed section of the cross can be greatly 
enhanced. As illustrated, the minute metal section 11 shown 
in FIG. 4C may be formed into another shape such as a 
circular shape, a rectangular shape, or the like. 

Second Embodiment 

0053 FIGS. 5A to 5C show the principal section of an 
optical head according to a second embodiment of the present 
invention. FIG. 5A is a front cross-sectional profile of the 
optical head, FIG. 5B is a cross-sectional profile of the prin 
cipal section, and FIG. 5C is a bottom view of the principal 
section, showing a metal film. In connection with the first 
embodiment, the second embodiment employs a transparent 
medium 6 formed from a return mirror 21, a light-condenser 
lens 22, and a solid immersion lens, in place of the transparent 
medium 6 using the paraboloid of revolution. In other 
respects, the second embodiment is configured in the same 
manner as is the first embodiment. 
0054. This transparent medium 6 is made from, e.g., Nd 
based dense flint NdFD13 (having a refractive index of 1.91) 
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and has a semi-circular first surface 6a which has a radius “r” 
from the center of the aperture 10d of the metal film 10. 
0055 As in the case of the first embodiment, the metal film 
10 is provided on the lower surface 2a of the flying slider 2, is 
formed from, e.g., gold (Au), and has a thickness (e.g., 50 nm) 
sufficient for blocking the laser beam. Moreover, the outer 
shape of the metal film 10 assumes a circular shape having a 
radius of 0.3 um. As in the case of the first embodiment, the 
rectangular aperture 10d measuring 0.05x0.1 um is provided 
at the center of the metal film 10. 

Advantage of the Second Embodiment 
0056. According to the second embodiment, as in the case 
of the first embodiment, when the aperture 10d is exposed to 
the laser beam 4d whose polarizing direction 40 is perpen 
dicular to the longitudinal direction of the rectangular aper 
ture 10d, surface plasmon is excited on the first and second 
surfaces 10a, 10.b of the metal film 10. The surface plasmon is 
reflected by the edge surface 10c at the perimeter of the metal 
film 10, to thus converge at the aperture 10d. Accordingly, the 
near-field light 4e emitted from the aperture 10d can be much 
enhanced by the thus-converging plasmon. 
0057. As a result of a semi-spherical solid immersion lens 
being used as the transparent medium 6, the spot size of the 
laser beam irradiated on the aperture 10d can be concentrated 
into a size of 0.2 um or less. As a result, the intensity of the 
laser beam irradiated to the aperture 10d is increased. There 
fore, when compared with the first embodiment, the intensity 
of the near-field light 4e emitted from the aperture 10d can be 
increased further, to thus enhance the utilization efficiency of 
light. 
0058. In addition to the solid immersion lens, an ultra 
semispherical Solid immersion lens having the shape of a 
bottom-truncated sphere may also be used as the transparent 
medium. As a result, the number of apertures used for gath 
ering light can be increased further, and a Smaller beam spot 
4d can be obtained. Therefore, the utilization efficiency of 
light can be enhanced further. 

Third Embodiment 

0059 FIGS. 6A and 6B show the principal section of an 
optical head according to a third embodiment of the present 
invention. 
0060 FIG. 6A is a cross-sectional profile of the principal 
section of the optical head, and FIG. 6B is a bottom view of 
the principal section, showing a metal film. In connection 
with the first or second embodiment, the outer shape of the 
metal film 10 is formed into a rectangular shape, and in the 
third embodiment a slit 13 is formed in addition to the aper 
ture 10d. In other respects, the third embodiment is config 
ured in the same manner as is the first or second embodiment. 
0061 The metal film 10 assumes a rectangular outer 
shape, has the rectangular aperture 10d provided at a position 
where the laser beam is to be concentrated, and the circular 
slit 13 centered on the aperture 10d. The distance from the 
center of the aperture 10d to the inner wall of the slit 13 is set 
to a size on the order of the resonance wavelength of the 
surface plasmon generated on the surfaces 10a, 10.b of the 
metal film 10. 
0062 According to the third embodiment, when the laser 
beam 4d whose polarizing direction 40 is perpendicular to the 
longitudinal direction of the rectangular aperture 10d is irra 
diated on the aperture 10d, the surface plasmon is excited on 
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the first and second surfaces 10a, 10b of the metal film 10. The 
surface plasmon is reflected by the inner wall surface of the 
slit 13, to thus converge at the aperture 10d. The near-field 
light 4e emitted from the aperture 10d can be significantly 
enhanced by means of the converging plasmon. 
0063 FIG. 7 shows a modification of the metal film 10 
according to the third embodiment. As shown in FIG. 7, the 
slit 13 of the metal film 10 may assume a rectangular shape. 
The effect for enhancing the near-field light 4e can be yielded 
even when such a metal film 10 is used. 

Fourth Embodiment 

0064 FIGS. 8A and 8B show the principal section of an 
optical head according to a fourth embodiment of the present 
invention. FIG. 8A is a cross-sectional profile of the principal 
section of the optical head, and FIG. 8B is a bottom view of 
the principal section, showing a metal film. In connection 
with the second embodiment, the slit 13 is formed in the metal 
film 10 in addition to the aperture 10d in the fourth embodi 
ment. In other respects, the fourth embodiment is configured 
in the same manner as is the second embodiment. By means 
of this configuration, as in the case of the third embodiment, 
the excited surface plasmon is reflected by the inner wall 
surface of the slit 13 to thus converge at the aperture 10d. 
Hence, the near-field light 4e emitted from the aperture 10d 
can be significantly enhanced. 
0065 FIGS. 9A to 9F show modifications of the aperture 
of the metal film 10 according to the fourth embodiment. 
Even when the shape of the aperture 10d of the metal film 10 
is formed into any of the shapes shown in FIGS. 9A to 9F, an 
enhancement effect analogous to that mentioned previously is 
exhibited. Namely, even when the shape of the aperture 10d is 
formed into a circular shape shown in FIG.9A or a triangular 
shape shown in FIG. 9B, the enhancement effect similar to 
that mentioned previously. Alternatively, the shape of the 
aperture 10d may be formed into a coaxial shape, wherein the 
minute metal section 11 is arranged coaxially around the 
circular aperture 10d, as shown in FIG.9C, or a concave shape 
having a protruding section 12 at the center as shown in FIG. 
9D. As a result, the emitted near-field light 4e can be 
enhanced further. Even when the shape of the aperture 10d is 
formed into a slit, as shown in FIG.9E, an enhancement effect 
analogous to that mentioned previously is exhibited. In addi 
tion, the shape of the aperture 10d may be formed into the 
shape of a cross, as shown in FIG.9F. As a result, the near 
field light 4e at the center of the cross can be enhanced to a 
much greater extent. The minute metal section 11 shown in 
FIG. 9C may assume another shape Such as a rectangular 
shape in addition to the circular shape, as illustrated. 

Fifth Embodiment 

0066 FIGS. 10A and 10B show the principal section of an 
optical head according to a fifth embodiment of the present 
invention. FIG. 10A is a cross-sectional profile of the princi 
pal section of the optical head, and FIG. 10B is a bottom view 
of the principal section, showing a metal film. In connection 
with the second embodiment, two slits 13 are formed in the 
metal film 10 in addition to the aperture 10d in the fifth 
embodiment. In other respects, the fifth embodiment is con 
figured in the same manner as is the second embodiment. 
0067. This metal film 10 assumes a rectangular outer 
shape, and has a rectangular aperture 10d at a position where 
the laser beam is to be concentrated and the plural circular 
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slits 13 around the aperture 10d. The distance from the center 
of the aperture 10d to the inner wall surface of the innermost 
slit 13 is set to a size on the order of the resonance wavelength 
of the surface plasmon generated on the surfaces 10a, 10.b of 
the metal film 10. 
0068 According to the fifth embodiment, the excited sur 
face plasmon is reflected by wall surfaces of the plural slits 
13, to thus converge at the aperture 10d. The near-field light 
4e emitted from the aperture 10d can be significantly 
enhanced. Moreover, the beam spot 4d may be given a size 
which subsumes the outermost slit 13B. 
0069. The present invention is not limited to the embodi 
ments provided above and is susceptible to various modifica 
tions without changing the gist of the invention. Constituent 
elements of the respective embodiments can be arbitrarily 
combined with each other. 
0070 The transparent medium 6 may be formed from a 
dielectric crystal, semiconductor, or the like in addition to 
glass. The transparent medium 6 and the flying slider 2 may 
be formed integrally. 
0071. The near-field light-emitting element of the present 
invention can be applied to a near-field microscope or photo 
lithography in addition to the above-described optical head. 
0072. In the second through fifth embodiments, a convex 
lens is used as the light-gathering lens 22. However, a Fresnel 
lens, a hologram lens, a gradient index lens, or the like may be 
used. 
0073. According to the embodiments, surface plasmon is 
excited on the first and second surfaces of the metal body by 
the laser beam concentrated at the aperture of the metal body. 
The Surface plasmon propagates to areas around the location 
where surface plasmon has been excited and undergoes total 
reflection on the plasmon reflection plane to thus converge to 
the aperture. By means of interaction between the thus-con 
Verged plasmon and the laser beam concentrated at the aper 
ture, the near-field light emitted from the aperture is 
enhanced. 
0074 The metal body may be formed from a metal film or 
a metal plate. Moreover, the plasmon reflection plane may be 
an edge Surface forming an outer shape of the metal film. In 
this case, a distance from the center of the aperture of the 
metal body to the edge surface may preferably be on the order 
of the resonance wavelength of the Surface plasmon excited 
by the metal body. The outer shape of the metal film may be 
a circular shape, a rectangular shape, oran oval shape. More 
over, the aperture may have a circular shape or a rectangular 
shape or may be formed into a slit pattern. 
0075. The plasmon reflection plane may also be an inner 
wall Surface of a circular or rectangular slit formed around the 
aperture. In this case, the distance from the center of the 
aperture to the inner wall surface of the slit is preferably 
on(in?) the order of the resonance wavelength of the surface 
plasmon excited by the metal body. 
0076. The plasmon reflection surface may also be inner 
wall Surfaces of plural circular, rectangular, or the like, slits 
formed around the aperture. In this case, the distance from the 
center of the aperture to the inner wall surface of the inner 
most slit is preferably on the order of the resonance wave 
length of the surface plasmon or thereabouts. The pitch 
between the plural slits is preferably on the order of the 
wavelength of the excited Surface plasmon. 
0077. As has been described, according to the near-field 
light-emitting element and the optical head, both pertaining to 
the present invention, the Surface plasmon excited by the 



US 2009/0252002 A1 

surface of the metal body is reflected toward the aperture by 
means of the plasmon reflection plane, whereby the near-field 
light emitted from the aperture can be significantly enhanced 
by means of interaction between a laserbeam concentrated on 
the aperture and the Surface plasmon. The size of the spot size 
of the laser beam can be reduced to the order of aperture 
because it is enough for the spot to cover the aperture suffi 
ciently, the optical throughput of the element can be increased 
by the reduction. 
0078. The entire disclosure of Japanese Patent Application 
No. 2004-216210 filed on Jul. 23, 2004 including specifica 
tion, claims, drawings and abstract is incorporated herein by 
reference in its entirety. 
What is claimed is: 
1. A near-field light-emitting element comprising: 
a transparent medium having: 
a plane of incidence into which a laser beam enters; and a 

light-condensing plane on which the laser beam having 
entered the plane of incidence is concentrated; and a 
metal body provided on the light-condensing plane of 
the transparent medium having: 

a first Surface contacting the light-condensing plane; 
a second Surface opposing the first Surface; and 
an aperture which is formed to penetrate through the first 

Surface to the second Surface at a position where the laser 
beam is concentrated and which emits a near-field light 
obtained from the laser beam, wherein 

the metal body is arranged apart from a center of the aper 
ture by a predetermined distance to connect together the 
first Surface and the second Surface, and has a plasmon 
reflection plane that reflects toward the aperture a sur 
face plasmon excited on the first and second Surfaces by 
the laser beam concentrated at the aperture. 

2. The near-field light-emitting element according to claim 
1, wherein 

a distance from the center of the aperture of the metal body 
to the plasmon reflection plane corresponds to a reso 
nance wavelength, or thereabouts, of the Surface plas 
mon excited by the metal body. 

3. The near-field light-emitting element according to claim 
1, wherein 

a distance from the center of the aperture of the metal body 
to the plasmon reflection plane is greater than or equal to 
a radius of a light spot of the laser beam concentrated at 
the metal body. 

4. The near-field light-emitting element according to claim 
1, wherein 

the aperture of the metal body has a size equal to a wave 
length of the laser beam or less. 

5. The near-field light-emitting element according to claim 
1, wherein 

the aperture of the metal body is formed in a shape of a slit 
from an outer brim of one of the first and second surfaces 
to an outer brim of the remaining Surface. 

6. The near-field light-emitting element according to claim 
1, wherein 

the metal body assumes a circular outer shape, and an edge 
Surface forming the outer shape is taken as the plasmon 
reflection plane. 

7. The near-field light-emitting element according to claim 
1, wherein 

the metal body assumes a rectangular outer shape, and an 
edge Surface forming the outer shape is taken as the 
plasmon reflection plane. 
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8. The near-field light-emitting element according to claim 
1, wherein 

the metal body assumes an essentially circular or rectan 
gular shape centered on the aperture and has a slit pen 
etrating through the first Surface to the second Surface, 
and 

an inner wall Surface of the slit is taken as the plasmon 
reflection plane. 

9. The near-field light-emitting element according to claim 
8, wherein 

a distance from the center of the aperture to the wall surface 
of the slit corresponds to a resonance wavelength, or 
thereabouts, of the surface plasmon excited by the metal 
body. 

10. The near-field light-emitting element according to 
claim 1, wherein 

the metal body assumes an essentially concentric or rect 
angular shape centered on the aperture and has a plural 
ity of slits penetrating almost through the first and Sec 
ond Surfaces, and 

inner wall surfaces of the plurality of slits are taken as the 
plasmon reflection planes. 

11. The near-field light-emitting element according to 
claim 10, wherein 

a distance from the center of the aperture to an inner wall 
Surface of the innermost slit among the plurality of slits 
corresponds to a resonance wavelength, or thereabouts, 
of the surface plasmon excited by the metal body. 

12. The near-field light-emitting element according to 
claim 1, wherein 

the plane of incidence has a spherical plane into which the 
laser beam is concentrated by a light-condensing optical 
system enters. 

13. The near-field light-emitting element according to 
claim 1, wherein 

the transparent medium has a reflection plane which 
reflects the laser beam having entered the plane of inci 
dence to converge at the light-condensing plane. 

14. The near-field light-emitting element according to 
claim 13, wherein 

the reflection plane is formed through use of a portion of a 
spheroid or a paraboloid of revolution. 

15. The near-field light-emitting element according to 
claim 1, wherein 

the metal body has a minute metal body at the center of the 
aperture, and 

a shape of a coaxial-type aperture is formed by the aperture 
and the minute metal body. 

16. The near-field light-emitting element according to 
claim 1, wherein 

the metal body has a protuberance section projecting into 
the aperture from a brim thereof. 

17. The near-field light-emitting element according to 
claim 1, wherein the aperture of the metal body assumes a 
rectangular shape, and 

the laser beam concentrated at the light-condensing plane 
of the transparent medium is to be polarized perpendicu 
lar to a longitudinal direction of the aperture. 

18. The near-field light-emitting element according to 
claim 1, wherein 

a thickness of the metal body is Smaller than a wavelength 
of the laser beam, and is sufficient to block the laser 
beam. 
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19. An optical head comprising: 
a transparent medium having: 
a plane of incidence into which a laser beam enters; and 
a light-condensing plane on which the laser beam having 

entered the plane of incidence is concentrated; and 
a metal body provided on the light-condensing plane of the 

transparent medium having: 
a first Surface contacting the light-condensing plane; 
a second Surface opposing the first Surface; and 
an aperture which is formed to penetrate through the first 

and second Surfaces at a position where the laser beam is 
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concentrated and which emits a near-field light obtained 
from the laser beam, wherein 

the metal body is arranged apart from a center of the aper 
ture by a predetermined distance to connect together the 
first Surface and the second Surface, and has a plasmon 
reflection plane that reflects toward the aperture a sur 
face plasmon excited on the first and second Surfaces by 
the laser beam concentrated at the aperture. 

c c c c c 


