1 SPECI FI CATI ON NEAR FI ELD LI GHT GENERATI NG DEVI CE
OPTI CALLY ASSI STED MAGNETI C RECORDI NG HEAD, OPTI CALLY
ASSI STED MAGNETI C RECORDI NG DEVI CE, NEAR FI ELD

OPTI CAL M CROSCOPE AND NEAR FI ELD LI GHT EXPOSURE
APPARATUS FI ELD OF THE | NVENII ON [ 0001] The present
invention relates to a near field I|ight generating
device, an optically assisted magnetic recording

head, an optically assisted magnetic recording

device, a near field optical mcroscope and a near
field 1ight exposure apparatus. BACKGROUND OF THE

| NVENTI ON [0002] In a nﬁﬁﬁswwgeewdi ng method, an
increase in the recording density causes the nmagnetic
bit to be seriously susceptible to externa
tenperature and other factors. This requires use of a
r etEAR FFELR] LTGHT: \GEENERATING (DEVIQR, OREICKILY ASSISTED
However, use of such a recording nedium in turn,

i NC MABNET IO RECORDING: HEAY ,d OFIGATIY AYSTSrED MAGNETIC

The maxi mum of the magnetic field generated by the
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magnetic flux density. This val ue, however, has

al ready cone v dﬂﬂtaggagﬂgﬁ rlal and
a drastic |ncr§;égita2%%?pbe expec $

FIELD OF THE INVENTION

[0001] The present invention relates to a near field
light generating device, an optically assisted magnetic
recording head, an optically assisted magnetic recording
device, a near field optical microscope and a near field

light exposure apparatus.

BACKGROUND OF THE INVENTION

[0002] In a magnetic recording method, an increase in
the recording density causes the magnetic bit to be seriously
susceptible to external temperature and other factors. This
requires use of a recording medium having a greater cocercive
force. However, use of such a recording medium, in turn,
increases the magnetic field required for recording. The

maximum of the magnetic field generated by the recording head

is determined by the saturation magnetic flux density. This




solution to this problemis proposed in a technique

wherein magnetic weakening is caused by | ocal heating

at the time of recording, and recording is perforned

when the coercive force is reduced. After that,

heating i s suspended and natugal cooling is

perfornmed, whereby the stability of the recorded

magnetic bit is ensured. This proposed technique is

referred to as a thernally assisted nagnetic

recordi ng nmethod. [0003] In the thermally assisted

netic recording nethod, the recording nmediumi

%f er}%\‘B‘f’?v‘Fﬁéat]%%ls %g?aﬁraﬁ%‘asmrymi?ﬁ@rtoath@aﬁ-mgt of

device is not allowed to be in contact with a
n3eRbidl ngan@de udraThiug, ineressa eannoh bpraspeceete A

use absorption of light for heating. The nethod of
sebingoh i ghtthds peabtleyg is pedposed Lo astanhnpyiieakhgrein

assi sted magnetic recordi ng nmethod. When the optically
maise 51 €dv Rk MOthg Si siseguon B}t 1achi ghedensyt ¥t the time of

recording, the required dianeter of the spot is about
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l'ight cannot be perforned to neet this reqU|renent

1@?&5&?@6 d¥ §3&ice hoefat%.nggl fs{ rsad:::l endelc% and natural

utions’ to thi's probl em can oun
i que havj bee osed, wherein,the pear fie
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for heat i ng (Patent Docunent 1) Accordlng to this
mﬁ%‘%ﬁa&ﬂ 12serSBERAth hdviify RAPREFRDOIdE due 1s referred

wavel ength i s condensed by
to as a thermally assisted magnetic recording method.

[0003] In the thermally assisted magnetic recording
method, the recording medium is preferably heated
instantaneously. Further, a heating device is not allowed to
be in contact with a recording medium. Thus, it is a common
practice to use absorption of light for heating. The method
of using light for heating is referred to as an optically
assisted magnetic recording method. When the optically
assisted method is used for extra high-density recording, the
required diameter of the spot is about 20 nm. In the normal
optical system, condensation of light cannot be performed to
meet this requirement, because of the presence of a
diffraction limit. Solutions to this problem can be found in
the technique having been proposed, wherein the near field

light, which is a non-propagation light, is utilized for




an optical system and is applied to a netal (called
the plasnon probe) having a size of several tens of
nanoneters, whereby near field light is generated.
This near field light is used for heating. [0004] In
anot her proposed techni que (P&t ent Docunent 2), the
material having a high refractive index is used to
manuf acture the plasnon probe for generating the near
field light and the substrate for form ng the plasnon
probe (Patent Docunent 2) . In still another proposed
techni que (Patent Docunent %&, a pl asnon gﬁpbe is |
hedbhid i A2EPBEeDRFBRERFL v/ t o AERREAEYY ub® hali Rgtachnypue,
refractive index such as silicon, gallium arsenide
lapar geeaBniaminpagBnappsenreatelvayapanest Weexandsaged by
Pat ent Application Publication No. 2005-116155 Pat ent
aDocphendl2sysapanesedUnexappheddPabent mefppl i(cafliled the
Publ i cati on No. 2003-114184 Patent Document 3:
plapasespribexanhiigdgPat ente ABPke€atkONtPUBl b€ahb@Bmeters,
No. 2004-28900 4 DI SCLOSURE OF | NVENTI ON PROBLEMS TO
wBEr 6L VEDa BY: T | WENT! O [0005he 8. dibel 058kt nelbea 1ignt

Pat Docunents 2 an , en consideration Is given

ignbge&ofggnﬂgﬁﬁgﬁ'on of light on the plasnon probe,
the materra aving a high refractive

[0004] In another proposed technique (Patent Document
2), the material having a high refractive index is used to
manufacture the plasmon probe for generating the near field
light and the substrate for forming the plasmon probe (Patent
Document 2). In still another proposed technigue (Patent
Document 3}, a plasmon probe is formed in close proximity to
the medium having a high refractive index such as silicon,
gallium arsenide and germanium.

Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2005-116155

Patent Document 2: Japanese Unexamined Patent
Application Publication No. 2003-114184

Patent Document 3: Japanese Unexamined Patent

Application Publication No. 2004-28900




i ndex and a high light condensation efficiency is
preferably wused to manufacture a condenser el enent.
[ 0006] The present inventors have found out the fact
that the lower the refractive index of the nmedi um of
the substrate on which a pladgnon probe is fornmed, the
greater the near field light generation efficiency
is. This finding signifies that the intensity of the
near field |ight produced can be maxim zed by

consi dering both the |light condensation efficiency

D?%%ﬁé?ﬁaﬁe%a{rﬁ#%éﬁﬂén?i”? and 3 introduce i he
i ncreasing the efficiency of condensing

P??Eﬁ?“?o %eBEa59¥V§B B% THE BNYENBEOBrobe, by using

material of a high refractive index as a material of
[@0R5Dpt i calA=lddmentofet drhethergumet dfodursreasi hoatidies,
intensity of the near field light. However, there is

winen r ebres bieeat Dot hes eff veh epgyyofo @6ﬂ§é§5&ﬂﬂohh§fn§§§ht on
field light. Thus, in the configuration disclosed in

t idep Padea ﬁE@M@EnﬁﬁeZméﬂgr§alt9§vf§§rﬁgh%g %Fg?étéve

generation eff|C|ency is low To get™t
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Thus, th field | ht
usgeid“n2¢€t+%%1€$¥¢€f%n%yc$@d%%$r”e 0ng o the
ds of _the Patent Docunents 2 and 3. 0008] In
(RS or Cnad: o e ISR idseid dewnd out the fact

that the lower the refractive index of the medium of the
substrate on which a plasmon probe is formed, the greater the
near field light generation efficiency is. This finding
signifies that the intensity of the near field light produced
can be maximized by considering both the light condensation
efficiency and the near field light generation efficiency.
[0007] The Patent Documents 2 and 3 introduce the method
of increasing the efficiency of condensing light to be
applied to the plasmon probe, by using material of a high
refractive index as a material of the optical element for the
purpcse of increasing the intensity of the near field light.
However, there is no reference to the efficiency of
generating the near field light. Thus, in the configuration
disclosed in the Patent Documents 2 and 3, the near field

light generation efficiency is low. To get the near field




above, it is an object of the present invention to
provide a near field |ight generating device capable
of generating the near field light with high
efficiency, an optically assisted magnetic recording
head, an optically assisted magnetic recording
device, a near field light optical mcroscope and a
near field |ight exposure apparatus. MEANS FOR SOLVI NG
THE PROBLEMS [0009] 1. A near field |ight generating
device conprising: a first nmediumlayer through mhich

1 g ngt beam com_.ng .froma light source transmts;
YRS NDAY HREHE %HfgﬁCF§n5déBF@BSEBYgeﬁegé?étnéQPuPFepé light
light fromthe |ight beamirradi ated thereto through

mgfe bejgenperepdnPyahlicansacohderddliohtagenerasinggdgvice.
refractive index lower than the first nediumlayer,

Tivhs chths peavi dedlbeligbh gheerbiish sédiudehayed sapdor
the plasnon probe. 6 [0010] 2. The near field Iight

agened ety ngo deNé CReBhodbt 8M thewhgtehh bbeuhkhst Dedhums,
| ayer is a solid imersion |lens. [0011] 3. The near

[ossy | i ghtrgenrnatd Mg Klew Ceo0fard tﬁwleﬂ@eaéé@rwgd
first mediumlayer is a wavegui de. 4. The near

aﬁé@ég itgfg gﬁngﬂ?ééggogeyhgepggsent invention to provide a

near field light generating device capable of generating the
near field light with high efficiency, an optically assisted
magnetic recording head, an optically assisted magnetic

recording device, a near field light optical microscope and a

near field light exposure apparatus.

MEANS FOR SOLVING THE PROBLEMS
[0009] 1. A near field light generating device
comprising:

a first medium layer through which a light beam coming
from a light source transmits;

a plasmon probe which is adapted to generate near field
light from the light beam irradiated theretc through the
first medium; and

a second medium layer, having a refractive index lower
than the first medium layer, which is provided between the

first medium layer and the plasmon probe.




any one of items 1 through 3, wherein the first nmedium
| ayer is conposed of silicon, and the second nedi um

| ayer is conposed of Si02. [0013] 5. An optically

assi sted magnetic recording head, conprising: the
near field |light generating dévice of any one of item
1 through 4; and a magnetic recording elenent. [0014]
6. An optically assisted nmagnetic recording device,
conprising: a recording nmediunm a drive section
adapted to rotate the recording nedium the optically

Isted magnetic_ recordin e item 5 f
[ﬁﬁié i ating®the r%beorrlﬁ‘?f'g %e%}r‘ﬁ(nj]rwrfth Q%e%%%ngl%?ﬂlce of
light; and 7 a head noving section adapted to nove
itpm épt vearrjnasbesfégstagraiine dayerdiifgahéqdid immersion
relatively to the recording nedium [0015] 7. A near
léneld light m croscope, conprising: the near field
i ght generating device of any one of itens 1 though

[goin) irradiati ngriee s efMdidy Tighthepgndiet Ohg ldgiice of
a scanni ng section for scanning the sanple relatively
item 1, wherein the first medium layer is a waveguide.
[0012] 4. The near field light generating device of
any cne of items 1 through 3, wherein the first medium layer
is composed of silicon, and the second medium layer is
composed of $i0,.
[0013] 5. An optically assisted magnetic recording
head, comprising:

the near field light generating device cf any one of
item 1 through 4; and

a magnetic recording element.
[0014] 6. An optically assisted magnetic recording
device, comprising:

a recording medium;

a drive section adapted to rotate the recording medium;

the optically assisted magnetic recording head of item

5 for irradiating the recording medium with the near field

light; and




to the near field light generating device; and a
detection section adapted to detect scattered |ight
emtted fromthe sanple. [0016] 8. An near field |ight
exposure apparatus, conprising: the near field |ight
generating device of any one of itens 1 through 4 for
irradiating a substrate with the near field |ight;
and an exposure table adapted to hold the substrate
provided with a photosensitive material sensitive to
the near field |light generated by the near field

i ght_generatin device, at a position to which t
near @ G740 | TORENT SEHELon 1 99a5T0t0 THevReahet pBFfoally
enerating device of item 1, wherein the second
aﬁ%ﬁ$9ﬂ$l%?@FeFécfé?ﬁﬁﬁdbﬁgth@adfF?éﬁtﬁﬁﬁantPayb? racqarding
filmshape. 8 [0018] 10. The near field |ight
me@dihemat i ng device of item9, wherein the second
medi um | ayer has a thickness which satisfies the
[0@1B1i onshi: 100 mmag L£i®1E6QAG ghd i cdde, Adafising:
field light generating device, conprising: a first

nedi Whd ayefr tITOUIM WhENgend i ghinbeadv {0 A 2hi0Bbe of
source transmts;
items 1 though 4 for irradiating a sample with the near field
light;
a scanning section for scanning the sample relatively
tc the near field light generating device; and
a detection section adapted to detect scattered light
emitted from the sample.
[0016] 8. An near field light exposure apparatus,
comprising:
the near field light generating device of any cne of
items 1 through 4 for irradiating a substrate with the near
field light; and
an exposure table adapted to hold the substrate
provided with a photosensitive material sensitive to the near
field light generated by the near field light generating
device, at a position to which the near field light reaches.
[0017] 9. The near field light generating device of
item 1, wherein the second medium layer is formed on the

first medium layer in a film shape.




a second nmedium | ayer which is provided in contact
wth the first nmediumlayer and has a | ower
refractive index than the first nediumlayer; and a
pl asmon probe which is provided in contact with the
second nmedi um and i s adapted 8o generate near field
l[ight with the |ight beamirradi ated through the
first nmediumlayer and the second nedium | ayer.
[0020] 12. The near field Iight generating device of
item 11, wherein the first nediumlayer is a solid

i [sion Iens.éﬁOOZl] 13..  The near field lig

{Bgngﬂati ng Hivi et nandigld ght rsesrh@erém%q device of
medi um | ayer is a wavegui de. [0022] 14. The near

itewl 8,1 vhAreganehat sagoddvinediom lawgrohesok ithédwkness which
through 13, wherein the first nedium9 |layer is

sgbirpbsed oheskkiliabhpnahdpthe second nedium | ayer is
conposed of Si02. [0023] 15. An optically assisted
magnet 0 g #@|CcoOrgdi 1g1sheady. conpri sing: the near field
i ght generating device of any one of item 1l to 14;

[808of nmagneii C recqiLl Nor £l gient ht[ Qfgrfgra]iﬁlmf‘rhev_mce,
optically assisted magnetic recordlng devi ce€;

<SRPPEL$LYY:

a first medium layer through which a light beam from a
light source transmits;

a second medium layer which is provided in contact with
the first medium layer and has a lower refractive index than
the first medium layer; and

a plasmon probe which is provided in contact with the
second medium and is adapted to generate near field light
with the light beam irradiated through the first medium layer
and the second medium layer.

[0020] 12, The near field light generating device of
item 11, wherein the first medium layer is a solid immersion
lens.

[0021] 13. The near field light generating device of
item 11, wherein the first medium layer is a waveguide.
[0022] 14. The near field light generating device of

any one of items 11 through 13, wherein the first medium




a recording nmedium a drive section adapted to rotate
the recording nedium the optically assisted magnetic
recording head of item 15 for irradiating the

recording mediumwi th the near field light; and a

head novi ng section adapted t@ nove the optically

assi sted magnetic recording head relatively to the
recording nedium [0025] 17. The near field |ight
generating device of item 11, wherein the second
medium | ayer is formed on the first nediumlayer in a
filmshape. [0026] 18. The near field |ight generating
Lagorcésoforpesafl17fwhél éFrant handeEbad Sredndniegyem Rayer is
a thickness which satisfies the relationship: 10 100
compSsed<of5800nm EFFECTS OF THE | NVENTI ON [ 0027]
According to the present invention, a second nedium
[062B} havi rih a r efrr agitiivealiindexsd immeed tiighdthiad ©fcdrding
first mediumlayer is stacked onto the first nedi um

héayercbapriuhgutting the condensed |ight, and a
pl asnon probe is formed on the second nedium | ayer.

[T 5 MBEEEL RIS 5 GERELALLAY. hyDEBIo! S0 one of

i%@%“!fm§g 14; and

a magnetic recording element.
[0024] l6. An optically assisted magnetic recording
device, comprising:

a recording medium;

a drive section adapted to rotate the recording medium;

the optically assisted magnetic recording head of item
15 for irradiating the recording medium with the near field
light; and

a head moving section adapted to move the optically
assisted magnetic recording head relatively to the recording
medium,
[0025] 17. The near field light generating device of
item 11, wherein the second medium layer is formed on the
first medium layer in a film shape.
[0026] 18. The near field light generating device of

item 17 wherein the second medium layer has a thickness which

satisfies the relationship:




[0028] Fig. 1 is a perspective view representing the
schemati c configuration of an optically assisted
magnetic recording device 10; Fig. 2 is a cross
sectional view of an optically assisted magnetic
recording head 3 and a near fi@ld |light generating
device 39 in a first enbodi nent of the present
invention; Fig. 3 is a chart showing the relationship
between a refractive index "n" of a nedium and |ight
condensation efficiency; Fig. 4 is an explanatory
di agram representing _a plasnon probe 30 of the
preseﬁ@oiﬂWegtFoﬁ;ngO F'g. 5 is the result of
simulating the rel ationship between the gain G of the
light intensity and the refractive index "n"; Fig. 6
is a conceptual diagramrepresenting the
EFPRLCIIGUORt MEE GNVENTION 59 used in the simulation;
Fig. 7 is a chart showing the relationship between the
[obeghness "AlcofdanPutbethbayees8itushngnSiba, as aecond
mediumand a gain "G'; Fig. 8 is an expl anatory
mih2 gAML $ROWHAY 1 hRe of RelFeLS + ikRAt neRUS 8 KRFUEHON that of a
the gain"G Fig. is a cross sectional view of a near

f&&gkdmghgﬁﬁ layer is stacked onto the first medium layer for
outputting the condensed light, and a plasmon probe is formed
on the second medium layer. This arrangement ensures

generation of near field light at high efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fig. 1 is a perspective view representing the
schematic configuration of an optically assisted magnetic
recording device 10;

Fig. 2 is a cross sectional view of an optically
assisted magnetic recording head 3 and a near field light
generating device 39 in a first embodiment of the present
invention;

Fig. 3 is a chart showing the relationship between a
refractive index "n" of a medium and light condensation
efficiency;

Fig. 4 is an explanatory diagram representing a plasmon

probe 30 of the present invention;




generating device 39 in a second enbodi nent of the

present invention; Figs. 10a and 10b are cross

sectional views of a near field light generating

device 39 in a third enbodi nent of the present

invention; Fig. 11 is a crosslsectional view of an

optically assisted magnetic recording head 3 and a

near field |ight generating device 39 in a fourth

enbodi nent of the present invention; Fig. 12 is a

cross sectional view of an optically assisted

magnet i c recordlng head. 3 and a near field |lig

gener B9 ng® d&%i ES 39e5RlE ?ffFhm%ﬁBBHPﬁeﬁ?eoFe@ﬂElonShlp

present invention; Fig. 13 is a cross sectional view
betwaan ophecasliy Gas§|shsdlwaghe@néenéé§Vdaﬂg headrgfirpctive

a sixth enbodi nent of the present invention; Fig. 14
ihde”a tnbBss sectional view of an enbodi nent wher ei n

the near field |ight generating device 39 of the

presenigi ngensi oncbscepphheddi @gaameaeptbekatopyi eak

n1croscope 999; and Fig. 15 is a cross sectional view

09£f1$§r§9?8g genk m@@@?eBEeEQ@anﬁrtﬁbesgmhﬂghﬁpn;

generating device 39 o present invention is
appllﬁd tO a negrchagLdshbgpﬁgeéggsyéfatlonshlp between the

thickness "L" of a buffer layer 31 using Si0; as a medium and
a gain "G";

Fig. 8 is an explanatory diagram showing the factors
that cause reduction in the gain G;

Fig. 9 is a cross sectional view of a near field light
generating device 39 in a second embodiment of the present
invention;

Figs. 10a and 10b are cross sectional views of a near
field light generating device 39 in a third embodiment of the
present invention;

Fig. 11 is a cross sectional view of an optically
assisted magnetic recording head 3 and a near field light
generating device 39 in a fourth embodiment of the present
invention;

Fig. 12 1s a cross sectional view of an optically

assisted magnetic recording head 3 and a near field light




appar atus 333. DESCRI PTI ON OF THE NUMERALS [0029] 1
Casing 2 Disk 3 Optically assisted magnetic recording
head 4 Suspension 10 Optically assisted magnetic
recording device 11 Slider 12 Waveguide 13 Silicon
bench 13 17 Mcro prism 30 Plasnon probe 31 Buffer
| ayer 32 Waveguide 39 Near field |light generating
device 40 Magnetic recording section 41 Magnetic
reproduction section 50 SIL 56 Optical fiber 333 Near
field |ight exposure apparatus 999 Near field optica
m cr oscope BEST MODE FOR CARRYI NG OQUT THE b%y

IED636F 1RET BRViLAE £ fRe 2dfdhthg SR TESY E&e Present

invention;

Fig. 13 is a cross sectional view of an optically
assisted magnetic recording head 3 in a sixth embodiment of
the present invention;

Fig. 14 is a cross sectional view of an embodiment
wherein the near field light generating device 39 of the
present invention is applied to a near field optical
microscope 999; and

Fig. 15 is a cross sectional view of the embodiment
wherein the near field light generating device 39 of the
present invention is applied to a near field light exposure

apparatus 333.

DESCRIPTION OF THE NUMERALS
[0029] 1 Casing
2 Disk
3 Optically assisted magnetic recording head
4 Suspension
10 Optically assisted magnetic recording device
11 slider
12 Waveguilde

13 Silicon bench



describes a near field |ight generating device and an
optically assisted nagnetic recordi ng head of the
present invention, and the optically assisted
magneti c recording device equi pped therewith. The
sanme or equival ent portions X% various enbodi nents
W Il be assigned with the sane reference nunerals and
will not be described to avoid duplication. [0031]
Fig. 1 is a perspective view representing the
schematic configuration of a hard di sk apparatus as an
14 ex? le of the optically assisted magnetic
recora'gngEQiﬁﬁls@quipped with an optically assisted
magnetic recordi ng head. [0032] The optically

assi stedPhaghmeni BTPBBordi ng device 10 includes a disk
2 (magnetic recording nedium for recording, a
suspeBdi Bnfdepolayed rotatably in the direction of
arrow A (tracking direction) using a spindle 5 as a
ful cr sm wandgandact uator 6 for tracking nounted on the
suspensi on 4, where these conponents are incorporated
in a 39a§bAY fieJhi $i6A8I BEndraksayl Aekudes an
optically assisted mnmagnetic recorglng head 3 nounted
on thegnf : . Su KRN 4, and a notor
(not #p, abheel )9%8? Q%P§i§§E?%SH disk 2 in the

di rection_of arrow B. The, optical ssisted magnetic
Fecor dtnyeRaal i FeBra e s Py B el ey as bo
make a _rel ative novenent while |levitating above the

di sk 20 SIL

56 Optical fiber
333 Near field light exposure apparatus

999 Near field optical microscope

BEST MODE FOR CARRYING OUT THE INVENTION

[0030] Referring to the drawings, the following
describes a near field light generating device and an
optically assisted magnetic recording head of the present
invention, and the optically assisted magnetic recording
device equipped therewith. The same or equivalent portions
in various embodiments will be assigned with the same
reference numerals and will not be described to avoid
duplication.

[0031) Fig. 1 is a perspective view representing the

schematic configuration of a hard disk apparatus as an




In this exanple, a plurality of disks 2 and optically
assi sted magnetic recordi ng heads 3 are stacked. For
sinplification, the following gives a detailed
description of one particular head. O her heads have
the same structure. The disk4 refers to the
recordi ng nedium of the present invention. The notor
is a drive device of the present invention, and the
actuator 6 is a head traveling device of the present
invention. 15 [0033] Fig. 2 is a cross sectional view
of the optically assisted magnetic recordi ng S
eéﬁ@péen@g theePAtirghiy fepefRerng2dBerie §9¢Pﬁ %ﬂa “device
first enbodi ment of the present invention. Fig.
eshbyseanweﬁhn@neOBthhélEIasﬁﬁﬁtﬁﬁomé96ﬁtlﬂhéeﬁpégéﬁﬁ head.
i nvention. [0034] The optically assisted magnetic
[0@32] di ng heed Stinfalhe d439bttedbomimentc i nededdsna device
slider 11 provided with the suspension 4, the near
161 ehd1h&gbt aggnskati neageytce 38corélﬂ§gﬁéﬁuﬁm) for
recordlng section 40 and a nagnetic reproduction

r§§8£aﬁ Ehgpaﬁéioﬁl?'ﬂohhees QgeEEQBEQQ1ﬁe¥h§ed§96ctlon

sed an SIL (Solid nner5|on Lens) 50,

ffer | d L

BBt et et BB B0 Thms 50
t d the buffer | 31

AT e, S0 S AR

suspension 4, where these components are incorporated in a
casing 1. This casing 1 also includes an optically assisted
magnetic recording head 3 mounted on the front end of the
suspension 4, and a motor (not illustrated) for driving the
disk 2 in the direction of arrow B, The optically assisted
magnetic recording head 3 is configured in such a way as to
make a relative movement while levitating akove the disk 2.
In this example, a plurality of disks 2 and optically
assisted magnetic recording heads 3 are stacked. For
simplification, the following gives a detailed description of
one particular head. Other heads have the same structure.
The disk 2 refers to the recording medium of the present
invention. The motor is a drive device of the present
invention, and the actuator 6 is a head traveling device of

the present invention.



[0035] In the present enbodinent, the SIL 50 i s nmade
of silicon, and the buffer layer 31 is nade of SiO02.
This buffer layer 31 can be nmade by CVD net hod using
TEOCS (tetraethoxysilane) as raw material. [0036] The
i ght beam of near-infrared lli&ser beam (having a
wavel engt h of 1550 nm 1310 nm etc.) emtted from a
sem conductor laser (not illustrated) is condensed by
the SIL 50 made of silicon, as indicated by the arrow
of Fig. 2. 16 [0037] Referring to Fig. 3, the
follow ng describes the relationship, between_the

[P@F3hcti ve Hiftlexd ofS & rfdfeh Tim SRfF 19RYht VEOh dehstl gpptically
efficiency: [0038] Wien the | aser beans are condensed

asplabedpnagatticyseearfiongetdeatl Beandop nhar| fkeldt Aeght
radius "w' of the spot at the condensed beam wai st

geadrbeiggnécaity BYpisssed fhystobinbwdhgefor mfl ahé: present
[0039] [Formula 1] 1.2274 03= n [0040] In Fornmula 1,

iNfesleDoh es e nundwalarapetdnpee of e QPtasddn probe of
system X indicates the wavel ength of the beam and n

e 7T on b T Re Bt 'di anet er of the condensed beam
[{Jﬁséd ncreasgl 1 L OPOF T AL & DG d Gl ACL T M8 PERXg Head 3
of the first embodiment includes a slider 11 provided with
the suspension 4, the near field light generating device 39,
a magnetic recording section 40 and a magnetic reproduction
section 41. The near field light generating device 39 is
composed of an SIL (Solid Immersion Lens) 50, a buffer layer
31 and a plasmon probe 30. The SIL 50 corresponds to the
first medium layer of the present invention, and the buffer
layer 31 corresponds the second medium layer of the present
invention.

[0035] In the present embodiment, the SIL 50 is made of
silicon, and the buffer layer 31 is made of Si0O;. This
buffer layer 31 can be made by CVD method using TEOS
(tetraethoxysilane) as raw material.

[0036] The light beam of near-infrared laser beam

(having a wavelength of 1550 nm, 1310 nm, etc.) emitted from

a semiconductor laser (not illustrated) is condensed by the

SIL 50 made of silicon, as indicated by the arrow of Fig. 2.




medi um Since the spot area is proportional to the
square of the spot dianeter, the |ight power density
(l'ight condensation efficiency) in the beamwaist is
proportional to the square of the refractive index.
[0041] Fig. 3 is a chart shovithg the rel ationship
between the refractive index "n" of a nmediumplotted
on the horizontal axis, and |ight condensation
efficiency plotted on the vertical axis. Plotted on
the chart are silicon (Si), 17 silicon carbide (SiC
i 02 as_exanp)] es of the refractive
(BREZE wi th BATRRId o8 HELT T ght TR AG L bERERBRGERSE the
of 1.3 mis 3.5 in the case of silicon, 2.5 in the
rehablonsbir, bapdeensths rRéraasavef 186X, OAs adBSEEIBegnd
above, since the light condensation efficiency is
lpgbpoctndenkatoon sffiacéentythe refractive index, the
light condensation efficiency of the silicon and
[60B8FON cardh¢le tise Cadetllémts assutdmdgetrbadt ihean optical
I'i ght condensation efficiency of SiQ2 is 1. The
VELLRCBL AELSOR! 1ERD, oF LReAR LD LRS! ¥acBiss vl IS che
Ye Fesent ed as (a I bé parent from
chart when S|I|con | used as the ngdlun1of Hﬁ
sBEt abhkhPj GAPIEBARENEERTON2EFF EPBNES E5R°BE '#p?é@é&ssed
about six times conpared to the efficiency when Si02
bysfoséawipgoBeymReéfiedring to Fig. 4, the follow ng
descri bes the plasnon probe 30: In Figs. 4al and 4b
[G@pPLEt a triBeoguhbx 1]

[0040] In Formula 1, NA denotes the numerical aperture

of an optical system, A indicates the wavelength of the beam,
and n represents the refractive index of a medium. Formula 1
signifies that the spot diameter of the condensed beam is
increased in proportion to the refractive index of the
medium. Since the spot area is proportional to the square of
the spot diameter, the light power density (light
condensation efficiency) in the beam waist is proportional to
the sqguare of the refractive index.

[0041] Fig. 3 is a chart showing the relationship
between the refractive index "n" of a medium plotted on the

horizontal axis, and light condensation efficiency plotted on

the vertical axis. Plotted on the chart are silicon (Si),




pl asnmon probe 30, and Figs. 4a2 and 4b2 depict a

bowtie type plasnon probe 30. Both of them are nade

of aflat plate type netallic thin film of gold.

Figs. 4al and 4a2 are plan views, and Figs. 4bl and

4b2 are front views. Any one bf these probes has an

apex P having a radius of 20 nmor less. [0043] Wen

t hese plasnon probes 30 are exposed to light, plasnon
resonance is excited, and near field light is

gener at ed close to the apex P, and thereby causing the

18, recordin reproduction to be perforned using
SﬂﬁéCPPgﬁFr B 8n1ﬁﬂ?ﬁ éngeﬁﬁognﬁPle§§%Pl§Fz@f ?%epﬂ?dFP The
anot her way, when the plasnon probe 30 is provided at
refisactghie oodpat wipbsiresprcsf tohsheuflight! Speingl a

formed on the SIL 50, or in the vicinity thereof,
whAealehiyehdal b@hu.'esrﬁemgratsdinaede theeeby kunthen, 2.5 in
reduci ng the size of the light spot condensed by the

tﬁle'-ﬁég SR %5 é”%ﬂge'.’[e'ét ﬁgogé]ed%ﬁs%”o%d‘éé geAé Nescribed

ensity réc ' ~an optT car

SS|sted g ord| Vi ce u pped Wit h
§Bmaﬁﬂ§>css§5& L3oREgrepREnFBEdPl: a5 TirdsaSy Mhen

near field_ light is applied to the disk 2 from the
pﬁPB%ﬁBﬁOBPébEOSG SHHéF@ P éhﬁeﬁ65F§F§lﬁﬁsénﬁﬁXr the light
tenperature at the |ight-exposed portion of the disk
condgpsathan eféicoenctverf theesdfiicha d@ingk siliigon carbide is
reduced. Then nmagnetic information is witten by the
cehignéated; eessdimigg that the light condensation efficiency

of Si0; is 1. The vertical axis of Fig. 3 is an arbitrary
axis and 1s represented as {(a.u.). As will be apparent from
the chart, when silicon is used as the medium of the SIL 50,
the light condensation efficiency can be improved about six
times compared to the efficiency when SiQ; is used.

[0042] Referring to Fig. 4, the following describes the
plasmon probe 30: In Figs. 4al and 4bl depict a triangular
plasmon probe 30, and Figs. 4a2 and 4b2 depict a bow-tie type
plasmon probe 30. Both of them are made of a flat plate type
metallic thin film cof gold. Figs. 4al and 4a2 are plan
views, and Figs. 4bl and 4b2 are front views. Any one of
these probes has an apex P having a radius of 20 nm or less.
[0043] When these plasmon prcbes 30 are exposed to

light, plasmon rescnance is excited, and near field light is

generated close to the apex P, and thereby causing the




section 40 in the light-exposed portion where the
coercive force is reduced. Further, the magnetic
information witten into the disk 2 is read out by

t he magnetic reproduction section 41. [0045] The
medi um of the buffer layer 311®f the present

enbodi nent is Si02, which has a |low refractive index

of 1.5 conpared to the silicon having a refractive
index of 3.5. Highly efficient generation of near

field light can be 19 ensured when a plasnon probe is
formed on the buffer |ayer 31 having such a | ow ,
reePEEenpyeT| KEBXCINOBAT TRe PRoPRSRCRG HedSiNFed hend 1a9ht
rel ati onship between the refractive index n and the
bgainnwGtbf at Merlyi ghaliinseesi sy zei . €0, pukattf pBpENErgHaY !,
generation efficiency) with reference to Figs. 5 and
whenFithe blabaws phrebresol tisobremwidleslt iang thike 1ight output
dependence of the gain G of the light intensity on the
pbefirashi ¥e itRdexutier Uskeg Bhe fohld( bnhithe SIL 50, or in
Difference Tinme Domain) nethod. Fig. 6 is a

n : di re enrt:| t; canf i [ of
B i R e 1 s
Lon used.for | cul ation i avi. i.d

+hBee8Y0 R R B R PIAR B E ot Ay ondensed
Fi 6 schgg&tically shows the cross.aection f tEe .
OYuBBeUSEd SPor THES (RFEAMAETERE PROVARSSsPRURAPFBRATE i
buffer layer 31 having a thickness of L (nm was
highcReasai vt EECOTFi&8n | ayer

[0044] In an optically assisted magnetic recording
device 10 equipped with optically assisted magnetic recording
head 3, when near field light is applied to the disk 2 from
the plasmon probe 30, there is a temporary rise in
temperature at the light-exposed portion of the disk 2, so
that the coercive force of the disk 2 is reduced. Then
magnetic information is written by the magnetic recording
section 40 in the light-exposed portion where the coerxcive
force is reduced. Further, the magnetic information written
into the disk 2 is read out by the magnetic reproduction
section 41.

[0045] The medium of the buffer layer 31 of the present
embodiment is SiQ0;, which has a low refractive index of 1.5
compared to the silicon having a refractive index of 3.5.

Highly efficient generation of near field light can be



51, and a gold plasnon probe 30 having a thickness of

40 nm was provided on the buffer layer 31. The

pl asnmon probe used in the sinulation was forned in an

i sosceles triangle, as shown in Fig. 4al. It has an

api cal angle of 40 degrees, am the | ength between

the base and apex P of Figs. 4al and 4a2 was 400 nm

The curvature radius of the tip end of the apex P was

equal to the mninmumcell size of 10 nmused in the

cal cul ation. The constants of the gold used in the 20

simul ation were_a refractive index n of 0.648246423
eRRRTRAoYNen02BE2IBODEPHPPR 18speEMSHoOnhEher BydéREy 1aver 31
of light of 200 THz. The space 55 was assuned as
hpeing sufhed Wewhrefrmospker indgkr. [0048] The |ight

source 56 was designed in a Gaussian form having a
[D@4f] wai st Ete af phsowimym Gadcnidis gbh¢ yye bbovensihire between
bott om surface of the nodel 59, where the 1/e2
tHeapBEeactWaE 8A8eR™ 3he thequemeycobfl kghbt 1Wast268@tensity
THz. The arrows in Fig. 6 indicate the Iight beam

ir8”1tﬁéak'Qhélaoy5gﬁt5@enegggﬁéhgEkfgééghEQPlWQthQeference

t he plasnon probe 30 is anpli In the vicinity of

téﬂgmngx5pan8”g ”%%%if'§:§%%%§hﬁh§7 +§ 1938§r%{£91a@fng the

I'S Simulatl on
IRRFaTB0EST RE %ﬁgiﬂgEngﬁos "S0="Tuaphr oraatatvRe the
rg?ggg ivgafnggLCyLaEed31Lg %22 gg%gtuggnlte Difference Time
Domain) method. Fig. 6 is a conceptual diagram representing
the configuration of the model 59 used in the simulation.
[C047] The region used for calculation is a cube having
a side of 1500 nm, and a cell size for calculation is 10 nm.
Fig. 6 schematically shows the cross section of the cube used
for the calculation. In this simulation, a buffer layer 31
having a thickness of L (nm) was stacked on the silicon layer
51, and a gocld plasmon probe 30 having a thickness of 40 nm
was provided on the buffer layer 31. The plasmon prcbe used
in the simulation was formed in an isosceles triangle, as
shown in Fig. 4al. It has an apical angle of 40 degrees, and
the length between the base and apex P of Figs. 4al and 4a2

was 400 nm. The curvature radius of the tip end cf the apex

P was equal to the minimum cell size of 10 nm used in the

calculation. The constants of the gold used in the




t he maxi mum anplitude EO at the sanme position when the
pl asnon probe 30 was not provided on the silicon |ayer
51 was calculated. Then the gain G of light intensity
(i.e., near field Iight generation efficiency) was
calculated fromthe maxi numanplitude El and maxi mum
anplitude EO according to the follow ng Fornula 2:
[0050] G = (E1/EOQ2..... (Formula 2) 21 In this
simulation, the gain G was cal cul ated for each of
silicon, silicon carbide and Si02 as nedi a, assuning
t hat the thickness L of the buffer |ayer 31 was
s lahéon, Wstpt aoFefKpstédpchhraeron PS §i @éﬁ24ﬁ4#’|3 3nd k of
S. As is apparent fromFig. 5 the gain Gof Ii ht
1PneeA3ILEY26i wath rﬁeaﬁCtuébdthegﬁteg@ﬁepatpénllg t of 200
efficiency) is reduced as the refractive index is
THACT eBsetpdas X anpd eassreed sas i poing sfilsed asthhe
medium the gain is about one third of that when Si02
at®oyppdras khe medium [0051] As described above, the
gain Gis increased when the Si02 having a refractive

| ower a t | £ €00, 5| §ebS8Fed@Sihhng
[Egg?En1of t %ng%ém@ ?2@%§éB%Gmh%?eé?hegp?asﬁnn pr%%zslan

g o1 ed Tgm ggEea§pSCF%% 189 3%@'gm hlﬁ% {(y) above

a %‘r’lnﬁamePe 8 near fre gener at |

tﬁééﬁkﬁgﬁyabéfg'& oF tPei Ebﬁeimﬁﬁchwﬁgégitﬁ'éf HetigsiReter
i ndex hi gher
was 800 nm. The frequency of light was 200 THz. The arrows
in Fig. 6 indicate the light beam from the light source 56.
The light beam applied to the plasmon probe 30 is amplified
in the vicinity of the apex P, and near field light 57 is
generated, as shown in Fig. 6.

[0049] In this simulation, the maximum amplitude E1 of
the near field light 57, 10 nm above the plasmon prcbe 30
(upper side of the sheet), was calculated. In the meantime,
the maximum amplitude EQ at the same position when the
plasmon probe 30 was not provided on the silicon layer 51 was
calculated. Then the gain G of light intensity (i.e., near
field light generation efficiency) was calculated from the
maximum amplitude E1 and maximum amplitude EO according to

the following Formula 2:

[0050] G = (E1/E0)2%..... (Formula 2)



than that of the Si02, is used as the nediumof a

light condensation el enent such as an SIL 50, the

near field light generation efficiency will be

i ncreased. To be nore specific, when the silicon with

a high refractive index, for 2exanple, is used as the
medi um of the SIL 50, and the surface on the |ight

out going side of the SIL 50 is provided with a buffer

| ayer 31 having the nedium nmade of quarts, for 22

exanpl e, which has a refractive index |ower than that

of silicon, then_the near field light generation

ef fi cF@nEYid FEMUbBTLARPr oV BE. IPABSS] WPR FRlSULated for each
sinul ation, the plasnon probe 30 is configured in an
ofsesteres. t piidhgba asrbhdenand Figs.adaredhd, asjumipg that
sane advant ages are obtai ned i ndependently of the
tBhapkioknthe pl asnbhepbuoli¢ed0laker 8lampke25@ham.t hEhe

pl asmon probe 30 is configured in the formof a bow
rkk818SoShewdsi RalEugsridaZ2iangi4bad, ihh@igams. As is
advantages will be also obtained. Alternatively, the
aﬁﬁH?eﬁgVéﬂEﬁ99§gW”5L Qﬁea§§9n0@téfnﬁggﬂkFHntbﬂ%ity (i.e.,
pl n- shaped pl asfon probe 30 (to be described | ater
Lthe. e Ei . 10 1d 2 QO nges

R s S s el s
tgickgess L af the Si Q2 was studied using theh FDTD, . .
TREFAFEE VDI FPEPENAE TRRECBSRE n) t bt FRATP LRI iR e ot hdcon 1S

the nmedi um of the buffer |l ayer 31 stacked on the
ugefj agnthe medium, the gain is about one third of that when

S5i0; is used as the medium.

[0051] As described above, the gain G is increased when
the S8i0; having a refractive index lower than that of silicon
is used as the medium of the buffer layer 31 where the
plasmon probe 30 is formed. To be more specific, the gain G
is greater, namely, the near field light generation
efficiency is higher in this case. In the meantime, as shown
in Fig. 4, if silicon, which has a refractive index higher
than that of the Si0;, is used as the medium cf a light
condensation element such as an SIL 50, the near field light
generation efficiency will be increased. To be more
specific, when the silicon with a high refractive index, for
example, is used as the medium of the SIL 50, and the surface

on the light outgoing side of the SIL 50 is provided with a

buffer layer 31 having the medium made of quarts, for




| ayer 51. Fig. 7 shows the result of the cal cul ation.
Fig. 7 is a chart showing the relationship between
the thickness L of the buffer layer 31 using SiQ2 as
a medium and the gain G The case wherein the
thickness L of the buffer lay 31 is 0 nmis

equi valent to the case where the buffer layer 31 is
not stacked on the silicon layer 51. 23 [0054] As is
apparent fromFig. 7, when the thickness L of Si02 is
i ncreased, the gain G of Iight intensity is increased

within th e from about 7
ETBNE | Wit CfndoenroRROSECFS TPUPTHER ThUPEadBA bEYEHAOT

this range, the gain Gis reduced. [0055] Referrin ,
sidiFpy, BhephsheoRraki ﬁgeééséwﬁ&sg?ﬁsrafcéefloﬁ§ tlﬁé%ncy will
cause reduction of the gain G Fig. 8 shows that the
beondpnswddli ght indicated by the arrow enters the

buffer |ayer 31, and spreads into the buffer |ayer 31,
[a852(]ndi catbd tiyi¢ heirmnlawiolp biee npiesspecpfols Bbheis

size of the condensed light is reduced to a mnute

c8Ret gokea dBShhedsskzeleat thhankilghtsceneant iat Fags. 4al and
p0|n? : As t he Ilght goes into the buffer |ayer of

4§h92’THé a%&v éy a?@doﬁgglﬁggt1n§éﬁ@§8§ﬁtl§ of the
Sur

|ncrease ce S2 on the |1 ght outgoing

geaasas;Bsgg;%%%noﬁfgﬁ‘ob%?éﬁflCon%zng%ﬁgﬁe'e ¥pBh!EfkSo1amon
pégsgl n95f28H%523r23nqgn%%t' orm of a bow tie as shown in
Figs. 4a2 and 4b2, the same advantages will be also obtained.
Alternatively, the same advantages will be also obtained with
the pin-shaped plasmon probe 30 (to be described later with
reference to Figs. 10a and 10b).
[0053] Changes in the gain G of light intensity with
respect to the thickness L of the Si0; was studied using the
FDTD (Finite Difference Time Domain) method, using Si0O; as
the medium of the buffer layer 31 stacked on the silicon
layer 51. Fig. 7 shows the result of the calculation. Fig.
7 is a chart showing the relationship between the thickness L
of the buffer layer 31 using Si0; as a medium and the gain G.

The case wherein the thickness L of the buffer layer 31 is 0

nm is equivalent to the case where the buffer layer 31 is not

stacked on the silicon layer 51.




of light in the nmedium having a high refractive index.
This wll result in a reduction in the overal
ef ficiency when the thickness L of the buffer |ayer
31 is excessive. [0057] Wien the near field Iight
generating device 39 is used&s the optically
assi sted magnetic recording head 3, the gain Gis
preferably twice (where Gis about 50 or nore) as 24
| arge as that when L = 0 (wherein Gis about 25), for
practical use. The thickness L of the buffer Iayer 31
i preferab] within the range of_100 nm <
(48831 o [ GhBatS RS BBt Hnt Phds. oo ST bERTBRness L
the assunption that the nedlun1of the SIL 50 is nmade
o06f SEPt i bvnincrgasethe Tl g BiGtoe bigherinbgesiBy 18
made of Si02 without the present invention being
inestabetledithénetbe Thagadfapmafdesmothirbegpr ebent 750 nm.
i nvention can be obtained if the refractive index of
Hbhevaedi um ehet bRibuhkes lLay€urdheirsinkewvascthdeybhal this
of the nmediumof the SIL 50. [0059] For the SIL 50,

r¥hseh tﬁetgglﬁ'GSESWEQHHEbHayer of the present
i nvention, hi gh refractive index materi al

[éﬂgg?pr'atQRéfb£$ Javel en thsttﬂQe ffgw%hgh&egé¥lﬂés the

The eXanpl es |nclud di amond e’ an
| bl d th
fes Eaﬁahe?oFagégﬂ eé“ﬂ?%&ﬂso% ﬁ%%fBFﬁPrSfedFl?ed§ shows

%green bl ue) (red, orange,
t@ﬁ%d, ?ePPBﬂﬁnﬁP@eﬁ}gthéﬁﬂl€BF8§ Bﬁegﬁe BFGQY &ﬁ&ers the

buffer layer 31, and spreads into the buffer layer 31, as
indicated by the arrow. To be more specific, the size of the
condensed light is reduced to a minute spot of a desired size
at the light concentration point 31. As the light goes into
the buffer layer of SiO,, it spreads rapidly, and the spot
diameter is increased on the surface 32 on the light outgoing
side of the light beam.

[0056] This adversely affects the advantages of high
light condensation efficiency resulting from the condensation
of light in the medium having a high refractive index. This
will result in a reduction in the overall efficiency when the
thickness L of the buffer layer 31 is excessive.

[0057] When the near field light generating device 39 is

used as the optically assisted magnetic recording head 3, the

gain G is preferably twice (where G is about 50 or more) as




Al Gal nP (orange, yellow orange, yellow, green).
Further, ZnSe (blue) can be nentioned as a G oup
I1-VI sem conductor. The descriptions in the

parent hesi s denote the colors of light to be used.
[0060] The materials of the Rdfer |ayer 31, which is
the second nedium | ayer of the present invention, are
25 exenplified by calciumfluoride (CaF), alum na
(A1202), silicon nitride (Si2N4), titanium oxide
(Tia) and dianond (C), in addition to SiCQ and

silicon carbide (SiC. [0061] The prese e i t
1pzgepesnthascrPeBdlnit A (FBFEREACE 6 ﬁ Qﬁﬁﬁp”%%r

wherein the plasnon probe 30 is nade gold. Wt hout
PrhétpﬁééeﬁﬁelnVEm¢|%ml%bmﬂ@Srbs@flEh%dbuf @Fetdyen 31 lies
sem conduct or such as Si or GAs, silver, copper,

pakgaragmyandtAagneaeUraG6ae bE usednmospmogugeonhﬁm.
pl asmon probe 30. [0062] The near field |ight

f
gS?gﬁgL'ggéﬁﬁféQﬁﬁégdiﬁ gﬁ?geﬁééﬁ 85@89iﬂ§8t09 tﬁég

ere t ayer 31 made of

&aentS gl F%%‘E”Eglsrm@ 58 OB e Rt G LRoTErE 86 S licon,

made_of silicon _using the stean1OX|dat|on net had. ,The
aﬁ@thefméﬁaumlSﬁtt5§nQP§§?ﬁglégﬁFcé 134 HatRe OdeSdfg #ithout

enbodi ment is designed in the same structure as that

tbe phesepEstnvenbéaPnbrindexesprichad thersirher Thayer

31 made of SIQ2 is

advantages of the present invention can be obtained if the

refractive index of the medium of the buffer layer 31 is
lower than that of the medium of the SIL 50.

[0059] For the SIL 50, which is the first medium layer
of the present invention, a high refractive index material
appropriate to the wavelength of the used light may be used.
The examples include diamond (for the any visible light
range), and the Group III-V semiconductor such as AlGaAs
(near-infrared, red), GaN {(green, blue), GaAsP (red, orange,
blue), GaP (red, yellow, green), InGaN (blue green, blue) and
AlGaInP (orange, yellow orange, yellow, green). Further,
ZnSe (blue) can be mentioned as a Group II-VI semiconductor.
The descriptions in the parenthesis denote the colors of
light to be used.

{0060] The materials of the buffer layer 31, which is

the second medium layer of the present invention, are




formed on all the surfaces of the SIL 50. Instead of
the near field light generating device 39 of the
first enbodinent, the near field |ight generating
device 39 can be nounted on the optically assisted
magneti c recording head 3. A% descri bed above, when
the buffer layer 31 nade of SIQ2 wth a | ow
refractive index is formed on all the surfaces of 26
the SIL 50 made of silicon with a high refractive

i ndex, the plasnon probe 30 generates near-infrared

| aser . beam wi th high ficiency in the_sane wa

Y3581 LSR8 Pyl ot AimAELEPFbES ACERT r A aHBABRmAALGT
the near field l[ight generating device 39. [0064] In

St hicen| %Wh@edé%:?ﬁ@td & tapdams gd deuridtiiCohapnd diamond
el ements as those having been described so far will be

(@hsi gnedddit horheosane: raidrencecounerabsie andi€ he
description will be omtted to avoid duplication.

[006055] Fi gsThd (Qareseh t1 Chnkes @i i oS Sh € Gbe @M adle y¢ LiNSedf with
a near field light generating device 39 in the third

r&70peh 8Nt o @ﬁet@Qaﬂﬁﬁée@hek@YﬁnEh@nplEQQéﬁ]PEbEe 38ais made
is the cross sectional view of the near field Iight

ofegstati %&%ﬂ@%ﬁé%%%ngg%@%% %@{%eg s#ge_é\eed

of “the portion encl t he .
M P i AL AT S
a Eﬂlg&ﬁdgﬁ Oéaégggium can be used tc produce the plasmon
probe 30,

[0062] The near field light generating device 39 in the
second embodiment of Fig. 9 is an example where the buffer
layer 31 made of silicon is formed on all the surfaces of the
SIL 50. Such a buffer layer 31 can be formed on the SIL 50
made of silicon using the steam oxidation method. The near
field light generating device 39 in the second embodiment is
designed in the same structure as that of the first
embodiment, except that the buffer layer 31 made of Si0O; is
formed on all the surfaces of the SIL 50. Instead of the
near field light generating device 39 of the first
embodiment, the near field light generating device 39 can be
mounted on the optically assisted magnetic recording head 3.

As described above, when the buffer layer 31 made of SiQ0;

with a low refractive index is formed on all the surfaces of




(not illustrated). [0067] A recessed section 55 is

provided, on the SIL 50 nmade of silicon, using the

dry etching nethod or the like. A Si Q2 buffer |ayer

31 is forned on all the surfaces of the recessed

section 55 using the CVD nethtd. Gold is enbedded

into the buffer layer 31 by resistance heating vapor

27 deposition nmethod or the |Iike, whereby a

pi n-shaped plasnmon probe 30 is forned. [0068] The

above-nmenti oned procedure ensures light to be

con S efficiently.on the plasppn prohe 30, and
tg?|€§§ gﬁemag?zggoFl ESOPiGEFESﬁoFEQB pE-FAFthEF index, the

reduced. This_is advantageous to high-density
P}aeBrdi RECPFUAP hepnerAke s Dearpinfeprpdyépset psam with high

formed in the recessed section 55 in the silicon SIL
ebpicanmdcygoin theendmededyinsi de the buffer |ayer 31

to make the plasnon probe 30. This arrangenent ensures
[@O6BLi ent dEnerfdllmwinig nésgcfiledd 4 ighdxd [06&iment of the

Further, the near field |ight generating device 39
n&an £08341 1 YRt aR=RBLhERhLYqas8kEat 89, magnetic

recording head instead”of the near field Iight

ating i : [ .St @ﬂ%pdi t :

[gggﬂi bed vﬁ#ﬁf@elnﬂlé%qﬁéé&f 1 'mi arISyaHtleo %%%Ctlonal
F8SE of the first. enbodi nent, .vario

FIRENTS BRntr SRS PEVIRE SPEn 50 SRELERE SBuffar Wi

31, .
assigned with the same reference numerals, and the

mat er.i al s g;n be

ebe

description will be omitted to avoid duplication.

[0065] Figs. 10a and 10b are cross sectional views of a
near field light generating device 39 in the third embodiment
of the present invention.

[0066] Fig. 10a is the cross sectional view of the near
field light generating device 39. Fig. 10b is the enlarged
view of the portion enclosed by the dotted line A of Fig.
10a. The arrow of Fig. 10a indicates the light beam of the
near-infrared laser beam output from a semiconductor laser
(not illustrated).

[0067] A recessed section 55 is provided, on the SIL 50
made of silicon, using the dry etching method or the like. A
Si0; buffer layer 31 is formed on all the surfaces of the
recessed section 55 using the CVD method. Gold is embedded

into the buffer layer 31 by resistance heating vapor




[0070] The follow ng describes the fourth enbodi ment
of the optically assisted magnetic recordi ng head 3.
[0071] Fig. 11 is a cross sectional view of an
optically assisted magnetic recording head 3 in the
fourth enbodi mrent of the pradsent invention. 28
[0072] In the optically assisted nagnetic recording
head 3 of the fourth enbodinent, a slider 11 is nade
of silicon. A buffer layer 31 is formed on the side,
of the slider 11, opposed to a disk 2. A plasnon
probe 30 is enbedded and, forned o e side th
deagﬁ%éionaW@FhQQ,06p56§e3158vtHEeraggkazpl?ﬁéhFHFPanasmon
beam out put from a sem conductor |aser (not
probeusfr asedpringdecondensed by an SIL 50 at the position
closed to the apex P (not illustrated) of the plasnon
[ops8be 30 Tiox natoowsndmt bufi¢@rptayedusd, emsuradi tagel to be
by the arrow of Fig. 11. A near field |ight
cofl§BgEakI egf%ybﬁelg%ﬁf thheplpsesanpremeodioneand allows the
i ncludes the SIL 5 the slider 11, the buffer |ayer

side B dthgelgbﬁ r@eebéoquQQEQ]rb@uEE@ pregestis

enbodi nent er 11 is nmade of S|I|con Thi s

ad%%a ggépggf Bﬁlh%%sgg Of 1Re 9hly Fg¥th@ghe§h8n51oz

|C|en densatlon can hi eved
The sl.i der |s the first un1|a er, of
buﬁif%eﬁtayfaﬁvérllrt i8n LOZAG: A8 B &Fﬁegéeeﬂ §f—ctl° o in the

second nedlun1layer of the present inventi
silicon SIL 50, and gold is embedded inside t e buffer layer

31 to make the plasmon probe 30. This arrangement ensures
efficient generation of near field light.

[0069] Further, the near field light generating device
39 can constitute an optically assisted magnetic recording
head 3 instead of the near field light generating device 39
of the first embodiment described with reference to Fig. 2.
Similarly to the case of the first embodiment, various
materials can be used to manufacture the SIL 50 and the
buffer layer 31.

[0070] The following describes the fourth embodiment of
the optically assisted magnetic recording head 3.

[0071] Fig. 11 is a cross sectional view of an optically
assisted magnetic recording head 3 in the fourth embodiment

of the present invention.




[0074] The Si 02 buffer layer 31 is forned on the side,
of the slider 11, opposed to the disk 2. The gold

pl asnmon probe 30, a magnetic recording section 40 and
a magnetic reproduction section 41 are enbedded in
the buffer layer 31. FurtherZ8the side, of the slider
11, opposed to the disk 2 is 29 provided with an air
bearing structure (not illustrated) in such a way as
to be levitated above the disk 2 by air flow when the
disk 2 rotates. As described above, the buffer Iayer

de of Si02 wth a M/ refractive index is
(BA78hesf el oot 17 L hebfir SRES BronRELe) FaePrqiio head
made of silicon with a high refractive index, and a_.
3gef dthadéoprabnenbpaénente pssfadpadllod st Redsupfesilicon.
| ayer 31. This arrangenent ensures the near field
A| byhfeof lhiygh 3t pat foomkd gen&het eddeFuctthéhe kilghker 11,
density recording can be perfornmed by the optically

oppsSkatietdo Amgneki ¢.r exopTh Mforleytsiee 190 uss ngmbdeded and
optically assisted magnetic recording head 3 carrying

£§¥RBdacHethefl kekd, |b9hthegﬁﬂ%ﬁé&'mgy@%Vqu 3Pposed to the
Simlarly to the case of the first -enbodi nen

SRR P LRI LA EIReDR oy 2aoes
L L I TS
c@ﬁgearggzgggaghgg %6%£g% g%lhgt%aigggho%n%%%lp g%m%; probe
30 formed on the buffer layer 31, as indicated by the arrow
of Fig. 11. A near field light generating device 39 of the
present embodiment includes the SIL 50, the slider 11, the
buffer layer 31 and the plasmon probke 30.

{0073] In the present embodiment, the slider 11 is made
of silicon. This ensures easy installation of the SIL 50 by
adhesion. Thus, highly efficient condensation can be
achieved. The slider 11 is the first medium layer of the
present invention, and the buffer layer 31 is the second
medium layer of the present invention.

[0074}] The Si0; buffer layer 31 is formed on the side,
of the slider 11, opposed to the disk 2. The gcld plasmon

probe 30, a magnetic recording section 40 and a magnetic

reproduction section 41 are embedded in the buffer layer 31.

Further, the side, of the slider 11, opposed to the disk 2 is




i nvention. [0076] The optically assisted magnetic
recording head 3 of the fifth enbodi nent includes a
silicon bench 13 provided wth a suspension 4, an

optical fiber 14, a sphere lens 15, a 30

hem spherical lens 16 and a ntgro prism17; and the
slider 11 equipped with a wavegui de 32 and ot hers.

[0077] The silicon bench 13 is equipped with the

optical fiber 14, the sphere Iens 15, the

hem spherical lens 16, the silicon mcro prism17 and

t he sus ension 4. The side, of the slider 11, opposed .
prgvided dW%F ZaPsaﬁFoPFéé&“& £ TR TR @@érﬁ%&UStrated) in
structure (not illustrated) in such a way as to

sueli pavayt BE i ber levisbded ebevei she2 dypkaid byl @wr Llow
when the disk 2 rotates. [0078] The |light beam of the
whear £thef dasé&d 2| as¢éatkisght (havi ng a wavel engt h of

1550 nm 1310 nm etc.) emtted from a |light source

(not Rkl uskeatpd)l gbegepuUthbOBRidetrheayppenl kaglt of Sio,
fromthe optical fiber 14, since the light emtting

wstfeaend,f age-abtihe QRLkGali sf ifBehel? dnS tal Isqla%l Y opposed to
cut. After that, the |ight enters the sphere |ens ﬁg

tfePrIBRage of® Eﬁ?lgl%ﬁegﬁgggﬁﬁs) ﬁ’éfv?ﬁéq%'gﬁg% o gion
rs?rﬁﬁﬁéﬁsdl@eﬁhe@ﬁ‘hsr gonBate” PLaaghRg tpabeed® is formed

t hrough the sghere Iens 15 the Iight beam
on the buffer layer . This arrangement ensures the near

field light of high output to be generated. Further, high-
density recording can be performed by the optically assisted
magnetic recording device 10 using the optically assisted
magnetic reccrding head 3 carrying such a near field light
generating device 39. Similarly to the case of the first
embodiment, Various types of the materials can be used to
manufacture the slider 11 and buffer layer 31.

[0075] Fig. 12 is a cross secticnal view of an optically
assisted magnetic recording head 3 and a near field light
generating device 39 in a fifth embodiment of the present
invention.

[0076] The optically assisted magnetic recording head 3

of the fifth embodiment includes a silicon bench 13 provided

with a suspension 4, an optical fiber 14, a sphere lens 15, a




enters the hem spherical |ens 16. The hem spherica

lens 16 is nade of, for exanple, a glass hem sphere

(made of BK7, for exanple) having a dianeter of about

0.09 Mm and is bonded to the silicon mcro prism17

formed integrally with the light 31 guide section 13.

The roughly collimated |ight beamcom ng out of the

sphere lens 15 is condensed by the sphere lens 15 and

is deflected by being totally reflected by the silicon

mcro prism17. The silicon mcro prism 17 has an

apical angle of 70 degrees, and is forned through _
hgpisphespral &e8ni A§. aTRe a Mg HOHhSHefl/ecrdd by fd ider 11
silicon mcro prism 17 is condensed onto the
egaipyeddw i3l hovaveduideeditareldy othelrow, where the

silicon of a high refractive index is used as a

[0ed7gm ThiBheospl etes benphi b st bgthppedveduhdeh82optical
The waveguide 32 is the first mediumlayer of the

fRbegenl, khverbhere N@RE9 sThenkuhbear shawer 31 meee afs, the

Si02 having a low refractive index is arranged on the

siﬁﬁgeﬁemgafkgﬁfﬁkﬁequanﬁh g@i§§§%ewg Eﬁ}?'ligﬂé ?g@gl of

I S out put e wavegui Furt the go

| as rqohe 30 is edded and, f.,or.ned _aon.the .. .
e B TRaeR 217, BBpeReE troTEr B poame -y Wi an air
2. The near field |ight, enerat%&a devi ce 39 of the
bERELEAL SERNEEFENt NPhc Fddes HRE SRy eguiSIE3 2 Wil @S TO

buffer layer 31 and the plasnon probe 30. The buffer
lexjéptglthe slider 11 above the disk 2 by air flow when the

disk 2 rotates.

[0078] The light beam of the near-infrared laser light
(having a wavelength of 1550 nm, 1310 nm, etc.) emitted from
a light source (not illustrated) goes cut toward the upper
right from the optical fiber 14, since the light emitting
side end face of the optical fiber 14 is cbliguely cut.

After that, the light enters the sphere lens 15. The sphere
lens 15 is made of, for example, a glass ball (made of BKY,
for example) having a diameter of about 0.15 mm, and the
light beam is roughly collimated by the sphere lens 15.
Having passed through the sphere lens 15, the light beam
enters the hemispherical lens 16. The hemispherical lens 16
is made of, for example, a glass hemisphere (made of BK7, for
example) having a diameter of about 0.09 mm, and is bonded to

the silicon micro prism 17 formed integrally with the light




t he second nedi um | ayer of the present invention.

[ 0080] When the near field light is applied to the

disk 2 fromthe plasnon probe 30, there is a

tenporary rise in tenperature at the portion of the

di sk 2 exposed to the near 32Z31field light, so that

the coercive force of the disk 2 is reduced. Then
magnetic information is witten by the nmagnetic

recording section 40 in the |ight-exposed portion

mhere the coercive force is reduced. Further t he

netic information witten in_the sk.2 is read

gBa eb§eFﬁé°ﬁaéﬁet|%her%%?%@b%t?%%15@%F?€nlﬂﬂht[bééﬂ]Comlng
As described above, when the silicon waveguide 32 1is
cusedf thhﬁpbaﬁebéeefo ébt iivekpngended byt shehepbleasndens 15
probe 30. Further, a buffer layer 31 nmade of Si02 with
and| ow deéfleactdveyi bdéxgi sotaliyd reflthecsublfacke silicon
opposed to the disk 2, of the silicon wavegui de 32

miM:tB prmsﬂh1nefrﬁ@ély§11¢@ﬂemlc§@dpfb§mgpbdh@éagﬂnﬁplcal
probe 30 is forned on the surface, of the buffer

ah@!@ro§1790898§§gstoaBBelg'%BrﬁedT@h§?u§F Qﬁggg%QEpic

ensures efficient generation of near

Si a h t_e n
e%gggﬁés {9%%31%¥héc§%§ﬁa§§§§%§ %ed osﬁ%2§$a2$ Ero prism
ui de 32 _and the buffer e . [,0Q83]

17 0P obpHehEsar Phse aﬁeoﬁﬁveapﬂyeagé-&PsatEEa Rkrdately

recording head 3 and a near field I|i %eneratlng .
below, where the silicon of a high re rac ive index is used

as a medium. This completes coupling with the waveguide 32.
The waveguide 32 is the first medium layer of the present
invention.

[0079] The buffer layer 31 made of SiQ0; having a low
refractive index is arranged on the surface on the side of
the disk 2 where a light beam is output from the waveguide
32. Further, the gold plasmon probe 30 is embedded and
formed on the surface, of the buffer layer 31, opposed to the
disk 2. The near field light generating device 39 of the
present embodiment includes the waveguide 32, the buffer
layer 31 and the plasmon probe 30. The buffer layer 31 is
the second medium layer of the present invention.

[0080] When the near field light is applied to the disk
2 from the plasmon probe 30, there is a temporary rise in

temperature at the portion of the disk 2 exposed to the near




device 39 in the sixth enbodinent. [0084] Fig. 13 is a
cross sectional view of the optically assisted

magneti c recording head 3 in the sixth enbodi nent of

the present invention. 33 [0085] The difference from

the fifth enbodi nent is that 32 he waveguide 32 is
conposed of a Si2 clad 34 and a silicon core 33. The
core 33 forns a cone where the light entering side is
thinner than the other side, and is enbedded in the

SiQ2 clad 34. The core 33 is the first nedlun1layer of

t he resent invention. The near field |i

f@@ﬁ@riﬂgﬁﬁ d§9lE§a§9th8fCPﬁécﬁﬁgséﬁchnﬁggFﬁ@nplsk 2 is
includes the core 33, a buffer layer 31 and a pl asnon
rpAybed30. Ther Ib@@rﬁ@th:ay@fosrmatsonhes wetbhannkedi bhe

| ayer of the present invention. [0086] This
magnhahdgenertoedsngesetiie oapdld dnambeerl ighttHexposecl genttion
light to be gradually reduced fromthe light entering
whkde thet beelkght gui-gei 1§ sedecelhe dhLagrée] ©Re hbgnetic
i ght outgoing side is reduced to about one tenth that

lﬁﬁorhgglbhngl%@Eﬁrhﬂgtﬁbdﬁls%hgn1%“%@aﬂﬁ¥ﬁ&“%@et%% agnetic
used, the plasnon probe 30 made of Si 2 having a | ow

rgg}gggg% gnlggg§l Qgrned on the core 33 nade of

I 'con aV|ng a refractive i ndex, and the
0 f .
(RhBRIEy o e %%éé%ﬁgﬁa? 78! Phan UL Sh L P Frguice 32
.provi ded,.

is used, light can be effectively guided into the plasmon
probe 30. Further, a buffer layer 31 made of Si0O, with a low
refractive index is formed on the surface, opposed to the
disk 2, of the silicon waveguide 32 with a high refractive
index, and the gold plasmon probe 30 is formed on the
surface, of the buffer layer 31, opposed to the disk 2. This
arrangement ensures efficient generation of near field light.
[0082] Similarly to the case of the first embodiment,
varicus types of materials can be used to manufacture the
waveguide 32 and the buffer layer 31.

[0083] The following describes an optically assisted
magnetic recording head 3 and a near field light generating
device 39 in the sixth embodiment.

[0084] Fig. 13 is a cross sectional view of the

optically assisted magnetic recording head 3 in the sixth

embodiment of the present invention.




[0087] Other arrangenents are the sane as those of the
fifth enbodi ment, and will not be described to avoid
duplication. 34 [0088] Fig. 14 is a cross sectiona

view of an enbodi nent where the near field |ight
generating device 39 of the psesent invention is

applied to a near field optical mcroscope 999.

[0089] In the illustrated exanple, a buffer |ayer 31

made of Si 02 having a low refractive index is forned

on the surface on the sanple 910's side of the

ntilever 902 nmpde of silicon having a high_ . )

[ﬁgﬁpéctive T%%e?%fgﬁﬁe%g%l5§ﬂ%nth%rBbgtﬁoeﬂgﬂglﬁPnboFﬁ that
is formed on the buffer layer 31. The near field
theghevgenedat BAgideviopc8ed nél adé4Oa chadi Bévend 802ilicon
the buffer layer 31 and the plasnon probe 30. The
coant BBeveTh®0201ts Ihefdimsta neshenvioéré hehpr 5t entering
invention, and the buffer layer 31 is the second

siredi 4m tayeheef thhe tReeseRkri BvaBti aRd [Q088beHARd in the
cantil ever 902 has a shape |like a rectangular thin

spbate having avenghh ofz 5Q mﬁéﬂr@%%&n@&qﬁ% 9f the

thickness of 0.1 mthrough 5 m T
PRULRE LayRrEiolo BIETSLA Y, 200U 50 BIOAVE 8 Bevice 3
oghté% £§8§§§§2%3L8dg%eg%ei%giugggsggg gg%geB ? gogg%%er
layer 31 and a plasmon probe 30. The buffer layer 31 is the
second medium layer of the present invention.

[0086] This arrangement ensures the spot diameter of the
incident light to be gradually reduced from the light
entering side to the light outgoing side. The diameter on
the light outgoing side is reduced to about one tenth that on
the light entering side. When such waveguide 32 is used, the
plasmon probe 30 made of SiO; having a low refractive index
is formed on the core 33 made of silicon having a high
refractive index, and the plasmon probe 30 is formed on the
buffer layer 30, whereby efficient generation of near field
light is provided.

[0087] Other arrangements are the same as those of the

fifth embodiment, and will not be described to avoid

duplication.




triangle as shown in Fig. 4al or in a bowtie formas
shown in Fig. 4a2. 35 [0091] The sanple 910 is
pl aced on a base plate 911, and a plasnon probe 30 is
brought closer to the surface thereof. The |ight
comng froma |laser 906 is coBdimted by a |l ens 916.
After passing through a beamsplitter 905, the |ight
enters an objective Iens 904. The light is condensed
by the objective |ens and converges at the apex P

not illustrated in Fig. 14) of the plasnon probe 30.

(
] The pear field |light generated by the plasnon

[bgggi 30 isg%%ndiﬁséﬁ %ygFﬂésoﬁﬁ%E%PV@ll¥h§w99§.a¢he
scattered light emtted fromthe sanple 910 is either
cpbpedenthyherne fogr nepel dikilghtl ighyl vederarting device 39 of
condensed by the objective lens 912 pl aced opposite to
theepsenpht 9b0candondéseepedibyl aocdet eeter fA:3.d ERAA3al

The scanni ng pi ezoelectric element 908 is provided to
mdcikvectpe base plate 911. When the sanple 910 is

scanned in the horizontal direction by the scanning

[poeagel ectrig €h&NENiy9OBat £HADYESR, PECUL B?ff@f #ayer 31
intensity of the light em ssion detected fromthe

nSSEPLE 818, TRPRRy FION0SRe gl 5000k Bekol iy on cne
SRR R RN T R
of silicon having a high refractive index, and a plasmon
probe 30 made of gold is formed on the buffer layer 31. The
near field light generating device 39 includes a cantilever
902, the buffer layer 31 and the plasmon probe 30. The
cantilever 902 is the first medium of the present invention,
and the buffer layer 31 is the second medium layer of the

present invention.

(00901} The cantilever 902 has a shape like a rectangular
thin plate having a length of 50 um through 500 pm, and a

thickness of 0.1 pm through 5 pm. The thickness L of the
buffer layer 31 is preferably about 750 nm due to the result
of simulation discussed with reference to Fig. 7. It is
possible to use the plasmon probe 30 formed in an isosceles

triangle as shown in Fig. 4al or in a bow tie form as shown

in Fig. 4a2.




pol ari zers 917 and 918 are installed in the optica
path. However, when the laser is linearly polarized,
only the 36 polarizer 918 nay be installed. As

descri bed above, the contrast can be inproved by
setting the polarizing direct3®dn of the polarizer 918
at an angl e perpendicular to the polarizing direction
of the incomng light. [0094] The scanning

pi ezoel ectric element 908 is a sanple scanning device
of the present invention, and the detectors 907 and

re the_ detecti ices of the present
[?ﬁééition. ?%%9%Tmﬁggdgi r?Beﬁ?ﬁﬁﬁge?nmﬁeﬁaﬁﬁepﬁég? 211, and
field light generating device 39 of the present
aj RYBATPBNPISPEsS8d il RToHeat filelseropo cale miugfessopdereof.
999, near field |light can be generated at a high
Teef LégbhcygomThigs fproviadéssars AP lismagd 1 iok tiekie byarpliens
910. [0096] The space between the plasnon probe 30 and
9the Afirdnqgeasfinderisaopie 910:shoupTibeckepbsyi thenNlight
several tens of nanoneters -- equivalent to the

efieepagandeptBcefi vhhecRganoafi efde | 1 ke THi SoRR& £c83y the
be controlled by nmeasuring the atonic force working

oBTLEEDst Begh Bl oL UE-PLE08 AT e THELaqs 6 cras
587 35, 3341508t et ool eadhgecy on of optical s
[BESZYibraIifﬁg near field light generated by the plasmon
probe 30 is condensed by the objective lens 904. The
scattered light emitted from the sample 910 is either
detected by the near field light applied, or is condensed by
the objective lens 912 placed opposite to the sample 910 and
detected by a detector 913.

[0093] The scanning piezoelectric element 908 is
provided to drive the base plate 911. When the sample 910 is
scanned in the horizontal direction by the scanning
piezoelectric element 908, changes occur to the intensity of
the light emission detected from the sample 910. These
changes are recorded to get the image of the sample 910. In
this case, if the signal from the sample 910 has a polarizing
direction different from that of the incoming light,

polarizers 917 and 918 are installed in the optical path.

However, when the laser is linearly polarized, only the




pi ezoel ectric elenment 909, and the space between the

pl asnon probe 30 and the surface of the sanple 910 is
controlled so 37 as to nmake the anplitude constant.

To neasure the changes in the anplitude, a beam of
light different fromthe beanséutput fromthe |aser
906 is applied to the surface, on the objective |ens
904 side, of the cantilever 902. The beam of i ght
reflected therefromis detected by a PSD (Position
Sensing Detector) 914, whereby changes in the

nplitude are neasured. Alternatively, a part of the

PP#@HﬂzeFeﬁﬂécﬂé& B¢ 1Pﬁ§aééﬁﬁlIe@érdgé?rlgﬁdtﬁEOHEanEhe
output fromthe | aser 906nmay be detected by the PSD
con rpgt peasbe Agpelhasgedy wetitd ngargile mgderizgogrjdirection
Fig. 15 is a cross sectional view of an enbodi nent
ofhéhei podaméaerf i9di8d alti gint aperier peinpgndevivde 3% cofthe
the present invention is applied to a near field |ight

pOXR@SUA 8 gapRakatisn333. th@098lcoiiegnedighft.el d |i ght
generating device 39 of the present invention can be

(epblied to anpear i ghy ﬁiQQBel@é@?%Hréléﬂgﬁﬁabgé 3334
for optlcal photol i t hography. Fig. 15 shows an

sgﬁgﬁg cggn%kgféeglb%atko%he[% %%L t %Q%ntleﬁtEQ&?ghe

ayer as a medi um
LB g LR S M, U BT PO
present inventiocn.
[0095] As described above, when the near field light
generating device 39 of the present invention is used in a
near field optical microscope 999, near field light can be
generated at a high efficiency. This provides a sharp image
cf the sample 910.
[0096] The space between the plasmon probe 30 and the
surface of the sample 910 should be kept within several tens
of nanometers —-- equivalent to the seepage depth of the near
field light. This space can be controlled by measuring the
atomic force working between the tip end of the probe and the
surface of the sample 910. To be more specific, the plasmon
probe 30 is vibrated in the direction of optical axis at an
amplitude of less than several nanometers by the vibrating
piezoelectric element 909, and the space between the plasmon

probe 30 and the surface of the sample 910 is controlled so




pl asnmon probe 30 nmade of gold is fornmed on the buffer
| ayer 31. The near field light generating device 39
of the present 38 enbodi nent includes the substrate
350, buffer layer 31 and plasnon probe 30. The
substrate 350 is the first negifum |ayer of the
present invention, and the buffer layer 31 is the
second medi um | ayer of the present invention. [0100]
The substrate 322 to be processed is placed on the
exposure table 380 for holding a substrate 322 within
the reach of the_ near, field light. The substrate 322

afstRoBAkE tHPt AMBhtYIPe§PBELEST -t nhp Pgasure the changes in
hot osensitive to the near field |ight generated by

thReanBAtEHe) dal PGRT génahingl [derFes JGOMTfEe bean output

substrate 322 to be processed is coated with the

fpbot bheedbser3206t hat appliedsitoi vaet surfecegaonf itdled

| ight generated by the near field |light generating

odlg¥keev3d9lentheoexpasur, ecffabhhe 380tiisetvd@ @XpPQSurRe beam of
table of the present invention. [0101] The thickness

18t EE%lQ%EE@rthék%Er%% % dBE%E%%@bb$ abeuh 712QsAMion
according to the result of simulation dlscussed Wi th

Sgﬁggégnﬁgt%%gggg Porﬁeghe§eg %hghge%ol%s%h gﬁglltude are

npro |na I'sosceles trian
nBrgUiada, b0BTOTIERY by WRTEh Phet ot boPbs) EPThazted B
tp;egé%ggggpégl§5%3§P%Ot%gt%gaﬁgeo%%%%%r%g%m?%%g(iaser 906may
be detected by the PSD 914 for measuring changes in the
amplitude.
[0097] Fig. 15 is a cross sectional view of an
embodiment wherein a near field light generating device 39 of
the present invention is applied to a near field light
exposure apparatus 333.
[0098] The near field light generating device 39 of the
present invention can be applied to a near field light
exposure apparatus 333 for optical photolithography. Fig. 15
shows an example of its application.
[0099] In the illustrated example, a buffer layer 31
using $i0, as a medium is formed on the surface of the

silicon substrate 350 on the side of the substrate 322, and a

plasmon probe 30 made of gold is formed on the buffer layer

31. The near field light generating device 39 of the present




froma light source (not illustrated) In this

situation, a strong near field light localizing in

the vicinity of the 39 apex P of the plasnmon probe 30
shown in Fig. 4, and the photo resist in the

concerned portion is exposed.3®fter exposure, the

photo resist is developed and the substrate 322 is

subj ected to processing such as etching. The

wavel ength of the incomng light is preferably
determined in a way such that the resist is exposed

and the plasnon probe resonance is_ excited. [010%I§¥5and

SHESEAIERE dBSvEdegsENgr stRethéde Fvdrd utdise 1ave

enerating device 39 of the present invention causes,
Remophsrebeesilst Bra swbpbrekpoded by the Fight vedium
very low power, and al so enabl es a hi gh-speed
lsgamniiig thpe pakisentofinvend inear afhideltdhel ibgiftfegedervatn g is
device 39 on the photo resist 321, with the result

thBaketbadexpdsuie 1bvier odn the redueed. inSANVRIIRS
[0104] The foll ow ng descri bes exanples to verify the

radvant ages f-t BeLPE LBt 3pPVERt hbANEr¥ELEBOEY tBeplaced on
present invention being restricted thereto. [0105]

t%gxg E%f}%fkggﬁéa@%bef%r %QQd§5 a5gukﬂ%Egt%h%2§umﬁ%%in the

ayers . ferent thicknesses, ‘used in the near
Ghebdold aht, generating deyice 3R DubBE-LEL02 1o coated
with photo resist 321 that is photosensitive to the near
field light generated by the near field light generating
device 39. The substrate 322 to be processed 1s coated with
the photo resist 321 that is sensitive to the near field
light generated by the near field light generating device 39.
The exposure table 380 is the exposure table of the present
inventiocn.
[0101] The thickness L of the buffer layer 31 is
preferably about 750 nm according to the result of simulation
discussed with reference to Fig. 7. It is possible to use
the plasmon probe 30 formed in an isosceles triangle as shown
in Fig. 4al or in a bow tie form as shown in Fig. 4aZ.
[0102] Light by which the photo resist 321 is exposed is

made to enter the substrate 350 toward the photo resist 321

from a light source (not illustrated). In this situatiocn, a

strong near field light localizing in the vicinity of the




were made. Further, the optically assisted nmagnetic 40
recordi ng heads 3 of the first enbodi nent were nade

each using the above-obtained near field Iight

generating device 39 to verify that a sufficient

anmount of near field light fa39 magnetic recordi ng was
generated. [0106] The foll ow ng descri bes the steps of
manufacturing the near field |ight generating device

39. [0107] First, eight SILs 50 to be used in the

near field |[Iight generating devices 39 were nmade of
silicon crxstal Each SIL 50 has a curvature radi us
aBe* 1P 40knt NehBh2BIPREPIOPSy éPs SBPWBadR Badi-ng-aand the photo
thi ckness of 50, 100, 250, 500, 1000 or 2000 nm were
rf‘«éiﬁﬁdlﬁntbﬁecpﬁaﬁénsdr parssonf ishexpogesl LsAfBOr dhposure,
buffer layers 31 were forned on the plane surfaces of
thhepbbts 5Osiuistngst HevEVBpédhantdcahevapbestdapesi3tizonks

nmet hod using the TECS (tetraethoxysilane) as material.
s@ol dcpbasawnpphebesifgvkignaathiekness . of O \ﬁ‘éﬁrébéh\{\ﬁth of
in Fig. 41la were fornmed on the buffer |ayers 31 of

L 1 d hR t I d C
£ $bLSn 8 A§Ie; bRt Bg g?@¥§rgﬁmg gned m&ag Yney ?EVWES h

conparative exanples, a go | asnon pro € was

t@? ?ﬁeo£ Ebgtsigsexggse SHt ﬁebuaggﬁged¥f8bSaF?gpﬁgnce is

ron ean1exposu appa atig Rag
eAfterdpatterning the resist, a gold filmwas forned
ﬁg%ﬁﬁ the resistance heating vapor deposition nethod,

triangul ar shape using the |ift-off
[610? g%s descrf%ed abé%e, use of the near field light

generating device 39 of the present invention causes the
photo resist 321 to be exposed by the light of very low
power, and also enables a high-speed scanning operation of
the near field light generating device 39 on the photo resist

321, with the result that the exposure time can be reduced.

EXAMPLES
[0104] The following describes examples to verify the
advantages of the present invention, without the present
invention being restricted thereto.
[0105] [Example 1]

In Example 1, the SILs 50, with the buffer layers 31 of
different thicknesses, used in the near field light

generating device 39 in the first embodiment shown in Fig. 2

were made. Further, the optically assisted magnetic




met hod. 41 The near field |light generating devices 39
were nmade each to have the buffer layer 31 wth a

t hi ckness L of 50, 100, 250, 500 or 1000 nm and they
are referred to as Exanple 1-1, Exanple 1-2, Exanple
1-3, Exanple 1-4, and Exanpl e4d-5, respectively. The
near field light generating devices 39 nade as
conparative exanples, where the buffer |layers 31 have
t hi cknesses L of 0 and 2000 nm are referred to as the
Conpar ati ve exanple 1-1 and Conparative exanple 1-2.

0 Test uIt] The near-infrared | aser beam
r%ﬁ8€$L5 hﬁBQEI n@thBF £1558 ﬁﬁ% g&@ﬁ&F FEGM Jade each
sem conductor |aser was applied to the six near field
upiget thenabavengbtainedsnsernfidelds lEghppeneratapng device
the intensity of the generated near field |ight was
3eheckedriFurthet, af enfonpentsenpunheofieapairnffiaiddlight for
| aser beam (having a wavel ength of 1550 nn) emtted

mbgoatiberesenticngdugesofehasateas applied to the near
field light generating devices 39 of the Conparative

[exaspl e 1- Irandeo CoPRE Atddec XD | end - 2epfdof 0 the
SIL 50 without a plasnon probe, and the intensity of

mgnsfgsgﬁmgdtgsaﬁeggekg hagmghﬁﬁaeﬁaﬁgwﬁt (al,08:G39,

were obtaln romt ata on ensity
TS, A TR S S A LY cieno
light generating devices 39 were made of silicon crystal.
Each SIL 50 has a curvature radius of 1.4 mm. Then buffer
layers 31 each having a thickness of 50, 1006, 250, 500, 1000
or 2000 nm were formed on the plane surfaces of the six SILs
50. The buffer layers 31 were formed on the plane surfaces
of the SILs 50 using the CVD (chemical vapor deposition)
method using the TEOS (tetraethoxysilane) as material.

Gold plasmon probes having a thickness of 40 nm shown
in Fig. 4la were formed on the buffer layers 31 of the SILs
50 made in the above-mentioned procedure. As comparative
examples, a gold plasmon probe was formed on one of the SILs
50 without a buffer layer 31. An electron beam exposure
apparatus was used to pattern. After patterning the resist,
a gold film was formed using the resistance heating wvapor

deposition method, in a triangular shape using the lift-off

method.




reference. 42 Table 1 is a conparative table show ng
the test results for the Exanples 1-1 through 1-6 and
Conparative exanples 1-1 and 1-2. [0109] [Table 1]

Conp. Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Conp.

1-1 1-1 1-2 1-3 1-4 1-5 1-2 &Uffix X10 X11 X12 X13

X14 X15 X16 Thickness of buffer layer L 0 50 100 250
500 1000 2000 (nm Gain Gxln 23.3 39 53.2 68.1 81.5
78.5 20.5 I\/agnification - 1.7 2.28 2.92 3.5 3.37 0.9
G(lﬂ/@(lo Con'p Conpar ati ve exanpl e [0110] In Tabl e

1, suf "Xl n hed to the gai . G of. the

near I&eﬁ ﬁﬂ%@‘né itn§ed&nate Vltor?é 39 Were made
Conparati ve exanpl es and Exanpl es for the sake of
Siagénttiof ineasi dhe Pvd fgpgi dagfen R @irﬁéhraat’ql\ﬂé?@@ﬁﬁplle of 50,
1-1is represented as the gain Gx10, the gain of the

1B0amzlsd 1500 or rlédrdesent echdas htehe agal we@elkledana tawe Example
gain of the Exanple 1-2 is represented as the gain
161 2 Ex@mpillean|-p,, Ehangdien 1613 ,t xandptanyl-a1 ,1-shd £xample 1-5,
represented as the gain &13; the gain of the
respectively. The near field light generating devices 39
made as comparative examples, where the buffer layers 31 have
thicknesses L of 0 and 2000 nm, are referred to as the
Comparative example 1-1 and Comparative example 1~2.
[0108] [Test result]

The near-infrared laser beam (having a wavelength of
1550 nm) output from a semiconductor laser was applied to the
six near field light generating devices 39 made as Example 1,
and the intensity of the generated near field light was
checked. Further, for comparison, the near-infrared laser
beam (having a wavelength of 1550 nm) emitted from the
semiconductor laser was applied to the near field light
generating devices 39 of the Comparative example 1-1 and
Comparative example 1-2, and to the SIL 50 without a plasmcn
probe, and the intensity of the generated near field light
was checked. Gains G were obtained from the data on the

light intensity measured in this manner, assuming the light

intensity of the SIL 50 without a plasmon probe as a

reference.




Exanple 1-4 is represented as the gain &l,;
Exanple 1-5 is represented as the gain &x15;
the Conparative exanple 1-2 is

of the

and the gain of

represented as the gain &x16. 43

magni fication &in/Gio is thgratio of the
of Exanpl es or

[0111]

The

the gain

gain &in

Conparative exanple 1-2 to the gain

&xi o of Conparative exanple 1-1.

Tabl e 1,
1.7 for
1-2, 1-3,

the val ue of the
Exanpl e 1-1,

and i

s 2 or

[0112] As shown in
magni fication Gin/&io is

nore for
1-4 and 1-5. As can be seen,

Exanpl es
those gains G

show TRBLet helfedr cPMBREALILYRt LgbAEr ShPWE NIdElec E§sTg results
of this Exanple generate near field |ight nore

fetf kbkrehkbyppilkan 1t-Ae thirasgbn lptobad3Conpalragti va lexdafrgrles 1-1
| ayer 31 can be generated. It has al so been verified
atHat-the gains G of the near field |ight generating

device 39 of this Exanple with buffer |ayers 31

[bawvbng thi ckngssesy pf 100, 250, 500 and 1000 nm are

twice or nore that of the near field |ight generating

device 39wt houtTabuf-fer tayerr 31— Inrthe peantine;
the gain G&xi§g H r & § g le shxample | Comp.
snal | er than [t Helgai n1ckii| off£he Cdmparptivé exalmd e| 12
1- 1.sufkipas gl sg,been gonflirned that,fhe gapp Gi sy, %16
StRldeEsS han |[the buffer Tayer 31 having g thi ckness of
BY&er 180G B o 50 100 250 500 1000 | 2000
(rum)

Gain Gan 23.3 39 53.2 68.1 81.5 78.5 20.5

Magnification
- 1.7 2.28 2.92 3.5 3.37 0.9
Gy1n/Grao

Comp.; Comparative example

[{0110] In Table 1, suffix "yx1n" 1s attached to the gains

G of the near field light generating device 39 of the
Comparative examples and Examples for the sake of

identification. The gain of the Comparative example 1-1 is

represented as the gain Gye; the gain of the Example 1-1 is

represented as the gain Gyx;i; and the gain of the Example 1-2

is represented as the gain Gy,. Similarly, the gain of the

Example 1-3 is represented as the gain Gx3; the gain of the

Example 1-4 1is represented as the gain Gyxa; the gain of the

Example 1-5 is represented as the gain Gys; and the gain of

the Comparative example 1-2 is represented as the gain Gyis.




[0113] Seven optically assisted magnetic recording
heads 3 were nmade each using the above-obtai ned near
field light generating device 39as the Exanpl es and
the Conparative 44 exanples, and the heads were then
incorporated into an optical4y assisted magnetic
recordi ng device 10 to.check if nagnetic recording
was successfully conducted. [0114] The result of the
test has denonstrated that the optically assisted
magnetic recordi ng head 3 using the near field Iight

[generatlng devi ce 39 of each Exa rovi des

x&&l ent nhgRetR YN+ BEGRUTRY. Spo >sy B o101 ¢F the
Exanple 2, the SlLs 50 were made of GaAsP and the
gBanf Brinl feFX3MPAaS REAEOBPACAR Liet KXarptler dm2 to the gain
t hi cknesses, by the sane process as Exanple 1.
GEurbﬁe@ompaeabpvecakhmplasi%éted magnetic recordi ng
heads 3 of the first enbodi nent were nmade each using
[Ohe2above- ot ashewn near Tabeedl] | ghe vgeuer afi hhgedevi ce
39 to verify that a sufficient anount of near field

mhbﬁg¥lE9E1659@9&V@m5999rg'ﬁgfﬁﬁsEﬁﬁﬁEEéthl RA416E 2 or
he steps of manufacturing the near field |ight

3 th d
HBERCERS %%ag@:e%se. 8 M S SR dn 88docer,

T Bk B e 3050l ROV AT 00 o
devices 39 of this Example generate near field light more
efficiently than the plasmon probe 30 without a buffer layer
31 can be generated.

It has also been verified that the gains G of the near
field light generating device 39 of this Example with buffer
layers 31 having thicknesses of 100, 250, 500 and 1000 nm are
twice or more that of the near field light generating device
3% without a buffer layer 31.

In the meantime, the gain Gy of the Comparative
example 1-2 is smaller than the gain Gy of the Comparative
example 1-1. It has also been confirmed that the gain G is
smaller than the buffer layer 31 having a thickness of over
1000 nm.

[0113] Seven optically assisted magnetic recording heads

3 were made each using the above-obtained near field light

generating device 39as the Examples and the Comparative




S T

100, 250, 500, 1000 and 2000 nm were forned on the

pl ane surface of the SILs 50. A gold plasnon probe

having a thickness of 40 nmwas formed on each buffer

| ayer 31 of the 45 SIL 50 by the sane steps as

Exanple 1. As a conparative #xanple, on of the SlLs

50 without buffer layers 31, a gold plasnon probe in

t he sane shape was nade. The near field |ight

generating devices 39 where the buffer layers 31 have

t hi cknesses L of 50, 100, 250, 500 and 1000 nm are
refecred to as Exanple 2-1, Exanple 2-2, Exanple 2-3,
CEQBRpPE. 2209 LRE Eﬁéﬁﬁl89§estPﬁntH@Q9ﬁﬂ%r@ﬂe into an

t hi ckness. The near field |ight generating devices 39
ophdRadiywapehshad mapaehaftf aechageng3tewitte 40 to. check if
thickness L of 0 and 2000 nm are nade for conparison,
magdetheyracerdéehgr wad sacasstielCynpanatictedexanpl e

2-1 and Conparative exanple 2-2. [0118] [Test result]
[Thadpear - i nfiiaresshBises £ bepan (Havi R8s ad¥ayes€ngt Bq0fhat the
1550 nm output froma sem conduct or Iaser was applied

oithe1ysh¥sngakdf hehdekight-cgeR ey| 9
o%aée asyExaﬁp le 2, gng %gekﬁngeﬁéﬁp gt%eaggﬁ rgpgdnear

fhEay ihg béﬁgka%@ﬁg 8?9958d3PZ§rthgreaExewg n8r8v1des

conparil e near~-infrared

PN S B SR b AT ct ot From Lhe e concucto
[biggs generﬁghgg deV|ces 39 of the Conparative exanple

In Example 2, the SILs 50 were made of GaAsP and the

buffer layer 31 was made of GaF with different thicknesses,
by the same process as Example 1. Further, the optically
assisted magnetic recording heads 3 of the first embodiment
were made each using the above-obtained near field light
generating device 39 to verify that a sufficient amount of
near field light for magnetic recording was generated.
[0116] The steps of manufacturing the near field light
generating device 39 are the same as Example 1, and detailed
description will be omitted.

[0117] Similarly to the case of the above-mentioned
Example, the buffer layers 31 having thicknesses L of 50,
100, 250, 500, 1000 and 2000 nm were formed on the plane
surface of the SILs 50. A gold plasmon probe having a

thickness of 40 nm was formed on each buffer layer 31 of the




2-1 and the Conparative exanple 2-2, and the intensity
of the generated near field |light was checked. Gains

G were obtained fromthe data of the light intensity
measured in 46 this manner assumi ng the |ight
intensity of Conparative exasple 2-2 as a reference.
Table 2 is a conparative table show ng the test

results for the Conparative exanple 2-1 and Exanpl es
2-1 through 2-5. [0119] [Table 21 Conp. Exanple
Exan'ple Exanpl e Exanpl e Exanple Conp. 2-1 2-1 2-2 2-3

2-2 Suffix X20 X21 X22 X23 x29 x25 X26

Sﬂn éQn@éfs the BareesteryersL Fraspleod -2585580c2009 2009
(nm Gain Gx2" 14.5 20.7 32.4 44.5 55.6 49.5 13.8
eNRgRilel cani of the £I2s52303wdrhaug3 baffer] 1@ye®e2@1ex 20 gold
Conp.; Conparative exanple [0120] In Table 2, suffixes
pXasmanepabbached the tsheegahape Gaef riskie.near field
l'ight generating device 39 in the Conparative

exanpres asdrExapphesigher gthersgk@golbevices 39 where the
identification. To be nore specific, the gain of the
pEeFRAr 8L %€ s 31 have thicknesses L of 50, 100, 250, 500 and
1000 nm are referred to as Example 2-1, Example 2-2, Example
2-3, Example 2-4, and Example 2-5 in the order of thickness.
The near field light generating devices 39 each of which has
the buffer layer 31 with a thickness L of 0 and 2000 nm are
made for comparison, and they are referred to as the
Comparative example 2-1 and Comparative example 2-2.

[0118] [Test result]

The near-infrared laser beam (having a wavelength of

1550 nm) output from a semiconductor laser was applied to the
six near field light generating devices 39 made as Example 2,
and the intensity of the generated near field light was
checked. Further, for comparison, the near-infrared laser
beam (having a wavelength of 1550 nm) emitted from the
semiconductor laser was applied to the SIL 50 of the near
field light generating devices 39 of the Comparative example
2-1 and the Comparative example 2-2, and the intensity of the

generated near field light was checked. Gains G were

obtained from the data of the light intensity measured in




exanple 2-1 is represented as the gain Gx20; the gain

of the Exanple 2-1 is represented as the gain Gx21;

and the gain of the Exanple 2-2 is represented as the

gain &x22. Simlarly, the gain of the Exanple 2-3 is
represented as the gain GX23; 46t he gain of the Exanple

2-4 is represented as the gain &x24; the gain of the
Exanple 2-5 is represented as the gain &x25; 47 and

the gain of the Conparative exanple 2-2 is represented

as the gain 26 [0121] The magnification &x2n/ Gx20
epresents the ratio of the gain &2o0 of Exanples or

i FERIae SRIRIRG 272 (1d WMo LGANPIGI0 ofComparative
Conparative exanple 2-1. [0122] As shown in Table 2,

SEREDIEl de 2ot Ite refggeinidecat i on Gx2n/ Gx20 is 1.4 f or
Exanple 2-1, and is 2 or nore for Exanples 2-2, 2-3,

2.4 afidb2e52 As eapchpazeeiyve thode NS NG shewtihatl results
the near field |ight generating devices 39 of this

fExampke Coeparate veeakatipaled 2-i10hh ke n qufef —Q_ntt'r%ough 2-5.
than the plasnmon probe 30 without a buffer |ayer

[banwed ther epay,1£03423] It has al so been verified that

the gains G of the "near field |ight generati ng

devices 39 of thrsExamplewth—the—burfer—tayers—31
havi ng t hi cknd<¥®s  Frampbe | Exsuple (iaanie ReDPla nEample Comp.
twice or nord tdrdt |of 2the nedr2fijel @-Bi ght 2gdner atd43g | 2-2
devisugr39 w tlhoyt a buffer Tayer 31 Lormed o .
Thickness of
buffer layer L 0 50 100 250 500 1000 2000
(rm)

Gain Ggp 14.5 20.7 32.4 44 .5 55.6 49.5 13.8
Magnification

Gron/ Grzo - 1.4 2.23 3.07 3.83 3.41 1.0

Comp.; Comparative example

[0120] In Table 2, suffixes 3, are attached to the gains
G of the near field light generating device 39 in the
Comparative examples and Examples, for the sake of
identification.

To be more specific, the gain of the Comparative
example 2-1 is represented as the gain Gyp; the gain of the
Example 2-1 is represented as the gain Gy; and the gain of
the Example 2-2 is represented as the gain Gxzz. Similarly,
the gain of the Example 2-3 is represented as the gain Gyxpi;

the gain of the Example 2-4 is represented as the gain Ggaa;

the gain of the Example 2-5 is represented as the gain Gygs;




thereon. In the nmeantine, the gain Gx26 of the
Conparative exanple 2-2 is smaller than the gain Gx21
of the Conparative exanple 2-1. It has al so been
confirmed that the gain Gis reduced if the buffer

| ayer 31 has a thickness of oyer 1000 nm 48 [0124]
Seven optically assisted nagnetic recordi ng heads 3
were made using the near field |light generating
devices 39 nmade above as Exanpl es and Conparative
exanpl es, and the heads were incorporated into the
optically assisted magnetic recording device 10 to

apRe RS Fadkagrdt ither SORALAS iwss examdles F4 |is represented as
conducted. [0125] The result of the test has

themgasty &ed that the optically assisted magnetic

recordi ng head 3 having any one of the near field

[0igAd generahéngadevfiest 39nobyExapp! esprpsevicdeshe ratio of
excel I ent magnetic recording. [0126] [Exanple 3] In

thxagplie 3.t e Bkbipa@0b Ficdmpd Mitikd RedMfife -2 +to the

| ayers 31 forned, by the steam oxidation nethod, eac

gh@nhays o@iEEﬁ%%Q%tHQ%C%%%%.1eF%LEher’ the optically
{ i

assisted mgnetic reco heads '3 were nade each

4529, e 2hoven gt lnedo0ges Lol Ight ppengrat no
mgggk iEé%QEnf%Lm?%9£F3501.4 for Example 2-1, and is 2 or
more for Examples 2-2, 2-3, 2-4 and 2-5. As can be seen,
those gains G show that the near field light generating
devices 39 of this Example generate near field light more
efficiently than the plasmon probe 30 without a buffer layer
31 formed thereon.
[0123] It has alsoc been verified that the gains G of the
near field light generating devices 39 of this Example with
the buffer layers 31 having thicknesses of 100, 250, 500 and
1000 nm are twice or more that of the near field light
generating device 39 without a buffer layer 31 formed
thereon.

In the meantime, the gain Gxys of the Comparative
example 2-2 is smaller than the gain Gyxz.; of the Comparative

example 2-1. It has also been confirmed that the gain G is

reduced if the buffer layer 31 has a thickness of over 1000

nm.




recordi ng was generated. [0127] The foll ow ng

descri bes the steps of manufacturing the near field

i ght generating device 39. [0128] First, eight SlLs

50 to be used in the near field |1ight generating

devices 39 were made of silicgp crystal. Each SIL 50

has a curvature radius of 1.4 mm Then buffer 49

| ayers 31 each having a thickness of 50, 100, 250,

500, 1000 or 2000 nmwere fornmed on the plane

surfaces of the six SlLs 50. The buffer layers 31

were nmade by putting the silicon- made SIL 50 in a

(0384 at nosPrEre apdifalthingseipledf megpetdsi @2Fosaing heads
t he whol e surface of each SIL 50. [0129] A Gold film

3ware reoreEld ois iegc thieufrfear Ifdydd 35 o0ft geiner@dinbUdices 39
the resi stance heating vapor deposition nethod,

mwﬂerabwvbh%spE&%ﬁ@ﬂe@rQﬁ@ﬁC@%?d}dﬂlﬁéﬁg%ﬁﬂﬁiés, and the
triangle, shown in Fig. 4al aving a height of 0.4 m

héﬁ@saﬁe§g'ﬁﬁbo%%%&%t%h 40 reas namd tl%%ﬁlﬁogg@fé%gﬁ ﬂ%gnetlc

p asnon pro e the sane con I guratrron was

pI f. f t
§§OEBER§S?EFﬁe E@ftooﬁayer faggﬁ%%kégfﬁf%&r Hqg WPS
ene a% E% devi %es 3% where the buffer layers 31 have
ﬁSeFﬁ Erhds §88°PCELIz0 100, 250 500 and 1000 nm

§ referredto as Example 3-1, Exanple 3-2, Exanple
[9125] Ey anpl BN Be st ERAnpe BeSt| hashdewprgkrated that the

thlckness The near field light generating devices 39
ophdeally assisted magnetic recording head 3 having any one

of the near field light generating devices 39 of Examples
provides excellent magnetic recording.
[0126] [Example 3]

In Example 3, the SILs 50 of Fig. 9 with the buffer
layers 31 formed, by the steam oxidation method, each to have
different thickness. Further, the optically assisted
magnetic recording heads 3 were made each using the above-
obtained near field light generating device 39 to verify that
a sufficient amount of near field light for magnetic
recording was generated.

[0127) The following describes the steps of
manufacturing the near field light generating device 39.
[0128] First, eight S3ILs 50 to be used in the near field
light generating devices 39 were made of silicon crystal.

Each SIL 50 has a curvature radius of 1.4 mm. Then buffer




for conmparison, where the buffer |layers 31 have

thi cknesses L of 0 and 2000 nm are referred to as
the Conparative exanple 3-1 and Conparative exanpl e
3-2. [0130] [Test result] 50 The near-infrared | aser
beam (havi ng a wavel ength of 4%50 nnm) output froma
sem conduct or | aser was applied to the five near
field |ight generating devices 39 nade as Exanple 3,
and the intensity of the generated near field |ight
was checked. Further, for conparison, the

1RRFEanitt £a< BAVERG be%ﬂl% ARG 6 1éer Chs b 1047 1000

to _the near field [ enerating devices 39 of the
oCoRPAPatMy ¥eERakprae na%QEtﬁéan9|@wa§aﬁeﬁh§G thge six SILs
pl asnon probe 30 to check the intensity of the

5fencflae cdufifar faeeds| Byhver&anpde Govepetobnai hbe Bidiron-
the data on the light intensity nmeasured in this
mEEBNEIL S5a8ssumangapbe kitglts phetrensinky fofrntime Skdids0 £ilms

W t hout the plasnon probe 30 as a reference. Table 3

siog)0@ﬁp@ﬁ@twwsléa9h§f§88wbﬁgeéaﬁ testspesults for
the Conparative exanples 3-1 and 3-2, and Exanples 3-1

[b&ﬁ@%gh 3- 55 %&ld[géfﬁ]wéga?b§m§b SRMRacEXBRERr layer 31 of
Exanpl e Exanpl e Exanpl e Exanpl e .

six SILs 50 by the resistance heating vapor deposition

method, whereby the plasmon probes 30 in an isosceles
triangle, shown in Fig. 4al, having a height of 0.4 pum and an

apical angle of 40° was made. For compariscn, a plasmon
probe 30 of the same configuration was made, by the same
method, on the plane surface of the SIL 50 without the buffer
layer 31. The near field light generating devices 39 where
the buffer layers 31 have the thicknesses L of 50, 100, 250,
500 and 1000 nm are referred to as Example 3-1, Example 3-2,
Example 3-3, Example 3-4 and Example 3-5 in the order of
thickness. The near field light generating devices 39 made
for comparison, where the buffer layers 31 have thicknesses L
of 0 and 2000 nm, are referred to as the Comparative example

3-1 and Comparative example 3-2.

[0130] [Test result]




3-1 3-1 3-2 3-3 3-4 3-5 3-2 Suffix x30 x31 X32 X33

X34 X35 X36 Thickness of buffer layer L 0 50 100 250

500 1000 2000 (nm Gain Q3n 23.1 39.3 53.5 68.3 81.1
78.8 20.2 Magnification - 1.7 2.32 2.96 3.51 3.41 0.9

GH n/ Gx30 Conp.; Conparative Bxanple [0132] In Table

3, simlarly to the case of Tables 1 and 2, suffixes

x3n are attached to the gains G of the near field

i ght generating device 39 in the Conparative exanpl es

and Exanples for the sake of identification. [0133]

The g n|f|cat|on &x3n/ §M30 reEres ts t he ratlolof th of
the ghl'R ER3IA-SRLERERPI eeSep P @mg RVE&Rgo3olavelength o
Conparative exanple 3-1. [0134] shown in Table 3,

1phB vavueu*éput:héromagnrsfeméépn@lﬁceségn/l@‘é% was1applded to the
Exanple 3-1, and is 2 or nore for Exanples 3-2, 3-3,

f3vé aadrSfEelAsl¢ghtbgeseea$inbedegabﬁ§ G9shewet gt Example
the near field |ight generating devices 39 of this

3Exanpl engenaraheingabtf irakd gehght tenr aceaff ifdiednt Iy ght was
than the plasnon probe 30 without a buffer |ayer 31.

cﬁgéﬁéh |tF@ﬁ@h@isofgﬁe@oﬂﬁéfiéSQ that hbgrgahpsaleqf laser
the near field Tlght generating devices 39 of this

bEéﬁ”Rhsvﬁﬁﬁha wavelength of 1550 nm) emitted from the
semiconductor laser was applied to the near field light
generating devices 39 of the Comparative example 3-1 and the
SIL 50 without the plasmon probe 30 to check the intensity of
the generated near field light. Gains G were obtained from
the data on the light intensity measured in this manner,
assuming the light intensity of the SIL 50 without the
plasmon probe 30 as a reference.

Table 3 is a comparative table showing the test results

for the Comparative examples 3-1 and 3-2, and Examples 3-1

through 3-5.




52 having the buffer layers 31 with thicknesses of
100, 250, 500 and 1000 nmare twice or nore that of
the near field light generating device 39 without a
buffer layer 31. In the nmeantine, the gain GX36 of the
Conparative exanple 3-2 is swhller than the gain 31
of the Conparative exanple 3-1. It has al so been
confirmed that the gain Gis reduced if the buffer
layer 31 is formed to have a thickness of over 1000
nm [0136] Seven optically assisted magnetic recording
3 we de,each using the above-obtai ned near
{Bﬁggj Iightffﬁgﬁ rgfing devi ce 39 as Exanpl es and
Conparative exanples, and then they were incorporated

into the opticadnpy |Es@insledExanBineExaapl e Ctthiphg | Bearipde | Comp.

10 to check iff 3mgnet Be1r ecordpng] \8as succergsf Ul 35 3-2
conducted— 10137 —Tdtheresut-t—of—the—testthas

dermpistrat ed-t h¥2-tlhe Zloptli cafly assPitedrllnetieS x36
r BEGHFRRRY Head 3 using the near  field I]ght

geH@ratlayRy devi e 39 o010 edch1BR

anpl &5fr ovi R&§ 1000 | 2000
excel(PBht _magnetic recordijng. [01 [ Exanple 4] In
ExdigineG4, thez2dehr; f3%I3d || i ght5 genéBai i hg8tlevi ce 789 20.2
olghheidaiegl Exanplle of _Filgs. 10al and 10b were pade,
Thegf @l l,ow ng desqri Bed the?m# hpdZot® mandfakt ur i3n61 0.9

cbii. ?! EordaPative example

[0132] In Table 3, similarly to the case of Tables 1 and
2, suffixes g3, are attached to the gains G of the near field
light generating device 39 in the Comparative examples and
Examples for the sake of identification.

[0133] The magnification Gxs3n/Gx3c represents the ratio of
the gain Gyi, of Examples to the gain Gyxzg of Comparative
exanmnple 3-1.

[0134] As shown in Table 3, the value of the
magnification Gg3p/Gyxso is 1.7 for Example 3-1, and is 2 or
more for Examples 3-2, 3-3, 3-4 and 3-5. As can be seen, the
gains G show that the near field light generating devices 39
of this Example generate near field light more efficiently
than the plasmon probe 30 without a buffer layer 31.

[0135] It has also been verified that the gains G of the

near field light generating devices 39 of this Example each




used in the near field |ight generating device 39 of
the third enbodinent. [0139] First, a recessed
section 55 having a dianeter of 2 mand a depth of
400 nm was made, using the dry etching nethod, on the
pl ane surface of a silicon hebEsphere having a
curvature radius of 1.4 mm Then an SiQ2 thin film of
the buffer layer 31 was forned, of a TECS materi al,
on whol e the surface of each recessed section 55 of
the SILs 50, by the CVD nethod. Gold was
vapor - deposi ted on the recessed section 55 covered

haviRot fdepBufdeT dpeers Hade B G E@PSIRe of 100, 250, 500

resi stance heating vapor deposition method such that
agel @ Ofds nme piFed dfad den sird @otise thats @f |thgemezr Sirdidephight
a pin-shaped plasnon probe 30 of Figs. 10a and 10b

geas racrimgd defr0 4013 9 witthicsiterepdrififert lagiem |HArly to

the cases of Exanples 1 through 3, the SILs 50 were

made eachhbawieagttihe, hubf enihaygr; 3¥ ahediddmr=anitive
t hi ckness, and the near field I|ight generated by

etxgﬁkfﬁes_lBLé was aaked.c hhhe t@l%arggfiineldk ldf9the Comparative
generating devices 39 where the buffer ﬁayers 31 have

thi gk f . 0 .
FEErPed U5 s eiampre - To Bt sy el e B ghte 1o
le. 4-4 and le 4-5.int d f .
PAUORodS PR EIAEY RRSIST o QHas o TR ded g kness
made for conparison, where the buffer |layers 31 have

ofhCdRieddEd EMf 0 and 2000 nm are 54

[0136] Seven optically assisted magnetic recording heads
3 were made each using the above-obtained near field light
generating device 39 as Examples and Comparative examples,
and then they were incorporated into the optically assisted
magnetic recording device 10 to check if magnetic recording
was successfully conducted.
[0137] The result of the test has demonstrated that the
optically assisted magnetic recording head 3 using the near
field light generating device 39 of each Example provides
excellent magnetic recording.
[0138] [Example 4]

In Example 4, the near field light generating device 3%

of the third Example of Figs. 10a and 10b were made. The

following describes the method of manufacturing the SIL 50




referred to as the Conparative exanple 4-1 and
Conparative exanple 4-2. Further, the optically

assi sted nmagnetic recording heads 3 were nade each
usi ng the above-obtained near field |ight generating
device 39 to verify that a sufficient anbunt of near
field light for magnetic recordi ng was gener at ed.
[0141] [Test result] The near-infrared | aser beam
(having a wavel ength of 1550 nn) output froma

sem conductor | aser was applied to the seven near
field I'ight generating devices 39 nade as Exanple 4,
usRel LRetNAt BRIt F16fdt RAdIhénoraesa tiagr devdlce 3% the
was checked. Table 4 is a conparative table show ng
thhedt esbodimenkts for the Conparative exanple 4-1, and
Exanples 4-1 through 4-6. [0142] [Table 4] Conp.

[EXx3Rpl e Exanjt et Exanpdee&xadpsecExanpb® Kavpng 4-didmdter of
4-2 4-3 4-4 4-5 4-2 Suffix X40 X41 X42 X43 X44 X45

) ooag?hﬁ§a§§?ﬁ°é§2ﬁ5§§5§'?é?émésgvsgéigggiﬁg B39, tt:ing
m%ﬁﬁ%?cgggnkﬁgcg ggg éu%fgc%'g% g'g?libg% %é%ﬁsghgre having a
curvature radius of 1.4 mm. Then an SiQ; thin film of the
buffer layer 31 was formed, of a TEOS material, on whole the
surface of each recessed section 55 of the SILs 50, by the
CVD method. Gold was vapor-deposited on the recessed section
55 covered with the buffer layer 31 made of S$i0; by the
resistance heating vapor deposition method such that gold was
embedded inside the buffer layer 31, whereby a pin-shaped
plasmon probe 30 of Figs. 10a and 10b was formed.

[0140] In this experiment, similarly to the cases of
Examples 1 through 3, the SILs 50 were made each having the
buffer layer 31 of different thickness, and the near field
light generated by these SILs was checked. The near field
light generating devices 39 where the buffer layers 31 have
the thicknesses L of 50, 100, 250, 500 and 1000 nm are
referred to as Example 4-1, Example 4-2, Example 4-3, Example
4-4 and Example 4-5 in the order of thickness. The near

field light generating devices 39 made for compariscn, where

the buffer layers 31 have thicknesses L of 0 and 2000 nm, are




Conp.; Conparative exanple 55 [0143] In Table 4,
simlarly to the case of Tables 1 through 3, suffixes
x4n are attached to the gains G of the near field

i ght generating device 39 for the Conparative
exanpl es and Exanples for thesgsake of identification.
The magni fication Gx4n/ Gx4o represents the ratio of
the gain GX4n of Exanples to the gain Gx4o of
Conparative exanple 4-1. The gain &x4n was cal cul at ed
by the sane steps as in above-nentioned Exanples.

[0144] As shown in Table 4, the value of the
TRAGATEOC A0 65 G0 CORWPE g 1¥e5 exampibearipile and Comphriag ive
2 or nore for Exanples 4-2, 4-3, 4-4 and 4-5. As can

cpempdeni-Ehe gains G show that the near field li ght
generating device 39 of this Exanpl e generates near
fiel drhirghtrpocaeebpieicantly askhahetihaageet ik eedording
i ght generating device 39 without buffer |ayer 31.

hEB4458 h%r@a&a@bsgagﬁeﬁs!%b'Eh%dab%%%—B%%aQ%k@$n§aqffleld

the near field light generating device 39 of

l%?ﬁ ggns@%ﬁaggohg%égg g§0t5a¥%E§ t%%%e t@h le%%E% amount

Am aré twice of more 't
f he ratin vi ce 39 mnthout
09 ?Fe?lﬁgye %t tW@ HE%&FIE@gOF n&aﬁﬁscﬂﬁ@e5ﬁted
npara ive exanEIe 4-2 is smaller than the gain

f@iﬁl o ehalbemh rasy

The near-infrared laser beam (having a wavelength of
1550 nm) output from a semiconductor laser was applied to the
seven near field light generating devices 39 made as Example
4, and the intensity of the generated near field light was
checked. Table 4 is a comparative table showing the test
results for the Comparative example 4-1, and Examples 4-1

through 4-6.

[0142] [Table 4]
Comp. | Example | Example | Example | Example | Example | Comp,
4-1 4-1 4-2 4-3 4-4 4-5 4-2
Suffix x40 x4l %42 x43 xd4 X45 X426
Thickness of
buffer layer L 0 50 100 250 500 1000 2000
{nm)
Gain Gy 25.8 39.5 59.7 76.2 93.14 83.3 19.8
Magnification
G/ G 1.5 2.31 2.95 3.62 3.23 0.8

Comp.; Comparative example




exanple 4-1, and it has thus been confirnmed that the
gain G56 is reduced if the buffer layer 31 is forned
to have a thickness of over 1000 nm [0146] Seven
optically assisted magnetic recording heads 3 were
made using the above-obtai nedShear field Iight
generating devices 39 of Exanples and Conparative
exanpl es, and they were incorporated into the
optically assisted mnmagnetic recording device 10 to
check if magnetic recording was successfully
ﬁiﬁgicted. 0147] . The result of the test has
[ stratettth@plend BhPitarty BestBeefaAggrét Fetles 1
recordi ng head 3 having any one of the near field
thrghehgénepafifagedevincase3atspchranploeshepganinges of the
excel | ent magnetic recording. [0148] [Exanple 5] In
ngzxanpliell, libatnganetrbelidgl dghticgedér gbirnghede Cioopa3ldtive
of the fourth enbodi ment of Fig. 11 was nade. The
ekehbowkngnddesembhes the makhedkefl orandkact hilcag ithe
slider 11 used in the near field Iight generating

devi c 9 d It he~. enbodi 9 i . A
Si 02 ?ﬂ%nmgéP%?gFB?EEBbﬁf?ggxﬁagggkgfgg%gskpgr%% ELgn%f the

SRR BB ol $ERBH Bty RO cHiBa SR, coamone
4'ai‘§erT§e1'gJ{‘r?”ex4na 88e25Pd, PEELL 9P, VBR, BYR USL 08 1S in
above-mentioned Examples.

{0144] As shown in Table 4, the value of the
magnification Gg4n/Gxeo 15 1.5 for Example 4-1, and is 2 or
more for Examples 4-2, 4-3, 4-4 and 4-5. As can be seen, the
gains G show that the near field light generating device 39
of this Example generates near field light more efficiently
than the near field light generating device 39 without buffer
layer 31.

[0145] It has also been verified that the gains G of the
near field light generating device 39 of this Example, where
the buffer layers 31 have thicknesses of 100, 250, 500 and
1000 nm are twice or more that of the near field light
generating device 39 without a buffer layer 31.

In the meantime, the gain Gyxys ©of the Comparative

example 4-2 is smaller than the gain Gyx41 of the Comparative

example 4-1, and it has thus been confirmed that the gain G




etchi ng nethod. Gold was vapor-deposited on the
recessed 57 section by the resistance heating vapor
deposi tion nmethod, whereby the plasnon probe 30 was
made. An SIL 50 was nade of silicon, and was bonded
to the slider 11. [0150] SevefBénear field |ight
generating devices 39 were nade each having the
buffer layer 31 with different thickness to check the
intensity of the generated near field light. The near
field I'ight generating devices 39 where the buffer
layers 31 have the thicknesses L of 50, 100, 250, 500
IEndeHEES Ak dHe ReffdiSled AE s Bddpl FiRd t bR &
5-2, Exanple 5-3, Exanple 5-4 and Exanple 5-5 in the
thigdinests ofi chiresslO000Tha.near field |ight generating
devi ces 39 made for conparison, wherein the buffer
[0dw&ls 31 haerethbpknesddy bssdbt@dandgd@flcnmecareling heads
referred to as the Conparative exanple 5-1 and

Corpas alaidee RN It ed-adboMdiierinddept i1y 1ight

assi sted magnetic recording heads 3 were nade eac

g%%ie&%tti@:g AeMeb ) RRd ML 1fd £ldhq Id ax?aecr!ﬁf@téﬁgnples,

device 39 to verify that a sufficient anmoun of near

a{nigi g?:]elyj[ %Jeéé:tef Tn%% ! itgedr %%ocrodi } \Acgpg: ilg:%ri%ryataesds'isted

res near-i1nrrar aser’ beam

RERLEDS B SO A, 1950 I OB (LI ecorcing
wggegﬂctg%g%u %ggzﬁggﬁ%gi%{ices 39 made as Exanpl e

[0147] The result of the test has demonstrated that the
optically assisted magnetic recording head 3 having any one
of the near field light generating devices 39 of Examples
provides excellent magnetic recording.

[0148] [Example 5]

In Example 5, the near field light generating device 39
of the fourth embodiment of Fig. 11 was made. The following
describes the method of manufacturing the slider 11 used in
the near field light generating device 39 of the fourth
embcdiment.

[0149] First, an S8i0; thin film of the buffer layer 31
was formed on one side of the silicon slider 11 using the
TEOCS material by the CVD method. This film is the buffer

layer 31. Then, a recessed section was made using the dry

etching method. Gold was vapor-deposited on the recessed




5, and the intensity of the generated near field |ight
was 58 checked. Table 5 is a conparative table

showing the test results for the Conparative exanpl es

5-1 and 5-2, and Exanples 5-1 through 5-6. [0152]

[ Tabl e 51 Conp. Exanple Exan® Exanpl e Exanpl e

Exanpl e Conp. 5-1 5-1 5-2 5-3 5-4 5-5 5-2 Suffix X50

X51 X52 X53 X54 X55 X56 Thickness of buffer layer L O

50 100 250 500 1000 2000 (nm Gain Gxsn 23.8 39.9

53.8 68.4 81.9 78.7 20.9 Magnification - 1.7 2.26

2.87 3.44 3.31 0.9 GX5n/ GX50 Conp.; Conparative
SgRhnplely0t88] reaishpneesheat inpavpporodenesigdenomethod,

Tables 1 through 3, suffixes X5n are attached to the
wharabyGtbe phesmpnaprbbel 0| ivght mgdrer adm NYILWevd ceadmade of

in the Conparative exanples and Exanples for the sake
solicdept afidcabsobhonfi@d54p The Bagdeki ¢ati on Gx5n/ Gxso

represents the ratio of the gain G5n of Exanples to

[oDBOYai N Osore fuparadiyel i @l ®ePading 0dSPIcdS 39 were
shown in Table 5, the value of the
made each having the buffer layer 31 with different thickness
to check the intensity of the generated near field light.
The near field light generating devices 39 where the buffer
layers 31 have the thicknesses L of 50, 100, 250, 500 and
1000 nm are referred to as Example 5-1, Example 5-2, Example
5-3, Example 5-4 and Example 5-5 in the order of thickness.
The near field light generating devices 39 made for
comparison, wherein the buffer layers 31 have thicknesses L
of 0 and 2000 nm, are referred to as the Comparative example
5-1 and Comparative example 5-2.

Further, the optically assisted magnetic recording
heads 3 were made each using the above-obtained near field
light generating device 39 to verify that a sufficient amount
of near field light for magnetic recording was generated.
[0151] [Test result]

The near-infrared laser beam (having a wavelength of

1550 nm) output from a semiconductor laser was applied to the

seven near field light generating devices 39 made as Example

5, and the intensity of the generated near field light was




magni fication Gxsn/Gxso is 1.7 for Exanple 5-1, and is
2 or nore for Exanples 5-2, 5-3, 5-4 and 5-5. As can
be seen, the gains G show that the near field |ight
generating device 39 in this Exanple generates near
field light more efficiency 588 than the near field
i ght generating device 39 without a buffer |ayer 31.
[0156] It has al so been verified that the gains G of
the near field |light generating device 39, of this
Exanple each having the buffer Iayer 31 with a
hi f. 10, 250, 500 or nmare tw ce
hSrESThar Fre Hoat ??f&%rmm PgRler dfeninderhtetest
39 mnthout a buffer In_the neantinme, the
rﬁéPﬁtagerth?hGOQB%QIY“&FPVQXE‘@?&#EI &-5- 2ngs Ssml Ped
than the gain Gxsl of the Conparative exanple 5-1. It
ExampraesoSbéenhsonthr re@-that the gain Gis reduced if
the buffer layer 31 is nmade to have a thickness of
[0¥B2] 1000 nifahpD455] Seven optically assisted nagnetic
recordi ng heads 3 were nade using the near field

I 1 ght generat]i deyl ce a hey, Wer e
i ncor por at ed cﬁﬁﬁ ﬁkaagtl%% i ﬂ%é%ﬁg & ﬁ%ﬁﬁ %ﬁample comg'
recordi ng dewi rify Tf maghetilc recordi mg> >

masssﬁﬁbésstlI%occndugted. [&158] The riesudst of t he %56
tBakckhess dgngnstratjed that; the dpticallly assisted

werreet 14yarecar diong (heags 3 usbmg |t hespear 500 1000 | 2000

{nim)
Gain Gy, 23.8 39.9 53.8 68.4 81.9 78.7 20.9
Magnificatien
- 1.7 2.26 2.87 3.44 31 .
Gysn/Gxso 3.3 0.9

Comp.; Comparative example

[0153] In Takle 5, similarly tc the case of Tables 1
through 3, suffixes ys, are attached to the gains G of the
near field light generating device 32 in the Comparative
examples and Examples for the sake of identification.

[0154] The magnification Gygsn/Gyxse represents the ratio of
the gain Gysp, of Examples to the gain Gysg of Comparative
example 5-1.

[0155] As shown in Table 5, the value of the
magnification Gysn/Gxso is 1.7 for Example 5-1, and is 2 or
more for Examples 5-2, 5-3, 5-4 and 5-5. As can be seen, the

gains G show that the near field light generating device 39

in this Example generates near field light more efficiency




field I'ight generating device 39 each having the
buffer layer 31 having thickness of 100, 200, 400 or
1000 ri m provides excellent magnetic recording.
[0159] [Exanple 6] 60 In Exanple 6, the near field
i ght generating devices 39 gb the fifth enbodi nent of
Fig. 12 were made. The follow ng describes the nethod
of manufacturing the near field Iight generating
device 39 used in the fifth enbodinment. [0160] The
foll owi ng describes the nethod of manufacturing the
slider 11 provided with the wavegui de 32 of Exanple
then Afveeneg hrdgipdtd d irdyr arratadn e cldorcel 13 hadi eewt a
formed on the substrate 19 (made of silicon) of the
budlfiegerlayek, Ylhe surface was flattened. Then a film of
Si02 layer 20 was forned with a thickness of 3 m by
[00s€1CVD (chenhaal alyapbeedepesiiified) thand taef igaingf cSof the
| ayer was then formed w th a thickness of 300 nm A

nea@SirSle 1WA 13PR! IR N8N eRN de AL & e St Pal eI YBS, cach
formed by el’'ectron beam “photolithography

habahlerpat ib\ﬁ%g)é’r. A e?oiélh%%%ry SN, & o %tte%"tg{%ﬁ ) 500

as to get a desire rm en a reac !velon
or 50, LIS VB8 U5 L B 9580 L ISELese o
gegie(%%tli%%erde%ﬁc\g t3r519 %ittrl]lio%%:ngsiu%ffei plrgyer 31.

In the meantime, the gain Gys¢ of the Comparative
example 5-2 is smaller than the gain Ggs; of the Comparative
example 5-1. It has also been confirmed that the gain G is
reduced if the buffer layer 31 is made tc have a thickness of
over 1000 nm.

[0157] Seven optically assisted magnetic recording heads
3 were made using the near field light generating devices 39,
and they were incorporated into the optically assisted
magnetic recording device 10 to verify if magnetic recording
was successfully conducted.

[0158] The result of the test has demonstrated that the
optically assisted magnetic recording heads 3 using the near
field light generating device 39 each having the buffer layer

31 having thickness of 100, 200, 400 or 1000 nm provides

excellent magnetic recording.

[0159] [Example 6]




had been forned by the CVD nethod, the surface was
flattened, and a nmagnetic recordi ng section 12B was
made. As shown in Fig. 12, cutting is conducted to
make a shape of the slider 61 by a machining
operation such as a dicing agd mlling operation.
[0162] An Si02 thin filmwas formed on one end surface
of the wavegui de 32 on the above-obtai ned slider 11,
using an TECS nmaterial by the CVD nethod. This film
is the buffer layer 31. Gold was vapor-deposited on
the buffer layer 31 by the resistance heating vapor
depodint iEgmpdichdd, thifemeaar tihie 1 g bisghin grrobea Bng rdevices
the sane shape as the first Exanple was forned, and
3% e rider ffiifgiid dnbgidingeneraf | figy deM2 oe= B39 muade . mate
Six near field light generating devices 39 each having
fdiewviud efed @yitfe Skcinf reethidd ey Had i £dnessn@sthd dder
above- nentioned Exanples were nade to check the near
£ifd18] Ciilqyﬁﬁtger&%rbﬁdﬁ{%%éﬁ@é@% ey nared ef gyl ght
gener at’l ng devi ces 9 where the buffer layers 31 have
thj cknesses L of 50, 100, 250, 500 and 1000 nm
ﬂ%@#@éﬁedtoasammﬂead, Exanpl e 6-2, Exanple
- Exanp 6-4.and.Exanple 6-5 in the rder of
{qiﬁﬁgkness.&gﬁefﬁéipwﬁpglg%FFﬁﬁPeﬁeﬁgﬁapﬁﬁgogeﬁﬁces 39
made for conparison, where the buffer |ayers 31 have

naptagiadddy (the 0 igder ddopraridat widierihal Yaveguide 32 of

Conpar ati ve exanple 6-1 and Conparative exanple 6-2.
Example €: After a magnetic reproduction section 41 had been

formed on the substrate 19 (made of silicon) of the slider
11, the surface was flattened. Then a film of SiQ, layer 20
was formed with a thickness of 3 pm by the CVD {chemical
vapor deposition}, and a film of Si layer was then formed
with a thickness of 300 nm. A resist was applied thereon,
and a resist pattern was formed by electron beam
photeolithography (alternatively, photolithography using a
stepper) so as to get a desired form. Then a reactive ion
etching (RIE) method was used to process the Si layer,
whereby a waveguide 32 was formed.

[0161] After the Si0; layer 24 with a thickness of 5 um
had been formed by the CVD method, the surface was flattened,
and a magnetic recording section 12B was made. As shown in

Fig. 12, cutting is conducted to make a shape of the slider




[0163] Optically assisted magnetic recordi ng heads 3
wer e made each using the above-obtained slider 11 to
verify 62 that a sufficient anount of near field
light for magnetic recording was generated. [0164]
[ Test result] The near-infrakédd | aser beam (having a
wavel ength of 1660 nn) output from a sem conductor
| aser was applied to the seven near field |ight
generating devices 39 made as Exanple 6, and the
intensity of the generated near field Iight was
checked., Table 6 is a conparative table shown %he

DY & MaGhidiits JeiH Conpiratds et exanpres2 s 1““21‘1 189 2,
and Exanples 6-1 through 6-6. [0165] [Table 61 Conp.

OIB&EA @ Exanpl e Exanpl e Exanpl e Exanple Conp. 6-1 6-1
6-2 6-3 6-4 6-5 6-2 Suffix X60 X61 X62 X63 X64 X65

[032] Thi ckdesS$iok boihefilmywaslLfO0r56d100 256 500 t0@6ace
2000 (nm Gain &x6" 27.2 40.5 60.2 78.5 95.2 85.3

of2kHe WhGHHIidatiDron thd abddde B0 Bndd s 14dH 811, using an

Gx6n/ Gx6o0 Conp.; Conparative exanple
TEOS material by the CVD method. This film is the buffer
layer 31. Gold was vapor-deposited on the buffer layer 31 by
the resistance heating vapor deposition methed, whereby the
plasmon probe 30 in the same shape as the first Example was
formed, and the near field light generating device 39 was
made. 8ix near field light generating devices 39 each having
the buffer layer 31 of a different thickness as in the above-
mentioned Examples were made to check the near field light
generated thereby. The near field light generating devices
39 where the buffer layers 31 have the thicknesses L of 50,
100, 250, 500 and 1000 nm are referred to as Example 6-1,
Example 6-2, Example 6-3, Example 6-4 and Example 6-5 in the
order of thickness. The near field light generating devices
39 made for comparison, where the buffer layers 31 have
thicknesses L of 0 and 2000 nm, are referred to as the
Comparative example 6-1 and Comparative example 6-2.

[0163] Optically assisted magnetic recording heads 3

were made each using the above-obtained slider 11 to verify




[ 0166]

In Tabl e 6,

ment i oned Tabl es,

gai ns G of

of the Conparative

sake of

i dentification.

simlarly to the case of the above-

suffixes X6n are attached to the

Gx6n/ Gx60 represents the ratio
of Exanples and the gain Gx6o O Conparative exanple
t he val ue for

6-1.

magni fication

is 2 or

nmore for

Exanpl es
thedn s iddifianie anauntc of

[0168] As shown in Table 6,
&x6n/ Gx60 is 1.5 for

Exanpl e 6-1,

the near field |ight generating devices 39
exanpl e 6-1 and Exanples for the
63 pR167] The magnification
bet ween the gain Gx6n

and

6-2, 6-3, 6-4 and_6- 5,

As
near feakd 1 gRE | fghimagnetic
generating devices 39 of this Exanple

generate show
redratdimgpwdd elahddggtd.ore efficiently than the

near

field light generating device 39 without a buffer

[ A1

gains G of the

31. [resG9lreltilitds al so been verified that the
near field |ight generating devices 39

of tRire B 8achd W B bufdeind ayefadl andth of

1000 nm are twi ce or

a thickness of 100, 250, 500

ut &

e thlc

ﬁﬁire t

zero. In
SCotthdtHt|

of

checked.

Zalésgéo @%ﬁd%‘t% fer
\é}e% gggﬂg?é;the

t he Conparatiyve
'célﬁq s AHRR S HY 4 o

exaqgé

or

aJn

e 6-1.

ll’l \?Jt%
'S sna Ier
has al
ggnerated hear

ayer
Wk

results of the Comparative examples 6-1 and 6-2,

6-1 through 6-6.

f‘twé‘@ &k?;yif_:@d to the

%%%ﬁémple
Eleﬁgefight was

Table 6 is a comparative table showing the test

and Examples

[0165] [Table 6]
Corp. | Example | Example | Example | Example | Example | Comp.
6-1 e-1 6-2 -3 -4 6-5 6-2
Suffix %60 X6l 62 X63 X64 65 X66
Thickness of
buffer layer L 0 50 100 250 500 1000 2000
(m)
Gain Gygg 27.2 40.5 60.2 78.5 95.2 85.3 21.4
Magnification
- 1.5 2.21 2.89 3.5 3.14 0.8
Gxén/ Cxeo
Comp.; Comparative example

[0166]

mentioned Tables,

In Table 6,

similarly to the case of the above-

suffixes ysn are attached to the gains G of

the near field light generating devices 39 of the Comparative

example 6-1 and Examples for the sake of identification.



reduced if the buffer layer 31 is made to have a

t hi ckness of over 1000 nm [0170] Seven optically

assi sted magnetic recordi ng heads 3 were nade using

the near field |ight generating devices 39 64 for

Exanpl es and Conparati ve exaBpl es. They were

i ncorporated into the optically assisted magnetic

recording device 10 to check if nmagnetic recording

was successfully conducted. [0171] The result of the

test has denonstrated that the optically assisted

netic recordi ng head 3 having _any one of the ne

m%ﬂd | i ghThgeRepRETAGald PN Saend§xef TERECELRNS &De Tatio

provi des excel | ent magnetic recording. [0172] [Exanple
betweeam Brenyad 17 Grehe hdwann ey dndyHthey ekt Gamg of

devices 39 of the sixth enbodinent of Fig. 13 were
Compdeatihe <Hainpow rd-Idescri bes the net hod of

manufacturing the near field |light generating device
[A%aysed i nakhensiwkt hn eabodi mentthe] @L13e He trldndingition

descri bes the nethod of manufacturing the slider 11

d or f m es
GXQJ/%{J& .e%‘ gﬂetsh éd&e VRIW de B2 aﬁ{% Eomle dordf£8F Brampl

pr odu ctlon sectlon 41 had been fornmed on

U2 SR P (RO S 1P S
near field light generating devices 39 of this Example
generate show that near field light more efficiently than the
near field light generating device 39 without a buffer layer
31.

[0169] It has also been verified that the gains G of the
near field light generating devices 39 of this Example each
having the buffer layer 31 with a thickness of 100, 250, 500
or 1000 nm are twice or more that of the near field light
generating device 39 where the thickness of the buffer layer
31 is zero.

In the meantime, the gain Gge of the Comparative
example 6-2 is smaller than the gain Gys of the Comparative
example 6-1. It has also been confirmed that the gain G is
reduced if the buffer layer 31 is made to have a thickness of
over 1000 nm.

[0170] Seven optically assisted magnetic recording heads

3 were made using the near field light generating devices 39



with a thickness of 3 mwas forned by the CVD
(chem cal vapor deposition) nethod, and a filmof S
| ayer with a thickness of 300 nmwas then forned. A
resi st was applied thereon, and a core shape was
patterned by el ectron beam 6%4 photolithography
(alternatively, photolithography using a stepper), so
that a resist pattern was fornmed. In this case, a
resist pattern was created to ensure that the core
woul d be formed in a desired tapering shape. Then a
reactive ion etching (RIE) nethod was used to process
EQthé- gy LR rand \(RIRARA L WO rexamp bes- f dinesd Werife CVD
met hod was used to lamnate an SiON |layer with a
ingamaredsdfirg-avthe apfel cphr o $ s iwipdphyype bbessecording
the SiNO | ayer was processed to have a wdth of 3 m
dentiereeby) & cldtkSd Masndorarei: fhenrdiey D st dasks febl y
used to forma Si02 | ayer to have a thickness of 6 m
colieittddd.s was flattened to make a magnetic recording
section 40. Cutting was conducted to nmake a form of

aldider by maehi-aisng +0RE! 0 ch -as -G
[ wnlﬁlng operaflgg t[%% }?bAﬁe%#o%a%hF%mgn%tQ%t%%gthat the

f
R Ve abrs et o i Hatf Bl R Ty ' one
CVD net fil th ff 31.
oI5 R ot T3 Ll s e Pt en L AL T o

t he reS|stance heati ng vapor deposition nethod,
pqﬂ“%QQﬁ/ e llent magnetic recording.

[0172] [Example 7]

In Example 7, the near field light generating devices
39 of the sixth embodiment of Fig. 13 were made. The
following describes the method of manufacturing the near
field light generating device 39 used in the sixth
embodiment.
[0173] The following describes the method of
manufacturing the slider 11 provided with the waveguide 32 of
Example 7: After a magnetic reproduction section 41 had been
formed on the substrate 19 (made of silicon) of the slider

11, the surface was flattened. Then a film of Si0, layer 20
with a thickness of 3 um was formed by the CVD (chemical

vapor deposition) method, and a film of Si layer with a

thickness of 300 nm was then formed. A resist was applied

thereon, and a core shape was patterned by electron beam




pl asnmon probe 30 having the sanme shape as the first
Exanple was fornmed, and the near field |light
generating device 39 was made. Seven near field |ight
generating devices 39 each 66 having the buffer |ayer
31 with a different thicknesgs5as in the
above-nenti oned Exanpl es were nmade to check the near
field |ight generated thereby. The near field |ight
generating devices 39 wherein the buffer layers 31
have the thicknesses L of 50, 100, 250, 500 and 1000
nmare referred to as Exanple 7-1, Exanple 7-2,

P@&ﬂ%ﬁ@cﬂ@pMa&ﬁph@mmtlavﬁﬂya@mﬂ@m@wﬁﬁw WG a
of thickness. The near field Iight generating devices

st3Ppprade far Wwipar ison, swsateatre vad forrmédyerls 3his case,
have thi cknesses L of 0 and 2000 nmare referred to

a asdir Coranat ivees exangtleal Ad aghonlarative exeapieild be
7-2. [0175] Optically assisted magnetic recording

ferds i3 AR iRde ardviayidihdde abeveobaiede ion

slider 11 to verify that a sufficient anount of near

fial qe{% at
et[d(il)rl(l?L7 (I[ Test r es glsnéecg?t?{ r aré/%sslt%g@efé ﬁ%{er,
ng. a_wav th ut . from.a
Wh(seem Condyct st e#eg%r %r“bepﬁg 8%h§‘etcgé)\9leﬁaﬁe§rsed to
field |ight generating deV|ces 39 of Exanple 7, and
lamaats edsitiploflaver geindr & ddviwareds et 3 ight vias the

checked. Table 7 is a conparative table show ng the
phioggtl i thography process, the SiNO layer was processed to

have a width of 3 um, whereby a clad 34 was formed. Then the
CVD method was used to form a $Si0; layer to have a thickness
of 6 pm. Then this was flattened to make a magnetic
recording section 40. Cutting was conducted to make a form
of slider by machining operation such as a dicing and milling
operation.

[0174] An Si0; thin film was formed on one end surface
of the waveguide 32 on the above-obtained slider 11, using
the TEOCS material by the CVD method. This film is the buffer
layer 31. Gold was vapor-deposited on the buffer layer 31 by
the resistance heating vapor deposition method, whereby the
plasmon probe 30 having the same shape as the first Example
was formed, and the near field light generating device 3% was

made. Seven near field light generating devices 39 each




results for the Conparative exanples 7-1 and 7-2, and
Exanples 7-1 through 7-6. 67 [0177] [Table 7] Conp.
Exanpl e Exanpl e Exanpl e Exanpl e Exanple Conp. 7-1 7-1
7-2 7-3 7-4 7-5 7-2 Suffix X70 X71 X72 X73 X74 X75
X76 Thickness of buffer layeg L O 50 100 250 500 1000
2000 (nm Gain &7n 27.6 41.2 61.3 78 94.8 84.2 21.2
Magni fication - 1.5 2.22 2.83 3.43 3.05 0.8 GX/ n/GX70
Conp.; Conparative exanple [0178] In Table 7,
simlarly to the case of the above- nentioned Tabl es,
suf fixes X7n are attached to the gains G of the near

haigia Yheghuifaredavany dewidd 30 &ff fdrerGonpareitiass as in
exanples 7-1 and 7-2, and Exanples for the sake of

thied exitavid -oreetritdrone d Ekédjp THre weagnidd datti @ eHadk/ ke hear
represents the ratio of the gain Gx7n of Exanples to

fiteel gaightOgeacifatCapaicdtdie  exampe@r/ t1e1k018QhtAs

shown in Table 7, the value of the nmagnification

geRetH PP deviked T JRARIE thid b¥Ed S A s 31 have the
thicknesses L of 50, 100, 250, 500 and 1000 nm are referred
Lo as Example 7-1, Example 7-2, Example 7-3, Example 7-4 and
Example 7-5 in the order of thickness. The near field light
generating devices 39 made for comparison, where the buffer
layers 31 have thicknesses L of 0 and 2000 nm are referred to
as the Comparative example 7-1 and Comparative example 7-2.
[0175] Optically assisted magnetic recording heads 3
were made each having the above-obtained slider 11 to verify
that a sufficient amount of near field light for magnetic
recording was generated.
[0176] [Test result]

The near-infrared laser beam (having a wavelength of
1660 nm) output from a semiconductor laser was applied to the
seven near field light generating devices 39 of Example 7,
and the intensity of the generated near field light was
checked. Table 7 is a comparative table showing the test

results for the Comparative examples 7-1 and 7-2, and

Examples 7-1 through 7-6.




nore for
seen, the

generating devices 39
field Iight nore efficiency

Exanples 7-2, 7-3, 7-4 and 7-5. As can be
gains G show that the near field Iight

in this Exanpl e generate near

than the near field Iight

generating device 39 withoutéad buffer |ayer 31. 68

[0181]
t he
Exanpl e each

t hi ckness of 100, 250, 500
more that of the near field |ight

It has also been verified that the gains G of
near field |ight generating devices 39 of this

having the buffer layer 31 with a

or

1000 nm are tw ce or
generati ng device

[03Y % t hout [E2Rdfr € layer 31. In the neantine, the
gain GX76 of the Conparative exanple 7-2 is smaller
than the gai ncefdl| efarihe B Ekéﬁr@)lef‘mﬁﬁivl% Exdnpld| Comp.
has al so been gonf|rmed that;ihe gayrg Gfi s7-4 equcedsi 72
thebuffer—tayer—3t—is—rade—to—-have—a—thekness—eof
ovetiHd80 n 18R] . Beven officall ¥iasgi stdd QU g X6
reéemesagoheads 3| were mhde using the near field
hufger lgeaerlati ng devi beés 39 1Mavi ng2Been nble gs 1000 | 2000
Exanpimes and| Conparative exanpl es. They| were
i nGatpaAt ed iant.e t helopticahly assiisted rmgseet|i 4.2 | 21.2
evices [0 to check if |nmagnetic recor/din
mﬁgﬁ?gﬁ?ﬁé§s1ulTy "o@déptadZ:?@183F9$ﬁe r sdPt oﬁ3%ﬁe 0.8
| AL~ Ooplt1T Cal I aSS51 St BU
Coﬁanetl C ecoré} naé{agnfdf% havi ng Zny oney

[0178] In Table 7, similarly to the case of the above-

mentioned Tables, suffixes yy, are attached to the gains G of
the near field light generating device 39 of the Comparative
examples 7-1 and 7-2, and Examples for the sake of
identification.

[0179] The magnification Gg7,/Gx70 represents the ratio of
the gain Gy, of Examples to the gain Ggjp of Comparative
example 7-1.
[0180]

As shown in Table 7, the value of the

magnification Gg/Gxio 1s 1.5 for Example 7-1, and is 2 or

more for Examples 7-2, 7-3, 7-4 and 7-5. As can be seen, the

gains G show that the near field light generating devices 39
in this Example generate near field light more efficiency

than the near field light generating device 39 without a

buffer layer 31.




of the near field Iight generating devices 39 of
Exanpl es provides excellent magnetic recording.
[0184] As described above, the present invention
provides a near field |ight generating device capabl e
of generating near field ligBt with high efficiency,
an 69 optically assisted magnetic recordi ng head, an
optically assisted nmagnetic recordi ng device, a near
field optical mcroscope and a near field Iight
exposure apparatus. 70 CLAIMS 1. A near field |ight
enerati ng_devi ce conprising: a first _nediumlayer
[3Bugh whilchP@si 2dise besm Jshiid oS tointa thegdidsu e et the
transmts; a plasnon probe which is adapted to
ngpghdiigtled nelaghtf iggneratigmn deoheehe3? ighttbbankxample each
irradiated thereto through the first nmedium and a
haseicond e dwitd ayeryeha¥i ngiteh ref tlact kives $ ndex10©we250, 500
than the first nediumlayer, which is provided between

ot o d inmsta redivied ayermewns ther pbastme pEpberi@ld Theght
near field light generating device of claim1,

g IR hd N d1dS 3 SRA LB QYL ok Se & SPh &l | BT ST on

_ e near ( ght generating device of
cl ai rfnla:ehemrr?era%{tnir&eh,e tfl{er S&ai%e%x%né@yﬁ{e I(,scm?parative

wavegul

example 7-2 is smaller than the gain Gyy1 of the Comparative
example 7-1. It has also been confirmed that the gain G is
reduced if the buffer layer 31 is made to have a thickness of
over 1000 nm.

[0182] Seven optically assisted magnetic recording heads
3 were made using the near field light generating devices 39
having been made as Examples and Comparative examples. They
were incorporated into the optically assisted magnetic
recording devices 10 to check if magnetic recording was
successfully conducted.

[0183] The result of the test has demonstrated that the
optically assisted magnetic recording head 3 having any one
of the near field light generating devices 39 of Examples
provides excellent magnetic recording.

[0184] As described above, the present invention

provides a near field light generating device capable of

generating near field light with high efficiency, an




4. The near field Iight generating device of any one
of clains 1 through 3, wherein the first nmedium/layer
is conposed of silicon, and the second nedium | ayer
is conposed of Si02. 71 5. An optically assisted
magnetic recordi ng head, co#fprising: the near field
I i ght generating device of any one of claim1 through
4; and a magnetic recording elenment. 6. An optically
assi sted magnetic recordi ng device, conprising: a
recording nmedium a drive section adapted to rotate
the recording nedium the optically assisted na@netic
Rt Idivh @R St MAMGhLS FUHOTH NIRRTy FhePPTLCALLY
recording nediumw th the near field light; and a
asrdad atbviatgeddst it daslgva trapptiekd (gptical
assi sted magnetic recording head relatively to the
mircecactieg amed umar/.fiklnbdridhitelekpogite moppostope,
conprising: the near field |ight generating device of
any one of <clains 1 though 4 for irradiating a sanple
wth the near field light;




a scanning section for scanning the sanple relatively
to the near field |light generating device; and 72 a
detection section adapted to detect scattered |ight
emtted fromthe sanple. 8. An near field Iight
exposur e apparatus, conprisiig: the near field |ight
generating device of any one of <clains 1 through 4
for irradiating a substrate with the near field
light; and an exposure table adapted to hold the
substrate provided with a photosensitive nmateri al
sensitive to the near fiebﬁA [, ght generated by the
near field |ight generatin ice, at a position to
whi ch the near field light reaches. 9. The near field
i ght generating device of claim1, wherein the
second nmedium | ayer is forned on the first nmedi um

1.l ayer ineax flillerhdsRdpdt beEneted imgardefigled ddamginising:
generating device of claim9, wherein the second
medi amfliager reald v URiyekness oMyhc vhisat issfliiemht heeam coming
rel ati onship: 100nm- L < 1600nm 11. A near field

Al 19ener ald G deriGsmicwprising: 73 a first
medi um l'ayer through which a Iight beamfroma 1|ight

Sour%epﬁ%%géﬂé%ﬁbbe which is adapted to generate near field
light from the light beam irradiated thereto through the
first medium; and

a second medium layer, having a refractive index lower

than the first medium layer, which is provided between the

first medium layer and the plasmon probe.

2. The near field light generating device of claim 1,

wherein the first medium layer is a solid immersion lens.

3. The near field light generating device of claim 1,

wherein the first medium layer is a waveguide.

4. The near field light generating device of any one of
claims 1 through 3, wherein the first medium layer is
composed of silicon, and the second medium layer is composed

of SiOz.




a second nmedium | ayer which is provided in contact
wth the first nmedium/layer and has a | ower
refractive index than the first nediumlayer; and a
pl asmon probe which is provided in contact with the
second nmedi um and i s adaptedtio generate near field
l[ight with the |ight beamirradi ated through the
first mediumlayer and the second nedium | ayer. 12.
The near field light generating device of claim11,
wherein the first nmediumlayer is a solid i mersion
lens. 13. The near field [ight generating device of
5.l ai A PPLigddel R ateTed swagnsdiivm tegarding chead,
wavegui de. 14. The near field |ight generating device
coyfprapargrre of clainms 11 through 13, wherein the first
medi um | ayer is conposed of silicon, and the second

medi winel ayerr ifdedepdsed @ne¥Ll2ndAeAtORIE GalyY Yone of
assi sted magnetic recording head, conprising: 74 the

clrgal If itelrbddroht; genperating device of any one of
claim1ll to 14; and a nagnetic recording el enent. 16.

?2 08?%%%5%%i%£§%%% ﬁiﬁ@p%ﬁkﬁ%n&gcording devi ce,
nprising: a recordi ng “medi um
6. An optically assisted magnetic recording device,
comprising:

a recording medium;

a drive section adapted to rotate the recording medium;

the optically assisted magnetic recording head of claim
5 for irradiating the recording medium with the near field
light; and

a head moving section adapted to move the optically
assisted magnetic recording head relatively to the recording

medium.

7. A near field light microscope, comprising:

the near field light generating device of any one of
claims 1 though 4 for irradiating a sample with the near
field light;

a scanning section for scanning the sample relatively

to the near field light generating device; and




a drive section adapted to rotate the recording
medium the optically assisted magnetic recording
head of claim 15 for irradiating the recordi ng nmedi um
with the near field Ilight; and a head noving section
adapted to nove the optically2 assisted nmagnetic
recording head relatively to the recording nedium
17. The near field light generating device of claim
11, wherein the second nedium |l ayer is formed on the
first medium layer in a filmshape. 18. The near
field I'ight generating device of claim17 wherein the
secorid ArhdraEEctian adantecthdss defiatt seafittfred light
the relationship: 100nm- L < 1600nm

emitted from the sample.

8. An near field light exposure apparatus, comprising:

the near field light generating device of any one of
claims 1 through 4 for irradiating a substrate with the near
field light; and

an exposure table adapted to hold the substrate
provided with a photosensitive material sensitive to the near
field light generated by the near field light generating

device, at a position to which the near field light reaches.

9. The near field light generating device of claim 1,
wherein the second medium layer is formed on the first medium

layer in a film shape.

10. The near field light generating device of claim 9,
wherein the second medium layer has a thickness which
satisfies the relationship:

100nm £ L £ 1600nm.

11. A near field light generating device, comprising:




73

a first medium layer through which a light beam from a
light scurce transmits;

a second medium layer which is provided in contact with
the first medium layer and has a lower refractive index than
the first medium layer; and

a plasmon probe which is provided in contact with the
second medium and is adapted to generate near field light
with the light beam irradiated through the first medium layer

and the second medium layer.

12. The near field light generating device of claim 11,

wherein the first medium layer is a solid immersion lens.

13. The near field light generating device of claim 11,

wherein the first medium layer is a waveguide.

14. The near field light generating device of any one of
claims 11 through 13, wherein the first medium layer is
composed of silicon, and the second medium layer is composed

of SiOz .

15. An optically assisted magnetic recording head,

comprising:




74

the near field light generating device of any one of
claim 11 to 14; and

a magnetic recording element.

l6. An optically assisted magnetic recording device,
comprising:

a recording medium;

a drive section adapted to rotate the recording medium;

the optically assisted magnetic recording head of claim
15 for irradiating the recording medium with the near field
light; and

a head moving section adapted to move the optically
assisted magnetic recording head relatively to the recording

medium.

i7. The near field light generating device of claim 11,
wherein the second medium layer is formed on the first medium

layer in a film shape.

18. The near field light generating device of claim 17
wherein the second medium layer has a thickness which
satisfies the relationship:

100nm £ L £ 1600nm.




