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Near-Field Optical Storage Technology

KenyaGOTO
School of High-Technology for Human Welfare, Tokai University, 317 Nishino, Numazu, Shizuoka 410-0395
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Higher density optical disks with higher data rate and technological capability of super parallel optical heads
using VCSEL (vertical cavity surface emitting laser) array are described. Optical heads using the VCSEL
array and microlens array to get higher evanescent light from narrow apertures play akey role in supporting
optical disks, which are coated with lubricant and protective film on their flat surfacesin order to keep the gap
between the super paralléel optical head and the disk surface within several 10 nano meter. Higher throughput
efficiency in the near-field semiconductor optical probe array has been obtained in our optical head. However,
the obtained evanescent light power is 10 pW from the 100 nm probe aperture, which is one tenth of the power
needed to write a bit on the phase change optical disk surface. One solution to get ten times the power isto
develop special nano fabricated optical probes of higher throughput efficiency. A metal fine grating fabrica-
tion method to get evanescent light wave resonant enhancement is planned after good 2D-FDTD simulation

results.

Key Words: Near-field optical disk, Optical head, VCSEL array, Microlens array, Fine gold grating
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Fig. 1 Definition of Numerical Aperture and Beam Waist
size focused by alens.
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Fig. 2 Relation between a laser beam cross sectional size
and dust sizes on the disk surface.
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Fig. 4 Thisfigure shows only three units out of two dimensional integrated optical head.

goboobobooboomuobobmoooooobobooo
goddododoooooooooooooooooooo
gbobooooobooboboooobobooboooo
oobooooooooooooooboooobooboooo
gboooobobomedTDMOoboooooaobooo
goboobooboolonmibobooobooobooon
gbobooooobooboboooobobooboooo
goboooooooobooooboobomsePboogn
ooooooogooooosePO0ogooooooon
gbobooooobooboboooobobooboooboo
OO0O0OOOOOoDOOoOOOOFRg.5060000O0O0O0OO
00o0Oo®¥ o000 o000000oomooonom
gbobooooobobobooobooobooon

44 OO0O0OO0OOOO

gboboooboobobobooboboobooobooo
ooooooboooonmbOO30nmOO0ooooon
goboobobooomooboboboomooobooo
gbooobooeBOobO0O0oOoOobOOobOoOooOobOoboOoog
ddddodooooooooooooooooooo
gbobooooboobooboooobooboobabAFRM
ooboooboomoboooboooooboboooon
gobboogcGcPOOobDOoOoobboOoobboooon
gboboooooboboboooobobobooobo
gbobooooobooboboooobobooboooboo
gboboooooboobobooooboobooboooo
gbobobobobobonmbogs3onmbonogon
moobooooomoooboooooobooDbooDo
gboobooooooooboan

gbooboobod nmed DODOO0OD0OODOODOODOODOO
gbooooboobboboboooobbomobooooo
ooooooomoogoooooobooooobooooo
gbobooooobooboboooobobooboooboo
gboboooooboobobooooboboboooo
gbobooooobooboboooobobooboooo
gbobooooboboboooobobobooboo
gbobooooobooboboooobobooboooboo
gboboooooboobobooooboboboooo

26

16000. 00

)

r (arb.

14000. 00 ‘l

Pow

£ 12000. 00 1

£ 10000, 00

gh

2000. 00 \ r\

. Ll A

o010 At v
HREL R

Enhanced Evanecsent L

2000.00 el u '

0 100 200 300 400 500 GO0 700
Metal Grating Pitch [nm]

0.00

Fig. 5 Resonantly enhanced evanescent optical power cal-
culated by 2D-FDTD simulation. The resonanceis
stimulated by nanometer gold grating engraved in
GaP material with filling.

["gie] T Jo petd omaela

Fig. 6 Power enhancement simulation by finite differentia-
tion time domain method.

0000000OFrg7/W0O000D0D0OO0O0O0ODODOOODODO
gogo
ooovecseELODODOoooooooooooooooo
gvCsELOOOOOODOOoOooDoooveseLOoooOo
gooooobooboboooooboboobooooob
gooobooboobobooboooboboooooob
goooobboooooooMBED MOCYDOOOOODO
gboooooboobobooboooboboobooobooon
goooboobooboboooooboboobooooob

goooooooooocooon



Semiconductor

\'mefens Array

Corrugated Gold film Aperture (30 nm @)

TITTTTITST. TRITTITTITTI TSI ORGE, FRIFTIITELEFITSTITTRRT IRTITIFTTT)

e Crpsial e
Semiconductor |
y A

e ——

(]
i

'

'

H

AT

v [\
)

‘

VCSEL Oxide Layer

VCSEL Active Layer

n-Electrode p-Electrode  Polymide between VCSELs

Fig. 7 A new flat type optica head covered with nano-struc-
tured grating thin gold film for resonantly enhancing
evanescent light generation.

O00DO0oO00ooDooOogAIGaAsDONn-voooono
gboooboobooopbBRPOOOOOOOOOIO
O000mAOOOOO0O0O0O0OO0000000ONOO
gboooooooboboobooobobobooboooo
O00o0O00o00o0oDO0o00DbOOrg 40000000
gooboOoRrRIEDOOICPODODODODOOOOOOOO
00000000000 0OFRg 407000 00O Oxide Layer
gobooooobooboboomobooooboooboon
AlDODO0OOO0OOO0O0ODOOODbOOOOoOOoOoDoOoon
OO00O0DALC OO00O0MOoOo0ODOoO0oboooDDo
OooOoOo0O0OO0DOO0ORg. 40D000DODOOOOOOO
oooOndOpOOOO0ODOOOVCSELODOODOOOO
gobobobgoolooxt1o0000b0O50x5000000

Amorphous Crystal
T T T T T
- Input light
/ 'yensiry
With . C-¢ “J B
microlens / / PC-a
Er LN
F:\z‘d#m ! -1 ~05 o 05 1
Position( & m)
(Re-Ra)/Rs=9.4%
E T T T T
Without L N |
microlens \\\
rd
M _A/ 1 S | b
<1 -85 U 05 1
Positi
Observed lin osition( £/ m)

100nm Aperture Probe

(Re-Ra)/Rs=0.6%

Fig. 8 Signal detection from optical disk surface by feedback light induced inner impedance variation in VCSEL.

15.8kV X1.880K

eR@A@R2 1S5.8kV XSeo' ' "3é

25 kWY Sum

x8.8Kk 0881

Fig. 9 SEM photo-pictures for both microlens and semiconductor probe array.

gooooooooooooooo

27



VCSELO O ODOOoOoooooooobobo+00on
0000000000 GaPODOODOOOOOSIDODO
gbobooboobdOmbOobOOobOOobOOoOoOOobOon
gbooooooobooobd

45 0O0000O0O0OODOOOObOOO

OooOoOo0O00O0OFrRg400D00000000000
gbobooooboobobooooboboboooboo
gbobooboooboobooboboboboveseLoo
goboobooboobooobbomoooooomoboooo
gboboooooboobobooboooboboboaobo
oooooooDoOoobooobOO0oOoDOvesELD
gboboobooobooboobobobobonOvesELdo

00000000000000000000O0OO00te

OFrig.8000000OO0OODOODOODOOOOOOOO
O00000FrgOOOO0OOOOOOOOOOOODOO
gbobooooobooboboooobobooboooo
SsEMOODOOO0OOO0OOO0O00oO0ooooooboooooo
gboooooooobdabd

500000

goboooooobbolimwdDO100nme 000
gbooboobooboboboobooboobbooomooo
gobomilecodoobobowoonmbbooooooooon
gbooobolopwdOOoOoOoobOoooobOo1lwdOd
goooboobzoe020 000 OooooooODO
gboboooooboobobooooboboboooboo
goobooobooobbooobooobooobobgioo
pw/100nmO0 000 0000000000000 C0COO
gboooooooboan

gboboboooooooobogoveseLooooao
gbobooooobooboboooobobooboooo
ooooobooboboboooooobooboboo
gbobooooobobobooboooboboboooboo

28

gooooobobobooooobobobooobooob
goooooooboboboboooooooob
gboooboobobobobooboboboobooon
gooooooobooooooooobooboobowoomaso
nmO100 nmMOO00000000000000000
goobooboveseLObOoooboooooooogoo
gooood3spymb0OobDOooOoooOooOoOODODn
gopDoooboogsowdooooooooooooDo
VCSELOOODODOOoooobOoboooooboooon
gooobooboobobooboooboboboooooob
gbooobooboboboboooboboboobooon
gbooboboboooobooog

gogo

10K. Goto: Jpn. J. Appl. Phys. 371 1998(12274.
20K. Goto, Y. J. Kim, S. Mitsugi, K. Suzuki, K. Kurihara, and T.
Horibe: Jpn. J. Appl. Phys. 411 2002(14835.
30B. Stek, R. Otte, T. Jansen, and D. Modrie: ISOM/ODS 2002 Tech-
nical Digest, Hawaiil 2002(1263.
4000 0000000000000 00000 200199100
oo.
50J. F. Heanue, M. C. Bashaw, and L. Hesselink: Science 265119940
749.
6000 0000000000 000000O 2719990018.
7000 0000000 6811999011,
8000 D0ODO0O0D ODO0O0 ODbOoOoU0bOOoOoUoDOoOoOoO
0000 000 O plus E 247 2002060.
90K. Yamamoto, K. Osato, I. Ichimura, F. Maeda, and T. Watanabe:
Jpn. J. Appl. Phys. 361 199701456.
1000J. Tominaga, T. Nakano, and N. Atoda: SPIE, 3457, San Diego
0 199801282.
110K. lga: IEEE JSTQE 61 20000J1201.
120M. Ohtsu, K. Kobayashi, H. Ito, and G. H. Lee: Proc. IEEE 881 20000]
1499.
130K. Goto, H. Maruyama, K. Suzuki, and Y. J. Kim: ISOM/ODS 2002
Technical Digest, Hawaiil 2002[1293.
14000 00000 000 Oplus E 241 20020737.
150S. Mitsugi, Y. J. Kim, and K. Goto: Opt. Rev. &1 2001[1120.
160K. Goto, T. Kirigaya, and Y. Masuda: TuD4, Techn. Digest of Opt.
Data Stor. 2003, Vancouvei] 2003[]129.
170S. Y. Ye, S. Mitsugi, Y. J. Kim, and K. Goto: Jpn. J. Appl. Phys. 41
00 2002001636.

goooooooooocooon



