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Electromagnetic Propagation of Fiber Probe for Near-field Optical Recording
Using 3-D FDTD Method

LIU Kai BAI Ming LU Yong-hua TANG Lin WANG Chao MING Hai
£ Department of PhysicsE~University of Science and Technology of China£-~Hefei 230026£0

Abstract The data density of the near-field optical recording is mainly determined by near-field electromagnetic distribution of
probe fiber such as transmission efficiencyEmear-field light spot sizeE-polarization keeping and the grade of the electromagnetic
field. The optical characters and light wave propagation of various fiber probes for near-field optical recording are numerically sim-
ulated using 3D finite-difference time-domairE™ 3D-FDTDECmethod in this paper. The possible application in near-field optical

recording with these probes is discussed. The entirely metal coat probe is pointed out to have an extremely small near-field spot

size about 10 nmE-which is far less than that of the conventional probe.
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Fig.2 Distributions of the spot outside of the fiber probe
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Fig.4 Instant distribution of the electric field along the z-
axis of the entirely coat fiber probe when residual

width D =1 nm

D =lnm—a—
D =2nm—*—

.. D =3nm—*—
1E-%ale, D =5nm—v—
1N
-~ -
S IE-13E%, N
k] 3 vy a 8. B
it ™r e e wm
2 \\' LN
wlE-17 S .
= ] \\ l\.\\
3 v, \-.\ \c\ b ]
L v a e w
1E-21f ", ‘A\ - w
1 L a -\ Y
k el . i .\u i ‘\l ."-J\.L J PR |
012 34 5 6 7 8 5101112131415
z /nm

%5 TeE«T£An1ATEYAYATEARCR D = 1£2E3E5 nm E+E-
Eas6uc3i | £ |2 Nodeva0ppAT03£0apAEYY.S
Fig.5 Decay of output E 2 along z axis of entirely coat
fiber probe when the residual width D = 1£2£3£5 nm

EYYOifus D = 1£2£3£5 nm Ex%aA808%4 1 nm ~ ! pAuc
3i0u | E|? -0+3ECEEEAUC3{ OppA 10240~ 1O£40 ~ 11£A
10~ 4§ £¢ Ev0ERXALATENEAauAOGORESEApAT , TAAEN
EUTAY j £YATEAORiXT” 62»A03-1yEAaSEOUA”OT , ET
Ei£0a%102C00U%I3 1A @ ¢uAO OAODES!  A¥j (EAU
UOVED HATETEAaCRTEESO 14 R T, LAAELH6Y036EA 1A
Ciit

1% 6 T2Ez 16E«TEA1ATE AYATE:AAB06YOE+EADD
OUE«OR - WTOPA x-z EAZET | E |2 N x -%T0-02%;£ATE
YaY%ATEACR D =1 nmijf¢E%G0A001ATE 1%080U il
3;710D0» , ¥ - ApAY«D j 1A°REIARDTX Y%l 1Y £~ JEQE
13°R0+%T0U%aAE0&%ACTE 1 ~ 5 nm ~ 1DjOU 10 nmEST
DjOU” «I3pA%IEOTEAD, 2 UTATEYA»O TP EARLATEAPA

kal 1aAETaf0ATA%AAATEYA D £90C01AC, 0U%aAe



256 0D 10

13 28 %i

Oevial, EQAEAX” 'UAN  EUE¥Y602T2E4EUT0, U, BAUTEPA
%ii3j1a @ ¢ oA AEYYESETHAOTTAASAN ; EOUTOOPYYED

*107*
5.0

4. 0
3. 0
2.0

{ 1

e S

o |
[ET*

|

175, -0
A \j“_\; .0

4

F6 &
I = 8 q,\'Q
e e s A e i

z direction/nm

(1]

%6 %aheleE«TEADLIATEVAYATEYAAE » O6YOELEARDDOUL«

Of -1 TOpPA x-z ERARET | £ 2N@ x -110-02YjEATEVAYA
TEACOi D =1 nm

Fig.6 Distribution of | E | 2 along x- axis at different z of

the entirely coat probe as the residual with D =1 nm
4 %a AU
EyT-E+000DTP2T-0- " EOAOU - OTo%U3 14" & ¢V
%314 & CUAPADTTATE1%08 { £+% TA2EOA0A0» - 1 - £~
0TPYEAC1ATEYA | §AAR2; U08Y:A | 6BE«TAARLATEApA

uc” A2 «EangDDAEEY OpYEEAE10362¢ 10AUAENGS3] -0
Ae | E |2 phnizj -02% i £90£40U%03 118 @  ¢ODPAO! OA
1%aPDAETOAU | £VEEA+TA-ERPEACLATEVAURODKT ~ GpA
I, 1aAE£H«1A°R3R %I “6E£2»AG0UKI3| 1aPATC A &
“¢iENEAR 2 UTATEVATAR3R ™ CYODj Eﬁ«EC |'b 13AE02
LUDj£RC0: 2. 000D £4 , 1AAE020%D  E4ETP1EACLATE
1/43091/2]-3 RUA1E &~ CAUYE | £ TEE«TEARLATEYAURODXT
DjpuA1a°R3R" c£BUYaAE 06 YA TEAR2EY, AEAX ™ 113°R3R
“¢Dj0U 20 nmEHROD U BALA &  ¢UCAAUYE j£pu«EC
OEOUAAT  *aAE(02, (iDj £90C01aC,, OU%aA&0&ev.al:, ERAE
Ax” TuAN, EUE¥/502T2£4ENT01aNS , RAUYTE 2" ¢ oA A§
AN EOUTOODYHED»U ™  ETESEAR 2 UTATE 1406 | UEECT
OrOAOUWIB {14 &  ¢if
2T % TA Tx
1 K. S. Yee. Numerical solution of initial value problem involv-
ing Maxwell’ s equation in isotropic media. IEEE Trans.
Antennas and Propagation£-1966£-18 "5£8302 ~ 307
2 J. P. Berenger. A perfectly matched layer for the abosrption of
electromagnetics waves. J. Computational PhysicsE1994£-114
£71£6985 ~ 200
3 Hai MingE-G. P. ZhangE-Ming Bai et al.. Optimization of pas-
sive and active fiber probe of scanning near-field optical mi-
croscopy. SPIEEA998E£-3467£915125
4 Xiaogang Chenf-Hai MingE-Guoping Zhang et al.. Reflection
properties of guided wave in fiber taper used for scanning near-
field optical microscopy. Acta Optica Sinicaf *aN§N§ £ £8-
1999£-18"6£€826 ~ 82% "in Chinese£0



