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Field Distributions and Transmission Property inside a Conical Waveguide
with a Sub-Wavelength-Sized Exit Hole

Zeng Xiahui Fan Dianyuan Zhou Ping

(Shanghai Institute of Optics and Fine Mechanics . Chinese Academy of Sciences, Shanghai 201800, China)

Abstract Based on the time-harmonic electromagnetic field and waveguide theory, the analytical expressions for the
field components of the spherical transverse-magnetic (TM) and transverse-electric (TE) modes inside a metallic
hollow conical waveguide with a sub-wavelength-sized exit hole have been derived. The time-averaged
electromagnetic field energy density distribution associated with light transmission and the transmission properties of
the spherical TM and TE modal fields inside a sub-wavelength hollow conical waveguide have been studied in detail.
Moreover, by using the accurate eigenvalues obtained numerically, the influence of the light wavelength, the taper
angle, the aperture diameter as well as the length of the conical waveguide on the time-averaged energy density
distribution inside the sub-wavelength metallic hollow conical waveguide has been discussed. The results show that
the time-averaged energy density distribution inside the conical waveguide varies quasi-periodically. The quasi-period
has relation with the mode, the light wavelength as well as the taper angle. Furthermore. there is a clearly
pronounced maximum in the radial dependence. The position of an appreciable maximum for the time-averaged energy
density varies rapidly with the light wavelength and the taper angle.

Key words integrated optics; electromagnetic fields spatial distributions; waveguide theory; transmission
property; time-averaged energy density

1 5  F

H 1984 448 3 3 14 6 2 W aoe ik
A HAT W 73 B RE 0 1 3 3 11 1O o7 B B
RGO G EY Y REREE AR R R
UL R e B R A A AR 2 I 45 g
N—AEEN TR, Pt B MlR R e L=

Wi B HA: 2008-00-00; ¥ EIE e B #A . 2008-00-00

(1 2H R 1R R AT o 3 B R BT 1 25 0 2 HETE 1 & I
BT PP L SRS A X I T )RR T R TEBE AT AN
75 T 4 4 JeR R 7 A T A — B T Y
WP AALAR A /ML . A SR AL SO B A A
Sty T ) FEL A JB 38 3 T 0 R B9 D AR A ST AL
I g ol A TS 4 /N Lo A S T R /N FL R o

HEETE: EEARF%E4 (10674045, 10576012, 60538010 W B W H .
EEB N HEMAI79—), B i E 5 A, FE NI EIES PSSt i #5551 98 . E-mail: xiahuiz@126. com
Sfifasr: WEIG939—), 5, op [ TRE B B 18 A 0, 32 28 DA S5 v T 3R [ A B B R O T AR

E-mail: fandy(@ smmail. cn



1488 B %

i1 29 %

g
¥

SFEHY R I35 T/ LB ELAR UG P i
INHZZ L 5T BTN B e Al A B R S
W T 250 DI A 1 S RE AR B SR L X B R T
AT T2 T . 3G 5 e 250 3 -5 H A ok
Z IRV RS S A S AN IR SR AR . X
O TR 23 S B U 111 55 5 AT 8 1 3
WS B /N o DR R A S P RE AR AT SR 119 37 . D
JCHY B SRR AR B P . B TR R I AL
PR HEIE 25 0 4 Ja I 5 TP P A 2R Y B 26 B A
X8 T R AT REATAE AR 1 HL 1 2 00 A B A i e
(9 73 1 BN - b

AR SCE S A I L 3 A HE L 9 S
FETE 250 42 JaR 13 v BRABE PR R A 4% P G
SRR ATk . HLUC AR A S ORI i B
K R A FLAR I RO B HE T 250 4 T i 3
PR SRR P AT R O ) A i e 1 S S I =S
Jig e T A i D' 125 B3 R A SR Y I 8] F- 1 R 9 0 A
PEAT TR 23 A . RS 38 TR SR AR AR A5 B
BASAE(E . 2 — 22 18 TOL R MK R J e R
JE LR RT DL EM S R = b BB
ST [ F- 243 fE k% J5E A 14 52 )

ap =

A B

2 HRpAEA

T A1 1M R T S B 0 60T 25 100 4 R U 5
B B 3 35 U 5 1 2 B T R L 1R L D
SR A BT 3 TR 58 25 S IR 4 TR
1 7E AR B0 B0 P 3 O R 0 i R
H 0% % B ] 0T LUK R 3 A e 3 F
KRR HTE 550 4 8 DL T P9 B P R L K L
A5 b B R R ER AL AT B G TR AT O TR R A
T 25 0 e A 5 140 103 % o1 7900 40 8 I 4L — 3
R M X R T AR B RO B RBE B TM. 5 — 5 4y
JEAH X A2 ) AR AR B L 3 TE , B e 3 AT AT DL BE B

Pl 1 AT 2 [ T A S TR 20 40 TR U5 B A 1 ) T

Fig. 1 Schematic illustrating the meridional section of

hollow metallic conical waveguide with circular

cross-sectional shape
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Fig. 2 Time-averaged energy density distributions for TE;; and TM,; modes inside the hollow metallic conical waveguide.

(a) TE,; mode; (b) TM,, mode
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different values of the half-cone angle. (a) §,==/3; (b) ,==/12
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Fig. 4 Time-averaged energy density distributions of TM,; mode inside the hollow metallic conical waveguide for the

different values of the light wavelength. (a) A=600 nm; (b) A=800 nm
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Fig. 6 Time-averaged energy density distributions of TM,, mode inside the hollow metallic conical waveguide for the

different values of the waveguide length. (a) [=3.09 pm; (b) [=4.64 um
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