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Abstract Caustic theory is a method of constructing the initial wavefront by using the tangent clusters of the light
propagation trajectories. The surface wave designed and transmitted based on the caustic theory has the advantages
of local field enhancement and controllable propagation trajectory, so it has important applications in optical
microscopy, optical sensing, and control of light wave coupling. A method for designing the grating structure of
Bloch surface wave excitation based on the caustic theory is proposed. Using bilinear grating structure for numerical
simulation, a non-diffraction surface wave that can propagate 100 pm is realized, and the influence of the grating
structure parameters on the coupling efficiency of the surface wave is analyzed. Furthermore, a simple grating
structure is designed according to the caustic theory, which can realize the regulation of self-accelerating
transmission of surface waves along any trajectory through simulation calculations. The results provide an effective
way to manipulate the transmission of light waves at the sub-wavelength scale and the port design of on-chip optical
interconnection.

Key words optics at surfaces; surface wave; caustic theory; phase; grating

OCIS codes 240.6690; 080.7343; 080.5084; 050.2770

s HER: 2021-04-25; EEIBHA: 2021-05-25; SRAHHA. 2021-06-11

HEE&TH.: EEHAREE4 (91850118,11634010,11804277) , EIZ A4 & 3% (2017YFA0303800) , Pt Tk 2 AF
QT34 (CX2020204)

BIE1EE . "pengli@nwpu. edu. cn; *shengliu@nwpu. edu. cn

2324001-1



41 3% 223 H#1/2021 £ 12 B/ FR

1 5 El

PP —Fh Sy AR A B LB R G
i T AL T 1) 34 0 Uk 6% 30 R DL AR AR
THE [ 28 [BAL G 00 v ik o 22 1 I AT o8 KA ik
I% 5 A FH R ARAT e o AT 5 A PR 8 B2 2 PR . W
T-58 Y ey el 37 1 i A% R T 3R T B G AR
REAE I A b3 5 5% 55 F 6 PR35 1) AH B A S 1R i el
FF 30 B8 A 00 40 MRG0 A i bk 2% i Dk
(BSWs) J&—7F Jay FR T W7 1 — 4+ S A 3R 1 %
FER R AR B R Y R k3
17 ELA A% 16 L T S B oK B S A5 AL AE Ak
2R WAL B ARG B GRS RN 2 HU 3 R A
05 T AT S

TEGN A F 22U, GRS 7E W I B #R 0
U SR PR AR OGS I FH R AR SR I D5t . SE X
TR J0 S HR MR P T o S B3R T DB A% R P00 R T il 4
FECIE L T R A A R4S Ty T B BB T,
B, Augenstein %53 13 78 22 J2 B Ao % 18 1 i
BERDIRE %, 23 T X BSWs o #8177 5 % BR 28 £,
IO AT OGN A Deng %% @ i 75 £ )2 45
MR U TEALEES 230 1 % BSWs 146 75 1]
AR I AT BT SR A T H R SCHE; Stella
S S b A 2 2 P 2 T R i MELE R A S B T
KA IE BSWs,

AR SCHEE TR IS, 8 i e 1 3R TR AL
0 BT T 3 R T AT R S A R A T I A
NI ey s g W R = W D3 E P E R ot
FSEBE T AL 4 100 pm FYZRTCAT S BSWs, 34317
T EE SO R IR A BOR M, i — 2, )
FHFRER 7 25 18 T ZFAE R B3 A 0 35 18 i BT
T EM B T 25 5 . WFSE 45 SR AT I %
KA N ERPOCI R A G, AT H T4 &
PG 38 ] 52 1 BSWs, 1l 1 422 26 0 25 5 doc 1%
R G A MR L TR L%

2 PR

AR £ B L L Gl (L R T LU A 4

Fr - 2% 5 S PR DI 2 A s 1] A 52 A BIDE B

IR DCL A R . D 7 TR I
FORTHR T o Pl i s B ARAT A1 i 5 S
YRR TT T RIAR G AR SE R . RIE AR AL R ik
THARALYE i bR A5, B AT S 00 500 D' 903 1 9 42
B R T IH) —AEALRRRRE 18 1 AR LA AR AR

PRI AL REPIE . BBOCHH « MiETs
.y Jih R RITER ARG 3 AT PR AN ¢ () FE BEARZ
PRI LB B A AR By (o), W) ] B 2
EEE—mG, ) WA ML s y M T v,
M5 a B R 0,0 O R AR R,

dgo(y):ksin@: ktan 0 , D
dy /1 +tan’d
Kk HAGHERIIEEL.
YA
Y prmmmmmmmmmm ,
0 r 2
Y 2]
=

Bl 1 R R
Fig. 1 Design principle of caustic
ARG A% i 003 g i Y pRE i . y =
a,x" RO, y Bl ERBIIR AR 73 A BB

11 2 1

w o n =
el =k =mar G5 Gy — 1Y

(2)
TR T Y y=a,,x"" B,y 8 L0 Ph
AR o34 R

go<y>:%"2k1nyo (3)

XFF H AR GECRY A N e 37, B B AL i Lk
y=aln(bx) .y il FHIRIUE AL 5347 R ECH

a’b 5
O bexp(—%— ).
) ~W KX, a, n.ay,a b RFTRPLE K
SH e WHIRTEL
FRAE DR BRIS 3 RR A T AR AL
7 FX B eR B A% i 1) D' U 0 s AR L R RO
PR S B T XN A AL B L a5 R A 2
i, i, HE R R AR ENIE v (o) E &
ANELIZREE . N TR DAE L E 00 6 AH A7 0 i AE
AT eGP R T R AR B IR,
eI ) e R T IRV 2 B 2 B IR T AR .

3 RDEHNS T RIS TCHT S R mik

F4E RS, B OEHRE A% BSWs 17
P AR U A . B S e I e 45 74 2 B0 %

2324001-2



% 41 % £ 23 H1/2021 £ 12 B/HFFIR

- Ty=0.012"2

y=30002

LE /(VZ-m2)
—1.00

0.50

0.25

B 2 WRREBE B ISR CH AR R, (@) y=0.01x"%;(b) y=5027;(c) y=30002";(d) y=10 "'1n(100z)

Fig. 2 Numerical simulation results of self-accelerating light field propagating along different trajectories.
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Fig. 3 Model and simulation results. (a) Multilayer dielectric structure; (b) electric field intensity

distribution of non-diffraction BSWs excited by TE wave
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Fig. 4 Relationship between simulation results of transmission characteristics of BSWs and grating period,

depth, and duty cycle. (a) Period; (b) depth; (c¢) duty cycle
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Fig. 5 Principle of grating structure construction. (a) Curve of initial phase distribution; (b) phase distribution

projection result; (c¢) curve of grating structure distribution; (d) schematic of grating structure
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