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Table 2.  Symmetry relations of original field and adjoint field in the reciprocal waveguides.
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Fig. 1. Symmetry relations between the forward and back-
ward propagating modes: (a) Chiral symmetry; (b) time re-
versal symmetry; (¢) parity symmetry.
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Table 3.  Comparison between CCMT, GCMT and GCMF.
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Fig. 2. Real part of effective mode indices neg versus Ae: (a) € = g9 + Ae in core layer 1 and € = g9 + Ae in core layer 2; (b) e =

€0 + Ae in core layer 1 and € = €9 — Ae in core layer 2.
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Fig. 3. Real part and imaginary part of effective mode indices megr versus Ae: (a), (¢) Real part of effective mode indices mnegr ;

(b), (d) imaginary part of effective mode indices negy .
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Fig. 4. Anisotropic waveguide: (a) The schematic of elliptical waveguide; (b) the real (red line) and imaginary (black line) part of
effective modal indices, calculated from fullwave simulation using finite element method, as a function of &; (c) real part of effect-
ive mode indices neg ; (d) imaginary part of effective mode indices negr ; (€)—(h) the real/imaginary part of E; obtained from full-

wave simulation is shown for the modes ¢.
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T:p— —p,i= —i, Horp p ZahBHAT B0l W% B AT
WUFRKIT =UK , i UNLEHRE, KhE 6
W 1731, FEFAEXS FRERAE P AT o 2 K IEREFE, 3 AT ]
KA U, I ) SO 3TN T = o K . 45347 KAEH]
T, B4 (Bl) XAl 8ok it e, 550kt
e A X WU G G0 SR e S AR I ) SO AR R AR Y
WA HT LN S E A TCR AT, Bl e, e Flox A5
B, M2KAE T HT = —H . REBEHARA (B1) 8, %
BT 1 XK, 133

H(ow") = —f" (o), (B4)

HA& SCh, iRIZ P AP RO B AERE w (I
(B1) X)), W% 3t — @ AR TEAL 3G 3 8O — 8™ B AERE
Kow* (I (B4) ). BIXSF 48 T B, a0 SR i
RN TR] S PR SR AT, W —E AE LRSS AR5, I HoAiIm)
FUE AR AT 8 R T MBI R,

X FFRRRFR, DIATRRER, P,or— —r, p— —p,
Hrb r AALEFAT, AR E R AR (2, y). BEFRDEE
PEBTIEA th 25 A A G B HL R R &, (r) FIRE 258 o (). TE
x = 0 MEHLT, (B1) X5 R

H(r & (r), e (1) ¥ (r) = B¥ (r), (B5)
MR H A — A r RN TR R AR, R r 7E
X PGERR T A TS 1R R 2 MR M. R
FFPWALE — L IEHE I o FIR L ARBR I FEAF. o P RAF
EHIT (B5) g, Gefs 3L T 45

PH(r, & (). i (r))P~" = —H(r. (=), fu(—7)). (B6)

AN SR R AR A P ARAEANE, BIHE AE FERRX AR S
E(—1) =& (r), fir (—7) = fr (r), AT LLAF B FHRXF AR L
Z PH(r &), ()P =-Hr &), b)) 5
ZHIPBRAEL, &P RYE X5 (B1) 2, AT LR mifE
FEAS s 0 A

H(r, & () fir (1) oW (—7) = —BoW (—7).  (BT)

Fo SOy, AR AT AL WRON B AERE K w (W
(B1) ), WHZ e S —E AR W BN — B RIAERE
oW (—r)(W (B7) 3X). B T4 A i AL B, ansig
TR, WA LR, I LT m As
i) AR AR SR X AR A P AR AR 2 x AN REH 2 M
B, R R x (r) = —x (—r) FRRX BRI 458K IH
BT
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SPECIAL TOPIC—Optical metamaterials

Reciprocal waveguide coupled mode theory”

Chen Yun-Tian"?  Wang Jing-Wei!)  Chen Wei-Jin!  Xu Jing VT
1) (School of Optical and Electronic Information, Huazhong University of Science and Technology, Wuhan 430074, China)
2) (Wuhan National Laboratory of Optoelectronics, Huazhong University of
Science and Technology, Wuhan 430074, China)

( Received 9 February 2020; revised manuscript received 22 April 2020 )

Abstract

Mode coupling is a common phenomenon in waveguides. The mode coupling among different guided modes
in fiber-optic communication can cause crosstalk, and the mode coupling of guided mode and radiated mode can
reduce the power of the guided mode. Application of mode coupling can guide the design of optical devices such
as couplers and beam splitters with specific functions, which have been widely used in fiber optic
communication and fiber sensing. So it is important to analyze how waveguide modes are coupled. The coupled-
mode theory is a common method of studying mode coupling in waveguides. It provides not only an intuitive
picture of how the photonic modes are hybridized, but also a quantitative assessment of how the hybridization
among those relevant modes evolves. In recent years, non-Hermitian waveguides, represented by parity-time
symmetrical structures, have become a research hotspot. However the conventional coupled-mode theory no
longer works in this case. In this review, we briefly summarize the development history of coupled-mode theory
and introduce the representative work in reciprocal waveguide coupled-mode theory in detail. Then the

relationship among several coupled-mode theories is analyzed and their applications are briefly introduced.
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