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Fig. 1. Birefringence phenomenon of plane waves in uniaxi-

al/biaxial bianisotropic media.
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Fig. 2. Propagation of plane waves in layered uniaxial/bi-

axial bianisotropic media.
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Fig. 3. Model diagram of single-layered medium.

|
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Table 1.  Electromagnetic parameters of single-layered biaxial bianisotropic medium.

Er Ly O¢ Om
5.6 0 0 2.9 0 0 2.9 0 0 271 0 0
0 4.8 0 0 4.2 0 0 4.2 0 0 422 0
0 0 6.1 0 0 2.6 0 0 2.6 0 0 354
3 ¢
3.9+ 0.01; 0 0 3.9 —0.01; 0 0
0 5.3 4+ 0.03j 0 0 5.3 —0.03j 0
0 0 4.3 + 0.06j 0 0 4.3 — 0.06j
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Fig. 4. Comparison of propagation coefficients for single-layered biaxial bianisotropic media in TE mode: (a) Reflection coefficient;

(b) transmission coefficient.
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Fig. 5. Comparison of propagation coefficients for single-layered biaxial bianisotropic media in TM mode: (a) Reflection coefficient;

(b) transmission coefficient.

# 2 C-TMM Al R-TMM 5 B 2 0 B AL4% R EUWRCR LK

Table 2.  Comparison of efficiency between C-TMM and R-TMM in calculating the propagation coefficients of single-
layered medium.
; " CPUHHE] /s
Ik CPURAK M7/ MB
TE ™
C-TMM 1 729.4 9.2541 10.6075
R-TMM 1 5.3 0.1303 0.1521
L% (R-TMM / C-TMM) 0.0073 0.01408 0.01434

R I 55 2R 0RO PR R P A A A X b
PG AT J F 5 B2 U AL 111 S5 P o ) 435 4
PEFR LK.

KU X451 SR o A5 4% R AT AR %
PN Z R R AR, XS8R FE A FE BRI A
TR, WA R I A B R A
LA BT BB FEARSZI b R ) £y 6 BT 3
N FECOFHEEA SR E, A2 Lk &
BOTAE Z bR . I, A 0 AR EXT R-
TMM F1 C-TMM RYRCRBA W sz i, DA
fEmA 0 = 30° W EARZEH], ALK T R-TMM

5 C-TMM 0K FZES. 4 2 PG BoR, R-
TMM & F#I 7RSSR, 5 C-TMM ML, it
BHLNAFRITEREIN T 25 99.27%. LA, TM Bt
) CPU TR RIS 5 F TE #20, X & T T™
R BBLEBCN 211 4, T TE #2000 201 4.
7 TE B0 TM B20F, CPU 93153 E a4 5]
H T KL 98.59% H1 98.57%. THEA R KM
Pvm EZIADFLUR AR 1) RRIEE K A LA
FALG R A e R i Ak, 0D T AR i
. 2) il R JH Fortran 4 #2835 % R-TMM
HEFTHRIE, AT TR RCR.
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N AR TM BT, BOERE MR b, 4 60, B3 f=
6 BRI BB 3.0, 15] GHz, £l 6 HYHUER TE BAHIF, R-
Fig. 6. Model diagram of multi-layered optical material. TMM %ﬂ C-TMM E’J}i%ﬂﬂ% %&ﬂ:ﬂ :}é%ﬂ‘% ﬁ % gf ﬁ[l
3 TREEM B RS
Table 3. Electromagnetic parameters of two optical materials.
Media Er Hr O or
32.3 0 0 1.0 0 0 49 0 0 356 0 0
LiNbO;, 0 32.3 0 0 10 O 0 49 0 0 356 0
0 0 37.4 0 0 1.1 0 0 5.8 0 0 564
6.25 0 0 1.0 O 0 0.02 0 0 0 0 O
Cds 0 6.01 0 0 10 O 0 0.03 0 0 0 O
0 0 6.32 0 0 1.0 0 0 0.01 0 0 O
Media ¢ S
0.02 0 0 0.02 0 0
LiNbO; 0 0.02 0 0 0.02 0
0 0 0.01 0 0 0.01
4.5+ 0.01j 0 0 4.5 —0.01j 0 0
Cds 0 6.6 + 0.02j 0 0 6.6 — 0.02j 0
0 0 3.940.01j 0 0 3.9 —0.01;
1.0 0.20
(a) R-TMM C-TMM (b)
—0=0" c0=0°
0.8 [, ---0=15° s §=15° 015 A _\_ )
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Fig. 7. Comparison of propagation coefficients for multi-layered optical materials in TE mode: (a) Reflection coefficients; (b) trans-

mission coefficients.
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Fig. 8. Comparison of propagation coefficients for multi-layered optical materials in TM mode: (a) Reflection coefficients; (b) trans-

mission coefficients.
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Table 4.
TMM and R-TMM in calculating the propagation
coefficient of multilayer optical materials.

Comparison of efficiency between C-

‘ . CPUHR] /s
ik CPU%  WfF/MB
™
C-TMM 1 744.2  11.8062 11.8935
R-TMM 1 7.6 0.1796  0.1851
t# (R-TMM/C-TMM)  0.0102  0.0152  0.0156
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Rapid-transfer matrix method for analyzing electromagnetic
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Abstract

Uniaxial /biaxial bianisotropic materials are widespreadly used in manufacturing optical devices , owing to
their distinctive electromagnetic response characteristics. To effectively analyze the electromagnetic properties
of uniaxial/biaxial bianisotropic materials, rapid-transfer matrix method (R-TMM) to investigate the
propagation process of plane waves in the media is proposed. Starting from the Maxwell’s equations in the time
domain, a homogeneous differential equation about the electric field is constructed by processing the matrix
containing dielectric and magnetic conductivity, electric and magnetic loss, tellegen and chirality carrier
parameters, and the complex matrix operation is applied to that equation to obtain the Booker quartic
equation, and then the formulae method is utilized to obtain the eigenvalues in the uniaxial/biaxial
bianisotropic media. Subsequently, the tangential continuity of layered media at the interface is employed to
establish a transfer matrix for single-layered media. In the case of multi-layered media, the transfer matrix of
plane waves propagating in multi-layered uniaxial/biaxial bianisotropic media can be obtained by means of a
continuous iteration process based on the transfer matrix of single-layered media. The formula for calculating
the propagation coefficients of uniaxial/biaxial bianisotropic materials can be derived based on the different
upward and downward waves in the reflection/transmission region. Finally, the reliability and efficiency of
R-TMM are verified from two numerical experiments with the plane waves incident at different angles on
uniaxial /biaxial bianisotropic media. The first experiment is designed as a single-layered biaxial bianisotropic
model with more general electromagnetic parameters, and the second experiment is designed as a double-layered
uniaxial and biaxial bianisotropic model consisting of common optical materials, which are composed of two
non-magnetic materials, lithium niobate (LiNbOj3) and cadmium sulfide (CdS). The experimental results
demonstrate that compared with the conventional conventional-transfer matrix method (C-TMM), the R-TMM
reduces the computational memory and CPU time required for calculating the reflection and transmission
coefficients of the uniaxial/biaxial bianisotropic model by over 98%, while maintaining the accuracy of the
reflection and transmission coefficient calculations. Therefore, R-TMM provides an efficient and dependable
approach for the designing complex optical devices and analyzing uniaxial/biaxial bianisotropic propagation

characteristics.

Keywords: uniaxial /biaxial bianisotropic, eigenvalues, rapid-transfer matrix method
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