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Fig. 1. (a) Schematic of two-dimensional magnetic photonic crystal fabricated by ferrite rods (denoted by yellow circles) embedded
in air background. The black hexagon denotes the basis of the array. (b) Band structure at H = 0 and R = a/3. A four-fold degen-
eracy point shows at the I" point. (¢) Band structure at H # 0 and R = a/3. A full bandgap presents in the band structure because
of time reverse symmetry broken, and two doubly degeneracy points present at I" point. (d) Band structure at H # 0 and R # a/3.
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Fig. 2. Magnetic fields and the phase of electric fields for the eigenstates p,, p_, d,, d_ at the I' point. Reversing the direction of

bias magnetic field causes the exchange in the profiles of electric phase and magnetic field.
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Fig. 3. (a) Evolution of p and d eigenstates at point I' as a function of the radio of a/R with the bias magnetic field in the +z dir-
ection. As a/R increases, the band order exchange takes place where phase transition happens. Three types of phases are shaded in
different colors. (b)—(d) Typical band structures of quantum spin-Hall (QSH) phase (R = a/2.684), quantum Hall (QH) phases
(R = a/3), and conventional insulator (CI) phase (R = a/3.5). (e)—(h) The same as (a)—(d), but the bias magnetic field is in the —z
direction. The insets of the panels (b)—(d) and (f)—(g) are the profile of eigenstates at the corresponding dots on the band structure

of the panels, where the black arrow indicates the Poynting vectors.
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Fig. 4. Influence of the direction of bias magnetic field on the edge states when two domains are in the QH phase but have different
geometric structure (R = a/2.93 and R = a/3.09). (a) The projected band structure when two domains are applied by the same dir-
ection of bias magnetic field. (b) and (c) Electrical field distribution at 8 GHz excited by S, and S, respectively. No edge mode is
excited. (d) The projected band structure when two domains are applied by the opposite direction of bias magnetic field. (e) and (f)
Electric field distribution corresponding to (d) at 8 GHz excited by S, and S . The waves propagate unidirectional. The inset en-
larges the field details which shows the orbital angular momentum of the wave. The inserts of (a) and (d) show the schematic of the

relationship of the topological edge state and eigenstates in the two domains.
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Fig. 5. (a) Schematics of the domain boundary created by two domains with distinct topological index. Supposing the domain II

keeps in QSH phase. (b)— (d) The procedure of the topological edge state creation when domain I takes place the phase transiting

from QSH phase to QH phase.

X, M ASIE B R i RE A F TR
— B R, R B e 238 O TR B TR
R ESHBhRE. K5 AT ERmiN AR
PR AL BT MR AR AR AR RS,
AN AR TR 0 ARAE 285 19 74 2R AR B AT 3 ) i o
2178 (K 5(0)) . A (B 5(c)). 28X (TEiF

BNt BRAS A, AnlEl 5(d)), BT ASRIRFMES
TR MTE IR F 2R . ik, wT e
T B AR S S AR R S S A ROk
FIWT e A IR B A DA S s i R
P 4(a) BT 25 T A DT (] 1) AR )
REAF RIS SC AR, 1 T SR PR R AR AR 2 6] Y

154102-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 154102

BELRAEIE R B P AU, BB RET 45
A RS, AR 4(d) T, PIASRERT A9AH
XRAE TAEILRA B AFAE ISR, BT
FERE R S P AT RS BRI LS, SR AT LA
A o A AR O B R B R A A OC T LA Y
FAEL N, 1 4(d) RPN SO IR AL
B (d,, p,) BEXMARPUEASIE (4, p)

FE 6(a) HHGEREH & — B0 . AFTE 4(d),
LU A F A 25300 A3 EL A R S ) A R RN A B
g 12716 50K 25 7= A 5 B E R IR 808 AH A
PR I ) O B il . 24 3 T b A O 3 B 1) N
Teie 38 XS A EOE R AE A 10 1% 407 X il
A (WL 6(b) D), BT LA LA i f sh
e R AR AR — 2D e R, 18] 6(c)

R LR SR I, P DA 9 2% i 5 2800 B AT IE
R BE M. 22, 4 d(p) NAETTTT
B EJ5, M py(d) WA EITEERIA T Y
W, RS BA T REEE. 72 1 50 T U

R 1 ARSI X e T RS H0E /i 3
ORI
Table 1.  Orbital angular momentums and group

velocities determined by the linked manner of eigen-

AT AL, HE S AL T 1M i P e
TR & MEFFE L

X FE AN —R RO, A~ DX e Ak ) Wk E BT i i
T HBEE/RH (R = a/2.684) HDG¥4 M (R = ) e ———
a/3.50), FEREMT LA RO . 1 6 () L wemers "
WL T I B REAT AR OC R KL PN AE X d W2 F 7 7 ﬁ "
S TE BB A B (d,, py) BOBER RIS O ST
PuBfshi (d, p) RREGEEA L, BT AR5 pe o WERTEIGLD . -

TR T A R B SRR BT LS XS b EEHEREA

F6 DI TR ID 43 50 Ab T 5 A BERE SR AR R 7R KR B, A B RGO ) 3T LS B (a) [ ) 0 S BG4 R (b) 1E 5 1l R
R BB R A (P AR I AN HLE A0 S A R B RN M B, AR PR RS B 1 BE R R S0 R AR IS L R
W5 SR FH IE B2 1) i 1% 4 v LA S50t /N 100 A B TRIBR )5 () S & U8 T LA S B 1] 20 500 A% 4% 1 SR ) A% 4 5 (d) S R U8 T DL
)4 S A5 3 0 ST A5 5 () 24 S BRI, TE Wi & W4 J7 1) 4%

Fig. 6. Influence of the direction of bias magnetic field on the edge states when two domains are the QSH phase and the CI phases,
respectively. (a), (b) The projected band structure for the two domains are respectively applied by the same and the opposite direc-
tion of bias magnetic field. The edge states localized at the boundary lead to a pseudo-spin dependent one-way propagation. The ap-
plication of using opposite direction of bias magnetic field in the two domain reduces the gap of edge states. (c¢) Unidirectional wave
propagation localized at domain interface excited by S,. (d) Unidirectional wave propagation excited by S . (e¢) TE wave propag-

ates along with opposite side when it is excited by S.
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Fig. 7. (a) Schematic of the computational transmission efficiency. (b) The transmission efficiency corresponding to the Fig. 6. The

transmission efficiency of the edge state under the condition of applying bias magnetic field with the same (red curve) or opposite

direction (blue curve) in the two domains. The transmission efficiency of the full photonic crystals of the left domain is shown in

green curve and the right domain in black curve. The shadow region indicates the common band gaps.
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Influence of bias magnetic field direction on band structure of
magnetic photonic crystal and its role in constructing
topological edge states”
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Abstract

The topological transitions in two-dimensional photonic crystals (PCs) originate from the opening-closing-
reopening of the bandgap, accompanied with the band order inversion. The topological bandgap in magnetic PC
can be created by applying a bias magnetic field or deforming the geometry structure of the PC. In this paper,
we demonstrate that the direction of the bias magnetic field also plays a key role in modifying the band
structure in a two-dimensional magnetic PC. The results show that by reversing the direction of the bias
magnetic field, the eigenstates with the same parity may exchange their orders in the band structure. We
investigate this type of band order exchange in the applications of constructing topological edge states and its
influence on the properties of edge states. We find, for example, reversing the direction of the bias magnetic
field can create two almost degenerated topological edge modes, which propagate in the same direction but have
opposite orbital angular momenta. The edge modes and their characteristics can be determined by the
schematics of the band orders for the photonic crystals on the two sides of the boundary. The relative
relationship of the band orders determines the emergence of the topological edge states, the number of edge
states, and edge modes’ properties such as the orbital angular momentum and group velocity. Also, it affects
the transmission efficiency of the electromagnetic wave on the boundary. The direction effect of the bias
magnetic field on band order exchange presented in this paper provides us with a new way to change the
feature of topological edge states and helps us to better understand the influence of band order on topological
phases of photonic crystals. It may have potential applications, such as in pseudo-spin splitter and reflection-

free one-way optical switch.

Keywords: magnetic photonic crystal, direction of bias magnetic field, topological band structure, edge state
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