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Unidirectional edge mode of photonic crystal slab

formed by gyromagnetic material columns
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Abstract: The modes of electromagnetic surface waves sustained by the edge of a photonic crystal slab
consisting of a honeycomb array of gyromagnetic material columns were investigated when an external dc
magnetic field was applied to it. It is firstly demonstrated that in the photonic band structure of this
photonic crystal slab, the original degeneracy point of the lowest two (photonic) energy curves can be lifted
by applying an external magnetic field, thus forming a band gap between the two bands. Furthermore, it
is demonstrated that based on this sort of band gap, surface mode sustained by the edge of the photonic
crystal slab can propagate only in one direction, attributing to the time-reversal symmetry of the system
broken by the external magnetic field. With the effective total internal reflection effect, the unidirectional

edge mode in this three-dimensional system is confined in the direction normal to the photonic crystal slab.
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Fig.1 A gyromagnetic photonic crystal slab formed by a honeycomb lattice of YIG columns in polyfoam.
The right panel shows the first Brillouin zone

6T AT AR B NSRS, YIG AR MR RN pe = 1, HRGEDETFRAETARIEE
WA 2(a) B, B 2 PR RERZIRS, RATENIGHERX, R T IritE RGP == 6 5 58
A JECHEX T HAREHR, NRBLARE TR PAEEANRES BIRBOCR) . RITAER, H MBI
HH A B ZTEAT LN X K R A AR (W3 EARfIE ), I ENTZ M 3A IR . #A1% Sl
SMIE SE W R YIG MR s REME T, l AR BRI A KRR ASRIREE RS, D9, 76 2 r b (W
YIG FERRE) 5IA—@RmEWINRIEE/#Y, BT YIG BPRREEEUY, XEF YIG BB b em & 10
S, ARG RN AR FHEH KB 1)

pr o —ipe O
p=|ips p 0|,
0 0 1

XE g =1+ wowm /(Wi — w?), e = wnw/ (Wi — w?), wo = 2nyHy =R (v = 2.8 x 10® rads~1G1,
HTERE L), Ho RIMNMEEHGWRE; wn = 2my(dnMs), AP 4nM; = 1780 G, X2AEMBEALIRE. &
2(b) 45 THE Ho = 1800 G T YIG Bt F AT RET 454, K T 7 EEUE T, TEHHHEFRATRE
B pe A e, MR 10 GHz SR THME, X 2R ARATBARN TIEMEZTE 10 GHz 24, FUEHTHRY,
JREEH A MBI K SR B8N R, HBl— D HE— P OIRER (wa/27c) 7E 0.4167 LIS, 4
TH®, BOVHMII o = 12.5 mm, XEEEHTH HOBIRIESFTE 10 GHz 4b, XA E SN R T H 3Ly
BN, MR S B B R AR AL T — D ETAR AR, B EREE AR G ] SO X PR R,

oy

-
=
-

e

L

L
i

&
&
&
&
i
&
&
i

e
e
S ggﬁﬁﬁﬁﬁﬁﬁy

Frequency/GHz
Frequency/GHz

o
i

S

T
i
“.

-

=

Fig.2 Band structure for a honeycomb lattice of YIG columns in air. The gray shaded area is the light cone.

(a) Without dc magnetic field applied, (b) With 1800 Gauss magnetic field applied in the z direction
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Fig.3 Projected band structure (dots) along the Fig.4 Relative gap width as a function of the YIG
I' — K’ direction. The solid line in the band gap is the column height

dispersion curve of the edge mode
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Fig.5 Spatial varation of amplitude of E, field. (a) Horizontal cross section at the mid-height of the YIG

columns, (b)Vertical cross section halving the outer columns
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