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Abstract

Terahertz Filter and Optical Switch Based on Magnetic-Photonic Crystals
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switching characteristic.

The photonic crystal filter and optical switch are designed based on the garnet-type ferrite magnetic
this device has excellent frequency selection and filtering functions, the transmissivity of each target light signal is
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material. The band structure of the photonic crystal with a specific radius is analyzed by the plane wave expansion

method (PWM), and the change of coupling frequency of magnetic materials with the magnetic field is analyzed by
the finite-difference time-domain (FDTD) method. The results show that, when the magnetic field is not added,
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above 90% and the channel crosstalk is small. After the addition of the magnetic field, the coupling frequency of the
integrated optics; terahertz filter; plane wave expansion (PWE) method; optical switch; finite-difference
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coupling cavity changes and the device is in a closed state. The maximum stable closing time of this device is 26.4 ps
time-domain (FDTD) method
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and the maximum transmissivity is only 8 %, which indicates that the cut-off effect is obvious and it possesses a good
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Fig. 1 Structural diagram of THz filter and optical

switch based on photonic crystals
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Fig. 2 TE band structure of complete photonic crystal
YW AR 7 1432 2l B Ak SR R G R 3y

(e +0y) — @
walwa +wy) — o’
KM IE 0o = VB o BETER R B 5 G358
W =4mYM, , B o R A& 58 B M S R G Ak
Ry T R T R R A R M AR SE IR
0n=1.021c /)" N 0 Fl w B R (1) XA [ 2R =
FATHBE R  0<0w<<1(2nc/a) , 0w <8(2nc/a) .
I AR Y AN 9 N (0 o <5 I B
iR R R NN TR AT B T N 3
(w5 B S % BT 1. Bk, @5 R kst
6 3 1A 184 R T 328 78 /0 5 5 R B AR A8 8 AR AR /N L AR
21 Mk 7y 98 B 2 30T 0 R0 % A 5 BE I 1% 5 R A B AR

, D

PES

Electric field intensity /(N - C)

()

—— output 1
—— output 2
—— output 3

0
70 75 80 8 90 95 100 105
Wavelength A /um

0
70 75 8 8 90
Wavelength A /um

B TEEE N 0.3a (FEE TIX) 1 0.14a (FEH
1 X)) s, 5 A 000 7 B A A G F I 2% 47 3 [
0.283(a/A)~0.418(a /X)W .

3 P HERE

FIFH B 4 A R 22 43 (FDTDY B TA 6
TG 375 W 2 45 ¥ 1) F, 37 A, JF A5 B T e S S 1 RY
BEHFR T Rsoft AFHATHIM W M A TXA
PSR TE A R U 25 N 1) A% 3 00— AR AR 43 0 Ry
0.347Ca /2> F1 0.361Ca/A), B K 0 — 1L B R Ky
0.361Ca/A) W REPEK A, =83.102 pm) A I N 75 1%
SRR A A, W6 = A I T I I A B i
SR RIBAE IR S RN IR 3 B 1 H 3 43 A R A
ot L SRR A& 3 B .t B 3 nTAL A
W, Hbr615 5 AFRA T IX, I M 1 output 1

Electric field intensity /(N - C)

(C))
—— output 1
—— output 2
—— output 3

95 100 105

B3 WKy 82.102 pm BYIGAR 5 (Y WL 3% 20 A B i o OB S L Ca) SR 3% 8 3% 3 A 5
() RN 3 125 55 25 5 Cod I 39 8 3 7 A 5 (D T 32 3 39 2%

Fig. 3 Electric field distribution and transmissivity at output port for optical signal with wavelength of 82.102 pm.

(a) Electric field distribution without magnetic field; (b) transmissivity without magnetic field;

(c) electric field distribution with magnetic field; (d) transmissivity with magnetic field
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Fig. 4 Electric field distribution and transmissivity at output port for optical signal with wavelength of 92.879 pm.
(a) Electric field distribution without magnetic field; (b) transmissivity without magnetic field;

(c) electric field distribution with magnetic field; (d) transmissivity with magnetic field
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Table 1 Performance parameters of filter and optical switch

Transmissivity
Output port ) o
(with magnetic field) /%

Transmissivity

Channel isolation I, Closing time ¢ /ps

(without magnetic field) /%

Output 1 98 8 16.90 25.3
Output 3 95 6 12.79 26.7
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