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Fig. 1. Photograph of the composite (AB),D(BA),(BBAA)-
EIT structure.
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2 (a) BUEDTEASFIN (AB)o(BA),, (AB),D(BA),, (AB),D
(BA),(BBAA) HyBHHEL; (b) RRASITE%E T (AB),D
(BA),(BBAA) #J itii £

Fig. 2. (a) Simulated transmission spectra of (AB)y(BA),,
(AB),D(BA),, and (AB),D(BA),(BBAA); (b) simulated re-
flection spectra of (AB),D(BA),(BBAA) for the left and
right incidence.

Hyk, B 343t T 5531 (AB),D(BA),
(BBAA). 2K EIT #i#1#L &% (AB),D(BA),(BBAA)-
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(AB),D(BA)o(BBAA) & 5 I 1y & 5t [ 1y 41;
B2 EIT A RHE ST it 5 1 19; T
0428 EIT M kHI A E] (AB),D(BA),(BBAA)
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FH ARG R PC Sz SR JRL i i SR o [
FHE R, TATHEH A (AB),D(BA),(BBAA)-
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TR TS

0

—15F
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45+
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_75 L L L L
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Frequency/GHz

3 Hf{E 15 B A5 F 1 (AB),D(BA),(BBAA), 2% EIT #
BPFF. (AB),D(BA),(BBAA)-EIT & A%5HIE1 1 (AB),D(BA),
(BBAA) fi% Hif % 2%

Fig. 3. Simulated transmission spectra of (AB),D(BA),
(BBAA), EIT-like metamaterial, composite (AB),D(BA),
(BBAA)-EIT structure, and (AB);D(BA);(BBAA).

R T R UL 375 ST 04 it T PR 1 i 14 4 LI
B 3% (AB),D(BA)y(BBAA), 25 EIT #hf
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DARE %tk 2 1 52 S 04 1 B IR 1, RO R
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) ASF, e RAE N 2.98 x 10* V/m), ik EIT i##
FORLBE 2 B2 {1k BT % 1 07 0] (0 BT A Y L
Jd (1E . B Isp AR 3.41 % 10* V/m).
PR, FEX PR AL A 3L RAE T, 645 (AB),D
(BA),(BBAA)-EIT & 545 REWS R FL e A28
RARGF#E R k3 SRR A (TE ) AR, e RAB N
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1.16 x10°V/m; K2 A, S KB M 4.76 x 104 V/m).
AR, B ASTEE, (AB),D(BA)y(BBAA)-EIT &
G G5 Y L3 R R 43 ) LG BRI Y (AB),D(BA),
(BBAA) FlIE EIT #EAEHER 1 1.6 £5H1 3.4 1%, [7]
B, i FIEXTRMERSIA, IEMAS (AB),D(BA),
(BBAA)-EIT 5 & 2545 1) 1,377 58 B 2t S 1] A S5 Hf
1) 2.4 f5. WRUEDE, WERAE SRR HF B AN AR 45
TR, X TR AR, LR T 1 AT
Gy UR B A AR PRI R . I Ah, K] 4 1825
T (AB),D(BA),(BBAA); A4 HL 3758 B 43 A, 1E 1]
ANBHRRAE A 8.21 x 10* V/m, A ASH KA N
2.05 x 10* V/m. PRI, M AL G RYE K PC
VPRI LA A X AR ) 5 124 S BRXT L B 14 R Y
D7k, TATHR A (AB),D(BA),(BBAA)-EIT & &
Sk S SRy AR W 4, 5 [R]E SSARRR ORRE

AAZ.

(AB):D(BA)2(BBAA)
FeRAE: 7.31 X104 V/.m o
(AB),D(BA),(BBAA)

HAME: 2.98X10% V/m

—_ — |
.- FeRAE: 1.16 X105 V/m‘
(AB);D(BA);(BBAA)-EIT ==

HRAE: 4.76X10* V/m
(AB)>D(BA)2(BBAA);3
FF <

HRAE: 8.21 X101 V/m
(AB);D(BA)3(BBAA)3 15 ) NI

FRAE: 2.05 X104 V/m

B4 BUEOF R RITE 1.374 GHz B R, IE . I A4t
(AB),D(BA)y(BBAA), Z5EIT ###1%L, (AB),D(BA)y(BBAA)-
EIT E&45H, LK% (AB),D(BA),(BBAA); I HL Y78 & 4315
Fig. 4. Simulated electric field distributions at 1.374 GHz of
(AB),D(BA),(BBAA), EIT-like metamaterial, (AB),D(BA),
(BBAA)-EIT, and (AB),D(BA)y(BBAA); for the left and
right incidence.

3 BUKEREHERIT®

B RO, B SRR TS (AB),D(BA),
(BBAA)-EIT & 445 MM S 151 . 8 5 4

T IE S AT, R R DR R R 3
. K 5 W LUE B, 45 A D)% /N T -5 dBm
F, 5 RMIEL AN, BEIE | 7 mA
STES PR B BTG LS EE SR, I B &
R ). BEERADIRNHEKR, IE. M A
SFFAE R I 1 B LR A8 R AR A B0, I ELH R
AR AR, ERMESATIRT, IE
6] A S B A R A A A B R LR, B iR
B AL AR A, BN, M A TIR A 10 dBm
BF, TF A SR B B {E A2 1.318 GHz, 11 W] A
S B (AR 1.348 GHz. FI, G0 ATh %
JLFEA 510 dBm, %8 AT AR B E R — ST
1E SR A SRS P A3 B e 25 BIAR K.

—20

—30 F

—40 F

Transmission/dB

—50 ==
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Frequency/GHz

Transmission/dB

1.1 1.2 1.3 1.4 1.5 1.6
Frequency/GHz

E 5 ScEiiAS R R, (AB),D(BA),(BBAA)-EIT & 4%
MHEARFRAS IR T HBFHEL  (a) IEFASH (b) KA
Fig. 5. Measured nonreciprocal transmission spectra as a
function of input power for the (a) left and (b) right incid-

ence.
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B 1.329 GHz Xof N 3% 2k v i S5 3 e /N R, A
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1.2 1.3 1.4 1.5
Frequency/GHz

K6 Semlm R MERmASIEN 7dBm T, IE ., i
NI 526 B R 0 3 5 3 2

Fig. 6. Measured transmission spectra at 7 dBm of the in-
put power for the left and right incidence.
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Fig. 7. Measured maximum transmission contrast in the fre-

quency range from 1.31 to 1.35 GHz.
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Abstract

A subwavelength electromagnetic diode scheme in a microwave waveguide system is proposed by using an

asymmetric photonic crystal (PC) cavity side-coupled with electromagnetically induced transparency like (EIT-

like) metamaterials. It is found that the composite PC-EIT configuration can generate tenfold @-factor

enlargement, accompanied with enhanced nonreciprocal electromagnetic localization simultaneously. Further

study of the measured one-way response exhibits excellent electromagnetic diode performance including 19.7 dB

transmission contrast and 7 dBm operating power at a working frequency of 1.329 GHz. We emphasize that

such high-contrast transmission and low-threshold diode actions are not at costs of greatly increasing volume

and drastically reducing transmission. Our findings may benefit the design of compact nonreciprocal devices in

the integrated optical nanocircuits.
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