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Fig. 1. (a) Schematic drawing of a third-order coupled micro-ring resonator; (b) scanning-electron micro-

graphs of three-ring resonator.
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Fig. 2. Transmission spectra as a function of the detuning frequency from resonance (a)

through a single-ring resonators and (b) through a three- ring resonators.

144202-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin.

Vol. 64, No. 14 (2015) 144202

3 #Hl&MmER

2 G % /N 600 nm i, AR R TR
Rt 2, 12 RE A OB MG R R, T B A A
DU TE LN, AR S R G R, R, Ot
3400 Y5 1 5 P B 3 B B AR PO R 1) b,
T A BT R SRR TR AL, IR EA
RO A R RN BT R, FIRDER
FAEAT B A BT R 52 i PRI R R 2,
B3R, G ERMTE, RALERE T HEEAN
500 nm, AR 0 20 pm KIE R B S 5 H
HIE ARG, JF HRENS A R PRI 25 453 4E.

AT F 4 2 Ak Lk (SOT) A4k} HEAT 28 1 il
#e, TR 220 nm JFHIREEA 1 pm ) E L
JZ. JCBCFEIR S PP Hl 5 EH G, BISIRE IR
P FE TR b7 3R PR R P R PP I, TR 100 kV
LT HOGZIBORHEAT FH G X IR R, 45 2154
Tl SR AR R, P SRR A T AR 2 Tl
AR5E OGS TR A 46 4 1),

P 4 9 MBS SRR T Dl D 3 T AR s O A A
EH—ANEZRYEN20 pm B R R A S
AT R IR R . I R s () B 43

S-4800 1040kV 8.7mmm X 40.01SE(U)

S B0 0him

4500 nm A1 600 nm, B -SRI 2 18] 1) FE 2k
129 nm.

3.159
3.158
3.157F
w=1pm

3.156 1

3.155

AR

3.154¢

3.153

3.152

0 20 40 60 80 100
42 /pm
K3 ARG R SRR R R
Fig. 3. The effective refractive index and bending ra-

dius vary diagram.
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Fig. 4. (a) Scanning-electron micrographs of a single-ring resonators and (b) a three-ring resonators, (c) gap

between bus waveguide and ring resonator, and (d) grating.
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Fig. 5. Schematic of the micro-cavity measurement

platform.
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Fig. 6. (color online) (a) Vertical nano-grating coupled input renderings; (b) output renderings; (c) testing

result curve; (d) comparing the test results of coupling efficiency.
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Abstract

For the application requirements of resonant micro-cavity, an original three-ring resonant micro-cavity structure
is proposed in this paper. Like electromagnetically induced transparency in an atomic system, the coupled resonator-
induced transparency (CRIT) phenomenon in a new optical micro-cavity system is proven experimentally. Up to now,
most of the resonators based on CRIT are just in the theoretical exploration stage, and the analysis of the double-ring
structure has been relatively common. The CRIT effect of a resonator has a significant relationship with the coupler
insertion loss, the ring circumference, and the multiples of the rings, which need high requirements in the structural
design and preparation process. In order to reduce the difficulty in design and preparation, we propose a new three-ring
cascade resonator structure with the same cavity size on silicon. According to the transfer matrix method and coupled
mode theory, we find a CRIT effect after theoretical analysis. Our devices are fabricated on an SOI wafer. By using
the micro-cavity measurement platform to repeat and analyze the tests of single ring and three-ring cascade resonator
structure, we obtain a grating coupler efficiency of 30%. By applying the antireflection coating, the coupling efficiency
of the grating coupler is up to 34%. During the test, the mutual interference between annular cavities of the three-ring
resonators produces two transmission peaks, the output spectrum of the resonator with a narrow transparency peak
at a low group velocity, which is verified in CRIT phenomenon. Compared with the traditional single-ring structure,
the resonator has a quality factor increasing four times, reaching a value of up to 0.65 x 10°, the through and drop
transmission spectra of the resonator are reconciled well with each other. At the same time, in order to obtain the
sensitivity of the resonator to temperature, we conduct tuning tests of the resonator temperature characteristics, the
resonant peak is moved to the large wavelength direction with temperature increasing, and detuning wavelength of
the resonance can be controlled by changing temperature, which is called red-shift. Therefore, the original three-ring
cascaded resonators have significant applications in the rotation sensing, optical filters, optical storage and temperature

sensing elements.

Keywords: coupled resonator-induced transparency, three-ring resonator, coupling efficiency, quality

factor
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