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Abstract A three-filter-response switchable microwave photonic filters (MPF) based on micro-ring resonator (MRR) and
fiber Bragg grating (FBG), using phase-intensity modulation, is proposed and experimentally demonstrated. By tuning the
relative wavelengths of FBG reflectance spectrum, MRR notch, and optical carrier, the filter response of MPF can be
switched between bandpass, flat-top bandpass, and high-pass. The bandpass, flat-top bandpass, and high-pass responses
have bandwidth tuning ranges of 5. 56-7. 68 GHz, 6. 23-11. 92 GHz, and 5. 83-10. 86 GHz, respectively. Insertion loss of
MRR under three responses is less than 10 dB. The switchable responses enable the proposed MPF to maintain higher
flexibility, with a broad application such as frequency measurement and spurious suppression scenarios.
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TLD: tunable laser diode;

PM: phase modulator;

MRR: micro-ring resonator;

PC: polarization controller;

FBG: fiber Bragg grating;
PD: photodetector
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Fig. 1 Schematic of the three-filter-response switchable microwave photonic filter based on MRR and FBG
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Fig. 2 Realization and simulation of the bandpass response. (a) Realization of the bandpass response; (b) relative positions of FBG

reflectance spectrum, MRR notch, and optical carrier when obtaining bandpass response; (¢) MPF frequency response with the

different frequencies of optical carriers

0913001-3



& 3Ca) f(b) Fros, &k 5 FBG g I
Th s B Al 5 B A B, AT LA FR A 45 B8 AT 9 A4 SF 100445 3
Wi 1 o 38 3k 7E FBG Ay 38 451 3 30 ) P9 98 15 50 28 B I8 v
SO AR T DA S B 7 A G AR 3R ST T 38 ) Y ) S
B AT AR A e N S . M A E SR R BT,
AR A ER A FBG I % BTl o BE %
AAG S IR B0, R s A, R 2 U
FBG [ 33 3% b v 2F A7 3 DXl b 2o 72 {45

F 605 F9H/2023 F5 A/HAESBTFZHRE
RS IR ARG RFERE . 5, Mk
J& G A AR B U Y L TR AR BRI AR A S )
FETHRE LA REHXREBTRE. WK 30T
N, WIIOR B R G0 5 I — A1 THAT 8 0 WY o w ey
A BT S FBG R SHE T 2 R K
) By, RS 7 - T 38 0 1 19 2 5, AT LA e 9 Y
TR B B O PR SR B A o AT LLE Y, BE & TR B I
S RPN R A N A % I N = T D g

(@)
B
L0 MR reftection = ) 8 o
= =MRER notch . —
08F ++++ optical carrier, e
’ : -10 p -
5 g H
7 0.6 : @ O
2 g 20l [MERnotch/nm i
Zoal 7 1550.037 S
g : g | |- 1550.020 :
— = = 1550.004 :
0.2 ] 2 o) — 1549.987 H
/\ /\ e 1549.971 $
o . g . . . :
1549.5 1550.0 1550.5 40 0 5 10 15 20 26 30

Wavelength /nm

Frequency /GHz

P 3 S Tl 3 i B2 F) S5 B 05 3 5 0 05 2R o () ST THUAH 308 ) 3 S5 B ) 6 A SR 5 () 645 1 THUHY 38 g B2 I, FBG RS 36 A B B
FISG YA RIS L E 5 () ERBE B AL T A [l 335 6] 59 MIPF 530 4 i i

Fig. 3 Realization and simulation of the flat-top bandpass response. (a) Realization of the flat-top bandpass response; (b) relative

positions of FBG reflectance spectrum, MRR notch, and optical carrier when obtaining flat-top bandpass response; (c) MPF

frequency response with the different frequencies of MRR notch
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Fig. 4 Realization and simulation of the high-pass response. (a) Realization of the high-pass response; (b) relative positions of FBG
reflectance spectrum, MRR notch, and optical carrier when obtaining high-pass response; (¢) frequency response of MPF with
the different frequencies of MRR notch
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Fig. 5 Examination of the prepared MRR. (a) Light microscope image and scanning electron microscope image of the fabricated MRR;

(b) transmission response of the fabricated MRR; (¢) thermal tuning properties of the MRR

[ 5Ce) Fras , i in o oA 8 VOB, 7= AR 1 8 K i B2 Z G T O TS T AN & 6 s 1 BE B .
50,248 nm. H UL, AT LLTH5AS )2 X A 98 2 00 PM (Eospace, ## il 4 9 & 20 GHz) % & & I’ 45 43 #r
W REE N 0.031 nm/ V., 1 (VNA, ZNB40) 7 A= i 5 1% 5 94 %] 2 TLD

0913001-5



F£60%5 FE9H/2023E5 A/HAESBFEHRE

\ 4
\ 4

proposed three-filter-response switchable MPF

6 AT RERA FBG A = 8 I8 o N7 AT B0 45t Sl IR O - i 18 b 1 00 3K 5
Fig. 6 Test link of the three-filter-response switchable microwave photonic filters based on MRR and FBG
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Fig. 7

Reflection spectrum of FBG and test results of three-filter-response switchable microwave photonic filters based on MRR and

FBG. (a) Reflection spectrum of FBG; (b) obtained bandpass responses under different optical carrier wavelengths, when the

wavelength center of MRR notch is 1542. 082 nm; (c) obtained flat-top bandpass responses of MRR under different voltages,

when wavelength of optical carrier is 1541. 994 nm; (d) obtained high-pass responses of MRR under different voltages, when

wavelength of optical carrier is 1542. 110 nm
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