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Abstract

Based on the thorough research of the technology of microwave filtering, a kind of microwave
photonic filter (MPF) using cascaded IIR filter and FIR filter was theoretically analyzed. And the
influences of the coupling coefficient of the IIR filter, the gain of Er-doped fiber ring, the reflectivi-
ty of the fiber Bragg gratings (FBGs), and the coupling coefficient of the FIR filter on the filtering
performance of the MPF were discussed. The results show that the intermodulation of band pass
and band stop filtering can be achieved by optimizing the coupling coefficient of the FIR filter, the
coupling coefficient, the gain of Er-doped fiber ring and the reflectivity of FBGs of the IIR filter.
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Figure 1. The structure diagram of the microwave photonic filter based on cascaded IIR filter and FIR filter
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Figure 2. The signal flow diagram of the microwave photonic filter based on cascaded IIR filter and FIR filter
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Figure 3. The effect of coupling coefficient k; with IIR filter on the per-

formance of the microwave photonic filter
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Figure 4. The effect of coupling coefficient k, with FIR filter on the per-

formance of the microwave photonic filter
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Figure 5. The effect of the gain of the erbium-doped fiber on the performance
of the microwave photonic filter

5. TR R B8 FhB BN AT IRR S o X MPF SRR M ERUSANE
3.4.1IR &5+ FBGs B3 R 3T MPF 35 14 sEa0seny

[E 2 R JEH AT S SIS RE L =045, BRI ¢ =2, KEL=0.5m, FIR J§
B AR A SRS RELk, = 0.5, 0% FBGs (T R 730509 030 0.5+ 0.7 I, 2B Hxt MPF J§
BMEREMIFEM, Wlsl 6 . MIEIHRILACE I, SR R (232 51 Ik e i A2 AL DL SR Bl T 22 5
POELF A28 g MRS DL, IX BRI FIR B8 S 1Al & a5 IR & R 80k, = 0.5 I AT LASEBL R K BB I A
B, TR SEBAR IAMELE I R 222503 MPF 1P RS, R 2 503 Ly 3 P R 12

3.5. BIEXAMIKE L ¥ MPF 54 RERIRIG

A E TR SR TR G A MR & Rk =045, BUDLA G ¢ =2, FBGs IR R = 0.5,
FIR JER A PR A A R & Rk, = 0.5, BURBMDLAMMKEZ L 7257902 me 0.4 my 1 m i, 247
Hoxt MPF JERMERERTREMT, Wikl 7 Fras. AR, MPF BATIRGR AR L, [RIHRT LA
S EHDEL R R LR LI MPF (AT

3.6. FEiBESPH MPF RYSEIR

2 IR PR A TR G ARG Rk =05, BIDLAMIE ¢ =2, FBGs FIT# R=1K, IR
YEWE A TT CASCHL T PR U PR o 4 FIR JEUL AR R UEP IR BT, B &y 4355 T 0.2 0.44 0.9 K43 #ir

DOI: 10.12677/0€.2019.91008 52 HEHT


https://doi.org/10.12677/oe.2019.91008

SHEE, WIEE

0
5t N
10 f/ \ .
= 151 B
=
2 0l i
Z 2
X
I 25 .
30F 4
R=0.3
351 R=0.5(|
R=0.7
40 1 1 1 1 1 1 1 1 1
0 02 04 06 08 1 12 14 16 18 2

B (GHz)

Figure 6. The effect of the reflectivity of the fiber Bragg grating on the
performance of the microwave photonic filter
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Figure 7. The effect of the length of the fiber ring on the performance of the
microwave photonic filter
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Figure 8. The effect of coupling coefficient k, with FIR filter on the per-
formance of the bandstop microwave photonic filter
8. FIR S ERFBE R B &y 37 FE MPF 3K M REROS

#r. FBGs S5 BIHICLF IR 25 R E 5T MPF JEI% MR RE RO FEM . I TR JEIN A% A1 FIR JEJ
WP BE T AT AL, Mk =045, k=05, g=2, R=0.5K, 1fLASZILFH () 8 I AR 5
M4k =05, k,=04, g=2, R=18, A[CLSCHPIHATEBLIER AR ME . Bty DUB B0 IR P89
A5 H0 FIR 83 28 1 854 S 500 F 30 75 18 MPF RSP 377 BH MPF (1 HL1

E&WE

FIMNERHTECE ST H (B RS LH 7201617036 5). StMNEHETHFEHH®E A S KY F
[2016]326). 51N E B E THEF D H (B E A KY F[2017]360).

SE

[1] Capmany, J., Mora, J., Gasulla, 1., et al. (2013) Microwave Photonic Signal Processing. Journal of Light Wave Tech-
nology, 31, 571-586. https://doi.org/10.1109/JLT.2012.2222348

[2] Minasian, R.A. (2006) Photonic Signal Processing of Microwave Signals. /[EEE Transactions on Microwave Theory
and Techniques, 54, 832-846. https://doi.org/10.1109/TMTT.2005.863060

[3] Capmanyj, N.D. (2007) Microwave Photonics Combines Two Worlds. Nature Photonics, 1, 319-330.

[4] Dolfi, D. (2011) New Trends in Optoelectronics for Radar, EW and Communication Systems. [EEE International
Topical Meeting on Microwave Photonics, Singapore.

[5S1 Liu, J, Guo, N,, Li, Z., et al. (2013) Ultrahigh-Q Microwave Photonic Filter with Tunable Q Value Utilizing Cascaded
Optical-Electrical Feedback Loops. Optics Letters, 38, 4304-4307. https://doi.org/10.1364/0L.38.004304

[6] Capmany, J., Pastor, D. and Ortega, B. (1999) New and Flexible Fiber-Optic Delay-Line Filters Using Chirped Bragg
Grattings and Laser Arrays. [EEE Transactions on Microwave theory and Techniques, 47, 1321-1326.
https://doi.org/10.1109/22.775473

[7] Hamidi, E., Leaird, D.E. and Weiner, A.M. (2010) Tunable Programmable Microwave Photonic Fitlers Based on
Anoptical Frequency Comb. [EEE Transactions on Microwave theory and Techniques, 58, 3269-3278.
https://doi.org/10.1109/TMTT.2010.2076970

[8] Zhangy, P.S. (2013) Tunable Multitap Microwave Photonic Filter with All Complex Coefficients. Optics Letters, 38,
802-804. https://doi.org/10.1364/0L.38.000802

DOI: 10.12677/0€.2019.91008 54 HEHT


https://doi.org/10.12677/oe.2019.91008
https://doi.org/10.1109/JLT.2012.2222348
https://doi.org/10.1109/TMTT.2005.863060
https://doi.org/10.1364/OL.38.004304
https://doi.org/10.1109/22.775473
https://doi.org/10.1109/TMTT.2010.2076970
https://doi.org/10.1364/OL.38.000802

SHEE, WIEE

[91 Wang, Q. and Yao, J.P. (2008) Multitap Photonic Microwave Filters with Arbitrary Positive and Negative Coefficients
Using a Polarization Modulator and an Optical Polarizer. I[EEE Photonics Technology Letters, 20, 78-80.
https://doi.org/10.1109/LPT.2007.912562

[10] Manzanedo, M.D., Mora, J. and Campmany, J. (2008) Continuously Tunable Microwave Photonic Filter with Negative
Coefficients Using Cross-Phase Modulation in an SOA-MZ Interferometer. [EEE Photonics Technology Letters, 20,
526-528. https://doi.org/10.1109/LPT.2008.918884

[11] Zeng, F., Wang, J. and Yao, J. (2005) All-Optical Microwave Bandpass Filter with Negative Coefficients Based on a
Phase Modulator and Linearly Chirped Fiber Bragg Gratings. Optics Letters, 30, 2203-2205.
https://doi.org/10.1364/01.30.002203

[12] Yan, Y. and Yao, J. (2007) A Tunable Photonic Microwave Filter with a Complex Coefficient Using an Optical RF
Phaseshifter. IEEE Photonics Technology Letters, 19, 1472-1474. https://doi.org/10.1109/LPT.2007.903753

[13] Qi, C.H,, Pei, L., Ning, T.G., et al. (2010) Flat Microwave Photonic Filter Based on Hybrid of Two Filters. Journal of
Optics, 12, Article ID: 055402.

Hans X
PR R R

1. FTJF5AM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
NHFIRHESRE: [ISSN], FAMIT] ISSN: 2164-5450, RIA[Eif)
2. FTHFHIM B 7T http:/cnki.net/
Ao« B BRSCHREE” BEN, HIANSCEbRE, BRI

PhEE S http://www.hanspub.org/Submission.aspx

WITIMEAE : oe@hanspub.org

DOI: 10.12677/0€.2019.91008 55 HEHT


https://doi.org/10.12677/oe.2019.91008
https://doi.org/10.1109/LPT.2007.912562
https://doi.org/10.1109/LPT.2008.918884
https://doi.org/10.1364/OL.30.002203
https://doi.org/10.1109/LPT.2007.903753
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:oe@hanspub.org

	The Characteristic Analysis of Microwave Photonic Filter Using Cascaded IIR Filter and FIR Filter
	Abstract
	Keywords
	级联IIR和FIR滤波器的微波光子滤波器的特性分析
	摘  要
	关键词
	1. 引言
	2. 级联IIR滤波器和FIR滤波器的MPF的结构和滤波原理
	3. 分析和讨论
	3.1. IIR滤波器中耦合器的耦合系数k1对MPF滤波性能的影响
	3.2. FIR滤波器中耦合器的耦合系数k2对MPF滤波性能的影响
	3.3. IIR滤波器中的掺饵光纤环的增益g对MPF滤波性能的影响
	3.4. IIR滤波器中FBGs的反射率R对MPF滤波性能的影响
	3.5. 掺饵光纤环的长度L对MPF滤波性能的影响
	3.6. 平坦带阻MPF的实现

	4. 结束语
	基金项目
	参考文献

