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Fig. 1. Diagram of microwave resonant cavity.
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Fig. 2. Simulation of reflection coefficient as a function

of drill radius.
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Fig. 3. (color online) Frequency response of microwave

resonant cavity with different reflection coefficients.

H 4, OEO B IRIE 75 2 /2 — € i) i 1
a, TR IR A AFAE SR FE, M 3 AT LIS 21, fi
S G OR, Sl U IR R AR I K, 2%
G — €5 )5, OEO g # a5 2/ T 11 3 2
PrE TR R IR. R, 78RR IR i 1 3R
i N AT OEO FEE % B B 2% AR I SE AR T, 3141
A BLE H R I R K 28 (843 A OEO 30 %
i R D R U RE G G L, T A R4
OEO Iyiuti, 2 LB RBLERSR. 18] 4 s 2 e
R E RO T, BA OEO M R IR 17 78
BEE S R BN, B 4 haT DU Y, 7 A
ARG, OEO MR IR 58 b5 S &
AR HE TN 2 b, AT DA AR P R K R
BRI RBARER K, W2 3 ErA A
IR

Bandwidth/MHz

1 1 1
0.4 0.6 0.8

Reflection coefficient

1
0 0.2

1.0

B4 A RBCGRIRT KR
Fig. 4. Relationship between reflection coefficient and
bandwidth.

3 EREREpA

B bR o A, FRATK BT &
BT T IAE, W 5 Fs. AL RS
AFE— A R (DFB) OGRS, — A Difk- 15
R PR TR R A A Ay, — KOS (1.5 km), —
ANEIHE (20 Gb/s) BOGHERIIES, — MR CR s,
— AN HE N 10 GHz. 7 % 10 MHz B 0% €
W AP B FLHE 2R %S, DFB OGRS A KN
1550 nm [P0, T8 TAETE 2R 1 X 1 56 5 1 il 2%
J&, BENKICLFAER g e, PG PRI S8 5L ko
HLA5 5, R B N il L FEL 25 N BRcInt i ok 2 1 )
RN, 76 BB D J5 48 I B OK 2% I 1 1 il FL Y
VA%, 50 BUBEAN IR I A5, TR E IR R
T IR O A 1) 0, K ELRAT 1 R N B LS )
FLZ ) A UE R 7 = 100 ns. HR 95 AT T A ERE 4
1, BT CAIE T BRI S R B, 43 B[R A
BRI 87, T 326 6 e £ () S R 2% A1

piraEOALE

SR BE I
g e
2 b
Y5y 2
HLi ;
........... ek LY 2

o1

LA

10 GHz JEd %

S ArilEeES

100 MHzfu

K5 T ROEERER OEO it B K

Fig. 5. Experimental setup of OEO based on microwave resonant cavity.

044204-3


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

) I % R Acta Phys. Sin.

Vol. 65, No. 4 (2016) 044204

20
ol @ SPAN: 1 MHz
RBW: 9.1 kHz

—10
—20 F
—30 F
—40 F
—50 F
—60 |
—70 F

Power/dBm

\

—80 L
9998936509 9999436509 9999936509

Frequency/Hz

20
ol ® SPAN: 1 MHz
RBW: 9.1 kHz

—10}
—20
—30}
—40 }
—50 F
—60 |
—70 F
—80

Power/dBm

—90 L
9998939509 9999439509 9999939509

Frequency/Hz

20
1wl © 7
0
—10}
—20 +
—30
—40 +
—50 F

_60 -

770 -

~80 W\//\V‘\
0

-9
9998938141

SPAN: 1 MHz
RBW: 9.1 kHz

72 dB

Power/dBm

9999438141
Frequency/Hz

6 HILE  (a) HHIRG; (b) MARFLHELE, K5 &R
$080.3; (c) I, S R¥0h 0.7
Fig. 6. Radio frequency spectrum: (a) Free run; (b) in-

9999938141

sert drilling cable, R = 0.3; (c) insert drilling cable,
R=0.7.

TR T R IR, XS BT 5 7 &
BEAT T SIS IR, JF 515 41 OEO #EAT T EL#R.
K 6 (a) 72 1% Gt OEO Fr il 15 1 H 3 [ (41 4 17 o
(SPAN) 41 MHz, 70 ##%4 % (RBW) 249.1 kHz).
HEFKEHN 1.5 km, HXF R AIRE 9 135 kHz,
AR L 23 dB. B4R, 1548 OEO i Hi {5
T R IR BRI AR, B TR B R PR R G R E
KA RS, B6 (b) RN FLEBEL S, 4
FLHLZE 10 S 5 2R B0 0.3 I 75 4 S B (SPAN
N1 MHz, RBW 9.1 kHz). A] LA H H 5T R
A X A B [ B 2 135 kHz, (IR Ly 44 dB.

BI6 (c) 2 M ANBFL LSS, &5 L 80 0 5 R4
0.7 B A4S 1 LS B (SPAN A 1 MHz, RBW A
9.1 kHz). M OEO ML H| Lk %] 1 72 dB.
L& 4 OEO AHEL, X Fh 7 kAL 115245 31 17 AR 41 1
).

BT HA A7 I 7 A OBO R 3 BdF i, 2 il
WAE 5 I EE A5 br, KIRATH N9030A 15 5 44
O OEO i A5 5 247 MK, B 7 A N B FL A
BRI A, FE RO HER N 10 GHz b 1A 7 M 75 (1
A RO DS e A D = T | ANE U U E S
F AR AL M 7 Oy —124.59 dBc/Hz@10 kHz, T
BhiAL SR, R BB A0, A A7 RS
—122.61 dBc/Hz@10 kHz. K1k OEO FHAL I
HBA R, BE T 2 H BB,

—50

—— OEO w/i drilling cable
- --0OEO w/o drilling cable

—60F

—70
—80
|

—-90 |
|

—100 i

1,
1,

Phase noise/dBc-Hz !

—110

120}

—130}

~140 ~ |
100 1000 10000 100000 1000000

Offset frequency/Hz

7 ARG E

Fig. 7. Comparison of phase noise.

F4h, BT R E R, HBEKE
5y 5% BRI FE L5 R 3R RS R T R A ARk, i
52 S IR R A P AR A, S A A R A T RS L Ak
B R T B E IR AR E B, WU T AR A
g, X RGHAT T KB IR, RE0ES: TAE
3 h, H Agilent 2 7] 4 77 () 856 4EC 1% {3 ] £ fj
HRAE T IR, R 30 sidF— Ik, EATE
WA, 13 BN R T £4 Hz, BT USSR
EFER T 1070, DAL, 76 CRUE & i 4l FE | AR A g
FRIEOUT, i ks 5 i ta e A8 T )
KA.

4 %2 #®

ASCHE T AR B R Ok
i 14 B (¥ OEO &5 M), JEXT R gt 47 1 B ik 7
Br. MM ZEH, 247 4E 710 GHz [ s

044204-4


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

) I % R Acta Phys. Sin.

Vol. 65, No. 4 (2016) 044204

=5, BRI L 72 dB, B A A N
—122.61 dBc/Hz@10 kHz, 0 K22 5k,

IR R E AT 1077,

SLER ISR T HAR A AT OE

BAVERI DT SR ATATVE. 7 RO AE T AR E
B VAR, ELA SR TRl B AR R A, MY
SCHL T AR RCR, T H LT ANS 5T e
PRGN AR e P 22, D9 OO 2 A5 il
SRl I T3 7k

SE

(1]
2]

Yuan H C, Gao Y Y 2009 Semicond. Technol. 34 927
(in Chinese) [ ElH, m#TF 2009 P FAH A 34 927]
Tsuchida H, Suzuki M 2005 IEEE Photon. Technol. Lett.
17 211

Fang L J, LiuY, Ma J, Guo X F, Gui Y F, Wu P S 2015
Radar Sci. Tech. 13 219 (in Chinese) [J7 .2, M5, 5
R, MEE, HFEE, R4 2015 HFiaREEHEAR 138 219)

] Jung K, Shin J, Kim J 2013 IEEE Photon. J. 5 5500906

Hou L, Han H N, Wang W, Zhang L, Pang L. H, Li D
H, Wei Z Y 2015 Chin. Phys. B 24 024213

Yang X F, Peng L, Tong Z R, Cao Y, Yang Y F 2012
Acta Opt. Sin. 32 0206004 (in Chinese) [¥375 &, 2%,
G, THE, MK 2012 J6E2EIR 32 0206004]

(7]

[14]

[15]

[16]

044204-5

Wang T, Sang X Z, Yan B B, Ai Q, Li Y, Chen X, Zhang
Y, Chen G X, Song F J, Zhang X, Wang K R, Yuan J
H, Yu C X, Xiao F, Kamal A 2014 Chin. Phys. B 23
064217

Yao X S, Maleki L 1996 J. Opt. Soc. Am. B 13 1725
Yao X S, Maleki L. 1996 Opt. Lett. 21 483

Eliyahu D, Seidel D, Maleki L 2008 IEEE Interna-
tional Frequency Control Symposium Honolulu, USA,
May 19-21, 2008 p811

Yao X S, Maleki L 2000 IEEE J. Quantum Electron. 36
79

Jiang Y, Yu J L, Wang Y T, Zhang L. T, Yang E Z 2007
IEEE Photon. Technol. Lett. 19 807

Jia S, Yu J L, Wang J, Wang W R, Wu Q, Huang G B,
Yang E Z 2015 IEEE Photon. Technol. Lett. 27 213
Wei T, Wu S P, Huang J, Xiao H, Fan J 2011 Appl.
Phys. Lett. 99 113517

Brian C 1991 Transmission Line Design Handbook (Nor-
wood: Artech House Publishers) pp47-57

Ibrahim O, Dimitrios M, Nazanin H, Peter J D 2010 J.
Lightwave Technol. 28 3100

Li H X, Jiang Y, Bai G F, Shan Y Y, Liang J H, Ma
C, JiaZ R, Zi'Y J 2015 Acta Phys. Sin. 64 044202 (in
Chinese) [Z417E, 1L/, FOLE, SRR, PaE, DI, 5
PRAE, B H I 2015 WFLEAR 64 044202


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://www.cnki.net/KCMS/detail/detail.aspx?QueryID=2&CurRec=1&recid=&filename=BDTJ200909029&dbname=CJFD2009&dbcode=CJFQ&pr=&urlid=&yx=&uid=WEEvREcwSlJHSldTTGJhYlJLZzlOV2Z3T0F1d0FXbS9lRmk1WWtlUm1COWd6N2oxdXBXZXRvaUVQdVQvUlR2YmUrYz0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!&v=MTUxNDFYMUx1eFlTN0RoMVQzcVRyV00xRnJDVVJMeWZadWRxRnlubFVyN0JKeW5mWkxHNEh0ak1wbzlIYllSOGU
http://dx.doi.org/10.1109/LPT.2004.836910
http://dx.doi.org/10.1109/LPT.2004.836910
http://www.ldkxyjs.cn/index.php?m=content&c=index&a=show&catid=55&id=702
http://www.ldkxyjs.cn/index.php?m=content&c=index&a=show&catid=55&id=702
http://dx.doi.org/10.1109/JPHOT.2013.2267533
http://dx.doi.org/10.1088/1674-1056/24/2/024213
http://www.opticsjournal.net/abstract.htm?aid=OJ120111000216D0GcJf
http://www.opticsjournal.net/abstract.htm?aid=OJ120111000216D0GcJf
http://dx.doi.org/10.1088/1674-1056/23/6/064217
http://dx.doi.org/10.1088/1674-1056/23/6/064217
http://www.opticsinfobase.org/josab/abstract.cfm?uri=josab-13-8-1725
http://dx.doi.org/10.1364/OL.21.000483
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4623111
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4623111
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=4623111
http://dx.doi.org/10.1109/3.817641
http://dx.doi.org/10.1109/3.817641
http://dx.doi.org/10.1109/LPT.2007.897290
http://dx.doi.org/10.1109/LPT.2007.897290
http://dx.doi.org/10.1109/LPT.2014.2365231
http://dx.doi.org/10.1063/1.3636406
http://dx.doi.org/10.1063/1.3636406
https://www.osapublishing.org/jlt/abstract.cfm?uri=jlt-28-21-3100
https://www.osapublishing.org/jlt/abstract.cfm?uri=jlt-28-21-3100
http://dx.doi.org/10.7498/aps.64.044202

32 % R  Acta Phys. Sin. Vol. 65, No. 4 (2016) 044204

An optoelectronic oscillator based on series
resonance cavity”

Huang Gang-Bin Wang Ju' Wang Wen-Rui Jia Shi Yu Jin-Long

(School of Electronic Information Engineering, Tianjin University, Tianjin 300072, China)

( Received 25 August 2015; revised manuscript received 28 October 2015 )

Abstract

Commercial and military applications of microwave and millimeter-wave sources in aerospace, radar, navigation,
and communication system require high spectrum purity and low phase-noise oscillators. The optoelectronic oscillator
(OEO) emerges as an excellent low noise source that has attracted great attention in recent years. In this paper, a novel
technique is proposed for single-mode selection in an optoelectronic oscillator, which uses a microwave cavity as the mode
selector. It consists of a pump laser and a feedback circuit including an intensity modulator, an optical fiber delay lines,
a photodetector, an amplifier, a filter and two drilling cables. The drilling cable is fabricated by drilling open holes on
a coaxial cable using a drilling machine. By changing the radius of the drilling holes, the designed reflection coefficient
can be obtained. By simulation, the constructed microwave resonator that consists of a filter and two drilling cables
has a higher @ value and only the modes that satisfy the oscillation conditions of the loop will be selected. The basic
principle is analyzed theoretically and experimentally. By comparing with traditional structure of OEO, it is shown that
the novel structure can effectively improve the side-mode suppression ratio. In addition, the stability of the oscillation
frequency is easier to control than the parallel structure. In this experiment, the output of a 10 GHz single-mode signal
with a side-mode suppression ratio of 72 dB and a phase noise of —122 dBc¢/Hz@10 kHz from the carrier is obtained.
Meanwhile, phase-lock techniques are used to compensate the drift of cavity length. Then the radio frequency (RF)
stability of the oscillation frequency is measured using an RF spectrum analyzer, and the RF stability over 3 hours for
the OEO is less than +4 Hz. This scheme has the advantages of traditional OEO with low noise since no extra active
devices are needed, and it suppresses the side-mode noise also effectively. In addition, this system is promising for the

development of compact, high frequency, low cost and low noise OEOs.

Keywords: optoelectronic oscillator, side-mode suppression, microwave resonant cavity, stability
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