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Abstract ; In this paper,a novel approach of microwave frequency multiplication by using a Mach-Zehnder
modulator(MZM) and cascaded fiber ring microwave photonic filters (FRMPFs) was proposed and ex-
perimentally demonstrated. High order harmonics are generated through external modulation with large
microwave signal,and cascaded FRMPFs can be utilized to filter out the low frequency harmonics. The
performance of the FRMPF is theoretically analyzed,optimized and experimentally measured. By careful-
ly adjusting the length of each FRMPF through tuning the optical delay line and optimizing the coupling
ratio of the optical couplers in the FRMPFs, the desirable harmonic can be selected. In our experiment,
two cascaded FRMPFs are used,and by using the first one,the first and third harmonics are filtered out
while the second harmonic is filtered out by the second FRMPF, with only the fourth harmonic left after
beating on the photodiode with proper bandwidth., The experimental results show that by modulating a
driving signal with frequency of 2. 018 3 GHz, a signal with frequency of 8. 073 2 GHz, which is four
times of the driving frequency,is generated and the signal to noise ratio (SNR) is more than 13 dB.

Key words: microwave frequency multiplication; microwave photonic filter; fiber ring; external modula-

tion

% E-mail: fuhongyan(@xmu. edu. cn
:2013-05-22 :2013-07-25

[1,2]

(61205059) . (20120121120037) (2010121059)



2014 25

e 66 o
La=sl o PD
(MZM) o
[9~15]
’ h E.. (1) = E,cos(w,t) (D
N ’ (6]
[16~18] ,
(FRMPF) . Eou (1) = Eocos(%)fo(ﬁ)cos(wot) + E,cos
[19]
o s, B
FRMPF . ()X (DT (B Leos(w,t — 2nw.t + nx) + cos
’ MZM ’ n=1 , )
FRMPF . (ot + 2mo.t —nm) ]} — EosinC) X 0 o (D)
n=1
. [Sin(a)nt—(271—1)wct+n7r—%)—Sin(wﬂt+
2 (20— Dot —nx+51) 2
. E, jwe  We
FRMPF 1 ° 30
, FRMPF 2X2 n 8= xV./2V.
’ QVC sV"
(TODL) FRMPF, b
(BOS, QPHOTONICS QSDM-1550-15) o
MZM(JDSU, 10 GHz) (RF) ’ )
FRMPF (PD) ’ h h b
: (ESA, HP8593E, 2
9k-20 GH2) . MZM :
PD ,
MZM (2]
BOS: broadband optical source; PC: polarization controller;
MZM : Mach-Zehnder modulator; TODL: tunable optical delay line;
Coupler:optical coupler; PD:photodiode
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Fig. 1 Experimental setup of microwave frequency
multiplication based on cascaded FRMPFs
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R MZM Fig.2 Schematic diagram of high order harmonics

generation based on external modulation of MZM
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Fig. 4 Spectra of four harmonics without
FRMPFs: (a) Base band;(b) Second harmonic;

(¢) Third harmonic; (d) Fourth harmonic
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Fig.5 Spectra of four harmonics with one
FRMPFs: (a) Base band; (b)Second harmonic;

(¢) Third harmonic; (d) Fourth harmonic
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Fig. 6 Spectra of four harmonics with two
FRMPFs: (a) Base band;(b) Second harmonic;

(¢) Third harmonic; (d) Fourth harmonic
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