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Triangular waveform generation with frequency doubling
based on microwave photonics

WANG Tianliang' >, YUAN Muye', LIU Bo', XU Zhikang'
(1. Shanghai Institute of Satellite Engineering, Shanghai 200240, China; 2. Beijing Research & Developonet Center, Shanghai
Academy of Spaceflight Technology, Beijing 100081, China)

Abstract: In order to overcome the problem of the electronic bottleneck in the traditional arbitrary waveform generation
method, the technology type, characteristics and application background of the radio frequency arbitrary waveform based on
microwave photonics were analyzed. A triangular waveform generation with frequency doubling based on parallel Mach-Zehnder
modulator was adopted, and the theoretical analysis and simulation verification were carried out. The root mean square error was
introduced to evaluate the output signal and the ideal waveform. The results show that, the triangle wave signal of 20GHz can be
generated by 10GHz driving signal. The root mean square error is 0. 038, which means the output signal is in good agreement
with the ideal signal. Compared with other methods, the method can generate frequency doubling triangle wave, and the signal
waveform agrees well with the theoretical waveform. It has guiding significance for the future generation of radio frequency
arbitrary waves based on microwave photonics.
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Fig. 1 Scheme of triangular waveform generation based on two parallel MZM

WOGHF KRB E, P00, BIBOGE
R GA  CR B S D o I i . OGS
S0 G PR AEE i % (PC) 3 ATFHK Y - 15 77K
il #% (MZM, F1 MZM, ) o JF 9l . ngde MZM, i

MZM, | R o o2 [l — i IR 48 90° Hi M 43 3l A=
B, BT B30 A 5 A 22 90°, Ry Jr 5, K i 3k 7
MZM, b B IRAE 5 08 SCARIARDE g 0° Y & %15
5 HOGEOR 2 IR d g IS A5 SR

E, :JIZ,Eoexp(ijt) X

Cos[w( Vigcos(w,t) + Vi ) ]exp(j 'TI'VDCI)
2V, 2V,

X ()
E, = —E,exp(jw,t) x

2

COSs

["T< Viesin(w,t) + Vi, ) ]exp(j "TVDCQ)

2V_ 2V_
A, Ve MR IR , 0, RELPLIR AR, Vipe, HI
Ve, 20 A INERAEWIA> MZM i B FL s, Vo Vel il 45 £9
FPHLE 0o FARBOCAR L AROCR O IIER FR
i 1]

Rt MZM, R MZM, 3¢ 8 A f R B R/
R T BCE B R A F R BE L AR B 1 (DG ) |
HIE2(DC,) M B 7350 g mV_ /2 Fl nV, /2, Hop
m,n JIEME

MZM, F1 MZM, % 6 1% #e EARTE, i 2
PR o WTRAZR O3 18] Hh B A AR AR R R 2 (] A
BEARZE a0/2 MO T OG5 53 08 FR B W 25 001 3 2
Z AR RANZE m R

0
A
-m/2 /2

—T T

T

030, 020, 00, Oy OO, 020 030,

m =0

Fig.2 Spectrum of signal at A and B points
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Fig.3 The calculated value of J,, Js vs. the modulation index «
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Fig.4 Frequency spectrum of simulated output signal
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a—comparison of output signals and ideal waveforms under different

drift voltages b—RMSE of output signal versus different values of

drift voltage
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