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Optical generation scheme of microwave signals with

multiple modulation formats

Wang Guodong, Zhao Shanghong, Li Xuan, Zhang Kun, Lin Tao
(Information and Navigation College, Air Force Engineering University, Xi’an 710077, China)

Abstract: An optical generation scheme of microwave signals with multiple modulation formats based on
a polarization modulator (PolM) and a Sagnac loop was proposed. The PolM was driven by a baseband
coding signal to generate a polarization shift keying (PolSK) signal and the generation principle was
theoretically analyzed. Two Mach —Zehnder modulators (MZM) were embedded in the Sagnac loop to
modulate the PolSK signal transmitted clockwise or counterclockwise, respectively. The outputs of
amplitude shift keying(ASK), frequency shift keying(FSK) and phase shift keying(PSK) microwave signals
were achieved by properly adjusting the driving signals of two MZMs. In the simulation work, a 40 GHz
ASK signal, a 20/40 GHz FSK signal and a 20 GHz PSK signal with a bit rate of 2 Gbit/s were
produced. In addition, the broadband tunability of the bit rate and carrier frequency was verified. The

system stability was improved with Sagnac ring structure. Furthermore, without changing the link
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configuration, the bit rate and carrier frequency for each modulation format of microwave signals can be

tuned flexibly and independently by controlling the baseband coding signal and the RF driven signals of

two MZMs.

Key words: optical generation of microwave signals;

microwave photonics;
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Fig.1 Schematic diagram of the photonic generation of microwave

signal with format agility

1.1 RIREEESHT4%
RS (Laser diode, LD) i i it £k M 9% %
TN E(t), AR IR S TE MR 45 PCL i I8 15
T 5 PolM ) 5l 2 45°A I A Z| PolM H', PolM
JE—FRRR O AR 7 8 i 45 , X5 TE #120f T™ #EaCH
A H AT R R 24 PolM 37 B 3L (5 5 IR o)

B, Hof o T AR R
V2B (1-exp TR0

mp

E ()= (D

V 2 E()(t) . Cij —’ITVS(t)
2 V.,

K. V., 4 PoIM B HL 5 V R s(2) 53 ) R S

55 1 RAELFNIH — AL BE . PolM i THI i 42 1) i R 45
il #F PC2 T e S G i 4 J7 1], e %% fA B Ry
6, ] PC2 11 Jones 4[4 1] LA'E ik, .

cosf —sinf

(2)

sinf cos6
24 PC2 Xt PolM () fiy tH G HE T & Je , Hofi
Ui R

E,
Epcz= [
E

v

} =JPCZ 'Eoul(t)=

o Vo,
Ve E 0 45°, Fa (s SE{E Vo Vo2,
WAKXG) TSR .

E,
{J @ for s()="1"

Ep= (4)
for s(r)="0"

{En(t)

A () FT AT, YA (55 HRE 1 B i i

G T DR A1 x Bl 7 T A% s (S SO RO

I OGN 4 y 0T et . L, 7R PC2

i v = A2 T PolSK 5% . &l 2 IR T PolSK ™
A R B R

L& For bit "0’

TM-mode

450

TE-mode
For bit "1’
(b) At the output of PC2
P&l 2 PolSK 17 511 7% 2L JF BH & (a) PolM HR Y I 1) J R 25 (HE £8) ;
(b)PC2 % 1 3 A G P AR AS (LA 07 X LRk, He e 1
Xif IO, £1.48)

Fig.2 Schematic diagram of the generation of PolSK signals

(a) In the PolM

(a) polarization state of lightwave in the PolM
(blue line); (b) polarization state of lightwave
at the output of PC2 (green line for bit ‘0" and

red line for bit “17)
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(c) Filtered waveform
[ 3 2 Gbit/s 40 GHz ASK {551 EL45
Fig.3 Simulation results of 2 Gbit/s 40 GHz ASK signal
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Fig.4 (a) Waveform, (b) zooming in on a single pulse of the
2 Gbit/s 10 GHz ASK signal; (c¢) waveform, (d) zooming
in on a single pulse of the 4 Gbit/s 40 GHz ASK signal
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Fig.5 (a) Electrical spectrum, (b) waveform of the 2Gbit/s 20/40 GHz
FSK signal; (c) waveform of the 1Gbit/s 10/20 GHz FSK signal
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Fig.6 Simulation results of the 2 Gbit/s 20 GHz PSK signal,
(a) electrical spectrum and (b) waveform and (c) recovered

phase information with Hilbert Transform
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