B I - M

933 % 12 20224F 12 A Journal of Optoelectronics + Laser Vol. 33 No. 12 December 2022

DOI:10. 16136/j. joel. 2022, 12. 0153

P S B A KD ek R B
W5

TR, BB, W, & OB, mikE. R
(P RFL K2 o T TR B 7% 710121)

WE. %?ﬁﬂbﬁﬁ%*?ﬁL{Eﬂﬁﬁ%f%ﬁ‘E — R T C LA WG & Tz 0N AT S,
A HE T A IO TR R — S B AL T k- R 9 i 8% (dual-polarization Mach-Zehnder modulator,
DP-MZM) 1) 5 i# 4% 1"]7¢Tiﬁifg'mﬂﬁﬂﬁﬂ&ﬁﬁﬁ%*ﬂﬂn?vﬂf% VP15 MATLAB fjj 3 8
%F B 3h HF (single sideband. SSB) i #& & 1 VU AH 48 # & 5 ( polarization-division-multiplexing, PDM)
quadrature phase shift keying, QPSK .16 [ iE 22 Iif E 4 il (16-ary quadrature amplitude modulation,
16QAM) FI 32 Fi 1F 22 W& J& 18 # (32-ary quadrature amplitude modulation, 32QAM) 1§ 5 43 #| 52 ¥
T 70 km,65 km 5 50 km (1 & AL i . I 25 & HE R % I (probability shaping, PS) £ R 7E 28 GHz i Bt
b DUAH ) i R AR S R XS L AT T 5 16QAM 5 PS-16QAM, 4] 32QAM 5 PS-32QAM 1
SSB & 1t 2 K I (millimeter wave, MMW) {5 5 78 6 £F 1% $ 2% 4 T /9 1R 1% % (bit error rate, BER)
o U BUGE B UH - AE M R g bR R, LR ) e B (E 3. 82X 10y ) T A% 4, A 3 G PR A AT (sin-
1efmode fiber, SMPF) £ 45 & 4 ., PS-16 QAM/32QAM {5 S Wi R 44 0.3 dBm A9 42 7} . dE £k 4k
£F (nonlinear fiber NLF) {5 % & 4t . PS-16 QAM 5 86 ThE 44 0.8 dBm B 7. PS-32QAM 5 &
U FEAA 0.5 dBm B4 F L B R KW . &t PS G MMW 5506 4 & 4 vk ae A ] B 2% .
SR - XU A B - 4 2K 98 ) A% (DP-MZMD 5 B 3138 (SSB) i 4k & 1 (PDM) 5 4 #H #H 5% ## 4%
(QPSK) 5 1E 22 i B il CQAW) 5 M IE (PS)
BESHEES 0436 XEAARIRAD:A 3 E 4 S 1 1005-0086(2022)12-1329-09

Research on single-sideband optical millimeter-wave transmission
system based on polarization multiplexing

MA Zijian, ZHAO Feng" , TIAN Bingyao, MENG Zhao, YANG Xiongwei, ZHAO Linxian
(School of Electronic Engineering, Xi'an University of Posts and Telecommunications , Xi'an, Shaanxi 710121,

China)

Abstract : Photonic assisted millimeter-wave communication has a wide application prospect in the next
generation broadband wireless access network due to its super-bandwidth advantage. In this paper,polar-
ization multiplexed millimeter-wave signals with stable frequency are generated based on the optical path
structure of a single laser source and a dual-polarization Mach-Zehnder modulator (DP-MZM). Com-
bined with VPI and MATLAB simulation environment, the effective transmission of single sideband
(SSB) polarization-division-multiplexing (PDM) quadrature phase shift keying (QPSK) ,16-ary quadra-
ture amplitude modulation (16QAM) and 32-ary quadrature amplitude modulation (32QAM) signals is
achieved at 70 km, 65 km and 50 km, respectively. The bit error rate (BER) performance of uniform
16QAM and probability shaping (PS) 16QAM, uniform 32QAM and PS-32QAM vector millimeter wave
(MMW) signals in optical fiber transmission is compared and analyzed with the same net bit transmis-
sion rate. The simulation results show that at the same net bit rate, the optical power of PS-16QAM/
32QAM signal in the common single-mode fiber (SMF) transmission system is about 0. 3dBm with the
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hard-decision threshold 3. 8 X 10 *. In nonlinear fiber (NLF) transmission system, the optical power of
PS-16QAM signal is increased by 0.8 dBm,and the optical power of PS-32QAM signal is increased by

0.5 dBm. The results show that the transmission performance of MMW signal is improved obviously af-

ter PS.

Key words: dual-polarized Mach-Zehnder modulator (DP-MZM) ; single sideband (SSB) polarization-di-
vision-multiplexing (PDM) ; quadrature phase shift keying (QPSK) ; quadrature amplitude modulation

(QAM) ; probability shaping (PS)
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Fig. 1 Principle of generation of polarization multiplexing vector MMW signal based on a DP-MZM,

where (a)—(d) are the simplified spectra
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ECL:external cavity laser;

E2. DCI IM:intensity modulator; PD:photodetector;
DAC:digital-to-analog converter; OSC:oscilloscope;
EA:power amplifier; QTP:quadrature point;
PBS:polarization beam splitter; PT:polarization tracking
PBC:polarization beam coupler; —
i
K &0
ECL =
EDFAI EDFA2 VOA )
2 PDM-SSBRXE MMW ES £ FERATERS
Fig.2 PDM-SSB vector MMW signal generation and optical fiber transmission simulation system
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Tab.1 Parameters table of key devices of simulation system
Device Parameters
ECL Emission frequency: 193.1X10" Hz;
Linewidth: 1X10° Hz; Average power: 0. 01 W
IM1,IM2 Insertion loss:3. 3 dB;Extinction ratio; 30 dB
Half-wave voltage: 4 V
EDFA Noise figure: 5.0 dB
SMF NLF attenuation: 0.2X10"? dB/m;
Dispersion: 16 X10 ¢ s/m’
FiberNLS PMD Non linear index: 3.5X10"%* m?/W
PD Responsivity: 0.4 A/W
Thermal noise: 10.0X10 ' A/Hz?
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Fig.3 Simulation spectrum diagram: (a) Input signal spectrumgram; (b) Signal optical spectrogram after IM;

(¢) PBC coupled output optical spectrogram ; (d) Signal spectrumgram after PD beat frequency
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(a) BER of PDM-QPSK signal at different baud rates;

(b) BER of 12 Gbaud PDM-QPSK signal at different input powers of PD
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