Y 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024)

174202

ET 490 nm FEHIMNZE & ST wT HY
KEEFEKTEEREERS

EHEY EEAY O ORATY KELIH FEWAY
BEEY BASY KEEY KB

1) (FERIM Y S 7 TR, TR 401331)
2) ("W ERREG KB CER BN S YO, KF  130033)
3) (FEPRHRH AR, TEK  400065)
4) ([EE Tl R 23 550 TR, dbat 100124)
5) (FEPRIME R, R E N A% AL, HK 401331)

(2024 4 6 A 21 HIF; 2024 45 7 A 31 HUEEIEHHR)

IR JEER G B A Ry TRV B RN T T R e AR A O T — e R e L ) S P A8 R O L A
SCR A 490 nm T FL AR I T A S BEOG & 1E 0 OEIE, BET R OGN R S AR, SR K w0z B R 1 75 2K (pulse-
position modulation, PPM) £ & T B g /K T ELOGHAF R G0 45 & CI M0 O 2 5 ok de 512 L 4k
PPM fi# 6 e 42 71K T 38 {5 P fE, SR 64 PPM B, s 8L T 96 m HY/K T A5 EREY, 75 50 MHz i B4 5
AT ENE R A TRIG A 1.9 > 100, [5] Ik ek SR A phe it 9 R A T 1) phe i R 7 P RE S 45 1A K24 2 dB
(52 T, BAIE 1 A DB A 4 T K T8 45 1k BE D T AR BU B R 0 1 S I

SCHRIA: T PSR RSO A%, ko G BRI, BCRIPT i, K T ROk £

PACS: 42.55.-f, 42.55.Px, 42.62.-b

1 5 =

BB 2L i 2R, TR R IR AR S A 12
TR AROR AR KR, XK il fF AR
P TR ZOR. fEX—15 b, W2 aTEEn
JK I 38 {5 BRSO AR BT IR NSO Y
SR, BTSN 2 B T R RA R E AL
FeGE iy T oLl 7 sCAL 5 7 A MU a1,
5 EFN KT ST {5 AP A3d 5 A DR | AL | i
{R BRI B AR A R R, BFE AN Gt T il

DOI: 10.7498/aps.73.20240860

RS wiil (k= praibl T SN W P i
R —FPErE AR N EETT, ERADE N E R
R, FEK R IR b T A e . SRS
SPPARURIN A~ 3 5 T BoM LU, 7K TR JeEoti 5
REAS $1 (L vy 10 Bl i 4% L S B IR A A2 i FF 3
I HAG 2 BIRRE T YRR, M2 H B, X
DRy R S PR AR 0 B R A SR T — b AR i HL
AT AR SR B A T T A

TE7K N ICEOLEARE R G, K TR S
(N AP SN 3 TR B/ a2 9 S N R
LD HUR-WMFE A, S/ 48 B il )

IR HARRHEIE S (S CSTB2024NSCQ-MSX0833), HZK A AR A3 4 (HLHES: 61975003, 61790584, 62025506) ., H K
T H BRI TR @3S KIQN202200557, KIQN202300525) , 71 ARl i 45 5 v [ )2 Bt i B B A VR0 L (b S
HZ2021007) FERIFTERZE (AAGI3E /M4 5) 364 (S 23XTLB003) %% Bl iR,

t BIE1E#E . E-mail: zhangpeng2010@cqnu.edu.cn
© 2024 FEYIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

174202-1



) 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 174202

PEBL WS, 450—550 nm ¥ B A W 446 TE K
LRI IR | ) BB e el anfEl 1 R 1o
A It H AT /K R JC4OGl s R 40 2 R H ki B
() SR Sy 28k 7).

106
105 f
10
103
102
10!
100

o

-
[}
-

orption coefficient/cm~1!

p
-
=}

5

B B B B B |

bs
—_
S
0
o

—

(=)
|

IS
oy

=

(=)
|

o

1 1 1 1
0.1 1 10 100 1000
Wavelength /pm

1 AP KRR K R R %O
Fig. 1. The absorption coefficients of light of different
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Abstract

The exploration and utilization of marine resources has promoted the rapid development of marine science
and technology, and has put forward higher requirements for underwater communication technology. Long
distance underwater wireless optical communication (UWOC) requires the selection of light source on the
transmitter side. Laser diodes (LDs) have excellent portability and maneuverability, and have been widely used
in the UWOC systems. However, their beam quality is not so good and it is difficult to modulate under high
power. In recent years, vertical-external-cavity surface-emitting laser (VECSEL) has received much attention
due to its high output power and good beam quality. This work is to explore the advantages of using a 490-nm
blue VECSEL as a light source in UWOC, and to improve the performance of the UWOC system by the soft-
decision pulse-position modulation (PPM). First, the optical power attenuation coefficient of the channel is
obtained, and the measured c is about 0.0591 m ! in a 96-m-long tap channel. Subsequently, soft-decision and
hard-decision are simulated and experimentally verified. Both simulations and measurements show that the bit
error rate (BER) can be significantly reduced with soft-decision. Afterwards, we improve the system by using
the soft-decision algorithm and investigate the communication performance of 64 PPMs at different bandwidths
by adjusting the PPM signal rate. Finally, 50 MHz is chosen as a signal rate in the experiment. Then a UWOC
system is demonstrated in this work. The transmitter side consists of a 490-nm VECSEL light source with an
acousto-optic modulator (AOM). The pseudo-random binary sequence (PRBS) is loaded into the arbitrary
waveform generator (AWG) for digital-to-analog conversion after PPM modulation, and the analog signal is

sent to the driver of the AOM for acousto-optic modulation of the incident beam. The laser is focused before
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(Grant No. HZ2021007), and the Chongging Normal University Foundation (Talent Introduction/Doctoral Program), China
(Grant No. 23XLB003).
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entering the AOM and then collimated after having exited to reduce its divergence. The modulated laser beam
passes through a distance of 96 m in the tank by using multiple mirrors on both sides of the tank. Then, the
beam is focused by a lens to the avalanche photodiode (APD) for photoelectric conversion in the end, and the
signal is processed by a mixed signal oscilloscope (MSO) after data acquisition. A soft-decision algorithm is
introduced to further optimize the performance of the PPM modulation. When the optical signal passes through
a relatively long distance of 96 m, the measured BER is as low as 1.9 x 10°. This indicates that the soft-decision
PPM-based 490 nm blue VECSEL UWOC system performs very well.

Keywords: vertical external-cavity surface-emitting lasers, pulse-position modulation, soft decision algorithms,

underwater wireless optical communications
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