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Underwater optical antenna based on blue semiconductor laser
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Abstract ; Edge-emitting semiconductor lasers have significant differences in the direction of fast and slow axes,and have
inherent astigmatism,which seriously affects the transmission distance of underwater communication. Therefore ,a set of un-
derwater laser optical antenna system consisting of fast and slow-axis collimators and Galilean beam expander mirrors is de-
signed based on the Gaussian beam characteristics and collimated beam expanding principle in this paper,and the simula-
tion tests of energy loss and divergence angle are also carried out. According to the test results,the divergence angle in the
direction of the fast and slow axes of the semiconductor laser is compressed from 49 ° and 9 ° to 0. 315 mrad and 0. 180
mrad ,respectively. And the antenna system can achieve underwater propagation over a distance of 100 m. The difficulty of
calibration and fixation of the fast and slow axis collimating mirror in practice is reduced,with a Z-axis tolerance of within
20 pm for the fast and slow axes,and a detector power attenuation of less than 3.9 % . This design is compact,easy to
process and assemble,with high practical application value ,which helps to solve the problems of severe energy loss and low
coupling efficiency in underwater long-distance propagation.
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Fig. 1 The characteristics of laser diode beam

LA FARBOCR M, A S PR
L AR A G, 0 i) X DR Al A48 Al 1) 4 0 R
PEATREIE o A IAT 25 B 5 B A o A A R A R TR
S, TSI 56 F R i v L AR T A7 5 P A 9 A [
SE T 2R, A28 BEARVIN, (A R A A 1A o
Ko T e A8 v ] 0 R O
RO AR 19 R HURA AR L2 NR 22, B R 4
B o BN A Gk A T B 48 HU AR MY O
FAHME T, D — P R AR B ol mT DAA% 6 3
AE AR S, LUPRAIE AR R A e R AL B o A2 A
Al 2R A B0 T, RIS 4 A8 (9 175 4, o ml LD/
IR (G R A . 7 B S RO R YR
YR, U 2 RO AR 2 B2, T BURE R 9 BOR
FE , IR KOG £ PRI AR
2.2 BHEMUR

oA REA T IR B R4, HWCRILH A
TR— M R ARRG, KA IOLR M4 R
A RIUA , 3O 46 /N 6 TR I A3 3R AR A R T L
H 50 FOCHE Z A G 0 SO BT (5 5 1Y
Xt ARSCBT— Bl T2 SR HOE AR e R
2R DR B E SR R AR A, 5
BUK T B s Rl i il s . 8 2 Rk T R4
ARG RIEL, A S RBOE R G P R E i B
JriE I e B S A R e AR, YT RME B AEK T
100 mfi5 8 A48, Ja IR, JE R HE A e
#i, RAHEEIR CCD DL SE B8 5 o e sl A7
T2 A RCRHAR | I AT R, 328 6 B SR AR AE T AL
LA OGRS S e

100 m underwater channel

PBS BS telescope g - telescope Bs PBS
APD « 77ﬁ7;|f*. . ‘_jy j¥ 1 D
|| isolater

APD:avalanche photo diode ISOIAtER

FAC,SAC

f'

BAGSAC iy céD
vice

K2 iRk TS RE RS

Fig. 2 Symmetrical underwater optical antenna system
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Tab. 1 Initial structural parameters of cylindrical lens

Surface Radius/mm Thickness/mm material
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Fig 3 Fast and slow axis shaping and collimation of semiconductor lasers
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Fig. 5 Detector image at 50 mm behind the fast and slow axes
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Tab. 2 Initial structural parameters of beam

expansion system

Surface | Radius/mm | Thickness/mm | material | Semi-Dia/mm
object Infinity Infinity / 0
stop Infinity 12.7 / 0.508
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standard Infinity 3.353 SF8 8. 890
standard -43.716 25.4 / 8. 890
image Infinity / / 7.531

H=72.274752,V=-24.780341
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Fig. 6 Three piece beam expansion system
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Tab. 3 Tolerance setting of beam expander

Tolerance type Value
F-number 2
Thickness/mm 0.02
Element decenter/mm 0.02
Element tilt/ (") 1
Surface decenter/mm 0.02

Surface tilt/( ") 1

Refractive index 0. 001
Degree of irregularity 0.5
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Fig. 8 Optical beam expansion and shaping system

RN E MY KRS S 100 m JE 4T
THRI Z5 A B a , SCR LI AT LAAR 3] y J7 m) B
JCHEE AR N 16. 50 mm,x J5 In] FROGHEE AR N
17.90 mm, (T 100 ﬁkﬂﬁ*%@%ﬁ%ﬁ fi A1

BEH R bR LB B, R R L B oA
0.165 mrad,EH1 & & A 7 0. 179 mrad, U1K 9

s, T b ) B T AR 4,636 WG RE I
ARIEF] 92.72 % .

Incoherent
Irradiance

30.0

Y coordinate value
f=]

-30.0 30.0
X coordinate value

19 100 A5 i %

Fig. 9 100 meter detection surface image

£ 100 m FEES AL & BH4L I5 BB T R R 4,
TE B RAO G R L, W, il ok R AR OLRER
FETE APD FRES b, 07 B HAR WOy 4.345 W,
ol v R DR A B B, A5 DRAS Bl 1) R 22 S T R
IR, IR 4 Fi, S5RRY]LIE £20 wm $R2E
TLHEIPY , APD 550 85 B O R 5808 <3.9 %
K4 HREWMmRESHENX R
Tab. 4 Relationship between fast and slow axis

axial error and power

Fast axis/mm -0.02 | -0.01 0 +0.01 +0.02
Power/W 4.176 | 4.339 | 4.345 | 4.336 4.228
Slow axis/mm -0.02 | -0.01 0 +0.01 +0.02
Power/W 4.344 | 4.345 | 4.345 | 4.345 4.345
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Fig. 12 The energy distribution of light spots in the direction of the fast and slow axes at different distances
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